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CHAPTER 1 

RECOMMENDED ACTIVITIES FOR 
IMPLEMENTATION OF THE POWER PLAN 

Introduction 

For the first time in its 10-year history, the Northwest 
Power Planning Council has written a power plan that 
calls for a major push to acquire new resources. Volume I 
of this 1991 Northwest Conservation and Electric Power 
Plan narrates, in broad terms, what it will take to deliver 
the electricity needed by the four Northwest states over 
the next 20 years. The activities outlined in this first chap
ter of Volume II provide more detail. Because new sup
plies of electricity are needed now, actions in this plan, or 
actions that can meet the Council's objectives equally 
well, should be started immediately. 

The plan's first objective identifies and calls for rapid 
acquisition of 2,300 megawatts1 of low-cost conservation, 
hydropower and cogenerated electricity. Typically, gener
ating resources costing less than 7.5 cents per kilowatt
hour and conservation measures at less than 11 cents per 
kilowatt-hour are considered cost-effective in this plan. 
(For more discussion on these cost cut-offs, see Chapters 
7, 8, 9 and 14 in this volume.) This chapter proposes ways 
to obtain each resource. Chapter 11 in this volume ex
plains the acquisition principles that should govern all re
source development. 

The plan's second objective calls for measures to 
shorten the time it takes to develop resources, so that 
projects can be brought into production when their power 
is needed. Actions pertinent to this objective also are 
listed in this chapter, arranged primarily by resource. 

Third, the plan calls for research, demonstration and 
development of resources about which there remain sig
nificant questions, particularly about how they will operate 
in the Pacific Northwest. This chapter incorporates confir
mation activities for geothermal, solar, wind and ocean 
energy sources. The plan's third objective also includes 
the need to determine whether two unfinished nuclear 
power plants in Washington should be preserved, com
pleted or terminated. 

Finally, the plan sets a fourth objective, which ad
dresses the need to look at regulatory and other changes 
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that can facilitate the achievement of the first three objec
tives. Most of the activities relating to this objective are 
included in this chapter under "Supporting Activities." 

These actions should not be read as sequential, rath
er, they all are critical now. Nor are the actions described 
here meant to restrict other activities. On the contrary, 
while the Council worked hard to assemble a set of activi
ties that, if carried out aggressively, could meet the objec
tives in this plan, additional or replacement activities that 
also meet those objectives are encouraged. 

The Council's work does not stop with production of 
this plan. Our next task is, if anything, even greater. As 
noted in Volume I, we expect this decade to be a challeng
ing one. It will take the concerted efforts of every North
westerner to capture all the energy savings and other 
low-cost resources needed to protect this region's econo
my and its environment. The Council intends to lead that 
effort. 

Conservation 

It will not be easy to save more than 1,500 megawatts 
of electricity by the year 2000. New conservation programs 
will need to be designed to capture savings in areas not yet 
tapped. This may include targeting manufacturers (see 
manufactured housing and efficient appliances, below) or 
enlisting energy service companies or other organizations 
to help deliver the conservation resource. State and .local 
governments will be needed to pass energy-conscious 
building codes, recycling plans and solar access legislation, 
as well as help finance conservation efforts. 

1. Throughout this plan, "megawatts" refer to average mega
watts. An average megawatt is the amount of energy produced 
by one megawatt of capacity operating over a period of one 
year, or 8,760 megawatt-hours of energy. This is equivalent to 
8.76 gigawatt-hours. 



CHAPTER 1 

Existing conservation programs will need to be 
stepped up and improved, where necessary, so that all re
gionally cost-effective conservation can be acquired. Ener
gy saving programs need to be evaluated to be certain the 
conservation resource is being acquired in the best possi
ble way. And emerging technological advances in conser
vation need to be tested so their potential for the 
Northwest can be assessed. 

The Council has determined that incremental conser
vation measures costing up to 11 cents per kilowatt-hour 
are cost-effective and should be acquired as soon as possi
ble. This is because conservation as a resource has several 
advantages that are not captured in the 7.5 cents per 
kilowatt-hour avoided cost figure for generating re
sources. Electricity that is generated requires transmission 
and distribution lines, and energy is lost on its way to cus
tomers. Conservation has neither the added expense of 
transmission lines nor the line loss en route. Energy sav
ings also have fewer environmental impacts than any of 
the generating resources included in this plan. Further
more, many conservation programs closely track growth 
and decline in the economy. 

Failure to purchase these environmentally sound and 
economical resources now could force acquisition of more 
costly and more environmentally damaging resources lat
er. If only cheaper measures are installed, and higher cost 
measures are postponed, it will cost more and be much 
more difficult to return to the site to install additional 
measures. See Volume II, Chapter 14 for further discus
sion. 

Activities designed to gamer conservation resources 
for the region are divided into three general sections: 1) 
conservation acquisition,2 2) evaluation and verification of 
savings, and 3) resource assessment. 

Targeted New Programs 

The Council has noted that large amounts of conser
vation are available from specific sectors or industries 
where the decision-making process is fairly centralized. 
For example, about 130 megawatts could be saved by 
working directly with the 18 principle manufacturers of 
factory-built housing in the Northwest to add all regional
ly cost-effective efficiency measures in homes constructed 
in this industry. Approaching the relatively few manufac
turers is much simpler than approaching thousands of pur
chasers of manufactured homes, or even the hundreds of 
retailers of such houses. 

The Council has identified nine examples where tar
geted acquisition programs could be the most effective 
means of securing substantial amounts of energy savings. 
The Bonneville Power Administration and the utilities 
should begin developing and operating innovative pro
grams designed to secure savings in the following areas: 

RECOMMENDED ACTIVJ11ES FOR IMPLEMENTATION OF THE POWER PLAN 

Conservation 1: 
Operate conservation programs for large 
commercial and industrial customers. 

Bonneville and the utilities should design and implement 
programs to secure energy savings from large commercial and! 
or industrial enterprises. Retail chains and franchises, or 
corporations with divisions spread throughout the region 
can contribute substantial amounts of energy savings with 
comparatively little administrative effort because decisions 
are made centrally. An efficiency change in one facility 
can be easily replicated at other facilities. 

Conservation 2: 
Operate conservation programs for 
manufactured housing. 

Bonneville and the utilities should develop and implement 
programs to garner energy savings in manufactured housing. 
As noted, nearly all the manufactured housing in the 
Northwest is constructed by about 18 companies located in 
the region. A program targeting these manufacturers 
would be easier to administer than a program that works 
only with housing consumers. By contracting directly with 
these manufacturers, it is more likely that the region will 
attain significant energy savings in this market. 

Conservation 3: 
Operate conservation programs for electrical 
appliances and equipment. 

Bonneville and the utilities should design and implement 
programs that influence manufacturers to produce appliances 
that are more efficient than applicable codes and encourage 
consumers to purchase these appliances. The best way to im
plement this action may be to create large, unified mar
kets for appliances meeting certain efficiency levels. This 
can be accomplished through such items as rebates or oth
er financial incentives that would apply throughout a util
ity's service territory. This approach will be most 
successful if coordinated with utilities in California and 
other western states outside the region. 

The Council specifically endorses the "Golden Car
rot" initiative devised by the Natural Resources Defense 
Council, Bonneville, the Pacific Gas and Electric Compa
ny and others. In the Golden Carrot initiative, utilities 
contribute to a fund that will be used to spur mass produc
tion of super-efficient appliances that exceed federal stan
dards by substantial margins. 

2. Certain conservation activities reduce energy losses in the 
transmission and distribution system or improve the efficiency 
of electricity production. Energy savings from these activities 
accrue directly to the utility. Power sales are not affected. These 
activities are marked with an asterisk throughout this chapter. 
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Conservation 4: 
Operate conservation programs for institutional 
facilities. 

Bonneville and the utilities should work with school dis
tricts, and state and local governments, including state energy 
offices, to achieve energy savings in buildings used by these 
agencies. Recent experience suggests that this may be the 
only way to achieve significant penetration in this sector. 
In addition, because of state and local bond issuing abili
ties, efforts in this sector may be accomplished through 
shared financing. 

Conservation 5: 
Operate conservation programs for federal 
buildings and facilities. 

Bonneville and utilities should pursue conservation efforts 
in federal buildings and facilities. Mechanisms need to be 
developed for utilities to secure conservation, following 
federal regulations regarding procurements. Thcoma City 
Light is in final negotiations with Fort Lewis on a plan to 
improve the efficiency of the fort. The experience gained 
in this negotiation should be used in other federal facili
ties in the Northwest. 

Conservation 6: 
Improve the efficiency of the transmission 
and distribution system. 

Bonneville and the utilities should acquire all cost-effec
tive energy from all transmission and distribution systems. 
Savings in the transmission and distribution of electricity 
are extremely attractive because they are generally low 
cost, have no lost revenue component, may save both en
ergy and capacity, and have few, if any, environmental 
impacts. 

Conservation 7: 
Improve the efficiency of existing hydropower 
projects.· 

Bonneville, hydropower operators and the utilities should 
secure cost-effective efficiency improvements at existing hydro
power projects. Additional low-cost energy can be derived 
from efficiency improvements at many existing hydropow
er facilities. The Council has called for 110 megawatts of 
new energy from hydropower efficiency improvements. 
Hydropower project owners and operators should periodi
cally assess efficiency potential and include cost-effective 
measures in their acquisition plans. Efforts to capture this 
resource at federal hydropower projects should be intensi
fied. 

The Council will work with interested parties to deter
mine how improvements at hydropower facilities can be 
most efficiently acquired. Among other options, this effort 
should examine possible legislative actions and the devel-
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opment of efficiency improvement measures by third-par
ty developers. 

Conservation 8: 
Secure energy savings through conservation 
voltage regulation.· 

Northwest utilities should secure cost-effective energy 
savings through conservation voltage regulation. Low-cost 
energy savings can be secured with properly applied con
servation voltage regulation. In this plan, the Council esti
mates that 100 megawatts of energy savings can be 
obtained from conservation voltage regulation. All utilities 
should examine the applicability of conservation voltage 
regulation to their distribution systems and implement it 
to the extent that it delivers cost-effective savings of elec
tricity. Bonneville should assist its customer utilities in this 
endeavor. 

Conservation 9: 
Improve the efficiency of existing thermal 
projects.· 

Bonneville and the utilities should secure cost-effective 
efficiency improvements in existing thermal projects. Addition
al low-cost energy can be derived from efficiency improve
ments at many existing thermal power plants. The Council 
estimates that 58 megawatts of new energy can be ob
tained from thermal power plant efficiency improvements. 
Thermal project owners and operators should periodically 
assess thermal efficiency improvement potential and in
clude cost-effective measures in their acquisition plans. 

Traditional Conservation Programs 

While new conservation programs are being devel
oped, it is important to maintain existing ones. Northwest 
governments, power suppliers and citizens have already 
created mechanisms to secure regionally cost-effective 
energy savings, but the pace of conservation acquisition 
must be accelerated and certain programs need design 
modifications to make them operate as effectively as possi
ble. Long-term, stable and aggressive conservation pro
grams are essential to this endeavor. 

The following activities suggest improvements to some 
programs, expansions to others and several new programs 
to be implemented by Bonneville and the utilities. 

* See footnote 2 on page 2. 
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Conservation 10: 
Incorporate additional end uses in residential 
weatherization. 

Bonneville and the utilities should expand residential 
weatherization programs to acquire conservation in all appro
priate end uses during nonnal weatherization efforts. The key 
reason for a comprehensive program is to minimize ad
ministrative costs by capturing as much cost-effective con
servation as possible during a single visit. This is a 
"one-stop shopping" approach to acquiring conservation 
resources in existing residences. In addition to traditional 
building-shell measures, financial assistance should be 
offered for cost-effective energy-efficient lighting, energy 
saving water appliances such as low-flow showerheads, as 
well as other water heater energy saving measures as ap
propriate ( e.g., thermal traps, tank wraps and bottom 
boards). When appropriate, other appliances, such as effi
cient refrigerators and freezers, also should be encouraged 
by the program. 

Conservation 11: 
Incorporate all regionally cost-effective 
measures in new residences.3 

Bonneville and the utilities should modify current finan
cial and technical assistance marketing programs in new resi
dences (e.g., Super Good Cents or Com/011 Plus) to include 
all regionally cost-effective measures in electric space heating, 
water heating and appliances. 

The goal of this program is to secure all savings that 
would be achieved if all new electrically heated residences 
included all regionally cost-effective space heating, water 
heating and appliance energy savings. There are regionally 
cost-effective space heating conservation measures that 
are not captured by current programs, such as Super Good 
Cents and Comfort Plus. These measures need to be in
troduced to the building community and given support to 
increase their penetration. In addition, there are regional
ly cost-effective conservation opportunities in other end 
uses, such as water heating, lights, refrigerators and freez
ers, which could be secured when the building is con
structed. 

Current programs need to be changed into full-spec
trum conservation programs. The proposed programs 
should continue to demonstrate the feasibility of improv
ing energy efficiency. The programs should be continued 
as long as they remain regionally cost-effective. 

Financial assistance is an essential element of these 
programs. In addition to the financial assistance offered by 
Bonneville under this program, the servicing utility may 
find it necessary to make higher acquisition payments to 
consumers to encourage greater market penetration. An 
alternative approach for securing high penetration rates 
without significant utility financing is to ensure that lend
ers incorporate the value of the reduced electric bills in 
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their mortgage calculations so homebuyers can finance the 
efficiency measures (see Conservation 15). 

Conservation 12: 
Include efficient electric appliances in 
non-electrically heated houses. 

Design and implement programs or methods to acquire 
conservation from electric appliances in new and existing 
houses that are not heated with electricity. Recommended 
revisions to residential weatherization and new housing 
programs only reach those houses with electricity as their 
primary heating source. It is important to achieve cost
effective electrical appliance savings in houses that are not 
heated with electricity. Some of these efforts will need to 
dovetail with acquisitions targeted at manufacturers (see 
Conservation 3). 

Conservation 13: 
Secure all regionally cost-effective savings in 
commercial buildings. 

Bonneville and the utilities should modify programs to 
secure all regionally cost-effective savings in new and existing 
commercial buildings. Bonneville's Energy Smart Design 
program, for example, should be modified to target all 
regionally cost-effective savings in new and existing com
mercial buildings. Even new commercial buildings built to 
recently revised energy codes leave out some cost-effec
tive measures. Both technical and financial assistance will 
be essential to spur conservation investments in new and 
existing commercial buildings. 

Conservation 14: 
Develop energy code adoption program for 
commercial sector. 

Bonneville and the utilities should develop an energy code 
adoption program, including technical and financial assis
tance, for the commercial sector. The Council's model con
servation standards were designed to be adopted into state 
and local building codes to incorporate at least those sav
ings that minimize buildings' life-cycle costs for construc
tion and operation. Utilities should offer financial 
assistance to reimburse builders for incremental costs that 
are beyond those required to meet enhanced energy codes 
and that are at or below the regionally cost-effective level. 

3. These programs ensure compliance with the model conser
vation standards for utility conservation programs for new com
mercial buildings (see Volume II, Chapter 12). 
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Conservation 15: 
Expand the lender and appraiser program. 

Bonneville should continue and expand the lender and 
appraiser program so credit is given in mortgage calculations 
for energy efficiency in new and existing houses, and commer
cial buildings, if appropriate. Conservation can be encour
aged if lenders recognize that more money will be 
available to the purchaser to meet mortgage payments if 
the building being purchased is energy-efficient. Great 
strides already have been made in securing such lender 
policies in new housing. Utilities should continue to work 
in cooperation with Bonneville, the Council, state energy 
offices and lending institutions. 

Conservation 16: 
Expand education and vocational training 
in conservation. 

Continue and expand education, and professional and 
vocational training for all parties who will be involved during 
regionwide conservation acquisition programs. Bonneville, in 
cooperation with the utilities, state energy offices, the 
Council and other interested parties should sponsor an 
assessment of training needs and form an advisory com
mittee to develop a strategy to improve the qualifications 
of professionals and paraprofessionals delivering energy
efficiency services. Education and training efforts should 
focus initially on the commercial and industrial sectors. 

This long-term effort is crucial to the success of con
servation acquisition. The strategy should at least address 
each of the following areas: 1) continuing education for 
professionals currently working in the field; 2) training for 
allied tradespeople serving businesses and industry; 3) out
reach and education for managers on the importance of 
employing building operators who have the necessary 
qualifications and certifications; 4) academic training 
through four-year college and community college degree 
programs that will help address the long-term shortage of 
qualified personnel; 5) near-term strategies to alleviate 
the immediate need for qualified personnel through a 
mixture of academic and experiential training; 6) establish
ing "nodes of expertise" to support implementation of 
regional programs to market and monitor major energy 
saving opportunities, such as those relating to motors, 
compressors, HV AC equipment and controls. 

The region already has a start with certain types of 
educational activities through such facilities as the Light
ing Design Lab in Seattle, Portland General Electric's 
Energy Resource Center in Tualatin, Oregon, the Electric 
Ideas Clearinghouse operated by the Washington State 
Energy Office, and the Energy Analysis and Diagnostic 
Center at Oregon State University. Such information and 
training programs should continue to be supported. In 
addition, efforts should be expanded to develop education 
programs in lighting technologies, such as those initiated 
by the California Energy Commission. 
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Conservation 17: 
Support enforcement of energy codes. 

Bonneville, the utilities and the region's public utility 
commissions should work together to design aggressive pro
grams to ensure adequate enforcement of all energy codes 
aimed at saving electricity. Programs should include educa
tion, technical support and financial assistance, where nec
essary. Programs should be continued as long as they 
remain cost-effective. Conservation codes must be en
forced to achieve energy savings and to make conservation 
a reliable resource. Inspections of completed structures 
should be improved to be sure the resource is actually ac
quired. Local building inspection offices with heavy work 
loads often focus on issues of health and safety as higher 
priorities than energy codes. All parties must work togeth
er to ensure energy code enforcement, even if this means 
an active role for the utilities in inspecting new buildings. 
The commissions should provide appropriate rate treat
ment for enforcement actions and programs operated by 
regulated utilities. 

Federal, State and Local Government 
Conservation Acquisition 

Governmental actions will be crucial to securing con
servation. As discussed in the Action Plan in Volume I, 
federal, state and local actions are needed to adopt effi
cient energy codes and standards that apply to all end uses 
of electricity. Many governmental agencies have tools at 
their disposal that are not available to utilities. For exam
ple, state regulatory authorities could play a key role by 
adopting policies that will remove the regulatory barriers 
to conservation acquisition. The following activities should 
be pursued by federal, state and local governments to help 
secure conservation. 

Conservation 18: 
Develop policies to reward conservation 
acquisition. 

Utility regulatory authorities should establish policies that 
reward aggressive conservation acquisition. Currently, utility 
profits are tied to kilowatt-hour sales. Because conserva
tion reduces kilowatt-hour sales, profits are reduced. Un
less this condition is changed, utilities have a disincentive 
to conserve energy. A partial solution is to decouple prof
its from kilowatt-hour sales. Additional conservation ac
quisition could be fostered by providing positive 
reinforcement. Utilities that successfully acquire large 
amounts of conservation should be rewarded, possibly 
through allowances of higher profits. The Council intends 
to work with regulators and utilities in solving this prob
lem. 
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Conservation 19: 
Form partnerships to secure energy savings. 

Bormeville and the utilities should f onn partnerships with 
local governments to develop aggressive programs at the com
munity level that will market and capture all cost-effective 
conservation. Concentrated activity at the community level, 
using the expertise of local government associations, can 
augment virtually all conservation efforts. Local govern
ments provide an important leadership role in carrying out 
a wide variety of economic and energy program activities. 

Conservation 20: 
Establish state and local building codes, 
solar ordinances, recycling efforts, etc. 

State and local governments should help implement this 
power plan through such activities as the adoption and en-
! orcement of energy-efficient codes, passive-solar ordinances, 
and the encouragement of recycling, which results in energy 
efficiency. Actions state and local governments have al
ready taken in adopting energy-efficient building codes 
have been pivotal to the success of conservation over the 
last few years. Similar strong actions need to be taken in 
other areas as well, such as solar access ordinances and 
recycling. Solar access ordinances save energy and lower 
the cost of conservation because they preserve the oppor
tunity to replace some uses of electricity with direct appli
cations of sunlight. Recycling can result in the use of less 
energy to produce products and can extend the availability 
of natural resources. Other actions may include exploring 
financing mechanisms, such as issuing state bonds, to se
cure conservation in state and local government buildings, 
or investigating new methods to acquire funds for the hir
ing and training of building inspectors, who are crucial to 
ensuring the efficiency of new and remodeled buildings. 

Conservation 21: 
Set user fees based on efficiency. 

Utilities and utility regulatory authorities should consider 
adopting fees based on the efficiency of the end use of electric
ity, in order to encourage consumer adoption of all regionally 
cost-effective conservation. In areas or end uses where 
codes do not include all regionally cost-effective measures 
or are pre-empted by federal law from doing so, user fees 
can be a successful way to encourage efficiency and place 
the cost of inefficiency on the appropriate person. An in
efficient house, for example, would be more expensive to 
hook up to electric service than an efficient house. If fees 
are based on the efficiency of the home, a homeowner has 
the choice of participating in a utility model conservation 
standards program or paying the user fee. The user fee 
should reflect the cost to the power system of serving an 
inefficient load. Charges should be developed for all ap
propriate sectors and end uses. 
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Conservation 22: 
Implement rate treatment for conservation 
expenditures. 

Utility regulatory authorities should provide appropriate 
rate treatment for conservation assessment, development and 
acquisition. It is important that utilities be able to recover 
legitimate costs of developing the conservation resource. 
This includes the assessment of the conservation resource, 
research and development of promising conservation, as 
well as direct acquisition, including code enforcement as
sistance. The Council intends to work closely with utilities 
and regulators to achieve this objective. 

Conservation 23: 
Encourage conservation actions of 
permitting, zoning and planning agencies. 

Building pennitting, zoning and planning agencies should 
foster the development of more efficient buildings with the help 
of Bonneville and the utilities. These agencies are aware of 
proposed buildings very early in the design process. This 
early stage is the best time to lay the groundwork for in
corporating energy conservation measures, especially for 
new commercial buildings. In addition, these agencies 
have significant leverage with developers. Building permit
ting agencies deal with building developers all the time 
and understand the types of incentives that motivate de
velopers. 

Conservation 24: 
Establish local, state and federal health protec
tion criteria for conservation resources. 

Responsible local, state and federal health and environ
mental agencies should establish adequate conservation-re
lated health protection criteria that the Council and the region 
can rely on in conservation resource decisions. The Council 
and the region's utilities have tried to maintain or improve 
the environment when taking conservation actions. This 
has been most obvious in connection with indoor air quali
ty. However, it would be better if decisions in this area 
could be made by appropriate health and environmental 
agencies, instead of the utility system. These agencies 
need to take the lead in setting standards and criteria that 
the utility system can follow to ensure public health and 
safety. 

Conservation 25: 
Institute utility and government conservation 
competitions. 

Associations of utilities, and state and local governments 
should consider competitions among their members to help 
develop a team spirit regarding energy conservation acquisi
tion. These competitions could be modeled after the Super 
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Good Cents annual award banquets. Recognition should 
be given to outstanding performers. 

Evaluation, Verification, Implementation 

Conservation 26: 
Monitor and evaluate conservation efforts. 

Bonneville and the utilities should monitor and evaluate 
conservation eff011s to verify the cost-effectiveness of the re
source, improve future conservation acquisition efforts and 
help guide decisions on further acquisition. The data and re
sults of the evaluations and monitoring must be made 
widely available. Monitoring and evaluation arc crucial, 
but they should be accomplished in a manner that will not 
compromise the acquisition of cost-effective resources. 
Evaluation should be used to modify conservation pro
grams, not to penalize past activities that were based on 
the best information available at the time. Efforts should 
focus on those conservation resources whose performance 
is relatively unknown. 

Impact evaluations are necessary to determine how 
much conservation is acquired at what cost and how much 
of the resource remains to be acquired. Failure to monitor 
and measure performance carefully could result in a re
source that is undervalued, overly expensive or not per
forming as anticipated. Process evaluations, which 
examine and critique the effectiveness of acquisition pro
grams, also arc needed. 

Conservation 27: 
Pool resources and data. 

Bonneville and the utilities should accomplish savings 
verification, evaluation and monitoring activities using pooled 
resources and data. For example, regional cost data for 
commercial energy conservation measures may serve as 
the basis for analyzing the programs of several utilities. 

Conservation 28: 
Share information on acquisition plans. 

To facilitate the acquisition of conservation resources, the 
Council, Bonneville and the region's utilities need to exchange 
information on the utilities' conservation acquisition plans. 
(See also Supporting Activities 1.) These plans should in
clude budgets, time lines, staffing levels, proposed method 
of acquisition (including payment levels), targeted market 
sectors and expected penetration rates for conservation 
acquisition. In addition, the plans should review estimates 
of the amount and cost of conservation already acquired. 
This activity is needed to inform planners on the status of 
conservation acquisition, the anticipated schedule for fur
ther acquisition and the remaining conservation potential. 
Where appropriate, individual utilities may wish to devel
op these plans jointly with other utilities and/or with the 
assistance of Bonneville and utility associations. 
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Conservation 29: 
Centralize data base on technical aspects of 
conservation. 

Bonneville needs to take the lead in organizing technical 
information on pe,fonnance of conse,vation and end-use data 
in a uniform f mmat so that infonnation collected by all par
ties in the region can reside in a centralized location and be 
accessible to all parties for analysis. Leaming from experi
ence is an essential piece of securing the conservation re
source. Unless information on the technical performance 
of conservation is collected and analysis is conducted to 
help us understand where to improve future efforts, we 
will not be successful at acquiring all conservation in a 
cost-effective manner. This action is intended to be a joint 
effort by all parties in the region to consolidate data and 
make it widely available for analysis. Bonneville should 
take the lead in organizing the effort. It would include the 
End-Use Load and Con~ervation Assessment Program 
data. 

Conservation 30: 
Centralize data base on conservation programs. 

Bonneville, in cooperation with utilities, should develop a 
data base on the successes and problems associated with im
plementation of conservation programs. Perhaps the largest 
barrier blocking acquisition of conservation is the question 
of how to successfully implement energy-efficiency pro
grams. For example, what are the critical elements of pro
gram design? What will be needed in terms of people 
resources per megawatt saved? What kind of skills should 
those people have? 

The answers to these and other critical implementa
tion questions already exist, but they are dispersed across 
the region and the nation. These answers need to be gath
ered and the information compiled and shared across the 
region, so conservation planners and implementors can 
learn from the successes and mistakes of others. This data 
base would be similar to the North American Electric Re
liability Council's 1983 Generating Availability Data Sys
tem. It will help speed successful and efficient acquisition. 

Conservation 31: 
Meet annually to share conservation 
experiences. 

The Council, in cooperation with Bonneville and the utili
ties, will coordinate at least annual meetings to facilitate the 
sharing of information on the successes and problems of the 
conservation acquisition efforts. These meetings will use, 
among other resources, the data base on key implementa
tion issues to be developed by Bonneville and the utilities, 
described above. The goal of these meetings is to share 
information among utilities and others on the features of 
programs that are working well and those that are not. 
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Resource Assessment 

While acquiring conservation resources that already 
are known to be cost-effective, the region needs to contin
ue research and demonstration of newer technologies and 
emerging conservation measures. These measures could 
supply significant savings if they prove feasible. Ongoing 
efforts to define the cost and size of the conservation re
source in all sectors, and increase conservation cost-effec
tiveness and availability, need to continue. All utilities in 
the region should cooperate in this work. 

The region also needs to continue investigating con
servation markets and marketing strategies. These efforts 
are important for improving methods of acquiring the con
servation resource. 

Conservation 32: 
Research, develop and demonstrate new 
conservation technologies. . 

The Council, Bonneville, Northwest utilities and other 
interested parties should cooperate on research, development 
and demonstration activities aimed at proving new conserva
tion technologies. The Council will convene a committee of 
interested parties to help identify and coordinate specific ac
tions for cooperative research, development and demonstra
tion. (See Supporting Activities 6.) These activities are 
needed to help realize the large conservation potential 
identified for acquisition in this plan, and to help discern 
and remove barriers to further conservation. At a mini
mum, the activities should include a continuation of the 
Residential Construction Demonstration Program and 
initiation of similar programs in the commercial and indus
trial sectors. Additionally, the committee should look at 
promising conservation resources and design actions to 
make them viable options in the near future. 

Conservation 33: 
Assess and acquire cost-effective on-site 
renewable resources. 

Assess the cost-effectiveness of on-site applications of 
renewables on a site-specific basis as individual applications 
become evident and acquire those that are cost-effective. Be
cause on-site renewables need to be assessed on an indi
vidual, site-specific basis, there can be no general 
statement whether or not to acquire them. However, as 
individual applications are judged to be cost-effective, 
they should be acquired. 

Conservation 34: 
Monitor conservation voltage regulation. 

Bonneville and the utilities should monitor the cost and 
perfonnance of conservation voltage regulation as applied to 
Northwest distribution systems and secure energy savings 
where appropriate. It is likely that conservation voltage reg
ulation can save significant amounts of electricity at low 
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cost. Several Northwest utilities have initiated efforts to 
secure this resource. These efforts should be replicated as 
models for other distribution feeders and systems. The 
results of ongoing efforts to implement conservation volt
age regulation should be made available to interested uti
lities. Periodic seminars and technical documents detailing 
successes and failures in implementing conservation volt
age regulation would be effective ways to transfer the 
technical and cost information needed to implement con
servation voltage regulation. 

Conservation 35: 
Reassess hydropower efficiency improvements. 

Owners and operators of existing regional hydropower 
projects, working with Bonneville and the Council, should 
reassess the potential for hydropower efficiency improvements. 
The last regional assessment of hydropower efficiency im
provements occurred during preparation of the 1986 Pow
er Plan. At that time, only turbine runner and governor 
improvements were considered to be available resources 
because of uncertainties regarding the cost and perform
ance of other promising measures. Since that review, sev
eral owners and operators of existing hydropower projects 
have undertaken these and additional efforts to capture 
cost-effective efficiency improvements. It is now clear that 
additional low-cost energy can be derived from efficiency 
improvements to many existing hydropower facilities, but 
the size and reliability of that resource and its cost still 
need to be confirmed. 

Conservation 36: 
Assess thermal plant efficiency improvements. 

Owners and operators of existing regional thennal power 
plants, working with Bonneville and the Council, should assess 
the potential for energy savings from thennal plant efficiency 
improvements. Several owners and operators of existing 
thermal power plants have identified potential efficiency 
improvements to these resources, and have included this 
resource potential in their least-cost plans. Additional 
potential energy savings are thought to exist. Many im
provements to existing thermal power plants appear to be 
cost-effective within the next several years, and the Coun
cil has included this resource in its plan for acquisition. 

Hydropower 

An estimated 410 megawatts of firm energy can be 
obtained by development of new hydropower projects and 
additions to existing projects. This energy, which excludes 
new energy from efficiency upgrades to existing hydropow
er plants (discussed as a conservation resource), would 
cost from 2.4 to 13.4 cents per kilowatt-hour. Further dis
cussion of new regional hydropower potential is provided 
in Volume II, Chapter 8. 
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Environmental impacts pose the greatest constraint to 
the development of new hydropower projects. Hydropow
er projects may cause biological, aesthetic, recreational 
and socioeconomic impacts that may be difficult to miti
gate. Compliance with the Council's protected areas poli
cies and other conditions of development set forth in this 
power plan and the Columbia River Basin Fish and Wild
life Program should help minimize the environmental im
pact of new hydropower development. Upgrades, 
expansions and improvements to the efficiency of existing 
projects generally pose few environmental problems. 
Some hydropower upgrades may even mitigate existing 
project impacts. 

Hydropower 1: 
Acquire low-cost hydropower. 

Bonneville and the utilities should immediately begin the 
process of acquiring hydropower at the most cost-effective and 
environmentally sound sites in the Northwest. The Council 
estimates that about 150 megawatts of new, low-cost hy
dropower could be acquired by the year 2000. These new 
projects must comply with the protected area require
ments of the Columbia River Basin Fish and Wildlife Pro
gram and with the conditions for hydropower development 
detailed in Volume II, Chapter 11 of this plan. 

Hydropower 2: 
Option an additional 100 megawatts of low-cost 
hydro power. 

Bonneville and the utilities should begin siting, licensing 
and designing 100 megawatts of hydropower projects that are 
somewhat more expensive than those called for in Hydropower 
1. The Council is not recommending completion of these 
projects at this time. Instead, through the options process, 
resource development can be divided into several decision 
steps. 

The first steps are the least costly and most time con
suming-siting, licensing and designing the projects. These 
steps can and should be taken now. Decisions to complete 
the projects, a more costly process than the earlier steps, 
can then be made as load-growth monitoring points up 
the need for these resources. 

Electricity from these projects may not be needed by 
the year 2000, but the projects could still be cost-effective 
to complete if loads grow rapidly. If load growth does not 
increase quickly, these projects could be held for up to 
four years under current Federal Energy Regulatory Com
mission regulations. All of these projects must comply 
with both the Council's protected areas requirements and 
the conditions for hydropower development detailed in 
Volume II, Chapter 11 of this plan. 
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Hydropower 3: 
Maintain all hydropower data bases. 

Bonneville, in cooperation with the Council and the US. 
Army Corps of Engineers, should continue to maintain the 
Pacific Northwest Hydropower Data Base and Analysis Sys
tem, the Rivers lnfonnation Systems in each state, System 
Planning Data, the River Reach File (both tabular and graphic 
components) and the Anadromous Fish Study. An agreement 
should be established among participants regarding long
term funding of this effort. 

Hydropower 4: 
Assess ability to operate power system to serve 
the needs of salmon better. 

The Council will explore innovative ways to plan for and 
operate the region's entire power system so that it best serves 
the needs of salmon. The Council believes that the region's 
power system can be better adapted to the salmon's life 
cycle, and is committed to exploring the right balance be
tween a cost-effective power supply and the survival of 
marginal salmon stocks. In the course of amending the 
Council's Columbia River Basin Fish and Wildlife Pro
gram in 1991 and 1992, the Council will explore these is
sues. The Council will also continue to work with 
Bonneville, the Corps of Engineers, the Fish Passage Cen
ter and others, to monitor the effects on fish and wildlife 
of changes in river operations. 

Hydropower 5: 
Determine environmental impacts of the 
hydropower system and incorporate costs into 
operational, and fish and wildlife decisions. 

Bonneville should determine the environmental impacts of 
the hydropower system and incorporate those costs into opera
tional, and fish and wildlife decisions. Bonneville is current
ly in the process of quantifying the environmental costs of 
new resources. The Council believes that this effort 
should be expanded to include the environmental costs of 
operating the existing hydropower system. 

Biomass 

Biomass fuels are defined as any organic matter that 
is available on a renewable basis. This material includes: 
forest residues, wood product mill residues, agricultural 
field residues, waste products from animals and food pro
cessing, agricultural and forest crops grown for fuel and 
municipal solid wastes (i.e., garbage collected from resi
dences, commercial buildings and industrial firms). The 
heat content, moisture levels and other physical character
istics of biomass resources differ widely. 

The total production of electricity from biomass could 
be as high as 2,700 megawatts, but competing uses, collec
tion costs and seasonal variations in supply result in a 
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much lower estimate of availability. Activities aimed at a 
better understanding of these issues could increase the 
amount of power derived from biomass-fired resources. 

In this plan, the Council estimates that about 600 me
gawatts of cost-effective generation fueled by biomass will 
be available. This estimate includes about 480 megawatts 
that will be produced in cogenerating facilities (see cogen
eration, below), about 90 megawatts of stand-alone bio
mass-fired plants and about 30 megawatts of electricity 
from plants fired with municipal solid waste. An in-depth 
discussion of biomass fuel availability and prospects for 
using these fuels for electric power production is included 
in Volume II, Chapter 8. 

Biomass 1: 
Acquire cost-effective biomass resources. 

Bonneville and the utilities should acquire, as needed, all 
cost-effective and environmentally sound new, biomass-fueled 
resources. The Council has identified 650 total megawatts 
of low-cost cogenerated resources,including biomass
fueled ones, that could be needed in the region by the 
year 2000 (see "Cogeneration" below). Because of the 
economics of cogeneration, most new, biomass-fueled 
electricity is likely to come from cogeneration plants. 
(Stand-alone biomass-fueled plants are more expensive 
than biomass-fueled cogeneration facilities.) All biomass 
resources must comply with the acquisition principles de
tailed in Volume II, Chapter 11, as well as with the siting, 
design, construction and operating criteria being devel
oped by the Council in conjunction with state siting agen
cies and other interested parties in the Northwest (see 
Supporting Activity 15). 

Biomass 2: 
Participate in Pacific Northwest and 
Alaska Bioenergy Program. 

Bonneville should continue to participate in the Pacific 
Northwest and Alaska Bioenergy Program and to look for 
additional opportunities to take part in nationally funded ven
tures of this sort. The region has benefitted from participa
tion in this program and can benefit from other programs 
like it. In general, coordinating the region's activities with 
those in other parts of the country and world is an effec
tive way to increase our understanding of the potential of 
all resources. 

Biomass 3: 
Develop confirmation plan for biomass. 

The Council's Research Development and Demonstration 
Advisory Committee should develop a schedule of activities 
like those developed for other promising renewable resources 
to foster the orderly development of biomass resources. As 
indicated, the potential for biomass appears to be much 
greater than the amounts included in this plan. A detailed 
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plan to address and resolve the issues surrounding com
peting uses of biomass, biomass collection and storage 
procedures, and biomass conversion technologies could 
identify ways to make more of this resource available. 

Cogeneration 

Since 1978, cogeneration (the simultaneous produc
tion of heat and electricity) has been specifically encour
aged by the Public Utility Regulatory Policies Act 
(PURPA), various tax provisions, and fuel use restrictions 
in the Powerplant and Industrial Fuel Use Act. PURPA 
requires utilities to purchase electricity from qualifying 
cogeneration facilities at the utility's avoided cost for new 
generating capacity and to provide back-up electricity and 
supplemental power to cogenerators at fair rates. The 
relevant portions of the Fuel Use Act and the tax provi
sions have been repealed or weakened recently, but PUR
PA remains in effect. These conditions have fostered the 
development of standardized, reliable and inexpensive 
cogeneration systems of different sizes. This, along with 
the decline of natural gas prices, has made cogeneration 
economically attractive in a much wider range of applica
tions. 

Recent estimates show that more than 40,000 mega
watts of cogeneration capacity currently exist in the 
United States. According to recent data collected by the 
Bonneville Power Administration, there is approximately 
900 megawatts of existing cogeneration capacity in the Pa
cific Northwest. This capacity is concentrated (85 percent) 
in the pulp, paper, lumber and other wood products indus
tries. 

Future cogeneration potential in large industrial appli
cations is often a question of economics, rather than tech
nology. The region's industries hold a fairly substantial 
potential for cogeneration, but low electricity rates and 
ample, reliable supplies of electricity have discouraged 
cogeneration development here. 

The integration of cogeneration into the electric util
ity system requires some changes in the way utilities typi
cally have done business. In the past decade, PURPA 
provided the stimulus to address these changes. Further 
encouragement for cogenerators, as well as for other inde
pendent power producers, is coming from changes in the 
utility regulatory environment, as discussed in the Coun
cil's staff briefing paper 89-31, "The Changing Utility En
vironment." 

The Council estimates that more than 1,700 mega
watts of cost-effective power will be available from natu
ral gas-fired cogeneration plants. An additional 480 
megawatts of cost-effective power is available from bio
mass-fired cogeneration plants. An in-depth discussion of 
regional cogeneration potential is provided in Volume II, 
Chapter 8. 
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Cogeneration 1: 
Acquire low-cost cogeneration. 

Bonneville and the utilities should acquire, as needed, all 
cost-effective and environmentally sound cogeneration re
sources available in the rq{i,on. The Council estimates that 
approximately 650 megawatts of cost-effective cogenera
tion could be needed by the tum of this century. Cogener
ation projects that match their electricity output with 
industrial heat requirements (known as thermally matched 
projects) will maximize the efficient use of natural gas or 
biomass and thus have minimum impacts on the environ
ment. For this reason, the Council prefers such systems 
over non-thermally matched ones. All new cogeneration 
resources should meet the acquisition principles described 
in Volume II, Chapter 11, as well as the siting, design, 
construction and operation criteria for cogeneration being 
developed by the Council in conjunction with state siting 
agencies and other interested parties in the Northwest 
(see Supporting Activity 15). 

Cogeneration 2: 
Option 750 megawatts of cogeneration 
resources. 

Bonneville and the utilities should seek developers and 
work with them to secure the necessary approvals and con
tracts to enable the rapid installation of cogeneration equip
ment sufficient to produce 750 megawatts of energy in regi,onal 
industrial facilities, as need and opportunities arise. This is in 
addition to the resources acquired in Cogeneration 1. 

Cogeneration facilities have shorter lead times than 
some other resources. However, installation of cogenera
tion facilities is often contingent upon expansion or reha
bilitation of "host" facilities. If utilities could negotiate 
agreements with potential resource developers in advance 
of need, development and installation of cogeneration 
equipment could be expedited. 

As described in activity Cogeneration 1, the Council 
prefers thermally matched cogeneration projects. Cogen
eration projects optioned in response to this activity also 
should conform to the acquisition principles described in 
Volume II, Chapter 11 of this plan, as well as the siting, 
design, construction and operation criteria for cogenera
tion being developed by the Council (Supporting Activity 
15). 

Cogeneration 3: 
Refine estimates of cogeneration potential. 

Bonneville, working with the Council, the utilities and 
other interested parties, should continue to refine estimates of 
regional cogeneration potential. Because of the important 
role that cogeneration is expected to play in the region's 
future power system, it is important that good estimates of 
regional cogeneration potential be available. 
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Hydropower Firming 

The Northwest hydropower system produces on aver
age about 4,100 megawatts of nonfirm energy per year, 
mostly between January and July. This nonfirm energy 
serves the top (interruptible) quartile of the Bonneville 
Power Administration's direct service industry load and 
displaces the output of thermal plants in the Northwest 
and in the Southwest. 

Northwest nonfirm energy, in conjunction with a 
back-up resource, could be used to meet firm loads in the 
Northwest. This combination resource has been described 
as "firming nonfirm" or "nonfirm strategies." Although 
the Council's analysis of firming has focused on the use of 
natural gas-fired simple- and combined-cycle power 
plants as the back-up resources, there are other possible 
alternatives, including purchased power, interruptible con
tracts and contracts for use of energy from out-of-region 
thermal plants.4 

The Council, when exploring the use of this nonfirm 
energy to meet regional firm loads, considers the water 
budget5 and other hydropower operational requirements 
to improve the survival of fish and wildlife as firm con
straints on hydropower system operation. The Council 
expects the flows called for in the Columbia River Basin 
Fish and Wildlife Program or future amendments to the 
program, including flows established in response to threat
ened or endangered species listings, to continue to be firm 
constraints on system operation. Future fish flow require
ments may convert additional firm hydro energy to non
firm energy. If so, this additional nonfirm may increase 
the amount, on average, that turbines can be displaced, 
and thus increase the relative cost-effectiveness of the 
various firming strategies. 

Hydropower Firming 1: 
Option up to 1,500 megawatts of cost-effective 
hydrofirming resources. 

Bonneville and the utilities should secure options to devel
op approximately 1,500 megawatts of resources to back up 
nonfirm hydropower. The purpose of this activity is to pre
pare for the timely development of resources to back up 
additional nonfirm hydropower, if needed; to confirm the 
feasibility of alternatives for backing up nonfirm hydro
power; and to improve understanding of the potential of 

4. These alternatives are not precisely equivalent to resources 
built in the region, especially gas-fired units, which can be con
verted to bum coal-gas. Although they could provide the same 
firming benefits, they will not necessarily provide the hedge 
against high natural gas prices that the coal gasification option 
would. This difference should be considered when resources to 
firm nonfirm hydropower are being acquired. 

5. The water budget is an increase in flows between dams on 
the Columbia and Snake rivers to improve survival of juvenile 
salmon migrating downstream. 
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the hydrofirrning resource. This effort should consider 
extraregional transactions and increased interruptible 
loads as possible alternatives to combustion turbine firm
ing strategies. (See footnote number 4.) One approach to 
identifying alternative strategies would be to issue a re
quest for proposals specifically targeted at backing up non
firm hydropower. 

Before acquiring any hydrofirrning resources, Bonne
ville and the utilities should evaluate the effects of these 
resources on hydropower system operating constraints. 
Hydrofirrning resources should comply with the acquisi
tion principles described in Volume II, Chapter 11, as well 
as applicable siting, design, construction and operation 
criteria for generating resources developed by the Council 
as described in Supporting Activity 15. 

A significant component of the effort to back up addi
tional nonfirrn hydropower likely will be natural gas-fired 
combustion turbines. Securing options on these plants 
should include the identification and licensing of transmis
sion corridors for connecting plants to the regional grid. 
Fuel supplies should be identified and plans prepared for 
the development of needed fuel transportation facilities. 
Power plant feasibility studies and preliminary engineering 
should be completed for the selected sites, focusing on 
technologies featuring high-efficiency, low emissions, 
short lead time and modular development. 

Because most alternatives for backing up nonfirm hy
dropower will likely require irregular and occasionally very 
significant revenue requirements to cover the operating 
costs of the back-up resource, the options for backing up 
nonfirrn hydropower should include procedures to smooth 
out these possible fluctuations in revenue requirements. 

Because of the uncertainty of the future cost and 
availability of natural gas, and the possible need for coal
fired resources to meet high load growth or to offset re
source uncertainties, the region should be prepared to 
develop coal-fired power plants, if necessary. 

At this time, the Council believes that this capability 
can best be secured by planning for the use of gas-fired 
combined-cycle power plants that could be retrofitted with 
coal gasifiers. At least two-thirds of any gas-fired re
sources optioned to back up nonfirm hydropower should 
be located at sites suitable for conversion to coal gasifica
tion. By the time coal-fired power plants are needed, 
however, some other technology, such as pressurized flu
idized bed combustion, might be preferable to gasification. 

To achieve the needed capability, the Council recom
mends that sites selected for the development of combus
tion turbines also should have the necessary land, fuel 
transportation access and permits to allow for possible 
future conversion to coal gasification. Factors that should 
be considered in selecting these sites include: 

• Proximity to transmission services. 

• Proximity to load centers. 

• Proximity to natural gas supplies. 
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• Proximity to transportation systems suitable for deliv
ering coal. 

• Existing thermal power plant sites that would mini
mize conversion of additional land to generating plant 
use. 

• Availability of existing generating plants or other faci
lities from which emission offsets could be obtained. 

Among candidate sites are the Creston, Boardman 
and Centralia power plant sites. 

Washington Water Power has available a licensed site 
for future construction of coal-fired generating units lo
cated four miles southeast of Creston, Washington. Land 
options, licensing permits and a state Site Certification 
Agreement are being maintained by the company, in order 
to keep this site available for future resource needs. The 
company worked with the Washington Energy Facility Site 
Evaluation Council to extend the Site Certification Agree
ment for five years. The company has received extensions 
to the Prevention of Significant Deterioration Permit for 
Creston. To accommodate Creston's Air Contaminant Per
mit, Washington Water Power will provide new "Best 
Available Control Technology" analyses to be approved by 
the Site Evaluation Council at the time a decision is made 
to construct the project. The license for Creston could be 
amended to accommodate new technologies, such as coal 
gasification or fluidized bed designs. This would position 
Creston to be a more environmentally acceptable energy 
resource within the region. 

Because the Creston site appears to face the fewest 
constraints for the development of new central station 
generating plants, the Council recommends that the Cres
ton licenses be maintained for the development of coal
fired power plants to ensure regional flexibility in planning 
for the future. Additional studies will be needed to deter
mine whether the site is capable of being used for gas
fired combined-cycle combustion turbine power plants 
that can be converted to coal gasification. 

The Centralia site is located in western Washington 
near the city of Centralia. A two-unit coal-fired power 
plant is located at this site. This plant has historically re
lied on coal from adjacent mines, but recently has also 
been burning coal shipped in by rail. A natural gas pipe
line runs near the site. Because of this site's proximity to 
the Puget Sound area, it is attractive for helping to miti
gate problems with voltage stability. The Centralia site 
could potentially accommodate additional gas or coal-fired 
generation. Because of possible airshed constraints, emis
sions from additional facilities may have to be closely con
trolled. Offsets may be available from the existing units at 
this site. 

The Boardman site is located in eastern Oregon near 
the intersection of two major gas pipelines. The site origi
nally was planned for several power plants, one of which, 
a coal-fired power plant, was built. Licenses for additional 
plants are in effect, but are nearing expiration. The 
Boardman site could potentially accommodate additional 
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gas or coal-fired generating plants. Offsets may be avail
able from the existing plant at this site. 

Hydropower Firming 2: 
Develop data on central station thermal 
generation. 

Bonneville, the utilities and the Council, in cooperation 
with other interested parties, should continue to develop and 
maintain information concerning the cost and performance of 
central station thermal generating technologies. Because of 
the important role of central station generating technolo
gies in this plan, it is important that reliable information 
be available concerning the cost and performance of these 
technologies, and the price and availability of their fuels. 

This effort should include continuation of Bonne
ville's Comparative Electric Generating Study, or equiva
lent technology assessments. Consideration should be 
given to cooperative ventures with the Electric Power Re
search Institute (EPRI), wherein EPRI technology asses
sments are broadened to include cases applicable to the 
Pacific Northwest. 

Priority should be given to monitoring and assessment 
of advanced generating technologies using natural gas or 
coal. These include coal gasification combined-cycle pow
er plants, pressurized fluidized bed coal-fired power 
plants, advanced combustion turbine designs (including 
steam-injected, intercooled and humid-air turbines), and 
fuel cell power plants. These assessments should include 
sensitivity studies considering 1) alternative Pacific North
west sites, 2) environmental controls representing best 
available technology, and 3) alternative fuels available to 
Pacific Northwest plants. 

Technology assessments should be consistent with the 
guidelines established for the Bonneville Comparative 
Electric Generating Study. 

Nuclear 

In the Northwest, two nuclear units of conventional 
design -Washington Public Power Supply System nuclear 
projects 1 and 3 (WNP-1 and WNP-3)-are partially com
pleted and are being preserved. Together, these units 
could produce about 1,680 average megawatts of energy. 
Additional discussion of the cost and availability of 
WNP-1 and WNP-3, the issues associated with preserva
tion, completion and operation of these plants, and the 
status of advanced design efforts are provided in Volume 
II, Chapter 8. 

Nuclear 1: 
Determine whether WNP-1 and WNP-3 should 
be preserved, completed or terminated. 

Bonneville and the Supply System should undertake the 
work necessary to determine whether the issues associated with 
WNP-I and WNP-3 are resolvable in order for the region to 
make a fully informed judgment in the next power plan wheth-
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er 1) to continue preserving the plants, 2) to construct either or 
both plants if needed, or 3) to terminate them. 

The Council is not calling for the start of construction 
of either of the Washington Public Power Supply System's 
unfinished nuclear projects (WNP-1 or WNP-3). Nor is it 
calling for a change in the preservation status of these 
plants. 

WNP-1 is located at Hanford, Washington, and is 65 
percent complete. WNP-3 is at Satsop, Washington, and is 
76 percent complete. Bonneville and its customers are 
spending approximately $11 million6 per year to preserve 
these two plants. 

The Council maintains that it is time to determine 
whether continued preservation of these plants is a pru
dent insurance policy. That is, in the event that generating 
resources of this magnitude are needed, would it be possi
ble to complete construction and cost-effectively operate 
these plants? If not, they should be terminated. 

There are issues that would have to be resolved be
fore these plants either could be completed or terminated. 
For example, in many of the future scenarios analyzed in 
this plan, the utilities most likely to need the plants are 
not the public utilities that own them. There are a number 
of questions about how power from the plants could be 
transferred to utilities that may need it. 

There also is controversy about the agreements that 
control the financing, budgeting and management of these 
projects. Other issues include public opposition to nuclear 
power, compliance with the National Environmental 
Policy Act, the Washington Initiative 394 settlement re
quiring cost-effectiveness studies prior to resuming con
struction, and licensing by the U.S. Nuclear Regulatory 
Commission. 

Other issues would have to be resolved if the plants 
were terminated. For example, the legal agreements that 
control these projects offer very little guidance about how 
a decision to terminate would be made, or what would 
happen to the assets if the plants were terminated. There 
are questions regarding the effect of termination on the 
outstanding bonds issued for these projects. There are also 
unresolved issues about the extent and cost of restoring 
the construction sites. For example, what are the site res
toration requirements upon termination? What are the 
costs associated with site restoration? How different are 
the site restoration and decommissioning costs, if the 
plants are terminated now versus after they have been 
operated? When does site restoration have to begin and 
when does it have to be completed? Could the sites be 
used for other energy resources? 

Bonneville and the Supply System should undertake 
the work necessary to determine whether these issues are 
resolvable in order for the Council and the region to make 
a fully informed judgment in the next power plan whether 

6. This figure does not include property taxes on the portion 
of WNP-3 owned by investor-owned utilities because the as
sessed value on that portion is under dispute. 
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1) to continue preserving the plants, 2) to construct either 
or both of the plants if needed, or 3) to terminate them. 
Before any significant step is taken that would alter the 
current status, whether to commence site construction (or 
financing for such construction) or to terminate, the 
Council must find that the proposed action is consistent 
with the plan. 

Bonneville and the Supply System should report to 
the Council by 1994 on how outstanding issues related to 
preservation, construction and termination, can be re
solved. 

Geothermal 

(Note: Activities to confirm the cost, viability and avail
ability of geothermal resources were proposed by the Council's 
Research, Development and Demonstration Advisory Commit
tee. A more complete discussion of the committee's analysis is 
contained in Appendix 1-A at the end of this chapter.) 

The regional geothermal potential may exceed 4,600 
megawatts, at costs ranging from 9.5 to 10.5 cents per 
kilowatt-hour. Some of this potential could be obtained by 
development of basin and range geothermal resources, 
such as those that have been developed in California, Ne
vada and Utah. Because this type of resource has been 
demonstrated elsewhere, the Council considers 350 mega
watts of geothermal energy from Northwest basin and 

Geothermal 01 Technology 
Monitoring 

Agenda 02 Base-line Data 

03 Conflict 
Identification 

04 Demonstration 
Project 

Area #1 RFP 

Figure 1-1 
Geothermal 
Confirmation Area #2 

Agenda 

Area #3 

Years 

14 

1 

RECOMMENDED ACTIVITIES FOR IMPLEMENTATION OF THE POWER PLAN 

range areas available for the resource portfolio of the 1991 
Power Plan. 

The bulk of the regional geothermal potential would 
be from the Cascade geologic province. But the feasibility 
of developing Cascade geothermal resources has not been 
demonstrated. For this reason, the principal focus of these 
activities is to resolve uncertainties associated with devel
opment of the geothermal resources of the Cascades. The 
recommended schedule for the activities is shown in 
Figure 1-1. 

Geothermal 1: 
Compile and circulate data on geothermal 
plant operating experience. 

Bonneville and the region's utilities should compile and 
circulate reliable data on geothermal power plant operating 
experience and geothermal resources to the power planning 
community and others. This data will enable better esti
mates of the cost and pedormance characteristics of geo
thermal power plants. This task parallels similar 
technology monitoring tasks recommended for Solar 1, 
Wind 1 and Ocean 1. 

This action will involve creation and maintenance of a 
data base containing geothermal resource and power plant 
data for active North American sites. Data should include 
operating experience, as well as available construction, 
cost, engineering, financing, power sales and regulatory 
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information. This work will build on the four-state geo
thermal inventory and assessment conducted earlier by 
Bonneville.7 

The estimated cost is about $25,000 for the first year 
and about $15,000 per year to maintain. 

Geothermal 2: 
Document and circulate data on geothermal 
resource areas. 

Bonneville and the region's utilities should document the 
pre-development environmental characteristics of geothermal 
resource areas. This documentation will assist in identifying 
key environmental issues and to facilitate the National 
Environmental Policy Act (NEPA) process and other envi
ronmental assessment work. Present federal regulations 
require geothermal developers to collect one year of base
line environmental data before beginning power plant 
construction. Federal agencies are required to complete a 
NEPA process prior to issuing permits for site develop
ment or to purchasing or wheeling the output of a geo
thermal project. 

More reliable estimates of the environmental impacts 
of geothermal power plants can be made if longer term 
data are available. Moreover, the existence of base line 
data prior to plant design and permitting is expected to 
shorten the lead time for development by reducing the 
time required to complete NEPA and other environmental 
assessment work required for licenses and permits for site 
exploration and development. The region's most promis
ing geothermal resource areas are sufficiently well-de
fined that data acceptable for the NEPA process can be 
obtained. Base-line studies also may help avoid duplica
tion of efforts by multiple developers operating within a 
single resource area and may facilitate the assessment of 
cumulative impacts of geothermal development. 

This action will involve documentation of pre-deve
lopment environmental conditions for promising geother
mal resource areas. Information to be collected may 
include data on air quality, climatology, geology, geochem
istry, geophysics, hydrology, water quality, flora, fauna and 
cultural features. Work should proceed to the develop
ment of needed NEPA assessment documents. One ap
proach might be to develop a general environmental 
impact statement for each resource area. Subsequent envi
ronmental impact statements for specific developments 
within the resource area could be "tiered off" the basic 
environmental impact statement, reducing the lead time 
required for completion of environmental assessments. 

This work initially should be accomplished at the re
source areas where the demonstration projects (Geother
mal 4) will be located. If successful, and if additional 
geothermal resources are needed and can be acquired on 
a regionally cost-effective basis, this work should be ex
tended to other geothermal resource areas. Two to three 
years typically will be required to collect and analyze data 
and to complete a general environmental impact state
ment for a resource area. 
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This action is expected to cost about $50,000 per year, 
per resource area. 

Geothermal 3: 
Facilitate resolution of environmental conflicts. 

Bonneville and the region's utilities should identify and 
facilitate resolution of potential environmental and land use 
conflicts at promising geothermal resource areas. Most prom
ising geothermal resource areas in the Northwest are lo
cated near national parks, wilderness areas and other 
lands of high environmental quality, sensitivity and recre
ational value. Poorly conceived geothermal development 
near these areas may lead to land-use and environmental 
conflicts, inhibiting geothermal development not only at 
these sites, but at others, too. Geothermal exploration 
near Crater Lake, Newberry Caldera and the Alvord Des
ert already is controversial. 

It is clear that development of certain geothermal 
resource areas must be limited because of land-use and 
environmental sensitivities. Advance identification of the 
potential for conflict and the development of possible re
medial actions should reduce conflict, litigation and delay 
when development is proposed. This would reduce re
source lead times and minimize expenditures on projects 
that are not acceptable for environmental or land use rea
sons. 

This action seeks to identify key environmental and 
land use issues, and to initiate resolution of potential con
flicts through land use and environmental management 
procedures. These might include comprehensive land use 
plans, zoning, site development and performance stan
dards and state siting council regulations. This action will 
require the mutual efforts of state and local governments, 
resource management agencies, geothermal developers, 
environmental organizations, land owners and other inter
ested and affected organizations and citizens. 

This action will draw upon the inventories of natural 
and cultural values assembled in action Geothermal 2. An 
assessment of the likely effects of geothermal exploration 
and development, including transmission line and access 
road construction, should follow. The compatibility of geo
thermal development with site conditions then should be 
assessed. Public participation should be sought in order to 
establish the value of the natural and cultural features 
(including geothermal potential) of the resource area. The 
action should conclude with the identification of possible 
mitigation measures. These might include siting and per
formance standards, comprehensive land-use plans and 
other means. 

7. Bonneville Power Administration. Evaluation and Ranking 
of Geothennal Resources for Electrical Generation and Electrical 
Offset in Idaho, Montana, Oregon and Washington. 1985. 
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Bonneville is supporting activities intended to accom
plish these objectives at geothermal resource areas in the 
Deschutes National Forest. This work initially should take 
place at the geothermal resource areas where demonstra
tion projects will be located. If successful, and if additional 
geothermal resources are needed and can be acquired on 
a regionally cost-effective basis, this work should be ex
tended to other geothermal resource areas. 

This action is expected to cost $50,000 to $100,000 per 
year for each resource area. Several years might be re
quired to complete this work at each resource area. 

Geothermal 4: 
Initiate geothermal demonstration projects. 

Bonneville and the regfon 's utilities should demonstrate 
the feasibility of electric power generation using Northwest 
geothermal resources. Each major geothermal resource area 
of the Cascades is thought to have the potential to gener
ate several hundred megawatts of energy or more. But 
each area is thought to have somewhat unique characteris
tics, and none is understood well enough to predict with 
confidence the feasibility or costs of development. Nor is 
it fully understood what technology and environmental 
control measures may be required to develop the resource 
in a regionally cost-effective and environmentally accept
able manner. 

A series of geothermal demonstration projects located 
at promising resource areas can produce many important 
benefits. A demonstration project can confirm the cost 
and feasibility of generating electric power with geother
mal energy in a particular area. Demonstration projects 
also can accelerate the refinement of geothermal technol
ogy to suit specific resource characteristics, identify and 
test environmental mitigation measures, provide a basis to 
judge environmental and land-use concerns, and reduce 
investment risk and cost of commercial-scale development 
that might follow. A demonstration project also can be 
used as a vehicle to confirm the presence of additional 
resource potential. All this can provide improved planning 
certainty and shorten the lead time for commercial-scale 
development. 

The elements of this demonstration program should 
include exploration at multiple resource areas, demonstra
tion of generating plant operation and confirmation of 
additional resources for future development. Demonstra
tion of innovative technology, while not discouraged, 
should be secondary to successful plant operation. The 
focus of the program should be Cascades-type geothermal 
resources, though other types of resources should not be 
ruled out. 

Bonneville has indicated a willingness to join regional 
utilities to purchase up to 10 average megawatts of output 
from each of three geothermal projects. 8 Right of first 
refusal on up to 100 megawatts of additional development 
on each property would be required. An output power 
sales contract would be used, so payments would be made 
only as power was delivered. Following completion of the 
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three demonstration projects called for here, the success 
of this approach will be assessed by the Council. If succes
sful, and if additional geothermal resources are needed 
and can be acquired on a regionally cost-effective basis, 
the Council may consider extending this approach to other 
geothermal resource areas. 

Action to secure at least one demonstration project 
should begin immediately. Action to secure demonstration 
projects at two additional areas should follow at no less 
than one-year intervals. It is expected that at least four 
years will be required from preparation of a request for 
proposals to an operating demonstration project (see 
Figure 1-1 ). 

Energy costs of a demonstration plant may range from 
6 cents to 8 cents per kilowatt-hour, and possibly higher. 
These costs will likely be higher than the marginal cost of 
new resources during the early years of operating the 
demonstration plant. But the premium will decline as the 
marginal cost of new resources increases over time. Bon
neville has agreed to contribute to a demonstration proj
ect if other utilities are willing to join in the financing. 
Costs could be recovered over the operating life of the 
demonstration plant. 

Solar 

(Note: Activities to confirm the cost, viability and avail
ability of solar resources were proposed by the Council's Re
search, Development and Demonstration Advisory Committee. 
A more complete discussion of the committee's analysis is 
contained in Appendix 1-A at the end of this chapte,:) 

The Council's Research, Development and Demon
stration Advisory Committee maintains that solar photo
voltaics offer good potential for future application in the 
Northwest. But because of high costs, the deployment of 
these and other solar technologies will follow that of geo
thermal and wind resources in the Northwest, except for 
certain remote applications of photovoltaics that currently 
are cost-effective. Accordingly, the committee placed 
somewhat less emphasis on solar compared to geothermal 
and wind. Nevertheless, the recommended solar actions 
are expected to form the foundation for a broader solar 
confirmation effort as the costs of solar technologies de
cline and feasible applications broaden. 

The committee's solar recommendations include col
lection of long-term solar insolation data to support de
ployment of solar-electric technologies when these 
become cost-effective, monitoring of solar-electric tech
nology development and a feasibility study of possible 
Northwest applications of solar photovoltaics. A follow-on 
contingent action would address constraints to deployment 

8. The individual project size could exceed 10 average mega
watts, with Bonneville taking up to 10 megawatts of output. 
This would provide flexibility to capture the potential cost sav
ings from larger-scale projects. 
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of photovoltaic technologies. The Council, in considering 
these recommendations, added additional activities, con
sisting of a program to seek out and acquire all regionally 
cost-effective applications of solar photovoltaics, and a 
series of activities that could lead to a photovoltaic dem
onstration plant in the region. The sequence of these ac
tions is illustrated in Figure 1-2. 

Solar 1: 
Assemble improved Northwest solar insolation 
data. 

Bonneville and the regi,on 's utilities should assemble inso
lation data, including finer spatial resolution, inf onnation on 
both global and direct-beam radiation, and longer-term re
cords, to support the design and analysis of solar applications, 
provide better understanding of the future contribution of so
lar-electric power, and help identify sites for future solar
electric installations. 

This action will involve re-establishing a comprehen
sive regional solar insolation monitoring system, insolation 
data collection and data reduction. The monitoring system 
should consist of about 10 monitoring stations at locations 
suitable for creating improved regionwide maps of solar 
insolation. Each station should collect insolation and other 
data required to assess the performance of various types 
of solar-electric and direct-use applications, including 
global, fixed-beam and tracking-beam radiation measure
ments. 

Solar 
Agenda 

Figure 1-2 
Solar 
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01 Insolation Data 
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The monitoring system should be designed to operate 
for a period of at least 15 years in order to gain a good 
understanding of interannual variation and possible long
term trends. This effort should build upon current and 
earlier insolation monitoring efforts. These include the 
networks maintained by the Eugene Water and Electric 
Board, the irrigation scheduling network operated by the 
Washington State Energy Office, and the earlier insolation 
monitoring program sponsored by Bonneville (see Volume 
II, Chapter 8). 

This action should be implemented immediately to 
minimize gaps in solar data records. Data should be col
lected, reduced and reported on a continuing basis. 

This action is estimated to cost about $20,000 for set
ting up each new monitoring station and about $50,000 to 
$100,000 annually for station maintenance data collection, 
reduction and reporting. 

Solar 2: 
Collect information on solar-electric technology 
and its applications. 

Bonneville, the regi,on 's utilities, the Council and others 
should collect reliable inf 01mation on solar-electric technology 
and its application to the power planning community and oth
ers. This action will help identify promising Northwest 
applications of solar-electric technologies and assist in 
making better estimates of the cost and performance 

;·--------------------------,. 
~--------------------------.:1 

Demonstration t--------------------" 

Years 1 2 3 4 5 6 7 
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characteristics of solar technologies. Compilation should 
commence immediately and continue on an ongoing basis. 

This action will involve creation and maintenance of a 
data base of solar photovoltaic and solar-thermal technol
ogy. Data should include operating experience as well as 
available construction, cost, engineering, financing, power 
sales and regulatory information. This work should incor
porate information assembled in activity Solar 2. To 
the extent feasible, this effort should rely upon data as
sembled by organizations, such as the Electric Power Re
search Institute (EPRI) and the Solar Energy Research 
Institute (SERI). The estimated cost is about $25,000 per 
year. 

Solar 3: 
Identify promising photovoltaic technologies 
for the Northwest. 

Bonneville and the region's utilities, working with the 
Council, should identify promising applications of photovolta
ic technologies in the Pacific Northwest and key constraints to 
these applications. It is important to gain an understanding 
of potential solar photovoltaic applications in the Pacific 
Northwest because of good prospects for cost reductions 
and a wide diversity of potential applications. This will 
allow the region to focus on the technologies and applica
tions showing the greatest promise for this region. 

This action will include a review of promising photo
voltaic applications in the Northwest. The review should 
include central-station generation, on-site applications, 
currently available photovoltaic technologies, promising 
technologies that could become available in the next sev
eral years, applications that could be retrofit at existing 
sites and new construction. The study should identify and 
describe possible applications and assess their technical 
feasibility, cost and likely timing. Key constraints to these 
applications should be identified and possible means of 
overcoming these constraints should be proposed. The 
results of this study will provide information needed for 
acquisition of cost-effective photovoltaic applications (So
lar 5). 

This work should begin immediately. It will take about 
one year and will cost about $75,000. 

Solar 4: 
Resolve constraints to Northwest applications 
of photovoltaics. 

Bonneville, the utilities and others should resolve con
straints to promising regional applications of photovoltaic 
technology. The need for and timing of this task will de
pend on the findings of the assessment of regional applica
tions of solar photovoltaic technology in Solar 3. This 
effort will involve resolving constraints identified in action 
Solar 3. 
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Solar 5: 
Acquire cost-effective applications of 
photovoltaics.9 

Bonneville, the utilities and others should improve under
standing of the cost and performance of photovoltaic technol
ogy in the Northwest, strengthen the market for photovoltaic 
devices and facilitate expansion of cost-effective applications 
of photovoltaics in the Northwest. 

Although the cost of electricity from central-station 
photovoltaic plants is still much greater than from other 
resources, there are specialized applications for which 
photovoltaic power sources may be regionally cost-effec
tive. These applications generally are characterized by 
their remote location and low power demand-character
istics that increase the per-unit energy cost of providing 
electrical service. Typical cost-effective applications of 
photovoltaic technology include communication relay sta
tions, maritime navigation aids, railroad signals, aircraft 
warning beacons, pipeline cathodic protection, remote 
household service and remote irrigation pumping. 

As efficiencies increase and costs decline, new mar
kets will open to photovoltaic devices. In the United 
States, this market is expected to include household loads 
requiring power line extensions of one to two miles. Fur
ther efficiency improvements and cost reductions eventu
ally may open up the central-station bulk power market. 

There has apparently been considerable penetration 
of the remote power market by photovoltaics in certain 
sectors. Although the cost of grid extension and average 
retail power costs routinely are considered by those con
sidering photovoltaic systems, it is unlikely that the mar
ginal cost of new resource alternatives normally is 
incorporated in this decision-making process. This action 
item should foster a greater awareness of cost-effective 
photovoltaic opportunities. 

This action will involve the design, testing and imple
mentation of programs for acquiring cost-effective photo
voltaic devices. These programs should include methods of 
assessing the cost-effectiveness of photovoltaic devices 
compared to conventional grid service. The marginal cost 
of new grid-service resources should be considered in 
these assessments. Other factors that might be included in 
these programs include design and financial assistance, 
standard photovoltaic equipment packages (including 
back-up power sources, where necessary) and equipment 
servicing. These programs should be made available re
gionwide, although priority might be given to areas where 
solar resources and local load characteristics favor photo
voltaic applications. 

9. This and the following activity were added by the Council 
after considering other comments and reviewing the Research, 
Development and Demonstration Advisory Committee's rec
ommendations. 
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This action should follow the photovoltaic feasibility 
study Solar 3. That study will identify potentially cost-ef
fective photovoltaic applications, thereby providing a basis 
for designing acquisition policies and procedures needed 
for this action. 

Because this activity would secure only cost-effective 
photovoltaic applications, it should be accomplished at no 
net cost to the power system. 

Solar 6: 
Begin activities leading to a Northwest 
photovoltaic demonstration. 

The Council, Bonneville and others should begin a 
phased process that could lead to a regional solar photovolta
ic demonstration facility. The cost of electricity from solar 
photovoltaic devices, though currently not competitive 
with other central-station power plants, continues to de
cline. It is important that questions regarding the cost and 
performance of this technology at suitable Northwest sites 
be resolved. Issues that can be resolved through develop
ment of a demonstration facility include: 1) demonstration 
of the performance of leading solar photovoltaic technolo
gies in a representative Northwest solar resource area; 2) 
improving the understanding of central-station solar-pho
tovoltaic power quality issues; 3) improving solar resource 
data at the selected demonstration site; 4) identification 
and possible resolution of central station solar photovolta
ic siting issues; and 5) improved understanding of interac
tions (including possible beneficial synergisms) with other 
resources. 

This process would begin with Council membership in 
PVUSA (Photovoltaics: Utility Scale Applications). 
PVUSA is a national program for testing and comparing 
emerging photovoltaic technologies. It was initiated by 
Pacific Gas and Electric Company, in California, and is 
jointly supported by the U.S. Department of Energy, the 
Electric Power Research Institute (EPRI), the California 
Energy Commission and other utilities and state agencies. 
Under way for nearly four years, PVUSA sponsors small
scale (20-kilowatt) demonstrations of emerging solar pho
tovoltaic technologies, as well as larger (200 to 400 
kilowatt) demonstrations of promising technologies. 

Bonneville and other members of the Electric Power 
Research Institute (EPRI) have access to PVUSA infor
mation through EPRI. Two levels of more active participa
tion in PVUSA are available. Technical review committee 
membership is available for $25,000 per year. This level of 
membership provides information on photovoltaic technol
ogies and demonstration project findings. Steering Com
mittee membership is available for $50,000 per year. This 
level of membership enables the participant to be involved 
in decisions regarding the nature and location of demon
stration projects. Steering committee membership could 
lead to demonstration project cost-sharing. 

The Council will participate in PVUSA at the techni
cal review committee level for a year or two, and see ac
tivity Solar 3 through to its completion. This first phase 
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could be followed by steering committee membership in 
PVUSA. A decision can be made at that time to complete 
site selection and conceptual design of a photovoltaic 
demonstration facility to be located in the Northwest. It is 
likely that the region could do this in partnership with fed
eral and other agencies, and out-of-region utilities 
through PVUSA. 

Wind 

(Note: Activities to confirm the cost, viability and avail
ability of wind resources were proposed by the Council's Re
search, Development and Demonstration Advisory Committee. 
A more complete discussion of the committee's analysis is 
contained in Appendix 1-A at the end of this chapter.) 

The regional wind power potential is estimated to be 
nearly 19,000 megawatts of turbine capacity. This could 
supply approximately 4,500 average megawatts of energy 
at costs ranging from 9.5 to 21 cents per kilowatt-hour. 
But nearly 85 percent of this potential lies along the east
ern slopes of the Rocky Mountains in Montana. Successful 
development of this resource requires resolution of trans
mission constraints, institutional questions and the ability 
of wind turbines to operate reliably in the often-harsh 
weather of central Montana. 

Although it is believed that contemporary wind tur
bines can operate reliably at milder climate sites in the 
western part of the region, uncertainties remain regarding 
Northwest wind resource potential. Chief among these are 
the spatial extent, wind turbulence and shear characteris
tics of promising resource areas, and site-specific techni
cal, environmental and institutional constraints to 
development. 

Considering these constraints to development, the 
Council concluded that 600 megawatts of electricity could 
be obtained by development of wind resources over the 
20-year planning period of this power plan. Because of 
limited wind resource data, harsh environmental condi
tions and the general remoteness of the Rocky Mountain 
Front wind resource areas, the Council currently considers 
very little of the potential of these areas to be available 
for the 1991 Power Plan's resource portfolio. Wind-gener
ated electricity considered for the portfolio is expected to 
be available at costs ranging from 9.5 to 16.8 cents per 
kilowatt-hour. Further reductions in the cost of wind-gen
erated electricity are expected. The Council also con
cluded that the potential exists for more extensive 
development of the Northwest wind resource, particularly 
along the eastern front of the Rocky Mountains in Mon
tana. 

The wind power confirmation agenda has two princi
pal components. One is to prepare for commercial devel
opment of wind resources in the western part of the 
region. The Committee believes that this can be accom
plished by improved characterization of wind resource 
areas holding the greatest promise for development, and 
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the identification and resolution of key issues affecting 
development. 

The second component is to confirm the feasibility of 
developing the Montana wind resource. This will require 
an assessment of transmission requirements. If it is found 
feasible to transmit significant amounts of power from 
these areas to the regional grid, this effort should contin
ue with improved wind resource area characterization, 
identification and resolution of key issues affecting devel
opment, and the development and demonstration of wind 
turbine generators with year-round dependability under 
Montana climatic conditions. The level of investment in 
each of these activities should be proportional to the likely 
extent of a potentially cost-effective resource. 

Continuing elements of the wind power confirmation 
agenda are maintenance of a regional long-term wind 
monitoring network and monitoring of wind technology 
development. 

The Council, in considering the committee's recom
mendations, added an activity: Development of a commer
cial-scale wind demonstration project. Benefits of this 
project include confirmation of estimated wind project 
costs and performance, experience integrating wind farm 
electrical output with the grid, better understanding of the 
physical and environmental consequences of wind farm 
construction and testing of wind farm siting and licensing 
procedures. 

A schedule for these activities is shown in Figure 1-3. 

RECOMMENDED ACTIVITIES FOR IMPLEMENTATION OF THE POWER PLAN 

Wind 1: 
Monitor long-term variation in Northwest 
wind resources. 

Bonneville, the utilities and others should monitor long
term (interannual) variation in regional wind resources. Wind 
resources are subject to variations over periods of many 
years that can only be understood through long-term mea
surements. Knowledge about interannual variation will 
reduce project risk, enhance the quality of energy produc
tion estimates and facilitate resolution of questions re
garding interaction of large-scale wind power 
development with the regional electric power system. 

This action will involve maintaining the five existing 
long-term wind monitoring stations. Three new long-term 
stations should be considered for addition to the regional 
network once a wind resource area development feasibility 
study (Wind 3) is completed. Wind statistics from these 
stations should be compiled on an ongoing basis. The 
three new stations should be sited in areas that would con
tribute to the complete coverage of the Northwest's prom
ising wind resources. 

In 1988, there were 10 long-term wind monitoring 
stations in operation in the region. These stations were 
sited to serve as the long-term base-line measurements 
against which other shorter-term measurements could be 
compared. As originally designed, this program was to last 
five years. By the end of 1989, five of the original 10 sta
tions had been dismantled, having served their five years. 

Wind 
Agenda 
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But it is now known that five years is not sufficient to cap
ture the full range of interannual variation. Additional 
stations may be dismantled if the goals of this program are 
not revised to support continued long-term monitoring of 
wind resources. 

This work should begin immediately and continue on 
an ongoing basis. The five existing stations should contin
ue to operate, and analysis of their measurements should 
be enhanced. Establishment of the three new sites would 
be conditioned on the findings of action Wind 3. 

The cost of maintaining the current network of five 
stations is about $60,000 per year. An expanded network 
of eight stations is estimated to cost about $100,000 per 
year. 

Wind 2: 
Provide reliable information on wind power 
technology and resources. 

Bonneville, the Council and others should provide reliable 
information on wind power technology and wind resource de
velopment to the power planning community and others. This 
information should include improved estimates of the cost 
and performance characteristics of wind power develop
ment. 

This action would involve creation and maintenance 
of a wind power data base. Information to be collected 
would include operating experience as well as construc
tion, cost, engineering, financing, power sales and regula
tory information. This task should seek out information 
regarding wind power development in California and else
where, and improvements in wind power technology. To 
the extent feasible, this effort should rely on data as
sembled by organizations, such as the Electric Power Re
search Institute (EPRI), the Solar Energy Research 
Institute (SERI) and Sandia National Laboratory. 

The estimated cost of this ongoing activity is about 
$25,000 per year. 

Wind 3: 
Identify promising wind resource areas in the 
Northwest. 

Bonneville and the utilities should identify wind resource 
areas having the greatest promise for development by eliminat
ing areas with "fatal flaws. " This review will allow better 
definition of the institutional, environmental and technical 
feasibility of developing the Northwest's best wind re
source areas. It will guide subsequent actions including 
spatial, turbulence and shear measurements (Wind 4 ), 
preparation of wind resource area development plans 
(Wind 5) and a cold-climate turbine test facility (Wind 6). 

Wind 3 will consist of an evaluation of the feasibility 
of developing each of the promising wind resource areas 
identified in the Bonneville wind energy assessment pro
gram, plus other promising wind resource areas, such as 
those identified by the Montana Department of Natural 
Resources and Conservation. Two tasks, a screening fol-
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lowed by a site ranking, are suggested. Priority in the 
screening should be given to technical, environmental and 
institutional "showstoppers." Resource areas for which 
development appears to be feasible would then be ranked, 
considering factors such as cost-effectiveness, expected 
energy production, available and potential transmission 
capacity, environmental impacts, and seasonality (includ
ing possible synergistic effects of areas having different 
seasonal energy production profiles). 

An important component of this action is assessment 
of transmission interconnection requirements for large
scale development of Rocky Mountain Front wind re
sources. 

This action should begin immediately. It is estimated 
it will take one year to complete this work for areas in the 
western part of the region. Two years may be required to 
complete this study for Montana areas because of the 
greater complexity of the transmission interconnection 
assessment. 

The cost of this action is estimated to be about 
$550,000, including $250,000 for the analysis of transmis
sion interconnection of Rocky Mountain Front wind re
source areas. 

Wind 4: 
Obtain better wind data at promising 
Northwest sites. 

Bonneville, the utilities and others should obtain better 
information about the quantity and quality of wind resources 
at resource areas showing the greatest promise for develop
ment. The wind resource areas for which this action should 
be implemented will be identified in action Wind 3. This 
action is expected to define developable land area more 
completely, and thereby allow better estimates to be made 
of the energy potential and boundaries of prospective wind 
resource developments. The results will establish a better 
empirical foundation for estimating the quantity and quali
ty of the Northwest's wind resources, reducing the uncer
tainty currently associated with this resource. This action 
will provide supporting data for preparation of wind re
source area development plans (Wind 5) and ultimately 
for commercial wind power development. The information 
developed by this action should reduce development risk 
and may reduce site development lead time by one to two 
years. Finally, this action should provide better informa
tion about the boundaries of the resource areas for agen
cies and others responsible for permits and siting 
standards. 

This action will measure the spatial extent, shear and 
turbulence characteristics of the Northwest's most promis
ing wind resource areas, as identified in action Wind 3. 
This work will expand the wind resource information col
lected in the Bonneville regional wind resource asses
sment. The objective is to collect data that would allow 
better estimates of the potential productivity of wind re
source areas, and to provide a data base sufficient to allow 
a wind resource developer to begin siting studies immedi-
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ately. However, it is not intended that this work address 
specific wind sites. That task is machine-specific and best 
accomplished by the resource developer. 

The energy production potential of a wind resource 
area is directly related to the size of the area. The bound
aries are sensitive to the relation between the wind and 
the topography. These factors determine how many wind 
turbines can be installed. Though the Bonneville regional 
wind power assessment includes estimates of the spatial 
extent of promising wind resource areas, these estimates 
are based on very limited information -a single meteoro
logical tower in most cases. The spatial extent of these 
areas was estimated by inspection of topographic maps and 
indicators, such as flagged vegetation. 

An understanding of wind shear and turbulence is a 
prerequisite to developing a wind resource area. Small 
errors in site assessment can lead to large errors in esti
mating wind farm energy production. Rolling terrain is 
problematic due to spatial variations in the wind caused by 
topography. The extrapolation of wind data from the 
heights measured to the height of the prospective turbines 
is done with wind shear factors. An understanding of wind 
shear (the increase in wind speed with height) is therefore 
important. Excessively turbulent winds will result in poor 
wind turbine performance, high maintenance costs and 
equipment failure. 

This task should initially focus on the most promising 
wind resource areas identified in Wind 3. If successful, and 
if wind resources are needed and can be acquired on a 
regionally cost-effective basis, this work should be ex
tended to other wind resource areas. A minimum of a year 
of data collection is needed to assess the spatial extent at 
each wind resource area. Measurements of shear and tur
bulence would be done simultaneously. The complete 
assessment package, including analysis and reporting, is 
estimated to require two years for a typical area of moder
ate size. The number of areas to be assessed depends on 
the outcome of the area feasibility study (Wind 3). Several 
areas could be done at once. If Wind 3 suggests that lar
ge-scale development of the Rocky Mountain Front is 
feasible, a substantial portion of this effort should be fo
cused on that resource. 

The cost of this action will depend on the number of 
wind resource areas to be assessed and the size of the ar
eas. The committee's Wind Resource Advisory Panel esti
mated that spatial, shear and turbulence studies could be 
completed at 15 wind resource areas, including the very 
large Blackfoot area on the eastern slope of the Rocky 
Mountains, for a minimum cost of $550,000. 

Wind 5: 
Resolve major uncertainties at promising 
Northwest sites. 

Bonneville and the regi,on 's utilities should resolve major 
technical, environmental and institutional uncertainties at 
important wind resource areas. Area development plans can 
help achieve best resource use with minimum environ-
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mental impact, and can reduce planning uncertainty, site 
development lead times and project investment risk. This 
work also can contribute to cost savings and improved per
formance for later commercial-scale development. This 
action will be accomplished by identifying and resolving 
technical, environmental and institutional development 
issues associated with specific wind resource areas, as also 
recommended for geothermal resource areas (Geothermal 
3). The need for this action and its scope will be deter
mined by the findings of the area feasibility study (Wind 3) 
and the spatial, shear and turbulence studies (Wind 4). 

This action should initially include preparation of 
wind resource development plans for two areas. If activi
ties Wind 3 and Wind 4 conclude that large-scale develop
ment of the Rocky Mountain Front is feasible, at least one 
development plan should be for a Rocky Mountain Front 
resource area. These plans should focus on the technical, 
environmental and institutional site development issues 
identified in the Wind 3 feasibility study. Specific wind 
project designs would not be included in these plans. That 
level of design is best left to project developers. Instead, 
the area development plans would address the overall 
technical, environmental and institutional constraints to 
development. One objective, for example, would be to 
establish local siting and licensing procedures. Also, in 
cooperation with the local utility, existing model wind 
farm interconnection requirements could be adapted to 
the requirements of the area. An important component of 
the development plans would be preparation of grid inter
connection plans. 

This work should begin after completion of Wind 3, 
initially focussing on the most promising wind resource 
areas identified in Wind 3. Completion of this action for 
any wind resource area will require completion of the 
assessment of spatial extent called for in Wind 4. If 
successful, and if wind resources are needed and can be 
acquired on a regionally cost-effective basis, this work 
should be extended to other wind resource areas. Plans 
for a typical wind resource area could be completed in one 
year. Plans for a Rocky Mountain Front area might re
quire two years because of the greater complexity of con
straints facing wind power development in this area. 

The cost of a typical wind resource area development 
plan is estimated to be $200,000. 

Wind 6: 
Demonstrate wind turbines in a cold climate. 

Bonneville and the utilities should develop and demon
strate wind turbines capable of reliable year-round operation 
in the environment of the Rocky Mountain Front. Develop
ment of this facility would proceed if large-scale develop
ment of the wind resources of the Rocky Mountain Front 
were found to be feasible (Wind 3). This action should 
occur in parallel with actions Wind 4 and Wind 5. Succes
sful completion of these actions should open the way for 
large-scale commercial development of the wind re-
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sources of Montana's Rocky Mountain Front, when need
ed and regionally cost-effective. 

Most wind turbine generator operating experience has 
been in California. Though wintertime sub-freezing condi
tions arc experienced at some of California's wind re
source areas, the environment of these areas is not as 
challenging as the wintertime high wind and sub-zero cold 
conditions characteristic of the Rocky Mountain Front 
wind resource areas. Moreover, adverse climatic condi
tions occur in Montana when wind resource potential and 
regional electrical loads are at their greatest. In contrast, 
freezing conditions occur in California during slack load 
periods. 

Large-scale deployment of wind turbines in Rocky 
Mountain Front wind resource areas will require the de
velopment and testing of turbines capable of sustained, 
reliable operation in the environment of these areas. In 
particular, the challenges of extreme cold, very strong 
winds and restricted maintenance opportunities need to be 
addressed. Turbine manufacturers argue, however, that 
existing state-of-the-art machines can be modified to op
erate reliably under these conditions. 

This action would involve creation of a cold-climate 
wind turbine pilot facility. This facility should be located at 
a site having wind and climate conditions representative of 
the better wind resource areas of the Rocky Mountain 
Front. The facility should be stocked with several wind 
turbine designs, adapted for cold-climate conditions. The 
site and machines should be provided with instrumenta
tion to support testing. The site should be conveniently 
located to centers of activity to ensure adequate mainte
nance and monitoring. The principal objectives of the pilot 
facility should be to refine and test wind turbine technolo
gy for cold-climate conditions, to develop operation and 
maintenance procedures suitable for cold-climate condi
tions and to prepare better estimates of the capital and 
operating costs of turbines located in cold-climate areas. 

Planning for the cold-climate test facility should com
mence if action Wind 3 indicates development of a large
scale Rocky Mountain resource is feasible. Planning and 
construction of the facility is estimated to require about 
four years. At least two years of pilot facility operation is 
desirable prior to commercial-scale deployment of tur
bines on the Rocky Mountain Front. 

The overall construction cost of a cold-climate wind 
turbine pilot facility including about five 100- to 300-kilo
watt machines is estimated to be $1 million to $2 million. 
Annual operating costs, including basic data logging, are 
estimated to be about $250,000, exclusive of the costs of 
specific experiments. For example, a comprehensive struc
tural measurement program operated by the Solar Energy 
Research institute on two turbines at San Gorgonio in 
California cost $600,000, not including data reduction and 
analysis costs. Because of interest elsewhere in developing 
cold-climate wind turbine capability, there appears to be a 
good chance of securing joint participation in this facility. 
Opportunities for cost-sharing with the U.S. Department 
of Energy, turbine manufacturers, and other states, Cana-
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da, other countries, regions and utilities having cold-cli
mate wind resources should be explored. 

Wind 7: 
Demonstrate a state-of-the-art wind project 
in the Northwest.10 

Bonneville and the regi,on 's utilities should demonstrate a 
state-of-the-art commercial-scale wind farm demonstration 
project of about 30 megawatts capacity. This is expected to 
confirm the cost and performance of wind power plants 
under Northwest conditions, provide experience in inte
grating the output of a commercial-scale wind farm with 
the regional power system, improve understanding of the 
physical and environmental consequences of wind power 
development, and test wind power siting and licensing pro
cedures. This project also will provide a test area for re
search and will refine wind farm operational and 
maintenance procedures for Northwest conditions. 

The knowledge gained from this project should lead 
to greater local confidence in wind power technology, 
more competition among developers, shorter lead times 
and improved performance from subsequently developed 
commercial wind farms. The cost and performance infor
mation from this project is expected to reduce resource 
planning uncertainty. 

The work would involve the development of a com
mercial demonstration wind farm of about 30 megawatts 
capacity. A project of this size, sited in a good wind re
source area, should produce from 6 to 11 average mega
watts of energy. A site that represents the better 
Northwest wind resource areas should be chosen for the 
demonstration project. The project should employ com
mercial-grade turbines of proven reliability. A 30-mega
watt array would be of sufficient size to allow economies 
of scale in its development and operation and, therefore, 
demonstrate representative energy costs. This size also 
should be sufficient to test system integration equipment 
and procedures. 

The power purchase price offered to developers for 
this project should be capped by the estimated cost of the 
geothermal demonstration projects (Geothermal 4) or ex
pected marginal resource costs, whichever is greater. An 
output power sales contract should be used to provide in
centive to the developer and to minimize risk to the re
gion. The contract should allow for research to be 
performed at the site and should make detailed operation
al data available. 

The total cost of the project to the regional power 
system might range to $4 million to $7 million per year, 
depending on wind farm performance and cost. Funding to 
support specific research would be additional. The pre
mium over then-current marginal resource costs would 

10. This activity was added by the Council after considering 
other comments and reviewing the Research, Development and 
Demonstration Advisory Committee's recommendations. 
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depend on marginal resource costs at the time that the 
project operates. At currently estimated avoided cost for 
the mid-1990s, there would be no premium. The region 
would break even. 

A power purchase offer for this project should be ex
tended as soon as the likely cost of the geothermal dem
onstration projects can be established. The offer should 
remain outstanding until accepted. Siting, licensing and 
development of the project would require about three 
years. 

Ocean 

(Note: Activities to confirm the cost, viability and avail
ability of ocean resources were proposed by the Council's Re
search, Development and Demonstration Advisory Committee. 
A more complete discussion of the committee's analysis is 
contained in Appendix 1-A at the end of this chapter.) 

The Council has concluded that ocean power technol
ogies eventually may provide several hundred average me
gawatts of energy to the Pacific Northwest. The most 
promising of Northwest oceanic energy resources appears 
to be ocean wave energy. But ocean power technologies 
are at an early stage of development. Much additional 
technological research, development and demonstration 
must occur before ocean power resources can be consid
ered sufficiently reliable and regionally cost-effective for 
inclusion in the Council's plan. Moreover, there will be 
significant environmental constraints to large-scale de
ployment of wave and other ocean energy devices. 

The Council requested that its Research, Develop
ment and Demonstration Advisory Committee prepare 
recommendations for furthering the development of 
ocean energy resources. In view of the early state of de
velopment of ocean energy technologies and the apparent
ly limited applications of these technologies in the Pacific 
Northwest, the committee recommended that resource 
confirmation efforts for the next several years be focused 
on other resources thought to be available in greater 
quantity and at lower cost. Accordingly, ocean energy ac
tion is limited to periodic review of technological develop
ment. 

Ocean 1: 
Monitor development of promising ocean power 
technologies. 

Bonneville, the Council, the regfon 's utilities and others 
should monitor information concerning the development of 
promising ocean power technologies to allow the region to id
entify the need for possible future actions, such as resource 
assessment and demonstration projects. This action would 
involve periodic assessments of the status of ocean power 
technologies, emphasizing the technologies with greatest 
promise to the Northwest. The Council's assessment sug
gests that wave-energy devices have the greatest potential 
in the Pacific Northwest. Biomass conversion, salinity gra-
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dient and ocean current turbines may offer some potential 
in the long term. Tidal-hydroelectric and ocean thermal 
conversion devices appear to offer little potential in the 
Northwest because of resource limitations. 

The cost of this action is estimated to be about 
$10,000 to $15,000. The committee recommends that the 
next review of ocean power technology be conducted in 
conjunction with the next general revision of the North
west Power Plan. One approach to this review would be to 
encourage Electric Power Research Institute to produce 
periodic updates of its 1987 assessment of state-of-the-art 
ocean energy technologies.11 

Supporting Activities 

There are a number of more general activities that 
support those listed in earlier sections of this chapter. 
These activities are not associated with any specific re
source, but are needed to support resource assessment, 
development or the acquisition of all resources. 

Supporting Activities 1: 
Convene regional meetings on resource 
planning and acquisition. 

The region's utilities, Bonneville, the Council and other 
interested parties should meet on a periodic basis to evaluate 
success toward coordinated planning and acquisition of re
sources. These meetings will help each utility identify spe
cific actions to take in developing and implementing their 
least-cost resource plans. The meetings will also serve as 
the basis for reviewing progress toward a least-cost elec
trical system. 

Supporting Activities 2: 
Complete and test resource acquisition process. 

Bonneville should complete and test the resource acquisi
tion processes now being developed. The effort should deter
mine whether environmental impact statements are 
needed at the time Bonneville acquires an option or when 
a decision is made to move into construction, or both. 
These determinations will be most important if it is antici
pated that an option will be held for a long time. 

Supporting Activities 3: 
Identify out-of-region resources. 

Bonneville and the utilities should identify any potential 
resources from outside the region that are more cost-effective 
and environmentally acceptable than the resources included in 
the Council's plan. The Council supports additional power 
exchanges with and purchases from out-of-region utilities. 

11. Electric Power Research Institute (EPRI). Ocean Energy 
Technologies: The State of the Art, AP-4921. Prepared by the 
Massachusetts Institute of Technology, Cambridge, Massachu
setts. 1986. 
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These transactions should be consistent with the Act and 
the Council's plan, and should be at least as cost-effective 
as the resources included in the plan. An ongoing under
standing of these opportunities, shared with other regional 
decision-makers, can help to minimize uncertainty about 
the availability of resources to meet load growth. Sources 
to serve regional load include those in Alberta, British 
Columbia, California, Utah and the Southwest. 

Supporting Activities 4: 
Account for natural gas in power planning. 

The Council will continue to improve its ability to take 
account of natural gas in its power planning. The Council 
recognizes that natural gas plays a vital role in power plan
ning, both because it is used to produce electricity, and 
because, in many instances, gas and electricity are close 
substitutes. The Council will initiate the formation of a 
gas policy group, including gas distribution companies, 
pipeline suppliers and other interested entities to deter
mine how best to integrate natural gas planning into re
gional power planning. 

Supporting Activities 5: 
Share funding of research, development and 
demonstration activities. 

Bonneville and the utilities should jointly sponsor re
search, development and demonstration activities because the 
whole region ultimately benefits from a more diverse mix of 
viable resources. An agreement should be established among 
participants regarding the proper balance for long-term fund
ing of this effort. Joint development is equitable, efficient 
and in the best interest of both ratepayers and utilities. 
Costs per ratepayer will be lower and benefits per ratepay
er would be higher with coordinated activities. 

Supporting Activities 6: 
Coordinate research, development and demon
stration. 

The Council will act as regional coordinator for research, 
development and demonstration of conservation, geothermal, 
wind, biomass and solar resources. In this role, the Council 
will designate projects within the region for research and 
development funding, including funding from the U.S. 
Department of Energy, the state energy departments and 
the Bonneville Power Administration. 

Supporting Activities 7: 
Provide rate treatment for research, develop
ment and demonstration activities. 

Regulatory commissions should provide rate treatment 
encouraging prudent research, development and demonstration 
activities. Research, development and demonstration of 
promising technologies could provide alternative resources 
that may significantly decrease the costs and/or environ-
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mental impacts of the current selection of resources. The 
Council will work with state legislatures, regulatory com
missions, utilities and others to promote this recommenda
tion. 

Supporting Activities 8: 
Remove barriers to conservation from 
Bonneville's average system cost methodology. 

Bonneville should remove barriers to the development of 
cost-effective conservation in its average system cost method
ology. In some cases, the current average system cost 
methodology penalizes utilities for acting consistently with 
the plan. For example, the methodology does not allow 
conservation support costs, such as audits and advertising, 
to be counted as part of exchangeable costs, although 
Bonneville incurs such costs for its own programs. Bonne
ville should do what is necessary to revise the methodolo
gy so that all investments to secure regionally 
cost-effective conservation are allowed. Bonneville should 
continue to judge whether proposed dollar levels are ap
propriate, as it does with its own programs. 

Supporting Activities 9: 
Review transmission constraints, costs, 
upgrades and environmental hazards. 

The Council will review transmission constraints, trans
mission and distribution costs, alternative transmission up
grades, and potential environmental hazards associated with 
reliable delivery of electric power from present and potential 
sources of generation to the region's load centers. This review 
will focus on transmission issues that may affect imple
mentation of the power plan. The Council will review: 1) 
transmission constraints within the region and on interre
gional interties; 2) the added value of resources that are 
located near electrical load centers or areas where trans
mission is constrained; and 3) the transmission costs asso
ciated with new resources, especially those that are a long 
distance from the existing power grid. Based on this re
view, the Council will work to remove transmission barri
ers supporting cost-effective intertie expansions. 

Supporting Activities 10: 
Account for environmental uncertainties. 

The Council will continue to develop a more complete 
reflection of environmental uncertainties in its planning. To 
date, the Council has used its judgment to account for 
costs incurred by society that are not covered in the costs 
of electricity (these costs are sometimes referred to as 
external costs). The Council will work with environmental 
experts to improve this process, to seek ways to mitigate 
or avoid externalities, and to select the best mix of re
sources to meet the plan's multiple objectives. This effort 
will focus on Council strategies and policies to minimize 
damage to the environment. 
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Supporting Activities 11: 
Quantify environmental costs. 

The Council will work with regulatory commissions, siting 
agencies, Bonneville, utilities, and other interested or affected 
parties to evaluate alternative approaches and to identify ap
propriate methodologies for incorporating quantified estimates 
of unmitigated environmental pollutants into its planning. As 
with most commodities, when a price is too low, the com
modity is used too much and economic efficiency suffers. 
Unfortunately, the price charged to emit unmitigated pol
lutants to the environment is zero, and it has been virtual
ly impossible to develop accurate estimates of all external 
costs. This is why the Council has relied on its judgment. 
However, the Council will continue to look for ways to 
develop and enhance methodologies for quantifying and 
incorporating environmental externalities into its plan
ning. 

Supporting Activities 12: 
Convene regional renewable resource forum. 

The Council, in cooperation with Bonneville, the utilities 
and other regional parties will develop a regional renewable 
resource forum. This effort should provide information re
garding current technologies and the status of plans for 
resource exploration and development in the Pacific 
Northwest. This information should be provided to utili
ties, developers, state and federal agencies, local govern
ments, the environmental community and the interested 
public. Better information regarding these resources 
should promote public and utility understanding and ac
ceptance, facilitate resqlution of environmental and other 
concerns, and encourage environmental and land-use reg
ulations that enable quality resource development when 
needed. An objective of this effort is to provide current 
information to utilities developing requests for resources 
to allow fair consideration of renewable resources in the 
acquisition process. 

Supporting Activities 13: 
Develop multilevel priority firm rate. 

Bonneville and its customers should consider a multilevel 
priority firm rate as an alternative to the billing credits policy. 
The billing credits policy provides for payment to a utility 
for energy saved or generated up to the difference be
tween Bonneville's avoided cost and the priority firm rate. 
Implementation of this policy should help to ensure that 
regionally cost-effective investments in conservation and 
resources are made. 

If, for any reason, by the 1993 rate case, billing credits 
and other Bonneville acquisition programs are not as ef
fective at securing cost-effective conservation as antici
pated, the Council recommends that Bonneville and its 
customers investigate and implement wholesale rate de
signs consistent with the goal of giving individual whole-
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sale customers price signals based on avoided costs. A 
multitiered wholesale rate, with the last tier set at avoided 
costs, could be an appropriate alternative. In this case, 
utilities that acquire conservation or build new generation 
will reduce their bills from Bonneville by the same 
amount as if they had been paid a billing credit. 

Supporting Activities 14: 
Allow recovery of costs of optioning. 

Utility regulatory authorities should provide appropriate 
rate treatment for expenses incurred by utilities optioning re
sources. It is important that utilities be able to recover le
gitimate costs of developing resources. These costs include 
pre-construction expenditures on resources being held as 
options against future load growth. The Council's analysis 
shows that this is in the best interest of utilities' ratepay
ers. If utilities must wait for plants to be constructed, and 
found to be used and useful before they can begin to re
cover their costs, they will be reluctant to invest in the 
optioning of resources. The Council will work with state 
legislatures, regulatory commissions, utilities and others to 
promote this recommendation. 

Supporting Activities 15: 
Establish criteria for siting resources. 

The Council, with the assistance of its advisory commit
tees, will work with state siting authorities, and other interested 
and affected parties throughout the region to develop crite1ia 
for the siting, licensing, construction and operation of re
sources in the Council's resource portfolio. In this effort, it is 
not the intent of the Council to usurp the authority of any 
agency currently charged with responsibilities in these 
areas. Rather, the Council wishes to work with these 
agencies to develop criteria that will enable the region to 
meet future load growth most efficiently, while maintain
ing public support and protecting the environment from 
uncontrolled development. The Council's concern is fo
cussed mainly on resources that may not come under the 
auspices of siting agencies in the four Northwest states. 
Establishing acquisition criteria can help all concerned, 
including potential developers of the resource, by focus
sing resource development in areas where it is most likely 
to be successful. 

Supporting Activities 16: 
Pursue conservation at the federal level. 

The Council, Bonneville and the utilities should aggres
sively pursue conservation at the federal level, especially in 
codes and standards-setting processes, such as those provided 
by the Department of Housing and Urban Development 
(HUD) for manufactured housing and by the U.S. Department 
of Energy (DOE) for appliances. This action is important 
because federal standards often preempt state or regional 
action. Some types of conservation standards can only be 
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Oachieved if the federal government takes action. The re
gion's interests in energy efficiency need to be repre
sented during federal proceedings. 

Supporting Activities 17: 
Gain a better understanding of resource 
interactions. 

The Council, Bonneville and the region's utilities should 
work together to explore the interactions among existing re
sources and those that might be added to the region's power 
system. Many potential resources, renewables in particular, 
have benefits that go beyond the sum of their individual 
contributions, when all interactions are accounted for. For 
example, solar power delivers most of its energy in the 
summer and early fall, hydropower in the spring and sum
mer, and wind in the late fall and winter. All of these re
sources are intermittent to a greater or lesser degree. 
However, the reliability of each might be enhanced by us
ing the three resources together. There already may be 
enough diversity among existing or planned resources to 
easily accommodate additional intermittent resources. 
This activity should be pursued aggressively to better un
derstand the cost-effectiveness of wind and solar re
sources and the best approach to their development and 
operation. 

Supporting Activities 18: 
Address capacity concerns. 

Bonneville, utilities, regulatory commissioners and other 
interested parties should address potential capacity concerns 
in their future power plans. Although the Northwest has 
enough capacity to meet daily peak loads easily, some uti
lities in specific areas could face problems in the future 
similar to the capacity problems that exist today around 
Puget Sound. The capacity-related benefits of conserva
tion and load management, which reduce both line losses 
and the need for capacity reserves, should be carefully 
examined and given appropriate credit in utilities' acquisi
tion plans. 

Supporting Activities 19: 
Identify rapid-replacement resources. 

Bonneville, the region's utilities, and other resource devel
opers should immediately begin to identify 500 to 1,000 mega
watts of resources that could be brought online quickly, in the 
event of a sudden loss of existing resources. Among the many 
sources of uncertainty this plan must address are the con
tinued availability of existing resources at their current 
output levels. For example, proposals to alter flows in the 
Columbia and Snake rivers to assist the downstream mi
gration of salmon could cost the region some hydropower. 
The effect of losing existing resources would be mitigated 
somewhat if the region had resources that could be called 
on quickly to produce power. A few good candidate re-
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sources for this role have been identified, but utilities are 
urged to look for others. 

The most obvious resources to serve this role may be 
existing combustion turbines. Puget Sound Power and 
Light Company owns nearly 700 megawatts of combustion 
turbine capacity that could supply about 500 megawatts of 
electricity, all situated in the Puget Sound area. The tur
bines could be used as stand-alone resources or, more 
likely, in combination with the hydropower system's non
firm power to provide a firm resource. Because of their 
location, they would also be able to help alleviate trans
mission limitations in the Puget Sound area. Contractual, 
economic, institutional or technical issues that prevent the 
use of the turbines in this way should be resolved. 

Bonneville and the region's utilities should also ex
pand their requests for new resources. Through bidding 
proposals, utilities are helping to identify a large variety of 
independently developed resources. Some of these re
sources could be brought into production quickly. Future 
requests for bids for new resources should target these 
short lead time resources. 

Finally, Bonneville and the utilities need to evaluate 
those rapid-response opportunities beyond the Pacific 
Northwest's boundaries. Large amounts of generating ca
pability exist outside the region. It is conceivable that, 
through seasonal exchanges or energy purchase contracts, 
the region could rapidly replace a substantial amount of 
energy. The terms and conditions of necessary contracts 
need to be understood to make this resource a reality. 

The Council recommends that these efforts begin 
immediately and have a target completion date of the 
summer of 1992. 

If sufficient rapid-response resources cannot be iden
tified, it may be necessary to seek increased interruptible 
loads and develop curtailment strategies until resources 
with longer lead times can be added. 
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APPENDIX 1-A 

CONFIRMATION OF 
RENEWABLE RESOURCES 

Introduction 

The Council has developed coordinated actions in
tended to foster the efficient development of geothermal, 
solar, wind and ocean generating resources. Analyses by 
the Council and others suggest that these resources have 
the potential to provide a substantial, cost-effective and 
environmentally sound contribution to the power generat
ing needs of the region. The recommended actions should 
reduce uncertainty regarding these resources, and thereby 
improve planning decisions concerning these and other 
resources. These actions should lower costs and increase 
reliability and environmental acceptability of these re
sources and the ability to develop them in a timely manner 
when they are needed. These actions form an important 
component of the research and development element of 
the power plan, as required by the Northwest Power Act. 

The Council, in its 1986 Power Plan, called for the 
formation of a Research, Development and Demonstra
tion Advisory Committee pursuant to the provisions of the 
Act. The Council charged this committee with delivering 
recommendations to resolve uncertainties affecting re
source planning and to improve the cost-effectiveness and 
environmental acceptability of promising resources. 

The Research, Development and Demonstration Ad
visory Committee convened in March 1989. Over the next 
year, the committee assembled technical advisory panels 
for geothermal, solar and wind resources. Recommenda
tions of these technical advisory panels and subsequent 
deliberations of the advisory committee led to the actions 
described earlier for geothermal, solar and wind resources. 
The action for ocean energy technologies was developed 
by the committee in response to the Council request in 
September 1989 to prepare recommendations for ocean 
energy resources. The Council, in deliberating the recom
mendations of the committee, added the actions involving 
a wind demonstration project and solar photovoltaic acqui
sition. 
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Each action recommended by the committee is sup
ported by at least a majority of the committee members. 
Many of the recommendations are unanimously sup
ported. Members of the Research, Development and 
Demonstration Advisory Committee are listed in Table 
l-A-2, and members of the technical advisory panels, 
which worked with the committee, are listed in Table 
l-A-3 (see pages 34 and 35). 

Criteria for Actions 

The recommended actions meet three principle crite
ria. First, these actions are believed to have a high proba
bility of achieving the objectives of improving planning 
certainty; fostering resource cost-effectiveness, reliability 
and environmental acceptability; and improving the ability 
to develop these resources in a timely manner when need
ed. 

Second, these actions generally are limited to those 
addressing needs and circumstances unique to the Pacific 
Northwest. Organizations, such as the Electric Power Re
search Institute (EPRI) and the U.S. Department of Ener
gy (DOE) are positioned to address resource issues of 
general interest nationwide. But these organizations typi
cally do not address unique regional problems. Moreover, 
the U.S. Department of Energy emphasizes basic re
search, whereas an important need of this region is to pre
pare for the commercial development of these resources. 
The Northwest must be prepared to support resolution of 
problems unique to the Northwest. 

Finally, these actions should commence within five 
years. The Council's power plan will be revised by then, 
and this resource confirmation agenda can be reassessed 
at that time or before. Because many of the actions are 
conditional upon prerequisite actions, and because the 
need or feasibility of developing these resources may 
change through time, the agenda will be reviewed annual
ly by the committee. 
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Benefits of the Recommended Actions 

The benefit of these actions lies in the expectation 
that they will prepare for development and improve the 
regional cost-effectiveness of resources generally thought 
to possess desirable characteristics and to be present in 
abundance in the Northwest. Equally important, informa
tion resulting from these actions is expected to lead to 
better decisions with respect to these resources and their 
alternatives. Demonstration projects will allow the region 
to gain experience with resources that have received little 
exposure here. Specifically, the principal reasons for these 
actions are the following: 

• Better Resource Planning Decisions 

An important element of the Council's power plan
ning strategy is the management of uncertainty. But an 
equally important planning strategy is the reduction of 
that uncertainty. Information gleaned from these actions 
will lead to improved planning decisions through the re
duction of uncertainties regarding geothermal, ocean, so
lar and wind resources. These decisions affect not only 
these resources, but resources that might have to be de
veloped in their place. Foremost among the resource plan
ning benefits of these actions will be confirmation of the 
feasibility of developing geothermal resources in the Cas
cade Mountains and wind resources of the Rocky Moun
tain Front. 

• Reduced Time to Develop 

Many of the actions are expected to reduce the time 
required to bring these resources into service when they 
are needed. The geothermal demonstration projects, for 
example, will promote resolution of siting, technical and 
environmental issues at their respective sites. They will 
help reduce the time required to site, license and con
struct commercial plants. Council studies indicate that 
reduction in the time to bring resources into service is 
valuable. For example, completing resource exploration 
activities for 300 megawatts of geothermal energy, and 
thereby reducing development lead time by three years, is 
estimated to have a net present value of $80 million. 

• Reduced Environmental Impacts 

Some of the actions are expected to reduce environ
mental impacts through better siting and improved envi
ronmental mitigation. 

• Reduced Cost 

Some of the actions may lead to reduced resource 
development costs. For example, wind turbulence and 
shear data will provide better understanding of wind re
source characteristics, thereby improving the siting of wind 
farms. Improved siting should result in higher capacity 
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factors, lower power production costs and improved reli
ability. Cost reductions, though directly accruing to project 
developers, should pass through to ratepayers as more 
favorable power-purchase costs. 

• Improved Performance 

Some of the actions will facilitate improvements in 
power plant technical performance. For example, the 
cold-climate wind turbine pilot project is intended to lead 
to turbine design refinements enabling reliable operation 
in the severe climate of the Rocky Mountain Front. Like 
cost reductions, benefits of improved performance, though 
directly accruing to the resource developer, should pass 
through to ratepayers as reduced power costs and greater 
reliability. 

Priority and Timing 

Certain actions should be implemented immediately. 
These are indicated in the descriptions and schedules. 
Current rapid load growth suggests that subsequent ac
tions be implemented promptly as shown in the schedules, 
providing that the need for these actions is sustained by 
findings of preliminary actions. However, it is important 
that these schedules be periodically reassessed in light of 
improved resource information, changing technology and 
electrical load growth. Experience has shown that at
tempts to develop resources "before their time" may ad
versely affect the credibility of the resource. 

Cost 

Preliminary cost estimates are included in the descrip
tions of the actions. Precise cost estimates; however, will 
be possible only when a detailed statement of work for 
each action is completed. And, for some actions, a de
tailed statement of work can only be prepared upon com
pletion of prerequisite actions. That is because the 
information obtained from the prerequisite actions defines 
the scope, design, or even the need for following actions. 
Preparation of detailed statements of work is best left to 
those responsible for implementation of each activity. 
Thus, the cost estimates provided earlier should be viewed 
as approximations to be refined as the confirmation agen
das are implemented. 

The most expensive actions will be the demonstration 
projects. Because these will be operational generating 
plants, they will be costly. And because the demonstration 
projects may be completed in advance of the resource be
ing regionally cost-effective, a premium over the then
current value of energy may be required to cover the costs 
and risks associated with first-time development. But, 
because these projects likely would be developed using 
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output contracts, 1 ratepayers will pay only for successful 
projects, and then only when the projects enter service. 
Because a successful demonstration project will produce 
energy, the true cost of the demonstration projects will 
not be the full cost of the power purchase contracts, but 
the net of the payments for energy, less the then-current 
value of energy from new resources. The premium paid 
for a demonstration project constructed in advance of 
need should decline as loads grow and avoided costs for 
new resources rise. The net costs of these projects ulti
mately are expected to be captured through the reduced 
cost of subsequent resource development, including the 
resource options secured as a direct result of the demon
stration projects. 

The estimated annual cost for the recommended 
package of actions is shown in Table l-A-1. The estimated 
annual cost of the first four years of the recommended 
program (the period prior to the first demonstration proj
ect coming into service) is estimated at $1 million to $1.6 
million. We expect that these costs will be shared by all 
utilities in the region. However, to gain a sense of the 
magnitude of the costs, we estimate that they would in
crease Bonneville's preference rates about one-tenth of 
one percent if all costs were borne by Bonneville and in
corporated into Bonneville's preferred rates. Rate impacts 
would increase once the recommended demonstration 
projects come into service, but even then, they are esti
mated to be about 0.5 percent.2 

Principles Governing Resource 
Confirmation Activities 

The Research, Development and Demonstration Ad
visory Committee identified several principles to guide 
activities intended to determine the cost and availability of 
resources available for future development. These are: 

1. Focus on resolution of region-specific problems. 
Whereas some problems associated with the develop
ment of new resources are being addressed elsewhere, 
other problems are specific to the Northwest. One 
example of a problem unique to the Northwest is the 
feasibility of generating electricity from geothermal 
resources of the Cascades. Emphasis should be given 
to addressing regional problems because it is less like
ly that national organizations or organizations operat
ing outside the region will support work on these 
problems. The principal responsibility for addressing 
region-specific problems lies with the region. 

2. Minimize construction of actual generating projects 
prior to these being cost-effective. Some resources, 
such as geothermal from the Northwest's Cascades, 
can only be tested by completing development of a 
generating project. But project development requires 
engineering and construction -typically a risky and 
expensive process. In most cases, other means of re
solving uncertainties associated with new resources 
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can and should be pursued. Resources should only be 
developed when other, less risky and expensive ap
proaches appear ineffective or not feasible for resolv
ing questions about the resources. 

3. The costs and risks of resource confirmation activities 
should be spread, to the extent feasible, among those 
who will benefit. Ratepayers regionwide will benefit 
from confirmation of less expensive, more reliable and 
less environmentally damaging resources. Resource 
developers will benefit from the availability of expan
ded business opportunities. No scheme for perfectly 
equitable allocation of these benefits is achievable. 
However, reasonable allocation of resource confirma
tion costs and risks can be promoted by ad hoc part
nerships involving Bonneville, investor-owned 
utilities, consumer-owned utilities, developers and the 
states. 

4. Activities should be designed to achieve multiple goals 
and widespread benefits. For example, this plan pro
poses the development of several geothermal demon
stration projects. As proposed, these projects would 
help determine the feasibility of generating electricity 
using Cascade Range geothermal resources in several 
resource areas. But the projects would also test and 
refine generating technologies, provide experience 
with environmental mitigation methods for Cascade 
resources, and prove geothermal resources for further 
commercial development. 

5. Priority should be given to resources promising low or 
declining costs, abundant quantity, modest environ
mental effects and favorable development characteris
tics, including short lead time and modularity. 

6. Distinction should be drawn between activities to fos
ter the development of resources in general and those 
that are primarily associated with the development of 
specific projects. The former are more justifiably sup
ported by the region as part of a resource confirma
tion program, whereas the latter more rightfully are 
the responsibility of a project developer. For example, 
assessing the spatial extent, general turbulence and 
shear characteristics of a wind resource area is largely 
a regional responsibility, whereas studies leading to 
placement of individual wind turbines is a responsibil
ity of the developer. 

1. An output power sales contract is one in which the purchas
er pays for the energy production of a project at an agreed
upon rate. Payments commence upon delivery of energy. 

2. Based on the estimated net costs of demonstration projects 
(total cost less energy value). 
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This principal is not intended to discourage the acqui
sition of options for the development of cost-effective 
resources. Many of the siting, licensing and design 
activities comprising the acquisition of resource op-

tions are project-specific. Although undertaken by a 
resource developer, these activities must be supported 
by the region through compensation to the developer. 

Table 1-A-1 
Estimated Annual Costs for Recommended Actionsa 

(thousands) 

Year 

1 2 3 4 5 6 7 

Geothermal 1 Technical Monitoring 25 15 15 15 15 15 15 

Geothermal 2 Base-Line Datab 50 100 150 100 50 - -

Geothermal 3 Conflict Identificationb 150 150 150 100 75 75 75 

Geothermal 4 Demonstrationsb 60 60 60 60 

~ ~ ~ 3,700d 5,500d 1,90Qd 

Solar 1 Resource Datae 125 125 75 75 75 75 75 

Solar 2 Applications 75 - - - - - -

Solar 3 Technical Monitoring - 25 25 25 25 25 25 

Solar 4 Resolve Constraints - f f f f f f 

Solar 5 Photovoltaic Acquisition 08 08 08 08 08 08 08 

Solar 6 Photovoltaic Demonstration 25 25 h h h h h 

Wind 1 Resource Data 100 100 100 100 100 100 100 

Wind 2 Technical Monitoring 25 25 25 25 25 25 25 

Wind 3 Area Feasibility 275 275 - - - - -

Wind 4 Area Characterizationi - 110 110 110 110 110 -

Wind 5 Development Plansi - 100 100 k k k k 

Wind 6 Cold Pilot - 100 500 900 2501 2501 2501 

Wind 7 Demonstration - 50 50 50 50 L ~ 1,800d 1,800d 

Ocean 1 Technical Review - - - 15 - - -

Supporting Activity RD&D Forum 50 50 50 50 50 50 50 

Total (Gross) 960 1,310 1,410 1,625 7,025 18,525 24,515 

Total (Net) 960 1,310 1,410 1,625 2,725 6,225 7,915 

a Constant 1990 dollars. 

b Assuming three resource areas staged at approximately annual intervals. 

C Gross costs of successful projects. 

d Net costs of successful projects assuming new resource costs of 5 cents per kilowatt-hour. 

e The costs shown assumed that five additional stations are established over the initial two-year period. 

f The scope of Solar 4 will be established by findings of Solar 3. 
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Table 1-A-J (cont.) 
Estimated Annual Costs for Recommended Actionsa 

(thousands) 

~ Because this res<?urce only would be acquired when cost-effective, there would be no net "R&D" cost. Additional costs could be 
incurred, if any special assessments of equipment performance were undertaken. 

h The $25,000 per year is for membership in PVUSA. The costs of a solar photovoltaic demonstration project will depend upon the 
nature of the project. 

Assuming 15 wind resource areas. 

Assuming two wind resource areas. 

Continue for other wind resource areas, if successful. 

Special experiments may increase the annual operating cost. 

Implementation Issues 

The Research, Demonstration and Development Ad
visory Committee concluded that mechanisms exist to ac
complish the recommended actions. But the committee 
also concluded that significant impediments remain to im
plementation of resource confirmation activities in the 
Northwest. 

One problem is the sharing of costs and benefits. 
Most of the proposed actions are expected to benefit rate
payers regionwide, yet no mechanism exists to spread the 
costs of these actions equitably among the region's rate
payers. In previous power plans, the Council tended to 
look to Bonneville as the principal source of funding to 
support regional resource research, development and 
demonstration. Through its power sales agreements and 
the exchange program, Bonneville, more than any other 
single entity in the region, has the ability to spread re
source confirmation costs to those who potentially benefit. 
But it is clear that Bonneville will not be the sole entity 
acquiring new resources. Therefore, in the interest of eq
uity, it is important to seek resource confirmation funding 
mechanisms that more broadly spread the costs of re
source confirmation among those who potentially benefit. 
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One approach is for a lead utility to enter into joint 
contracts with other utilities for support of specific activi
ties. Bonneville has proposed this approach for the geo
thermal demonstration program. But even joint 
contracting will spread costs imperfectly among the poten
tially benefitting ratepayers (unless all utilities participate, 
which is unlikely). Furthermore, soliciting joint participa
tion is difficult and time consuming. 

A second impediment is the limited ability of inves
tor-owned utilities to recover costs associated with re
search, development and demonstration activities. 
Investor-owned utility expenditures either can be ex
pensed or rolled into the utility's rate base. Expensed 
costs are immediately recovered through rates, but the 
utility earns no return on these expenditures. A utility 
may receive a return on expenditures incorporated into its 
rate base, but most states require the product of these 
expenditures to be "used and useful." Many of the recom
mended actions are not expected to result directly in a 
project meeting the conventional test of "used and use
ful." Oregon, for example, though allowing research, de
velopment and demonstration expenditures to be 
expensed, does not permit these expenditures to be rate
based. 

The Council has called for resolution of both of the 
issues described above. Resolution of these impediments 
and implementation of the renewable resource confirma
tion agendas will require the concerted efforts of the 
Council, Bonneville, regional utilities, state public utility 
commissions, resource developers and others. 

33 



APPENDIX 1-A CONFIRMATION OF RENEWABLE RESOURCES 

Table 1-A-2 
Research, Development and Demonstration Advisory Committee Members 

Name Organization 

K.C. Golden Northwest Conservation Act Coalition 

Paul Cartwright Montana Department of Natural Resources and Conservation 

Clyde Doctor Pacific Power and Light Company 

John Frewing Portland General Electric Company 

Michael Gluckman Electric Power Research Institute 

Jan Hamrin Independent Energy Producers Association 

Roy Hemmingway Independent consultant 

Walter Myers Bonneville Power Administration 

Scott Spettel Eugene Water and Electric Board 

Nancy Rockwell Oregon Department of Energy 

Yacov Shamash Washington State University 

Robert Stokes Solar Energy Research Institute 

Brian Thomas Puget Sound Power and Light Company 

Dick Watson Washington State Energy Office 
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Table 1-A-3 
Resource Technical Advisory Panel Members 

Name Organization 

Geothermal Advisory Panel 

Gordon Bloomquist Washington State Energy Office 

George Darr Bonneville Power Administration 

Robert Edminston Anadarko 

Robert Fujimoto U.S. Forest Service 

Fred Hirsch Oregon Chapter, Sierra Club 

Gary Lavering California Energy Company 

Paul Lienau Oregon Institute of Technology 

Alex Sifford Oregon Department of Energy 

Mike Wright University of Utah 

Solar Advisory Panel 

Nick Butler Bonneville Power Administration 

David Carlson Solarex 

Lynn Coles Solar Energy Research Institute 

Robert D' Aiello Solarex 

Ed DeMeo Electric Power Research Institute 

Dennis Horgan Luz International, Limited 

David McDaniel University of Oregon 

Dave Robinson Pacific Power and Light Company 

Wind Advisory Panel 

Don Bain Oregon Department of Energy 

Bob Baker Oregon State University 

Mike Batham California Energy Commission 

Hap Boyd U.S. Windpower 

Nick Butler Bonneville Power Administration 

Dave Dysinger Montana Department of Natural Resources and Conservation 

Robert Lynette Lynette and Associates 

Robert Thresher Solar Energy Research Institute 
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CHAPTER2 

BACKGROUND AND HISTORY OF THE 
NORTHWEST POWER SYSTEM 

Introduction 

For well over half a century, electrical power has been 
a cornerstone of the Pacific Northwest economy. Thanks 
to the nation's most productive hydropower system, abun
dant, low-cost electricity has made the Northwest attrac
tive to business and industry, despite the fact that the 
region is a long way from major markets. 

Electricity has lighted and powered the farms of the 
region and turned deserts and sparse grasslands into high
ly productive cropland. Aluminum smelting, pulp and pa
per production, and industrial chemical manufacturing 
have all benefited from abundant and cheap electrical sup
plies. Sales of electricity have provided the revenues that 
made the damming of the Northwest's rivers possible, thus 
multiplying economic growth through increased naviga
tion, irrigation and flood control. 

Now, however, products from other regions are com
peting strongly with the region's products. As a result, 
maintaining low-cost electricity is more vital than ever to 
the Northwest economy. The goal of the 1991 Northwest 
Power Plan is to preserve and enhance this valuable asset 
by identifying the steps that need to be taken to ensure 
the lowest cost electrical energy future for the Pacific 
Northwest. 

This new age poses major new challenges for the re
gion. 

All new sources of power are much more expensive 
than the region's existing electric power system. Conserva
tion costs about double Bonneville's current wholesale 
power costs, and new generating plants cost four times as 
much. As a result, electricity prices will go up as the re
gion adds new resources. 

The region's industries have divergent needs. The 
Northwest's traditional industries-pulp and paper, wood 
products, chemicals, agriculture, transportation equipment 
and metals-represent the backbone of the region's econ
omy. These industries employ more than 400,000 people 
and produce much of the economic activity in the region. 
These basic industries rely on low-cost power to remain 
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competitive with other parts of the country and the world. 
New industries, such as high technology and consumer 
services, are not as dependent on low-cost power because 
power costs represent a smaller portion of their overall 
operation costs. Nevertheless, as these new industries 
grow, new resources will be needed. The dilemma is that 
new additions to the power system will raise electricity 
costs and thereby threaten the traditional industries. 

New energy resources can also affect the Northwest's 
environment. The region's citizens have a strong interest 
in stewardship for our land, water, air, fish and wildlife. 

The challenge for the future is to meet the energy 
service needs of the Northwest at the lowest possible cost 
to our economy and our environment. 

The Last 50 Years: A History of 
Northwest Electrical Power Development 

The Hydropower Era 

Today's electric energy choices reflect a reversal from 
yesterday's economics of power. For years, the region had 
been blessed with low-cost electricity from the seemingly 
inexhaustible Columbia River system. The rapid economic 
growth of the region created a steady demand for more 
and more power. Because of economies of scale and grow
ing sales of electricity to pay the costs, each new dam ac
tually brought the cost of electricity down. 

From 1940 to 1979, the wholesale rate for Bonneville 
Power Administration public utility customers dropped, 
when adjusted for inflation, from 2.7 cents to 0.6 cents per 
kilowatt-hour (see Figure 2-1). The region's huge hydro
power system on the Columbia River, built when inflation 
and interest rates were low, provided the nation's cheap
est electricity. From farm to factory, the region prospered 
during this hydropower era. With the cost of power drop
ping, "living better electrically" became the axiom of the 
times. Power planning in the 1950s and 1960s involved 
minimal risk of being wrong. If the supply of electricity 
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exceeded demand, demand was certain to catch up soon. 
The far greater risk, or so it was perceived at the time, 
was to underbuild, to have demand for electricity exceed 
the supply. 

By 1960, the region's power system had grown to 6,000 
megawatts of average energy. Figure 2-2 shows both the 
growth in electric load and the additions to the Northwest 
power system. During the 1960s and 1970s, electric load 
growth averaged 5.2 percent per year. The region added 
10,000 megawatts of new resources during this period. 

The Hydro-Thermal Power Program 

During the 1960s, it became obvious that hydropower 
alone could not supply all the Northwest's growing electri
cal needs. For one thing, the region was running out of 
new river sites that could be developed. The Hydro-Ther
mal Power Program was conceived in the late 1960s as an 
answer to this problem. As the name suggests, it was an 
effort to mesh new thermal resources with the existing 
hydropower system. A major goal of this program was to 
allow construction of large generating plants, while pre
serving the basic roles of Bonneville and its customers. 
Bonneville would supply energy peaking needs, and utili
ties would build large base-load1 generating resources. 

Rapid growth was projected to continue for years 
ahead; and the Hydro-Thermal Power Program was based 
on the energy economics of the day. Nuclear reactors and 
coal-fired plants are designed to run with a constant out
put of electricity throughout the year. The hydropower 
system, on the other hand, could follow the hour-to-hour 
demand for electricity in the region. 

By law, Bonneville could not construct or own gener
ating plants. Therefore, public utilities would finance, con
struct and operate the new base-load plants, and 
Bonneville would acquire their output by crediting the 
owner utilities for the cost of those plants when it billed 
the utilities. The arrangement was called net billing. An 
adverse Internal Revenue Service ruling and high costs 
ended the original Hydro-Thermal Power Program in 
1973. 

The second phase of the program followed, with the 
region's utilities taking power from their own shares of the 
generating plants, while Bonneville provided transmission 
and "shaping" of the generation to fit power loads. Wash
ington Public Power Supply System nuclear plants 4 and 5 
were the principal products of this phase. Bonneville's 
participation in this phase effectively ended in 1975 with 
adverse court decisions, which required the agency to pre
pare lengthy environmental impact statements on its role. 

Few had anticipated the cost of the thermal era transi
tion. The cost of new coal or nuclear plants escalated by 
billions of dollars with power from these plants costing 
many times more than power from the existing Northwest 
dams. 

As the cost of the new thermal plants increased, so 
did the value of the hydropower system. Although its out-
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put varies with annual rainfall and snowpack conditions, 
during high-water years there is enough low-cost hydro
power to allow other, more expensive resources to be shut 
down, thus saving ratepayers some of the cost of running 
thermal plants. Given today's cost of building and operat
ing any new plant, economics point toward getting maxi
mum use out of the hydropower system while planning 
new resources that complement that system. 

Congress Addresses the Region's 
Problems 

By 1977, the forces that were leading to the North
west Power Act of 1980 were becoming clear. Regional 
utility planners were frustrated with a plethora of increas
ingly difficult problems. These led regional decision-mak
ers to look to Congress for a comprehensive solution to a 
set of linked problems. 

First, hold-ups in siting and licensing and delays in 
plant construction had become commonplace. Utilities 
began projecting they would be unable to meet the re
gion's power needs in the early 1980s. Deficits of more 
than 3,000 megawatts were projected by the mid-1980s in 
the event of low-water years. A mechanism was needed to 
speed new resources into the system. 

Second, while Bonneville and several utilities were 
promoting construction of large thermal plants, a number 
of critics were arguing that the region's power needs could 
be met by conservation programs at substantially less cost. 
State siting agencies began to consider conservation as an 
alternative to thermal plants. However, at the time, con
servation was a new and unfamiliar resource to most utili
ties. 

Third, utilities were having problems financing new 
generating resources. With the end of federal dam con
struction and the limiting of net billing, Bonneville could 
no longer acquire additional resources to meet new loads. 
Investor-owned utilities, which traditionally had relied on 
surplus Bonneville power to meet their growing loads, 
found in 1973 that they were cut off from firm contracts 
for cheap federal hydropower by the "preference clause" 
of the Bonneville Project Act, which granted public utili
ties first access to federal hydropower. The investor
owned utilities then began turning to expensive thermal 
generation, a step that was reflected in their rates by the 
mid-1970s. Many of the region's public utilities are small, 
serving only one county or a sparsely populated rural area. 
But even the larger investor-owned utilities were limited 
in their ability to move into the thermal age. It was not 
unusual for an investor-owned utility to have half its as
sets tied up in construction of generating plants that could 
not bring in revenue until they were declared "used and 
useful" by the state regulatory commission. 

1. Base-load resources run continuously except for mainte
nance and forced outages. 
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Fourth, by 1977, investor-owned utility rates, which 
historically had been comparable to public utility rates, 
skyrocketed to two or three times those of public utilities. 
Growing pressure to correct this rate disparity prompted 
the state of Oregon to enact the Domestic and Rural Pow
er Authority, which was to lay claim as a publicly owned 
utility to federal hydropower for the benefit of all the 
state's citizens. 

Fifth, with limited power supplies and growing cus
tomer loads, Bonneville foresaw a day when it would no 
longer be able to meet all the power needs of its public 
utility customers. On July 1, 1976, it issued a Notice of 
Insufficiency informing its customers that after seven 
years it could no longer meet all their needs. Bonneville 
then began a lengthy proceeding to develop a formula to 
allocate its available power supplies. This effort was ex
pected to be extremely difficult and controversial. 

Sixth, the direct service industries' contracts were to 
expire in the 1980s. The power supplied to these industries 
would have to be sold to the public utilities under the 
preference clause. If they were to survive in the North
west, these industries needed an assured source of power. 
Some of these plants are old, but Figure 2-3 shows that 
approximately 60 percent of the region's aluminum capac
ity was built after 1965. 
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And finally, concerns over the decline of the famed 
Columbia River salmon and steelhead runs were drawing 
regional attention. Since the first dams went up in the 
1930s, the annual salmon catch had declined 70 percent. 
While hydroelectric development was not the only cause 
for the decline, there was widespread agreement that the 
dams had been a major factor and that remedial measures 
were needed. Getting a coordinated response was a prob
lem. The river and its tributaries flowed through all the 
Northwest states and a number of jurisdictions, including 
Indian tribal lands. 

The Northwest Power Act Ushers in a 
New Power Era 

By 1980, it was clear that not only was a comprehen
sive solution needed for the region's electrical power 
problems, but a mechanism for addressing that part of the 
fish and wildlife problem resulting from the power system 
was needed as well. That comprehensive solution was 
found in the Pacific Northwest Electric Power Planning 
and Conservation Act (Northwest Power Act, Public Law 
96-501) passed by the 96th Congress in December 1980. 

1950 1960 1970 1980 1900 

Year 
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Among other things, the Act gave Bonneville an ex
panded role, allowing it to acquire resources, including the 
development of conservation programs, and to help re
store fish and wildlife. The Act also created a public pro
cess for future electrical power planning by allowing the 
creation of a state-appointed Northwest Power Planning 
Council. The Council was charged with planning for fu
ture electrical energy demand and resources, including 
conservation, to be developed to meet the region's needs. 
It also gave the Council the authority to plan the actions 
and investments to be undertaken to rescue the fish and 
wildlife resources, particularly salmon and steelhead, af
fected by the Columbia River power system dams. 

Bonneville received broad new authorities. In return, 
the Northwest states, whose ratepayers fund Bonneville, 
received an increased role in directing their own energy 
future through the Council. All of the Council's business 
and decision making are conducted in public, and the 
Council maintains a broad public information and involve
ment program to stimulate public participation. 

Bonneville's expanded role allowed it to acquire new 
power supplies through a mechanism by which Bonneville 
would acquire the power generated by a power plant and 
pledge to pay the costs of building and operating it. This 
"guaranteed purchase" was intended to give financially 
strapped utilities better access to financial markets to get 
funds for new conservation programs and thermal plants, 
and was designed to spread the financial risks of develop
ing new resources across the region. 

With the ability to acquire new resources, Bonneville 
could execute new contracts as well as continue to supply 
the non-generating utilities and the growing needs of all 
other utilities. The Act also authorized Bonneville to sign 
residential "exchange" contracts with utilities, allowing 
them to buy power to serve their residential and agricul
tural customers at the same rate that Bonneville charges 
public utilities. In tum, the generating utilities would sell 
Bonneville power at their own average system cost. This 
exchange gives residential and small farm customers of 
utilities participating in the exchange access to the North
west's cheap hydropower and has saved these customers 
approximately $1.7 billion since the passage of the Act. 

The Act also authorized Bonneville to enter into new 
long-term contracts with the direct service industries. 
These industries gave up existing contracts, most of which 
were scheduled to expire in the 1980s, for higher-priced 
contracts of 20 years' duration. The direct service indus
tries also agreed to absorb a large portion of the costs to 
Bonneville for the exchange program described above. 

Finally, the Act also set up a system of "rate pools" to 
assist Bonneville in determining what the various classes 
of customers would pay for power. 

The Northwest Power Planning Council 

In the past, dams had been built and transmission 
lines constructed with relatively little public participation. 
However, new coal and nuclear plants were seen as affect-
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ing both the economy and environment of the Northwest. 
Electricity rates had begun to climb dramatically in many 
parts of the region prior to the Act, and the impacts of the 
dams and thermal generating plants on the environment 
had become matters of intense public controversy. The 
public at large, as well as state and local governments, 
needed and demanded a voice to express their interest in 
energy issues. 

Public opinion on electrical energy issues had become 
so strong that future power development seemed stymied. 
To propose a new generating unit in the atmosphere of 
the late 1970s was to subject a utility to what appeared to 
be an endless process before public bodies and a largely 
uncertain outcome. The lack of consensus was counterpro
ductive to planning. While energy plants were being stale
mated, the conservation programs that would be necessary 
if the plants were not built were not being undertaken, 
either. The need for regional consensus building was a 
primary impetus for the formation of the Northwest Power 
Planning Council. 

The creation of the Council took place in the frame
work of an interstate agreement under the "compacts 
clause" of the U.S. Constitution. The principal duties of 
the Council under the Act are to: 1) develop a 20-year 
regional power plan (the plan) to ensure the Northwest an 
adequate, effici'ent and reliable electrical power supply at 
the lowest cost; 2) develop a fish and wildlife program (the 
program) to "protect, mitigate and enhance" the fish and 
wildlife affected by hydroelectric development in the Co
lumbia River Basin; and 3) provide for broad public partic
ipation in these processes. 

According to the Act, Bonneville implements actions 
consistent with both the plan and the program. The Act 
requires Bonneville to seek the Council's approval for any 
resource acquisition over 50 megawatts and five years in 
duration. If the Council finds that any proposed resource 
acquisition is not consistent with its power plan, Bonne
ville must secure congressional approval before acquiring 
the resource. In addition, Bonneville, the Corps of Engi
neers, the Bureau of Reclamation and the Federal Energy 
Regulatory Commission must take the Council's Fish and 
Wildlife Program into account "at each relevant stage of 
decision-making to the fullest extent practicable." 

1980-1985: A Changing Power Picture 

Even as the Council worked to develop its first plan, 
the Northwest electrical power picture had already begun 
to change dramatically. Much of the impetus for the Act 
had been the projection of large deficits in power supply. 
Because many utility planners in the 1970s assumed they 
could predict the most likely future, the result was a single 
energy forecast for the region that led to the start of con
struction of 17 coal plants and 10 nuclear plants. In 1980, 
there were predictions of blackouts and severe regional 
shortages. 

But between 1981 and 1983, it became apparent to the 
Council that the mid-1980s would not be characterized by 
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deficits but by an expensive surplus of uncertain duration. 
This signaled the emergence of a new and different set of 
problems. 

Uncertainties inherent in forecasts of energy needs 
had led the region to build large expensive generating 
plants that were not needed, at least not on their sched
ules for completion. The high electricity rates resulting 
from these expensive new plants were leading to consum
er unrest and even some shutdown of industrial processes 
in the region. Figure 2-1 also shows that Bonneville's 
wholesale rates increased by 500 percent between 1980 
and 1983, primarily as a result of the cost of the Washing
ton Public Power Supply System plants. 

Other factors also cast a new cloud on the regional 
power picture. The region entered its deepest economic 
recession since the depression of the 1930s. At the same 
time, due to low world aluminum prices, a significant por
tion of the aluminum production capacity in the North
west shut down, temporarily exacerbating power surpluses. 
Other traditionally reliable, large industrial power loads, 
such as the wood products industry, also dropped off. As a 
result, electric load during this period actually declined. 
Bonneville and the region's utilities suddenly found them
selves with more power than they could sell. 

The Northwest Power Plan: 
Planning for Flexibility 

In April 1983, the Council adopted its first 20--year 
power plan. That plan spelled out a new kind of planning 
strategy and set significant new directions for the Pacific 
Northwest. 

The plan addressed the surplus of electricity in the 
region and focused on preventing lost opportunities to the 
region. Lost-opportunity resources are cost-effective re
sources that, if not secured, could be lost forever to the 
region. The primary example is incorporating energy-effi
cient features into new buildings when they are con
structed. Many of these measures cannot be installed 
later, and the building will consume energy long after the 
surplus is over. 

The plan called for few new resources to be acquired. 
Instead, it emphasized the need to develop the capability 
to deliver energy conservation in the commercial, indus
trial, governmental and agricultural sectors. The plan also 
called for continued capability in the residential sector 
with an emphasis on programs to reach low income and 
renter households. 

In accordance with the statutory priorities established 
in the Act, the plan relied primarily on conservation. Im
proving energy-efficiency costs considerably less than 
building new thermal resources. 

Like the 1983 plan, the 1986 plan emphasized lost-op
portunity conservation and called for no near-term devel
opment of new resources except those that are 
cost-effective and could be lost to the region if they are 
not secured. In addition, that plan emphasized the follow-
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ing priorities: a stronger regional role for Bonneville; de
velopment of conservation on a regional basis; strategies 
to make better use of the hydropower system; building 
conservation capability in all sectors; demonstration of the 
cost-effectiveness of renewable resources so they are 
available before the region has to build new thermal gen
erating resources; development of an acquisition process 
to secure resource options and to demonstrate the pur
chase of conservation and generating resources so they 
can be available when needed; equitable allocation of 
costs for two unfinished nuclear plants and removal of 
problems that would block their completion when and if 
they were needed; and study of electrical power sales and 
purchases between regions. These efforts were designed 
to prepare the region to meet future electric energy 
needs. 

Key to most of the priorities in the 1986 plan was 
cooperation among power organizations, both public and 
investor-owned. 

1985-1990: 
The Region Prepares for the Future 

Since the Council adopted its 1986 plan, the region's 
economy has boomed and electric load growth has aver
aged about 3.5 percent. In 1986, the regional surplus was 
approximately 2,500 megawatts. Today, the region has just 
enough firm resources to meet its current energy needs. 
The region is facing major decisions on investments in 
new conservation and generating resources to meet its 
future needs. 

During the past five years, Bonneville, the region's 
utilities, and state and local governments have made sig
nificant strides in preparing the Northwest for the chal
lenges we face. 

Bonneville and utility programs have saved an esti
mated 350 megawatts of energy at less than half the cost 
of the same amount of power from a coal plant. If the 
same amount of power were produced by a large generat
ing plant, the Northwest would spend $1.4 billion more 
than the cost of conservation over the life of the plant. 

The federal, state and local governments, in coopera
tion with Bonneville and the utilities, have adopted new 
efficiency standards for new buildings and appliances. 
Over the next 20 years, these actions will save an esti
mated 800 megawatts in the high--demand forecast. State 
governments also have implemented energy-efficiency 
programs that have saved an additional 200 megawatts of 
electricity. 

The Council developed model conservation standards 
in 1983, at the direction of the Northwest Power Act. All 
of the Northwest's utilities now promote efficiency 
through practical programs and incentives. In addition, 
approximately 120 local governments throughout the 
Northwest have adopted the standards as part of their 
building codes. 
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In February 1990, Washington became the first state in 
the Northwest to adopt the full model conservation stan
dards for residential construction. In 1991, the state of 
Oregon also adopted a statewide building code providing 
energy savings equivalent to the model conservation stan
dards. The adoption of these new codes in Washington 
and Oregon means that 87 percent of all electrically 
heated single homes and 96 percent of the electrically 
heated multifamily units will meet the energy savings lev
els of the model conservation standards. 

Idaho recently adopted a statewide energy code that 
will improve building practices substantially. Under the 
new code, Idaho utilities are prohibited from serving new 
homes that have not obtained permits guaranteeing com
pliance with the new code. 

In 1989, Montana used an administrative procedure to 
adopt a more energy-efficient residential building code. In 
addition, Montana is conducting a statewide education 
program to move construction practice toward the level 
required by the model conservation standards. 

The Northwest has been a leader in the country and 
the world in integrated least-cost planning. The Council, 
Bonneville, utilities and other regional interests have 
worked together to develop common analytical tools and 
improve information on energy use, forecasting, and new 
resources. For the past two years, the Council and Bonne
ville have developed a joint forecast of future electricity 
needs and joint estimates of the cost and future supply of 
conservation and generating resources. 

The utility regulatory commissions in Idaho, Oregon 
and Washington now require the investor-owned utilities 
they regulate to prepare resource plans similar in general 
outline to the Council's plan. All of the region's investor
owned utilities have completed or are developing such 
plans. Several utilities are working on their second plans. 

In addition, a number of public utilities have devel
oped integrated least-cost plans and participate in the de
velopment of Bonneville's Resource Program. All of the 
public utilities have developed conservation plans as part 
of Bonneville's programs. 

As a result of all these efforts, there appears to be a 
general consensus on the plan's underlying data and anal
ysis, and the focus has shifted to implementation of the 
regional plan. 

The costs of electricity have generally stabilized, and 
Bonneville's rates have actually declined after adjusting 
for inflation. 

All of these accomplishments will help the region 
meet the challenges of the 1990s. Unfortunately, there are 
also areas where the Northwest fell short of achieving the 
objectives of the past plans. 

One of the objectives was to test and perfect conser
vation programs that could be ready for aggressive imple
mentation when the region needed more power. 
Bonneville and the region's utilities have run pilot pro
grams in the commercial, industrial and agricultural sec
tors. But more work is needed before the region has the 
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capability to capture all the cost-effective energy efficien
cy in all sectors of the Northwest economy. 

Another objective of previous plans was to build up an 
inventory of resources with short lead times that could be 
used to meet future load growth. The Creston coal project 
has successfully completed siting and licensing, and the 
Washington Energy Facility Site Evaluation Council has 
extended the site certificate for the project. No other 
large generating projects have completed the pre-con
struction phase, although several hydroelectric sites have 
been licensed and could be developed within several years. 

State siting agencies in Montana, Oregon and Wash
ington have modified their procedures to allow resource 
developers to delay construction of a resource after re
ceiving permits, site certification and licenses. However, a 
number of significant contractual, legal, regulatory and 
institutional issues must be resolved before decisions to 
site, license and design a resource can be separated from 
decisions to begin construction. 

Some of the legal barriers surrounding the Washing
ton Public Power Supply System plants have been re
solved, but a number of significant issues remain that raise 
questions about whether those two plants could be com
pleted if they were needed. 

Finally, little progress has been made in demonstrat
ing the cost-effectiveness of renewable resources in the 
Northwest. Bonneville has proposed to co-sponsor a geo
thermal demonstration project. The Council, working with 
a broadly representative advisory committee, has proposed 
a research, development and demonstration agenda for 
geothermal, wind and solar resources. 

Given the status of the region's conservation pro
grams and the current inventory of resources with short 
lead times, the region can only support about one percent 
annual growth in electricity use over the next five years. If 
electricity growth is higher than that, the region will have 
a deficit of firm resources, and it will need to depend on 
less reliable nonfirm power and purchases from outside 
the Northwest. 

The lessons from the 1980s are clear: the future is 
very uncertain, and it is very important to invest in activi
ties that will prepare the region to meet whatever hap
pens. The Council's planning strategy and Action Plan 
respond to these lessons. 
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THE COUNCIL'S 
PLANNING STRATEGY 

The Council's Goals 

Because the future is uncertain and conditions are 
likely to change, flexibility and risk management are un
derlying principles throughout the Council's planning 
strategy. 

The overall goal of the power plan is to ensure that 
the region can provide adequate, efficient, and reliable 
electrical energy services at the lowest cost, while at the 
same time minimizing the risk of future uncertainties in 
the cost and supply of energy services in the Northwest. 

The plan would achieve that goal by planning for suf
ficient resources to meet the region's future energy needs 
under varying conditions of growth and service require
ments. 

The Council seeks to balance the sometimes compet
ing attributes of lowest cost, highest reliability, and least 
exposure to risk. The Council believes this plan, if fully 
implemented, will meet the region's electric energy needs 
at the lowest cost and lowest risk to the economy and en
vironment of the Northwest. 

The Council developed this electrical power plan with 
the following specific goals in mind: 

• provide the region an adequate, efficient and reliable 
supply of electrical energy service at the lowest possi
ble cost; 

• select resources following the cost-effectiveness prin
ciples and priorities in the Northwest Power Act; 

• develop a flexible strategy so that the plan can be mo
dified as conditions change and new information be
comes available; 

• encourage the greatest rate predictability and stability 
for the region; 

• evaluate all resources from a total regional system 
perspective and ensure their compatibility with the 
existing power system; 
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• select resources with the least adverse impacts on the 
environment, or those with adverse environmental 
impacts that can be mitigated; and 

• select resources that are consistent with protecting 
and enhancing fish and wildlife, and that mitigate 
power system impacts on fish and wildlife. 

Integrated Resource Planning 

Integrated resource planning (also known as least-cost 
planning) means ordering resource acquisitions in such a 
way as to result in the lowest overall total societal cost t? 
the region. But it means much more than the cost to build 
and operate a resource. It also means lowest cost in terms 
of environmental consequences, and lowest cost in terms 
of risk management (that is, lessening the risk of over
building or underbuilding resources when you have to deal 
with an uncertain future). 

Economic and Load Projections 

The Council begins its planning process with a thor
ough analysis of the region's demographic trends, econom
ic development potential and existing energy demands. It 
uses these patterns of use and predicted growth to devel
op ranges of power demand for the next 20 years, rather 
than the single-point prediction used by utilities in the 
region. 

Resource Analysis 

The Council then compares alternative resources on a 
consistent basis to determine which ones can most reliably 
and cost-effectively meet the region's energy needs. Elec
tricity saved through efficiency improvements is consid
ered a resource comparable to any generating resource. 

The keystone of the Council's planning philosophy is 
the recognition of the uncertainty surrounding virtually 
every aspect of energy planning. Instead of fixing on a 

45 



CHAPTER3 

single-point prediction of the region's energy future, the 
Council's methodology embraces a range of possible fu
tures. 

The Council reviews hundreds of scenarios that re
flect the inherent uncertainty of both the future demand 
for electricity and the cost and availability of new conser
vation and generating resources. 

The purpose of this analysis is to identify the actions 
that are necessary to prepare the region to respond to the 
uncertainty we face. 

Public Review 

An important reality check in the Council's planning 
process is public involvement. The Council forms broadly 
representative advisory committees to review the forecasts 
and resource assessments. The details of this analysis are 
published and circulated, and public comment is taken at 
the Council's regular meetings as well as in writing. This 
preliminary analysis encourages organizations and individ
uals to challenge the assumptions and methodology used 
by the Council and improves the quality of the final prod
uct. 

The Council works with all interested organizations in 
the region to develop commonly accepted analytic tools. 
As a result, regional debates can focus on important policy 
considerations rather than on differences in the computer 
models used by various organizations. In addition to im
proving the quality of information and focusing policy de
bates, the Council's public process helps ensure that all 
interested parties share the same set of factual assump
tions. This enhances communication and helps build a 
consensus for action. 

The Council's Planning Process 

In selecting the resources described in this plan, the 
Council followed the directions of the Northwest Power 
Act. The Act sets many guidelines for the Council's plan
ning proc1ess. First, it requires the Council to produce a 
plan for developing resources, including conservation 
measures. The Council must consider environmental qual
ity, compatibility with the existing regional power system, 
as well as protection, mitigation and enhancement of fish 
and wildlife. The Act also specifically requires that the 
Council develop and include model conservation stan
dards.1 

In accordance with the Act, the Council selects re
sources that are cost-effective. The Act defines a cost-ef
f ective measure or resource as one that is forecast to be 
reliable and available within the time it is needed, at an 
estimated incremental system cost2 no greater than that of 
the least-cost similarly reliable and available alternative. 
Cost-effectiveness is a function of need, relative cost, reli
ability and availability. The plan is based on the premise 
that the region should buy only the resources that it 
needs. When the region needs power, it should buy the 
lowest-cost resources, counting all the costs involved on a 
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consistent basis. And, the region should only depend on 
resources that will be reliable and available when they are 
needed. 

The Act requires the Council to give first priority to 
conservation, second to renewable resources, third to gen
erating resources using waste heat or generating resources 
of high fuel-conversion efficiency, and last to all other 
resources. Finally, the Act provides a 10-percent advan
tage in calculating the estimated incremental system costs 
for conservation measures. 

Step 1: Dealing with an Uncertain Future 

The planning process starts with the recognition that 
the future is uncertain, and that electrical energy needs 
cannot be predicted with any precision. The Council has 
chosen to deal with this uncertainty by defining plausible 
boundaries for the region's energy growth. To do this, the 
Council develops a range of high, medium-high, medium, 
medium-low and low electrical load growth scenarios over 
the next 20 years. The region's actual demand for electric
ity is most likely to be between the medium-high and me
dium-low boundaries. 

The high forecast in the Council's range projects an 
average annual growth rate of 2.5 percent. This outcome 
would be the result of record regional economic growth 
relative to the nation over the next 20 years. In fact, it is 
based on assumptions that would produce relative eco
nomic growth over 20 years at a higher rate than any pre
vious 20-year period in the Northwest's history. 
Employment in the region would grow 87 percent faster 
than projections for a fast-growing national economy. 

The Council selects a high upper bound to ensure that 
the region has the ability to supply electricity for any po
tential need. While the Council develops an inventory of 
actions that would permit acquisition of resources to meet 
this upper bound, the region will not build all these re
sources unless high growth actually occurs. 

1. Model conservation standards apply to new and existing 
structures, utility, customer, and governmental conservation 
programs and other consumer actions for achieving conserva
tion. These standards must be designed to produce all power 
savings that are cost-effective for the region and economically 
feasible for consumers. 

2. System cost is defined to be an estimate of all direct costs of 
a measure or resource over its effective life, including, if appli
cable, costs for distribution and transmission, waste disposal, 
end of cycle, and fuel costs, as well as quantifiable environmen
tal costs and benefits. The Council also is required to take into 
account projected resource operations based on appropriate 
historical experience with similar measures or resources. 
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The lower boundary of the range forecast is an aver
age annual rate of growth of -0.4 percent. It is based on 
assumptions that the region might grow more slowly than 
the rest of the nation, with employment growing signifi
cantly slower than a low national forecast. The economic 
assumptions in this forecast would be well below what the 
region has experienced historically. 

The Council translates economic assumptions into 
corresponding electricity requirements using the best 
available demand forecasting models. Please see Volume 
II, Chapter 5 for details of the economic forecast and Vol
ume II, Chapter 6 for the demand forecast. 

The range forecast represents the prudent span of 
future energy use patterns and defines the magnitude and 
schedule of actions needed to meet that range of use. 

The Council produces its best estimate of the existing 
resource base, including any known additions or reduc
tions ( e.g., resources nearing completion or retirement, 
and power contracts that expire or begin within the next 
20 years). The existing resources and power transactions 
are described in Volume II, Chapter 4. Existing resources 
then are subtracted from the range of future electricity 
demands to determine the amount of conservation and 
generating resources needed. 

Step 2: Comparing all Resources 

Concurrent with development of the range of energy
use forecasts, the Council examines the availability, reli
ability and costs of all conservation and generating 
resources. 

This approach explicitly recognizes that there is no 
demand for electricity per se, but rather for services, such 
as heating and lighting, which can be met either by im
proving the efficiency of electricity use or increasing sup
ply. Measures that improve the energy efficiency of a 
building provide the same service (a comfortable place to 
live or work) and free up electricity that can be used to 
provide other services. The Northwest Power Act specifi
cally defines conservation as a resource. 

Environmental impacts are also assessed, and costs 
are included for adapting technologies to avoid or reduce 
to acceptable levels the impacts of each resource on the 
environment and on fish and wildlife. The Council also 
developed a method for analyzing other environmental 
costs and benefits, and used judgment in weighing the 
non-quantifiable effects of each resource alternative. 

The products of this analysis are "supply curves" for 
each resource. These curves estimate how many mega
watts of a resource are available across a range of costs. In 
order to evaluate all resources on a comparable basis, all 
costs are calculated on a levelized life-cycle basis using 
1990 levelized nominal dollars. 

Resources are divided into "cost-effective" and 
"promising" categories. Cost-effective resources must use 
commercially available technology, have predictable and 
competitive costs and performance, and must use a dem
onstrated resource base. Development of the resource 
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must not have institutional constraints (legal, financial or 
regulatory), and the resource must be environmentally 
acceptable according to current policies, laws, regulations 
and the Council's Columbia River Basin Fish and Wildlife 
Program. Promising resources may be considered for ac
quisition in future power plans if their availability, reliabil
ity or costs improve. The plan includes research, 
development and demonstration activities to promote the 
development of promising resources. 

Volume II, Chapters 7, 8 and 9 describe the conserva
tion and generation resource analysis and environmental 
considerations used by the Council. The Recommended 
Activities for Implementing the Power Plan, Volume II, 
Chapter 1, includes the Council's research, development 
and demonstration recommendations. 

Step 3: Analyzing Load and Resource 
Uncertainty 

The Council assumes that the future can play itself 
out along an infinite number of paths. In addition to un
certain future energy needs, the Council must also address 
the uncertainty associated with conservation and generat
ing resources. To do this, we study dozens of alternative 
resource packages, looking primarily at plausible condi
tions under which the region's energy future could be al
tered. In a departure from earlier plans, the Council 
developed four resource portfolios instead of one. These 
four respond to the major questions confounding resource 
planners: 

• How much and how fast will the region's use of elec
tricity grow? 

• Will coal and nuclear power plants be available and 
acceptable? 

• How much conservation can actually be achieved? 

• How stable are natural gas prices and supplies? 

Power planners don't get to know the answers to 
these questions. The economic scenarios are only one part 
of the equation. Resources carry their own uncertainties, 
including the lead time required, construction costs, oper
ation and maintenance costs, the future costs of fuel and 
its availability, resource performance (savings and output), 
regulatory changes, public acceptance, and the question of 
will anyone sponsor resource development. 

By developing and testing a series of alternative re
source portfolios, the Council was able to identify the 
most significant load-and resource-related risks the region 
might face and compile the best set of actions to ensure 
an adequate and reliable power supply. Immediate actions 
that are common to several portfolios have the highest 
priority in the Action Plan. 

In these studies, the Council shifted resources around, 
testing the power system's sensitivity to changes in any 
one of them. This was an opportunity to explore more ful-
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ly the effects on the region of calling on different re
sources with different lead times, different costs and 
different environmental impacts. 

State-of-the-art computer models are used to simu
late how each resource would operate within the existing 
power system to determine the actual costs the region is 
likely to incur. This analysis also determines the compati
bility of each resource with the existing power system. Al
ternative resources are evaluated against hundreds of 
different load scenarios to simulate the uncertainty and 
volatility of future energy needs. 

Several resource characteristics have been identified 
as important in providing the flexibility to adapt to uncer
tainties. For example, the Council recognizes that re
sources with short lead times, small plant sizes and low 
capital costs can reduce risk. Resources that can be con
structed and brought into operation quickly and in small 
increments give the region a much better chance of 
matching supply to energy needs. Resources that are cor
related to load growth, such as conservation from building 
and appliance efficiency standards, also help reduce un
certainty by supplying increased energy savings as the pop
ulation and economy grow. 

Volume II, Chapter 10 describes the Council's re
source portfolio analysis. Chapter 15 provides a descrip
tion of the risk assessment and decision analysis used by 
the Council. 

Step 4: Policy Considerations 

In evaluating the cost-effectiveness of both non-dis
cretionary and discretionary resources, there are other 
significant attributes that must be included concerning the 
cost-effectiveness and appropriateness of each resource 
included in the plan. In deciding on the cost-effectiveness 
of individual actions, the Council included environmental 
concerns such as indoor air quality, acid rain, mining im
pacts, transportation, employment, and fish and wildlife, 
and the potential for global warming. In addition, some of 
the resources included in the Council's plan will help re
duce future load growth uncertainty, and some resources 
are particularly flexible and, therefore, will help the re
gion adapt to the wide range of uncertainty it is facing. 
The Council also made judgments about fuel diversity and 
the risks of fuel cost escalations. Finally, due to. the signif
icant uncertainty over the cost and availability of each re
source included in the Council's portfolio, the Council 
must decide whether enough valid cost and performance 
information is available on which to make an informed 
judgment. 

The Council has relied upon its demand forecasting, 
system analysis and decision models as aids to decision
making. It is important to emphasize, however, that the 
models are used to analyze decision alternatives and not 
to make decisions. The Action Plan and resource portfolio 
analysis presented in this plan outlines a program for man
aging the uncertainties and minimizing the risks faced by 
the region in its energy future. The Action Plan and re-
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source portfolio reflect prudent judgments that necessarily 
go beyond the Council's analytic models. 

Step 5: Action Plan 

The actions called for in this plan are chosen to meet 
most plausible economic growth and changes in the cost 
and availability of resources. These actions will prepare 
the region to meet future energy needs. These actions are 
described in Volume I and Volume II, Chapter 1. Because 
these actions require significant effort and investment, the 
Action Plan is the most important part of the plan. 

Although the plan is based on the best available infor
mation, the Council realizes that circumstances change, 
some cost-effective resources are not included in the plan 
and other resources may become cost-effective. There
fore, the Council carefully monitors electrical load growth 
and the cost and availability of resources to determine 
when modification of the plan and Action Plan is needed. 
The Council also expects that conservation and generating 
resources will be developed through a variety of competi
tive acquisition processes. These processes should identify 
resources that are cost-competitive with the resources 
included in the plan. 

The Council's planning strategy continues to be based 
on what has come to be known as a societal perspective. 
The objective of the Council's plan is to minimize the to
tal present-value system costs, whether those costs are 
borne by utilities, and thus reflected in electric rates, or by 
individuals, businesses and governments acting in their 
own self interest-in other words, the total "society" 
served. This approach does not necessarily result in the 
lowest electricity rates in the short term, but, rather, mini
mizes the total long-term cost of providing energy services 
for all ratepayers in the region. 

This approach assures that all costs of resources are 
considered when comparing two or more resources, 
whether they are conservation or generation. Conserva
tion resources can be acquired through financial assis
tance, regulatory standards or rate designs. In many cases, 
financial payments will be needed to acquire all cost-ef
fective conservation. Bonneville and utilities should re
quire conservation at costs up to the region's marginal 
cost. These payments should not be diluted simply to 
avoid rate impacts. 

Flexible Resources 

Conservation 

The Council has found that conservation is a flexible 
resource that also can reduce uncertainty and risk. The 
Northwest has a large supply of potential conservation 
measures that cost much less than building a new thermal 
power plant. 

Conservation programs to improve the efficiency of 
new buildings tend to track load growth. During rapid 
growth, more buildings are built and the energy that is 
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The Council believes a least-cost plan should estab
lish the value of conservation in order to select the con
servation measures that will lead to a least-cost solution 
for society. It is of paramount importance that conserva
tion and generation compete on a level playing field. Fail
ure to provide a level field will result in society shifting 
scarce capital from other more productive economic de
velopment to the construction of inefficient resources. 

Conservation as a Resource 

The Council recognizes the possibility that purchasing 
conservation in lieu of generation can create inequity in 
the rates participants pay for electricity when compared 
with the rates non-participants in conservation programs 
pay. However, the Council believes that equity is best ad
dressed through rate design and ratemaking. Acquisition 
of virtually every type of resource has an impact on rates. 
Rate impacts that could result from acquiring conservation 
can be minimized through program design and by offering 
comprehensive conservation programs to all customers. 
Comprehensive programs reduce all customers' electricity 
bills. The Council believes that rates are important, but if 
rates are allowed to become the overriding objective of 
least-cost planning, the costs imposed on all society can be 
enormous. 

One of the most significant issues addressed by the 
Council is the effect of conservation on non-participants. 
Some argue that conservation programs should not in
crease the electric rates of individuals who do not directly 
participate in the program. This is sometimes referred to 
as the "no-losers test." Conservation can affect rates be
cause conservation programs do not increase the amount 
of power a utility sells. Therefore, even though conserva
tion programs may cost less than generation, because their 
costs are spread over a smaller base, they can raise rates 
relative to generation. 

The Council reviewed this issue and found that strict 
adherence to a no-losers test leads to a higher total cost 
for all ratepayers than the economic decision rules used by 
the Council. In choosing between conservation and gener
ating resources, the Council selects all conservation mea
sures that have a total societal cost3 that is expected to be 
less than or equal to the expected marginal cost of all re
sources needed to meet forecast load growth. The follow
ing example compares the total system costs and rate 
impacts of an all-generation strategy, conservation under 
the no-losers test, and the Council's approach. It shows 
that the Council's treatment of conservation results in the 
lowest present-value cost to all ratepayers with minimal 
effects on electric rates. 
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An Analysis of Three Approaches to 
Meet Load Growth 

Remembering that the planning goal is to provide en
ergy service at the lowest total cost to society, this section 
provides a simple numerical example of how a growing 
power system could pursue several distinct resource acqui
sition paths. This example will show how different acquisi
tion strategies affect total societal costs and also how 
non-participants (in conservation acquisition) are affected. 
These strategies are shown in Table 3-1. In this example, 
the base power system has an existing load of 100,000 giga
watt-hours4 and is expected to grow by 10,000 gigawatt
hours. 

Three distinct strategies are analyzed to meet this 
load growth. The first involves the all-generation strategy. 
This proposal is to meet the entire 10,000 gigawatt-hour 
load growth with new generation estimated to cost 6 cents 
per kilowatt-hour. The second strategy involves a conser
vation strategy based on adherence to the "no-losers test" 
described above and discussed later. The third strategy 
chooses all conservation up to the point at which the mar
ginal conservation measure is estimated to cost the same 
as the marginal generation resource. 

If the base power system serves its 100,000 gigawatt
hour total load at an average rate of 5 cents per kilowatt
hour, the annual revenue requirement is $5 billion per 
year. The present value of this annual requirement, using 
an 8.15-percent nominal discount rate5 over a 30-year 
period, is $55.5 billion. 

3. The total societal cost of conservation measures includes 
the direct costs of any equipment or materials that are required 
to achieve the efficiency gain, the labor required to install the 
improved equipment or materials, and the overhead and ad
ministrative costs required to manage and direct programs to 
acquire the measures. 

4. A gigawatt-hour is 1,000 megawatt-hours, or one million 
kilowatt-hours. The system used for this example has a total 
load of 11,400 average megawatts. For comparison purposes, 
the Pacific Northwest system has a current load of about 20,000 
average megawatts or 175,000 gigawatt-hours. 

5. The Council uses a 3-percent real discount rate and an 
assumed long-term inflation rate of 5 percent. These combine 
to a nominal discount rate of 8.15 percent. 
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Table 3-1 
Alternative Resource Strategies 

Base 
Power 
System 

Existing Load (gWh) 100,000 

Load Growth (gWh) -

Conservation (gWh) -

Generation (gWh) -

Total Load (gWh) 100,000 

Existing Rate (cents/kWh) 5.0 

Existing Annual Revenue 5.0 
Requirement($ billion) 

New Generation (gWh) -

Generation Cost (cents/kWh) -

Conservation Cost (cents/kWh) -

Generation Revenue -
Requirement($ billion/year) 

Conservation Revenue -
Requirement($ billion/year) 

Total Annual Revenue 5.0 
Requirement ($ billion/year) 

Average Rate (cents/kWh) 5.0 

Total Present Value Revenue 55.5 
Requirement@ 8.15% ($ billion) 

Strategy 1: All Generation 

Assuming the system grows by 10,000 gigawatt-hours 
and load growth is met with new generation costing 6 
cents per kilowatt-hour, the annual revenue requirement 
will increase by $600 million to a total of $5.6 billion per 
year. This means that the average rate for all customers, 
under the generation strategy, would increase to 5.09 
cents per kilowatt-hour. The total present-value revenue 
requirement of the generation strategy increases to $62.2 
billion. Acquiring new generation to meet the increased 
load, in other words, results in a $6. 7 billion increase in 
the total present-value revenue requirement. 

Strategy 2: No-Losers Test 

The second strategy involves selecting all conservation 
measures that do not violate the decision rule known as 
the "no-losers" test. This test, in its simplest form, limits 
conservation programs so that electric rates are no higher 
than if the same amount of power came from new gener-
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Case I Case II Case III 
Conservation Marginal 

Generation Strategy Conservation up to 
Strategy "No-Losers Test" Marginal Generation 

100,000 100,000 100,000 

10,000 10,000 10,000 

- 1,667 10,000 

10,000 8,333 0 

110,000 108,333 100,000 

- - -

5.0 5.0 5.0 

10,000 8,333 0 

6.0 6.0 -

- 0.5 3.0 

0.6 0.5 -

- .008 0.3 

5.6 5.508 5.3 

5.09 5.08 5.3 

62.2 61.1 58.8 

ating resources. This test would restrict payment for new 
conservation measures to no more than the difference 
between the marginal cost of new generation and the cur
rent rate for the existing system. As in the previpus exam
ple, the average rate of the existing system is 5 cents per 
kilowatt-hour. Subtracting this average rate from the mar
ginal cost of new generation of 6 cents per kilowatt-hour 
leaves a maximum payment of 1 cent per kilowatt-hour 
for conservation measures. 

Advocates of this rule base their position on two spe
cific reasons. The first reason is to provide for equity 
among all the ratepayers of a utility. The second is that 
they have adopted, explicitly or implicitly, the objective of 
minimizing rates, as opposed to minimizing the total cost 
of energy services. 

To demonstrate how conservation fits into utility plan
ning, it is necessary at the outset to estimate -the potential 
for energy savings available in any given system. One such 
conservation supply curve or function is shown in Figure 
3-2. This curve shows the amount of load reduction that 
can be achieved through the purchase of energy-efficiency 
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saved reduces the need for generating resources. During 
periods of slow growth, fewer buildings are built and thus 
less money is expended on these programs. 

Programs to improve the efficiency of existing build
ings and other electricity uses also are flexible. Once a 
program has been developed and tested, it can create sav
ings relatively quickly. These savings can be developed in 
small units and can be timed to match growing power 
needs. If the region's electrical energy needs grow rapidly, 
the conservation programs can be accelerated. If slower 
growth occurs, they can be maintained at a minimum lev
el. While conservation programs are capital intensive, the 
expenditures usually begin to produce savings immediate
ly. Conservation programs can be paced to deliver the 
needed amount of savings much more easily than new 
central station power plants. 

An added benefit to conservation is that it helps re
duce uncertainty. Because more savings are available in 
high load growth, conservation actually reduces the range 
of future energy needs. In addition, well insulated build
ings and energy-efficient industrial plants are more resis
tant to changes in energy prices. Therefore, they are less 
likely to contribute to fluctuations in power demand or 
switching to another fuel. 

Shortening the Lead Time for 
Generating Resources 

It is likely that the Pacific Northwest will need re
sources in addition to conservation. The Council has been 
working to improve the flexibility of generating resources 
in order to reduce the risk they pose for utility systems 
and ratepayers. The key element of the concept is the ex
plicit recognition of at least two decision points for a long 
lead-time resource. The first is a decision to initiate engi
neering and siting. The second decision point is to begin 
construction. 

Under this two-step approach, a resource would move 
through the time-consuming but relatively inexpensive 
siting, design and licensing stages, after which it could be 
placed in a "ready condition." In that condition, the proj
ect could be constructed, placed on hold, or terminated, 
depending on the demand for electricity. For this concept 
to be successful, the Bonneville Power Administration or a 
utility would need to provide financial assistance to a re
source sponsor in exchange for the right to decide when 
conditions warrant beginning construction. This concept is 
similar to an option contract for a piece of land. The de
veloper pays for the future right to develop the land. In 
power planning, such options would provide a relatively 
low-cost inventory that would allow the region to be ready 
for high growth rates without prematurely committing to 
build to those rates. 

The cost of design, siting and licensing is typically very 
small compared to the costs associated with constructing a 
resource. Completing these pre-construction activities can 
substantially reduce the lead time of resources. By having 
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a licensed or readily licensable resource effectively "on 
hold," the period over which electricity needs must be 
forecast could be reduced to the resource construction 
period, which may be as little as half of the total time that 
is now needed. Figure 3-1 shows the cumulative costs of 
the pre-construction and construction phases for several 
resources. For example, the total lead time to site, license, 
design and construct a new coal plant is about 11 years. 
The activities of siting, licensing and detailed design would 
take four years and cost $24 per kilowatt, compared to the 
$1,325 per kilowatt for the construction phase. It then 
would then take another six years to complete construc
tion. Thus, the time between the decision to build and the 
date of completion of a coal plant can be effectively re
duced by four years for approximately 2 percent of the 
total potential cost. 

Separating the decisions related to construction from 
those of pre-construction is critical. The objective of an 
effective risk management strategy is to move decisions 
involving the commitment of large sums of capital as close 
as possible to the anticipated time power will be needed. 
This will significantly reduce the likelihood of beginning 
construction on a project that is not needed. Another 
benefit of this approach is its potential for reducing envi
ronmental degradation. For example, if generating plant 
construction can be postponed until need is more certain, 
the accompanying environmental impacts also can be post
poned and, if the plant is not needed, they can be avoided. 
This approach will have less effect on the environment 
than building and operating resources that may not be 
needed. 

The Council believes that the region needs to secure 
projects that have been sited, licensed and designed. 
These resources would be needed to meet a very high lev
el of economic growth. If the region actually experiences 
lower growth rates, some of these projects would be 
delayed or even abandoned at a minimal cost to the re
gion. This concept is comparable to an insurance policy
paying low-cost premiums to be prepared for a high-cost 
event. It improves the region's ability to match energy 
supply to actual demand and reduces the chance of over
building resources, an event that historically has been very 
costly. 

Utilities need to be able to recover the costs for siting, 
licensing and design activities to make a second decision 
point possible. These changes in existing regulations would 
allow a utility to be relatively indifferent about whether 
the plant is actually constructed. Without changes in util
ity regulation, the utility cannot recover the pre-construc
tion costs until the plant is built and operating, thus 
precluding a second decision point. 

The Council has identified three specific ways to re
duce lead time, each of which provides the region with 
ways to limit future power costs: 
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Cost and Timing 
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Pre-Construction 
and Construction 
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• Resource banking: A resource could be sited, licensed 
and designed. At the end of the pre-construction pro
cess, a second decision would be made to construct 
the resource or put it on hold until it is needed. 

• Callback provisions on power sales: Another way to pro
vide flexibility would involve the sale of surplus power 
from a new or existing resource. Contract provisions 
would allow the power to be called back with some 
notice. These kinds of transactions could provide a 
regional benefit by generating revenue that reduces 
power costs in the Northwest. At the same time, they 
would avoid situations in which resources are sold for 
their entire lifetimes, potentially forcing the region to 
build new resources to meet its own needs. 

• Use of existing resources: In response to temporary re
source needs, the output of an existing resource could 
be acquired by paying for its operating costs ( e.g., ex
isting combustion turbines inside the region or excess 
generation in California or British Columbia). 

It is important to note that, even with no additional 
ability to hold a resource beyond the time current regula
tions allow, the explicit recognition of a significant second 
decision to begin construction has value to regional power 
planning. The Council has analyzed the value to the re
gion of being able to option resources. It found that a 
two-stage decision-making process could save the region 
$700 million across the range of future load growth. Sepa-
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rate decision points in resource development will improve 
the region's ability to minimize the cost and risk associated 
with matching resources to load growth. 

The Council believes that shortening resource lead
times has great promise to provide the region additional 
flexibility in meeting its resource needs at the lowest risk 
and cost. To establish the practicality of this concept, the 
Council, Bonneville, utilities and other resource develop
ers have been working to identify and resolve institutional, 
regulatory and legal barriers to its successful operation. 
The state energy siting organizations in Montana, Oregon 
and Washington have incorporated this concept into their 
procedures. Unfortunately, there are still significant con
tractual, legal, regulatory and institutional issues that need 
to be resolved before this concept can be fully implem
ented. The Action Plan includes a number of activities to 
address these problems. 

The Role of Conservation in 
Least-Cost Planning 

Because conservation's total cost to society is less 
than the cost of many other resources, and because it can 
respond flexibly to changes in loads, conservation plays a 
major part in the Council's plan to achieve this objective. 
This section discusses some of the issues addressed by the 
Council in treating conservation as a resource. 
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improvements at various cost levels. The main point of the 
hypothetical curve in Figure 3-2 is that the average cost of 
conservation is significantly less than the cost of the last 
measure selected. This characteristic of conservation is 
frequently ignored by those engaged in the "no-losers" 
debate. The supply function in Figure 3-2 shows that by 
purchasing all conservation measures with an expected 
total societal cost of less than 6 cents per kilowatt-hour, a 
total savings of 10,000 gigawatt-hours can be achieved. 

For Strategy 2, the conservation achievable for less 
than 1 cent per kilowatt-hour is estimated to be 1,667 gi
gawatt-hours. Therefore, an additional 8,333 gigawatt
hours of generation are needed at 6 cents per 
kilowatt-hour. Since the supply function is assumed to be 
linear, the average cost of all conservation measures un
der 1 cent per kilowatt-hour is 0.5 cents per kilowatt
hour. The increase in the total annual revenue 
requirement for generating and conservation resources is 
$0.5 billion and $0.008 billion per year respectively. This 
means that the total annual requirement of the combined 
system is $5.508 billion per year with an average rate of 
5.08 cents per kilowatt-hour. In comparison with the rate 
of 5.09 cents per kilowatt-hour found in Strategy 1, Strate
gy 2 has preserved a situation with a lower rate for all cus
tomers after the acquisition of conservation measures. 
With respect to the objective of minimizing the total pres
ent-value cost of energy services, Strategy 2 has a lower 
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present-value system cost of $61.1 billion, $1.1 billion less 
than Strategy 1. Therefore, it appears that Strategy 2, in
volving the acquisition of all conservation measures which 
do not violate the "no-losers" test, helps both to reduce 
rates and to reduce the total present-value cost of all en
ergy services, in comparison with the "all-generation" 
strategy. 

Strategy 3: The Council's Approach 

Strategy 3 is to acquire all conservation measures with 
a marginal cost up to the marginal cost of new generation. 
The supply function in Figure 3-2 shows that it is possible 
to acquire 10,000 gigawatt-hours of energy-efficiency im
provements at less than 6 cents per kilowatt-hour. Be
cause the marginal cost of new generation was assumed to 
be 6 cents per kilowatt-hour, and the total amount of load 
growth was assumed to be 10,000 gigawatt-hours, it is pos
sible to meet the entire load growth through conservation. 
Again, assuming a linear supply function, the average cost 
of all conservation measures that are less than 6 cents per 
kilowatt-hour is estimated to be 3 cents per kilowatt-hour. 
This means that the annual revenue required for the pur
chase of such measures is $300 million. The total annual 
revenue requirement of the system, therefore, increases 
to $5.3 billion and, because there has been a reduction of 
the total system load, the average rate increases to 5.3 

Conservation 
Supply 
Functions 

12,000--r------------------~ 

Figure 3-2 
Assumed 
Conservation 
Supply Functions 

1991 NORTHWEST POWER PLAN-VOLUME II 

10,000 • • • • • • • • • • • • • • • • • • • • • • • • • • • 

8,000 
~ 
;:I 
0 

::c ..!. 6,000 

! a 4,ooo 

0 -t<---r-----.---,--------.--~------J 

0 1 2 3 4 5 6 7 8 

Total Societal Cost of Conservation (cents/kWh) 

53 



CHAPTER3 

cents per kilowatt-hour. Significantly, the total present
value system cost for providing exactly the same energy 
services as were provided in Strategy 1 has declined to 
$58.8 billion. By acquiring all conservation measures up to 
the marginal cost of generation, the present value of the 
total cost of meeting society's energy service requirements 
has been reduced by $3.4 billion when compared with the 
all-generation strategy in Strategy 1, and by $2.3 billion 
when compared with Strategy 2, which uses the "no-los
ers" test decision rule. 

Conclusion of this Example 

If a least-cost plan calls for the acquisition of all con
servation measures with a total societal cost less than the 
cost of alternative resources, it is possible to reduce signif
icantly the total present-value cost of meeting society's 
energy service requirements. This may, in fact, lead to a 
higher electricity rate. As discussed below, the Council has 
adopted strategies to limit the effects of rate increases on 
utility customers. 

In the examples shown above, a relatively large power 
system was assumed to grow by 10 percent. When this 
growth was met entirely through conservation measures 
that are cost-effective to society, rates increased by 4 per
cent. The reduction in the total present-value system cost 
of $3.4 billion reduces the average consumer's electricity 
bill and is sufficiently large to compensate all ratepayers 
for the increased rates. A substantial amount of ratepayer 
capital is also freed up to be spent on other goods and 
services. Saving $3.4 billion in present-value utility bills 
will have a substantial impact on the region's economy, to 
the benefit of all ratepayers. 

Some people are concerned that if utilities offer to 
purchase conservation savings up to the avoided cost of 
new generation, consumers will invest in conservation 
measures that are not cost-effective from a total societal 
perspective. If utilities offer to pay up to 6 cents for every 
kilowatt-hour of efficiency improvement, then consumers 
may be expected to invest in measures that are forecast to 
cost much more. This happens because their bills are re
duced by the current utility rate of 5 cents for each 
kilowatt-hour conserved and with utility financial assis
tance, they could invest in conservation measures up to 
the sum of the utility payment plus the savings in their 
electricity bills. This would mean consumers might invest 
in conservation measures that cost up to 11 cents per 
kilowatt-hour (6 cents offered by utility financial assis
tance plus the 5 cent reduction in utility rates). Such an 
outcome would not be economically efficient and would 
divert significant resources from other uses. For this rea
son, great care must be taken to design conservation pro
grams so only those measures that have met strict societal 
cost-effectiveness criteria are included in utility conserva
tion programs. 
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Design of Conservation Programs 

The Council's cost-effectiveness test first evaluates 
the total societal cost of all conservation measures. Con
servation measures are evaluated in incremental steps, 
and each incremental improvement in efficiency is eva
luated to determine its total societal costs. When these 
incremental improvements are ordered from lowest to 
highest cost, a supply function for each sector or subsector 
is created. These supply functions estimate the cost and 
performance of all efficiency improvements that are avail
able for inclusion in a least-cost plan. 

Conservation measures that cost more than the 
avoided cost limits established by evaluating the mix of all 
available resources are excluded from further consider
ation. The Council calculates the expected present-value 
costs of all resources included in the resource mix. Any 
conservation measure that increases the expected present
value costs above the minimum achievable level is ex
cluded from the plan. For a more detailed discussion of 
resource cost-effectiveness, see Volume II, Chapter 14. 

Substantial efficiency gains are possible by selecting 
only those individual conservation measures that cost less 
than the expected cost of other available and similarly reli
able resource alternatives. There is a significant distinction 
between the identification of cost-effective conservation 
measures and the design of conservation programs to ac
quire these measures. The Council approaches these two 
issues sequentially. 

In the design of conservation programs, the Council 
recognizes that many consumers are likely to understand 
and appreciate the benefits of the efficiency improvements 
that are cost-effective to the regional power system. 
These consumers are willing to participate financially in 
the installation of such efficiency improvements. To deter
mine the effectiveness and cost of various conservation 
programs, the Council, the Bonneville Power Administra
tion and the region's utilities have been developing and 
testing many alternative conservation program designs. 
This activity has demonstrated that many conservation 
measures can be acquired at substantially less than the 
estimated total cost of the measures. 

Some have argued that conservation programs are not 
necessary-that the free market will promote economical
ly justified efficiency improvements. This might be true if 
electricity rates were set at the true marginal cost of new 
resources and if consumers had access to information and 
capital. 

In actual practice, electric rates are usually based on 
the average costs of the utility. Also, utilities generally 
have access to large amounts of low-cost capital and have 
historically invested in energy-producing facilities and re
covered their costs over the 30- to 40-year life of the 
plant. Consumers, on the other hand, have much less ac
cess to discretionary capital, and when they invest have a 
much shorter payback criterion. Research into consumer 
behavior indicates that consumer actions to invest in ener-
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gy conservation generally reflect an implicit consumer dis
count rate that ranges from 20 to 100 percent. This 
translates to simple payback requirements of five years to 
one year, respectively. High discount rates indicate the 
difficulty consumers face in evaluating energy conserva
tion investments. Embodied in the high implicit discount 
rates are the consumer's time value of money, lack of in
formation, inability to process information, riskiness of 
future returns versus known current costs and other mar
ket barriers. 

The Council has been careful to identify the barriers 
to efficient decision-making and has concentrated a major 
part of its efforts toward removing these barriers. 

Bidding Strategies for the Acquisition 
of Conservation Measures 

The Federal Energy Regulatory Commission and 
many states allow outside contractors to bid to secure con
servation measures as a way of meeting a utility's load 
growth. 

There does not appear to be any significant conceptu
al difference between soliciting bids for new generation or 
for conservation. The major concern is that only those 
measures judged to be cost-effective (on a societal cost 
basis) be allowed in a bidder's proposal. To accomplish 
this, the utility would need a comprehensive least-cost 
plan, with specific cost-effectiveness criteria for conserva
tion measures available in each of the sectors in its service 
territory. Other conservation measures that have not been 
anticipated or included also could be submitted; however, 
the bidder should be required to include estimates of the 
total societal cost of these measures and to illustrate that 
they meet the overall cost-effectiveness criteria. 

Because each conservation resource and generation 
resource has different characteristics and will probably be 
evaluated based on those characteristics, it makes no dif
ference whether the bidding system is integrated or sepa
rate. The important point is that conservation be treated 
on a level playing field with generating resources and that 
the bidding system not inadvertently acquire resources 
with higher societal costs than other available resources. 

Bidding for conservation measures would require de
tailed specification of the technical and economic charac
teristics that are desirable from the utility's perspective. 
These specifications should require that programs be de
signed to capture all cost-effective conservation so that 
bidders do not "cream-skim" only the low-cost conserva
tion and create lost opportunities. If cost-effective conser
vation measures can be secured through bidding, it is 
possible that competition will drive the total costs of those 
measures down. For this reason, the Council believes that 
a wide variety of conservation delivery mechanisms should 
be investigated. Through bidding and increased competi
tion, the process of acquiring conservation resources 
should become more efficient, and both the utility system 
and society will benefit. 
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The Council's goal in including efficiency improve
ments in its plan is to acquire all cost-effective conserva
tion measures that have a total societal cost that is 
expected to be less than or equal to the expected marginal 
cost of resources needed to meet load growth. The pro
cess of establishing cost-effectiveness is an open competi
tion among all resources. This establishes a clear and 
structured economic competition for all resources, and 
thereby encourages the development of those resources 
that can meet the region's collective needs at the lowest 
present-value system cost. 
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THE EXISTING REGIONAL 
ELECTRICAL POWER SYSTEM 

Regional Generating Resources 

Currently, the Pacific Northwest electrical power sys
tem is capable of delivering about 20,300 average mega
watts of guaranteed (firm) energy. Of that total, about 
12,500 megawatts, or 62 percent, come from the region's 
network of hydropower dams. Coal plants account for a 
little over 3,200 megawatts, or 16 percent, and nuclear 
plants account for a little less than half that amount, or 
about 7 percent. Gas-fired turbines can produce about 
1,250 average megawatts of energy, 1 but they are relied 
upon to produce only about 500 megawatts of firm energy, 
representing about 2 percent of the region's total. 

The region's utilities also have access to energy from 
resources outside of the Northwest. These utilities are 
either co-owners of out-of-region generating resources or 
have the contractual rights to part of their output. Firm 
energy imports, primarily from out-of-region coal-fired 
plants, supply about 11 percent of the region's total needs. 
The remaining 2 percent comes from smaller resources 
including cogeneration and renewable sources. Figure 4-1 
illustrates the diversity in the region's firm energy gener
ating capability.2 

Investor-owned utilities have access to about 45 per
cent of the firm resources in the region, followed by the 
Bonneville Power Administration, the region's Federal 
power marketing agency, with 43 percent and the public 
utilities with 12 percent. The breakdown of resource types 
by group is illustrated in Figure 4-2. Bonneville and the 
public utilities have access to about 76 percent of the re
gion's hydropower, while private utilities own 90 percent 
of the coal generation. 3 

Utilities must plan to have enough resources, on aver
age, to meet their annual energy needs. They must also 
have enough resources to meet their daily peak demand. 
This measure of a utility's resources is referred to as peak
ing capability. The hydropower system in the Northwest 
has an inherently large peaking capability. For any given 
peak demand hour, the hydropower system can provide 
almost 30,000 megawatts of capacity, which represents 
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about 75 percent of the total for the region. Total peaking 
capacity for the region is a little over 40,000 megawatts. 
Bonneville has estimated that the region currently has 
about 2,600 megawatts of surplus capacity, most of which 
is on the federal system.4 

Hydropower 

Hydropower is the cornerstone of the Northwest's 
energy system. The regional hydropower system includes 
the Columbia River, its tributaries and the coastal streams 
of Washington and Oregon. The Columbia River domi
nates the area, stretching over 1,200 miles from its source, 
Columbia Lake in Canada's Selkirk Mountain Range, to 
the Pacific Ocean. The basin covers about 260,000 square 
miles, of which 15.2 percent lies in Canada. 5 In Canada, 
the system includes the operation of the Duncan, Keen
leyside and Mica reservoirs. 

1. This is estimated by taking the peaking capacity of 1,468 
megawatts and multiplying by an assumed availability factor of 
.85 which yields approximately 1,250 megawatts. 

2. Source: Pacific Northwest Utilities Conference Committee. 
Northwest Regional Forecast of Power Loads and Resources. 
March 1991. 

3. For more information on individual resources, see Appen
dix 4-A. 

4. Marketable surplus capacity is calculated based on sustain
ing a 50 hours per week peak delivery and is limited by monthly 
and daily variations in water flow. Bonneville Power Adminis
tration. 1989 Pacific Northwest Loads and Resources Study. 
November 1989. 

5. Pacific Northwest River Basins Commission. Columbia 
River System Power Operation. September 1981. 
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The Columbia River Treaty between the United 
States and Canada and the Pacific Northwest Coordina
tion Agreement provide that the Columbia River hydro
electric system operate as one system in order to maximize 
the energy output. The operation at the Canadian reser
voirs is designed to increase power generation downstream 
in the United States and to aid in the control of flooding. · 
Storage at the Canadian projects is considered an element 
in the Columbia Basin power system and the downstream 
power benefits from this operation are shared equally be
tween the United States and Canada. 

The natural flow of the Columbia River peaks in 
spring and early summer, when the snowpacks melt. Ener
gy production from the hydropower system depends on 
this flow of water. If reservoirs were not available to store 
water for later use, the energy derived from the hydro
power system would rise and fall with the natural flow of 
the river. This would not be a very reliable or valuable 
source of energy, especially because the peak in river flow 
does not coincide with peak electricity demand. 

Reservoir storage, however, is limited to about 40 per
cent of the average January to July volume of water that 
flows down the river system. Thus, energy derived from 
the hydropower system still depends somewhat on fluctua
tions in the natural river flows. Guaranteed (firm) energy 
from that system must be based on the lowest annual run
off expected. In that way, planners can expect at least that 
much energy in any given year. This sequence of worst 
water conditions is commonly referred to as the critical 
period or critical water and is represented by the historical 
water conditions that occurred from 1929 to 1932. Based 
on this sequence, the amount of firm energy available 
from the hydropower system is estimated to be about 
12,500 average megawatts. 

Annual energy generation from the hydropower sys
tem varies widely, depending on annual rainfall and snow
pack accumulation. Because water conditions for most 
years will be better than critical flows, the hydropower 
system typically will produce more than its firm energy 
generating capability. In good water years it can produce 
as much as 20,000 megawatts, but on average it generates 
about 16,600 megawatts. The approximately 4,100 mega
watt difference6 between firm energy capability and aver
age energy production is referred to as nonfirm energy 
and is used to serve interruptible loads, to displace the 
generation from high-operating-cost thermal resources 
and to sell to utilities in California. 

Because of the availability of nonfirm energy, the hy
dropower system generates about 75 percent of the re
gion's electricity, on average. Nonfirm energy often 
displaces generation from coal plants (because it is cheap
er) so that actual electricity produced by coal plants is only 
about eight percent of the region's total requirements. 
Nonfirm energy also displaces the operation of gas-fired 
combustion turbines. In fact, turbines usually run only 
during the worst water conditions, thus providing less than 
one percent of the region's electricity, on average. 
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The amount of firm energy derived from the hydro
electric system also depends on the characteristics and 
operating constraints for each dam. When any of those 
constraints or characteristics is changed, the firm energy 
generating capability of the system changes. For example, 
the regional hydropower capability has been adjusted to 
take into consideration the effects of the Council's fish 
and wildlife program. An important element of this pro
gram is the water budget, which is a volume of water re
leased in the spring to improve streamflows for 
downstream migration of salmon and steelhead. The water 
budget operation reduces the firm energy generating capa
bility of the hydropower system by about 300 average me
gawatts. 

Other constraints on the hydropower system include 
the fish bypass spill program, irrigation, navigation and 
other at-site operating constraints. All of these factors 
have been taken into account in determining the hydro
power system's firm energy generating capability. Effects 
of the current fish bypass spill program reduce the firm 
energy capability by about 100 average megawatts.7 The 
loss due to the spill program, however, is only temporary. 
Once mechanical bypass systems are in place, the spill 
program should no longer be needed, and the hydropower 
system firm energy generating capability will increase by 
about 100 average megawatts. 

Large Thermal Resources 

The character of the Northwest's power system has 
changed over the years. Between 1937 and 1960, hydro
power was the only large-scale resource in the region. 
Since 1960, the region has built 14 coal plants and two 
nuclear plants, making what was once almost exclusively a 
hydroelectric system into one that now receives about 
one-quarter of its energy from thermal plants. 

Large thermal resources currently available to the 
region include the Washington Public Power Supply Sys
tem nuclear project 2 (WNP-2) and the Trojan nuclear 
plant. The combined generating capability of these two 
units is 1,493 average megawatts. 

Of the 14 coal plants that supply the region with elec
tricity, only three are located in the region; the Boardman 
plant in eastern Oregon and the two Centralia plants in 
Washington. The remaining coal plants are only partially 
dedicated to serving Northwest loads. These plants are 
generally located near coal sources to minimize fuel trans
portation costs. Four Colstrip coal plants are located in 
Colstrip, Montana, four Jim Bridger coal plants are near 
Rock Springs, Wyoming, two Valmy coal plants are in Ne
vada and the Corette coal plant is in Montana. The total 

6. Based on a 102-year water record. 

7. Bonneville Power Administration. Balancing the Uses of the 
River, Programs in Perspective. September 1989. 
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generating capability of these 14 coal plants is almost 7,000 
average megawatts but firm energy available to the region 
amounts to only about 3,200 average megawatts. More 
information about the existing thermal plants can be 
found in Appendix 4-A.8 

Combustion Turbines 

Because combustion turbines have low capital costs 
and high operating costs, they are best used as peaking 
resources; that is, resources that are used only during 
times of exceptionally high electricity demand. Because of 
the hydropower system in the Northwest and its inherently 
large peaking capacity, turbines are rarely used as peaking 
resources, although areas exist within the Northwest that 
have peaking limitations. 

As firm base-load resources, existing turbines would 
not be cost-effective unless used in conjunction with the 
hydropower system.9 In that mode of operation, turbines 
are often displaced by cheaper hydro nonfirm energy, low
ering the overall operating costs of the turbines. The 
Council has recommended the use of combustion turbines 
as one method of better using the hydropower system.10 

The region's gas-fired combustion turbines have a 
peaking capacity of 1,468 megawatts. If no restrictions 
were placed on turbine operation and assuming an unlim
ited supply of fuel, they could provide about 1,250 average 
megawatts of energy to the region. In 1978, the Power
plant and Industrial Fuel Use Act limited the use of tur
bines. Combustion turbines could be run for peaking 
purposes or for system reliability but, in general, were lim
ited to 1,500 hours of operation per year. Taking these and 
other limitations into account, the net energy available to 
the region was about 200 average megawatts. 

The Fuel Use Act has since been amended to allow 
unrestricted operation of combustion turbines under cer
tain conditions. Utilities can declare that their turbines 
could be run with alternate fuels if natural gas becomes 
unavailable or too expensive. Utilities then could use tur
bines as base-load plants. With the exception of Portland 
General Electric's Bethel plant, all gas-fired turbines in 
the region have applied for and received unrestricted sta
tus.11 

Assuming no limitations on fuel supply and an aver
age availability of 85 percent, the net firm energy available 
to the region is a little more than 1,250 average mega
watts. Currently, utilities are declaring only 485 average 
megawatts as firm combustion turbine energy. Utilities 
have been reluctant to rely on combustion turbines as firm 
energy resources primarily due to the volatility of gas 
prices and the uncertainty in gas availability: By counting 
too heavily on turbines, a sharp increase in gas prices ac
companied by poor water conditions could have a drastic 
effect on rates. 
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Out-of-Region Transactions 

Due to interconnecting transmission lines between 
regions, utilities can look outside of this region to sell en
ergy in times of surplus or to purchase energy during 
times of need. The total firm resources available to this 
region include the net effect of these transactions. Trans
mission interconnections also support sales of nonfirm 
energy to other regions. Nonfirm energy sales, however, 
do not affect firm regional resources.12 

Interregional transactions involve the transfer of ener
gy and/or the sharing of generating capacity between utili
ties in different regions. Capacity is defined as the 
maximum power output that a generating plant is de
signed to produce continuously. A utility may purchase the 
rights to this capacity from an out-of-region utility system 
in order to ensure that it will have adequate generation to 
meet its daily peak demands. The purchasing utility may 
never call upon that resource for power, but it pays a fee 
for the right to the generation, even if no energy is ever 
delivered. If energy is delivered during peak hours, an 
equivalent amount of energy is then returned to the sell
ing utility during the off-peak hours. This type of transac
tion is more predominant for utilities whose firm resource 
mix is made up primarily of thermal resources. Most trans
actions combine capacity purchases with energy transfers. 

Although interregional transactions involve only two 
basic commodities-energy and capacity-they may be 
packaged in many forms. Typically, transactions fit into 
five basic categories: 

• Capacity Sales. Payment is made in dollars for capacity 
guaranteed during the peak demand hours of the day. 
If energy is delivered, an equivalent amount of energy 
is returned to the sending utility during the lightly 
loaded hours of the night and on weekends. No net 
energy is transferred between regions over the speci
fied period, usually a week. 

8. Some of the generation from out-of-region coal plants that 
serves regional demands is categorized as imported energy. 

9. Actually, in terms of cost-effectiveness, newer technology 
combined-cycle plants are very competitive with coal plants at 
low gas prices. 

10. Northwest Power Planning Council. 1986 Nonhwest Conser
vation and Electric Power Plan-Volume Two, Chapter 7. 1986. 
Staff Issue Paper number 89-37, Better Use of the Hydropower 
System. October 16, 1989. 

11. Bethel's operation is limited to 2,000 hours per year during 
specified hours of the day only. 

12. For further information about out-of-region sales, see: 
Northwest Power Planning Council. Western Electricity Study 
Briefing Paper number 87-14, Interregional Transactions. 
December 28, 1987. Staff Briefing Paper number 89-15, 
Adequacy of the Norlhwest's Electricity Supply. April 13, 1989. 
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• Capacity/Energy Exchanges. This transaction is similar 
to a capacity sale, but payment for capacity is made in 
energy instead of dollars. As in a capacity sale, capac
ity is provided during the peak demand hours of the 
day. If energy is delivered, an equivalent amount of 
energy is returned to the sending utility. Payment for 
the capacity provided is made in the form of addition
al energy returned by the purchasing utility to the 
sending utility. This additional energy may be re
turned during the same week or during a different 
part of the year. This type of transaction represents a 
net energy import for the region. 

• Seasonal Exchanges. Capacity and/or energy is pro
vided to a utility during a specified part of the year. 
An equivalent amount of capacity and/or energy is 
later made available to the sending utility during a 
different part of the year. Usually, in these arrange
ments, no money is exchanged. This type of transac
tion is most beneficial for two regions that have 
system loads that peak in different seasons. 

• Firm Energy Sales. Energy is purchased on a guaran
teed basis. Firm energy sales can be either long-term 
or short-term. Transactions that span periods of time 
greater than 18 months are typically referred to as 
long-term sales. Energy may be delivered 24 hours a 
day or during the peak demand hours only. Sometimes 
energy is delivered only during a specified season of 
the year. Often these types of transactions also specify 
a maximum amount of capacity to be provided along 
with the equivalent energy amount. 

Long-term firm energy sales represent a net loss of 
energy to the selling region. Without recall provisions, 
these types of sales could force a region to acquire or 
develop new resources sooner than expected. If, how
ever, the energy from these sales can be recalled 
when needed, the schedule for new resources would 
not be affected. By structuring long-term energy sales 
with recall provisions, a region can sell surplus energy 
without increasing the risk that new energy supplies 
will be needed any sooner. 

Long-term energy sales can also be structured so that, 
upon recall, they convert to capacity/energy exchanges 
(defined above). Under that type of contract, the sell
ing region would realize a net energy gain. 

Recall provisions are only one way to protect a region 
from higher long-run marginal costs. Another way 
that is built into some current contracts is to price 
those sales so that if and when higher marginal cost 
resources are required, the extra-regional buyer bears 
the brunt of those costs. 

• Economy Sales. Energy is delivered on an hour-by
hour and as-available basis, usually scheduled one day 
in advance. These transactions take advantage of the 
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diversity that exists in short-term operating costs due 
to different fuel sources in different regions and the 
short-term variability in water supply in a hydroelec
tric system. These types of transactions are also re-
f erred to as nonfirm energy sales because the energy 
cannot be guaranteed. 

Ever since the interregional transmission lines were 
built, Bonneville and other Northwest utilities have suc
cessfully marketed energy and capacity to California utili
ties under both short-term and long-term contracts. For 
the 1992 operating year, long-term energy contracts to 
out-of-region utilities add up to 674 average megawatts, 
increase to almost 700 average megawatts by the 
mid-1990s, and then decline to about 200 average mega
watts by 2011.13 

Recallable contracts make up 270 average megawatts 
of the firm exports. The Bonneville Power Administration 
has three recallable contracts (totaling 212 average mega
watts) and Pacific Power and Light has one (57 average 
megawatts). The three Bonneville contracts convert to 
capacity/energy exchanges upon recall. 

Most of the region's imported energy comes from 
out-of-region coal plants that are owned, in part, by re
gional utilities. Imported energy for the 1992 operating 
year amounts to 2,227 average megawatts14 and declines 
to 1,653 average megawatts by 2011. Appendix 4--B sum
marizes all existing out-of-region transactions. 

The Columbia River Treaty 

The Columbia River 11-eaty signed in 1961 and ratified 
in 1964 by the United States and Canada provided for in
creased storage on the Columbia River. The downstream 
power benefits were shared equally between the two coun
tries. The Canadians sold their share of the downstream 
power benefits to utilities in the Pacific Northwest be
cause, at the time, Canada did not need the energy. That 
share of benefits, known as the Canadian Entitlement, is 
scheduled to be returned to Canada beginning in 1998. 
Under that agreement, the energy to be returned amounts 
to under 100 average megawatts in the first year and in
creases to over 500 average megawatts by 2004. 

13. These values do not include the return of Canadian Entitle
ment energy to Canada. See Appendix 4-B, Table 4-B-l. 

14. These totals do not include all out-of-region coal genera
tion that serves regional demands. 
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Uncertainty in the Existing Power System 

The amount of electricity that the existing power sys
tem produces is not static. It depends on certain condi
tions and assumptions. It depends on how much rain and 
snow falls. It depends on how different agencies and orga
nizations operate the region's network of hydropower 
dams, on how much water they keep in reservoirs; on how 
much they release for fish migration, for irrigation or for 
other uses. It depends on the price and availability of coal, 
natural gas and other fuels. And it depends on federal and 
state regulations governing pollution and waste disposal at 
coal, nuclear and gas-fired plants. A change in any of 
these factors may alter the amount of power the region 
can expect out of its existing system. 

This section provides a discussion of some of the fac
tors that can alter the amount of energy available from 
the region's existing generating resources. This is not in
tended to be an exhaustive list. Many of the problems dis
cussed here are not easily resolved, yet it is important to 
point out that uncertainty surrounds the existing system 
just as it does predictions of future demand and potential 
future resources. 

Potential Effects of Endangered Species 
Proceeding 

On April 2, 1990, the Shoshone-Bannock Tribe filed a 
petition under the Endangered Species Act seeking the 
designation of upper Snake River sockeye salmon as a 
threatened or endangered species. On June 7, four addi
tional petitions were filed by other parties, seeking the 
designation of Snake River spring, summer, and fall chi
nook salmon and lower Columbia River coho salmon as 
threatened or endangered species. 

In April 1991, the National Marine Fisheries Service 
proposed to list Snake River sockeye as an endangered 
species. In June 1991, the Service proposed to list Snake 
River spring and summer chinook as a single threatened 
species. The Service also proposed to list Snake River fall 
chinook as a threatened species but did not propose a list
ing of lower Columbia River coho. 

Final decisions on the listing proposals, and recovery 
plans, are expected within approximately one year of the 
notices of proposed listing. 

At the invitation of U.S. Senator Mark Hatfield of 
Oregon, a working group of interested parties, including 
federal agencies, was convened in October 1990 and 
worked with the assistance of professional mediators to 
develop measures to improve the salmon runs. The Coun
cil participated in this effort, known as the Salmon Sum
mit. The Salmon Summit concluded its work in March 
with agreement on some issues. Summit participants con
tinued to meet to discuss other issues, including flows and 
harvest. 
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The Council has begun a review of the water budget 
and will change it if it is determined to be inadequate. The 
Council expects the flow levels in the Columbia River Ba
sin Fish and Wildlife Program, or any flow levels deter
mined to be appropriate under the Endangered Species 
Act, to be firm constraints on hydropower system shaping 
and will further amend the Program as necessary to en
sure this. It is not now possible to estimate the likely im
pact on the power system of additional measures to 
improve the salmon runs, and therefore this description of 
the existing regional electrical power system does not re
flect any reductions in available hydropower that might 
result from such measures. 

Potential Effects of Hydropower 
Relicensing 

Non-federal hydropower projects are licensed for con
struction and operation by the Federal Energy Regulatory 
Commission. Approximately 70 of the 155 hydropower 
projects in the Northwest will require relicensing between 
1990 to 2010. These projects represent approximately 2,950 
average megawatts of firm energy. 

A key aspect of the Commission's relicensing regula
tions is that renewed licenses will not automatically be 
issued to the current licensee. The relicensing procedures 
mandate extensive consultation with relevant resource 
management agencies. The procedures also extend consid
eration of project-related environmental effects to those 
that may occur outside the project's boundaries. These 
factors are expected to lead to in-depth consideration of 
project-related environmental effects and implementation 
of additional mitigation, especially at older projects, dur
ing the relicensing process. 

The relicensing process would involve a re-evaluation 
of the use of the hydro project and a potential lowering of 
its generating capability due to non-power constraints 
such as fish survival. On the other hand, the relicensing 
process provides an opportunity for making efficiency im
provements, which could lead to increased generation. 

In addition to the factors on which competing applica
tions will be judged, all applicants are required to submit 
adequate plans to protect, mitigate damages to, and en
hance fish and wildlife. The rule treats this mitigation plan 
as a threshold requirement; that is, no applicant can re
ceive a license unless the applicant fully satisfies this re
quirement, regardless of how the mitigation proposed by 
an applicant compares to that proposed by other appli
cants. 

This may have significant effects on the cost and ener
gy capability of older projects built at a time when envi
ronmental concerns were not as important as at present. 
Environmental mitigation measures may require addition
al capital investment or operating and maintenance costs, 
and may require additional in-stream flow, reducing the 
energy production of a project. In rare cases, license re-

199 I NORTHWEST POWER PLAN - VOLUME II 



THE EXISTING REGIONAL ELECTRICAL POWER SYSTEM 

newal might be denied for projects found to be unaccept
able by contemporary standards. 

Figure 4-3 illustrates the timing and amount of energy 
subject to relicensing. 

In previous plans, no assumptions were made con
cerning loss or gain in firm energy due to the relicensing 
process. Because the magnitude of any potential change is 
impossible to predict, the most reasonable action is to as
sume no change until more information is available. 

Nuclear Spent Fuel Storage and Disposal 

Spent commercial nuclear power plant fuel contains 
highly radioactive fission products and long-lived radioac
tive transuranic isotopes. The disposal of spent fuel must 
be managed carefully to prevent the release of these ma
terials into the environment. Spent fuel may be repro
cessed to remove the radioactive isotopes for recycling or 
special disposal, placed unprocessed in a permanent repos
itory, or placed in interim retrievable storage pending the 
selection and development of permanent storage options. 

Originally, the nuclear industry and the federal gov
ernment planned to develop commercial reprocessing 
plants for the separation of fission products and transuran
ic materials from commercial spent fuel. Materials with no 
commercial use would be placed in permanent disposal 
facilities, while unburned uranium and transuranic iso
topes would be recycled as refabricated nuclear fuel. 

Firm 
Energy 
Capability 

Figure 4-3 
Firm Hydropower 
Energy Capability 
Subject to 
Relicensing 
1990-2010 

1,750 

1,500 

~ 1,250 

j 
~ 1,000 
0.) 

8 ,_., 

§ 750 
G.) 

i::: 

~ 500 
.8 
~ 

250 

CHAPTER4 

In the late 1970s, the United States abandoned the 
reprocessing option because of nuclear proliferation con
cerns, and chose to dispose of spent commercial fuel in 
permanent repositories. In 1982, Congress passed the Nu
clear Waste Policy Act, making the federal government 
responsible for the ultimate disposal of high-level nuclear 
wastes, including spent nuclear fuel. Operators of nuclear 
plants were required to contract with the federal govern
ment for spent fuel disposal services as a condition of 
maintaining the operating license for their plants. Pay
ment for this service was set at one mill per kilowatt-hour, 
with adjustments to be made as the costs of the program 
were better defined. The contract specifies that the U.S. 
Department of Energy will take title to the spent fuel and 
begin disposal operations not later than January 31, 1998. 

Significant delays have occurred in the program, how
ever, and progress continues to be disappointing. Opening 
of a national repository has been delayed until 2010. In the 
past, the Council has not had to act on this issue because 
both Trojan and WNP- 2 have adequate on-site storage to 
last through 1998, the date when the U.S. government was 
to assume responsibility for the spent fuel. (WNP-2 can 
store spent fuel through 1998 and Trojan through 2007.) 

90 9192 93 949596 97 989900 01 0203 0405 06 07 08 0910 

Years 
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It is unlikely that this issue will force the shutdown or 
derating of the existing nuclear plants. Temporary storage 
facilities, such as above-ground dry storage casks, have 
proven to be technically feasible and cost-effective. The 
cost of such actions is relatively small compared to other 
nuclear costs and is likely to be in the range of 1 mill per 
kilowatt-hour or less. The Council assumes, therefore, 
that some kind of on-site storage through the year 2010 
will be utilized for both Trojan and WNP-2 and that the 
cost of such storage will be added to their respective oper
ating costs. 

Clean Air Act 

The combustion of coal produces several airborne pol
lutants of concern. These include sulfur dioxide and oxides 
of nitrogen, precursors of acid rain. The Clean Air Act of 
1970, along with the 1977 amendments, established federal 
controls on the release of these pollutants for new power 
plants. However, prior to 1990, existing power plants were 
generally exempt from any federal restrictions on emis
sions of sulfur dioxide and nitrogen oxides. 

Congress recently passed the Clean Air Act Amend
ments of 1990, which extend coverage to existing plants. 
Title IV of the Act establishes for power plants a two
phase pollution control program that is intended to reduce 
sulfur dioxide emissions by 11 million tons annually in the 
year 2000, and to reduce emissions of oxides of nitrogen 
beginning in 1995. The 1990 Amendments are expected to 
affect about 110 existing power plants. 

Only three of the affected plants serve load in the 
region. Those plants are Boardman (in eastern Oregon), 
Centralia (in western Washington), and Corette (in east
ern Montana). The other coal-fired plants within the re
gion already are achieving emissions within the limits of 
the 1990 amendments. 

Under Phase I of the 1990 Amendments, existing 
power plants must reduce emissions to not more than 2.5 
pounds of sulfur dioxide per million Btu multiplied by the 
plant's annual average baseline fuel consumption in 1985 
through 1987. During Phase II, which begins in 2000, the 
limit drops to 1.2 pounds. As of 2000, sulfur dioxide emis
sions from power plants in the United States are perma
nently capped at 8.9 million tons per year. 

The Clean Air Act Amendments of 1990 contain a 
complex set of mechanisms for allocating emissions allow
ances. The emissions allowances can be applied to existing 
plants, banked, marketed, or used for capacity expansion. 
It is possible for a non-complying plant to continue in ser
vice without installing additional pollution control equip
ment if the utility acquires sufficient emissions allowances. 
Emissions allowances can be purchased from others or 
earned in a number of ways. For example, bonus allow
ances can be earned by reducing emissions below the re
quired levels, or by meeting load growth with conservation 
or solar, geothermal, wind, or biomass resources. 
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Typical emissions from the Centralia plants (Centralia 
1 and 2) have been about 1.7 pounds per million Btu, 
while Corette has been at 1.5 pounds per million Btu. 
Thus, the Corette and Centralia plants will exceed the 
Phase II limits, and will therefore need to either reduce 
emissions or purchase allowances beginning in 2000. 

It is too early to predict exactly how the region's utili
ties will choose to meet these new emissions require
ments. However, it appears that Centralia may be able to 
meet the requirements by using low sulfur coal, either 
from selectively mining at the Centralia site, or by import
ing low sulfur coal from another source such as Montana 
or Wyoming. The Corette plant is now being considered as 
a proof-of-concept demonstration of magnetohydrody
namic (MHD) generation, a process that produces lower 
emissions than conventional combustion. 

Boardman faces a different problem. Its emissions are 
around .58 pounds of sulfur dioxide per million Btu, well 
below the Phase II limits. However, during the years con
sidered in determining baseline emissions (1985-1987), the 
region had surplus electricity and Boardman was operated 
only a few weeks. 

Because the Act allocates allowances based on actual 
emissions during the baseline period, Boardman may not 
qualify for enough allowances to run full time after 2000. 
The operators of Boardman are now seeking to obtain 
adequate allowances based on certain provisions of the 
Act which deal with special circumstances. If they are un
successful, Boardman will be required to install pollution 
control equipment or purchase additional allowances in 
order to operate as a base-load plant after 2000. 

In order to provide some estimate of the cost of com
pliance in this power plan's modelling of existing re
sources, two assumptions were included in the cost of 
power expected to be produced by the Centralia and Co
rette plants: 1) that the plants will use a very low-sulfur 
coal or a high-heat-value low-sulfur coal beginning in 
2001, and 2) that, starting in 1992, the plants will need to 
set aside one-half mill per kilowatt hour to purchase emis
sions allowances or pollution control equipment. 

The costs of controlling nitrogen oxide emissions to 
current new source performance standards are relatively 
low compared to the cost of controlling emissions of sulfur 
dioxide. The Electric Power Research Institute has esti
mated that, for a new plant, flue gas desulfurization repre
sents about 17.4 percent of the cost of the plant, 
compared to 1.3 percent for control of oxides of nitrogen. 
For this reason, it is unlikely that the revised nitrogen ox
ide release limits will significantly affect future operating 
costs or performance characteristics of existing coal-fired 
plants in the region, and no additional costs are assumed 
in the modelling of these resources. Nitrogen oxide con
trol could be a more significant problem at combustion 
turbine and combined-cycle power plants, but it is too ear
ly to estimate what the costs of control might be at such 
plants. 
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Control of Carbon Dioxide Releases 

Carbon dioxide releases from fossil fuel-fired power 
plants may be one of the major factors leading to an in
crease in atmospheric carbon dioxide and possible global 
warming. It may be necessary to control the production of 
carbon dioxide and other greenhouse gases to constrain 
global warming. The National Energy Policy Act, recently 
passed by the U.S. Senate, requires the United States to 
develop strategies for reducing emissions of carbon diox
ide up to 20 percent by 2005. Also, the state of Oregon 
Senate Bill 576 requires state agencies to develop a strate
gy for reducing the emission of gasses that add to global 
warming by 20 percent by 2005. 

In fossil fuel power plants, carbon dioxide is formed 
by combustion of the carbon contained in the fuel. Carbon 
combustion is one of the two principal chemical reactions 
(the other is combustion of hydrogen to form water) in
volved in the release of chemical energy of fossil fuel to 
produce heat. As such, the carbon reaction is inherent to 
the use of fossil fuels. It is more important for coal, with 
its high carbon-to-hydrogen ratio, than for oil or natural 
gas, which are progressively richer in hydrogen. 

The release of carbon dioxide from fossil fuel power 
plants could be controlled by switching to hydrogen-rich 
fuels, such as natural gas, increasing plant efficiency, re
capturing carbon dioxide using reforestation, reducing 
plant operation through conservation or substitution of 
other generating resources, or by use of flue gas recovery 
systems for carbon dioxide. Carbon dioxide recovery sys
tems, while used in some industrial applications, have not 
been used for power plant applications. Power plant appli
cations would be of far larger scale than any existing car
bon dioxide recovery systems and, moreover, would 
present significant problems relative to the transport and 
disposal of the recovered carbon dioxide. 

As with sulfur and nitrogen oxides, any attempt to 
reduce these emissions will force the price of electricity to 
rise. Because no regulations currently exist governing the 
emission of carbon dioxide, no assumptions will be made 
concerning the potential effects on plant operation. The 
regional cost of increasing fuel cost by 25 percent, to simu
late a carbon tax, is $350 million. More information on this 
analysis can be found in Volume II, Chapter 10. 
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Abbreviated Name 

Utilities/Operators 

Albany 

Bonners Ferry 

BPA 

Chelan 

Clallam 

Clark 

Coos Curry 

Cowlitz 

CPN 

Douglas 

EWEB 

GECC 

Grant 

Idaho Falls 

IPC 

Lower Valley 

MPC 

OTEC 

Pacific 

Park 

Pend Oreille 

PGE 
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EXISTING REGIONAL 
GENERATING RESOURCES 

Key to Tables in Appendix 4-A 

Full Name 

City of Albany 

City of Bonners Ferry 

Bonneville Power Administration 

Chelan County PUD #1 

Clallam County PUD 

Clark Public Utilities 

Coos Curry Electric Cooperative, Inc. 

Cowlitz County PUD #1 

CP National 

Douglas County PUD #1 

Eugene Water and Electric Board 

General Electric Credit Corporation 

Grant County PUD #1 

City of Idaho Falls 

Idaho Power Company 

Lower Valley Power and Light Company 

Montana Power Company 

Oregon Trail Electric Cooperative 

Pacific County PUD #2 

Park Electric Cooperative, Inc. 

Pend Oreille County PUD #1 

Portland General Electric Company 

APPENDIX 4-A 
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Key to Tables in Appendix 4-A (cont.) 

Abbreviated Name Full Name 

Utilities/Operators (cont.) 

PNGC Pacific Northwest Generating Cooperative 

Portland City of Portland 

PP&L Pacific Power and Light Company 

PSPL Puget Sound Power and Light Company 

Seattle Seattle City Light 

Snohomish Snohomish County PUD #1 

Soda Springs City of Soda Springs 

SPPC Sierra Pacific Power Company 

Thcoma City of Theo ma-Light Division 

USBI U.S. Bureau of Indian Affairs 

USBR U.S. Bureau of Reclamation 

USCE U.S. Army Corps of Engineers 

USTC United States Trust Company 

WPPSS Washington Public Power Supply System 

WWP The Washington Water Power Company 

Granted Status 

LA License application submitted 

LC Licensed 

EX Exempted (from Federal Energy Regulatory Commission license) 

RL Relicensing application submitted 
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Table 4-A-1 
Federal Hydropower Projects 

Nameplate Peak Average Critical 
Capacity Capacity Energy Energy In-Service 

Operator (MW)a (MW)0 (MWa)b (MWa)b Year 

Federal Columbia River Power System 

Albeni Falls USCE 43 39 31 32 1955 

Anderson Ranch USBR 40 36 18 11 1950 

Big Cliff USCE 18 6 12 10 1954 

Black Canyon USBR 8 9 9 11 1986 

Boise Diversion USBR 2 0 0 0 1912 

Bonneville USCE 1,093 1,147 711 555 1938 

Chandler USBR 12 4 10 6 1956 

Chief Joseph USCE 2,457 2,614 1,470 1,167 1955 

Cougar USCE 25 6 17 13 1964 

Detroit USCE 100 96 46 37 1953 

Dexter USCE 15 8 10 8 1955 

Dworshak USCE 400 460 239 177 1974 

Felt USCE 1 2 1 1 NIA 

Foster USCE 20 10 14 13 1968 

Grand Coulee USBR 6,494 6,678 2,321 1,916 1941 

Green Peter USCE 80 73 28 22 1967 

Hills Creek USCE 30 30 18 15 1962 

Hungry Horsec USBR 321 306 109 97 1952 

Ice Harbor USCE 603 693 324 215 1961 

John Day USCE 2,160 2,484 1,279 927 1968 

Libby USCE 525 492 218 175 1975 

Little Goose USCE 810 932 339 214 1970 

Lookout Point USCE 120 67 36 26 1954 

Lost Creek USCE 49 18 35 23 1977 

Lower Granite USCE 810 932 339 214 1975 

Lower Monumental USCE 810 932 320 202 1969 

McNary USCE 980 1127 831 654 1953 

Minidoka USBR 13 13 11 9 1909 

Palisades USBR 127 122 74 61 1957 

Roza USBR 13 10 7 5 1958 

The Dalles USCE 1,807 2,074 1,018 737 1957 
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Table 4-A-1 (cont.) 
Federal Hydropower Projects 

Nameplate Peak Average Critical 
Capacity Capacity Energy Energy In-Service 

Operator (MW? (MW)b (MWa)b (MWa)b Year 

Other Federal Hydropower 

Big Creek USBI 1.0 1 0 0 1916 

Green Springsd USBR 16 18 7 7 1960 

Savage Rapids Diversion USBR NIA NIA <1 <1 1955 

Wapato Drop 2 USBI 2 NIA 1 1 1942 

Wapato Drop 3 USBI 1 NIA <l <l 1932 

a Pacific Northwest Utilities Conference Committee. No,thwest Regional Forecast. March 1991. 

b Operating years 1992 through 2011. Peak capacity is for January. Pacific Northwest Utilities Conference Committee. Northwest 
Regional Forecast. March 1991. 

C Includes uprating, scheduled for completion by August 1992. 

d Contracted to Pacific Power and Light Company. 
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Table 4-A-2 
Investor-Owned Utility Hydropower Projects 

Nameplate Peak Average Critical 
Capacity Capacity Energy Energy In-Service 

Project Utility (MW)'1 (MW)b (MWa)b (MWa)b Year 

Albany Albany 1 C C C 1923 

American Falls IPC 92 0 46 32 1978 

Bend Power PP&L 1 C C C 1913 

Big Fork PP&L 4 C C C 1910 

Black Eagle MPC 17 k k k NIA 

Bliss IPC 75 75 50 45 1949 

Brownlee IPC 585 675 309 223 1958 

Bull Run PGE 21 22 12 10 1912 

C.J. Strike IPC 83 85 61 55 1952 

Cabinet Gorge WWP 200 230 124 100 1952 

Cascadei IPC 12 5 6 4 1926 

Cochrane MPC 48 k k k NIA 

Clear Lake IPC 3 d d d 1937 

Clearwater 1 PP&L 15 e e e 1953 

Clearwater 2 PP&L 26 e e e 1953 

Cline Falls PP&L 1 C C C 1913 

Condit PP&L 10 C C C 1913 

Copco 1 PP&L 20 f f f 1918 

Copco 2 PP&L 27 f f f 1925 

Eagle Point PP&L 3 h h h 1957 

East Side PP&L 3 f f f 1924 

Electron PSPL 26 i i i 1904 

Fall Creek PP&L 2 C C C 1903 

Faraday PGE 35 43 23 17 1907 

Fish Creek PP&L 11 e e e 1952 

Hauser MPC 17 k k k NIA 

Hell's Canyon IPC 392 450 247 177 1967 

Holter MPC 38 k k k NIA 

Iron Gate PP&L 18 f f f 1962 

John C. Boyle PP&L 80 f f f 1958 

Kerr MPC 168 k k k 1938 

Lemolo 1 PP&L 29 e e e 1955 

Lemolo 2 PP&L 33 e e e 1956 
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APPENDIX 4-A EXISTING REGIONAL GENERATING RESOURCES 

Table 4-A-2 (cont.) 
Investor-Owned Utility Hydropower Projects 

Nameplate Peak Average Critical 
Capacity Capacity Energy Energy In-Service 

Project Utility (MW)'1 (MW)o (MWa)b (MWa)b Year 

Little Falls WWP 32 34 24 19 1910 

Long Lake WWP 70 71 54 42 1914 

Lower Baker PSPL 64 63 45 38 1925 

Lower Malad IPC 14 d d d 1911 

Lower Salmon Falls IPC 60 68 34 29 1910 

Madison MPC 9 k k k NIA 

Merwin PP&L 136 128 64 52 1931 

Meyers Falls WWP 1 1 1 1 1915 

Milltown MPC 4 k k k 1906 

Monroe Street WWP 15 6 6 5 1890 

Moroney MPC 45 k k k NIA 

Mystic Lake MPC 10 k k k NIA 

Naches PP&L 6 C C C 1909 

Naches Drop PP&L 1 C C C 1914 

Nine Mile WWP 12 18 13 10 1908 

Nooksack PSPL 2 i i i 1906 

North Fork PGE 38 54 26 19 1958 

Noxon Rapids WWP 467 536 210 148 1960 

Oak Grove PGE 51 49 30 26 1924 

Oxbow IPC 190 220 124 91 1961 

Pelton PGE 97 108 40 34 1957 

Post Falls WWP 15 16 11 8 1906 

Powerdale PP&L 6 C C C 1923 

Prospect 1 PP&L 4 h h h 1912 

Prospect 2 PP&L 32 h h h 1920 

Prospect 3 PP&L 7 h h h 1932 

Prospect 4 PP&L 1 h h h 1944 

Rainbow MPC 37 k k k NIA 

River Mill PGE 19 23 13 10 1911 

Round Butte PGE 247 300 100 82 1964 

Ryan MPC 48 k k k NIA 

Shoshone Falls IPC 12 13 11 10 1907 

Slide Creek PP&L 18 e e e 1951 
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Table 4-A-2 (cont.) 
Investor-Owned Utility Hydropower Projects 

Nameplate Peak Average Critical 
Capacity Capacity Energy Energy In-Service 

Project Utility (MW)a (MW)0 (MWa)b (MWa)b Year 

Snoqualmie Falls 1 PSPL 12 i i i 1898 

Snoqualmie Falls 2 PSPL 29 i i i 1910 

Soda Springs PP&L 11 e e e 1952 

Stayton PP&L 1 C C C 1937 

Swan Falls IPC 10 12 9 9 1910 

Swift 1 PP&L 204 182 76 52 1958 

T.W. Sullivan PGE 15 16 14 14 1985 

Thompson Falls MPC 30 k k k 1915 

Thousand Springs IPC 9 d d d 1912 

Toketee PP&L 43 e e e 1950 

Twin Falls IPC 8 10 8 7 1935 

Upper Baker PSPL 94 92 42 35 1959 

Upper Falls WWP 10 10 9 8 1922 

Upper Malad IPC 8 d d d 1948 

Upper Salmon A IPC 18 20 18 18 1937 

Upper Salmon B IPC 17 18 16 16 1947 

Wallowa Falls PP&L 1 C C C 1921 

West Side PP&L 1 f f f 1908 

White River PSPL 70 62 36 27 1912 

Yale PP&L 108 112 65 52 1953 

a Pacific Northwest Utilities Conference Committee. Northwest Regional Forecast. March 1991. 

b Values for operating years 1991 through 2010. Peak capacity is for January. Pacific Northwest Utilities Conference Committee. 
Northwest Regional Forecast. March 1991. 

C Totals for Pacific Power and Light Company's small projects: Peak, 33; Average, 27; Critical 26. 

d Totals for Idaho Power Company's Spring projects: Peak, 30; Average, 28; Critical, 29. 

e Totals for Pacific Power and Light Company's Umpqua River projects: Peak, 175; Average, 129; Critical, 97. 

f Totals for Pacific Power and Light Company's Klamath projects: Peak, 92; Average, 41; Critical, 22. 

g Totals for The Washington Water Power Company's Spokane River projects: Peak, 155; Average, 117; Critical, 92. 

h Totals for Pacific Power and Light Company's Rogue River projects: Peak, 25; Average, 43; Critical, 35. 

i Totals for Puget Sound Power and Light Company's small projects: Peak, 72; Average, 55; Critical, 49. 

j Includes 1984 expansion. 

k Approximately 40 percent of the capability of Montana Power Company projects is available to serve regional load. In accordance 
with Northwest power planning convention, the output of these resources used to serve regional load is treated as import to the re-
gion. 
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Table 4-A-3 
Publicly Owned Utility Hydropower Projects 

Nameplate Peak Average Critical 
Capacity Capacity Energy Energy In-Service 

Project Utility (MW? (MW)D (MWa)b (MWa)b Year 

Alder Tacoma 50 39 26 20 1945 

Boundaryf Seattle 1,034 845 502 360 1967 

Box Canyon Pend Oreille 60 81 49 51 1955 

Calispel Creekc Pend Oreille 1 1 0 0 1920 

Carmen-Smith EWEB 80 34 17 16 1963 

Cedar Falls Seattle 20 d d d 1905 

Chelan Chelan 48 56 48 42 1928 

City Idaho Falls 8 e e e 1982 

Cushman 1 Tacoma 43 29 12 11 1926 

Cushman 2 Tacoma 81 88 25 24 1930 

Diablo Seattle 122 159 97 83 1936 

Gorge Seattle 171 177 113 95 1924 

Henry M. Jackson Snohomish 112 103 53 41 1984 

Idaho Falls Lower Idaho Falls 11 e e e 1904 

Idaho Falls Upper Idaho Falls 8 e e e 1938 

LaGrande Tacoma 64 65 41 33 1912 

Leaburg Dam EWEB 14 14 13 12 1930 

Mayfield Dam Tucoma 162 172 78 64 1963 

Mossyrock Tucoma 300 309 118 93 1968 

Moyie Falls I-Upper c Bonners Ferry <1 1 1 1 1921 

Moyie Falls 2-Lower c Bonners Ferry 2 1 1 1 1941 

Newhalem Creek Seattle 2 d d d 1921 

Packwood Lake WPPSS 26 30 11 7 1964 

Priest Rapids Grant 789 896 580 482 1959 

Rock Island Chelan 620 613 404 339 1933 

Rocky Reach Chelan 1,212 1,284 723 582 1961 

Ross Seattle 360 357 90 70 1952 

Strawberry Creek Lower Valley 2 e e e 1951 

Swift 2 Cowlitz 70 76 25 20 1958 

Trail Bridge EWEB 10 4 4 4 1963 

Walterville EWEB 8 9 8 7 1911 

Wanapum Grant 831 910 536 428 1963 

Wellsg Douglas 774 820 426 345 1967 
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Table 4-A-3 (cont.) 
Publicly Owned Utility Hydropower Projects 

Nameplate Peak Average Critical 
Capacity Capacity Energy Energy In-Service 

Project Utility (MW)3 (MW)o (MWa)b (MWa)b Year 

Yelm Centralia I 10 I 10 I 9j 91 1930 

a Pacific Northwest Utilities Conference Committee. Northwest Regional Forecast. March 1991. 

b Values for operating years 1992 through 2011. Peak capacity is for January. Pacific Northwest Utilities Conference Committee. 
Northwest Regional Forecast. March 1991. 

C Totals for Big Creek, Calispel Creek, Moyie Falls 1 and 2 (Flathead Irrigation Projects) are: Peak, 4; Average, 2; Critical, 2. 

d Totals for Cedar Falls and Newhalem Creek are: Peak, 31; Average, 13; Critical, 9. 

e Totals for City, Idaho Falls Upper, Idaho Falls Lower, and Strawberry Creek are: Peak, 19; Average, 20; Critical, 20. 

f Includes Units 55 and 56. 

g Includes upgrades scheduled for completion by 1989. 
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Table 4-A-4 
Contracted Resourcesa 

Nameplate Average 
Contracting Capacity Energy In-Service 

Project Fuel Utility (MW) (MW) Year 

Wind 

Whiskey Run PP&Lb 1.25 0.01 1981 

Wind Subtotal 1.25 0.01 

Thermal 

AEM Corporationc Coal MPC 12.0 NIA 1985 

Afton Generating Company<' Wood IPC 7.5 5.8 1984 

Big Horn Energyc Coal MPC 15.0 NIA 1986 

Biomass Oned Wood PP&L 25.0 18.3 1986 

Biosolard Biomass PP&L 25.0 17.5 1987 

Blue Mountain Forest Productsd Wood OTEC 6.0 2.6 1986 

Boeing (Auburn)d Gas PSPL 9.0 8.0 NIA 

Boise Cascade (Emmett, Idaho )<l Wood IPC 14.0 8.2 1985 

Boise Cascade (Medford) Wood PP&L 8.5 0.3 pre-1961 

Bozeman Woodwastec Wood MPC 12.0 NIA 1985 

Champion International (Libby) Wood PP&L 13.3 1.8 pre-1960 

Cristad Enterprisesd Wood OTEC 7.0 2.7 1986 

Daw Forest Products Wood PP&L 10.0 0.9 pre-1960 

Gorge Energy<' Wood PP&L 8.5 2.9 NIA 

Great Western Maltingd Gas Clark 20.0 17.9 1983 

Husky Industriesd Biomass PP&L 5.0 3.8 1989 

D.R. Johnson (CPN)<l Biomass CPN 7.5 5.6 1986 

D.R. Johnson (PP&L)d Biomass PP&L 7.5 5.7 1987 

Kinzuad Wood PGE 10.0 7.4 1985 

Lakeview Power Company<' Biomass PP&L 15.0 11.3 1987 

Lane Plywoodd NIA EWEB 0.8 NIA NIA 

Metro West Pointd Sewage Methane Seattle 3.9 1.2 1982 

Ogden-Martin MSW PGE 14 7.6 1986 

Pacific Crown (Woodpower, Inc.)<l Wood WWP 6.3 4.5 1983 

Perkins Powerc Coal MPC 12.0 NIA 1985 

Pine Products Wood PP&L 5.75 NIA 1987 

Potlatch (Lewiston #1 )d NIA WWP 126.2 55.0 1991 

Red Lodge Coal MPC 10.0 NIA 1986 

Roseburg Lumber Wood PP&L 45.0 26.0 1983 
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Table 4-A-4- (cont.) 
Contracted Resourcesa 

Nameplate Average 
Contracting Capacity Energy In-Service 

Project Fuel Utility (MW) (MW) Year 

Thermal (cont.) 

Simplot Fertilizer Sulphur IPC 15.0 9.0 1986 

Tamarack Energyd Wood IPC 5.0 4.1 1983 

Vaagen Brothers Lumberd Wood WWP 4.0 4.0 1980 

Warm Springs Forest Products Wood PP&L 9.0 0.5 pre-1960 

Weycod Pulping Liquor EWEB 51.2 15.0 1976 

Weyerhauser (Everett)d NIA Snohomishe 12.5 10.0 NIA 

Thermal Subtotal 558.45 257.6 

Nameplate Average 
FERC Contracting Capacity Energy Granted 

Project Permit No. Utility (MW) (MWa) Status In-Service Year 

Hydro power 

Amy Ranch 08700-01 0.00 0.00 EX 1986 

Barber Dam 04881-17 IPC 3.70 2.28 LA 

Barney Creek 07754-02 Park 0.07 0.04 EX 1986 

Big Sheep Creek 05118-03 4.00 1.83 EX 1985 

Billingsley Creek 06208-01 IPC 0.14 0.13 EX 1986 

Birch Creek 07194-05 PP&L 2.85 0.34 LA 1987 

Birch Creek 06458A01 IPC 0.02 0.03 EX 1984 

Birch Creek 06458B01 IPC 0.04 0.03 EX 1984 

Black Canyon No. 3 06137-00 IPC 0.15 0.06 EX 1983 

Blind Canyon 08375-02 IPC 1.30 0.65 EX 

Box Canyon 06543-01 IPC 0.56 0.36 EX 1983 

Briggs 08083-02 PP&L 0.25 0.20 EX 1986 

Briggs Creek 04360-02 IPC 0.75 0.60 EX 1985 

Brunswick Creek 06564-01 PGE 0.04 0.25 EX 1982 

Bull Run No. 1 02821A05 PGE 23.75 7.31 LA 1981 

Bull Run No. 2 02821B05 PGE 12.00 5.25 LA 1982 

Burnham Creek 09654-10 Pacific 0.02 0.00 LA 

Burton Creek 07577-00 0.80 0.40 EX 

Bypass Site 09070-00 IPC 9.90 3.81 EX 1988 

Canal Creek 05572-00 1.10 0.47 EX 1984 

Canyon Creek 06414-00 PGE 0.12 0.06 EX 1985 
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Table 4-A-4 (cont.) 
Contracted Resourcesa 

Nameplate Average 
FERC Contracting Capacity Energy Granted 

Project Permit No. Utility (MW) (MWa) Status In-Service Year 

Hydropower (cont.) 

Cascade Creek 06629-00 MPC 0.08 0.04 EX 1983 

Cedar Draw Creek 08278-04 IPC 2.92 0.71 LA 1986 

Cereghino 05865-00 IPC 1.10 0.73 EX 1987 

Cowiche Hydroelectric Project 07337-02 PP&L 1.35 0.58 LA 1986 

Deep Creek Micro 05991-01 0.27 0.06 EX 1983 
Hydroelectric Project 

Denny Creek 07350-00 0.05 0.04 EX 1985 

Dietrich Drop 08909-11 IPC 4.80 2.48 LA 1988 

Doug Hull 06676-01 IPC 0.25 0.13 EX 1983 

Dry Creek 09134-00 3.60 2.02 EX 

Dry Creek 02907-00 0.01 0.00 LC 1980 

Ebey Hill 10428-00 Snohomish 0.10 0.07 EX 

Elk Creek 03503-09 IPC 2.20 0.59 EX 1984 

Eltopia Branch Canal 4.6 03842-03 Seattle/ 2.40 0.98 LA 1983 
Tacoma 

Falls Creek No. 1 06661-04 PP&L 4.00 1.70 EX 1984 

Falls Creek No. 2 05497-04 Clallam 0.20 0.02 EX 

Farmers Irrigation District 07532-00 PP&L 3.00 1.48 EX 1985 
Project No. 2 

Faulkner Land and Livestock 07592-03 IPC 0.40 0.02 EX 1987 
Company 

Felt 05089-18 BPA 1.87 1.00 LA 1985 

Ferguson Ridge 06621-00 1.66 0.63 EX 1984 

Fid Project #3 06801-03 PP&L 1.80 0.85 EX 

Fisheries Development No. 1 07885-01 IPC 0.31 0.25 EX 

Ford (Jim Ford Creek) 07986-00 WWP 1.50 0.84 LA 1987 

Galesville 07161-15 PP&L 1.80 0.68 LA 1987 

Geo-Bon No. 2 07548-02 IPC 0.81 0.54 EX 1986 

Georgetown 06445-00 PP&L 0.45 0.21 EX 1985 

Ground Water Pumping Station 07052-00 Portland 4.50 2.50 EX 1985 

Hailey 07016-02 IPC 0.05 0.06 EX-GTD 1985 

Hecla Power Project 06965-06 0.50 0.23 EX 

Hettinger 03041-00 0.01 -0.00 LC 1960 

Ingram Warm Springs Ranch 08498B09 1.70 1.26 LA 1986 
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Table 4-A-4- (cont.) 
Contracted Resourcesa 

Nameplate Average 
FERC Contracting Capacity Energy Granted 

Project Permit No. Utility (MW) (MWa) Status In-Service Year 

Hydropower (cont.) 

Ingram Warm Springs Ranch 08498A09 0.90 0.66 LA 1986 

James E. White 03922-00 PP&L 0.24 0.11 EX 1981 

Jim Boyd 07269-07 PP&L 1.10 0.48 LA 

Jim Knight 07686-01 IPC 0.29 0.24 EX 1984 

Kasel-Witherspoon 06410-00 IPC 1.00 0.70 EX 1983 

Kaster Riverview 04608B01 IPC 0.16 0.16 EX 1983 

Kaster Riverview 04608A01 IPC 0.16 0.16 EX 1983 

Koyle Ranch 04052-03 IPC 1.41 0.73 EX 1983 

Lacomb 06648-00 PP&L 0.96 0.63 EX 1986 

Kake Creek No. 1 06595-01 PP&L 0.05 0.04 EX 1984 

Last Chance Canal 04580-00 PP&L 1.66 0.94 EX 1982 

Lateral No. 10 06250-02 IPC 3.00 1.76 EX 1985 

Leishman Irrigation System 07684-00 0.03 0.01 EX 

Lemoyne 04563-02 0.04 0.03 EX 1985 

Lilliwaup Falls 03482-03 1.20 1.20 EX 1983 

Little Gold 08660-04 0.45 0.22 LA 

Little Mac 06443-00 IPC 0.25 0.24 EX 1984 

Little Wood R Ranch No. 1 07530-00 IPC 0.66 0.46 EX 1986 

Little Wood R Ranch No. 2 07427-01 IPC 1.93 0.95 EX 1988 

Low Line Canal Drop 03216-01 IPC 9.00 5.35 EX 1984 

Lower Low Line No. 2 08961-00 IPC 2.35 1.80 EX 

Lucky Peak 02832-14 Seattle 101.60 28.00 LA 1988 

Macks Creek 06631-03 0.01 0.00 EX 1984 

Magic Dam 03407-27 IPC 9.00 3.56 LA 

Main Canal Headworks 02849-12 Seattle/ 26.00 9.86 LA 1986 
Tucoma 

Middle Fork Irrigation District 1 04458A04 PP&L 2.10 1.72 EX 1987 

Middle Fork Irrigation District 2 04458B04 PP&L 0.60 0.47 EX 1987 

Middle Fork Irrigation District 3 04458C04 PP&L 0.60 0.39 EX 1987 

Mill Creek 05390-02 CPN 0.63 0.29 EX 1905 

Mill Creek 04949-00 0.50 0.27 EX 1983 

Mink Creek 08646-07 PP&L 2.75 1.07 LA 1988 

Mirror Lake 07747-00 PSPL 1.00 0.71 EX 1985 
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Table 4-A-4 (cont.) 
Contracted Resourcesa 

Nameplate Average 
FERC Contracting Capacity Energy Granted 

Project Permit No. Utility (MW) (MWa) Status In-Service Year 

Hydropower (cont.) 

Mitchell Butte 05357--08 IPC 1.68 0.61 LA 1989 

Mt. Tabor 06957-00 0.17 0.13 EX 1985 

Mud Creek 04769A01 IPC 0.44 0.40 EX 1982 

Mud Creek/White 04769B01 IPC 0.22 0.15 EX 1982 

N-32 (Northside Canal) 06778--01 IPC 0.55 0.04 EX 1985 

Nichols Gap 08704--00 PP&L 0.80 0.30 EX 1986 

Nicholson 07865-01 PP&L 0.35 0.31 EX 1986 

North Willow Creek 07804-13 MPC 0.40 0.40 LA 

O.J. Power Company 07719-03 PP&L 0.15 0.15 EX 

Odell Creek 06057-01 PP&L 0.07 0.05 EX 1984 

Opal Springs 05891--03 PP&L 1.25 2.66 LA 1920 

Orchard Avenue 07338-02 PP&L 1.44 0.64 LA 1986 

Oregon City 02233C21 1.50 0.00 LA 

Owyhee Dam 04354--04 IPC 4.34 1.82 LA 1985 

Owyhee Tunnel No. 1 04359-11 IPC 8.00 2.72 LA 

PEC Headworks 02840-16 Seattle/ 6.50 2.27 LA 
Tacoma 

Philipsburg (a) 06639AOO 0.09 0.08 EX 1981 

Philipsburg (b) 06639BOO 0.07 0.00 EX 1981 

Pickell 02794--03 0.00 0.00 LC 1953 

Pine Creek 08546-20 MPC 0.37 0.21 LA 1975 

Ponds Lodge 01413--05 0.25 0.11 RL 1936 

Port Townsend Mill 05411-00 0.40 0.31 EX 1982 

Potholes E Canal 66 03843-03 Seattle/ 2.30 1.35 LA 1985 
Tacoma 

Preston 05892--00 0.41 0.34 EX 1987 

Project No 1 08865--03 IPC 0.12 0.07 LC 1979 

Project No 2 08866-03 IPC 0.09 0.06 LA 1980 

Quincy Chute 02937-03 Grant 7.80 3.34 LA 1984 

Reynolds Irrigation District 06229--00 IPC 0.35 0.21 EX 1985 

Rock Creek #1 06450-00 IPC 2.54 1.30 EX 1983 

Rock Creek #2 06015-37 IPC 1.90 1.61 LA 

Rocky Brook 03783--03 Mason 1.50 0.80 EX 1985 
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Table 4-A-4- (cont.) 
Contracted Resourcesa 

Nameplate Average 
FERC Contracting Capacity Energy Granted 

Project Permit No. Utility (MW) (MWa) Status In-Service Year 

Hydropower (cont.) 

Rocky Mountain Embryos 05731-02 IPC 0.18 0.18 EX 1984 

Russell D. Smith 02926-02 Seattle/ 6.10 2.59 LA 1982 
Tacoma 

Sagebrush Project 08046-02 IPC 0.32 0.25 EX 1985 

Salmon Falls Creek 07211-11 IPC 0.27 0.20 LA 

Schaffner Project 08438-01 IPC 0.25 0.26 EX 1986 

Shingle Creek 04025-03 IPC 0.12 0.12 LA 1984 

Shoshone 09967A20 IPC 0.33 0.29 LA 1982 

Skyview Ranch Power 09179-00 Coos Curry 0.04 0.01 EX 1983 

Slaughterhouse Gulch Creek 06375-00 IPC 0.12 0.05 EX 1983 

Smith Creek 08436-68 EWEB 38.15 9.76 LA 1989 

Snake River Pottery 05651-03 IPC 0.09 0.04 EX 1984 

Soda Creek 07959-00 Soda Springs 0.71 0.45 EX 1987 

South Dry Creek 08831-00 1.80 0.81 EX 1985 

South Willow Creek 07856B10 MPC 0.03 0.01 LA 1980 

South Willow Creek 07856Al0 MPC 0.29 0.16 LA 1986 

Spencer Lake Hydro 06625-01 0.04 0.02 EX 1983 

Spring Creek 07214-01 0.01 0.01 LA 

Summer Falls 03295-10 Seattle/ 92.00 37.10 LA 1984 
Tacoma 

Sunshine 09907-02 IPC 0.11 0.06 LA 

Sygitowicz Creek 05069-01 PSPL 0.19 0.20 EX 1986 

Telford 05637-00 PP&L 0.15 0.12 EX 1984 

Thompson's Mills 09169-00 PP&L 0.10 0.07 EX 1986 

Trinity 00719-03 0.29 0.29 RL 1923 

Tuttle Ranch 04055-05 1.06 0.38 EX 1983 

Twin Falls Reservoirs 10376-00 IPC 0.00 8.30 EX 1988 

Upper Indian Creek 07405-01 CP National 0.08 0.07 EX 

Upper Little Sheep Creek 05573-00 4.25 1.69 EX 1984 

Upper Pine Creek 08727-01 0.01 0.00 EX 1985 

Water Street 06943-01 PP&L 0.16 0.11 EX 1985 

Weeks Falls 07563-08 IPC 3.40 1.80 LA 1985 

West Linn 02233A21 3.60 0.00 LA 
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Table 4-A-4 (cont.) 
Contracted Resourcesa 

Nameplate Average 
FERC Contracting Capacity Energy Granted 

Project Permit No. Utility (MW) (MWa) Status In-Service Year 

Hydropower (cont.) 

White Ranch 04115-04 IPC 0.15 0.04 EX 1986 

White Water Ranch 06271COO IPC 0.10 0.04 EX 1983 

White Water Ranch 06271AOO IPC 0.18 0.04 EX 

Whitefish 06941-01 0.19 0.11 EX 1985 

Wisconsin-Noble 09482-07 MPC 0.66 0.29 LA 

Wolf Creek 07058-00 PGE 0.12 0.06 EX 1987 

Woods Creek 03602-01 0.60 19.41 EX 1982 

Y-8 Hydroelectric Project 06630-02 0.08 0.09 EX 1983 

Hydropower Subtotal 479.15 215.96 

Contracted Resource Total 1,037.60 473.56 

a From various sources compiled by the Council including: Pacific Northwest Utilities Conference Committee. Cogeneration Com-
pendium. April 1990. Pacific Northwest Utilities Conference Committee. Northwest &gional Forecast. March 1991. Pacific Northwest 
Hydropower Data Base; Idaho Public Utility Commission, Oregon Public Utility Commissioner, Montana Power Company, Washing-
ton State Energy Office. 

b Research and demonstration contract. 

C Cogeneration. 

d Unknown whether or not project is cogeneration. 

e Negotiating. 

82 1991 NORTHWEST POWER PLAN - VOLUME II 



EXISTING REGIONAL GENERATING RESOURCES APPENDIX 4-A 

Table 4-A-5 
Large Thermal Units 

Nameplate Peak Average 
Capacity Capacity Energy In-Service 

Project and Unit Fuel Utility (MWf (MW)o (MWa)b Year 

Boardman Coal PGE: 65%; IPC: 10%; PNGC: 10%; 560 425 316e 1980 
GECC: 15% 

Centralia 1 Coal PP&L: 47.5%; WWP: 15%; PSPL: 730 640 543 1971 
11 %; Snohomish: 8%; Tucoma: 8%; 
Seattle: 8%; PGE: 2.5% 

Centralia 2 Coal PP&L: 47.5%; WWP: 15%; PSPL: 730 640 543 1972 
11 %; Snohomish: 8%; Tucoma: 8%; 
Seattle: 8%; PGE: 2.5% 

Colstrip 1 Coal MPC: 50%; PSPL: 50% 358 158C 126.SC 1975 

Colstrip 2 Coal MPC: 50%; PSPL: 50% 358 158C 126.SC 1976 

Colstrip 3 Coal MPC: 30%; PSPL: 25%; PGE: 20%; 778 415c 392c 1984 
WWP: 15%; PP&L: 10% 

Colstrip 4 Coal USTC: 30%; PSPL: 25%; PGE: 778 504c,f 415c,f 1986 
20%; WWP: 15%; PP&L: 10% 

J.E. Corette Coal MPC 172 soc 39C 1968 

Jim Bridger 1 Coal PP&L: 66-2/3%; IPC: 33-1/3% 509 170.2d 141,5d 1974 

Jim Bridger 2 Coal PP&L: 66-2/3%; IPC: 33-1/3% 509 170.2d 141,5d 1975 

Jim Bridger 3 Coal PP&L: 66-2/3%; IPC: 33-1/3% 509 170.2d 141,5d 1976 

Jim Bridger 4 Coal PP&L: 66-2/3%; IPC: 33-1/3% 509 170.2d 141,5d 1979 

Valmy 1 Coal IPC: 50%; SPPC: 50% 254 121 98 1981 

Valmy 2 Coal IPC: 50%; SPPC: 50% 267 121 98 1985 

Trojan Nuclear PGE: 67.5%; EWEB: 30%; PP&L: 1,216 1,152 726 1976 
2.5 

WNP-2 Nuclear WPPSS 1,154 1,095 711 1984 

Kettle Falls Wood WWP 51 47 40 1983 

a Pacific Northwest Utilities Conference Committee. Northwest Regional Forecast. March 1991. 

b Declared by sponsors to be available to the region. Pacific Northwest Utilities Conference Committee. Northwest Regional Fore-
cast. March 1991. 

C Approximately 40 percent of the capability of Montana Power Company resources is available to meet regional load. In accor-
dance with Northwest power planning convention, the output of these resources used to serve regional load is treated as import to the 
region. 

d The portion of the Pacific Power and Light Company share of Jim Bridger is treated as an import to the region in accordance 
with Northwest power planning convention. 

e General Electric Credit Corporation share to be sold to San Diego Gas and Electric on a 25-year contract beginning in 1989. 

f United States Trust Company share of Colstrip 4 is leased back to Montana Power Company. 
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APPENDIX 4-A EXISTING REGIONAL GENERATING RESOURCES 

Table 4-A-6 
Other Thermal Units 

Nameplate Peak Firm 
Capacity Capacity Energy In-Service 

Project and Unit Primary Fuel Utility (MWl (MWl (MWa)b Year 

Combustion Turbine 

Bethel 1 Gas PGE 56.7 58.0 26.0 1973 

Bethel 2 Gas PGE 56.7 58.0 26.0 1973 

Frederickson 1 Gas PSPL 85.0 89.0 2.0 1981 

Frederickson 2 Gas PSPL 85.0 89.0 2.0 1981 

Fredonia 1 Gas PSPL 123.6 123.5 3.0 1984 

Fredonia 2 Gas PSPL 123.6 123.5 3.0 1984 

Northeast Gas WWP 61.2 68.0 54.0 1978 

Point Whitehorn 1 Oil PSPL 61.0 68.0 13.0 1974 

Point Whitehorn 2 Gas PSPL 85.0 89.0 13.0 1981 

Point Whitehorn 3 Gas PSPL 85.0 89.0 13.0 1981 

Whidbey Island Oil PSPL 27.0 29.0 1.0 1972 

Wood River Gas IPC 50.0 50.0 1.0 1974 

Diesel 

Bonners Ferry 1 Oil Bonners Ferry 0.2 0.0 0.0 1930 

Bonners Ferry 2 Oil Bonners Ferry 1.1 1.0 1.0 1930 

Bonners Ferry 3 Oil Bonners Ferry 1.1 1.0 1.0 1973 

Crystal Mountain Oil PSPL 2.8 3.0 0.1 1969 

Summit 1 Oil PGE 2.8 3.0 0.5 1970 

Summit 2 Oil PGE 2.8 3.0 0.5 1973 

Steam-Electric 

Shuffleton 1 Oil PSPL 35.0 43.0 1.0 1930 

Shuffleton 2 Oil PSPL 35.0 43.0 1.0 1930 

Steam Plant 2 Coal/MSW /Wood Tacoma 50.0 38.0 32.0 1990 

Combined Cycle 

Beaver Gas PGE 586 534 328 1977 

Total 1,603 522 

a Pacific Northwest Utilities Conference Committee. Northwest Regional Forecast. March 1991. 
b Declared by sponsors to be available as firm energy. Pacific Northwest Utilities Conference Committee. Northwest Regional Fore-
cast. March 1991. 
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Table 4-A-7 
Thermal Resource Operating Costsa 

Fixed Fuel Variable Average Fixedb Variableb 
Primary Heat Rate Cost Fuel Cost Fuel Real O&M O&M 

Project and Unit Fuel (Btu/kWh) ($/kW/yr.) ($/MMBtu) Escalation (%) ($/kW/yr.) (mills/kWh) 

Boardman Coal 10,800 1.26 2.41 0.9 24.06 0.11 

Centralia 1 Coal 10,230 0.00 1.59 1.9 12.41 0.94 

Centralia 2 Coal 10,230 0.00 1.59 1.9 12.41 0.94 

Colstrip 1 Coal 11,250 3.52 0.42 4.0 24.19 1.52 

Colstrip 2 Coal 11,250 3.52 0.42 4.0 24.19 1.52 

Colstrip 3 Coal 10,390 3.68 0.41 4.0 16.09 0.76 

Colstrip 4 Coal 10,390 3.68 0.41 4.0 16.09 0.76 

Corette Coal 11,030 13.15 0.44 3.1 10.45 0.83 

Jim Bridger 1 Coal 9,980 0.00 1.10 1.9 14.56 1.35 

Jim Bridger 2 Coal 9,980 0.00 1.10 1.9 14.56 1.35 

Jim Bridger 3 Coal 9,980 0.00 1.10 1.9 14.56 1.35 

Jim Bridger 4 Coal 9,980 0.00 1.10 1.9 14.56 1.35 

Valmy 1 Coal 9,556 0.00 1.91 1.3 24.61 1.56 

Valmy 2 Coal 9,515 0.00 1.92 1.3 24.61 1.56 

Beaver Gas 8,800 0.21 3.16 2.8 6.94 1.46 

Point Whitehorn 1 Gas 11,850 0.00 3.16 2.8 10.52 8.95 

Point Whitehorn 2 Gas 10,320 1.04 3.16 2.8 16.33 8.95 

Point Whitehorn 3 Gas 10,320 1.04 3.16 2.8 16.33 8.95 

Bethel Gas 13,300 0.31 3.16 2.8 6.71 0.00 

Frederickson 1 Gas 10,320 2.90 3.16 2.8 1.46 8.95 

Frederickson 2 Gas 10,320 2.90 3.16 2.8 1.46 8.95 

Fredonia 1 Gas 10,485 5.19 3.16 2.8 1.12 8.95 

Fredonia 2 Gas 10,485 5.19 3.16 2.8 1.12 8.95 

Trojan Nuclear 10,339 32.58 0.49 0.12 43.38 1.71c 

WNP-2 Nuclear 10,225 27.72 0.51 0.85 19.77 1.14c 

. 
a January 1990 dollars. 
b O&M real escalation for coal and gas is zero. 

C O&M escalation for Trojan and WNP-2 is 3 percent real in 1988 and declines linearly to O percent by 2000. 
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APPENDIX 4-B 

REGIONAL IMPORTS AND EXPORTS 

Key to Tables in Appendix 4-B 

Abbreviated Name Full Name 

Anaheim City of Anaheim 

BC Hydro British Columbia Hydro Power Authority 

BGP Cities of Burbank, Glendale and Pasadena 

BPA Bonneville Power Administration 

Burbank City of Burbank 

Glendale City of Glendale 

IPC Idaho Power Company 

MPC Montana Power Company 

MSR Cities of Modesto, Santa Clara and Rosa 

PGE Portland General Electric 

PG&E Pacific Gas and Electric 

PP&L Pacific Power and Light Company 

PSPL Puget Sound Power and Light Company 

Riverside City of Riverside 

SCE Southern California Edison 

SCL Seattle City Light 

SMUD Sacramento Municipal Utility District 

Thcoma City ofThcoma-Light Division 

UPC Utah Power Company 

WAPA Western Area Power Agency 

WWP Washington Water Power 
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Table 4-B-1 
Summary of Firm Energy Exports (Average Megawatts) 

1996 1997 1998 1999 2000 2001 2002 2003 2004 
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Table 4-B-1 (cont.) 
Summary of Finn Energy Exports (Average Megawatts) 

1996 1997 1998 1999 2000 2001 2002 2003 2004 
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Table 4-B-2 
Summary of Firm Energy Imports (Average Megawatts) 

1996 1997 1998 1999 2000 2001 2002 2003 2004 
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Table 4-B-2 (cont.) 
Summary of Firm Energy Imports (Average Megawatts) 

1996 1997 1998 1999 2000 2001 2002 2003 2004 
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Table 4-B-3 
Summary of Peaking Capacity Exports (Megawatts) 

1997 1998 1999 2000 2001 2002 2003 2004 
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Table 4-B-3 
Summary of Peaking Capacity Exports (Megawatts) 

1997 1998 1999 2000 2001 2002 2003 2004 
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Table 4-B-4 
Summary of Peaking Capacity Imports (Megawatts) 

1997 1998 1999 2000 2001 2002 2003 2004 
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CHAPTERS 

ECONOMIC FORECASTS 
FOR THE PACIFIC NORTHWEST 

Introduction 

Under the Pacific Northwest Electric Power Planning 
and Conservation Act of 1980, Congress charged the 
Northwest Power Planning Council with forecasting elec
trical power requirements as the basis for a plan to meet 
regional electricity needs. The Bonneville Power Adminis
tration has prepared regional electricity demand forecasts 
since 1981 to use as a basis for its planning. These fore
casts were developed with Bonneville and will be used as a 
common basis for resource planning and analysis. This 
chapter describes economic and demographic assumptions 
used in developing forecasts of electricity use for the 
Council's 1991 Power Plan. 

Economic and demographic assumptions are the dom
inant factors influencing the forecasts of demand for elec
tricity. A good rule of thumb is that demand for electricity 
will parallel economic activity in the absence of other 
changes. This relationship is modified by shifts in relative 
energy prices, including the price of electricity and other 
fuels, by changes in the composition of economic activity; 
and by the gradual depreciation and replacement of build
ings and energy-using equipment in the region. 

Recognizing that the future is highly uncertain, the 
Council and Bonneville have adopted planning strategies 
that incorporate flexibility and risk management. Econom
ic and demographic assumptions are both extremely im
portant determinants of future electricity needs and are, 
at the same time, highly uncertain. The objective of the 
range of planning assumptions discussed in this chapter is 
to help define the extent of uncertainty. Planning must 
address a range of future electricity needs that reflects, 
among other factors, this underlying economic uncertain-
ty. 

In order to recognize uncertainty explicitly, the Coun
cil and Bonneville have prepared forecasts that bracket 
the highest and lowest plausible economic scenarios for 
the next 20 years. The purpose of this approach is to de
velop a flexible resource strategy that provides an ade
quate supply of electricity at the lowest cost. The risks are 
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twofold: the risk of not having an adequate supply of elec
tricity, and the risk of being saddled with expensive invest
ments in unnecessary resources. 

The Council and Bonneville have developed a range 
of forecasts for each state in the Northwest. The forecasts 
are built from analysis of individual sectors of the econo
my. The forecasts are influenced by results produced by 
Bonneville's Regional Economic Model, as well as studies 
and expertise provided by groups and individuals through
out the Northwest. Detailed review was also provided by 
the Council's Economic Forecasting Advisory Committee 
and other interested parties. 

Because future economic conditions are highly uncer
tain, the forecasts encompass a wide range of possibilities 
for future economic growth. The high forecast assures that 
the Council's plan will accommodate record regional eco
nomic growth, should it occur. In the high forecast, total 
regional employment grows at almost twice the rate of a 
high national growth in employment. The high forecast 
represents a case in which the region grows faster relative 
to the nation than in any historical 20-year period. The 
low case also implies a relative performance below any 
historical 20-year period in the region. Tuble 5-1 shows a 
comparison of the forecast range to a range of national 
forecasts prepared by the WEFA Group.1 Detailed tables 
showing employment, population and household forecasts 
by state are in Appendix 5-D. 

A more likely range of outcomes is bound by the me
dium-high and medium-low forecasts. This smaller, more 
probable range shows growth higher than the nation for 
most of the range. This is consistent with historical pat
terns, because the Pacific Northwest has grown faster than 
the nation over the long term. The medium range of fore
casts assumes this will continue to some extent. 

1. The WEFA Group. U.S. Long-Tenn Economic Outlook, 
Volumes 1 and 2, First Quarter 1990 and Third Quarter 1990. 

95 



CHAPTERS ECONOMIC FORECASTS FOR THE PACIFIC NORTHWEST 

Table 5-1 
Comparison of Forecasts-Average Annual Rate of Growth(%) 1989-2010 

Region High Medium-High Medium Medium-Low Low 

Total Employment 2.8 2.0 

• Manufacturing 1.5 0.8 

• Non-manufacturing 3.0 2.2 

Total Population 2.1 1.6 

Households 2.8 2.0 

Wharton National Outlook 

Total Employment 

• Manufacturing 

• Non-manufacturing 

Total Population 

Households 

The economic and demographic forecasts in this re
port are similar in many respects to the forecasts for the 
Council's 1989 Supplement to the 1986 Northwest Conser
vation and Electric Power Plan. The forecasts encompass a 
range of employment growth between the years 1987 and 
2010 that is smaller than the range in the 1989 supple
ment, because the medium-low and low cases are some
what higher than in the previous forecasts. Tuble 5-2 
shows a comparison of the forecast ranges. 

Forecasts of employment growth in a number of man
ufacturing industries are higher in these forecasts than in 
the 1989 supplement forecasts. These higher growth rates 
are only partially offset by lower forecasts of productivity 
growth in many manufacturing industries. As a result, 
forecasts of manufacturing output are higher in all scenar
ios except the high case. 

Forecasts for Utility Service Areas 

The economic and demographic assumptions are di
vided into public and investor-owned utility service areas 
to provide inputs into the demand forecasting system, 
which forecasts electricity consumption by utility type. In
dustrial production at the detailed industry level, employ
ment in the commercial sector, and housing units are 
divided into public and investor-owned utility areas for 
each state. The splits between public and investor-owned 
utility areas are provided by Bonneville. According to 
these estimates, approximately 40 percent of regional 
manufacturing production, commercial employment and 
households are located in public utility service areas. In 
the case of major manufacturing industries, the shares of 
production allocated to public or investor-owned utilities 
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were developed by detailed industry analysis of plant loca
tion or county employment patterns. Housing stock shares 
were allocated on the basis of customer counts in the resi
dential sector at the utility and state level. The commer
cial sector shares incorporated data provided by Seattle 
City Light, which showed a decrease in the public utility 
share of King County's employment in Washington state. 
This historical shift was assumed to continue for King 
County. For the rest of Washington state and for the other 
states and counties, the shares of commercial sector em
ployment were based on residential customer counts by 
utility and state. They were assumed to remain constant 
over the forecast period. 

Forecast Overview 

Overview of the Regional Economy 

The Pacific Northwest is blessed with rich natural re
sources of minerals, agricultural lands, fisheries and fo
rests. The abundance of natural resources has provided 
the region's inhabitants with jobs and income, as well as a 
desirable environment for recreation and a high quality of 
life. 

The development of the vast Columbia/Snake River 
system for navigation, electricity production, irrigation and 
recreation has contributed to economic growth in the re
gion. Low electricity rates, relative to those found else
where in the nation, have attracted electricity-intensive 
industries, such as the aluminum industry, to the Pacific 
Northwest. 
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Table 5-2 
Comparison of Forecasts-Average Annual Rate of Growth (%) 1987-20J0a 

High Medium-High Medium Medium-Low Low 

1989 Supplement to the 1986 Northwest Conservation and Electric Power Plan 

Total Employment 2.8 2.1 1.6 LI 0.4 

• Manufacturing 1.3 0.5 0.0 -0.5 -1.3 

• Non-manufacturing 3.1 2.4 1.8 1.3 0.6 

Manufacturing Output 4.9 3.5 2.9 2.3 1.1 

Population 2.0 1.5 1.2 0.9 0.4 

Households 2.7 2.0 1.6 1.3 0.3 

1991 Northwest Conservation and Electric Power Plan 

Total Employment 2.9 2.2 1.8 1.4 1.0 

• Manufacturing 1.8 LI 0.6 -0.2 -0.9 

• Non-manufacturing 3.1 2.4 2.0 1.7 1.3 

Manufacturing Output 4.9 4.0 3.4 2.5 1.7 

Population 2.1 1.6 1.4 LI 0.8 

Households 2.8 2.1 1.8 1.6 0.9 

a Growth rates differ from those shown in previous tables because they cover different time periods. 

More recently, industries such as electronics have 
grown in the region, attracted primarily by the quality of 
the labor force and quality of life. The development of 
port facilities and growing trade with Alaska and the Pacif
ic Rim countries have provided a source of new jobs for 
the region. Growth in the non-manufacturing sectors, in 
general, has been rapid. These developments have pro
vided diversity to a region dependent on resource-based 
industries. 

During the 1960s and 1970s, total employment grew 
faster in the region than in the nation. Thble 5-3 compares 
growth patterns between the region and the nation for the 
last three decades. During the 1980s, the region grew at 
about the same rate as the nation on average. However, 
this average growth rate masks divergent patterns of 
growth. In the first half of the decade, the region suffered 
from a severe recession that hit the region much harder 
than the nation. The recovery from the recession was 
slower and more gradual than previous experiences. In the 
late 1980s, however, the region once again moved into the 
position of growing faster than the nation. In the last few 
years, Northwest states have shown up in the list of the 10 
fastest growing states in the country. 

The region's stronger pedormance in the late 1980s 
was fueled by high operating levels in key manufacturing 
industries, such as forest products, aerospace and alumi
num. After enduring a severe depression in the early 
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1980s, the region's wood products industry set new pro
duction records in the late 1980s. During this period, how
ever, productivity gains were so high that employment in 
1989 was 20 percent lower than in 1979. 

The lumber and wood products category includes log
ging activities, some of which are related to pulp and pa
per production. In addition, many companies manufacture 
both wood and paper products. Including pulp and paper 
products, the forest products industry accounted for 25 
percent of the region's manufacturing employment in 
1989. 

The second largest regional manufacturing industry is 
transportation equipment, composed primarily of aero
space. It accounted for 22 percent of manufacturing em
ployment in 1989. After employment declined more than 
20 percent in the early 1980s, the industry has recovered, 
increasing employment more than 70 percent since 1983. 

Primary metals is the largest industrial consumer of 
electricity in the region, accounting for nearly half of all 
industrial electricity consumption. Most of the electricity 
consumption is concentrated in the primary aluminum 
industry, which operates 10 plants in the Northwest. This 
industry has experienced dramatic swings in prices of alu
minum, increasing electricity prices, and increasing com
petition from lower-cost producing areas. Recently, 
aluminum smelters have increased their operating rates in 
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response to higher worldwide aluminum prices and more 
attractive electricity rates. 

Pulp and paper is the second largest industrial con
sumer of electricity, followed by chemicals, lumber and 
wood products and food processing. In 1989, the top five 
industrial consumers of electricity accounted for almost 90 
percent of the electricity used by industrial customers in 
the region. 
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Growth in regional non-manufacturing industries has 
lagged behind national trends throughout the 1980s and is 
largely responsible for the somewhat slower growth in the 
region's economy. Mining and government were the only 
non-manufacturing categories to perform better than the 
nation in the 1980s. 

Table 5-3 
US. and Pacific Northwest Employment Trends-Average Annual Rate of Growth (%) 

1960-1979 1979-1989 

Pacific N. W. United States Pacific N.W. United States 

Total Employment 3.0 2.2 L7 L8 

Manufacturing Employment 2.2 1.2 0.6 -0.7 

• SIC3 20-Food and Kindred Products L3 -0.2 -0.1 -0.4 

• SIC 24-Lumber and Wood Products LO 0.8 -2.2 0.0 

• SIC 26-Pulp and Paper Products 0.3 0.9 0.5 -0.1 

• SIC 28-Chemicals and Allied Productsb -0.1 1.6 1.7 -0.2 

• SIC 33-Primary Metals 2.9 0.3 -2.4 -4.6 

• SIC 35-Non-electric Machinery 6.3 2.8 1.8 -1.4 

• SIC 36, 38 9.0 2.2 3.0 0.0 
Electrical Equipment and Instruments 

• SIC 3-Transportation Equipment 2.3 1.1 2.8 -0.1 

• Other Manufacturing 3.4 LO 1.4 -0.1 

Non-manufacturing Employment 3.2 2.5 1.9 2.5 

• Mining L2 L6 -L5 -2.8 

• Construction 4.2 2.2 -0.8 L7 

• Transportation, Communication and Utilities L8 L5 1.0 1.1 

• Wholesale and Retail Trade 4.2 3.1 2.2 2.5 

• Finance, Insurance and Real Estate 5.4 3.4 1.4 3.2 

• Services 5.7 4.5 4.3 4.6 

• Government 3.7 3.5 1.3 L2 

• Standard Industrial Classification (SIC) code is the classification of industries used in federal statistics. See Appendix 5-B, Table 
5-B-l for list. 

b Change in classification of a facility in the region to chemicals has artificially raised the rate of growth from 1979-1989. Excluding 
this facility in the 1989 data would yield a growth rate of 0.8 percent. 

Major Trends 

There are a number of basic trends common to the 
range of forecasts. While the extent of change resulting 
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from these trends varies somewhat in each forecast, it 
nevertheless forms a context for the future. Many of the 
trends relate to demographic patterns in the existing pop
ulation. 
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One of the primary demographic changes that contin
ues to occur is the aging of the population. From 1989 to 
2010, the national population between 50 and 59 years of 
age is projected to increase more than 85 percent, while 
the population between the ages of 25 and 34 is projected 
to decline by more than 10 percent. The population over 
the age of 60 is projected to increase by 34 percent during 
this period. Figure 5-1 shows the percentage change in 
population by age group for the nation from 1989 to 2010. 
Although the age composition of the population in the 
region will vary among scenarios because of migration, the 
general patterns of demographic change will persist. 

This aging of the population is expected to affect con
sumption patterns, the labor force, and labor productivity. 
Consumption patterns are expected to emphasize personal 
services, clothing, travel and health services, as the older 
population increases in size. Over the next 20 years, the 
number of young people entering the labor force will in
crease at a slower rate than historically. From 1989 to 
2010, the population aged 15 to 24 is projected to increase 
at an average annual rate of only 0.5 percent, compared to 
the period from 1970 to 1980 when the population in this 
age group increased at an average annual rate of 1.8 per
cent. This is the primary reason that the labor force is 
projected to increase at a slower rate over the next 20 
years. The tightening labor supply will put upward pres
sure on wages. Producers will seek to substitute capital for 
labor, which tends to increase productivity or output per 
employee. In addition, the rapid pace of technological 
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change and continuing pressure of international competi
tion will stimulate capital investment as well . 

A second major trend is the increase in the proportion 
of women in the labor force. From 1960 to 1989, the fe
male labor force participation rate increased from 37 per
cent to 57 percent. This trend is expected to continue to 
varying extents over most of the forecast range. This is 
reflected in the increase in the proportion of the popula
tion that is employed. The employment to population ra
tios are shown in Tobie 5-4. 

Growth in the importance of non-manufacturing in
dustries is projected in each of the forecasts. Traditionally, 
studies of regional economic growth have focused on the 
manufacturing industries. Recently, the non-manufactur
ing industries have attracted more attention because of 
their size and rapid growth. In 1989, non-manufacturing 
industries accounted for 83.7 percent of total employment 
in the region. Non-manufacturing employment increased 
at a rate nearly 70 percent higher than manufacturing em
ployment from 1960 to 1979. 

The outlook is strong for industries such as communi
cations and machinery that will play a key role in growing 
technological changes and productivity-enhancing invest
ments. The foreign trade sector is expected to continue to 
increase in importance. The Pacific Northwest is well posi
tioned to participate in trade to the Pacific Rim countries, 
and that possibility is assumed to be an important compo
nent of the higher-growth forecasts. 

15-24 25-34 35-49 50-59 60+ Total 

Age Group 
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Slower growth of the region's large resource-based 
industries characterizes all of the forecast range. Lumber, 
paper and food products are not expected to be important 
sources of economic growth for the region, even in the 
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high forecasts. As shown in Table 5--4, these industries 
account for a smaller proportion of manufacturing em
ployment in all scenarios than in 1989. 

Table 5-4 
Comparison of 1989 and 2010 

1989 High 

Persons per Household 2.53 2.20 

Employment/Population Ratio 0.45 0.51 

Percent of Total Employment 100.0 100.0 

• Manufacturing 16.3 12.7 

• Non-manufacturing 83.7 87.3 

Percent of Manufacturing 100.0 100.0 

• Lumber and Wood Products 20.0 13.0 

• Transportation Equipment 21.8 20.2 

• Food and Kindred Products 11.8 9.8 

• Electronics (SIC 35, 36, 38) 15.9 22.0 

• Pulp and Paper Products 4.6 3.4 

• Other 25.9 31.7 

Percent of Non-manufacturing 100.0 100.0 

• Agriculture 8.5 4.8 

• Mining 0.3 0.3 

• Construction 5.1 4.5 

• Transportation, Communi- 5.9 4.6 
cation and Public Utilities 

• Wholesale and Retail Trade 27.6 29.6 

• Finance, Insurance and 6.3 7.1 
Real Estate 

• Services 25.5 30.4 

• Government 20.7 18.8 

Description of the Scenarios 

The economic assumptions rely on basic policy as
sumptions, many of which operate at the national level. 
Each of the five regional economic forecasts was made 
within the context of a corresponding view of the national 
economy. Forecasts developed by the WEFA Group were 
the primary source of national economic variables used in 
developing regional projections. 

100 

2010 

Medium-High Medium Medium-Low Low 

2.31 2.31 2.31 2.55 

0.49 0.47 0.46 0.45 

100.0 100.0 100.0 100.0 

12.6 12.4 11.0 10.3 

87.4 87.6 89.0 89.7 

100.0 100.0 100.0 100.0 

13.9 14.1 15.7 16.6 

19.3 18.4 16.6 15.5 

10.2 10.6 11.7 12.4 

21.2 20.8 21.1 21.4 

3.7 4.0 4.9 5.3 

31.8 32.0 29.8 28.8 

100.0 100.0 100.0 100.0 

5.3 5.5 5.6 5.8 

0.3 0.2 0.2 0.2 

4.7 4.4 4.3 4.4 

4.6 5.0 5.0 4.9 

29.8 29.3 29.1 28.7 

6.9 6.6 6.4 6.1 

29.5 30.6 30.7 30.8 

19.0 18.5 18.8 19.1 

Certain results of the national forecasts are included 
directly in the regional forecasts. These include inflation 
rates, interest rates, industry-specific productivity growth, 
and basic demographic patterns. Other assumptions create 
a greater variation in the regional forecasts than in the 
national forecasts, however. These include wider fuel 
price ranges, regional shares of national employment 
growth by industry, and specific assumptions about the 
viability of the regional aluminum industry. 
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In developing the scenarios, it is important to recog
nize the wide range of possible outcomes for the regional 
economy. A short-term view of the future was rejected in 
favor of developing scenarios that would encompass a 
wide range of uncertainty about the region's economy in 
the long run. The high case presents quite a different fu
ture for the regional economy than the low case. For ex
ample, there are 50 percent more jobs in the region in the 
high case than in the low case by the year 2010. 

In addition to an underlying high-growth scenario on 
the national level, the regional outlook for the high
growth case implies that the region's economy fares bet
ter, relative to the nation, than it has in the past. The 
large resource-based industries, such as forest products, 
aluminum, agriculture and basic chemicals, maintain a 
vital presence in the region's economy but are not ex
pected to contnbute to new jobs. In the high case, employ
ment in lumber and wood products is projected to decline 
10 percent from 1989 to 2010. Other resource-based in
dustries show no increase in jobs. On the other hand, in
dustries such as electronics, trade and services expand 
rapidly, nearly doubling their employment in 20 years. As 
shown in Tuble 5-1, total employment is projected to in
crease 2.8 percent per year, which is similar to the rate of 
growth sustained by the region from 1960 through 1980. 
Population is projected to grow 2.1 percent per year, while 
households grow 2.8 percent per year. The following con
ditions are assumed for the high case. The region will con
tinue to be a favorable location for growth, because of: 1) 
the richness and diversity of its natural resources; 2) the 
quality of the environment and labor force; 3) the quality 
of the educational system; 4) relatively lower electricity 
prices; and 5) proximity to expanding markets in Japan and 
other Pacific Rim nations. 

In the medium-high scenario, rapid growth in high
technology and commercial industries is coupled with 
moderate levels of activity in forest products, agriculture 
and basic chemicals. Employment in non-manufacturing 
industries increases nearly 60 percent. These changes re
sult in employment growth of 2.0 percent per year, and 
population and household growth of 1.6 and 2.0 percent 
per year, respectively. Although the overall level of em
ployment growth in the medium-high scenario is slower 
than the region experienced in the 1960s and 1970s, it still 
represents a case in which employment growth is one
third faster than national growth in the high case. 

In the medium-low growth forecast, traditional indus
tries experience low levels of economic activity, while oth
er manufacturing and commercial industries experience 
moderate growth levels. Employment in lumber and wood 
products is projected to decrease by one third. The region 
continues to increase its share of employment in electron
ics and non-manufacturing industries, however. Total em
ployment is projected to increase I.I percent per year, 
with population and households increasing 1.0 percent and 
1.5 percent per year, as shown in Tuble 5-1. In the me
dium-low scenario, employment growth is as slow as na
tional growth in the low case. 
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The regional outlook for the low case shows very slow 
growth in total employment over the 20-year forecast ho
rizon. In this scenario, the region plunges into a deep re
cession in the early 1990s, which is followed by a slow 
recovery. Manufacturing continues to decline throughout 
the forecast period. Growth in non-manufacturing is par
tially offset by declines in many of the larger, traditional 
industries. Employment in aerospace is projected to de
cline by almost 50 percent. Total population and house
holds are both projected to increase 0.7 percent per year. 
This slow level of growth implies net outmigration of pop
ulation throughout the forecast period. 

Employment and Production 

Lumber and Wood Products 

In 1989, the regional wood products industry ac
counted for 44 percent of U.S. softwood lumber produc
tion and 36 percent of U.S. softwood plywood production. 
The bulk of production in the region-more than half of 
lumber production and 70 percent of the softwood ply
wood production -occurred in Oregon. Furthermore, a 
large proportion of production in both Oregon and Wash
ington is west of the Cascades. The lumber and wood 
products industry is the second largest manufacturing in
dustry in the Pacific Northwest, accounting for 20 percent 
of manufacturing jobs in 1989. 

In recent years, the industry has experienced wide 
swings in production and employment levels. A major fac
tor contnbuting to volatility in this industry is new hous
ing. New housing accounts for 40 percent of the market 
for lumber and wood products. Figure 5-2 is a graph show
ing U.S. housing starts, Pacific Northwest lumber produc
tion, and plywood production for 1960 to 1989. The graph 
shows that regional lumber and plywood production fol
lows a cyclical pattern similar to U.S. housing starts. 

Other factors affecting lumber and plywood demand 
include housing types, average housing unit size, growth in 
other end uses for lumber and plywood, and international 
demand. An average-sized single-family unit uses approxi
mately three times as much lumber and wood products as 
a multifamily unit. From 1970 to 1974, the average share 
of single-family units to total units was 58 percent. This 
share increased to 73 percent for the years 1975 to 1979. 
The share of single-family units is affected by the cost of 
housing and demographic factors. An area of growing de
mand for lumber and plywood in the last few years has 
been in repair and remodeling use. Currently, repair and 
remodeling account for close to 40 percent of U.S. lumber 
consumption. The value of the dollar compared to other 
currencies has an impact on exports of lumber and wood 
products. Dramatic increases in exports through North
west ports have occurred over the last few years. Industry 
and government groups have escalated their efforts to 
increase exports through marketing programs in recent 
years as well. 
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The region's lumber industry has experienced increas
ing competition from lumber-producing areas in the 
southeastern United States over the last several decades. 
Higher transportation, labor and stumpage costs have 
made it difficult for the Northwest to retain its historical 
market shares. Northwest lumber mills have responded by 
seeking lower wage rates and taking steps to improve la
bor productivity. Although production levels in the late 
1980s broke previous records established in the 1970s, 
employment was nearly 20 percent lower in 1989 than in 
1979. In spite of cost cutting, Northwest production costs 
remain higher than costs faced by Southeastern competi
tors. 

In the Southeast region, timber resources are owned 
primarily by the forest products industry and other private 
parties. The timber harvest can respond to fluctuations in 
demand, relieving pressure on stumpage prices. In addi
tion, the tree growth cycle is faster in the Southeast
approximately 35 years compared to 50 years in the 
Northwest. In the Northwest, the federal government 
owns more than half of the commercial timberlands. Tim
ber resources under the management of the U.S. Forest 
Service are governed by laws limiting cuttings to a level 
that may be maintained over the long term. 

In the Northwest region, controversy over the future 
of old-growth forests and survival of species such as the 
northern spotted owl contribute to the uncertainty about 
future timber availability from federal lands. Other factors 
that add to the uncertainty of future timber resources 
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include natural disasters, improvement of timber 
management techniques, and changes in wilderness or 
recreational designations, to name a few. 

Southeast timber resources are also subject to several 
uncertain factors. Recent studies show that more privately 
held timberlands in the Southeast are being lost to other 
uses, such as agriculture or urban development, than pre
viously thought. New studies indicate that southern timber 
inventories will soon begin to decline. In addition, the in
tensity of management applied by non-industry private 
timber owners is subject to uncertainty. 

The Northwest wood products industry also faces 
competition from Canadian producers. Canadian produc
ers increased their share of the U.S. market rapidly in the 
late 1970s and early 1980s. U.S. producers prevailed in a 
dispute involving Canadian government subsidies to pri
vate companies, which resulted in a 15-percent export tax 
on Canadian lumber destined for the United States. 

Competition to the region's plywood industry is pro
vided by the introduction of low-cost substitute products. 
The substitutes include products such as waferboard and 
oriented strandboard. These products are fabricated from 
faster-growing trees and waste chips. Their main cost ad
vantage is the use of lower-cost materials. Although there 
are mills currently in the region or under consideration 
that produce these products, most of the plants producing 
waferboard and oriented strandboard are expected to be 
located in other regions of the country. 

Lumber and 
Plywood 
Production 

Production Starts 
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Figure 5-2 
Comparison of 
Pacific Northwest 
Lumber and 
Plywood 
Production with 
U.S. Housing 
Starts 1960-1989 
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As the region enters the 1990s, a number of timber 
supply issues are unresolved. The region is faced with a 
declining private timber supply, a legacy of harvesting 
practices of 50 and 60 years ago. In addition, the supply of 
public timber is declining because of competing uses of 
public forests and concerns regarding old-growth timber. 

The U.S. Fish and Wildlife Service determined in 
June of 1990 that the northern spotted owl was a threat
ened species. A federal interagency team of scientists de
veloped a proposal, known as the Jack Ward Thomas 
report, to prevent the extinction of the spotted owl. Con
gressional and administrative committees are exploring 
other alternatives as well. These issues will not be re
solved in the near future, as timber interests and environ
mental interests are sure to carry on the disputes for 
years. 

The reductions in lumber processing from spotted owl 
set-asides may be partially offset by recently enacted fed
eral legislation that allows states to restrict the export of 
logs from state-owned lands. This issue also remains unre
solved. 

The production forecasts presented in this paper are 
based on recent U.S. Forest Service forecasts. The Forest 
Service projects demand and supply from the timber-pro
ducing regions in the United States to the year 2030. The 
medium case is based on new Forest Service management 
plans, with adjustments to reflect old-growth set-asides to 
protect the spotted owl on federal lands similar to prelimi
nary estimates of the impacts of implementing the Jack 
Ward Thomas report. 

There is a great deal of uncertainty regarding the out
come of spotted owl protection efforts on timber harvests. 
The ranges around the medium case reflect this. In all the 
scenarios, production decreases from current levels until 
the turn of the century. A greater supply of private timber 
becomes available beginning then as the improved man
agement techniques on private lands over the past few 
decades begin to bear fruit. 

Changes in output per employee are used to convert 
production forecasts into employment. Production, em
ployment and output-per-employee forecasts for the lum
ber and wood products industry are shown in Table 5-5. 

Pulp and Paper 

The pulp and paper industry is the second largest in
dustrial consumer of electricity in the region. In 1989, 
firms producing pulp and paper products accounted for 20 
percent of the electricity consumed by industry as a whole. 
The pulp and paper industry employed 29,800 people in 
1989. 

In the Northwest, most of the raw material used in 
the pulp-making process is wood chips, a byproduct from 
lumber and plywood plants. Availability and cost of wood 
chips in the future will operate as a deterrent on capacity 
expansion in this region. Restrictions on timber supply 
may lead to lower levels of lumber and plywood produc-
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tion. In addition, lumber and plywood mills have improved 
the yield from each log. These trends lead to less available 
log residue for use in pulp and paper production. Another 
factor has been the growth of the export market for chips. 

The long-term outlook for the Pacific Northwest in
dustry is favorable with regard to proximity to markets in 
the West and in the Pacific Rim. Other factors, however, 
including fiber availability and comparative production 
costs (such as the cost of labor), compare less favorably to 
the Southeastern producing areas. The Northwest's advan
tage in electricity costs has decreased to some extent as a 
result of large increases in electricity rates since 1979. Not 
only are electricity costs a major portion of direct operat
ing costs, but electricity prices also affect the costs of 
chemicals used in the bleaching process. Chlorine and 
caustic soda are produced through an electrolytic process, 
which is highly electricity intensive. 

Nationally, the demand for paper products is expected 
to be strong, with paper holding its own against petro
leum-based plastic products. In addition, the Northwest 
has the largest inventory of preferred long-fiber soft
woods, and access to ports to serve world markets. 

The production forecasts for the primary production 
categories of pulp (SIC 2611), paper (SIC 2621) and paper
board (SIC 2631) were based on staff analysis and on work 
performed by Ekono, Inc., for Bonneville. Ekono supplied 
Bonneville with a range of projections by industry for the 
region, based on its analysis of fiber availability and cost 
compared to other regions.2 Bonneville and Council staff 
reviewed historical trends and modified the forecasts to 
reflect comments from the Economic Forecasting Adviso
ry Committee. Forecasts for regional production, employ
ment and productivity growth in the pulp and paper 
industry are shown in Tuble 5-6. 

In addition to primary products, the pulp and paper 
industry includes the production of miscellaneous con
verted paper products (SIC 264), paperboard containers 
and boxes (SIC 265), and building paper and board mills 
(SIC 266). These categories include the manufacture of 
bags, boxes and containers, writing paper, tissue paper and 
building board at sites where primary products are not 
produced. Industries within these categories locate close 
to population centers. The employment forecasts are 
shown in Tuble 5-6. 

2. Ekono, Inc. A Study to Review and Update Production and 
Energy Consumption Data for the Pacific Northwest Pulp and 
Paper Industry, Report No. 02340. Submitted to the Bonneville 
Power Administration. August 20, 1990. 
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Table 5-5 
Lumber and Wood Products Forecasts 1989-2010 

Production Average Annual Rate of Growth (%) 

1989 2000 2010 1989-2010 

Lumber (SIC 2421) (billion board feet) 

High 15.4 17.4 0.3 

Medium-High 14.1 15.9 -0.1 

Medium 16.4 12.8 14.5 -0.6 

Medium-Low 11.6 13.0 -1.1 

Low 10.3 11.6 -1.6 

Plywood (SIC 2436) (billion square feet) 

High 7.7 8.5 -0.6 

Medium-High 7.1 7.8 -1.0 

Medium 9.6 6.4 7.1 -1.4 

Medium-Low 5.8 6.4 -1.9 

Low 5.2 5.7 -2.5 

Employment (thousands) 

2010 

1989 High Medium-High Medium Medium-Low Low 

Lumber (SIC 2421) 47.9 42.7 40.7 37.0 33.3 29.6 

Plywood (SIC 2436) 19.0 12.4 12.1 11.0 9.9 9.1 

Other SIC 24 63.8 61.9 53.7 48.3 45.1 41.1 

Total SIC 24 130.7 117.0 106.4 96.3 88.3 79.8 

Output per Employee-Average Annual Rate of Growth(%) 1989-2010 

High 

Lumber (SIC 2421) 0.8 

Plywood (SIC 2436) 1.8 

Other SIC 24 1.6 

Chemicals 

The manufacture of chemicals consumes approximate
ly 11 percent of the electricity purchased by the industrial 
sector in the region. Elemental phosphorus production 
accounts for approximately half of the electricity con
sumed by the chemicals industry, followed by chlorine and 
caustic soda, which accounts for approximately 20 percent. 
In the Council's forecasting models, the consumption of 
electricity by these two industries is modeled on a plant
by-plant basis. Two of the chlorine and caustic soda plants 
are direct services industries (DSis) of Bonneville. 
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Medium-High Medium Medium-Low Low 

0.6 0.6 0.6 0.6 

1.5 1.5 1.5 1.3 

1.4 1.0 1.0 1.0 

The remainder of the chemicals industry in the region 
is dominated by nuclear fuels processing and agricultural 
chemicals (such as fertilizers). The nuclear fuels process
ing component has exhibited large swings in employment, 
as policies of the federal government have changed over 
the last 20 years. The agricultural chemicals component 
increased at a steady rate in the 1970s, but it has experi
enced little growth recently. 
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Table 5-6 
Pulp and Paper Products (SIC 26) Forecasts 1989-2010 

Production-Average Annual Rate of Growth(%) 1989-2010 

Industry High Medium-High Medium Medium-Low Low 

Pulp (SIC 2611) 1.8 1.3 0.8 0.4 0.0 

Paper (SIC 2621) 2.9 2.4 1.9 1.4 0.9 

Paperboard (SIC 2631) 2.5 2.0 1.5 1.0 0.5 

Employment (thousands) 

2010 

1989 High Medium-High Medium Medium-Low Low 

Pulp (SIC 2611) 2.4 2.1 1.9 1.8 1.7 1.6 

Paper (SIC 2621) 12.9 13.4 12.6 12.4 11.2 10.6 

Paperboard (SIC 2631) 5.4 5.0 4.7 4.7 4.2 4.0 

Other Paper 9.1 9.7 8.7 8.1 8.1 7.1 
(SIC 26XX) 

Total SIC 26 29.8 30.2 28.0 27.0 25.2 23.3 

Output per Employee-Average Annual Rate of Growth (%) 1989-2010 

High Medium-High Medium Medium-Low Low 

Pulp (SIC 2611) 2.7 

Paper (SIC 2621) 3.0 

Paperboard (SIC 2631) 3.0 

Chlorine and caustic soda are produced at five plants 
in the region, four located in Washington and one in Ore
gon. Nationally, over half of the chlorine produced is used 
within the chemicals industry to manufacture a variety of 
organic and inorganic chemicals. An additional 13 percent 
is used by the pulp and paper industry as a bleaching agent 
in the production of paper. In the Pacific Northwest, a 
much larger portion of production goes to the pulp and 
paper industry varying from 32 percent to 80 percent, de
pending on the plant and temporary shifts in market con
ditions. Two of the five plants in the region are owned by 
pulp and paper companies. 

The manufacture of chlorine and caustic soda involves 
the electrolytic separation of salt into two co-products: 
chlorine and sodium as sodium hydroxide (caustic soda). 
Approximately 1.12 pounds of caustic soda are produced 
per pound of chlorine. 

The market outlook for the two products differs sub
stantially. In the past, chlorine has held the stronger mar
ket and higher price. Expansion plans were based on 
growth in chlorine demand. As little as 10 years ago, caus
tic soda was considered an undesirable "byproduct," and 
for years producers sought to develop a commercial pro
cess to produce chlorine without producing caustic soda. 
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2.6 

2.8 

2.8 

2.4 2.4 2.2 

2.4 2.4 2.2 

2.4 2.4 2.2 

In the last few years, the price of caustic soda has risen 
and supplies have tightened, while chlorine demand has 
dropped and prices have remained stable. 

Industry experts have predicted growth rates for na
tional chlorine demand to range from an average of 1 per
cent to 3 percent per year, whereas demand for caustic 
soda could increase at rates ranging from 2.5 percent to 5 
percent. This is slower than the rate of growth in produc
tion from 1960 to 1980, which averaged 4.1 percent per 
year. From 1970 to 1980, however, production increased at 
an annual rate of only 1.6 percent. The outlook for chlo
rine has been affected by environmental regulations on 
effluent standards. Pulp and paper producers may substi
tute other chemicals in pulp bleaching to reduce dioxins. 
The outlook for caustic soda is much more favorable be
cause it has a broader base of end uses. One of the fastest 
growing end uses is in the neutralization of waste acids. 
Tougher environmental standards would enhance the out
look for caustic soda. Soda ash can be substituted for caus
tic soda, and although the initial investments required to 
handle soda ash are high, projections of relative price in
creases for caustic soda and soda ash favor some conver
sion to soda ash. Production of chlorine and caustic soda is 
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likely to be constrained by the price of chlorine because 
chlorine is more difficult to store. 

Although not all of the chlorine produced in the re
gion is sold to pulp and paper producers, growth in the 
production of paper (SIC 2621) was chosen as a reasonable 
indicator of chlorine and caustic soda production growth. 
The projections presented here are within the range of 
projections for national production cited in the preceding 
paragraphs. Comparison of the production growth rates 
for chlorine and caustic soda and paper (SIC 2621) shows 
that the range of forecasts are very similar. Table 5-7 
shows projections of production for chlorine and caustic 
soda, SIC 2812. 

Elemental phosphorus production is located in only 
four states (Idaho, Florida, Montana and Tennessee), near 
deposits of phosphate rock. Elemental phosphorus is ex
tracted from phosphate rock in electric furnaces, and fre
quently converted nearby to phosphoric acid and other 
compounds. 

Elemental phosphorus plants are classified under in
dustrial inorganic chemicals, not elsewhere classified (SIC 
2819). In the Northwest, firms producing elemental phos
phorus, nuclear fuel, corn starch, chemical catalysts and a 
variety of other products are classified under SIC 2819. 
About half of the nation's total elemental phosphorus pro
duction capacity is located in the Northwest. Of this, 85 
percent of capacity is located in Idaho, with the remainder 
in Montana. 

ECONOMIC FORECASTS FOR THE PACIFIC NORTHWEST 

The major end-use markets for elemental phosphorus 
are cleansers and detergents (45 percent), food and bever
ages (15 percent), metal treating (10 percent) and other 
chemicals and cleansers (30 percent). The outlook for ele
mental phosphorus production in the Northwest depends, 
in part, on the demand for these products. 

The detergent market has been projected to remain 
stable or increase slightly over the forecast period, with 
growth rates ranging from O percent to 1 percent per year. 
Non-detergent uses, such as food and beverage products 
and other uses, have been forecast to increase at rates of 
1.4 percent to 2.4 percent per year. 

The problems facing elemental phosphorus producers 
in the region include the cost and availability of electricity 
and the maturity of their markets. The costs of additional 
electricity beyond current contracted amounts may lead to 
no expansion in capacity over the forecast period. This was 
assumed to be the case for the low scenario. The high
case projection is a weighted average of the higher ranges 
of forecasts for detergent and non-detergent uses of ele
mental phosphorus. Projections of production are shown 
in Table 5-7. 

The residual category for chemicals (SIC 28XX) in
cludes a wide variety of products manufactured in the re
gion. The larger groups in employment and energy use are 
the nuclear engineering, fuels and waste processing seg
ments, and agricultural chemicals (primarily fertilizers and 
pesticides). There also are many other types of chemical 
products manufactured in the region. The forecasts for 
the other chemicals category are shown in Table 5-7. 

Table 5-7 
Chemicals Industry Production Forecasts-Average Annual Rate of Growth (%) 1989-2010 

Production 

Industry High Medium-High Medium Medium-Low Low 

Chlorine and Caustic Soda 3.1 2.3 1.6 1.6 0.9 
(SIC 2812) 

Elemental Phosphorus 1.4 0.8 0.3 -0.2 -0.2 
(SIC 2819) 

Other Chemicals 3.0 1.9 0.9 0.4 -0.7 
(SIC 28XX) 

Output per Employee 

Industry High Medium-High Medium Medium-Low Low 

Chlorine and Caustic Soda 3.0 2.2 1.5 1.5 1.5 
(SIC 2812) 

Elemental Phosphorus 1.5 1.0 1.0 1.0 1.0 
(SIC 2819) 

Other Chemicals 2.5 2.0 1.3 1.0 0.3 
(SIC 28XX) 
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The forecast range for the region can be compared to 
national forecasts for the chemicals industry. The WEFA 
Group's forecasts for chemicals range from 1.9 percent to 
3 percent growth in output from 1989 to 2010. The fore
casts for the region are lower because of the slower 
growth forecast for the agricultural chemicals and the nu
clear fuels processing segments of the regional industry. 

Agriculture and Food Processing 

Over the past decade, agriculture has adjusted to 
changes in the national economy, federal programs and 
international markets. Northwest agriculture and food 
markets are increasingly national and international. In
creasing sales of farm products from the Midwest and 
Northeast to large East Coast markets has put more pres
sure on Northwest producers to sell overseas, primarily in 
the Orient. A comprehensive study of Northwest agricul
ture concluded that if Northwest agriculture is to experi
ence reasonable growth, it must continue to develop 
foreign markets. Regional agriculture has been fairly 
successful in doing so. 

Agricultural production supports a large food process
ing industry. In 1989, 76,900 persons were employed in 
food and kindred products (SIC 20), which represented 
nearly 12 percent of regional manufacturing jobs. Activity 
in this industry is concentrated in frozen and canned fruits 
and vegetables (SIC 203), which accounted for nearly half 
of the employment in food and kindred products and over 
half of food processing electricity consumption. Processed 
potatoes are the major products in this category, account
ing for over half of the value added in the regional food 
processing industry. Another portion of the industry im
portant to coastal areas is the seafood canning and freez
ing industry. Poor commercial fishing conditions have 
closed a number of these plants. 

CHAPTERS 

The outlook for employment in frozen and canned 
fruit and vegetable products relies on future demand for 
processed foods in the United States and Pacific Rim 
countries. Changes in consumer lifestyle and preferences 
have prompted the industry to seek specialized market 
niches. Most food manufacturers have implemented prac
tices to increase the efficient use of labor, management 
and energy. These changes have become permanently in
corporated into the industry structure and are important 
in the forecasts. 3 The projections of employment and out
put in food processing for the region are shown in Table 
5-8. Only the high and medium-high cases show an in
crease in regional food processing employment. 

The High-Technology Industries 

A great deal of attention has been focused recently on 
the high-technology industries. State and local govern
ments in the United States and national governments 
around the world have initiated studies and programs de
signed to understand and attract economic development 
by encouraging growth in high-technology industries. In 
past years, the growth of electronics and software firms 
has been heralded by some as a panacea for stagnation in 
some of the region's resource-based industries. 

The first step in a discussion of high-technology in
dustries is to define the group of industries to be dis
cussed. Several methods of defining high technology have 
been proposed, but there is no general agreement on 
which definition is the most appropriate. To a certain ex
tent, the nature of technology-intensive activity makes 
definition difficult, because the industries are changing so 
rapidly. New industries are created and others become 
obsolete, thus causing any definition of high-technology 
industries to be tied to a particular point in time. 

3. Wilkins, John; Stenberg, Cynthia; Farah, Mark; and Burge, 
Marilyn; Bonneville Power Administration. Food Processing, 
SIC 20. August 1989. 

Table 5-8 
Food Processing Forecasts 1989-2010 

Employment (thousands) Average Annual Rate of Growth (%) 1989-2010 

1989 2010 Employment Output 

High 87.9 0.6 4.4 

Medium-High 78.6 0.1 3.7 

Medium 76.9 72.5 -0.3 3.3 

Medium-Low 65.9 -0.7 2.8 

Low 59.6 -1.2 2.2 
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Most definitions have looked at one or a combination 
of three factors: research and development expenditures 
as a proportion of value added, the percentage of scientific 
and technical personnel in industry employment, and 
product sophistication. The definition described in this 
chapter was adopted from a Battelle study4 for the state 
of Washington and reflects a combination of all three fac
tors. The Battelle study included a number of chemical 
industries in its definition of high-technology industries. 
These industries were excluded from the definition of 
high-technology industries used in this chapter. The 
chemical industry forecasts have been discussed in a pre
vious section. The modified list of industries included in 
the high-technology groups and their SIC codes are shown 
in Tuble 5-9. 

ECONOMIC FORECASTS FOR THE PACIFIC NORTHWEST 

Even at the level of industry detail shown in Tuble 
5-9, it is difficult to categorize industries as high-technolo
gy industries. At more detailed levels of categorization, 
however, data are not available to analyze the industries 
because of disclosure laws that protect companies' rights 
to proprietary information. In the United States, the in
dustries listed in Table 5-9 comprised approximately 5.0 
percent of total wage and salary employment in 1987, 
compared to 5.7 percent for the region. The high-technol
ogy share of total employment was 7.6 percent in Washing
ton, 4 percent in Oregon, 4.5 percent in Idaho and 0.5 
percent in Montana. 

4. Battelle Seattle Research Center. High Technology Employ
ment, Education and Training in Washington State. June 1984. 

Table 5-9 
High-Technology Industries 

SIC Code Industry Name 

Machinery 

351 Engine and Turbines 

357 Office, Computing and Accounting Machines 

Electrical Equipment 

361 Electric Transmission and Distribution Equipment 

362 Electrical Industrial Apparatus 

365 Radio and Television Receiving Equipment 

366 Communication Equipment 

367 Electronic Components and Accessories 

369 Miscellaneous Electrical Machinery 

Thansportation Equipment 

372 Aircraft and Parts 

376 Guided Missiles and Space Vehicles and Parts 

Professional Instruments 

381 Scientific Instruments 

382 Measuring and Controlling Instruments 

383 Optical Instruments 

384 Medical and Dental Instruments 

386 Photographic Equipment and Supplies 

Business Services 

737 Computer and Data Processing Services 

7391 Research and Development Laboratories 
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In 1987, high-technology industries employed 158,700 
persons in the region, with approximately 43 percent of 
the employment concentrated in the transportation equip
ment category. The second largest category was electrical 
equipment, with 20.5 percent, followed with 15.8 percent 
of high-technology employment. Tuble 5-10 shows em
ployment in 1987 by state for the major high-technology 
groupings. 

The aerospace industry in the region is dominated by 
The Boeing Company, which has production facilities in 
Washington and Oregon. Aerospace employment in Wash
ington has been extremely cyclical, dropping from 104,000 
in 1968 to 40,000 by 1971. In 1981, it reached a level of 
80,900, only to drop to 65,000 by 1983. From 1983 to 1989, 
aerospace employment increased more than 70 percent to 
113,700. 

CHAPTERS 

From 1970 to 1987, the high-technology industries 
increased employment at an average annual rate of 3.4 
percent. This compares to a national growth rate of 2.1 
percent over the same period. Removing aerospace from 
the calculation shows that non-aerospace, high-technolo
gy employment increased at an average annual rate of 11.5 
percent in the region, compared to a national rate of 2.4 
percent. 

The factors often cited as favorable for the region's 
growth in high technology include the quality of the re
gion's labor force, available land, good educational facili
ties and an environment suitable for maintaining a high 
quality of life. A survey of high-technology companies 
regarding location factors was completed by the Congres
sional Joint Economic Committee in 1982. The results are 
shown in Thble 5-11. The existing concentration of firms 
in the region also testifies to the importance of spin-off 
activity from Pacific Northwest firms and California firms. 

Table 5-10 
Employment in High-Technology Industries 1987 

Pacific 
United States Northwest Washington Oregon Idaho Montana 

Machinery (SIC 351, 357) 462,500 12,400 4,800 4,600 3,000 0 

• Percent of High-Tech 10.8% 7.8% 4.3% 12.9% 26.3% 0.0% 

Electrical Equipment 1,679,300 32,500 17,500 11,300 3,400 300 
(SIC361, 362,365,366,367,369) 

• Percent of High-Tech 39.2% 20.5% 15.8% 31.7% 29.8% 27.3% 

Transportation Equipment 815,100 67,900 65,700 2,200 0 0 
(SIC 372, 376) 

• Percent of High-Tech 19.0% 42.8% 59.4% 6.2% 0.0% 0.0% 

Professional Instruments 562,800 20,750 7,800 12,200 500 250 
(SIC381, 382,383,384,386) 

• Percent of High-Tech 13.1% 13.1% 7.1% 34.3% 4.4% 22.7% 

Business Services 766,600 25,150 14,800 5,300 4,500 550 
(SIC 737, 7391) 

• Percent of High-Tech 17.9% 15.8% 13.4% 14.9% 39.5% 50.0% 

Total High-Tech 4,286,300 158,700 110,600 35,600 11,400 1,100 

Percent of Total Employment 5.0% 5.7% 7.6% 4.0% 4.5% 0.5% 

Total Employment 85,483,800 2,805,500 1,464,600 883,400 253,300 204,200 

SOURCE: U.S. Census Bureau. County Business Patterns. 1987. The employment figures shown in this table are based on a survey of 
employment during the pay period including March 12. As such, they are not comparable to annual average data used in other seg-
ments of this report. They are used for illustration purposes here because they are available at the level of industry detail needed for 
all states. 
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Table 5-11 
Factors that Influence Regional Location of High-Technology Companies 

Factor Percentage of Firms Citing Factors as Significant or Very Significant 

Labor Skills and Availability 89.3 

Labor Costs 72.2 

Tux Climate 67.2 

Academic Institutions 58.7 

Cost of Living 58.5 

Transportatio_n 58.4 

Access to Markets 58.1 

Regulatory Practices 49.0 

Energy Costs and Availability 41.4 

Cultural Amenities 36.8 

Climate 35.8 

Access to Raw Materials 27.6 

NOTE: Firms were asked to rate each factor as very significant, significant, somewhat significant, or not significant. 

SOURCE: United States Congress, Joint Economic Committee. Location of High Technology Finns and Regional Economic Develop-
ment. June 1982, p. 23. Battelle Seattle Research Center. High Technology Employment, Education and Training in Washington State. 
June 1984. 

The factors often cited as unfavorable for the region's 
growth in high-technology industries include high labor 
costs, unfavorable tax policies, and complex regulatory 
practices that make it difficult to expand or locate facili
ties. There is also some question as to the region's com
mitment to improving or maintaining the quality of its 
educational systems in light of tax revolts and state and 
local budget crises. Many states and cities in the United 
States are competing aggressively to attract high-technolo
gy industries. Some areas of the country, such as New En
gland and North Carolina's Research Triangle Park, enjoy 
advantages in their traditions of high-quality academic 
ins ti tu tions. 

Forecasts of employment for high-technology indus
tries are shown in Thble 5-12. The table shows forecasts 
for industries at the two-digit SIC level, which includes 
some businesses that are not classified as high-technology 
industries. Electrical equipment and professional instru
ments are the only categories in which nearly all of the 
employment is in the high-technology category. In ma
chinery and business services, only 32 percent and 19 per
cent, respectively, of the employment are in the 
high-technology industries. 

The computer machinery category has been a rapidly 
growing sector of the machinery industry in the region. 
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Much of the remainder of the machinery industry is farm, 
construction, logging and other heavy machinery. These 
categories are not forecast to grow rapidly. 

Aerospace employment, which is dominated by the 
The Boeing Company, accounts for 80 percent of employ
ment in the transportation equipment industry in the re
gion. Commercial aircraft production represents the 
largest portion of production in the region. During the 
early 1980s, annual average employment in aerospace de
clined almost 20 percent. Commercial aircraft orders had 
dropped substantially because of low profits in the airline 
industry and declines in passenger miles. Since then, Boe
ing has increased employment over 70 percent as orders 
increased, in response to improvements in economic con
ditions and in the financial condition of airlines. Boeing's 
primary competition is Airbus Industrie, a European air
craft consortium. 5 The market for commercial aircraft is 
projected to be strong, although it will probably continue 
to be highly cyclical. Because employment in this category 
is dominated so much by one company, the forecasts en
compass a wide range of uncertainty. 

5. Yee, Dennis; Farah, Mark; Wood, Stephen; West, Peter; and 
Burge, Marilyn; Bonneville Power Administration. Transporta
tion Equipment, SIC 37. August 1989. 
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Table 5-12 
High-Technology Industry Forecasts-Annual Rate of Growth(%) 1989-2010 

Employment 

High Medium-High Medium Medium-Low Low 

Machinery (SIC 35) 3.1 2.0 1.3 0.5 -0.2 

Electrical Equipment (SIC 36) 3.8 2.7 2.1 1.0 -0.2 

Transportation Equipment (SIC 37) 1.2 0.2 -0.6 -2.0 -3.0 

Professional Instruments (SIC 38) 2.2 1.5 0.9 0.3 -0.2 

Business Services (SIC 73? 5.0 3.9 3.5 3.3 3.0 

Output 

High Medium-High Medium Medium-Low Low 

Machinery (SIC 35) 7.7 6.4 5.6 4.7 3.8 

Electrical Equipment (SIC 36) 8.0 6.9 6.2 5.0 4.0 

Transportation (SIC 37) 3.9 2.7 1.8 0.4 -0.9 

Professional Instruments (SIC 38) 6.5 5.5 4.8 4.2 3.5 

a Forecasts of output are not developed for the non-manufacturing industries. 

Other Manufacturing Industries 

There are a number of smaller manufacturing indus
tries that play a relatively minor role in employment and 
electricity use in the region. The largest of these indus
tries include printing and publishing, fabricated metals, 
and stone, clay and glass products. Recently, printing and 
publishing employment has increased rapidly. This is 
largely because of growth in the demand for computer 
software manuals and industry changes spurred by ad
vances in desktop publishing systems. The fabricated met
als and stone, clay and glass industries are projected to 
grow slowly, in line with national trends. The forecasts for 
these industries are shown in Tuble 5-13. 

Growth in Non-manufacturing Industries 

The non-manufacturing industries account for most of 
the region's employment, 83.7 percent in 1989. Employ
ment in non-manufacturing industries has grown faster in 
the last two decades than employment in manufacturing. 
Table 5-14 shows the shares of total employment by indus
try for the region and the United States. The largest cate
gory of non-manufacturing employment in the region is 
wholesale and retail trade, followed by services (which 
includes such industries as health care, business services 
and personal services). The third largest non-manufactur
ing industry is government. 
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Strong growth in the non-manufacturing sectors has 
occurred at the national level, as well as at the regional 
level. A larger proportion of manufactured goods is pro
duced in other countries, which has had a negative impact 
on the proportion of employment in manufacturing. Pro
ductivity gains in the past have been higher in manufactur
ing industries, and this has lowered employment relative 
to output. However, computerization of some activities 
could lead to higher productivity gains in non-manufactur
ing. 

A closer look at specific industries may add some in
sight into the growth in the non-manufacturing sectors.6 

The services industry was the fastest growing industry in 
the region from 1970 through 1987, increasing employ
ment at 5.5 percent per year. In 1987, health services ac
counted for 33 percent of the region's employment in 
services. Employment in health services increased at an 
annual rate of 5.3 percent from 1970 through 1987. 
Growth in this sector resulted from the expansion of 
health-care benefits for workers and elderly people and 
growing public interest in personal health. 

6. This discussion of non-manufacturing industries relies on 
data from County Business Patterns. The most recent year avail
able for all four states was 1987. Please refer to Table 5-15 for 
further information. 
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Table 5-13 
Other Manufacturing industry Forecasts-Average Annual Rate of Growth(%) 1989-2010 

Employment 

High Medium-High Medium Medium-Low Low 

Printing and Publishing 3.4 2.7 2.4 1.2 0.5 

Fabricated Metals 2.1 1.2 0.8 --0.5 -0.9 

Stone, Clay and Glass 2.1 1.0 0.2 -1.1 -1.9 

Petroleum 1.8 1.1 0.3 -2.5 -3.7 

Textiles 1.6 0.4 --0.3 -1.0 -2.0 

Apparel 2.5 1.2 0.7 --0.3 -1.4 

Furniture 2.7 1.6 1.0 --0.4 -1.0 

Rubber and Plastics 4.7 4.3 3.6 1.2 -0.1 

Leather Products 1.9 0.9 0.3 --0.5 -2.3 

Miscellaneous Manufacturing 2.8 1.7 1.1 --0.5 -2.5 

Output 

High Medium-High Medium Medium-Low Low 

Printing and Publishing 4.3 

Fabricated Metals 4.2 

Stone, Clay and Glass 5.1 

Petroleum 5.2 

Textiles 5.9 

Apparel 5.2 

Furniture 5.5 

Rubber and Plastics 7.7 

Leather Products 2.5 

Miscellaneous Manufacturing 5.6 

The second largest service category-business servi
ces-accounted for 16 percent of the region's employment 
in services. This category was among the fastest growing 
sectors in services, increasing employment at an annual 
rate of 7.7 percent. This category includes a diverse group 
of industries, such as computer and data processing ser
vices, advertising agencies, building services companies 
and personnel agencies. 

Although it only accounted for 3 percent of services 
employment in 1987, the legal services industry was the 
fastest growing of the services industries. Employment 
increased at an annual rate of 8.7 percent from 1970 
through 1987. 

Employment in construction increased 2.7 percent per 
year from 1970 through 1987. Even so, construction em-
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3.3 3.0 1.9 0.9 

3.1 2.7 1.4 0.8 

3.7 2.9 1.5 0.4 

4.2 3.5 0.5 --0.7 

4.4 3.6 3.0 1.7 

3.7 3.1 2.1 0.8 

4.3 3.5 2.1 1.3 

7.0 6.2 3.9 2.4 

1.3 0.7 -0.1 -2.1 

4.4 3.8 2.3 0.1 

ployment may exceed 1979 levels for the first time in 1990, 
as a result of slower population growth during most of the 
1980s. 

The finance, insurance and real estate sector in
creased employment at an average annual rate of 3.7 per
cent from 1970 through 1987. The most rapidly growing 
sectors in this industry were holding and investment of
fices and credit agencies (other than banks). Deregulation 
of the financial industry has led to the creation of a wide 
range of services and financial instruments offered by a 
diverse group of businesses. The competition has put a 
great deal of strain on financial institutions. This may re
sult in an industry shakeout in the next few years, accom
panied by slower employment growth. 
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Table 5-14 
Total Employment Shares-United States and the Pacific Northwest-Percent of Total(%) 

Pacific Northwest United States 

1970 

Total Employment 100.0 

Manufacturing 20.5 

Non-manufacturing 79.5 

• Mining 0.5 

• Agriculture 9.0 

• Construction 4.3 

• nansportation and Public Utilities 6.2 

• Wholesale and Retail Trade 20.6 

• Finance, Insurance and Real Estate 4.6 

• Services 14.3 

• Government 20.0 

Wholesale and retail trade accounted for the largest 
share of total employment in 1989, as shown in Table 5-14. 
Wholesale trade accounted for approximately one-fourth 
of employment in trade and increased at an annual rate of 
2.6 percent from 1970 through 1987. Employment in retail 
trade increased at a rate of 3.7 percent per year during the 
same period. 

Eating and drinking establishments accounted for 35 
percent of employment in retail trade. This was also the 
fastest growing category of employment in retail trade, 
increasing at an annual rate of 6.0 percent from 1970 
through 1987. The increase in household consumption of 
food away from home reflects the increase in household 
income and the increase in the participation of women in 
the labor force. In addition, a larger proportion of house
hold budgets for persons aged 25 to 44 is spent on food 
away from home than for other groups. The rapid growth 
of persons in this age group during the past twenty years 
contributed to rapid growth in this sector. Because this 
age group is growing slower in the future than it has over 
the last 20 years, the rate of employment growth in this 
sector is expected to slow. 

Other fast-growing retail-trade categories included 
clothing stores, food stores and miscellaneous retail 
stores, which includes specialty stores and mail-order 
houses. Employment in these categories increased at aver
age annual rates slightly over 4 percent from 1970 through 
1987. 

The government sector was the third largest employ
ment category in the region in 1989, as shown in Thble 
5--14. State and local government accounted for more than 
80 percent of employment in government. From 1970 
through 1987, employment in the federal government in-
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. 
1989 1970 1989 

100.0 100.0 100.0 

16.3 25.1 17.5 

83.7 74.9 82.5 

0.3 0.8 0.6 

7.1 4.3 2.9 

4.3 5.1 4.7 

4.9 5.8 5.1 

23.2 20.7 23.1 

5.3 5.0 6.1 

21.3 16.0 24.1 

17.3 17.1 15.9 

creased 1.1 percent per year, while state and local govern
ment employment increased 2.4 percent per year. Educa
tion accounts for the largest proportion of state and local 
government employment. The outlook for future employ
ment changes in this sector depends on the level of popu
lation growth and policy decisions. 

Employment in transportation, communications and 
public utilities increased at an annual rate of 2.5 percent 
from 1970 to 1987. The fastest growing category was trans
portation services, which include travel agencies, freight 
forwarding services, and shipping agents and brokers. Em
ployment in transportation services increased at an aver
age annual rate of 9.1 percent from 1970 to 1987. The 
largest categories of transportation and public utilities em
ployment in 1987 were trucking and warehousing, and 
communication services, with 29 percent and 32 percent 
respectively. Trucking and warehousing employment in
creased at an average annual rate of 3.6 percent. Employ
ment in communications increased at an average annual 
rate of 1. 7 percent. 

The discussion of non-manufacturing industries pres
ented thus far has centered on industries as defined by the 
Standard Industrial Classification (SIC) system. Industries 
such as the travel industry and port activity are not sepa
rated from other economic data to allow historical analysis 
of their importance to the regional economy. 

The travel industry, which includes tourism and busi
ness travel, has impacts on retail trade sectors, such as 
eating and drinking places, retail stores and service sta
tions. It affects transportation industries, such as transpor
tation services, and air or rail transportation. It has an 
impact on the services industry, which includes hotels and 
lodging places, personal services, and amusement and rec-
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reation services. It also has an impact on the government 
sector, through parks and recreation, national parks, na
tional and state forests, and the highway system. Because 
all of these services are consumed by the local population 
as well as out-of-state travelers, it is difficult to measure 
the impact of the travel industry on the economy. 

Nevertheless, the travel industry is an important activ
ity in the region. The beauty and diversity of the region's • 
natural environment provide opportunities for a variety of 
recreational activities. Factors that will aid the growth of 
the travel industry in the future include increases in real 
income and changes in the age composition of the popula
tion. State and local governments in the region have de
veloped programs to promote tourism and conventions, 
which will add to the industry's growth. 

Another economic activity that appears to have in
creased in importance is port activity related to trade with 
Alaska and other countries. The expansion of the econo
mies of the Pacific Rim countries and the region's proximi
ty to these countries point to increased trade and 
transportation activity. The employment impacts are diffi
cult to measure because they are spread across a number 
of SIC categories. Port activity affects the transportation, 
wholesale trade, services and financial industries. It has an 
impact on manufacturing industries, as well, by providing 
markets for goods produced in the region. A study by the 
Port of Seattle 7 showed a direct impact of 55,800 jobs re
sulting from the harbor and airport facilities. This estimate 
was for 1982, which was a year of worldwide economic 
slowdown. In addition, the estimate included jobs in King 
County only, which would underestimate the impact of the 
port on the state of Washington and the region. 

In recent years, more attention has focused on the 
non-manufacturing industries as an increasing source of 
jobs to the economy. The traditional approach to under
standing regional economic development emphasized 
manufacturing, agriculture and extractive industries as the 
basis for economic growth. Other industries were treated 
as secondary, providing support services to these industries 
and to the local population. A recent study of the services 
sector in the central Puget Sound region8 disputes this 
approach. The study interviewed firms from selected in
dustries in the services sector and estimated that approxi
mately one-third of the employment in these industries is 
linked to export markets. The study points out many areas 
where the dynamics of location and growth of non-manu
facturing industries have remained largely unexplored. 

In developing the range of forecasts of employment 
growth in the non-manufacturing industries, the Council 

and Bonneville have relied on national forecasts devel
oped by the WEFA Group and the Bureau of Labor Sta
tistics, comparing them to historical regional growth rates 
by industry. Tuble 5-15 shows a comparison of the fore
casts of non-manufacturing employment by industry with 
historical growth rates. 
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Changes in Productivity Growth 

The early phases of an economic recovery often show 
large gains in productivity. The conditions may exist at this 
time, however, for a more sustained growth in labor pro
ductivity in the United States that could last well beyond 
the cyclical impacts of recession and recovery. Some of the 
factors encouraging higher productivity growth were 
brought about by the recession. Intense foreign competi
tion and a high value of the U.S. dollar against foreign 
currencies in the early 1980s put downward pressure on 
prices. Efforts to increase profitability have focused on 
improving productivity. 

Over the long-term, demographic factors will have an 
impact on labor productivity growth. With the maturation 
of the baby-boom generation, there will be fewer young, 
inexperienced workers in the labor force. 

The impact of developments in high technology is just 
beginning to be observed in office automation, robotics, 
electronic technology and telecommunications. Spurred by 
foreign competition and tempted by numerous success 
stories, U.S. companies are turning to new technology to 
remain competitive in world markets. 

Two factors that may have dampened productivity 
growth in the 1970s may have contributed to productivity 
growth in the 1980s by their absence. These are energy 
price shocks and new federal regulations. The costs of ad
justing to higher prices and higher environmental stan
dards diverted funds from investments that contribute 
more directly to measures of productivity during the 1970s. 
These factors may have slowed down labor productivity 
growth in the 1970s. 

Table 5-16 shows rates of growth in real output per 
employee for manufacturing. As shown, productivity 
growth in the 1970s was slow compared to previous de
cades. The WEFA Group's long-term forecasts show a 
continuation of the trends established over the last 
20-years. Table 5-A-4 of Appendix 5-A shows productivity 
forecasts by industry for manufacturing industries. 

7. Port of Seattle. 1982 Economic Impact Study. October 1984. 

8. Beyers, William B.; Alvine, Michael J.; and Johnsen, Erik 
G.; Central Puget Sound Economic Development District. The 
Se,vice Economy: Export of Se,vices in the Central Puget Sound 
Region. April 1985. 
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Table 5-15 
Non-manufacturing Employment Projections-Average Annual Rate of Growth (%) 

1989-2010 

1970--19873 High Medium-High Medium Medium-Low Low 

Construction 2.7 2.3 1.7 0.9 0.6 0.3 

Transportation, Communica- 2.3 1.7 1.0 0.9 0.7 0.2 
tions and Public Utilities 

Trade 3.3 3.3 2.6 2.0 1.7 1.2 

• Wholesale Trade 2.6 3.1 2.5 1.9 1.5 0.9 

• Retail Trade 3.7 3.3 2.6 2.1 1.7 1.3 

• Food Stores 3.8 2.8 1.9 1.2 0.9 0.6 

• Eating and Drinking 6.0 4.1 3.6 3.2 2.8 2.3 
Places 

Finance, Insurance and 3.7 3.5 2.7 1.9 1.5 0.9 
Real Estate 

Services 5.5 3.8 2.9 2.6 2.3 2.0 

• Hotels and Lodging Places 2.5 2.9 2.5 2.1 1.6 1.2 

• Business Services 7.7 5.0 3.9 3.5 3.3 3.0 

• Health Services 5.3 4.2 3.3 3.0 2.8 2.4 

Government 2.2 2.5 1.8 1.2 0.9 0.7 

• Federal Government 1.1 1.9 1.3 0.7 0.3 0.0 

• State and Local 2.4 2.6 1.9 1.3 1.1 0.8 
Government 

a Historical data except government employment is based on County Business Patterns. The employment figures shown in this table 
are based on a survey of employment during the pay period including March 12. As such, they are not comparable to annual average 
data used in other segments of this report. They are used for illustration purposes in this table and in the text, because they are avail-
able at the level of industry detail needed. 

Table 5-16 
Real Output per Employee, U.S. Manufacturing-Average Annual Rate of Growth (%) 

Years Percent 

1959-1969 2.6 

1969-1979 2.3 

1979-1989 3.4 

1969-1989 2.9 

Forecast 1989-2010 Percent 

High 3.0 

Medium 2.9 

Low 2.7 
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Population, Households and Housing 
Stock 

Total population in the region was 9.0 million in 1990. 
Regional population increased at an average annual rate 
of 1.2 percent from 1980 to 1990, higher than the rate of 
U.S. population growth (LO percent) in the same period. 
In the 1970s, population growth in the region was twice 
the rate of U.S. population growth, and more than one
third faster than during the 1950s and 1960s. Washington 
was the fastest growir.tg state in the region during the 
1980s, while Idaho was the fastest growing during the 
1970s. Table 5-17 summarizes historical data on population 
and households. 

The number of households in the region and the na
tion grew at a higher rate than population. Growth in the 
number of households was most rapid in the 1970s. During 
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the 1970s, the baby-boom generation reached the 20 to 29 
year age group, where household formation rates are high. 
Smaller families also became more common. 

Householder rates, or the proportion of the popula
tion in an age group designated to represent a household, 
increased rapidly with the rise in divorce rates and single
person households. In the 1970s, householder rates in
creased dramatically for females over the age of 65, as 
more women in this group have maintained their own 
household, rather than move in with family or to group 
quarters. In addition, women in the 20 to 29 age group 
have maintained households at a higher rate. The combi
nation of shifts in age composition and of changes in 
householder rates lowered average household size in the 
region from 3.1 in 1970 to 2.7 in 1980. During the 1980s, 
average household size continued to drop, but at a much 
slower pace, to 2.5 in 1990. 

Table 5-17 
Total Population and Households 

Total Population (thousands) Average Annual Rate of Growth (%) 

1960 1970 1980 1990 1960-1970 1970-1980 1980-1990 

Washington 2,853.2 3,409.2 4,132.2 4,866.7 1.80 1.94 1.65 

Oregon 1,768.7 2,091.4 2,633.1 2,842.3 1.69 2.33 0.77 

Idaho 667.2 712.6 944.0 1,006.7 0.67 2.85 0.65 

Western Montana 231.7 253.5 294.5 303.3 0.90 1.51 0.30 

Pacific Northwest 5,520.8 6,466.7 8,003.8 9,019.0 1.59 2.16 1.20 

United States 180,671.0 204,878.0 227,020.0 248,710.0 1.27 1.03 0.92 

Total Households (thousands) Average Annual Rate of Growth (%) 

1960 1970 1980 199oa 1960-1970 1970-1980 1980-1990 

Washington 894.0 1,106.0 1,540.5 1,938.9 2.15 3.37 2.33 

Oregon 558.0 692.0 991.6 1,155.4 2.18 3.66 1.54 

Idaho 194.0 219.0 324.1 367.4 1.22 4.00 1.26 

Western Montana 70.0 79.0 106.4 114.9 1.25 3.47 0.77 

Pacific Northwest 1,716.0 2,096.0 2,%2.6 3,576.6 2.02 3.52 1.90 

United States 53,021.0 63,450.0 80,377.0 93,500.0 1.81 2.39 1.52 

Persons per Household 

1960 1970 1980 1990 

Pacific Northwest 3.22 3.09 2.70 2.52 

United States 3.41 3.23 2.82 2.66 

a Estimate. 
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The population forecast is derived from the forecast 
of total employment by using an average employment to 
population ratio. Changes in the employment to popula
tion ratio reflect changes in labor force participation, 
unemployment rates and age composition of the popula
tion. The participation of women in the labor force in
creased rapidly in the 1960s and 1970s. From 1960 to 1989, 
women in the labor force increased from 37 percent to 57 
percent. The employment to population ratios in this fore
cast incorporate the impacts of continued increases in fe
male labor-force participation, although at slower rates 
than in the past. The range of projections was based on 
national trends as forecast by the WEFA Group and the 
U.S. Bureau of Labor Statistics. Changes in employment 
to population ratios implied in the national forecasts were 
tracked in the state-level forecasts, maintaining historical 
differences between the state and national ratios. Table 
5-A-1 in Appendix 5-A shows employment to population 
ratios for each state for the ranges. 

The forecast for total households is obtained from the 
forecast of population after dividing by average household 
size. Changes in average household size reflect changes in 
the age composition of the population and householder 
rates by age group. The projections are based on national 
trends as forecast by the U.S. Bureau of the Census. The 
high and medium cases assume that householder rates will 
continue to increase, but at much slower rates than in the 
1970s. This results in part because of increases in the rela
tive cost of housing and in a slowing of increases in the 
divorce rate. The low case assumes that householder rates 
do not increase, but average household size decreases 
slightly because of changes in age composition. Average 
household size projections by state for the ranges are 
shown in Appendix 5-A, Table 5-A-2. 

Table 5-18 shows the forecasts of population and 
households that result from the assumptions described. 
There were 2.963 million occupied housing units in the 
region in 1980. Results from the 1980 U.S. Census indi
cated that approximately 78 percent of the occupied hous
ing stock was single-family units (1 to 4 units per 
building). An additional 14 percent was multifamily units, 
and 8 percent were manufactured homes. Change in the 
housing stock is the result of change in total households 
plus replacement of existing units. The proportion of new 
housing units by type is projected for each state. Table 
5-A-3 in Appendix 5-A shows the proportion of housing 
additions by type for each state and scenario. Changes in 
the stock of housing by type are shown in Table 5-19. 
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Personal Income 

Real per capita income is an important input to many 
econometric models of energy demand. It plays a far less 
critical role in the more structural end-use models used by 
the Council. The only sector it affects directly is the resi
dential sector, where it influences the penetration rate of 
certain types of appliances and the long-run expected use 
of appliances. In 1980, the personal income per capita of 
the Pacific Northwest was $10,392. That was 4.8 percent 
greater than the U.S. average of $9,916. 

Table 5-20 shows historical and forecast growth of real 
personal income per capita in the Pacific Northwest and 
for the United States. During the 1960s, income per capita 
increased at a slightly slower rate in the region than in the 
United States. In fact, the region's real income per capita 
dipped below the United States in 1970. Income per capita 
increased faster in the region than in the United States 
during the 1970s. Over the entire 20-year period from 
1960 to 1980, the region's per capita income increased at 
almost the identical rate as the United States average. 
From 1980 to 1989, regional real income per capita in
creased at half the national rate. The forecasts for 1989 to 
2010 are shown in Tobie 5-20 as well. 

Alternative Fuel Prices 

Assumptions about the future prices of natural gas, oil 
and coal are important determinants of demand for elec
tricity. These fuel price assumptions are important for two 
reasons. First, because these fuels are alternatives to elec
tricity in many uses of energy, their prices will affect the 
demand for electricity. This is particularly true for the res
idential and commercial sectors, where electricity, natural 
gas and oil compete for space heating, water heating, air 
conditioning and cooking. 

The second reason that fuel price are important is 
that they are highly uncertain. In the last 20 years, crude 
oil prices have varied between a low of less than $3 a bar
rel in 1970 and a high of $37 a barrel in 1981. Electricity 
demand forecasts are much less sensitive to fuel price 
changes than to changes in economic activity. (Sensitivity 
tests show that reducing fuel prices by one-half would 
reduce electricity demand by less than 5 percent.) Never
theless, the large uncertainty about fuel prices causes 
them to be a substantial factor in the risks facing electric
ity planning. 

The forecasts of fuel prices reflect an assumption that 
natural gas prices will tend to follow oil prices in the long 
run, although the current natural gas bubble is recognized 
in the forecast. The linkage of oil and natural gas prices 
results from the competition between residual oil and in
terruptible natural gas in the industrial sector boiler mar
kets. Coal is not currently competitive in industrial 
markets in the Northwest. However, as oil and natural gas 
prices rise, coal could become a third competitor in the 
industrial market. 
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Table 5-18 
Forecast of Population and Households 1989-2010 

Scenario 1980 1990 2010 Average Annual Rate of Growth (%) 

Total Population (thousands) 

High 13,799.4 2.1 

Medium-High 12,365.5 1.6 

Medium 8,003.7 9,019.0 11,641.7 1.3 

Medium-Low 11,007.7 1.0 

Low 10,260.3 0.6 

Total Households (thousands) 

High 6,274.2 2.9 

Medium-High 5,343.3 2.0 

Medium 2,962.6 3,576.6 5,030.8 1.7 

Medium-Low 4,755.2 1.4 

Low 4,021.8 0.6 

Table 5-19 
Housing Stock Projections-Share of Occupied Housing Units (%) 1980-2010 

2010 

1980 High Medium-High Medium Medium-Low Low 

Single-Family (1-4 units) 77.8 77.1 72.4 70.5 69.1 67.4 

Multifamily (5 and more units) 14.4 15.2 17.2 18.5 19.4 21.8 

Manufactured Housing 7.8 7.7 10.4 11.0 11.5 10.8 

Table 5-20 
Real Income per Capita-Average Annual Rate of Growth (%) 

Pacific Northwest United States 

Historical 

1960-1970 2.9 3.2 

1970-1980 2.7 2.2 

1980-1989 1.0 2.0 

Forecast 1989-2010 

High 2.9 1.6 

Medium-High 2.4 

Medium 1.8 1.4 

Medium-Low 1.4 

Low 1.1 1.1 

118 1991 NORTHWEST POWER PLAN-VOLUME II 



ECONOMIC FORECASTS FOR THE PACIFIC NORTHWEST 

Prices of oil products, such as heating oil or gasoline, 
follow world crude oil prices. Thus, assumptions about 
world crude oil prices are the starting point for forecasts 
of alternative fuel prices. Shortly after the Council's 1986 
plan was published, world oil prices collapsed to less than 
half their previous levels. This event demonstrated, in 
many analysts' minds, that oil prices of more than $30 per 
barrel are not sustainable for long. After 1986, and until 
Iraq's invasion of Kuwait, oil prices varied between $14 
and $18 on an annual basis with more variation on a 
monthly basis. 

Iraq's invasion of Kuwait, and the subsequent block
ade of those countries, sent oil prices above $30 during the 
later part of 1990. Immediately following the beginning of 
military action against Iraq, oil prices dropped well below 
$30 and are now back near $20 a barrel. Nearly all analysts 
agree that future oil prices are likely to be volatile. Recent 
events in the Middle East are a good example of such vol
atility that can cause prices to move temporarily above or 
below the proposed range of assumptions. The potential 
for such volatility is not reflected in the proposed assump
tions. Instead, the assumptions are meant to bracket alter
native trends in oil prices about which fluctuations would 
likely occur. 

The range of world oil price assumptions proposed in 
this paper encompasses the recent forecasts of many ana
lysts. The range is illustrated in Figure 5-3 and Tobie 5-21. 
Figure 5-3 also illustrates the historical pattern of oil 

World Oil 
Prices 

Figure 5-3 
World Oil Prices
Historical and 
Forecast Range to 
2010 
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prices from 1970 to 1990, including the large increases of 
1973 and 1979 and the collapse in 1986. It is also clear 
from Figure 5-3 that the real oil price decreased dramati
cally between 1981 and 1985 even though that decrease 
did not cause the stir that resulted from the 1986 collapse. 

The medium forecast shows real world oil prices (in 
1990 dollars) growing at 3.2 percent per year from current 
levels, reaching $35 per barrel by the year 2010. The range 
about this medium forecast reflects a judgment that there 
is slightly more risk on the high side than on the low side. 
In 2010 the high oil price is $19 above the medium, while 
the low oil price is $17 below the medium. 

The low forecast assumes that oil prices remain near 
1989 levels in real terms; that is, they increase at about 
the same rate as general economic price inflation. This 
scenario would be consistent with very favorable oil and 
natural gas supplies combined with significant progress in 
improved energy efficiency even with low price incentives. 
Under such conditions, the Organization of Petroleum 
Exporting Countries (OPEC) would not be able to exer
cise effective control of world oil markets. 

In the high scenario, per barrel prices recover into the 
low-20s by 1990 and continue to make significant real 
gains, reaching $54 by 2010. Such a future could be consis
tent with OPEC having a fairly secure control of oil mar
kets. That could happen if new oil and gas discoveries are 
disappointing, the world experiences strong economic 
growth, and efficiency improvements are slow in being 
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Table 5-21 
World Oil Prices (1990 Dollars per Barrel) 

High Medium-High Medium Medium-Low Low 

Prices 

1989 18 18 

1995 32 27 

2000 43 35 

2005 52 39 

2010 54 43 

Growth Rates(%) 

1989-2010 5.4 4.2 

realized. The medium-low and medium-high forecasts 
bound a more likely long-term range that spans from $27 
to $43 per barrel in 2010. 

The range of oil price assumptions is significantly low
er than those used for the Council's 1986 Power Plan. Fig
ure 5-4 compares the new assumptions with the Council's 
1986 plan range, which is shown with dashed lines. The 
figure shows that actual oil prices fell below the 1986 low 
case after 1986. The price assumptions were revised for 
the Council's 1989 Power Plan Supplement and the Au
gust 1989 Bonneville white book forecast. The assump
tions for the 1991 Power Plan are similar to those used in 
these recent forecasts. 

As described above, oil price assumptions provide the 
basis for forecasting retail prices of the important fuel 
competitors to electricity. Some important assumptions 
and forecast characteristics can be illustrated by focusing 
on the industrial sector where the most important inter
fuel competition takes place. The relative forecasts of 
crude oil prices and the retail prices of fuels are illustrated 
for the industrial sector medium forecast in Figure 5-5. 

120 

18 18 18 

20 17 14 

28 23 17 

32 25 17 

35 27 18 

3.2 1.9 0.0 

Industrial interruptible natural gas prices are expected 
to eventually equate to residual oil prices, but remain be
low that equilibrium condition until the year 2000, reflect
ing a prolonged weakness in natural gas markets. This 
weakness reflects the "gas bubble" and the existence of 
large gas supplies in western Canada with limited trans
portation to eastern markets. The shaded area in Figure 
5-5 shows the near-term weakness in interruptible natural 
gas price forecasts compared to residual oil. 

Coal prices are currently set at a floor that approxi
mates the cost of coal production. There is currently a 
large amount of excess capacity in western coal mining. 
This large surplus, combined with slow growth in coal de
mand, serves to keep coal prices depressed. Only in the 
later years of the higher oil price scenarios is there signifi
cant strengthening of coal prices. 

The retail price forecasts for each consuming sector 
are related to the industrial residual fuel oil price and in
terruptible natural gas price using average historical price 
differences. Tubles in Appendix 5-C show forecasts of re
tail prices for the residential, commercial and industrial 
sectors, respectively. These price forecasts are used in 
forecasting electricity demand. 

1991 NORTHWEST POWER PLAN-VOLUME II 



ECONOMIC FORECASTS FOR THE PACIFIC NORTHWEST 

World Oil 
Prices 

Figure 5-4 
World Oil Prices
Compared to 
Council's 1986 
Power Plan 
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Industry Price 
Comparisons
Medium Case 
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APPENDIX 5-A DETAIL ON ECONOMIC INPUT ASSUMPTIONS 

Table 5-A-1 
Employment-Population Ratios 

1985 1990 1995 2000 2005 2010 

Washington 

High .414 .462 .480 .495 .505 .515 

Medium-High .414 .462 .467 .477 .485 .493 

Medium .414 .462 .456 .462 .468 .473 

Medium-Low .414 .462 .445 .452 .459 .466 

Low .414 .462 .428 .438 .447 .457 

Oregon 

High .422 .474 .493 .510 .520 .531 

Medium-High .422 .474 .479 .490 .500 .508 

Medium .422 .474 .468 .474 .480 .485 

Medium-Low .422 .474 .455 .462 .469 .475 

Low .422 .474 .440 .450 .459 .468 

Idaho 

High .400 .445 .460 .475 .485 .495 

Medium-High .400 .445 .450 .460 .468 .474 

Medium .400 .445 .443 .449 .455 .460 

Medium-Low .400 .445 .436 .438 .439 .440 

Low .400 .445 .423 .427 .430 .433 

Western Montana 

High .321 .354 .370 .385 .395 .405 

Medium-High .321 .354 .359 .370 .378 .386 

Medium .321 .354 .358 .364 .370 .375 

Medium-Low .321 .354 .348 .349 .350 .351 

Low .321 .354 .331 .335 .339 .342 

Pacific Northwest 

High .412 .463 .478 .494 .504 .514 

Medium-High .412 .463 .465 .476 .484 .492 

Medium .412 .463 .455 .461 .467 .472 

Medium-Low .412 .463 .444 .450 .456 .462 

Low .412 .463 .428 .437 .445 .454 
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DETAIL ON ECONOMIC INPUT ASSUMPTIONS APPENDIX 5-A 

Table 5-A-2 
Average Household Size 

1980 1985 1990 1995 2000 2005 2010 

Washington 

High 2.61 2.51 2.40 2.30 2.22 2.18 

Medium 2.68 2.61 2.51 2.42 2.36 2.31 2.29 

Low 2.61 2.51 2.56 2.56 2.56 2.56 

Oregon 

High 2.56 2.46 2.35 2.28 2.22 2.18 

Medium 2.66 2.56 2.46 2.38 2.33 2.29 2.28 

Low 2.56 2.46 2.52 2.53 2.54 2.55 

Idaho 

High 2.84 2.74 2.54 2.45 2.40 2.36 

Medium 2.91 2.84 2.74 2.66 2.60 2.55 2.53 

Low 2.84 2.74 2.82 2.84 2.85 2.86 

Western Montana 

High 2.70 2.64 2.44 2.35 2.28 2.24 

Medium 2.77 2.70 2.64 2.54 2.48 2.42 2.40 

Low 2.70 2.64 2.63 2.62 2.61 2.60 

Pacific Northwest 

High 2.62 2.52 2.40 2.31 2.24 2.20 

Medium 2.70 2.62 2.52 2.44 2.38 2.34 2.31 

Low 2.62 2.52 2.52 2.53 2.54 2.55 
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APPENDIX 5-A DETAIL ON ECONOMIC INPUT ASSUMPTIONS 

Table 5-A-3 
Share of Housing Additions by Type of Housing Unit 1987-2010 (% of New Housing Starts) 

High Medium-High Medium Medium-Low Low 

Washington 

Single-Family (1-4 units) 75 65 60 55 45 

Multifamily (5 and more units) 16 20 23.5 27 35 

Manufactured Housing 9 15 16.5 18 20 

Oregon 

Single-Family (1-4 units) 76 68 65 62 51 

Multifamily (5 and more units) 13 16 17 18 27 

Manufactured Housing 11 16 18 20 22 

Idaho 

Single-Family (1-4 units) 81 71 67.5 64 55 

Multifamily (5 and more units) 8 10 11 12 17 

Manufactured Housing 11 19 21.5 24 28 

Western Montana 

Single-Family (1-4 units) 82 70 62.5 55 45 

Multifamily (5 and more units) 05 10 12.5 15 20 

Manufactured Housing 13 20 25 30 35 
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DETAIL ON ECONOMIC INPUT ASSUMPTIONS APPENDIX 5-A 

Table 5-A-4 
Production per Employee by Indust,ya-Average Annual Rate of Growth (%) 1989-2010 

SIC High Mediumb Low 

20 3.1 2.9 2.7 

22 4.1 3.9 3.7 

23 2.8 2.6 2.4 

25 2.4 2.2 2.0 

27 1.0 0.8 0.6 

29 3.4 3.2 3.0 

30 3.2 3.0 2.8 

31 2.2 2.0 1.8 

32 2.4 2.2 2.0 

33:XX 1.6 1.5 1.5 

34 2.3 2.1 1.9 

35 4.7 4.5 4.3 

36 4.5 4.3 4.1 

37 3.1 2.8 2.6 

38 4.1 3.9 3.7 

39 4.3 4.3 4.4 

a Refer to Appendix 5-B, Table 5-B-1 for a listing of SIC Codes. 

b Growth rates shown are used in the medium-high, medium and medium-low cases except for the lumber, paper and chemicals 
industries. Forecasts for production per employee for the lumber, paper and chemicals industries are shown in the sections discussing 
the outlook for those industries. 
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APPENDIX 5-B 

MANUFACTURING FORECASTS 
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APPENDIX 5-B MANUFACTURING FORECASTS 

Table 5-B-1 
SIC Code Listings 

SIC Code Industry Name SIC Code Industry Name 

20 Food and Kindred Products 3334 Primary Aluminum 

22 Textiles 40-49 Transportation and Public Utilities 

23 Apparel 50-51 Wholesale Trade 

25 Furniture 52, 53+ Retail Trade except Food Stores (54) 
and Eating and Drinking Places (58) 

27 Printing and Publishing 54 Food Stores 

29 Petroleum Refining 58 Eating and Drinking Places 

30 Rubber and Plastics 60-67 Finance, Insurance and Real Estate 

31 Leather and Leather Products 70 Hotels and Lodging 

32 Stone, Clay, Glass and Concrete 72 Personal Services 

33:XX Primary Metals except Aluminum 73 Business Services 

34 Fabricated Metals 76 Miscellaneous Repair Services 

35 Machinery except Electrical 80 Health Services 

36 Electrical Machinery 81 Legal Services 

37 Transportation Equipment 82,941 Educational Services 

38 Professional Instruments 83 Social Services 

39 Miscellaneous Manufacturing 75, 78+ Other Services 

2421 Sawmills and Planing Mills 89 Miscellaneous Services 

2436 Softwood Veneer and Plywood 90-99 Government except Education (941) 

24:XX Other Lumber and Wood Products 

2611 Pulp Mills 

2621 Paper Mills 

2631 Paperboard Mills 

26:XX Other Paper Products 

2812 Alkalies and Chlorine 

2819 Elemental Phosphorus 

28:XX Other Chemicals 
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APPENDIX 5-C FUEL PRICE FORECASTS 

Table 5-C-1 
Residential Fuel Prices 

Natural Gas (1990 dollars per million British thermal units) 

High Medium-High Medium Medium-Low Low 

Prices 

1989 5.53 5.53 5.53 5.53 5.53 

2000 8.65 7.40 6.44 5.65 4.86 

2010 10.24 8.65 7.40 6.30 5.02 

Growth Rates(%) 

1989-2010 3.00 2.20 1.40 0.60 -0.50 

Heating Oil (1990 dollars per million British thermal units) 

High Medium-High Medium Medium-Low Low 

Prices 

1989 6.43 6.43 6.43 6.43 6.43 

2000 9.21 7.69 6.39 5.42 4.44 

2010 11.27 9.21 7.69 6.28 4.66 

Growth Rates(%) 

1989-2010 2.70 1.70 0.90 -0.10 -1.50 

Table 5-C-2 
Commercial Fuel Prices 

Natural Gas (1990 dollars per million British thermal units) 

High Medium-High Medium Medium-Low Low 

Prices 

1989 4.64 4.64 4.64 4.64 4.64 

2000 7.80 6.53 5.58 4.78 3.99 

2010 9.39 7.80 6.53 5.43 4.15 

Growth Rates(%) 

1989-2010 3.40 2.50 1.60 0.80 -0.50 

Oil (1990 dollars per million British thermal units) 

High Medium-High Medium Medium-Low Low 

Prices 

1989 5.29 5.29 5.29 5.29 5.29 

2000 8.77 7.15 5.96 4.98 4.01 

2010 10.72 8.77 7.15 5.85 4.22 

Growth Rates(%) 

1989-2010 3.40 2.40 1.40 0.50 -1.10 
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FUEL PRICE FORECASTS APPENDIX 5-C 

Table 5-C-3 
Industrial Fuel Prices 

Natural Gas (1990 dollars per million British thermal units) 

High Medium-High Medium Medium-Low Low 

Prices 

1989 3.37 3.37 3.37 3.37 3.37 

2000 6.61 5.34 4.40 3.61 2.80 

2010 8.20 6.61 5.34 4.24 2.96 

Growth Rates(%) 

1989-2010 4.30 3.30 2.20 1.10 --0.60 

Oil (1990 dollars per million British thermal units) 

High Medium-High Medium Medium-Low Low 

Prices 

1989 4.30 4.30 4.30 4.30 4.30 

2000 8.55 6.97 5.79 4.79 3.79 

2010 10.54 8.55 6.97 5.59 3.98 

Growth Rates(%) 

1989-2010 4.40 3.30 2.30 1.30 --0.40 

Coal (1990 dollars per million British thermal units) 

High Medium-High Medium Medium-Low Low 

Prices 

1989 2.35 2.35 2.35 2.35 2.35 

2000 3.09 2.91 2.68 2.42 2.12 

2010 3.87 3.48 2.99 2.48 1.95 

Growth Rates(%) 

1989-2010 2.40 1.90 1.20 0.30 -0.90 
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DETAILED TABLES APPENDIX 5-D 

APPENDIX 5-D 

DETAILED TABLES 
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MANUFACTURING EMPLOYMENT (1000'5) HIGH SCENARIO - REGION 2/22/91 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 

------------------------------------------------------------------------------------------------------------------------------------
20 73.900 71. 965 72.925 75.550 76.475 78.300 80.298 81.347 82.097 82.848 83.600 85.500 87.200 87.900 
22 3.000 2.550 2.900 3.100 3 .100 3.500 3.720 3.739 3.859 3.880 4.000 4.100 4.200 4.200 
23 10.025 8.900 8.550 8.950 9.050 9.450 10.666 11. 235 11.705 12.176 12.550 13.450 14.400 15.100 
25 6.150 7.240 7.050 7.950 7.850 8.250 9.217 9.736 10.156 10.577 10.950 12.000 12.853 13.450 
27 29.650 34.000 37.925 39.850 41.025 41. 775 47.600 49.925 52.150 54.475 56.700 66.400 74.700 82.300 
29 2.800 2.225 2.350 2.450 2.450 2.750 3.076 3.154 3.234 3.316 3.400 3.600 3.700 3.800 
30 6.900 8.575 10.025 11.210 12.010 12.540 14.757 15.966 17.176 17.987 19.000 24.150 28.500 31. 750 
31 0.700 0.925 1.080 1.160 1.260 1.140 1.538 1.576 1.616 1.658 1.700 1.800 1.800 1.800 
32 13.100 10.725 11.580 12.490 12.900 14.100 14.906 15.512 15.968 16.424 16.730 18.250 19 .371 20.300 
33XX 20.800 15.350 15.550 16.550 17.550 18.450 19.807 20.085 20.305 20.526 20.750 20.900 20.900 20.800 
34 26.750 22.850 22.975 24.350 26.625 27.250 28.368 29.187 30.007 30.728 31.450 34.900 38.150 41.100 
35 37.750 38.625 37.525 40.650 43.175 44.900 52.325 55.050 57.675 59.800 61.800 72.500 79.400 83.300 
36 22.550 28.875 30.175 28.700 32.325 35.025 42.367 44.257 45.866 47.496 49.050 56.075 64.104 70.025 
37 109.450 99.825 118.150 129.500 141.500 142.700 158.123 163.399 166.679 169.962 171.250 174.750 178.450 181.500 
38 25.950 25.725 23.320 28.330 27.940 26.850 29.805 30.771 31.751 32.744 33.750 37.503 41.550 45.100 
39 7.350 7.400 8.600 10.350 11.900 10.650 12.894 13.613 14.458 15.404 16.250 18.100 18.950 19.700 
2421 52.427 44.300 47.250 47.200 47.000 44.900 47.568 48.999 47.761 45.828 45.816 41.016 42.350 42.691 
2436 26.582 20.900 21.900 20.900 20.750 19.125 21.208 21.607 20.701 19.018 18.379 13.606 12.944 12.413 
24XX 61.066 57.100 60.100 63.400 62.650 59.450 63.806 63.577 63.685 63.792 63.900 63.520 62.826 61.868 
2611 2.974 2 .100 2.050 2 .100 2.500 2.500 2.478 2.458 2.435 2.413 2.393 2.290 2.191 2.097 
2621 14.143 13.410 12.650 12.900 13.700 13.700 13.670 13.647 13.627 13.609 13.587 13.498 13.435 13.391 
2631 5.037 5.000 4.900 4.850 5.447 5.550 5.524 5.498 5.470 5.443 5.418 5.288 5.160 5.036 
26XX 7.896 7.815 8.750 8.500 8.500 8.600 9.173 9.308 9.438 9.563 9.684 10.094 10.205 9.708 
2812 0.763 0. 700 0. 700 0.700 0.600 0. 700 0.702 0. 704 0. 706 0.708 0. 710 0.717 0. 708 0.688 
2819 6.567 8.890 8.780 9.780 9.583 9.980 10.684 10.988 11.398 11. 794 12.097 12.589 13.090 13.561 
28XX 7.470 7.650 7.650 7.900 8.004 8.600 8.578 8.636 8.680 8.726 8.773 8.982 9.118 9.155 
3334 10.350 7.250 5.850 7.300 7.600 7.500 7.600 7.600 7.600 7.600 7.600 7.600 7.600 7.600 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 592.100 560.870 591.260 626.670 653.468 658.235 720.458 741.573 756.204 768.497 781.287 823.177 867.855 900.331 
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NON-MANUFACTURING EMPLOYMENT (1000'S) HIGH SCENARIO - REGION 2/22/91 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------
40-49 179.500 176.500 181.550 187.700 196.700 203.600 211. 300 216.014 221. 869 227.414 232.654 254.484 270.705 284.046 
50-51 194.000 195.700 203.375 213.275 229.000 239.200 249.519 258.487 267.140 277.780 288.756 338.631 386.307 433.276 
62,53+ 275.100 279.300 300.050 314.100 332.676 346.660 369.042 372.210 383.358 398. 772 414.807 483.415 644.613 606.233 
54 76 .100 92.400 105.126 110.800 117.300 123.900 129.400 135.100 139.269 143.432 147.217 167.784 188.374 207.476 
68 196.500 218.400 233.276 241.600 250 .100 261. 300 287.683 302.080 316.274 332.383 349.319 425.862 601.947 684.456 
60-67 188.900 193.400 202.450 206.650 210.750 215.550 240.664 251.445 262.719 274.600 286.808 339.045 387.421 437.428 
70 40.200 42.600 45.800 48.860 52.300 66.400 67.532 69.733 61.693 64.110 66.489 76.636 86.107 95.482 
72 29.600 35.000 36.075 34.100 36.276 37.160 44.698 46.329 48.088 49.933 61.795 58.081 64 .199 70.126 
73 89.800 109.800 138.475 123.200 133.660 142.760 170.900 180.350 189.500 197.700 205.900 268.874 313.423 376.371 
76 9.800 10.500 11.350 12.750 14.225 14.814 16.030 16.755 17.400 17.993 18.641 21.506 24.756 28.150 
80 179.800 212.350 231.100 240.600 252.300 269.000 293.972 308.063 322.829 338.040 363.721 435.217 616.168 698.609 
81 17.400 22.700 25.700 26.900 27.925 29.300 33.176 36.086 37.096 39.210 41.435 52.669 64.858 79.061 
83 31.800 41.800 47.525 66.500 61.000 63.900 69.000 72.265 74.737 77.102 79.934 94.498 109.902 126.413 
89 36.400 36.000 39.100 65.800 71.160 76.300 82.039 87.400 92.850 97.369 101.969 118.556 130.331 141.700 
76,78+ 122.600 141.125 150.850 168.900 168.600 177.600 190.473 198.074 206.960 214.044 222.439 254.751 284.921 316.007 
82 19.800 24.200 27.500 32.800 34.600 36.800 36.600 36.300 37.100 37.900 38.700 43.700 49.200 64.800 
941 279.700 280.275 291.400 299.600 306.700 317.900 327.700 336.700 345.700 356.000 364.500 414.474 466.337 622.495 
90-99 230.300 236 .100 248.300 257.500 266.400 276.300 289.358 299.680 310.271 321.686 333.747 380.513 419.360 466.664 
Const 161.300 132.600 140.600 153.750 171.060 184.600 181.301 187.171 192.124 196.561 200.985 225.185 260.961 276.406 
Agric 292.200 286.600 286.200 286.066 284.100 288.296 288.778 289.168 289.638 289.919 290.300 293.000 296.599 298.100 
Mining 13.300 9.875 9.075 10.075 10.900 11. 800 13.391 14.187 14.487 14.891 16.200 16.300 17.000 17.600 
Fd Gvt 117.300 116. 360 118.300 120.660 122.200 127.200 136.261 138.126 139.926 141. 961 144.100 166.700 168.200 181.800 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 2779.400 2893.676 3073.176 3199.955 3348.800 3497.309 3707.696 3840.613 3969.928 4107.690 4249.417 4908.879 5539.668 6190.498 

--------- ----- ------------------------------===------======----==================================================================== 
TOTAL 3371.500 3454.446 3664.435 3826.626 4002.269 4155.544 4428.154 4582.186 4726.132 4876.187 5030.704 5732.057 6407.523 7090.830 
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HOUSING, POPULATION, HOUSEHOLDS, AND INCOME HIGH SCENARIO - REGION 2/22/91 

2000 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------
HOUSING 

SF 2304.022 2428.959 2496.974 2566.797 2648.227 2708.515 2904.320 3011.029 3111.863 3221.097 3336.717 3842.219 4360.053 4834.096 
MF 427.732 492.379 515.462 529.422 544.345 556.469 592.308 611.664 630.040 650.171 671.358 766.310 864.356 953.878 
MO 230.919 280.062 293.064 299.991 306.619 311.642 334.323 345.087 354.773 365.180 376.182 417.407 455.395 486.176 

TOTAL 2962.673 3201.400 3305.500 3396.211 3499.190 3576.626 3830.950 3967.781 4096.676 4236.448 4384.257 5025.936 5679.804 6274.150 

POPUL 8003.820 8389.700 8532.000 8668.200 8860.400 9019.000 9539.356 9790.40010015.80810261.81910520.61711612.52712721.09413799.382 

HHLDS 2962.673 3201.400 3305.500 3396.210 3499.190 3576.626 3830.950 3967.781 4096.676 4236.448 4384.257 5025.936 5679.804 6274.150 

PCI 10360.21 10444.04 10790.19 10978.09 11372.39 11453.48 12078.08 12416.06 12764.35 13124.62 13494.49 15586.98 18004.77 20797.36 
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MANUFACTURING EMPLOYMENT (1000'S) HIGH SCENARIO - WASHINGTON 2/22/91 :ii 
trl 
(/) ..., 

INDUSTRY 1980 1986 1987 1988 1989 1990 1991 1992 1993 1994 1996 2000 2006 2010 "0 
0 ------------------------------------------------------------------------------------------------------------------------------------~ 20 31.900 31.100 32.300 34.200 36.600 36.900 36.700 36.300 36.600 36.900 37 .100 38.000 39.000 39.000 
" ..,, 22 1.000 0.900 1.000 1.200 1.200 1.300 1.600 1.600 1.600 1.600 1.700 1.700 1.700 1.700 s: 23 6.600 6.200 5.700 6.000 6.000 6.200 7.200 7.700 8.100 8.600 8.800 9.600 10.300 11.000 z 26 3.300 3.800 3.800 4.200 4.000 4.300 6.100 5.600 6.800 6.100 6.400 7.000 7.600 8.000 I 

6 27 15.800 17.600 20.100 21. 400 22 .100 22.000 26.600 26.600 27.600 28.500 29.500 35.000 40.000 46.600 
t'"' 29 2 .100 1.800 1.800 1.900 1.900 2.200 2.357 2.416 2.476 2.537 2.600 2.800 2.900 3.000 
C: 
:;:: 30 3.600 4.600 6.100 6.800 6.200 6.600 7.300 7.700 8.100 8.400 8.700 10.800 12.500 14.000 
trl 31 0.400 0.400 0.400 0.500 0.600 0.500 0.619 0.638 0.668 0.679 0.700 0.800 0.800 0.800 = 32 6.900 6.400 6.900 7.300 7.600 7.900 8.200 8.600 8.800 9.100 9.300 10.300 11.000 11.600 

33XX 9.000 6.900 6.900 7 .100 7.300 7.600 8.698 8.697 8.797 8.898 9.000 9.300 9.600 9.600 
34 11.800 9.700 10.500 10.900 11.800 12.200 12.600 12.900 13.200 13.700 14.200 16.600 18.500 20.000 
36 16.000 17.100 16.200 18.000 19.000 19.600 22.000 23.000 24.000 26.000 26.000 31.000 36.000 37.000 
36 11. 200 12.100 13.200 10.500 11.700 12.100 16.669 17.139 17.738 18.358 19.000 22.000 26.000 29.000 
37 98.350 89.600 106.200 116. 200 128.500 128.900 142.000 147.000 160.000 163.000 164.000 166.900 160.000 162.600 
38 6.400 10.700 10.800 14.600 14.900 14.700 16.600 16.000 16.600 17.000 17.500 19.000 20.500 21. 600 
39 4.600 4.600 4.800 6.600 5.900 6.600 6.800 7.200 7.700 8.100 8.600 9.000 9.600 10.000 
2421 16.027 13.400 14.600 15.200 15.300 14.700 16. 716 16.901 16.301 14.469 14.343 12.302 12.663 12.891 
2436 4.982 4.200 3.900 3.600 3.100 3.000 3.198 3.240 3.099 2.844 2.736 2.056 1.991 1.936 
24XX 25.991 20.700 22.000 22.800 22.700 21.900 23.066 22.788 22.831 22.875 22.919 22.783 22.634 22.190 
2611 2.974 2 .100 2.060 2.100 2.600 2.600 2.478 2.458 2.436 2.413 2.393 2.290 2.191 2.097 
2621 8.818 9.000 8.400 8.700 9.300 9.300 9.278 9.262 9.247 9.237 9.221 9.161 9.118 9.088 
2631 1.637 1.200 1.200 1.200 1.600 1.600 1.693 1.585 1.677 1.569 1.662 1.524 1.488 1.452 
26XX 4 .171 4.400 4.950 6.100 4.900 6.000 6.462 6.614 6.576 5.639 6.703 5.954 6.081 6.891 
2812 0.613 0.600 0.600 0.600 0.400 0.600 0.501 0.603 0.606 0.606 0.607 0.612 0.606 0.491 
2819 5.300 7.700 7.700 8.700 8.600 8.900 9.600 9.900 10.307 10.700 11.000 11.600 12.013 12.600 
28XX 2.887 3.100 3.300 3.300 3.300 3.600 3.679 3.607 3.636 3.664 3.693 3.817 3.863 3.846 
3334 7.700 6.800 4.400 6.600 6.900 5.900 5.900 6.900 5.900 6.900 6.900 6.900 6.900 6.900 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 308.760 296.400 318.600 342.100 361.600 364.200 397.881 409.348 417.982 426.188 432.977 467.499 483.048 602.481 
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NON-MANUFACTURING EMPLOYMENT (1000'S) HIGH SCENARIO - WASHINGTON 2/22/91 I b 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 

------------------------------------------------------------------------------------------------------------------------------------
40-49 91.400 93.600 98.500 101.900 107.900 112.000 114 .000 115 .875 118. 983 122.174 125.451 138.362 147.520 155.381 
50-51 100.500 105.700 111.400 116.400 124.600 132.100 136.004 140.000 144.645 151.241 158.137 187.458 214.796 243.185 
52,53+ 141.000 146.900 161.200 168.800 179.100 189.000 196.001 202.643 206.699 215.082 223.805 261.808 296.068 330.808 
54 38.200 49.200 57.400 59.900 62.300 65.400 68.000 71.000 73.000 75.000 77.000 89.000 101.000 110 .822 
58 101.600 118. 900 128.200 132.500 135.000 141.600 158.931 167.234 175.970 185.163 194.836 238.424 282.080 329.680 
60-67 91.800 99.600 107.500 109.400 112 .300 116.300 128.211 134.083 140.224 146.647 153.363 181. 975 208. 715 236.532 
70 17.800 20.100 21.500 22.900 24.700 26.100 26.755 27.926 29.150 30.426 31.759 37.322 42.391 47.574 
72 16.000 19.900 20.800 19.700 20.400 21. 500 26.806 27.754 28.736 29.752 30.805 33.847 37.151 40.298 
73 52.900 61.000 78.000 70.000 76.500 83.700 98.700 103.000 108.000 112.000 116.000 145.000 175.837 215.147 
76 5.500 5.600 5.900 6.900 8.000 8.400 8.807 9.045 9.200 9.400 9.652 11.061 12.922 14.914 
80 95.800 117.400 129.300 134.600 140.800 151.200 164.172 171.919 180.032 188.527 197.424 243.545 290.375 342.114 
81 9.200 12.400 14.400 15.000 15.600 16.500 18.041 19.055 20.126 21.257 22.452 28.836 35.797 43.905 
83 15.600 22.600 25.000 27.200 29. 700 31.400 34.000 35.565 36.537 37.402 38.834 46.098 54.302 63.189 
89 19.500 21.100 23. 100 37.500 40.700 43.000 46.122 49.239 52.397 55.596 58.838 70.102 75.188 80.768 
75,78+ 66.800 83.500 89.000 95.400 101.100 106.700 112.616 117.193 121. 956 126.912 132.070 151.347 170.235 189.189 
82 8.900 12.000 13.100 14.700 15.900 16.700 15.600 16.000 16.400 16.900 17.300 19.700 22.500 25.600 
941 145.500 143.600 151.100 156.000 160.600 166.300 170.400 174.900 179.500 184.200 189.100 215.400 245.300 279.400 
90-99 117.400 129.100 135.500 141.300 146.800 152.100 158.465 164.597 170.967 177.584 184.456 211.524 234.457 256.758 
Const 92.600 80.600 88.900 96.600 106.600 115 .300 112.919 115 .828 118 .813 121.875 125.015 141.160 158.777 176.455 
Agric 119.300 115 .100 114.400 113. 300 112 .300 113.812 114 .094 114.377 114.661 114.946 115. 231 115.840 117.153 118.086 
Mining 3.200 2.700 3.000 3.300 3.600 4.000 4.439 4.879 4.919 5.059 5.100 5.200 5.300 5.400 
Fd Gvt 67.900 70.100 70.600 71.400 72.000 74.500 82.660 83.940 85.240 86.560 87.900 95.000 102.600 110. 900 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 1418.400 1530.700 1647.800 1714.700 1796.500 1887.612 1995.743 2066.052 2136.155 2213.703 2294.528 2668.009 3030.464 3416.105 

---------==-----------------------=---============================================================================================== 
TOTAL 1727.150 1826.100 1966.400 2056.800 2158.100 2251.812 2393.624 2475.400 2554.137 2639.891 2727.505 3125.508 3513.512 3918.585 
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HOUSING, POPULATION, HOUSEHOLDS, AND INCOME HIGH SCENARIO - WASHINGTON 2/22/91 

1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 20-.1(; 

-----------------------------------------------------------------------------------------------------------------------------------~ 
HOUSING 

SF 1193.211 1266.263 1310.322 1352.553 1407.204 1444.958 1544.719 1597.752 1649.085 1708.845 1770.317 2059.622 2358.996 2636.070 
MF 250.130 298.660 315. 713 325.258 337.281 346.690 367.380 379.066 390.390 403.620 417.018 480.649 546.396 607.041 
MO 97.169 126.178 134.966 139.189 144.801 148.276 169.084 164.162 168.916 174.662 180.291 206.016 228.696 248.211 

TOTAL 1640.610 1691.000 1761.000 1817.000 1889.286 1938.924 2071.183 2140.979 2208.391 2286.927 2367.626 2746.286 3133.986 3490.323 

POPUL 4132.160 4406.000 4638.000 4619.000 4761.000 4866.700 6136.633 6266.809 6388.476 6634.363 6682.302 6314.168 6967.460 7608.904 

HHLDS 1540.610 1691.000 1761.000 1817.000 1889.286 1938.924 2071.183 2140.979 2208.391 2286.927 2367.626 2746.286 3133.986 3490.323 

PCI 10725.00 10924.00 11268.00 11383.00 11774.00 11798.00 12464.60 12813.50 13172.20 13641.10 13920.20 15981.30 18347.60 21064.10 
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MANUFACTURING EMPLOYMENT (1000'S) HIGH SCENARIO - OREGON 2/22/91 I b 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------
20 24.300 23.800 24.000 23. 700 23.600 24.900 24.838 24.978 25 .118 25.258 25.400 26.000 26.500 27.000 
22 2.000 1.600 1.800 1.800 1.800 2 .100 2.120 2.139 2.159 2.180 2.200 2.300 2.400 2.400 
23 3.200 2.400 2.500 2.600 2.700 2.900 3.058 3.117 3.177 3.238 3.300 3.500 3.600 3.600 
26 2.600 2.700 2.600 2.900 3.000 3.200 3.058 3 .117 3.177 3.238 3.300 3.600 3.803 3.800 
27 10.000 11.500 12.800 13.200 13.600 14.100 16.900 16.900 17.900 19.000 20.000 23.000 26.600 27.000 
29 0.600 0.400 0.600 0.600 0.600 0.600 0.619 0.638 0.668 0.679 0.700 0.700 0.700 0,700 
30 2.400 3.200 3.800 4.600 4.900 5.000 6.300 7.000 7.700 8.200 8.800 11. 500 13.800 15.300 
31 0.300 0.400 0.500 0.500 0.600 0.500 0.719 0.738 0.758 0.779 0.800 0.800 0.800 0.800 
32 4.500 3.100 3.600 4.000 4.200 4.900 6.100 5.300 5.400 6.600 6.600 6.000 6.400 6.700 
33XX 9.600 8.200 8.600 9.300 10.100 10.700 10.800 10.900 11.000 11.100 11.200 11.000 10.800 10.600 
34 12.700 11.000 10.200 11.200 12.300 12.400 12.600 13.000 13.400 13.600 13.800 14.500 15.400 16.600 
36 17.700 16.500 15.800 16.800 17.600 18.000 22.000 23.000 24.000 24.700 26.300 28.400 30.200 31.000 
36 9.800 13.900 13.600 14.100 15.600 17.200 19.600 20.300 21.000 21.700 22.300 26.800 29.400 32.000 
37 10.300 9.200 10.800 11.600 11. 400 12.200 14.367 14.516 14.675 14.836 15.000 15.500 16.000 16.600 
38 19.300 14.600 12.100 13.200 12.500 11.600 13.696 14.003 14.423 14.855 15.300 17.400 19.800 22.200 
39 2.200 2.400 3.200 3.800 4.900 3.800 4.800 5.100 5.400 5.900 6.300 7.600 7.800 8.000 
2421 23.800 20.500 22.000 21.400 20.800 19.000 20.430 20.643 19.804 18.677 18.488 16.721 16.184 16.442 
2436 20. 100 15.500 16.800 16.100 16.300 14.900 16.925 17.256 16.487 15.048 14.484 10.367 9.789 9.317 
24XX 25.600 27.600 29.200 31.300 29.900 27.300 30.863 30.897 30.932 30.967 31.001 30.817 30.480 30.016 
2611 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
2621 6.100 4 .160 4.000 3.900 4 .100 4.100 4.093 4.086 4.082 4.074 4.069 4.041 4.023 4.009 
2631 2.000 2.100 2.000 1.900 2.000 2.000 1.990 1.981 1.971 1.962 1.952 1.905 1.869 1.814 
26XX 3.300 2.840 3.200 2.800 3.000 3.000 3.102 3.160 3.213 3.260 3.301 3.417 3.401 3.132 
2812 0.260 0.200 0.200 0.200 0.200 0.200 0.201 0.201 0.202 0.202 0.203 0.205 0.202 0.197 
2819 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
28XX 2.050 1.900 1.900 1.900 2.000 2.300 2.135 2.161 2.166 2.169 2.164 2.186 2.211 2.202 
3334 1.400 0.600 0.700 0,900 0.900 0.800 0.800 0.800 0.800 0.800 0.800 0.800 0.800 0.800 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 216.100 199.300 206.300 214.200 218.300 217.600 239.904 246.921 249.691 251. 912 265.763 266.969 281.862 292.028 
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NON-MANUFACTURING EMPLOYMENT (1000'S) HIGH SCENARIO - OREGON 2/22/91 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 20 ... , 
-----------------------------------------------------------------------------------------------------------------------------------
40-49 60.500 57.300 58.500 60.500 62.800 65 .100 69.000 71.000 73.000 74.700 75.900 82.000 86.500 90.006 
50-51 67.400 65.800 68.200 72.900 78.200 80.800 86.000 90.000 93.000 96.000 99.000 115.481 131. 551 148.069 
52,53+ 96.200 92.900 98.700 104.200 109.700 112.000 116.541 121.176 125.996 131.007 136.218 158.424 178.109 197.843 
54 24.600 29.500 33.800 36.400 39.400 42.000 44.000 46.000 47.500 49.000 50.000 55.423 61.185 67.964 
58 67.400 70.400 76.000 78.900 82.300 85.000 92.152 96.846 101.779 106.963 112.412 136.703 160.720 186.661 
60-67 70.000 66.800 72. 100 73.300 75.300 75.800 85.654 89.422 93.356 97.463 101.750 119.976 136.738 153.982 
70 14.800 14.600 15 .600 17.100 18.400 19.700 20.000 20.500 20.800 21. 500 22.200 25.200 28.200 30.998 
72 9.800 10.400 10.800 10.400 10.900 11.600 12.642 13.144 13.665 14.208 14.772 17.022 18.960 20.866 
73 24.900 35.000 45.500 43.000 46.700 48.100 59.000 63.000 66.000 69.000 72.000 90.000 108.000 125.862 
76 3.000 3.500 4.100 4.400 4.600 4.700 5.400 5.800 6.200 6.500 6.800 7.800 8.800 9,800 
80 62. 100 69.400 74.400 77.600 82 .100 87.200 97.000 102.000 107.000 112.000 117.000 144.000 170.000 192.006 
81 5.600 7.300 8 .100 8.500 8.700 9.000 10.896 11. 554 12.252 12.993 13.778 17.525 21.549 26.177 
83 11.400 14.000 16.900 23.300 24.400 25.200 26.900 28.000 29.000 30.000 31.000 36.000 41.000 45.624 
89 11. 100 10.300 11.300 17.200 19.000 20.500 23.517 25.218 26.953 27.723 28.531 32.054 36.443 40.032 
75,78+ 42.200 43.500 47.400 47.900 50.800 53.500 59.463 61.824 64.278 66.830 69.483 80.068 89. 184 98.148 
82 7.100 8.300 10.300 13.800 14.300 14.600 15.000 15.300 15.600 15.800 16.000 18.000 20.000 21.700 
941 94.200 94.600 97.400 99.300 101.200 104.100 108.200 111.400 114.700 118.200 121.700 138.400 154.900 170.000 
90-99 78.200 73.500 ,77.700 80.200 81.700 84.300 89.443 92.726 96 .129 99,657 103.314 117.326 128.778 139.688 
Const 46.500 33.100 35.300 39.900 45.200 47.900 46.000 48.500 50.000 51.000 52.000 57.000 62.000 66.655 
Agric 96.300 98.800 99.700 100.300 101.000 103.272 103.369 103.467 103.565 103.662 103.760 105.318 106 .177 107.098 
Mining 2.300 1.500 1.400 1.300 1.400 1.400 2.057 2.115 2.175 2.237 2.300 2.500 2.700 2.800 
Fd Gvt 30.800 29.600 30.600 31.700 32.200 34.200 34.500 34.800 35.000 35.400 35.900 38.800 41.900 45.200 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 926.400 930.100 993.800 1042.100 1090.300 1129.972 1206.734 1253.792 1297.948 1341.843 1385.818 1595.020 1793.394 1987.179 

==---===--====-===================================================================================================================== 
TOTAL 1141.500 1129.400 1200.100 1256.300 1308.600 1347.572 1446.638 1499.713 1547.539 1593.755 1641.581 1861.979 2075.246 2279.207 
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HOUSING, POPULATION, HOUSEHOLDS, AND INCOME HIGH SCENARIO - OREGON 2/22/91 I b 

1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------HOUSING 

SF 766.113 797.066 817.839 839.543 863.560 883.597 952.975 988.529 1020.845 1052.323 1087.280 1233.817 1390.702 1528.674 
MF 143.583 154 .439 159.705 163.574 166.210 169.693 181.460 187.549 193.096 198.502 204.493 229.695 256.589 280.207 
MO 81.898 92.495 96.456 98.883 100 .189 102 .117 111.014 114. 974 118.376 121. 564 125.154 137.776 150.393 160.059 

TOTAL 991.593 1044.000 1074.000 1102.000 1129.959 1155.406 1245.449 1291.053 1332.317 1372.389 1416.927 1601.289 1797.684 1968.941 

POPUL 2633.160 2675.800 2690.000 2741.000 2791.000 2842.300 3026.440 3111.438 3184.237 3252.562 3329.779 3650.939 3990.858 4292.292 

HHLDS 991.593 1044.000 1074.000 1102.000 1129.959 1155.406 1245.449 1291.053 1332.317 1372.389 1416.927 1601.289 1797.684 1968.941 

PCI 9897.80 9845.90 10162.10 10402.20 10731.30 10804.40 11297.50 11636.40 11985.50 12345.10 12715.50 14740.70 17088.50 19810.30 
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MANUFACTURING EMPLOYMENT (1000'S) HIGH SCENARIO - IDAHO 2/22/91 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------
20 17.000 16.600 16.100 17.100 16.900 17.000 19.200 19.500 19.800 20 .100 20.500 20.900 21.100 21. 300 
22 0.000 0.050 0.100 0.100 0. 100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 
23 0.300 0.250 0.300 0.300 0.300 0.300 0.300 0.300 0.300 0.300 0.300 0.300 0.300 0.300 
25 0.250 0.600 0.600 0.700 0. 700 0.600 0.850 0.900 0.950 1.000 1.000 1.100 1.200 1.300 
27 3 .100 4.200 4.300 4.500 4.600 4.800 5.300 5.600 5.800 6.000 6.200 7.200 7.800 8.300 
29 0.100 0.025 0.050 0.050 0.050 0.050 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 
30 1.000 0.850 1.100 0.800 0.900 1.000 1.100 1.200 1.300 1.300 1.400 1.700 2.000 2.200 
31 0.000 0.100 0.150 0.150 0.150 0.100 0.150 0.150 0.150 0.150 0.150 0 .150 0.150 0.150 
32 1.300 0.900 0.800 0.900 0.900 1.000 1.300 1.400 1.450 1.500 1.500 1.600 1.600 1.600 
33XX 1.200 0, 100 0.000 0.100 0.100 0.100 0.259 0.269 0.279 0.289 0.300 0.300 0.300 0.300 
34 2 .100 1.900 2.000 2.000 2.300 2.400 2.800 2.900 3.000 3.000 3.000 3.300 3.700 4.000 
35 5.000 5.800 5.200 5.500 6.200 7.000 7.900 8.600 9.200 9.600 10.000 12.500 13.500 14.500 
36 1.500 2.800 3.300 4.000 4.900 5.600 6.200 6.700 7.000 7.300 7.600 8.100 8.500 8.800 
37 0.700 0.950 1.100 1.600 1.500 1.500 1.600 1.700 1.800 1.900 2.000 2.000 2.000 2.000 
38 0.150 0.300 0.300 0.400 0.400 0.400 0.550 0.600 0.650 0.700 0.750 0.850 0.950 1.050 
39 0.400 0.325 0.300 0.400 0.400 0.500 0.519 0.538 0.558 0.579 0.600 0.700 0.700 0. 700 
2421 8.100 6.400 6.600 6.700 7.000 7 .200 7.320 7.982 8.111 8.126 8.321 8.325 8.654 8.562 
2436 0.500 0.400 0.400 0.400 0.400 0.400 0.342 0.350 0.351 0.355 0.366 0.373 0.367 0.366 
24XX 6. 775 6.700 6.400 6.800 7.400 7.600 7.131 7.127 7.148 7.169 7 .190 7.147 7.069 6.961 
2611 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
2621 0.225 0.250 0.250 0.300 0.300 0.300 0.299 0.299 0.298 0.298 0.298 0.296 0.294 0.293 
2631 0.850 0,950 0.950 1.000 1.100 1.200 1.194 1.189 1.183 1.177 1.171 1.144 1.116 1.089 
26XX 0.425 0.575 0.600 0.600 0.600 0.600 0.619 0.634 0.649 0.664 0.680 0.722 0.722 0.684 
2812 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
2819 1.067 1.000 0.900 0.900 0.900 0.900 0.903 0.906 0.909 0.912 0.914 0.907 0.898 0.884 
28XX 2.433 2.600 2.400 2.600 2.600 2.700 2.764 2.776 2.788 2.800 2.812 2.873 2.935 2.999 
3334 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 54.475 54.625 54.200 57.900 60.700 63.350 68.801 71. 820 73.874 75.419 77.251 82.688 86.056 88.539 
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NON-MANUFACTURING EMPLOYMENT (1000'S) HIGH SCENARIO - IDAHO 2/22/91 I b 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 20:;,, 

-----------------------------------------------------------------------------------------------------------------------------------
40-49 20.100 19.200 17.900 18.600 19.100 19.500 20.800 21.200 21.700 22 .100 22.600 24.500 26.400 27.800 
50-51 22.300 20.800 20.500 20.600 22.700 22.700 23.615 24.423 25.260 26.125 27.019 30.329 32.916 35.292 
52,53+ 29.900 31.300 31.500 32.400 35.100 36.800 37.200 38.391 39.927 41.524 43.185 49.836 55.591 61.269 
54 9.400 10.700 11.100 11.400 12.100 12.700 13.200 13.600 14.069 14.632 15.217 17.561 19.589 21.590 
58 19.000 21.600 21.600 22.700 24.400 26.100 27.700 28.800 29.025 30.457 31.960 38.568 44.994 51.862 
60-67 23.400 23.600 19.200 19.200 19.300 19.500 22.768 23.748 24. 770 25.836 26.948 31.555 35. 719 39.949 
70 5 .100 6.200 6.800 6.000 6.500 6.800 7.500 7.900 8.200 8.600 8.700 9.700 10.600 11.500 
72 3.000 3.800 3.600 3.100 3.200 3.300 4.300 4.381 4.555 4.736 4.924 5.674 6.320 6.955 
73 11.000 12.100 12.800 8.000 8.800 9.200 11. 200 12.100 13.000 14.000 15.000 20.000 25.000 30.000 
76 1.000 1.100 1.000 1.100 1.200 1.264 1.323 1.385 1.450 1.518 1.589 1.894 2.183 2.486 
80 15.500 17.900 19 .100 20.000 20.700 21. 800 23.600 24.544 25.797 27.113 28.497 34.672 40.783 47.389 
81 2.100 2.400 2.500 2.700 2.900 3.000 3.400 3.600 3.800 4.000 4.200 5.200 6.200 7.444 
83 3.400 4.000 4.100 4.500 4.800 5.000 5.500 5.800 6.000 6.300 6.500 7.800 9.100 10.500 
89 4.800 3.900 3.900 10.300 10.700 11.000 11.500 12.000 12.500 13.000 13.500 15.000 17.000 19.000 
75,78+ 10.300 10.800 11.000 12.100 13.100 13.900 14.500 15.000 15.500 15.900 16.300 18.000 19.500 21.000 
82 3.800 3.900 4.100 4.300 4.400 4.500 4.900 5.000 5.100 5.200 5.400 6.000 6.700 7.500 
941 31.100 32.300 33.400 34.900 35.300 37.700 38.900 39.800 40.500 41.100 41.700 46.500 50.800 56.700 
90-99 26.400 26 .100 27.700 28.600 29.900 31.700 32.300 32.800 33.400 34.341 35.533 39.973 43.466 46.696 
Const 17.400 15.100 13.600 14.200 16.000 18.000 18.800 19 .100 19.400 19.600 19.700 21. 980 24.423 26.796 
Agric 69.100 65.400 64.800 64.155 63.500 63.911 63.902 63.894 63.885 63.877 63.868 64.403 64.662 65.147 
Mining 4.700 3.800 2.600 3.300 3.600 3.800 4.095 4.193 4.293 4.395 4.500 5.000 5.100 5.100 
Fd Gvt 13.000 11.800 12.200 12.500 12.900 13.300 13.813 14.030 14.250 14.473 14.700 15.900 17.200 18.600 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 345.800 346.800 344.000 354.655 370.200 385.475 404.816 415.689 426.381 438.727 451. 540 510.045 564.246 620.565 

----------------------------~-- -------------------================================================================================= 
TOTAL 400.275 401.425 398.200 412.555 430.900 448.825 473.617 487.509 500.255 514.146 528.791 592.733 650.302 709.104 
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51 HOUSING, POPULATION, HOUSEHOLDS, AND INCOME HIGH SCENARIO - IDAHO 2/22/91 0:, 

~ 
1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 

------------------------------------------------------------------------------------------------------------------------------------
HOUSING 

SF 262.386 280.726 283.014 288.209 290.562 292.540 312.507 324.970 336.955 350.031 363.962 413.200 456.982 499.990 
MF 25.070 29.289 29.842 30.395 30.657 30.882 32.873 34.128 35.336 36.652 38.051 43.045 47.501 51.873 
MO 36. 714 43.986 44.144 44.395 44.236 43.987 46.168 47.275 48.275 49.382 50.564 53.085 54.196 55.143 

TOTAL 324.170 354.000 357.000 363.000 365.455 367.409 391.548 406.373 420.567 436.064 452.577 509.330 558.678 607.006 

POPUL 944.000 1004.000 1000.500 1004.400 1005.000 1006.700 1057.181 1080.952 1101.884 1125.046 1149.546 1247.858 1340.828 1432.533 

HHLDS 324.170 354.000 357.000 363.000 365.455 367.409 391.548 406.373 420.567 436.064 452.577 509.330 558.678 607.006 

PCI 8611.20 8400.50 8573.30 8785.80 9226.40 9457.00 9726.50 10028.00 10338.90 10659.40 10989.90 12802.20 14913.50 17372.90 
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MANUFACTURING EMPLOYMENT (1000'S) HIGH SCENARIO - WESTERN MONTANA 2/22/91 I b 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 ' 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------
20 0. 700 0.465 0.525 0.550 0.475 0.500 0.560 0.569 0.579 0.590 0.600 0.600 0.600 0.600 
22 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
23 0.025 0.050 0.050 0.050 0.050 0.050 0.108 0.118 0.128 0.138 0.150 0.150 0.200 0.200 
25 0.000 0.140 0.150 0.150 0.150 0.150 0.209 0.219 0.229 0.239 0.250 0.300 0.350 0.350 
27 0.750 0.700 0.725 0.750 0.825 0.875 0.900 0.925 0.950 0.975 1.000 1.200 1.400 1.500 
29 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
30 0.000 0.025 0.025 0.010 0.010 0,040 0.057 0.066 0.076 0.087 0.100 0 .150 0.200 0.250 
31 0.000 0.025 0.030 0.010 0.010 0.040 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 
32 0.400 0.325 0.280 0.290 0.300 0.300 0.306 0.312 0.318 0.324 0.330 0.350 0.371 0.400 
33XX 1.000 0.150 0.050 0.050 0.050 0.050 0.150 0.219 0.229 0.239 0.250 0.300 0.300 0.300 
34 0.150 0.250 0.275 0.250 0.225 0.250 0.368 0.387 0.407 0.428 0.450 0.500 0.550 0.600 
35 0.050 0.225 0.325 0.350 0.375 0.400 0.425 0.450 0.475 0.500 0.500 0.600 0.700 0.800 
36 0.050 0.075 0.075 0.100 0.125 0.125 0.108 0.118 0.128 0.138 0 .150 0.175 0.204 0.225 
37 0.100 0.075 0.050 0.100 0.100 0.100 0.166 0.184 0.204 0.226 0.250 0.350 0.450 0.500 
38 0.100 0.125 0.120 0.130 0.140 0.150 0.159 0.168 0.178 0.189 0.200 0.253 0.300 0.350 
39 0.150 0.175 0.300 0.650 0.700 0. 750 0. 775 0.775 0.800 0.825 0.850 0.900 0.950 1.000 
2421 4.500 4.000 4 .150 3.900 3.900 4.000 4.103 4.473 4.545 4.556 4.664 4.667 4.849 4.797 
2436 1.000 0.800 0.800 0.800 0.950 0.825 0.742 0.760 0.764 0.771 0.794 0.810 0.797 0.795 
24XX 2.700 2.100 2.500 2.500 2.650 2.650 2.757 2.765 2. 773 2.781 2.790 2. 773 2.743 2.701 
2611 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
2621 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
2631 0.550 0.750 0.750 0.750 0.747 0.750 0.747 0. 743 0.739 0.736 0.732 0. 715 0.698 0.681 
26XX 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
2812 0.000 0.000 0.00'0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
2819 0.200 0.190 0.180 0.180 0.183 0.180 0.181 0.181 0.182 0.182 0.183 0.181 0.180 0.177 
28XX 0.100 0.050 0.050 0.100 0.104 0.100 0.101 0.102 0.102 0.103 0.104 0 .107 0.109 0.108 
3334 1.250 0.850 0.750 0.800 0.800 0.800 0.900 0.900 0.900 0.900 0.900 0.900 0.900 0.900 
------------------------------------------------------------------------------------------------------------------------------------SUBTOT 13. 775 11. 545 12.160 12.470 12.868 13.085 13.872 14.484 14.757 14.978 15.296 16.032 16.900 17.284 
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NON-MANUFACTURING EMPLOYMENT (1000'S) HIGH SCENARIO - WESTERN MONTANA 2/22/91 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------
40-49 7.500 6.400 6.650 6.700 6.900 7.000 7.500 7.939 8.186 8.440 8.703 9.622 10.285 10.859 
50-51 3.800 3.400 3.275 3.375 3.500 3.600 3.900 4.064 4.235 4.414 4.600 5.363 6.044 6,730 
52,53+ 8.000 8.200 8.650 8.700 8. 775 8.850 9.300 10.000 10.736 11.159 11,599 13.347 14.845 16.313 
54 2.900 3.000 2.825 3.100 3.500 3.800 4.200 4.500 4.700 4.800 5,000 5.800 6,600 7.100 
58 7.500 7.500 7.475 7.500 8.400 8.600 8.900 9.200 9.500 9.800 10.111 12.167 14.153 16.262 
60-67 3.700 3.400 3.650 3.650 3.850 3.950 4.021 4 .192 4.369 4.554 4.747 5.539 6.249 6.965 
70 2.500 2.700 2.900 2.850 2.700 2.800 3.277 3.407 3.543 3.684 3,830 4,413 4.916 5.410 
72 0.800 0.900 0.875 0.900 0, 775 0.750 0.950 1.050 1.132 1.237 1.294 1.538 1.768 2,007 
73 1.000 1.700 2 .175 2.200 1.650 1.750 2.000 2.250 2.500 2.700 2.900 3.874 4.586 5,362 
76 0.300 0.300 0.350 0.350 0.425 0.450 0.500 0.525 0.550 0.575 0.600 0. 750 0.850 0.950 
80 6.400 7.650 8.300 8.400 8.700 8.800 9.200 9.600 10.000 10.400 10.800 13.000 15.000 17.000 
81 0.500 0,600 0. 700 0;700 0.725 0.800 0.838 0.877 0.918 0.960 1.005 1.108 1.312 1.535 
83 1.400 1.200 1.525 1.500 2 .100 2.300 2.600 2,900 3.200 3.400 3.600 4.600 5.500 6.100 
89 1.000 0. 700 0.800 0.800 0,750 0.800 0.900 0.943 1.000 1,050 1.100 1.400 1.700 1.900 
75,78+ 3.300 3.325 3.450 3.500 3.500 3.500 3.894 4,057 4.226 4,402 4.586 5.336 6,002 6.670 
82 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0,000 0,000 
941 8.900 9. 775 9.500 9.400 9.600 9.800 10.200 10.600 11.000 11.500 12.000 14.174 15.337 16,395 
90-99 8.300 7.400 7.400 7.400 8.000 8.200 9.150 9.457 9. 775 10 .104 10.444 11.690 12.649 13.522 
Const 4.800 3.800 2.800 3.050 3.250 3.400 3.582 3.743 3.911 4.086 4.270 5.045 5.761 6.500 
Agric 7.500 7.300 7.300 7.300 7.300 7.300 7.413 7 .420 7.427 7.434 7.441 7.439 7.607 7.769 
Mining 3.100 1.875 2.075 2.175 2.300 2.600 2.800 3.000 3.100 3.200 3.300 3.600 3.900 4.200 
Fd Gvt 5.600 4,850 4.900 4.950 5.100 5.200 5.278 5.356 5.436 5.518 5.600 6.000 6.500 7.100 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 88.800 85.975 87.575 88.500 91.800 94.250 100.403 105.080 109.444 113.417 117. 530 135.805 151. 564 166.649 

===------=========================================================================================================================== 
TOTAL 102.575 97.520 99.735 100.970 104.668 107.335 114.275 119.564 124.201 128.395 132.826 151. 837 168.464 183.933 
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HOUSING, POPULATION, HOUSEHOLDS, AND INCOME HIGH SCENARIO - WESTERN MONTANA 2/22/91 

1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------HOUSING 

SF 82.313 84.905 85.799 86.492 86.901 87.420 94 .118 99. 779 104.978 109.899 115. 158 135.580 153.374 170.362 
MF 8.950 10.092 10.201 10 .195 10.197 10.205 10.595 10.921 11. 218 11. 497 11.796 12.921 13.870 14.756 
MO 15.138 17.403 17.500 17. 524 17.393 17.262 18.058 18.676 19.205 19.672 20.173 21.529 22.211 22.763 

TOTAL 106.400 112.400 113.500 114.211 114 .491 114.886 122.770 129.376 135.401 141.068 147.127 170.030 189.465 207.881 

POPUL 294.500 303.900 303.500 303.800 303.400 303.300 319.203 331.202 341. 211 349.849 358.990 399.571 431.958 465.653 

HHLDS 106.400 112.400 113.500 114.211 114 .491 114.886 122.770 129.376 135.401 141.068 147.127 170.030 189.455 207.881 

PCI 7793.00 7983.00 8666 .10 8983.60 9312.50 9653.50 11555.40 11555.40 11555.40 11555.40 11555.40 13832.00 16557.10 19819.10 
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MANUFACTURING EMPLOYMENT (1000'S) MEDHI SCENARIO - REGION 2/22/91 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------
20 73.900 71. 965 72.925 75.550 76.475 78.300 79.000 79.300 79.500 79.500 79.500 79.100 78.800 78.600 
22 3.000 2.550 2.900 3 .100 3.100 3.500 3.330 3.309 3.289 3.270 3.250 3.250 3.250 3.250 
23 10.025 8.900 8.550 8.950 9.050 9.450 9.789 9.979 10.169 10.359 10.550 11.075 11.375 11.675 
25 6.150 7.240 7.050 7.950 7.850 8.250 8.345 8.565 8.835 9.080 9.300 9.850 10.403 10.900 
27 29.650 34.000 37.925 39.850 41.025 41.775 45.200 47.225 49.250 50.875 52.600 60.200 65.900 71.000 
29 2.800 2.225 2.350 2.450 2.450 2.750 3.000 3.000 3.100 3.100 3.200 3.300 3.300 3.300 
30 6.900 8.575 10.025 11.210 12.010 12.340 14.354 15.459 16.464 17.169 17.875 22.475 26.300 29.200 
31 0.700 0.925 1.080 1.160 1.260 1.140 1.419 1.438 1.458 1.479 1.500 1.450 1.450 1.450 
32 13.100 10.725 11. 580 12.490 12.900 14.100 14.306 14.512 14.618 14.724 14.830 15.450 15.821 16 .100 
33XX 20.800 15.350 15.550 16.550 17.550 18.450 19.409 19.519 19.679 19.739 19.800 19.900 19.950 19.850 
34 26.750 22.850 22.975 24.350 26.625 27.250 27.759 28.369 29.058 29.328 29.600 31.300 33.000 34.300 
35 37.750 38.625 37.525 40.650 43.175 44.900 49.125 50.425 51.450 52.575 53.500 58. 775 64.150 67.000 
36 22.550 28.875 30.175 28.700 32.325 35.025 40.897 42.101 43 .011 44.027 45.150 50.075 53.704 56.625 
37 109.450 99.825 118.150 129.500 141.500 142.700 149.808 154.918 159.928 160.038 159.050 155.000 151.450 147.900 
38 25.950 25.725 23.320 28.330 27.940 26.850 28.372 28.822 29.377 29.837 30.300 33.225 35.953 39.075 
39 7.350 7.400 8.600 10.350 11.900 10.550 11. 868 12.412 12.957 13.503 14.050 14.900 15.500 15.900 
2421 52.427 44.300 47.250 47.200 47.000 44.900 45.499 45.095 44.034 42.338 42.414 38.364 39.984 40.714 
2436 26.582 20.900 21.900 20.900 20.750 19.125 20.300 19.914 19.154 17.650 17.097 12.841 12.401 12.066 
24XX 61.066 57.100 60.100 63.400 62.650 59.450 60.829 60.461 60.193 59.927 59.662 57.656 55,651 53.656 
2611 2.974 2 .100 2.050 2 .100 2.500 2.500 2.470 2.438 2.407 2.377 2.347 2.202 2.066 1.939 
2621 14.143 13.410 12.650 12.900 13.700 13.700 13.634 13.572 13.510 13.454 13.391 13.111 12.863 12.632 
2631 5.037 5.000 4.900 4.850 5.450 5.550 5.508 5.464 5.421 5.378 5.338 5.133 4.937 4.747 
26XX 7.896 7.815 8.750 8.500 8.500 8.600 8.880 8.942 9.005 9.068 9.133 9.330 9.322 8.735 
2812 0. 763 0.700 0.700 0. 700 0.600 0.700 0.701 0. 702 0.703 0.704 0.705 0.709 0.705 0.693 
2819 6.567 8.890 8.780 9.780 9.580 9.980 10.481 10.781 11.082 11. 283 11.483 11.673 11.862 12.049 
28XX 7.470 7.650 7.650 7.900 8.000 8.600 8.330 8.304 8.279 8.255 8.243 8.257 8.218 8.137 
3334 10.350 7.250 5.850 7.300 7.600 7.500 7.000 6.900 6.700 6.600 6.500 6.200 6.200 6.200 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 592.100 560.870 591.260 626.670 653.465 657.935 689.612 701.926 712.632 715.638 720.368 734.799 754.515 767.694 
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NON-MANUFACTURING EMPLOYMENT (1000'S) MEDHI SCENARIO - REGION 2/22/91 I b 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 

------------------------------------------------------------------------------------------------------------------------------------
40-49 179.500 176.500 181. 550 187.700 196.700 203 .600 207.780 210.204 213.029 215.856 218.986 229.951 237.599 245.424 
50-51 194.000 195.700 203.375 213.275 229.000 239.200 244.570 250.420 256.232 262.077 267.597 304.291 340.394 378. 109 
52,53+ 275.100 279.300 300.050 314.100 332.675 346.650 354.347 361.767 368.919 375.078 381.095 418.364 460.126 502.775 
54 75 .100 92.400 105.125 110.800 117. 300 123.900 126.400 129.400 131.200 133.000 134.300 146.469 158.737 172.304 
58 195.500 218.400 233.275 241.600 250.100 261.300 276.556 287.527 298.812 310.626 323.217 385.742 452. 712 529.162 
60-67 188.900 193.400 202.450 205.550 210.750 215.550 228.673 235.784 243.113 250.668 258.456 294.176 329.151 366.698 
70 40.200 42.600 45.800 48.850 52.300 55.400 56.500 57.800 59.180 60.738 62.232 70.487 79.325 88.507 
72 29.600 35.000 36.075 34.100 35.275 37.160 42.409 43.396 44.207 45.009 45.822 50.259 54.369 58.575 
73 89.800 109.800 138.475 123.200 133.650 142.750 154.400 160. 150 166.050 170.950 176.150 220.000 277.588 305.008 
76 9.800 10.500 11.350 12.750 14.225 14.750 15.485 16.029 16.469 16.810 17.156 18.760 20.225 21.393 
80 179.800 212.350 231.100 240.600 252.300 269.000 282.564 293.885 304.275 313.939 322.982 380.340 439.066 500.444 
81 17.400 22.700 25.700 26.900 27.925 29.300 31.911 33.012 34.063 35.444 36.894 45.154 54 .192 64.757 
83 31.800 41.800 47.525 56.500 61.000 63.900 66.800 68.700 70.400 72.300 73.700 84.300 97.000 110.500 
89 36.400 36.000 39.100 65.800 71.150 75.300 79 .192 82.511 85.493 88.205 91. 217 106.965 119.557 129.652 
75,78+ 122.600 141.125 150.850 158.900 168.500 177.600 184.158 188.807 192.483 196.084 199. 712 216.158 230.603 244.914 
82 19.800 24.200 27.500 32.800 34.600 35.800 36.600 37.100 37.600 38.000 38.400 41.200 44.200 46.700 
941 279.700 280.275 291.400 299.600 306.700 317.900 333.600 329.200 335.700 342.300 349.000 382.352 418.009 456.865 
90-99 230.300 236. 100 248.300 257.500 266.400 276.300 281.635 286.827 292.024 297.625 304.399 336.010 364.837 393.552 
Const 161.300 132.600 140.600 153.750 171.050 184.600 175.163 177.921 180.813 183.963 187.169 202.054 224.265 247.972 
Agric 292.200 286.600 286.200 285.055 284.100 285.061 284.819 284.537 284.257 283.978 283.700 282.300 280.900 279.399 
Mining 13.300 9.875 9.075 10.075 10.900 11.800 12.638 12. 778 13.018 13.158 13.300 14.200 14.800 15.000 
Fd Gvt 117.300 116.350 118.300 120.550 122.200 127.200 130.432 131.491 132.830 134.106 135.300 141.800 150.100 158.900 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 2779.400 2893.575 3073.175 3199.955 3348.800 3494.011 3606.632 3679.246 3760.167 3839.915 3920.784 4371.333 4847.745 5316.611 

------------------------------------------------------------------------------------------------------------------------------------
TOTAL 3371.500 3454.446 3664.435 3826.625 4002.265 4151.946 4296.244 4381.172 4472.799 4555.552 4641.152 5106.132 5602.260 6084.304 
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HOUSING, POPULATION, HOUSEHOLDS, AND INCOME MEDHI SCENARIO - REGION 2/22/91 

1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------
HOUSING 

SF 2304.022 2428.959 2489.849 2549.162 2618.800 2669.739 2759.153 2822.938 2891.608 2955.069 3017.379 3299.969 3605.368 3865.669 
MF 427.732 492.379 518.178 536.073 555.502 571.187 595.374 613.677 633.298 651.673 669.825 752.721 842.754 921.358 
MO 230.919 280.062 297.473 310.976 324.888 335.701 355.668 369.314 383.819 396.807 409.308 461.547 514.882 556.283 

TOTAL 2962.673 3201.400 3305.500 3396.211 3499.190 3576.626 3710.194 3805.930 3908.724 4003.549 4096.512 4514.238 4963.004 5343.310 

POPUL 8003.820 8389.700 8532.000 8668.200 8860.400 9019.000 9313.117 9477.615 9655.058 9812.608 9975.74010736.52311569.37412365.505 

HHLDS 2962.673 3201.400 3305.500 3396.210 3499.190 3576.626 3710.195 3805.930 3908.724 4003.549 4096.513 4514.238 4963.004 5343.311 

PCI 10360.21 10444.04 10785.29 10968.18 11357.44 11433.36 11907.71 12184.28 12467.66 12757.35 13053.39 14680.15 16514.06 18574.33 
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MANUFACTURING EMPLOYMENT (1000'S) MEDHI SCENARIO - WASHINGTON 2/22/91 I b 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 20:a 
------------------------------------------------------------------------------------------------------------------------------------
20 31.900 31.100 32.300 34.200 35.500 35.900 35.400 35.600 35.800 36.000 36.000 36.000 36.000 36.000 
22 1.000 0.900 1.000 1.200 1.200 1.300 1.400 1.400 1.400 1.400 1.400 1.400 1.400 1.400 
23 6.500 6.200 5.700 6.000 6.000 6.200 6.700 6.900 7 .100 7.300 7.500 8.000 8.300 8.600 
25 3.300 3.800 3.800 4.200 4.000 4.300 4.700 4.900 5.100 5.300 5.500 6.000 6.500 7.000 
27 15.800 17.600 20 .100 21.400 22.100 22.000 24.400 25.400 26.300 27 .100 28.000 32.000 35.000 38.000 
29 2.100 1.800 1.800 1.900 1.900 2.200 2.300 2.300 2.400 2.400 2.500 2.600 2.600 2.600 
30 3.500 4.500 5.100 5.800 6.200 6.500 7 .200 7.600 8.000 8.300 8.500 10.400 12.000 13.500 
31 0.400 0.400 0.400 0.500 0.600 0.500 0.619 0.638 0.658 0.679 0.700 0.700 0.700 0.700 
32 6.900 6.400 6.900 7.300 7.500 7.900 8.000 8.100 8.200 8.300 8.400 8.800 9.000 9.100 
33XX 9.000 6.900 6.900 7 .100 7.300 7.600 8.359 8.419 8.479 8.539 8.600 8.800 9.000 9.100 
34 11.800 9.700 10.500 10.900 11.800 12.200 12.400 12.500 12.700 12.800 12.900 13.800 14.700 15.500 
35 15.000 17.100 16.200 18.000 19.000 19.500 21.000 21.500 22.000 22.500 23.000 25.000 27.000 28.500 
36 11.200 12.100 13.200 10.500 11. 700 12.100 15.789 16.083 16.383 16.689 17.000 18.500 19.500 20.300 
37 98.350 89.600 106.200 116. 200 128.500 128.900 135.000 140.000 145.000 145.000 144.000 140.000 136.500 133.000 
38 6.400 10.700 10.800 14.600 14.900 14.700 15.000 15.200 15.500 15.700 15.900 17.300 18.400 19.500 
39 4.600 4.500 4.800 5.500 5.900 5.600 6.300 6.600 7.000 7.400 7.800 8 .100 8.300 8.500 
2421 16.027 13.400 14.500 15.200 15.300 14.700 15.028 14.637 14.106 13.360 13.281 11.507 11. 952 12.291 
2436 4.982 4.200 3.900 3.600 3.100 3.000 3.062 2.986 2.866 2.637 2.545 1.941 1.909 1.879 
24XX 25.991 20. 700 22.000 22.800 22.700 21.900 21.782 21.686 21.590 21.494 21.399 20.680 19.961 19.245 
2611 2.974 2 .100 2.050 2 .100 2.500 2.500 2.470 2.438 2.407 2.377 2.347 2.202 2.066 1.939 
2621 8.818 9.000 8.400 8.700 9.300 9.300 9.255 9.213 9.173 9.134 9.091 8.900 8.733 8.576 
2631 1.637 1.200 1.200 1.200 1.600 1.600 1.587 1.575 1.563 1.550 1.539 1.480 1.423 1.368 
26XX 4.171 4.400 4.950 5 .100 4.900 5.000 5.341 5.401 5.462 5.523 5.585 5. 711 5.662 5.229 
2812 0.513 0.500 0.500 0.500 0.400 0.500 0.501 0.501 0.502 0.503 0.504 0.507 0.503 0.495 
2819 5.300 7.700 7.700 8.700 8.500 8.900 9.400 9.700 10.000 10.200 10.400 10.600 10.800 11.000 
28XX 2.887 3 .100 3.300 3.300 3.300 3.500 3.426 3.432 3.437 3.442 3.447 3.458 3.437 3.389 
3334 7.700 5.800 4.400 5.600 5.900 5.900 5.400 5.300 5.100 5.000 4.900 4.700 4.700 4.700 
------------------------------------------------------------------------------------------------------------------------------------SUBTOT 308.750 295.400 318.600 342.100 361.600 364.200 381.819 390.008 398.225 400.627 402.737 409.084 416.047 421.411 
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NON-MANUFACTURING EMPLOYMENT (1000'5) MEDHI SCENARIO - WASHINGTON 2/22/91 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
-------------------------------------------~----------------------------------------------------------------------------------------
40-49 91.400 93.600 98.500 101. 900 107.900 112.000 113. 000 114.000 115.500 117.000 119.000 125.000 129.000 133.000 
50-51 100.500 105.700 111.400 116.400 124.600 132.100 134.000 136.000 138.437 140.879 143.467 164.463 185.440 208.236 
52,53+ 141.000 146.900 161.200 168.800 179.100 189.000 194.347 197.665 201.082 204.000 206.601 225.296 248.867 273.774 
54 38.200 49.200 57.400 59.900 62.300 65.400 66.400 68.000 69.000 70.000 70.500 78.000 85.000 91. 715 
58 101.600 118.900 128.200 132.500 135.000 141.600 152.738 159. 168 165.869 172.852 180.129 215.670 253.929 297.761 
60-67 91.800 99.600 107.500 109.400 112.300 116.300 121.513 125.407 129.425 133.571 137.851 157.257 176.452 197.177 
70 17.800 20.100 21.500 22.900 24.700 26.100 26.500 27.000 27.534 28 .471 29.440 33.913 38.425 43.360 
72 16.000 19. 900 20.800 19.700 20.400 21.500 25.209 25.691 26.183 26.684 27.194 29.979 32.504 35.095 
73 52.900 61.000 78.000 70.000 76.500 83.700 87.000 90.000 93.000 95.000 97.000 120.000 157.967 170.000 
76 5.500 5.600 5.900 6.900 8.000 8.400 8.600 8.800 9.000 9.200 9.400 10.200 11.000 11.500 
80 95.800 117.400 129.300 134.600 140.800 151.200 155.864 160.985 166.275 171. 739 177.382 210.340 245.266 284.828 
81 9.200 12.400 14.400 15.000 15.600 16.500 17.500 18.000 18.439 19.189 19.969 24.492 29.541 35.487 
83 15.600 22.600 25.000 27.200 29.700 31.400 33.000 34.000 34.800 35.700 36.300 41.000 48.000 56.000 
89 19.500 21.100 23. 100 37.500 40.700 43.000 45.000 47.000 49.000 51.000 53.000 63.000 70.000 77.000 
75,78+ 66.800 83.500 89.000 95.400 101.100 106.700 109.000 112.000 114.000 116.000 118.000 128.000 136.000 144.018 
82 8.900 12.000 13.100 14.700 15.900 16.700 17.000 17.200 17.400 17.600 17.800 19.000 20.500 21.900 
941 145.500 143.600 151.100 156.000 160.600 166.300 168.100 170.300 173.500 176.800 180.200 198.000 217.500 239.000 
90-99 117.400 129.100 135.500 141.300 146.800 152.100 154.000 157.000 160.000 163.000 167.024 185.034 201.603 218.750 
Const 92.600 80.600 88.900 96.600 106.600 115. 300 109.963 111.921 113.914 115. 942 118.006 128.015 141.962 158.016 
Agric 119.300 115.100 114.400 113 .300 112.300 112 .090 112.194 112.298 112 .402 112.507 112.611 111.609 111.327 110.678 
Mining 3.200 2.700 3.000 3.300 3.600 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 
Fd Gvt 67.900 70 .100 70.600 71.400 72.000 74.500 78.080 78.969 79.869 80.779 81.700 86.500 91.600 96.900 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 1418.400 1530.700 1647.800 1714.700 1796.500 1885.890 1933.008 1975.404 2018.629 2061.913 2106.574 2358.768 2635.883 2908.195 

--=--------------=--==--==-===-===================================================================================================== 
TOTAL 1727.150 1826.100 1966.400 2056.800 2158.100 2250.090 2314.827 2365.412 2416.854 2462.540 2509.311 2767.852 3051.930 3329.606 

0 
tT1 

~ 
r 
tT1 
0 

~ 
r 
f;l 

~ 
~ 
~ 
"' I 
0 



gi I I ii; .,, 
m z 
0 x 

HOUSING, POPULATION, HOUSEHOLDS, AND INCOME MEDHI SCENARIO - WASHINGTON 2/22/91 p; 
1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 

------------------------------------------------------------------------------------------------------------------------------------HOUSING 

SF 1193.211 1266.263 1305.589 1341.154 1387.480 1419.142 1458.186 1493.915 1530.662 1564.674 1599.835 1753.968 1926.726 2073.886 
MF 250.130 298.560 317.582 329.759 345.070 355.887 368.996 381.105 393.547 405.166 417.158 470.708 530.383 582.485 
MO 97.169 126.178 137.830 146.087 156.737 163.895 172.669 180.573 188.610 195.906 203.361 234.064 266.977 292.871 

TOTAL 1540.510 1691.000 1761.000 1817.000 1889.286 1938.924 1999.851 2055.593 2112.820 2165.746 2220.354 2458.740 2724.086 2949.242 

POPUL 4132.160 4406.000 4538.000 4619.000 4761.000 4866.700 4999.627 5097.871 5197.536 5284.421 5373.257 5802.625 6292.638 6753.765 

HHLDS 1540.510 1691.000 1761.000 1817.000 1889.286 1938.924 1999.851 2055.593 2112.820 2165.746 2220.354 2458.740 2724.086 2949.242 

PCI 10725.00 10924.00 11258.00 11383.00 11774.00 11798.00 12343.50 12627.40 12917.80 13214.90 13518.90 15146.70 16970.60 19014.10 
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MANUFACTURING EMPLOYMENT (1000'S) MEDHI SCENARIO - OREGON 2/22/91 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------
20 24.300 23.800 24.000 23.700 23.600 24.900 24.700 24.700 24.700 24.700 24.700 24.800 24.900 25.000 
22 2.000 1.600 1.800 1.800 1.800 2.100 1.880 1.859 1.839 1.820 1.800 1.800 1.800 1.800 
23 3.200 2.400 2.500 2.600 2.700 2.900 2.800 2.800 2.800 2.800 2.800 2.800 2.800 2.800 
25 2.600 2.700 2.500 2.900 3.000 3.200 2.720 2.740 2.760 2.780 2.800 2.800 2.803 2.800 
27 10.000 11.500 12.800 13.200 13.500 14.100 14.800 15.600 16.500 17.200 17.900 20.400 22.400 23.900 
29 0.600 0.400 0.500 0.500 0.500 0.500 0.600 0.600 0.600 0.600 0.600 0.600 0.600 0.600 
30 2.400 3.200 3.800 4.600 4.900 5.000 6.200 6.800 7.400 7.800 8.300 10.800 12.800 14.100 
31 0.300 0.400 0.500 0.500 0.500 0.500 0.600 0.600 0.600 0.600 0.600 0.600 0.600 0.600 
32 4.500 3.100 3.600 4.000 4.200 4.900 4.800 4.900 5.000 5.000 5.100 5.300 5.400 5.500 
33XX 9.600 8.200 8.600 9.300 10.100 10.700 10.700 10.700 10.800 10.800 10.800 10. 700 10.600 10.400 
34 12.700 11.000 10.200 11.200 12.300 12.400 12.500 12.900 13.379 13.539 13.700 14.300 15.000 15.500 
35 17.700 15.500 15.800 16.800 17.600 18.000 20.500 21.000 21. 300 21. 700 21.900 24.000 26.000 27.000 
36 9.800 13.900 13.600 14.100 15.600 17.200 19.000 19.600 20.000 20.500 21.100 24.000 26.200 28.000 
37 10.300 9.200 10.800 11.600 11.400 12.200 13.200 13.200 13.200 13.200 13.200 13.200 13.200 13.200 
38 19.300 14.600 12.100 13.200 12.500 11.600 12. 713 12.929 13.149 13.373 13.600 15.000 16.500 18.400 
39 2.200 2.400 3.200 3.800 4.900 3.800 4.400 4.600 4.700 4.800 4.900 5.400 5.800 6.000 
2421 23.800 20.500 22.000 21.400 20.800 19.000 19.546 18.997 18.260 17.256 17.112 14.708 15.280 15.681 
2436 20 .100 15.500 16.800 16. 100 16.300 14.900 16.200 15.903 15.257 13.969 13.473 9.783 9.378 9.057 
24XX 25.600 27.600 29.200 31.300 29.900 27.300 29.463 29.333 29.203 29.074 28.945 27.972 26.999 26.031 
2611 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
2621 5.100 4.160 4.000 3.900 4.100 4.100 4.081 4.062 4.042 4.025 4.006 3.924 3.848 3.779 
2631 2.000 2.100 2.000 1.900 2.000 2.000 1.985 1.970 1.954 1.939 1.924 1.850 1.779 1. 712 
26XX 3.300 2.840 3.200 2.800 3.000 3.000 2.936 2.935 2.933 2.932 2.930 2.990 3.022 2.881 
2812 0.250 0.200 0.200 0.200 0.200 0.200 0.200 0.201 0.201 0.201 0.202 0.203 0.201 0 .198 
2819 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
28XX 2.050 1.900 1.900 1.900 2.000 2.300 2.078 2.048 2.018 1.990 1.973 1.980 1.967 1.940 
3334 1.400 0.600 0.700 0.900 0.900 0.800 0.800 0.800 0.800 0.800 0.800 0.700 0.700 0.700 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 215. 100 199.300 206.300 214.200 218.300 217.600 229.402 231.776 233.395 233.397 235.165 240.609 250.579 257.580 
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NON-MANUFACTURING EMPLOYMENT (1000'S) MEDHI SCENARIO - OREGON 2/22/91 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------
40-49 60.500 57.300 58.500 60.500 62.800 65.100 67.000 68.000 69.000 70.000 70.800 73.900 76.000 78.500 
50-51 67.400 65.800 68.200 72.900 78.200 80.800 83.500 86.500 89.000 91.500 93.500 105.000 116 .000 126.483 
52,53+ 96.200 92.900 98.700 104.200 109.700 112.000 114 .000 117.000 120.000 122.500 125.000 138.000 151.000 163.329 
54 24.600 29.500 33.800 36.400 39.400 42.000 43.000 44.000 44.500 45.000 45.400 48.066 51.330 56.108 
58 67.400 70.400 76.000 78.900 82.300 85.000 88.318 91.859 95.543 99.374 103.359 122.563 142.914 165.966 
60-67 70.000 66.800 72.100 73.300 75.300 75.800 81.440 83.883 86.399 88.991 91.660 104.055 116 .186 129.199 
70 14.800 14.600 15.600 17.100 18.400 19.700 19.700 20.000 20.400 20.700 21.000 23.400 26.300 28.644 
72 9.800 10.400 10.800 10.400 10.900 11.600 12.200 12.500 12.800 13.000 13.200 14.336 15.466 16.617 
73 24.900 35.000 45.500 43.000 46.700 48.100 55.000 57.000 59.000 61.000 63.000 79.000 94.000 105.176 
76 3.000 3.500 4 .100 4.400 4.600 4.700 5.200 5.500 5.700 5.800 5.900 6.500 7.000 7.500 
80 62 .100 69.400 74.400 77.600 82. 100 87.200 94.500 99.500 103.400 106.800 109.300 126.000 142.000 157.316 
81 5.600 7.300 8.100 8.500 8.700 9.000 10.311 10.787 11. 284 11.805 12.350 15.074 18.094 21.632 
83 11.400 14.000 16.900 23.300 24.400 25.200 26.000 26.500 27.000 27.500 28.000 32.000 36.000 40.000 
89 11.100 10.300 11. 300 17.200 19.000 20.500 22.022 23.029 23.700 24.200 25.000 29.000 33.000 35.000 
75,78+ 42.200 43.500 47.400 47.900 50.800 53.500 57.183 58.355 59.552 60.773 62.019 66.578 71.477 76.418 
82 7 .100 8.300 10.300 13.800 14.300 14.600 14.800 15.000 15.200 15.300 15.400 16.500 17.500 18.000 
941 94.200 94.600 97.400 99.300 101.200 104.100 116. 700 109.000 111.400 113.900 116.400 127.800 139.600 151. 500 
90-99 78.200 73.500 77.700 80,200 81.700 84.300 86.800 88,400 90.000 92.000 94.045 103.524 112.075 120.832 
Const 46.500 33.100 35.300 39.900 45.200 47.900 43.100 43.600 44.199 45.121 46.063 49.439 54.934 60.788 
Agric 96.300 98.800 99.700 100.300 101.000 102.338 102.150 101.962 101.775 101.588 101.401 101.472 100.897 100.380 
Mining 2.300 1.500 1.400 1.300 1.400 1.400 1.938 1.978 2.018 2.058 2.100 2.300 2.500 2.500 
Fd Gvt 30.800 29.600 30.600 31.700 32.200 34.200 34.052 34.108 34.368 34.532 34.600 35.300 37.400 39.600 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 926.400 930.100 993.800 1042.100 1090.300 1129.038 1178.914 1198.461 1226.238 1253.442 1279.497 1419.807 1561.673 1701.488 

. ---- ------- - ---------=-================================================================================================= 
TOTAL 1141.500 1129.400 1200.100 1256.300 1308.600 1346.638 1408.316 1430.237 1459.633 1486.839 1514.662 1660.416 1812.251 1959.068 
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HOUSING, POPULATION, HOUSEHOLDS, AND INCOME MEDHI SCENARIO - OREGON 2/22/91 

1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 201,11 
------------------------------------------------------------------------------------------------------------------------------------HOUSING 

SF 766.113 797.066 816.018 834.922 856 .126 873.533 910.996 929 .122 951.992 973.921 992.752 1080.791 1171.484 1248.725 
MF 143.583 154.439 160.388 165.307 168.999 173 .471 182.592 187.247 193.007 198.558 203.398 226.290 249.931 270.534 
MO 81. 898 92.495 97.594 101. 770 104.834 108.403 116 .565 120.133 124.721 129.003 132.477 147.255 161.337 172.159 

TOTAL 991.593 1044.000 1074.000 1102.000 1129.959 1155.406 1210.154 1236.502 1269.721 1301.482 1328.628 1454.336 1582.752 1691.418 

POPUL 2633.160 2675.800 2690.000 2741.000 2791.000 2842.300 2964.876 3004.700 3060.028 3110.543 3162.134 3388.604 3624.503 3856.433 

HHLDS 991.593 1044.000 1074.000 1102.000 1129.959 1155.406 1210.154 1236.502 1269.721 1301.482 1328.628 1454.336 1582.752 1691.418 

PCI 9897.80 9845.90 10162.10 10402.20 10731.30 10804.40 11188.10 11467.80 11754.50 12048.40 12349.60 13972.40 15808.50 17885.90 
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MANUFACTURING EMPLOYMENT (1000'S) MEDHI SCENARIO - IDAHO 2/22/91 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------
20 17.000 16.600 16.100 17.100 16.900 17.000 18.400 18.500 18.500 18.300 18.300 17.800 17.400 17.100 
22 0.000 0.050 0.100 0.100 0.100 0.100 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 
23 0.300 0.250 0.300 0.300 0.300 0.300 0.239 0.229 0.219 0.209 0.200 0.200 0.200 0.200 
25 0.250 0.600 0.600 0.700 0.700 0.600 0.750 0.750 0.800 0.800 0.800 0.800 0.800 0,800 
27 3 .100 4.200 4.300 4.500 4.600 4.800 5.100 5.300 5.500 5.600 5.700 6.600 7.200 7.700 
29 0.100 0.025 0.050 0.050 0.050 0.050 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 
30 1.000 0.850 1.100 0.800 0.900 0.800 0.900 1.000 1.000 1.000 1.000 1.200 1.400 1.500 
31 0.000 0.100 0.150 0 .150 0.150 0.100 0.150 0.150 0 .150 0.150 0.150 0.100 0.100 0.100 
32 1.300 0.900 0.800 0.900 0.900 1.000 1.200 1.200 1.100 1.100 1.000 1.000 1.050 1.100 
33XX 1.200 0.100 0.000 0.100 0.100 0.100 0.250 0.250 0.250 0.250 0.250 0.250 0.200 0.200 
34 2.100 1.900 2.000 2.000 2.300 2.400 2.600 2.700 2.700 2.700 2.700 2.900 3.000 3.000 
35 5.000 5.800 5.200 5.500 6.200 7.000 7.200 7.500 7.700 7.900 8.100 9.200 10.500 10.800 
36 1.500 2.800 3.300 4.000 4.900 5.600 6.000 6.300 6.500 6.700 6.900 7.400 7.800 8.100 
37 0.700 0.950 1.100 1.600 1.500 1.500 1.500 1.600 1.600 1.700 1.700 1.600 1.500 1.400 
38 0.150 0.300 0.300 0.400 0.400 0.400 0.500 0.525 0.550 0.575 0.600 0.700 0.800 0.900 
39 0.400 0.325 0.300 0.400 0.400 0.400 0.418 0.437 0.457 0.478 0.500 0.500 0.500 0.500 
2421 8.100 6.400 6.600 6.700 7.000 7.200 7.002 7.345 7.476 7.512 7.703 7.786 8.171 8.166 
2436 0.500 0.400 0.400 0.400 0.400 0.400 0.327 0.323 0.325 0.329 0.340 0.352 0.351 0.356 
24XX 6.775 6.700 6.400 6.800 7.400 7.600 6.932 6.803 6.773 6.743 6. 713 6.488 6.262 6.037 
2611 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
2621 0.225 0.250 0.250 0.300 0.300 0.300 0.299 0.297 0.296 0.295 0.293 0.287 0.282 0.277 
2631 0.850 0.950 0.950 1.000 1.100 1.200 1.191 1.181 1.172 1.162 1.154 1.109 1.067 1.026 
26XX 0.425 0.575 0.600 0.600 0.600 0.600 0.603 0.606 0.610 0.614 0.618 0.630 0.637 0.624 
2812 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
2819 1.067 1.000 0.900 0.900 0.900 0.900 0.901 0.901 0.901 0.902 0.903 0.894 0.885 0.874 
28XX 2.433 2.600 2.400 2.600 2.600 2.700 2.725 2.724 2.723 2.723 2.722 2. 718 2. 713 2.709 
3334 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 54.475 54.625 54.200 57.900 60.700 63.050 65.337 66.772 67.453 67.892 68.496 70.664 72.969 73.620 
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NON-MANUFACTURING EMPLOYMENT (1000'S) MEDHI SCENARIO - IDAHO 2/22/91 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------
40-49 20 .100 19.200 17.900 18.600 19.100 19.500 20.500 20.800 21.000 21.200 21.400 22.800 24.000 25.000 
50-51 22.300 20.800 20.500 20.600 22.700 22.700 23.367 24. 109 24.874 25.663 26.478 30. 161 33.793 37.707 
52,53+ 29.900 31.300 31.500 32.400 35.100 36.800 36.800 37.500 38.000 38.500 39.169 43. 713 47.979 52.445 
54 9.400 10.700 11.100 11.400 12.100 12.700 13.000 13.200 13.400 13.600 13.900 15.403 16.907 18.481 
58 19.000 21.600 21.600 22.700 24.400 26 .100 26.700 27.500 28.200 29.000 29.976 35. 718 41.851 48.838 
60-67 23.400 23.600 19.200 19.200 19.300 19.500 21.720 22.394 23.089 23.806 24.545 27.864 31.113 34.597 
70 5.100 5.200 5.800 6.000 6.500 6.800 7.300 7.600 7.800 8,000 8.100 8.900 9.734 10.985 
72 3.000 3.800 3.600 3.100 3.200 3.300 4.100 4.200 4 .197 4.276 4.356 4. 779 5.155 5.539 
73 11.000 12 .100 12.800 8.000 8.800 9.200 10.500 11.100 11.800 12.500 13.500 17.500 21. 500 25.000 
76 1.000 1.100 1.000 1.100 1.200 1.200 1.210 1.239 1.269 1.300 1. 331 1.460 1.575 1.693 
80 15.500 17.900 19.100 20.000 20.700 21.800 23.200 24 .100 25.000 25.600 26.300 32.000 38.000 43.000 
81 2.100 2.400 2.500 2.700 2.900 3.000 3.300 3.400 3.500 3.600 3.700 4.600 5.400 6.288 
83 3.400 4.000 4.100 4.500 4.800 5.000 5.300 5.500 5.700 6.000 6.200 7.400 8.600 9.800 
89 4.800 3.900 3.900 10.300 10.700 11.000 11.300 11.600 11.900 12.100 12.300 14.000 15.500 16.500 
75,78+ 10.300 10.800 11.000 12 .100 13.100 13.900 14.300 14.700 15 .100 15.400 15.700 17.200 18.400 19.400 
82 3.800 3.900 4.100 4.300 4.400 4.500 4.800 4.900 5.000 5.100 5.200 5.700 6.200 6.800 
941 31.100 32.300 33.400 34.900 35.300 37.700 38.700 39.500 40 .100 40.600 41.100 44.000 47.500 52 .100 
90-99 26.400 26 .100 27.700 28.600 29.900 31.700 32. 100 32.500 32.900 33.300 33.800 37.100 40 .100 42.205 
Const 17.400 15 .100 13.600 14.200 16.000 18.000 18.600 18.800 19.000 19.100 19.200 20.300 22.659 24.068 
Agric 69.100 65.400 64.800 64.155 63.500 63.333 63.149 62.965 62.781 62.598 62.416 62.051 61.447 61.060 
Mining 4.700 3.800 2.600 3.300 3.600 3.800 4.000 4.000 4.100 4.100 4.100 4.500 4.700 4.700 
Fd Gvt 13.000 11.800 12.200 12.500 12.900 13.300 13.100 13.214 13.374 13.536 13.700 14.500 15.300 16.200 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 345.800 346.800 344.000 354.655 370.200 384.833 397.046 404.821 412.084 418.879 426 .471 471.649 517.413 562.406 

==================================================================================================================================== 
TOTAL 400.275 401.425 398.200 412.555 430.900 447.883 462.383 471. 593 479.537 486.771 494.967 542.313 590.382 636.026 
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HOUSING, POPULATION, HOUSEHOLDS, AND INCOME MEDHI SCENARIO - IDAHO 2/22/91 

1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------HOUSING 

SF 262.386 280.726 282.675 287.023 288.875 290.394 300.300 307.289 313.637 318.579 324.136 354.114 385.426 412.750 
MF 25.070 29.289 29.910 30.632 30.995 31.312 32.807 33.895 34.895 35.699 36.592 41.387 46.407 50.899 
MO 36.714 43.986 44.415 45.345 45.585 45.703 48.045 49.563 50.870 51.760 52.778 57.937 62.873 66. 718 

TOTAL 324.170 354.000 357.000 363.000 365.455 367.409 381.152 390.747 399.401 406.039 413.506 453.439 494.706 530.367 

POPUL 944.000 1004.000 1000.500 1004.400 1005.000 1006.700 1036.733 1055.017 1070.396 1084.123 1099.926 1178.940 1261.500 1341.827 

HHLDS 324.170 354.000 357.000 363.000 365.455 367.409 381.152 390.747 399.401 406.039 413.506 453.439 494.706 530.367 

PCI 8611.20 8400.50 8573.30 8785.80 9226.40 9457.00 9613.60 9854.00 10100.30 10352.80 10611.70 12006.10 13583.80 15368.80 
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MANUFACTURING EMPLOYMENT (1000'S) MEDHI SCENARIO - WESTERN MONTANA 2/22/91 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------20 0. 700 0.465 0.525 0.550 0.475 0.500 0.500 0.500 0.500 0.500 0.500 0.500 0.500 0.500 22 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 23 0.025 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.075 0.075 0.075 25 0.000 0 .140 0 .150 0 .150 0.150 0.150 0 .175 0 .175 0 .175 0.200 0.200 0.250 0.300 0.300 27 0.750 0.700 0.725 0.750 0.825 0.875 0.900 0.925 0.950 0.975 1.000 1.200 1.300 1.400 29 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 30 0.000 0.025 0.025 0.010 0.010 0.040 0.054 0.059 0.064 0.069 0.075 0.075 0.100 0.100 31 0.000 0.025 0.030 0.010 0.010 0.040 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 32 0.400 0.325 0.280 0.290 0.300 0.300 0.306 0.312 0.318 0.324 0.330 0.350 0.371 0.400 33XX 1.000 0 .150 0.050 0.050 0.050 0.050 0.100 0.150 0.150 0 .150 0.150 0.150 0.150 0.150 34 0.150 0.250 0.275 0.250 0.225 0.250 0.259 0.269 0.279 0.289 0.300 0.300 0.300 0.300 35 0.050 0.225 0.325 0.350 0.375 0.400 0.425 0.425 0.450 0.475 0.500 0.575 0.650 0.700 36 0.050 0.075 0.075 0.100 0.125 0.125 0.108 0.118 0.128 0.138 0.150 0 .175 0.204 0.225 37 0.100 0.075 0.050 0.100 0.100 0.100 0.108 0.118 0 .128 0.138 0.150 0.200 0.250 0.300 38 0.100 0.125 0.120 0.130 0.140 0.150 0.159 0.168 0.178 0.189 0.200 0.225 0.253 0.275 39 0.150 0.175 0.300 0.650 0.700 0.750 0.750 0.775 0.800 0.825 0.850 0.900 0.900 0.900 2421 4.500 4.000 4.150 3.900 3.900 4.000 3.923 4.117 4 .192 4.209 4.319 4.363 4.580 4.576 2436 1.000 0.800 0.800 0.800 0.950 0.825 0.710 0.701 0.706 0. 716 0.739 0.765 0.763 0.773 24XX 2.700 2 .100 2.500 2.500 2.650 2.650 2.651 2.639 2.628 2.616 2.605 2.517 2.429 2.342 2611 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2621 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2631 0.550 0.750 0.750 0.750 0.750 0.750 0.744 0.738 0.732 0.727 0.721 0.693 0.667 0.641 26XX 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2812 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2819 0.200 0.190 0 .180 0.180 0.180 0.180 0.180 0.180 0.180 0.180 0.181 0 .179 0.177 0.175 28XX 0 .100 0.050 0.050 0.100 0.100 0.100 0.100 0.100 0.100 0 .101 0.101 0 .101 0.100 0.099 3334 1.250 0.850 0.750 0.800 0.800 0.800 0.800 0.800 0.800 0.800 0.800 0.800 0.800 0.800 ------------------------------------------------------------------------------------------------------------------------------------SUBTOT 13.775 11. 545 12 .160 12.470 12.865 13.085 13.053 13.370 13.558 13.721 13.970 14.443 14.921 15.082 
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NON-MANUFACTURING EMPLOYMENT (1000'S) MEDHI SCENARIO - WESTERN MONTANA 2/22/91 I b 
INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------
40-49 7.500 6.400 6.650 6.700 6.900 7.000 7.280 7.404 7.529 7.656 7.786 8.251 8.599 8.924 
50-51 3.800 3.400 3.275 3.375 3.500 3.600 3.703 3 .811 3.921 4.035 4.152 4.667 5.161 5.683 
52,53+ 8.000 8.200 8.650 8.700 8.775 8.850 9.200 9.602 9.837 10.078 10.325 11.355 12.280 13.227 
54 2.900 3.000 2.825 3.100 3.500 3.800 4.000 4.200 4.300 4.400 4.500 5.000 5.500 6.000 
58 7.500 7.500 7.475 7.500 8.400 8.600 8.800 9.000 9.200 9.400 9.753 11. 791 14.018 16.597 
60-67 3.700 3.400 3.650 3.650 3.850 3.950 4.000 4 .100 4.200 4.300 4.400 5.000 5.400 5.725 
70 2.500 2.700 2.900 2.850 2.700 2.800 3.000 3.200 3.446 3.567 3.692 4.274 4.866 5.518 
72 0.800 0.900 0.875 0.900 0. 775 0.750 0.900 1.005 1.027 1.049 1.072 1.165 1.244 1.324 
73 1.000 1.700 2.175 2.200 1.650 1. 750 1.900 2.050 2.250 2.450 2.650 3.500 4.121 4.832 
76 0.300 0.300 0.350 0.350 0.425 0.450 0.475 0.490 0.500 0.510 0.525 0.600 0.650 0.700 
80 6.400 7.650 8.300 8.400 8.700 8.800 9.000 9.300 9.600 9.800 10.000 12.000 13.800 15.300 
81 0.500 0.600 0.700 0.700 0.725 0.800 0.800 0.825 0.840 0.850 0.875 0.988 1.157 1.350 
83 1.400 1.200 1.525 1.500 2.100 2.300 2.500 2.700 2.900 3.100 3.200 3.900 4.400 4.700 
89 1.000 0.700 0.800 0.800 0.750 0.800 0.870 0.882 0.893 0.905 0.917 0.965 1.057 1.152 
75,78+ 3.300 3.325 3.450 3.500 3.500 3.500 3.675 3.752 3.831 3.911 3.993 4.380 4.726 5.078 
82 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
941 8.900 9. 775 9.500 9.400 9.600 9.800 10. 100 10.400 10.700 11.000 11.300 12.552 13.409 14.265 
90-99 8.300 7.400 7.400 7.400 8.000 8.200 8.735 8.927 9.124 9.325 9.530 10.352 11.059 11.765 
Const 4.800 3.800 2.800 3.050 3.250 3.400 3.500 3.600 3.700 3,800 3.900 4.300 4.700 5 .100 
Agric 7.500 7.300 7,300 7.300 7.300 7.300 7.326 7.312 7.299 7.285 7.272 7.168 7.229 7.281 
Mining 3.100 1.875 2.075 2.175 2.300 2.600 2.700 2.800 2.900 3.000 3.100 3.400 3,600 3.800 
Fd Gvt 5.600 4.850 4.900 4.950 5.100 5.200 5.200 5.200 5.219 5.259 5.300 5.500 5.800 6.200 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 88.800 85.975 87.575 88.500 91.800 94.250 97.664 100.560 103.216 105.680 108.242 121.108 132.776 144.521 

--=---=---=---=---==-==--===-===-=========~========================================================================================= 
TOTAL 102.575 97.520 99.735 100.970 104.665 107.335 110. 717 113. 930 116.774 119 .401 122.212 135.551 147.697 159.603 
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HOUSING, POPULATION, HOUSEHOLDS, AND INCOME MEDHI SCENARIO - WESTERN MONTANA 2/22/91 

1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------
HOUSING 

SF 82.313 84.905 85.568 86.062 86.319 86.669 89.671 92.612 95.316 97.895 100.656 111.097 121.731 130.308 
MF 8.950 10.092 10.297 10.374 10.439 10.518 10.978 11.430 11.849 12.249 12.677 14.337 16.033 17.440 
MO 15.138 17.403 17.634 17. 775 17.732 17.700 18.389 19.045 19.618 20.138 20.691 22.290 23.695 24.535 

TOTAL 106.400 112.400 113.500 114.211 114.491 114 .886 119.038 123.088 126.783 130.282 134.025 147.723 161.460 172.283 

POPUL 294.500 303.900 303.500 303.800 303.400 303.300 311.880 320.027 327.099 333.522 340.423 366.354 390.732 413.480 

HHLDS 106.400 112.400 113.500 114.211 114.491 114.886 119.038 123.088 126.783 130.282 134.025 147.723 161.460 172.283 

PC! 7793 .00 7983.00 8527.20 8697.80 8871. 70 9049.10 9991.00 9991.00 9991.00 9991.00 9991.00 11030.90 12179.00 13446.70 
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MANUFACTURING EMPLOYMENT (1000'S) MEDIUM SCENARIO - REGION 2/12/91 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 

------------------------------------------------------------------------------------------------------------------------------------
20 73.900 71. 965 72.925 75.550 76.475 78.300 76.895 76.690 76.885 76.880 76.675 75.275 73.750 72.450 
22 3.000 2.550 2.900 3.100 3.100 3.550 3.050 3.050 3.050 2.950 2.950 2.800 2.800 2.800 
23 10.025 8.900 8.550 8.950 9.050 9.500 9.089 9.179 9.269 9.359 9.550 9.825 10.125 10.425 
25 6 .150 7.240 7.050 7.950 7.850 8.320 8.050 8.050 8 .150 8.250 8.350 8.875 9.177 9.475 
27 29.650 34.000 37.925 39.850 41.025 41.775 42.400 44.125 46.325 48.150 49.275 57.600 62.500 68.300 
29 2.800 2.225 2.350 2.450 2.450 2.750 2.875 2. 775 2.875 2.875 2.875 2.825 2. 775 2. 775 
30 6.900 8.675 10.025 11. 210 12.010 12.390 13.840 14.742 15.545 15.947 16.850 20.450 23.463 26.463 
31 0. 700 0.925 1.080 1.160 1.260 1.150 1.238 1.317 1.307 1.298 1.288 1.288 1.288 1.288 
32 13.100 10.725 11.580 12.490 12.900 14.100 13.603 13.706 13.709 13.812 13.815 13.725 13.636 13.550 
33XX 20.800 15.350 15.550 16.550 17.550 18.450 18.350 18.500 18.625 18.525 18.525 18.450 18.200 18.000 
34 26.750 22.850 22.975 24.350 26.625 27.250 26.155 26.260 28.865 27.070 27.175 28. 775 30.575 31.475 
35 37.750 38.625 37.525 40.650 43.175 44.900 45.200 46.500 47.425 48.050 48.350 51.900 55.150 57.950 
36 22.550 28.875 30.175 28.700 32.325 35.075 39.108 40.418 41.828 42.038 42.150 45.175 47.804 49.925 
37 109.450 99.825 118.150 129.500 141.500 142.700 142.205 144.909 148.314 149.020 148.726 142.850 135.175 126.600 
38 25.950 25.725 23.320 28.330 27.940 26.850 26.459 26.718 26.828 27.039 26.350 29.625 31.653 33.925 
39 7.350 7.400 8.600 10.350 11.900 10.550 11.450 11.775 12.000 12.100 12.400 13.400 13.800 14.000 
2421 52.427 44.300 47.250 47.200 47.000 44.900 43.349 40.997 40.026 38.489 38.557 34.867 36.363 37.018 
2436 26.582 20.900 21.900 20.900 20.750 19.125 19.344 18.110 17.408 16.044 15.541 11.681 11.270 10.966 
24XX 61.066 57.100 60.100 63.400 62.650 59.450 59.634 58.234 57.523 56.821 56 .128 53.403 50.812 48.345 
2611 2.974 2 .100 2.050 2 .100 2.500 2.500 2.459 2.421 2.384 2.347 2.310 2.135 1.974 1.824 
2621 14.143 13.410 12.650 12.900 13.700 13.700 13.623 13.546 13.475 13.400 13.328 12.982 12 .671 12.382 
2631 5.037 5.000 4.900 4.850 5.450 5.550 5.501 5.453 5.404 5.357 5.310 5.080 4.862 4.651 
28XX 7.896 7.815 8.750 8.500 8.500 8.600 8.525 8.508 8.480 8.479 8.492 8.440 8.441 8.113 
2812 0.763 0.700 0.700 0.700 0.600 0.700 0.701 0.701 0. 702 0.703 0.704 0.712 0.715 0.714 
2819 6.567 8.890 8.780 9. 780 9.580 9.980 10.174 10. 167 10.061 10.054 10.048 9.418 8.988 8.459 
28XX 7.470 7.650 7.650 7.900 8.000 8.600 7.950 7.926 7.903 7.879 7.856 7.753 7.639 7.514 
3334 10.350 7.250 5.850 7.300 7.600 7.600 6.300 6 .100 6.000 5.940 5.900 5.650 5.600 5.600 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 592.100 560.870 591.260 626.670 653.465 658.315 657.627 660.878 668.166 668.877 669.475 674.959 681. 204 680.988 

I ~ 
m z 
0 
~ 
V, 

I b 

0 m g 
e,; 
0 

~ 
~ 



:8 
z 
0 
cl 
:I: 

~ 
-l 

6 
~ 
:,:, 
-0 

~ 
I 
< 
0 
t"" 
C: 
s:: 
tTl 

= 

°' " 

NON-MANUFACTURING EMPLOYMENT (1000'$) MEDIUM SCENARIO - REGION 2/12/91 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------
40-49 179.500 176.500 181. 550 187.700 196.700 203.600 204.671 206.456 209.641 211.828 214.516 225.080 233.048 238.793 
50-51 194.000 195.700 203.375 213.275 229.000 239.200 240.097 242.084 244.472 247.888 252.628 276.361 305.383 336.067 
52,53+ 275.100 279.300 300.050 314.100 332.675 346.650 348.779 352.050 355.124 357.101 359.806 385.344 408.412 437.912 
54 75.100 92.400 105.125 110.800 117.300 123.900 124.850 125.900 126.950 127.800 128.550 134.700 141.984 150.972 
58 195.500 218.400 233.275 241.600 250 .100 261.300 269.308 277. 712 286.781 296.260 306.249 361.689 420.417 486.845 
60-67 188.900 193.400 202.450 205.550 210.750 215.550 216.900 222.950 230.200 234.650 237.500 262.789 289.285 316.502 
70 40.200 42.600 45.800 48.850 52.300 55.400 55.800 56.500 57.000 57.572 58.631 64.948 72.400 80 .124 
72 29.600 35.000 36.075 34 .100 35.275 37.150 40.800 42.500 43.050 43.604 43.921 46.998 49.804 52.533 
73 89.800 109.800 138.475 123.200 133.650 142.750 146.850 151.950 157.050 161. 700 166.350 208.000 246.600 281.000 
76 9.800 10.500 11.350 12.750 14.225 14.750 14.950 15.360 15.680 16.111 16.243 17.181 17.886 18.390 
80 179.800 212.350 231.100 240.600 252.300 269.000 279.500 289.833 300.909 309.600 317.700 370.000 420.200 469.200 
81 17.400 22.700 25.700 26.900 27.925 29.300 30.873 31.555 32.389 33.340 34.455 41.317 48.855 57.541 
83 31.800 41.800 47.525 56.500 61.000 63.900 65.700 67.500 68.700 70.300 71.850 81. 250 93.600 105.206 
89 36.400 36.000 39 .100 65.800 71.150 75.300 78.375 81. 285 83.805 86 .125 88.546 103.446 117.244 127.746 
75,78+ 122.600 141.125 150.850 158.900 168.500 177.600 181.490 185.475 189.467 192.468 195.478 210.256 224.782 236.012 
82 19.800 24.203 27.500 32.800 34.600 35.800 35.900 36.200 36.700 37 .100 37.300 39.700 41.500 43.600 
941 279.700 280.275 291.400 299.600 306.700 317.900 320.982 324.361 329.143 334.029 338.818 363.783 383.228 399.854 
90-99 230.300 236 .100 248.300 257.500 266.400 276.300 279.052 281.787 284.524 287.363 290.505 311.035 330.121 348.998 
Const 161.300 132.600 140.600 153.750 171.050 184.600 171.050 172.400 176.139 178.400 175.840 188.400 199.600 209.888 
Agric 292.200 286.600 286.200 285.055 284.100 283.357 282.463 281.580 280.700 279.824 278.950 274.551 270.151 265.850 
Mining 13.300 9.875 9.075 10.075 10.900 11.800 11. 770 11.589 11. 309 11. 380 11.500 11. 650 11.800 11. 900 
Fd Gvt 117.300 116.350 118.300 120.550 122.200 127.200 125.400 124.500 123.919 124.137 124.350 129.200 134.500 140.950 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 2779.400 2893.575 3073.175 3199.955 3348.800 3492.307 3525.560 3581.527 3643.652 3698.580 3749.687 4107.678 4460.800 4815.883 

---==---------------------------------===-=======-================================================================================== 
TOTAL 3371.500 3454.446 3664.435 3826.625 4002.265 4150.623 4183.086 4242.405 4311.818 4367.467 4419.162 4782.637 5142.004 5496.871 
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HOUSING, POPULATION, HOUSEHOLDS, AND INCOME MEDIUM SCENARIO - REGION 2/12/91 

2000 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2005 20 • ., 
------------------------------------------------------------------------------------------------------------------------------------
HOUSING 

SF 2304.022 2428.959 2486.587 2541.383 2603.354 2649.937 2707.672 2759.719 2814.922 2860.251 2900.775 3131.736 3356.560 3548.464 
MF 427.732 492.379 520.091 540.652 564.666 582.969 604.561 623.759 644.392 661.644 677.336 765.107 852.057 929.785 
MO 230.919 280.062 298.822 314.176 331.171 343.720 359.378 373. 311 387.903 399.466 409.479 464.406 513.570 552.512 

TOTAL 2962.673 3201.400 3305.500 3396.210 3499.190 3576.626 3671.611 3756.789 3847.218 3921.361 3987.590 4361.248 4722.187 5030.761 

POPUL 8003.820 8389.700 8532.000 8668.200 8860.400 9019.000 9216.418 9354.876 9503.011 9611.076 9710.11810372.26111007.32911641.684 

HHLDS 2962.673 3201.400 3305.500 3396.210 3499.190 3576.626 3671.611 3756.789 3847.218 3921.361 3987.590 4361.248 4722.187 5030.761 

PC! 10360.21 10444.04 10785.29 10968.18 11357.44 11433.36 11779.98 11984.38 12194.09 12405.44 12619.33 13786.26 15063.38 16459.67 
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MANUFACTURING EMPLOYMENT (1000'S) MEDIUM SCENARIO - WASHINGTON 2/12/91 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 20~i' 
----------------------------------------------------------------------------------------------------------------------------------
20 31.900 31.100 32.300 34.200 35.500 35.900 35.100 35.000 34.900 34.700 34.600 34.000 33.500 33.000 
22 1.000 0.900 1.000 1.200 1.200 1.300 1.300 1.300 1.300 1.200 1.200 1.150 1.150 1.150 
23 6.500 6.200 5.700 6.000 6.000 6.200 6.200 6.300 6.400 6.500 6.700 7.100 7.400 7.700 
25 3.300 3.800 3.800 4.200 4.000 4.300 4.500 4.600 4.700 4.800 4.900 5.400 5.700 6.000 
27 15.800 17.600 20.100 21.400 22.100 22.000 22.100 23.100 24.500 25.500 26.000 31.000 34.000 36.000 
29 2 .100 1.800 1.800 1.900 1.900 2.200 2.200 2.200 2.300 2.300 2.300 2.300 2.300 2.300 
30 3.500 4.500 5.100 5.800 6.200 6.500 7.000 7.300 7.600 7.700 7.900 9.500 11.000 12.000 
31 0.400 0.400 0.400 0.600 0.600 0.600 0.600 0.600 0.600 0.600 0.600 0.600 0.600 0.600 
32 6.900 6.400 6.900 7.300 7.500 7.900 7.900 7.800 7.900 8.000 8.000 8.000 8.000 8.000 
33XX 9.000 6.900 6.900 7.100 7.300 7.600 7.500 7.600 7.600 7.600 7.600 7.600 7.600 7.600 
34 11. 800 9.700 10.500 10.900 11.800 12.200 12.000 11.800 12.000 12.200 12.300 12.800 13.400 13.900 
36 15.000 17.100 16.200 18.000 19.000 19.500 19.900 20.600 21.000 21.100 21. 200 22.600 23.700 24.950 
36 11. 200 12.100 13.200 10.500 11.700 12.100 15.300 15.400 15.500 15.600 15.700 16.400 17.000 17.600 
37 98.360 89.600 106.200 116.200 128.500 128.900 129.800 131.600 134.300 134.600 134.200 128.000 120.000 109.900 
38 6.400 10.700 10.800 14.600 14.900 14.700 14.800 15.000 16.000 16.000 14.600 16.600 16.200 17.000 
39 4.600 4.600 4.800 6.600 6.900 5.600 6 .100 6.300 6.600 6.700 7.000 7.600 7.600 7.500 
2421 16.027 13.400 14.500 15.200 15.300 14.700 14.321 13.309 12.819 12.148 12.075 10.454 10.868 11.179 
2436 4.982 4.200 3.900 3.600 3 .100 3.000 2.916 2. 716 2.605 2.398 2.313 1.765 1.734 1.709 
24XX 26.991 20.700 22.000 22.800 22.700 21.900 21. 582 21.000 20. 706 20.417 20.131 19.154 18.225 17.340 
2611 2.974 2 .100 2.050 2.100 2.500 2.500 2.459 2.421 2.384 2.347 2.310 2.135 1. 974 1.824 
2621 8.818 9.000 8.400 8.700 9.300 9.300 9.250 9.196 9.147 9.096 9.048 8.813 8.601 8.405 
2631 1.637 1.200 1.200 1.200 1.600 1.600 1.586 1.671 1.657 1.544 1. 531 1.464 1.401 1.340 
26XX 4 .171 4.400 4.960 6 .100 4.900 6.000 6.068 6.081 5.094 5.107 6 .120 6.090 6.093 4.881 
2812 0.613 0.500 0.500 0.500 0.400 0.500 0.500 0.501 0.502 0.502 0.503 0.508 0.511 0.510 
2819 5.300 7.700 7.700 8. 700 8.500 8.900 9.100 9.100 9.000 9.000 9.000 8.400 8.000 7.500 
28XX 2.887 3 .100 3.300 3.300 3.300 3.500 3.280 3 .271 3.261 3.261 3.242 3.202 3.165 3.101 
3334 7.700 5.800 4.400 5.600 5.900 5.900 4.800 4.700 4.600 4.640 4.600 4.300 4.300 4.300 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 308.750 295.400 318.600 342. 100 361.600 364.200 367.162 369.267 373.776 374.450 374.473 374.636 372.910 367.289 
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NON-MANUFACTURING EMPLOYMENT (1000'S) MEDIUM SCENARIO - WASHINGTON 2/12/91 I b 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 201~ 
------------------------------------------------------------------------------------------------------------------------------------
40-49 91.400 93.600 98.500 101.900 107.900 112.000 112 .600 113.500 115.000 116.000 118.000 123.000 127.000 130.000 
50-51 100.500 105.700 111. 400 116. 400 124.600 132.100 133.000 134.500 136.000 138.209 140.631 151.340 167.748 185.170 
52,53+ 141.000 146.900 161.200 168.800 179.100 189.000 191.000 193.000 195.000 196.000 197.000 210.783 221.371 238.315 
54 38.200 49.200 57.400 59.900 62.300 65.400 65.600 66.000 66.500 67.000 67.400 70.000 74.160 79.836 
58 101.600 118.900 128.200 132.500 135.000 141.600 148.108 153.519 159.128 164.942 170.969 202 .189 235.761 273.869 
60-67 91. 800 99.600 107.500 109.400 112.300 116.300 115. 500 120.200 125.800 128.500 129.300 144.189 158.885 174.307 
70 17.800 20 .100 21.500 22.900 24.700 26 .100 26.300 26.600 26.800 27.072 27.831 31. 592 35.361 39.418 
72 16.000 19.900 20.800 19.700 20.400 21. 500 24.000 25.300 25.600 25.800 26.000 28.000 29.800 31.518 
73 52.900 61.000 78.000 70.000 76.500 83.700 86.000 88.500 91.000 93.000 95.000 118.000 140.000 158.900 
76 5.500 5.600 5.900 6.900 8.000 8.400 8.300 8.500 8.700 9.000 9.000 9.500 9.800 10.100 
80 95.800 117.400 129.300 134.600 140.800 151.200 154.000 159.033 165.009 170.000 175.000 205.000 233.000 261.000 
81 9.200 12.400 14.400 15.000 15.600 16.500 17 .100 17.400 17.800 18.200 18.732 22.530 26. 720 31.561 
83 15.600 22.600 25.000 27.200 29.700 31.400 32.500 33.500 34.000 34.800 35.600 40.000 47.000 54.406 
89 19.500 21.100 23.100 37.500 40.700 43.000 44.800 46.800 48.500 50.000 51.500 60.500 68.000 74.000 
75,78+ 66.800 83.500 89.000 95.400 101.100 106.700 109.000 112.000 115.000 117 .000 119. 000 127.000 135.800 141.000 
82 8.900 12.000 13.100 14.700 15.900 16.700 16.800 17.000 17.200 17.400 17.500 18.500 19.500 20. 700 
941 145.500 143.600 151.100 156.000 160.600 166.300 167.000 168.200 170.700 173.300 175.900 189.300 198.000 205.500 
90-99 117.400 129 .100 135.500 141.300 146.800 152.100 153.000 154.000 155.000 156.000 157.300 168.700 178.954 189.914 
Const 92.600 80.600 88.900 96.600 106.600 115.300 106.300 106.800 110.089 111.900 108.890 118.000 126.000 133.000 
Agric 119. 300 115 .100 114 .400 113.300 112.300 111.402 111.266 111.131 110.996 110.861 110.726 108.545 107.066 105.311 
Mining 3.200 2.700 3.000 3.300 3.600 4.000 3.800 3.600 3.300 3.300 3.300 3.300 3.300 3.300 
Fd Gvt 67.900 70.100 70.600 71.400 72.000 74.500 74.700 74.800 74.900 75.000 75.000 78.000 81.000 85.000 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 1418.400 1530.700 1647.800 1714.700 1796.500 1885.202 1900.674 1933.883 1972.022 2003.284 2029.579 2227.968 2424.226 2626.125 

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
TOTAL 1727.150 1826.100 1966.400 2056.800 2158.100 2249.402 2267.836 2303.150 2345.798 2377.734 2404.052 2602.604 2797.136 2993.414 
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~ HOUSING, POPULATION, HOUSEHOLDS, AND INCOME MEDIUM SCENARIO - WASHINGTON 2/12/91 
.., 

2005 2010 ..., 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 
0 
:E ------------------------------------------------------------------------------------------------------------------------------------trl HOUSING :,:, ..., 

~ SF 1193.211 1266.263 1303.362 1335.748 1377.932 1406.557 1440.932 1468.327 1500.162 1523.942 1545.052 1665.803 1782.353 1884.547 
I MF 250.130 298.560 319.108 333.483 351.732 364.707 379. 971 392.537 406.878 418.100 428.311 485.828 542.486 594.206 
< MO 97.169 126.178 138.530 147.769 159.622 167.660 177.190 184.707 193.348 199.676 205.168 235.378 262.514 284.815 0 
t"' 
C: 
l::: TOTAL 1540.510 1691.000 1761.000 1817.000 1889.286 1938.924 1998.094 2045.572 2100.389 2141.717 2178.531 2387.009 2587.354 2763.568 
trl 

POPUL 4132.160 4406.000 4538.000 4619.000 4761.000 4866.700 4995.234 5073.018 5166.957 5225.790 5272.044 5633.342 5976.787 6328.671 

HHLDS 1540.510 1691.000 1761.000 1817.000 1889.286 1938.924 1998 .. 094 2045.572 2100.389 2141.717 2178.531 2387.009 2587.354 2763.668 

PCI 10725.00 10924.00 11258.00 11383.00 11774.00 11798.00 12191.90 12395.50 12602.50 12813.00 13027.00 14151.70 15373.50 16700.80 
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MANUFACTURING EMPLOYMENT (1000'S) MEDIUM SCENARIO - OREGON 2/12/91 I u 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------
20 24.300 23.800 24.000 23. 700 23.600 24.900 24.400 24.300 24.300 24.500 24.500 24.000 23.500 23.200 
22 2.000 1.600 1.800 1.800 1.800 2 .100 1.700 1.700 1.700 1.700 1.700 1.600 1.600 1.600 
23 3.200 2.400 2.500 2.600 2.700 2.900 2.600 2.600 2.600 2.600 2.600 2.500 2.500 2.500 
25 2.600 2.700 2.500 2.900 3.000 3.200 2.700 2.600 2.600 2.600 2.600 2.600 2.602 2.600 
27 10.000 11.500 12.800 13.200 13.500 14 .100 14.400 14.900 15.700 16.400 16.900 19.500 20.800 22.000 
29 0.600 0.400 0.500 0.500 0.500 0.500 0.600 0.500 0.500 0.500 0.500 0.450 0.400 0.400 
30 2.400 3.200 3.800 4,600 4.900 5.000 6.000 6.500 7.000 7.300 8.000 10.000 11.500 12.500 
31 0.300 0.400 0.500 0.500 0.500 0.500 0.500 0.579 0.569 0.560 0.550 0.550 0.550 0.550 
32 4.500 3.100 3.600 4.000 4.200 4.900 4.300 4.600 4.600 4.600 4.600 4.500 4.400 4.300 
33XX 9.600 8.200 8.600 9.300 10. 100 10.700 10.600 10.600 10.700 10.600 10.600 10.500 10.300 10 .100 
34 12.700 11.000 10.200 11. 200 12.300 12.400 11.500 11. 700 12.100 12.000 12.000 13.000 14.200 14.600 
35 17.700 15.500 15.800 16.800 17.600 18.000 17.800 18.200 18.500 18.900 19.000 20.500 22.000 23.000 
36 9.800 13.900 13.600 14.100 15.600 17.250 17.900 18.900 19.800 20.000 20.000 21. 800 23.400 24.600 
37 10.300 9.200 10.800 11.600 11.400 12.200 10.900 11.800 12.500 12.900 13.000 13.500 14.000 14.500 
38 19.300 14.600 12 .100 13.200 12.500 11.600 11.000 11.000 11.100 11.300 11.100 13.300 14.550 15.950 
39 2.200 2.400 3.200 3.800 4.900 3.800 4.200 4.300 4.300 4.200 4.200 4.700 5 .100 5.300 
2421 23.800 20.500 22.000 21.400 20.800 19.000 18.620 17.269 16.598 15.686 15.552 13.366 13.901 14.254 
2436 20.100 15.500 16.800 16.100 16.300 14.900 15.440 14.463 13.866 12.696 12.247 8.900 8.523 8.231 
24XX 25.600 27.600 29.200 31. 300 29.900 27.300 28.700 28.203 27.875 27.551 27.230 25.909 24.651 23.455 
2611 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
2621 5.100 4.160 4.000 3.900 4.100 4 .100 4.076 4.053 4.033 4.011 3.988 3.884 3.792 3.706 
2631 2.000 2.100 2.000 1.900 2.000 2.000 1.983 1.965 1.947 1,930 1.913 1.831 1.752 1.676 
26XX 3.300 2.840 3.200 2.800 3.000 3.000 2.893 2.859 2.814 2.796 2.792 2.793 2.784 2.686 
2812 0.250 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.201 0.201 0.201 0.203 0.204 0.204 
2819 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
28XX 2.050 1.900 1.900 1.900 2.000 2.300 1. 878 1.872 1.867 1.861 1.856 1.833 1.806 1.775 
3334 1.400 0.600 0. 700 0.900 0.900 0.900 0.800 0.700 0.700 0. 700 0. 700 0.650 0.600 0.600 
------------------------------------------------------------------------------------------------------------------------------------SUBTOT 215.100 199.300 206.300 214.200 218.300 217.750 215.690 216.364 218.468 218.092 218.328 222.369 229.415 234.287 
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NON-MANUFACTURING EMPLOYMENT (1000'S) MEDIUM SCENARIO - OREGON 2/12/91 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------
40-49 60.500 57.300 58.500 60.500 62.800 65 .100 64.900 65.500 67.000 68.000 68.500 72.000 75.000 77.000 
50-51 67.400 65.800 68.200 72.900 78.200 80.800 81.000 81. 100 81. 300 81.816 83.079 92.645 101.887 111.589 
52,53+ 96.200 92.900 98.700 104.200 109.700 112 .000 112.500 113.000 113.500 114.000 115.325 123.250 132.188 141.146 
54 24.600 29.500 33.800 36.400 39.400 42.000 42.500 43.000 43.300 43.500 43.700 46.000 48.000 50.000 
58 67.400 70. 400 76.000 78.900 82.300 85.000 86.000 88.593 91.653 94.818 98.093 114.888 132.670 152.625 
60-67 70.000 66.800 72.100 73.300 75.300 75.800 77 .300 78.400 79.500 80.500 82.000 89.000 98.000 107.000 
70 14.800 14.600 15.600 17.100 18.400 19.700 19.500 19.600 19.700 19.800 19.900 21.100 23.500 25.759 
72 9.800 10.400 10.800 10.400 10.900 11.600 12.000 12.200 12.400 12.600 12.700 13.400 14.100 14.754 
73 24.900 35.000 45.500 43.000 46.700 48 .100 49.000 51.000 53.000 55.000 57.000 72.000 85.000 97.000 
76 3.000 3.500 4.100 4.400 4.600 4.700 5.000 5.200 5.300 5.400 5.500 5.800 6.100 6.200 
80 62.100 69.400 74.400 77 .600 82 .100 87.200 93.700 98.200 102.500 105.500 108.000 124.000 140.000 155.000 
81 5.600 7.300 8.100 8.500 8.700 9.000 9.923 10.305 10.703 11.116 11.545 13.786 16.231 19.039 
83 11.400 14.000 16.900 23.300 24.400 25.200 25.600 26 .100 26.500 27.000 27.500 31.000 35.000 38.000 
89 11.100 10.300 11.300 17.200 19.000 20.500 21. 500 22.000 22.500 23.000 23.500 27.000 31.000 33.500 
75,78+ 42.200 43.500 47.<100 47.900 50.800 53.500 54.827 55.461 56.101 56.749 57.405 62.578 67.137 72.000 
82 7.100 8.300 10.300 13.800 14.300 14.600 14.500 14.600 14.800 14.900 15.000 16.000 16.500 17.000 
941 94.200 94.600 97.400 99.300 101.200 104.100 105.500 107.000 108.600 110 .300 111.900 120.000 127.800 134.400 
90-99 78.200 73.500 77.700 80.200 81.700 84.300 85.600 86.900 88.200 89.500 90.800 97.300 103.500 109.000 
Const 46.500 33.100 35.300 39.900 45.200 47.900 42.800 43.500 44.000 44.500 45.000 47.000 49.000 51.000 
Agric 96.300 98.800 99.700 100.300 101.000 101.710 101.305 100.902 100.501 100.101 99.703 98.687 97.036 95.512 
Mining 2.300 1.500 1.400 1.300 1.400 1.400 1.670 1.689 1.709 1.730 1.750 1.850 1.950 1.950 
Fd Gvt 30.800 29.600 30.600 31.700 32.200 34.200 33.000 32.000 31.300 31. 339 31. 450 32.450 34.050 35.700 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 926.400 930.100 993.800 1042.100 1090.300 1128.410 1139.625 1156.250 1174.067 1191.169 1209.350 1321.734 1435.649 1545.174 

==========-=======-================================================================================================================= 
TOTAL 1141.500 1129.400 1200.100 1256.300 1308.600 1346.160 1355.315 1372.614 1392.535 1409.261 1427.678 1544.103 1665.064 1779.461 
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HOUSING, POPULATION, HOUSEHOLDS, AND INCOME MEDIUM SCENARIO - OREGON 2/12/91 

1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------HOUSING 

SF 766.113 797.066 815.229 833.166 851.116 867.474 884.640 902.438 918.703 935.139 949.374 1025.865 1103.232 1166.036 
MF 143.583 154.439 160.683 165.922 171.176 176.024 181.095 186.341 191.197 196 .108 200.454 223.712 247.407 267.463 
MO 81. 898 92.495 98.088 102.912 107.668 111. 908 116.294 120.774 124.748 128.687 131. 934 148.536 164.158 175.719 

TOTAL 991.593 1044.000 1074.000 1102.000 1129.959 1155.406 1182.029 1209.553 1234.648 1259.934 1281.762 1398.112 1514.796 1609.207 

POPUL 2633.160 2675.800 2690.000 2741.000 2791.000 2842.300 2895.972 2939.215 2975.503 3011.242 3050.594 3257.601 3468.884 3668.991 

HHLDS 991.593 1044.000 1074.000 1102.000 1129.959 1155.406 1182.029 1209.553 1234.648 1259.934 1281.762 1398.112 1514.796 1609.207 

PCI 9897.80 9845.90 10162.10 10402.20 10731.30 10804.40 11057.50 11267.60 11481.70 11699.80 11922.10 13098.60 14391.20 15811.30 
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MANUFACTURING EMPLOYMENT (1000'5) MEDIUM SCENARIO - IDAHO 2/12/91 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------
20 17.000 16.600 16.100 17.100 16.900 17.000 16.900 16.900 17.200 17.200 17.100 16.800 16.300 15.800 
22 0.000 0.050 0.100 0.100 0.100 0.150 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 
23 0.300 0.250 0.300 0.300 0.300 0.350 0.239 0.229 0.219 0.209 0.200 0.150 0.150 0.150 
25 0.250 0.600 0.600 0.700 0. 700 0.670 0. 700 0.700 0.700 0.700 0. 700 0.700 0.700 0.700 
27 3 .100 4.200 4.300 4.500 4.600 4.800 5.000 5.200 5.200 5.300 5.400 6.000 6.500 7.000 
29 0.100 0.025 0.050 0.050 0.050 0.050 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075 
30 1.000 0.850 1.100 0.800 0.900 0.850 0.800 0.900 0.900 0.900 0.900 0.900 0.900 0.900 
31 0.000 0.100 0 .150 0 .150 0.150 0.110 0.100 0.100 0.100 0 .100 0.100 0 .100 0.100 0.100 
32 1.300 0.900 0.800 0.900 0.900 1.000 1.100 1.000 0.900 0.900 0.900 0.900 0.900 0.900 
33XX 1.200 0.100 0.000 0.100 0.100 0.100 0.200 0.250 0.250 0.250 0.250 0.250 0.200 0.200 
34 2.100 1.900 2.000 2.000 2.300 2.400 2.400 2.500 2.500 2.600 2.600 2.700 2.700 2.700 
35 5.000 5.800 5.200 5.500 6.200 7.000 7 .100 7.300 7.500 7.600 7.700 8.400 8.900 9.400 
36 1.500 2.800 3.300 4.000 4.900 5.600 5.800 6.000 6.200 6.300 6.300 6.800 7.200 7.500 
37 0.700 0.950 1.100 1.600 1.500 1.500 1.400 1.500 1.400 1.400 1.400 1.200 1.000 1.000 
38 0.150 0.300 0.300 0.400 0.400 0.400 0.500 0.550 0.550 0.550 0.550 0.600 0.650 0. 700 
39 0.400 0.325 0.300 0.400 0.400 0.400 0.400 0.400 0.400 0.400 0.400 0.400 0.400 0.400 
2421 8 .100 6.400 6.600 6.700 7.000 7.200 6.671 6.676 6.798 6.829 7.006 7.079 7.431 7.423 
2436 0.500 0.400 0.400 0.400 0.400 0.400 0.311 0.294 0.295 0.299 0.309 0.320 0.319 0.324 
24XX 6. 775 6.700 6.400 6.800 7.400 7.600 6.802 6.507 6.442 6.379 6.316 6.009 5.717 5.440 
2611 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
2621 0.226 0.250 0.250 0.300 0.300 0.300 0.298 0.297 0.295 0.293 0.292 0.284 0.277 0.271 
2631 0.850 0.950 0.950 1.000 1.100 1.200 1.189 1.179 1.169 1.159 1.148 1.099 1.051 1.006 
26XX 0.425 0.575 0.600 0.600 0.600 0.600 0.564 0.568 0.572 0.576 0.580 0.558 0.565 0.547 
2812 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
2819 1.067 1.000 0.900 0.900 0.900 0.900 0.895 0.889 0.884 0.879 0.873 0.849 0.823 0.799 
28XX 2.433 2.600 2.400 2.600 2.600 2.700 2.692 2.684 2.676 2.668 2.660 2.621 2.583 2.544 
3334 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 54.475 54.625 54.200 57.900 60. 700 63.280 62. 186 62.748 63.275 63.616 63.809 64.843 65.492 65.929 
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NON-MANUFACTURING EMPLOYMENT (1000'S) MEDIUM SCENARIO - IDAHO 2/12/91 I b 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 20:.13 
------------------------------------------------------------------------------------------------------------------------------------
40-49 20.100 19.200 17.900 18.600 19.100 19.500 20 .100 20.300 20.400 20.500 20.600 22.300 23.000 23.500 
50-51 22.300 20.800 20.500 20.600 22.700 22.700 22.500 22.800 23.400 24.000 24.962 27.972 30.914 34.024 
52,53-t- 29.900 31.300 31.500 32.400 35.100 36.800 36.200 36.800 37.200 37.500 37.700 40.700 43.500 46.359 
54 9.400 10.700 11.100 11.400 12.100 12.700 12.900 13.000 13.200 13.300 13.400 14.300 15.224 16.336 
58 19.000 21.600 21.600 22.700 24.400 26.100 26.500 26.800 27.100 27.500 28.000 33.694 39.194 45.419 
60-67 23.400 23.600 19.200 19.200 19.300 19.500 20.100 20.300 20.800 21.500 22.000 25.000 27.500 29.900 
70 5 .100 5.200 5.800 6.000 6.500 6.800 7 .100 7.300 7.400 7.500 7.600 8.300 9.100 9.986 
72 3.000 3.800 3.600 3.100 3.200 3.300 4.000 4 .100 4.100 4.200 4.200 4.500 4.740 5.031 
73 11.000 12.100 12.800 8.000 8.800 9.200 10.000 10.500 11.000 11.500 12.000 15.000 18.000 21.000 
76 1.000 1.100 1.000 1.100 1.200 1.200 1.200 1.200 1. 210 1.231 1.253 1.351 1.436 1.520 
80 15.500 17.900 19.100 20.000 20.700 21.800 22.900 23.600 24.200 24.700 25.200 30.000 35.000 40.000 
81 2.100 2.400 2.500 2.700 2.900 3.000 3.100 3 .100 3.136 3.257 3.382 4.058 4.801 5.657 
83 3.400 4.000 4.100 4.500 4.800 5.000 5.200 5.400 5.600 5.800 6.000 7.000 8.000 9.000 
89 4.800 3.900 3.900 10.300 10.700 11.000 11.300 11.700 12.000 12.300 12.700 15.000 17.200 19.100 
75,78-+- 10.300 10.800 11.000 12.100 13.100 13.900 14.100 14.400 14.700 15.000 15.300 16.600 17.500 18.400 
82 3.800 3.900 4.100 4.300 4.400 4.500 4.600 4.600 4.700 4.800 4.800 5.200 5.500 5.900 
941 31.100 32.300 33.400 34.900 35.300 37.700 38.500 39.000 39.500 39.900 40.300 42.800 45 .100 47.000 
90-99 26.400 26 .100 27.700 28.600 29.900 31. 700 32.000 32.300 32.600 33.000 33.400 35.400 37.500 39.400 
Const 17.400 15 .100 13.600 14.200 16.000 18.000 18.500 18.600 18.500 18.400 18.300 19.500 20.500 21.588 
Agric 69 .100 65.400 64.800 64.155 63.500 62.945 62.627 62.311 61.996 61.683 61.371 60.348 59.096 58.099 
Mining 4.700 3.800 2.600 3.300 3.600 3.800 3.800 3.800 3.800 3.800 3.800 3.750 3.700 3.700 
Fd Gvt 13.000 11.800 12.200 12.500 12.900 13.300 12.600 12.600 12.600 12.639 12.700 13.350 13.950 14.650 

------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 345.800 346.800 344.000 354.655 370.200 384.445 389.827 394. 511 399.142 404.010 408.968 446.123 480.455 515.569 

--------------------------==--==---================================================================================================= 
TOTAL 400.275 401.425 398.200 412.555 430.900 447.725 452.013 457.259 462.417 467.626 472.777 510.966 545.947 581.498 
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HOUSING, POPULATION, HOUSEHOLDS, AND INCOME MEDIUM SCENARIO - IDAHO 2/12/91 

1980 1986 1987 1988 1989 1990 1991 1992 1993 1994 1996 2000 2006 2010 
------------------------------------------------------------------------------------------------------------------------------------
HOUSING 

SF 262.386 280.726 282.559 286.612 288.292 289.653 294.926 300.430 306.006 309.604 313.007 338.706 362.270 383.255 
MF 26.070 29.289 29.947 30.747 31.164 31. 531 32.539 33.687 34.649 36.376 36.107 41.132 45.869 50.238 
MO 36. 714 43.986 44.494 46.641 45.999 46.225 47.663 49.139 60.601 61.366 52.095 57.858 62.403 66.162 

TOTAL 324.170 364.000 367.000 363.000 365.466 367.409 375.127 383 .156 391.256 396.246 401.209 437.696 470.543 499.654 

POPUL 944.000 1004.000 1000.500 1004.400 1006.000 1006.700 1020.345 1034.621 1048.566 1067.976 1067.216 1138.010 1199.884 1264.125 

HHLDS 324.170 354.000 367.000 363.000 365.466 367.409 375.127 383.156 391. 266 396.246 401.209 437.696 470.543 499.654 

PCI 8611.20 8400.50 8673.30 8785.80 9226.40 9457.00 9531.30 9727.60 9928.00 10132.60 10341.30 11451.20 12680.30 14041.30 
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MANUFACTURING EMPLOYMENT (1000'S) MEDIUM SCENARIO - WESTERN MONTANA 2/12/91 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 20'10 
------------------------------------------------------------------------------------------------------------------------------------
20 0.700 0.465 0.525 0.550 0.475 0.500 0.495 0.490 0.485 0.480 0.475 0.475 0.450 0.450 
22 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
23 0.025 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.075 0.075 0.075 
25 0.000 0 .140 0.150 0.150 0.150 0.160 0.150 0.150 0.150 0 .150 0.150 0.175 0.175 0.175 
27 0.750 0.700 0.725 0.750 0.825 0.875 0.900 0.925 0.926 0.950 0.975 1.100 1.200 1.300 
29 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
30 0.000 0.025 0.025 0.010 0.010 0.040 0.040 0.042 0.045 0.047 0.050 0.050 0.063 0.063 
31 0.000 0.025 0.030 0.010 0.010 0.040 0.038 0.038 0.038 0.038 0.038 0.038 0.038 0.038 
32 0.400 0.325 0.280 0.290 0.300 0.300 0.303 0.306 0.309 0.312 0.315 0.325 0.336 0.350 
33XX 1.000 0.150 0.050 0.050 0.050 0.050 0.050 0.050 0.075 0.075 0.075 0.100 0.100 0.100 
34 0.150 0.250 0.275 0.250 0.225 0.250 0.255 0.260 0.265 0.270 0.275 0.275 0.275 0.275 
35 0.050 0.225 0.325 0.350 0.375 0.400 0.400 0.400 0.425 0.450 0.450 0.500 0.550 0.600 
36 0.050 0.075 0.075 0.100 0.125 0.126 0.108 0.118 0.128 0.138 0.150 0.175 0.204 0.225 
37 0.100 0.075 0.050 0.100 0.100 0 .100 0.105 0.109 0.114 0.120 0.125 0.150 0.175 0.200 
38 0.100 0.125 0.120 0.130 0.140 0.160 0.159 0.168 0.178 0.189 0.200 0.225 0.263 0.276 
39 0.150 0 .175 0.300 0.650 0.700 0.760 0.750 0.775 0.800 0.800 0.800 0.800 0.800 0.800 
2421 4.500 4.000 4.150 3.900 3.900 4.000 3.738 3.743 3.811 3.827 3.925 3.968 4.163 4.161 
2436 1.000 0.800 0.800 0.800 0.950 0.825 0.676 0.638 0.642 0.650 0.672 0.695 0.694 0.703 
24XX 2.700 2 .100 2.500 2.500 2.650 2.650 2.550 2.524 2.499 2.475 2.450 2.331 2.218 2 .111 
2611 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
2621 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
2631 0.550 0.750 0.750 0.750 0.750 0.760 0.743 0.737 0.731 0.724 0.718 0.687 0.657 0.629 
26XX 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
2812 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
2819 0.200 0 .190 0.180 0.180 0.180 0.180 0.179 0 .178 0.177 0.176 0.175 0 .170 0.165 0.160 
28XX 0 .100 0.050 0.050 0.100 0.100 0.100 0.100 0.099 0.099 0.099 0.099 0.097 0.096 0.094 
3334 1.250 0.850 0.750 0.800 0.800 0.800 0.700 0.700 0. 700 0.700 0.700 0.700 0.700 0.700 
------------------------------------------------------------------------------------------------------------------------------------SUBTOT 13.775 11.545 12.160 12.470 12.865 13.085 12.489 12.500 12.646 12.719 12.866 13. 111 13.386 13.483 
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NON-MANUFACTURING EMPLOYMENT (1000'S) MEDIUM SCENARIO - WESTERN MONTANA 2/12/91 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------
40-49 7.500 6.400 6.650 6.700 6.900 7.000 7.071 7.156 7.241 7.328 7.416 7.780 8.048 8.293 
50-51 3.800 3.400 3.275 3.375 3.500 3.600 3.697 3.684 3.772 3.863 3.956 4.404 4.834 5.284 
52,53+ 8.000 8.200 8.650 8.700 8. 775 8.850 9.079 9.250 9.424 9.601 9.781 10.611 11. 353 12.092 
54 2.900 3.000 2.825 3.100 3.500 3.800 3.850 3.900 3.950 4.000 4.050 4.400 4.600 4.800 
58 7.600 7.600 7.476 7.500 8.400 8.600 8.700 8.800 8.900 9.000 9.187 10.918 12.792 14.932 
60-67 3.700 3.400 3.650 3.650 3.850 3.950 4.000 4.050 4.100 4.150 4 .200 4.600 4.900 5.295 
70 2.500 2.700 2.900 2.850 2.700 2.800 2.900 3.000 3.100 3.200 3.300 3.956 4.439 4.961 
72 0.800 0.900 0.875 0,900 0. 775 0.750 0.800 0.900 0.950 1.004 1.021 1.098 1.164 1.230 
73 1.000 1.700 2 .175 2.200 1.650 1.760 1.850 1.950 2.050 2.200 2.350 3.000 3.600 4,100 
76 0.300 0,300 0.350 0.350 0.425 0.450 0.450 0.460 0.470 0.480 0.490 0.530 0.550 0.570 
80 6.400 7.650 8.300 8.400 8.700 8.800 8.900 9.000 9.200 9.400 9.500 11.000 12.200 13.200 
81 0.500 0.600 0.700 0.700 0.725 0.800 0.750 0.750 0.760 0.767 0.796 0.943 1.103 1.284 
83 1.400 1.200 1.525 1.500 2.100 2.300 2.400 2.500 2.600 2.700 2.750 3.250 3.600 3.800 
89 1.000 0.700 0.800 0.800 0.750 0.800 0.775 0.785 0.805 0.826 0.846 0.946 1.044 1.146 
75,78+ 3.300 3.325 3.450 3.500 3.600 3.500 3.563 3.614 3.666 3. 719 3.773 4.078 4.345 4.612 
82 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
941 8.900 9. 775 9,500 9.400 9.600 9.800 9.982 10.161 10.343 10.529 10. 718 11.683 12.328 12.954 
90-99 8.300 7.400 7.400 7.400 8.000 8.200 8.452 8.587 8.724 8.863 9.005 9.635 10.167 10.684 
Const 4.800 3,800 2.800 3.050 3.250 3.400 3.450 3.500 3.550 3.600 3.650 3.900 4.100 4.300 
Agric 7.500 7.300 7.300 7.300 7.300 7.300 7.265 7.236 7.207 7.179 7.150 6.971 6.953 6.928 
M", n i ng 3.100 1. 875 2.075 2.175 2.300 2.600 2.500 2.500 2.500 2.650 2.650 2.750 2.850 2.950 
Fd Gvt 5.600 4.860 4.900 4.950 5.100 6.200 5.100 6 .100 5.119 5.169 5.200 5.400 5.500 5.600 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 88.800 85.975 87.675 88.600 91.800 94.260 96.434 96.883 98.421 100.117 101.789 111.853 120.470 129.015 

============-========-============================================================================================================== 
TOTAL 102.575 97.520 99.735 100.970 104.665 107.335 107.923 109.383 111.067 112. 836 114 .655 124.964 133.856 142.498 
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HOUSING, POPULATION, HOUSEHOLDS, AND INCOME MEDIUM SCENARIO - WESTERN MONTANA 2/12/91 

1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 ;2010 
------------------------------------------------------------------------------------------------------------------------------------
HOUSING 

SF 82.313 84.905 85.437 85.857 86.014 86.253 87.174 88.524 90.052 91.666 93.343 101.362 108.705 114 .626 
MF 8.950 10.092 10.354 10.500 10.594 10.706 10.956 11.293 11.667 12.059 12.464 14.435 16.294 17.889 
MO 15.138 17.403 17.709 17.854 17.882 17.927 18.231 18.691 19.206 19.739 20.282 22.634 24.494 25.816 

TOTAL 106.400 112.400 113. 500 114. 211 114 .491 114.886 116.361 118. 508 120.925 123.464 126.088 138.431 149.493 158.331 

POPUL 294.500 303.900 303.500 303.800 303.400 303.300 304.867 308.121 311.985 316.068 320.264 343.308 361.774 379.995 

HHLDS 106.400 112.400 113.500 114.211 114 .491 114.886 116.361 118.508 120.925 123.464 126.088 138.431 149.493 158.331 

PCI 7793.00 7983.00 8527.20 8697.80 8871.70 9049 .10 9991.00 9991.00 9991.00 9991.00 9991.00 11030.90 12179.00 13446.70 
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MANUFACTURING EMPLOYMENT (1000'S) MEDLO SCENARIO - REGION 2/22/91 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------
20 73.900 71. 965 72.925 75.550 76.475 78.300 74.490 73.979 73.369 72.760 71.950 68.950 67 .100 65.900 
22 3.000 2.550 2.900 3 .100 3.100 3.550 2.450 2.450 2.450 2.450 2.450 2.450 2.450 2.450 
23 10.025 8.900 8.550 8.950 9.050 9.470 8 .197 7.846 7.796 7.747 7.700 8.075 8.275 8.475 
25 6 .150 7.240 7.050 7.950 7.850 8.310 7.008 6.858 6.888 6.918 6.950 7.000 7.050 7.150 
27 29.660 34.000 37.925 39.850 41.025 41.776 40.760 41. 550 42.276 43.000 43.600 46.800 49.760 62.600 
29 2.800 2.226 2.350 2.460 2.450 2.760 2.450 2.350 2.260 2.160 2.060 1.750 1.650 1.560 
30 6.900 8.576 10.025 11. 210 12.010 12.340 12.276 12.475 12.675 12.875 13.075 14.175 14.975 15.475 
31 0. 700 0.925 1.080 1.160 1.260 1.140 1.100 1.100 1.100 1.100 1.100 1.100 1.100 1.100 
32 13 .100 10.725 11.580 12.490 12.900 14.100 11. 200 10.800 10.300 10.300 10.300 10.300 10.300 10.300 
33XX 20.800 15.350 15.550 16.550 17.550 18.450 16.940 16.958 16.038 16.120 16.200 16.625 16.850 16.860 
34 26.750 22.850 22.975 24.350 26.625 27.250 24.409 23.109 23.189 23.269 23.350 23.800 24.000 24.250 
36 37.750 38.625 37.625 40.650 43.175 44.900 42.650 41.050 41.175 41.700 42.100 44.325 46.450 48.476 
36 22.550 28.875 30.175 28.700 32.325 35.025 33.208 31.718 32.528 33.338 34.150 36. 175 37.904 39.825 
37 109.450 99.825 118.150 129.500 141.500 142.700 136.798 126.497 116.397 111.298 106 .100 101. 500 97.200 93 .100 
38 25.950 25.725 23.320 28.330 27.940 26.850 25.626 25.354 25.484 25. 716 25.850 27.225 28.703 30.275 
39 7.350 7.400 8.600 10.350 11.900 10.560 9.850 9.375 9.100 9.225 9.325 9.626 9.825 10.025 
2421 52.427 44.300 47.250 47.200 47.000 44.900 39.005 36.896 36.041 34.641 34.701 31.374 32.727 33.309 
2436 26.582 20.900 21.900 20.900 20.750 19.125 17.405 16.304 15.663 14.436 13.986 10.507 10.142 9.877 
24XX 61.066 67.100 60 .100 63.400 62.650 69.450 57.709 66.966 56.233 65.509 54.794 51.369 48.147 45 .117 
2611 2.974 2.100 2.050 2 .100 2.500 2.500 2.450 2.404 2.356 2.310 2.266 2.052 1.860 1.686 
2621 14.143 13.410 12.650 12.900 13.700 13.700 13.554 13.414 13.277 13.136 13.000 12.359 11.769 11.226 
2631 5.037 5.000 4.900 4.850 5.450 6.550 5.475 5.400 5.326 5.253 5.181 4.836 4.515 4.215 
26XX 7.896 7.815 8.750 8.500 8.500 8.600 8.441 8.454 8.466 8.479 8.492 8.440 8.441 8.113 
2812 0. 763 0.700 0. 700 0.700 0.600 0. 700 0.701 0.701 0.702 0.703 0.704 0.698 0.691 0.714 
2819 6.567 8.890 8.780 9.780 9.580 9.980 6.469 5.359 5.248 5.138 6.028 4.978 4.930 4.885 
28XX 7.470 7.650 7.650 7.900 8.000 8.600 7.844 7.806 7.767 7.728 7.690 7.505 7.321 7 .139 
3334 10,350 7.250 5.850 7.300 7,600 7.200 5 .100 4.780 4.720 4.660 4.600 4.500 4.500 4.500 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 592.100 560.870 591.260 626.670 653.465 657.765 612.554 590.962 578.814 571.959 566.692 558.494 558.626 558.581 
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NON-MANUFACTURING EMPLOYMENT (1000'S) MEDLO SCENARIO - REGION 2/22/91 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 

------------------------------------------------------------------------------------------------------------------------------------
40-49 179.500 176.500 181.550 187.700 196.700 203.600 202.600 200.750 203.800 206.460 208.700 215.600 222.100 227.798 
50-51 194.000 195.700 203.375 213.275 229.000 239.200 234.594 234.361 237.981 241.780 245.964 266.903 289.360 310.481 
52,53+ 275.100 279.300 300.050 314.100 332.675 346.650 341.808 342.818 345.728 349.540 353.754 373.699 395.771 417.771 
54 75.100 92.400 105.125 110. 800 117.300 123.900 122.900 123.450 124.200 124.750 126.300 130.350 135.300 140 .100 
58 195.500 218.400 233.275 241.600 250.100 261.300 261.581 267.296 274.803 282 .811 291.170 339.025 390.355 447.723 
60-67 188.900 193.400 202.450 206.550 210.750 216. 650 212.100 213.404 219.358 223.948 228.574 249.774 269.885 288.744 
70 40.200 42.600 45.800 48.850 52.300 55.400 55.000 55 .100 55.500 55.900 56.400 61. 560 66.663 72.879 
72 29.600 36.000 36.075 34 .100 35.275 37.150 39.104 39.379 39.653 40.003 40.355 43.240 45.569 47.798 
73 89.800 109.800 138.475 123.200 133.660 142.760 145.700 149. 150 152.700 156.500 160.600 199.700 237.500 269.600 
76 9.800 10.500 11.350 12.750 14.225 14.750 14.263 14.366 14.578 14.891 15.004 15.599 16.058 16.514 
80 179.800 212.350 231.100 240.600 252.300 269.000 276.253 284.700 293.900 300.800 307.200 354.600 401.500 448.800 
81 17.400 22.700 25.700 26.900 27.925 29.300 30.107 30.658 31.146 31.742 32.415 38.115 44.255 51.092 
83 31.800 41.800 47.625 56.500 61.000 63.900 64.600 66.200 66 .100 67.300 68.450 77.300 86.900 96.300 
89 36.400 36.000 39.100 65.800 71.150 75.300 76.953 79.170 81. 288 83.406 86.124 98.726 109.729 119.139 
75,78+ 122.600 141.125 150.850 158.900 168.500 177.600 178.399 182.140 184.981 188.022 191.064 203.594 214.594 224.486 
82 19.800 24.200 27.500 32.800 34.600 35.800 35.550 35.770 36.100 36.350 36.500 38.000 39.300 40.400 
941 279.700 280.275 291.400 299.600 306.700 317.900 319.012 321.510 324.410 327.738 331.138 352.202 370.127 386.756 
90-99 230.300 236 .100 248.300 257.500 266.400 276.300 277.700 277.900 279.600 281.600 283.600 300.700 316.500 331.400 
Const 161.300 132.600 140.600 163.750 171.050 184.600 167.400 154.303 157.200 161.300 164.600 176.700 186.600 195.400 
Agric 292.200 286.600 286. 200 286.065 284.100 281.662 280.104 278.615 277.134 276.664 274.200 266.800 259.400 252.300 
Mining 13.300 9.875 9.075 10.075 10.900 11.800 9.659 9.518 9.478 9.439 9.400 9.300 9.300 9.300 
Fd Gvt 117. 300 116.350 118 .300 120.650 122.200 127.200 120.400 119. 700 118 .800 119.000 119.200 121.700 126.200 130.400 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 2779.400 2893.576 3073.176 3199.966 3348.800 3490.603 3455.777 3479.257 3528.438 3578.934 3629.702 3933.187 4232.966 4525.181 

--------- ------ --- ... ----- =-----===---====--====-=====-=====-=====-============================================================ 
TOTAL 3371.500 3464.446 3664.436 3826.626 4002.265 4148.368 4068.331 4070.209 4107.252 4160.893 4196.394 4491.682 4791.591 5083.761 
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~ HOUSING, POPULATION, HOUSEHOLDS, AND INCOME MEDLO SCENARIO - REGION 2/22/91 
l'"' 

1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
~ 

------------------------------------------------------------------------------------------------------------------------------------HOUSING 

SF 2304.022 2428.959 2483.225 2532.928 2591.588 2633.923 2676.055 2714.749 2745.018 2773.581 2800.527 2974.687 3147.574 3284.533 
MF 427.732 492.379 522.134 545.683 571.859 592.672 613.153 631.793 647.003 661.823 676.377 762.498 849.478 924.336 
MO 230.919 280.062 300.141 317.599 335.744 350.032 364.296 377.287 387.274 396.437 404.919 458.048 507.345 544.060 

TOTAL 2962.673 3201.400 3305.500 3396.210 3499.191 3576.626 3653.504 3723.829 3779.295 3831.842 3881.823 4195.233 4504.397 4752.928 

POPUL 8003.820 8389.700 8532.000 8668.200 8860.400 9019.000 9170.988 9272.746 9335.019 9391.394 9452.263 9978.13610501.97211002.465 

HHLDS 2962.673 3201.400 3305.500 3396.210 ~499.190 3576.626 3653.504 3723.829 3779.295 3831.842 3881.823 4195.233 4604.397 4752.927 

PCI 10360.21 10444.04 10785.29 10968.18 11357.44 11433.36 11700.75 11864.47 12029.36 12196.81 12366.47 13281.23 14264.67 16322.29 
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MANUFACTURING EMPLOYMENT (1000'S) MEDLO SCENARIO - WASHINGTON 2/22/91 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------
20 31.900 31. 100 32.300 34.200 35.500 35.900 34.000 33.800 33.500 33.300 33.000 32.000 31.200 30.600 
22 1.000 0.900 1.000 1.200 1.200 1.300 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
23 6.500 6.200 5.700 6.000 6.000 6.200 6.800 6.600 5.500 5.500 5.500 5.900 6.100 6.300 
25 3.300 3.800 3.800 4.200 4.000 4.300 3.900 3.740 3.760 3.780 3.800 3.900 4.000 4.100 
27 15.800 17.600 20 .100 21.400 22.100 22.000 21. 500 22.000 22.300 22.600 22.900 24.800 26.700 28.500 
29 2 .100 1.800 1.800 1.900 1.900 2.200 2.000 1.900 1.800 1.700 1.600 1.400 1.300 1.200 
30 3.500 4.500 5 .100 5.800 6.200 6.500 6.500 6.600 6.700 6.800 6.900 7.500 7.800 8.000 
31 0.400 0.400 0.400 0.500 0.600 0.600 0.600 0.500 0.600 0.600 0.500 0.500 0.600 0.600 
32 6.900 6.400 6.900 7.300 7.500 7.900 6 .100 6 .100 6 .100 6.100 6 .100 6.100 6.100 6 .100 
33XX 9.000 6.900 6.900 7.100 7.300 7.600 7.040 7.079 7.119 7.160 7.200 7.400 7.600 7.600 
34 11.800 9.700 10.500 10.900 11.800 12.200 11.500 10.240 10.260 10.280 10.300 10.500 10.600 10.700 
35 16.000 17.100 16.200 18.000 19.000 19.500 18.500 18.000 18.000 18.400 18.800 19.500 20.500 21.400 
36 11.200 12.100 13.200 10.500 11.700 12.100 11. 600 11. 000 11. 500 12.000 12.500 13.400 14.100 14.900 
37 98.350 89.600 106.200 116.200 128.500 128.900 126.000 115. 000 105.000 100.000 96.000 90.800 86.800 83.000 
38 6.400 10.700 10.800 14.600 14.900 14.700 14.400 14.000 14.000 14.100 14.100 14.600 15.200 16.800 
39 4.600 4.500 4.800 5.500 5.900 5.600 6.300 6.000 5.100 5.200 5.300 5.600 6.800 6.000 
2421 16.027 13.400 14.600 15.200 15.300 14.700 12.884 11.982 11.644 10.935 10.859 9.412 9.785 10.057 
2436 4.982 4.200 3.900 3.600 3 .100 3.000 2.625 2.443 2.345 2 .157 2.083 1.589 1.561 1.638 
24XX 25.991 20.700 22.000 22.800 22.700 21. 900 20.699 20.432 20.169 19.910 19.663 18.425 17.269 16. 182 
2611 2.974 2.100 2.050 2 .100 2.500 2.500 2.460 2.404 2.356 2.310 2.266 2.052 1.860 1.685 
2621 8.818 9.000 8.400 8.700 9.300 9.300 9.200 9.106 9.012 8.917 8.822 8.388 7.988 7.620 
2631 1.637 1.200 1.200 1.200 1.600 1.600 1. 579 1.557 1.536 1. 515 1.494 1. 395 1.302 1. 216 
26XX 4 .171 4.400 4.950 5.100 4.900 5.000 6.068 5.081 5.094 5.107 5 .120 5.090 6.093 4.881 
2812 0.513 0.600 0.500 0:500 0.400 0.500 0.500 0.501 0.602 0.502 0.503 0.495 0.486 0.610 
2819 5.300 7.700 7.700 8.700 8.500 8.900 4.400 4.300 4.200 4 .100 4.000 4.000 4.000 4.000 
28XX 2.887 3.100 3.300 3.300 3.300 3.500 3.225 3.'209 3.193 3.178 3.162 3.086 3.011 2.935 
3334 7.700 5.800 4.400 5.600 5.900 5.900 4.000 3.680 3.620 3.560 3.500 3.400 3.400 3.400 
------------------------------------------------------------------------------------------------------------------------------------SUBTOT 308.750 295.400 318.600 342.100 361.600 364.200 341.170 326. 154 315.710 310.610 305.962 302.232 301.065 299.623 
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NON-MANUFACTURING EMPLOYMENT (1000'S) MEDLO SCENARIO - WASHINGTON 2/22/91 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------
40-49 91.400 93.600 98.500 101.900 107.900 112.000 112.000 112 .000 113.500 115. 000 116. 500 119.500 123.000 126.000 
50-51 100.500 105.700 111.400 116.400 124.600 132.100 131.000 131.500 133.500 135.500 138.000 148.000 158.000 168.372 
52,53+ 141.000 146.900 161.200 168.800 179.100 189.000 187.000 187.000 189.000 192.000 195.000 204.000 215.000 226.241 
54 38.200 49.200 57.400 59.900 62.300 65.400 65.000 65.300 65.800 66.000 66.200 69.200 72.200 75.400 
58 101.600 118.900 128.200 132.500 135.000 141.600 143.581 148,027 152.611 157.338 162.210 189.470 218.796 251.705 
60-67 91.800 99.600 107.500 109.400 112.300 116. 300 114.000 114.611 119.618 122.660 125.737 137.077 148.846 160.855 
70 17.800 20 .100 21.500 22.900 24.700 26 .100 26.200 26.400 26.500 26.600 26.800 29.401 32.508 35.797 
72 16.000 19.900 20.800 19.700 20.400 21. 500 23.453 23.609 23.767 23.926 24.086 26.000 27.500 29.000 
73 52.900 61.000 78.000 70.000 76.500 83.700 85.500 87.500 89.500 91. 200 92.900 115.500 137.000 154.100 
76 5.500 5.600 5,900 6.900 8.000 8.400 8.200 8.300 8.500 8.700 8.800 9.200 9.500 9.800 
80 95.800 117.400 129.300 134.600 140.800 151. 200 153.000 157.000 162.000 166.000 170.000 197.000 223.000 251.000 
81 9.200 12.400 14.400 15.000 15.600 16.500 16.800 17.000 17.100 17.300 17.570 20.722 24.163 28.061 
83 15.600 22.600 25.000 27.200 29.700 31.400 32.200 33.000 33.400 34.000 34.600 39.000 44.000 49.000 
89 19.500 21.100 23 .100 37.500 40.700 43.000 44.000 45.500 47.000 48.500 50.500 58.000 64.000 69.000 
75,78+ 66.800 83.500 89.000 95.400 101. 100 106. 700 108.000 111.000 113. 000 115 .000 117 .000 124.000 130.000 135.000 
82 8.900 12.000 13. 100 14.700 15.900 16.700 16.700 16.800 16.900 17.000 17.100 17.900 18.600 19.200 
941 145.500 143.600 151.100 156.000 160.600 166.300 166.800 167.800 169.000 170.628 172.326 182.633 191.300 200.000 
90-99 117 .400 129. 100 135.500 141.300 146.800 152.100 152.500 152.500 153.000 153.500 154.000 163.000 171.000 179.000 
Const 92.600 80.600 88.900 96.600 106.600 115.300 100.000 98.000 100.000 102.000 103.000 111.000 117.000 122.000 
Agric 119.300 115 .100 114.400 113.300 112.300 110. 714 110 .337 109.961 109.586 109.213 108.841 105.481 102.806 99.943 
Mining 3.200 2.700 3.000 3.300 3.600 4.000 2.900 2.900 2.900 2.900 2.900 2.900 2.900 2.900 
Fd Gvt 67.900 70 .100 70.600 71.400 72.000 74.500 71.000 71.500 71.500 71.500 71.500 72.700 75.300 78.000 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 1418.400 1530.700 1647.800 1714.700 1796.500 1884.514 1870.171 1887.208 1917.682 1946.465 1975.570 2141.684 2306.419 2470.374 

---------------=---==---==-===--===-================================================================================================ 
TOTAL 1727.150 1826.100 1966.400 2056.800 2158.100 2248.714 2211.342 2213.363 2233.392 2257.076 2281.532 2443.916 2607.473 2769.998 
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HOUSING, POPULATION, HOUSEHOLDS, AND INCOME MEDLO SCENARIO - WASHINGTON 2/22/91 I b 

1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------
HOUSING 

SF 1193.211 1266.263 1300.855 1329.754 1367.751 1393.316 1418.433 1439.091 1454.088 1468.608 1483.746 1570.665 1655.455 1722.570 
MF 250.130 298.560 320.920 337.800 358.989 374.112 389.070 401.886 411. 969 421.870 432.129 489.725 547.510 597.732 
MO 97.169 126.178 139.225 149.446 162.546 171. 496 180.220 187.398 192.635 197.628 202.736 230.667 256.242 275.420 

TOTAL 1540.510 1691.000 1761.000 1817.000 1889.286 1938.924 1987.723 2028.375 2058.691 2088.106 2118.611 2291.057 2459.208 2595.721 

POPUL 4132.160 4406.000 4538.000 4619.000 4761.000 4866.700 4969.307 5030.370 5064.381 5094.979 5127.038 5406.894 5680.770 5944.201 

HHLDS 1540.510 1691.000 1761.000 1817.000 1889.286 1938.924 1987.723 2028.375 2058.691 2088.106 2118.611 2291.057 2459.208 2595.721 

PCI 10725.00 10924.00 11258.00 11383.00 11774.00 11798.00 12115.30 12278.90 12444.60 12612.60 12782.90 13669.40 14617.30 15631.00 
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MANUFACTURING EMPLOYMENT (1000'S) MEDLO SCENARIO - OREGON 2/22/91 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------
20 24.300 23.800 24.000 23.700 23.600 24.900 23.600 23.500 23.400 23.300 23 .100 22.000 21. 500 21.000 
22 2.000 1.600 1.800 1.800 1.800 2.100 1.400 1.400 1.400 1.400 1.400 1.400 1.400 1.400 
23 3.200 2.400 2.500 2.600 2.700 2.900 2.158 2.118 2.078 2.038 2.000 2.000 2.000 2.000 
25 2.600 2.700 2.500 2.900 3.000 3.200 2.400 2.400 2.400 2.400 2.400 2.400 2.400 2.400 
27 10.000 11.500 12.800 13.200 13.500 14.100 13.600 13.600 13.900 14.200 14.500 15.400 16.200 17.000 
29 0.600 0.400 0.500 0.500 0.500 0.500 0.400 0.400 0.400 0.400 0.400 0.300 0.300 0.300 
30 2.400 3.200 3.800 4.600 4.900 5.000 5.000 5.100 5.200 5.300 5.400 5.900 6.400 6.700 
31 0.300 0.400 0.500 0.500 0.500 0.500 0.500 0.500 0.500 0.500 0.500 0.500 0.500 0.500 
32 4.500 3.100 3.600 4.000 4.200 4.900 4.000 3.600 3.100 3.100 3.100 3 .100 3 .100 3.100 
33XX 9.600 8.200 8.600 9.300 10 .100 10.700 9.700 8.679 8.719 8.760 8.800 9.000 9.000 9.000 
34 12.700 11.000 10.200 11.200 12.300 12.400 10.559 10.619 10.679 10.739 10.800 11.000 11.100 11.200 
35 17.700 15.500 15.800 16.800 17.600 18.000 17.000 16.500 16.500 16.500 16.500 17.500 18.200 18.900 
36 9.800 13.900 13. 6,:0 14.100 15.600 17.200 16.000 15.500 15.600 15.700 15.800 16.500 17.200 18.000 
37 10.300 9.200 10.800 11.600 11.400 12.200 10.398 10.297 10.197 10.098 10.000 9.700 9.500 9.200 
38 19.300 14.600 12 .100 13.200 12.500 11.600 10. 717 10.836 10.956 11. 077 11.200 12.000 12.800 13.700 
39 2.200 2.400 3.200 3.800 4.900 3.800 3.600 3.400 3.000 3.000 3.000 3.000 3.000 3.000 
2421 23.800 20.500 22.000 21.400 20.800 19.000 16.755 15.540 14.949 14.116 14.005 12.024 12.508 12.828 
2438 20.100 15.600 16.800 16.100 18.300 14.900 13.890 13.022 12.475 11.424 11.021 8.005 7.688 7.416 
24XX 25.600 27.600 29.200 31.300 29.900 27.300 27.997 27.637 27.281 26.930 26.584 24.922 23.359 21.889 
2611 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
2621 5 .100 4.160 4.000 3.900 4.100 4 .100 4.057 4.015 3.975 3.931 3.894 3.700 3.524 3.360 
2631 2.000 2 .100 2.000 1.900 2.000 2.000 1.972 1.946 1. 918 1.892 1.866 1.742 1.626 1.519 
26XX 3.300 2.840 3.200 2.800 3.000 3.000 2.809 2.805 2.800 2.796 2.792 2.793 2.784 2.686 
2812 0.250 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.201 0.201 0.201 0.203 0.204 0.204 
2819 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
28XX 2.050 1.900 1.900 1.900 2.000 2.300 1.846 1.837 1.828 1. 819 1.810 1.767 1.723 1.680 
3334 1.400 0.600 0. 700 0.900 0.900 0.500 0.500 0.500 0.500 0.500 0.500 0.500 0.500 0.500 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 215.100 199.300 206.300 214.200 218.300 217.300 201.060 195.951 193.956 192.122 191.572 187.356 188.496 189.481 
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NON-MANUFACTURING EMPLOYMENT (1000'S) MEDLO SCENARIO - OREGON 2/22/91 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------
40-49 60.500 57.300 58.500 60.500 62.800 65 .100 64.000 62.000 63.400 64,400 65.000 67.700 70,000 72.100 
50-51 67.400 65.800 68.200 72.900 78.200 80.800 78.000 77.000 78.200 79.500 80.665 88.751 97.836 105.200 
52,53+ 96.200 92.900 98.700 104.200 109.700 112.000 110.000 110.500 111.000 111. 500 112.500 120.000 128.000 136.000 
54 24.600 29.500 33.800 36.400 39.400 42.000 41.500 41.600 41.700 41.900 42.100 43.100 44.100 45.000 
58 67.400 70.400 76.000 78.900 82.300 85.000 84.500 85.418 87.892 90.438 93.058 107.678 123.201 140.386 
60-67 70.000 66.800 72.100 73.300 75.300 75.800 74.800 75.400 76.000 77 .000 78.000 85.000 91.000 96.000 
70 14.800 14.600 15.600 17.100 18.400 19.700 19.000 18.800 18.900 19.000 19.100 20.300 21.210 23.127 
72 9.800 10.400 10.800 10.400 10.900 11.600 11.101 11.195 11.289 11.385 11.481 12.101 12.612 13.089 
73 24.900 35.000 45.500 43.000 46.700 48.100 48.800 50.000 51.300 53.000 55.000 68.000 81.000 93.000 
76 3.000 3.500 4 .100 4.400 4.600 4.700 4.500 4.500 4.500 4.600 4.600 4.700 4.800 4.900 
80 62.100 69.400 74.400 77.600 82 .100 87.200 92.200 96.200 100.000 102.500 104.500 119.000 134.000 148.000 
81 5.600 7.300 8.100 8.500 8.700 9.000 9.707 9.965 10.230 10.502 10.781 12.592 14.541 16.728 
83 11.400 14.000 16.900 23.300 24.400 25.200 25.000 24.800 25.100 25.500 25.900 29.000 32.500 36.000 
89 11.100 10.300 11.300 17.200 19.000 20.500 21.000 21.400 21. 800 22.200 22.600 25.600 28.600 31.000 
75,78+ 42.200 43.500 47.400 47.900 50.800 53.500 53.000 53.400 54.000 54.800 55.600 60.000 64.000 68.000 
82 7.100 8.300 10.300 13.800 14.300 14,600 14.400 14.500 14.700 14.800 14.800 15.300 15.700 16.000 
941 94.200 94.600 97.400 99.300 101. 200 104 .100 104.000 105.000 106.200 107.500 108.800 117.000 124.000 130.000 
90-99 78.200 73.500 77.700 80.200 81.700 84,300 85.000 85.000 86.000 87.300 88.600 94.600 100.600 105.000 
Const 46.500 33.100 35.300 39.900 45.200 47.900 36.000 35.603 36.200 38.000 40.000 43.000 46.000 49.000 
Agric 96.300 98.800 99.700 100.300 101.000 101.082 100.459 99.840 99.224 98.613 98.005 95.901 93.174 90.644 
Mining 2.300 1.500 1.400 1.300 1,400 1.400 1.400 1.400 1.400 1.400 1.400 1.400 1.400 1.400 
Fd Gvt 30.800 29.600 30.600 31.700 32.200 34.200 32.000 31.000 30.000 30 .100 30.200 31.000 32.400 33.500 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 926.400 930.100 993.800 1042.100 1090.300 1127.782 1110.367 1114.521 1129.035 1145.938 1162.690 1261.723 1360.674 1454.074 

--=====---=====---=====--=========================================================================================================== 
TOTAL 1141.500 1129.400 1200.100 1256.300 1308.600 1345.082 1311.427 1310.472 1322.991 1338.060 1354.262 1449.079 1549.170 1643.555 
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HOUSING, POPULATION, HOUSEHOLDS, AND INCOME MEDLO SCENARIO - OREGON 2/22/91 

1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------HOUSING 

SF 766.113 797.066 814.652 831.457 850.551 865.985 878.701 892.054 903.450 914.823 923.751 982.648 1042.468 1088.948 
MF 143.583 154.439 160.844 166.463 170.859 175.989 180.357 184.922 188.942 192.969 196.311 217.294 238.833 256.783 
MO 81. 898 92.495 98.505 104.080 108.549 113 .432 117.373 121.443 124.812 128.097 130.526 146.210 161.116 171.865 

TOTAL 991.593 1044.000 1074.000 1102.000 1129.959 1155.406 1176.432 1198.420 1217.204 1235.889 1250.588 1346.152 1442.417 1517.595 

POPUL 2633.160 2675.800 2690.000 2741.000 2791.000 2842.300 2882.258 2912.161 2933.462 2953.774 2976.400 3136.534 3303.135 3460.117 

HHLDS 991.593 1044.000 1074.000 1102.000 1129.959 1155.406 1176.432 1198.420 1217.204 1235.889 1250.588 1346.152 1442.417 1517.595 

PCI 9897.80 9845.90 10162.10 10402.20 10731.30 10804.40 10981.70 11151.90 11324.70 11500.30 11678.50 12612.10 13620.30 14709.10 
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MANUFACTURING EMPLOYMENT (1000'S) MEDLO SCENARIO - IDAHO 2/22/91 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------
20 17.000 16.600 16.100 17.100 16.900 17.000 16.400 16.200 16.000 15.700 15.400 14.500 14.000 14.000 
22 0.000 0.050 0.100 0.100 0.100 0.150 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 
23 0.300 0.250 0.300 0.300 0.300 0.320 0.189 0.178 0.168 0.159 0.150 0.100 0.100 0.100 
25 0.250 0.600 0.600 0.700 0.700 0.660 0.600 0.600 0.600 0.600 0.600 0.550 0.500 0.500 
27 3 .100 4.200 4.300 4.500 4.600 4.800 4.800 5.100 5.200 5.300 5.300 5.600 5.800 6.000 
29 0.100 0.025 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 
30 1.000 0.850 1.100 0.800 0.900 0.800 0.750 0.750 0.750 0.750 0. 750 0.750 0. 750 0.750 
31 0.000 0.100 0.150 0.150 0 .150 0.100 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075 
32 1.300 0.900 0.800 0.900 0.900 1.000 0.800 0.800 0.800 0.800 0.800 0.800 0.800 0.800 
33XX 1.200 0.100 0.000 0.100 0.100 0.100 0.150 0.150 0.150 0.150 0 .150 0.150 0.150 0.150 
34 2.100 1.900 2.000 2.000 2.300 2.400 2 .100 2.000 2.000 2.000 2.000 2.050 2.050 2 .100 
35 5.000 5.800 5.200 5.500 6.200 7.000 6.800 6.200 6.300 6.400 6.400 6.900 7.300 7.700 
36 1.500 2.800 3.300 4.000 4.900 5.600 5.600 5.100 5.300 5.500 5.700 6 .100 6.400 6.700 
37 0. 700 0.950 1.100 1.600 1.500 1.500 1.300 1.100 1.100 1.100 1.000 0.900 0.800 0.800 
38 0.150 0.300 0.300 0.400 0.400 0.400 0.350 0.350 0.350 0.350 0.350 0.400 0.450 0.500 
39 0.400 0.325 0.300 0.400 0.400 0.400 0.300 0.300 0.300 0.300 0.300 0.300 0.300 0.300 
2421 8 .100 6.400 6.600 6.700 7.000 7.200 6.002 6.007 6 .119 6.145 6.304 6.368 6.687 6.680 
2436 0.500 0.400 0.400 0.400 0.400 0.400 0.280 0.264 0.266 0.269 0.278 0.288 0.287 0.291 
24XX 6.775 6.700 6.400 6.800 7.400 7.600 6.493 6.410 6.327 6.246 6.166 5.780 5.418 5.077 
2611 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
2621 0.225 0.250 0.250 0.300 0.300 0.300 0.297 0.294 0.291 0.288 0.285 0.271 0.258 0.246 
2631 0.850 0.950 0.950 1.000 1.100 1.200 1.184 1.168 1.152 1.136 1.120 1.046 0.977 0.912 
26XX 0.425 0.575 0.600 0.600 0.600 0.600 0.564 0.568 0.572 0.576 0.580 0.558 0.565 0.547 
2812 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
2819 1.067 1.000 0.900 0.900 0.900 0.900 0.891 0.882 0.874 0.865 0.856 0.815 0.775 0.738 
28XX 2.433 2.600 2.400 2.600 2.600 2.700 2.673 2.660 2.647 2.634 2.621 2.557 2.494 2.433 
3334 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 54.475 54.625 54.200 57.900 60.700 63.180 58.699 57.256 57.441 57.443 57.285 56.957 57.035 57.498 
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NON-MANUFACTURING EMPLOYMENT (1000'S) MEDLO SCENARIO - IDAHO 2/22/91 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------
40-49 20 .100 19.200 17.900 18.600 19.100 19.500 19.600 19.700 19.800 19.900 20.000 21.000 21. 500 22.000 
50-51 22.300 20.800 20.500 20.600 22.700 22.700 22 .100 22.300 22.652 23.082 23.521 26.000 29.000 32.000 
52,53+ 29.900 31.300 31.500 32.400 35 .100 36.800 36.000 36.400 36.700 36.900 37.000 39.800 42.300 44.500 
54 9.400 10.700 11.100 11.400 12.100 12.700 12.700 12.800 12.900 13.000 13.100 13.900 14.700 15.300 
58 19.000 21.600 21.600 22.700 24.400 26 .100 25.000 25.300 25.700 26.385 27.202 31.774 36.691 42.210 
60-67 23.400 23.600 19.200 19.200 19.300 19.500 19.500 19.700 20.000 20.500 21.000 23.500 25.500 27.000 
70 5.100 5.200 5.800 6.000 6.500 6.800 7.000 7.100 7.200 7.300 7.400 8.200 8.900 9.500 
72 3.000 3.800 3.600 3.100 3.200 3.300 3,800 3.800 3.797 3.842 3.888 4.139 4.357 4.567 
73 11.000 12.100 12.800 8.000 8.800 9.200 9.600 9.800 10.000 10.300 10.600 13.600 16.400 19.000 
76 1.000 1.100 1.000 1.100 1.200 1.200 1.128 1.141 1.153 1.166 1.179 1.249 1.308 1.364 
80 15.500 17.900 19.100 20.000 20.700 21.800 22.200 22.600 22.900 23.200 23.500 28.000 32.500 37.000 
81 2.100 2.400 2.500 2.700 2.900 3.000 2.900 3.000 3.100 3.200 3.300 3.900 4.500 5.083 
83 3.400 4.000 4 .100 4.500 4.800 5.000 5.100 5.200 5.300 5.400 5.500 6.400 7 .200 8.000 
89 4.800 3.900 3.900 10.300 10.700 11.000 11.200 11.500 11.700 11.900 12.200 14.200 16.100 18.000 
75,78+ 10.300 10. 800 11.000 12.100 13.100 13.900 14.000 14.300 14.500 14.700 14.900 15.800 16.600 17.300 
82 3.800 3.900 4.100 4.300 4.400 4.500 4.450 4.470 4,500 4.550 4.600 4.800 5.000 5.200 
941 31.100 32.300 33.400 34.900 35.300 37.700 38.300 38.700 39 .100 39.400 39.700 41.700 43.500 45.000 
90-99 26.400 26 .100 27.700 28.600 29.900 31.700 31.900 32.000 32 .100 32.200 32.300 33.900 35.300 37.400 
Const 17.400 15.100 13.600 14.200 16.000 18.000 18.000 17.500 17.700 17.900 18.100 19.000 19.800 20. 500 
Agric 69 .100 65.400 64.800 64.155 63.500 62.556 62.104 61.654 61.208 60.766 60.326 58.644 56.744 55.138 
Mining 4.700 3.800 2.600 3.300 3.600 3.800 2.959 2.918 2.878 2.839 2.800 2.700 2.700 2.700 
Fd Gvt 13.000 11.800 12.200 12.500 12.900 13.300 12.400 12.200 12.300 12.400 12.500 13.000 13.500 13.900 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 345.800 346.800 344.000 354.655 370.200 384.056 381. 941 384.083 387.188 390.830 394.616 425.206 454.100 482.662 

===---==---===--====-=============================================================================================================== 
TOTAL 400.275 401.425 398.200 412.555 430.900 447.236 440.640 441.339 444.629 448.273 451.901 482.163 511.135 540.160 
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HOUSING, POPULATION, HOUSEHOLDS, AND INCOME MEDLO SCENARIO - IDAHO 2/22/91 I b 
1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 201111 

------------------------------------------------------------------------------------------------------------------------------------
HOUSING 

SF 262.386 280.726 282.438 286 .192 287.693 288.891 292.606 296.416 299.481 301.299 303.132 325.179 347.133 366.072 
MF 25.070 29.289 29.978 30.870 31.332 31.742 32.625 33.530 34.300 34.840 35.386 40.576 45.831 50.598 
MO 36. 714 43.986 44.584 45.938 46.429 46.776 48.041 49.308 50.262 50. 710 51.132 57.640 63.630 68.562 

TOTAL 324.170 354.000 357.000 363.000 365.455 367.409 373.272 379.255 384.042 386.849 389.650 423.395 456.595 485.231 

POPUL 944.000 1004.000 1000.500 1004.400 1005.000 1006.700 1015.299 1023.988 1029.233 1032.887 1036.470 1100.828 1164.316 1227.635 

HHLDS 324.170 354.000 357.000 363.000 365.455 367.409 373.272 379.255 384.042 386.849 389.650 423.395 456.595 485.231 

PCI 8611. 20 8400.50 8573.30 8785.80 9226.40 9457.00 9427.00 9568.40 9711.90 9857.60 10005.40 10778.70 11611.70 12509.10 
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6L6 "t't 6£0'Z't 0s5·n £L8''t't £8L''t't L0L''t't t6s·n sz9·n 980'£'t s9a·zt 0Lv'Z't 09t·zt svs·n 9LL. £'t 101ans ------------------------------------------------------------------------------------------------------------------------------------
009·0 009'0 009'0 009'0 009'0 009'0 009'0 009'0 008'0 000·0 000·0 09L'0 098'0 0sz·t j,£££ 
't60'0 £60'0 960'0 860'0 860'0 660'0 660'0 00t·0 00t·0 00t·0 00t·0 090'0 090'0 00't'0 xxaz 
avt·0 99't '0 £9't'0 'tl't'0 £l't'0 9L't'0 9L't'0 8L't. 0 08't'0 08't'0 08't'0 08't'0 06't'0 00z·0 6't8Z 
000·0 000·0 000'0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 Z't8Z 
000·0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 XX9Z 
0L9'0 0't9'0 1>99'0 00L'0 0'tl. 0 0ZL'0 0£L'0 0vL·0 09L'0 09l'0 09L'0 09L'0 09L'0 099·0 t£9Z 
000·0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 'tZ9Z 
000·0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 n 9z 
0L6''t z0t·z £vz·z Z6£'Z £Zv'Z 99i,·z Lav·z 6't9'Z 099·z 099'Z 009·z 009·z 00't'Z 00L'Z xxvz 
££9'0 9Z9'0 9Z9'0 1>09'0 989'0 8L9'0 l>L9'0 609'0 9za·0 096'0 000·0 000·0 008'0 000·t 9£1>Z 
£vl'£ Lvl '£ 0L9'£ ££9'£ j,j,j,'£ 8Zv'£ L9£'£ v9£'£ 000·v 006'£ 006'£ 091·v 000·v 00s·v tzvz 
9ZL'0 9ZL' 0 9ZL'0 9ZL'0 9ZL'0 00L'0 9L9'0 099'0 09L'0 00L'0 099'0 00£'0 9L1 ·0 09t·0 6£ 
9LZ'0 £9Z'0 9zz·0 00z·0 68't'0 8L't'0 89't'0 69't ·0 09t·0 0vt·0 0£'t'0 0zt·0 9Z't ·0 00t·0 8£ 
00't'0 00't'0 00't'0 00t·0 00t·0 00't'0 00t·0 00't'0 00t·0 00t·0 00t·0 0s0·0 9L0'0 00t·0 L£ 
szz·0 1>0z·0 9L't'0 09't'0 8£'t. 0 8Z't ·0 an·0 a0t·0 9Z't ·0 9Z't'0 00t·0 9L0'0 9L0'0 090·0 9£ 
9Lv'0 09i,·0 9zi,·0 00v·0 00v·0 9L£'0 09£'0 09£'0 00v·0 9L£'0 09£'0 9Z£'0 9zz·0 090·0 9£ 
0sz·0 09z·0 09z·0 09z·0 09z·0 09z·0 09z·0 09z·0 09z·0 9zz·0 09z·0 9a·0 09z·0 09't'0 v£ 
00't'0 00t·0 9L0'0 090'0 090'0 090'0 090'0 090'0 090·0 090·0 090·0 090·0 091 · 0 000·1 XX££ 
00£'0 00£'0 00£'0 00£'0 00£'0 00£'0 00£'0 00£'0 00£'0 00£'0 06Z'0 0az·0 9Z£'0 001>'0 Z£ 
sz0·0 9z0·0 9z0·0 9Z0'0 9z0·0 9z0·0 9z0·0 9z0·0 0i,0·0 0t0·0 0t0·0 0£0'0 9z0·0 000·0 't£ = 

Ul 
sz0·0 9z0·0 9z0·0 9z0·0 9z0·0 9Z0'0 9z0·0 9z0·0 0v0·0 0t0· 0 0't0. 0 9z0·0 9z0·0 000·0 0£ :::2 
000·0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 6Z ;::, 

..J 

00't · 1 090·t 000·1 006'0 006'0 9L8'0 098'0 098'0 9L8'0 9za·0 09l'0 9ZL'0 00L'0 09L'0 LZ ~ 
09't'0 09t·0 09t·0 09t·0 8£'t'0 8Z't ·0 an·0 a0t·0 09't'0 09t·0 09t·0 09t·0 01>'t ·0 000·0 9Z I 

9L0'0 9L0'0 9L0'0 090·0 090·0 090·0 090·0 090·0 090'0 090·0 090·0 090·0 090·0 9z0·0 £Z j 
000·0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 000·0 zz 0.. 

00i,·0 00v·0 091>'0 09i,·0 091>'0 691>'0 6Lv'0 061>'0 009'0 9Lv'0 099'0 9z9·0 99i,·0 00L'0 0Z ci: 
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NON-MANUFACTURING EMPLOYMENT (1000'S) MEDLO SCENARIO - WESTERN MONTANA 2/22/91 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 20J.0 
------------------------------------------------------------------------------------------------------------------------------------
40-49 7.500 6.400 6.650 6. 700 6.900 7.000 7.000 7.050 7.100 7.150 7 .200 7.400 7.600 7.698 
50-51 3.800 3.400 3.275 3.375 3.500 3.600 3.494 3.561 3.629 3.698 3.768 4.152 4.524 4.909 
52,53+ 8.000 8.200 8.650 8.700 8. 775 8.850 8.808 8.918 9.028 9.140 9.254 9.899 10.471 11.030 
54 2.900 3.000 2.825 3 .100 3.500 3.800 3.700 3.750 3.800 3.850 3.900 4.150 4.300 4.400 
58 7.500 7.500 7.475 7.500 8.400 8.600 8.500 8.550 8.600 8.650 8.700 10.103 11.667 13.422 
60-67 3.700 3.400 3.650 3.650 3.850 3.950 3.800 3.693 3.740 3.788 3.837 4 .197 4.539 4.889 
70 2.500 2.700 2.900 2.850 2.700 2.800 2.800 2.800 2.900 3.000 3 .100 3.659 4,045 4.455 
72 0.800 0.900 0.875 0.900 0.775 0.750 0.750 0.775 0.800 0.850 0.900 1.000 1.100 1.142 
73 1.000 1.700 2.175 2.20tl 1.650 1.750 1.800 1.850 1.900 2.000 2.100 2.600 3.100 3.500 
76 0.300 0.300 0.350 0.350 0.425 0.450 0.425 0.425 0.425 0.425 0.425 0.450 0.450 0.450 
80 6.400 7.650 8.300 8.400 8.700 8.800 8.853 8.900 9.000 9 .100 9.200 10.600 12.000 12.800 
81 0.500 0.600 0. 700 0.700 0.725 0.800 0.700 0.693 0.716 0. 740 0.764 0.901 1.051 1.220 
83 1.400 1.200 1. 525 1.500 2 .100 2.300 2.300 2.200 2.300 2.400 2.450 2.900 3.200 3.300 
89 1.000 0.700 0.800 0.800 0.750 0.800 0.753 0. 770 0.788 0.806 0.824 0.926 1.029 1.139 
75,78+ 3.300 3.325 3.450 3.500 3.500 3.500 3.399 3.440 3.481 3.522 3.564 3.794 3.994 4.186 
82 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
941 8.900 9.775 9.500 9.400 9.600 9.800 9.912 10.010 10.110 10.210 10.312 10.869 11.327 11.756 
90-99 8.300 7.400 7.400 7.400 8.000 8.200 8.300 8.400 8.500 8.600 8.700 9.200 9.600 10.000 
Const 4.800 3.800 2.800 3.050 3.250 3.400 3.400 3.200 3.300 3.400 3.500 3.700 3.800 3.900 
A~ric 7.500 7.300 7.300 7.300 7.300 7.300 7.204 7.160 7.116 7.072 7.028 6. 774 6.676 6.575 
Mining 3.100 1.875 2.075 2.175 2.300 2.600 2.400 2.300 2.300 2.300 2.300 2.300 2.300 2.300 
Fd Gvt 5.600 4.850 4.900 4.950 5.100 5.200 5.000 5.000 5.000 5.000 5.000 5.000 5.000 5.000 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 88.800 85.975 87.575 88.500 91.800 94.250 93.298 93.445 94.533 95.701 96.826 104.574 111. 773 118 .071 

-------------------------------------=============================================================================================== 
TOTAL 102.575 97.520 99.735 100.970 104.665 107.335 104.923 105.036 106.240 107.484 108.699 116.524 123.812 130.050 
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HOUSING, POPULATION, HOUSEHOLDS, AND INCOME MEDLO SCENARIO - WESTERN MONTANA 2/22/91 

1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2006 2010 
------------------------------------------------------------------------------------------------------------------------------------HOUSING 

SF 82.313 84.905 86.280 86.526 85.593 86.731 86.316 87.188 87.999 88.861 89.897 96. 196 102.618 106.943 
MF 8.950 10.092 10.393 10.651 10.679 10.828 11.101 11.464 11.793 12.146 12.551 14.903 17.304 19.224 
MO 16.138 17.403 17.827 18.136 18.219 18.328 18.662 19.138 19.666 20.001 20.626 23.531 26.366 28.213 

TOTAL 106.400 112.400 113.600 114.211 114 .491 114.886 116.078 117.780 119.357 120.997 122.974 134.629 146.178 164.380 

POPUL 294.500 303.900 303.500 303.800 303.400 303.300 304.124 306.227 307.941 309.763 312.364 333.880 363.760 370.612 

HHLDS 106.400 112.400 113.600 114.211 114.491 114.886 116 .078 117.780 119.367 120.997 122.974 134.629 146.178 164.380 

PCI 7793.00 7983.00 8627.20 8697.80 8871.70 9049.10 9991.00 9991.00 9991.00 9991.00 9991.00 11030.90 12179.00 13446.70 
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MANUFACTURING EMPLOYMENT (1000'S) LOW SCENARIO - REGION 2/22/91 I b 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------
20 73.900 71. 965 72.925 75.550 76.475 78.300 72.945 71.240 70.250 69.387 68.525 65.000 62.200 59.600 
22 3.000 2.550 2.900 3 .100 3 .100 3.500 2.229 2.209 2.189 2.169 2.150 2.050 1.950 1.950 
23 10.025 8.900 8.550 8.950 9.050 9.450 7.880 7.509 7.255 7.127 7.000 6.925 6.825 6.725 
25 6 .150 7.240 7.050 7.950 7.850 8.250 6.500 6.300 6.137 6.218 6.250 6.300 6.300 6.300 
27 29.650 34.000 37.925 39.850 41.025 41.775 39.600 39.200 39.625 39.950 40.150 41.900 43.500 45.000 
29 2.800 2.225 2.350 2.450 2.450 2.750 2.278 1. 957 1.837 1. 718 1.600 1.400 1.300 1.200 
30 6.900 8.575 10.025 11. 210 12.010 12.340 11.700 11. 300 11.200 11.200 11.200 11. 400 11. 600 11. 800 
31 0.700 0.925 1.080 1.160 1.260 1.140 0. 750 0.750 0. 750 0. 750 0. 750 0.750 0.750 0.750 
32 13 .100 10.725 11.580 12.490 12.900 14.100 10.739 10.029 9.519 9.409 9.300 9.100 8.900 8.600 
33XX 20.800 15.350 15.550 16.550 17.550 18.450 16.000 14.895 14.295 13.756 13.600 13.300 13.100 13.100 
34 26.750 22.850 22.975 24.350 26.625 27.250 23.100 21. 700 21.700 21.800 21.900 22.000 22 .100 22.100 
35 37.750 38.625 37.525 40.650 43.175 44.900 40.350 39.150 39.050 39.050 39.050 39.950 40.950 41.950 
36 22.550 28.875 30 .175 28.700 32.325 35.025 31.608 30.618 30.828 31.038 31.150 32.275 33.104 33.825 
37 109.450 99.825 118.150 129.500 141.500 142.700 121.148 110.847 100.647 91.535 89.250 84.050 79.250 74.750 
38 25.950 25.725 23.320 28.330 27.940 26.850 24.409 23.918 24.028 24.239 24.350 25.425 26.353 27.275 
39 7.350 7.400 8.600 10.350 11.900 10.550 8.900 8.050 7.479 7.439 7.400 7.100 6.800 6.500 
2421 52.427 44.300 47.250 47.200 47.000 44.900 34,673 32.790 32.028 30.792 30.841 27.899 29.080 29.612 
2436 26.582 20.900 21.900 20.900 20.750 19.125 15.493 14.542 14.018 12.929 12.654 9.534 9.295 9.130 
24XX 61.066 57.100 60 .100 63.400 62.650 59.450 55.829 54. 779 53.750 52.739 51.748 47.970 44.436 41.133 
2611 2.974 2 .100 2.050 2.100 2.500 2.500 2.446 2.394 2.342 2.292 2.242 2.011 1.804 1.618 
2621 14.143 13.410 12.650 12.900 13.700 13.700 13.514 13.332 13.149 12.978 12.801 11.993 11. 251 10.569 
2631 5.037 5.000 4.900 4.850 5.450 5.550 5.457 5.367 5.277 5 .189 5.104 4.692 4.316 3.968 
26XX 7.896 7.815 8.750 8.500 8.500 8.600 7.979 7.920 7.862 7.804 7.747 7.321 7.207 7.054 
2812 0. 763 0.700 0. 700 0. 700 0.600 0.700 0.695 0.691 0.686 0.681 0.676 0.680 0.680 0.644 
2819 6.567 8.890 8.780 9.780 9.580 9.980 4.807 4.734 4.662 4.589 4.517 3 .977 3.937 3.899 
28XX 7.470 7.650 7.650 7.900 8.000 8.600 7.564 7.497 7.427 7.359 7.292 7.051 6.817 6.590 
3334 10.350 7.250 5.850 7.300 7.600 7.100 4.050 3.770 3.730 3.690 3.650 3.650 3.650 3.650 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 592.100 560.870 591.260 626.670 653.465 657.535 572.644 547.489 531.719 517.828 512.799 495.703 487.455 479.291 
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NON-MANUFACTURING EMPLOYMENT (1000'S) LOW SCENARIO - REGION 2/22/91 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------
40-49 179.500 176.500 181. 550 187.700 196.700 203.600 200.010 196.002 195.300 196.100 196.800 200.000 202.800 205.400 
50-51 194.000 195.700 203.375 213.275 229.000 239.200 233.378 230.918 232.158 234.398 236.739 249.105 261.559 274.190 
52,53+ 275.100 279.300 300.050 314.100 332.675 346.650 338.429 327.986 330.744 334.602 337.461 354.690 370.825 385.096 
54 75 .100 92.400 105.125 110.800 117.300 123.900 121.609 121.726 122.244 122.762 123.180 126.611 130.025 133.217 
58 195.500 218.400 233.275 241.600 250.100 261.300 259.808 260. 717 263.518 266.562 271.001 316.463 361.050 405.864 
60-67 188.900 193.400 202.450 205.550 210.750 215.550 208.439 207.899 209.117 211.539 214.761 228.300 240.800 253.102 
70 40.200 42.600 45.800 48.850 52.300 55.400 54 .100 53.900 54.250 54.607 54.932 59.006 62.900 66.601 
72 29.600 35.000 36.075 34.100 35.275 37.150 37.543 37.663 37.901 38.137 38.377 40.813 42.929 44.812 
73 89.800 109.800 138.475 123.200 133.650 142.750 143.950 146.400 149.250 152.200 155.650 187.000 218.350 249.747 
76 9.800 10.500 11. 350 12.750 14.225 14.750 13.609 13.537 13.671 13.804 13.938 14.495 14.912 15.284 
80 179.800 212.350 231.100 240.600 252.300 269.000 272.992 280.917 289.244 294.673 300 .104 339.848 378.228 415.600 
81 17.400 22.700 25.700 26.900 27.925 29.300 29.085 29.373 29.716 30.064 30.469 35. 711 40.673 45.441 
83 31.800 41.800 47.525 56.500 61.000 63.900 63.800 63.800 64.500 65.300 66 .100 73.919 81.629 89.032 
89 36.400 36.000 39 .100 65.800 71.150 75.300 76.216 77.325 79 .133 81.142 83.251 93.607 103.261 111.910 
75,78+ 122.600 141.125 150.850 158.900 168.500 177 .600 177.438 178.467 180.096 182.226 183.856 193.061 201. 548 209.508 
82 19.800 24.200 27.500 32.800 34.600 35.800 35.300 35.250 35.470 35.500 35.600 36.500 37.500 38.300 
941 279.700 280.275 291.400 299.600 306.700 317.900 317.600 318.800 320.179 321.970 323.762 337.888 351.943 365.709 
90-99 230.300 236. 100 248.300 257.500 266.400 276.300 275.700 275.200 276.200 277.300 279.600 289.500 300.300 311.000 
Const 161.300 132.600 140.600 153.750 171.050 184.600 152.600 146.046 148.002 150.974 152.961 164.328 174.698 184.644 
Agric 292.200 286.600 286.200 285.055 284.100 280.288 278.211 276.236 274.276 272.330 270.400 260.700 250.900 241.400 
Mining 13.300 9.875 9.075 10.075 10.900 11. 800 9.700 8.700 8.400 8.400 8.400 8.400 8.400 8.400 
Fd Gvt 117.300 116. 350 118.300 120.550 122.200 127.200 117.800 114.500 114.000 114.500 115.000 117.700 119.900 122.000 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 2779.400 2893.575 3073.175 3199.955 3348.800 3489.239 3417.317 3401.362 3427.369 3459.090 3492.342 3727.645 3955.130 4176.257 

==-=====--====-=====--===--=====================================================================================-================--= 
TOTAL 3371.500 3454.446 3664.435 3826.625 4002.265 4146.773 3989.961 3948.851 3959.088 3976.918 4005.141 4223.348 4442.585 4655.548 
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HOUSING, POPULATION, HOUSEHOLDS, AND INCOME LOW SCENARIO - REGION 2/22/91 

1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------
HOUSING 

SF 2304.022 2428.959 2475.489 2513.748 2559.629 2591.688 2606.216 2614.939 2621.308 2624.187 2632.905 2660.743 2689.617 2709.297 
MF 427.732 492.379 528.236 560.778 597.102 626.063 644.096 657.515 669.575 679.088 692.415 751.523 814.844 875.513 
MO 230.919 280.062 301.774 321.685 342.460 358.876 367.396 373.226 377.891 380.817 386.111 404.419 421.193 435.109 

TOTAL 2962.673 3201.400 3305.500 3396.211 3499.190 3576.626 3617.708 3645.680 3668.774 3684.092 3711.430 3816.684 3925.654 4019.918 

POPUL 8003.820 8389.700 8532.000 8668.200 8860.400 9019.000 9121.738 9192.005 9250.031 9288.363 9356.587 9660.864 9976.58510265.690 

HHLDS 2962.673 3201.400 3305.500 3396.210 3499.190 3576.626 3617.708 3645.680 3668.774 3684.092 3711.430 3816.685 3925.664 4019.918 

PCI 10360.21 10444.04 10783.52 10964.63 11352.17 11426.33 11602.90 11724.70 11847.46 11969.99 12094.40 12754.33 13450.51 14184.24 
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MANUFACTURING EMPLOYMENT (1000'S) LOW SCENARIO - WASHINGTON 2/22/91 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------
20 31.900 31.100 32.300 34.200 35.500 35.900 33.500 33.000 32.500 32.000 31.500 30.000 29.000 28.000 
22 1.000 0.900 1.000 1.200 1,: 200 1.300 0.900 0.900 0.900 0.900 0.900 0.900 0.900 0.900 
23 6.500 6.200 5.700 6.000 6.000 6.200 5.700 5.400 5.200 5 .100 5.000 5.000 5.000 5.000 
25 3.300 3.800 3.800 4.200 4.000 4.300 3.700 3.600 3.500 3.600 3.650 3.700 3,700 3.700 
27 15.800 17.600 20.100 21.400 22 .100 22.000 21.000 21.000 21.200 21.300 21.400 22.600 23.800 25.000 
29 2.100 1.800 1.800 1.900 1.900 2.200 1.900 1.600 1.500 1.400 1.300 1.200 1.100 1.000 
30 3.500 4.500 5 .100 5.800 6.200 6.500 6.200 6.200 6.200 6.200 6.200 6.300 6.400 6.500 
31 0,400 0.400 0.400 0.500 0.600 0.500 0.400 0.400 0.400 0.400 0.400 0.400 0.400 0.400 
32 6.900 6.400 6.900 7.300 7.500 7.900 6.000 6.000 5.900 5.800 5.700 5.500 5.400 5.200 
33XX 9.000 6.900 6.900 7.100 7.300 7.600 6.600 6.295 6.195 6.097 6.000 6.000 6.000 6.000 
34 11.800 9.700 10.500 10.900 11.800 12.200 11.000 9.600 9.600 9. 700 9.800 9.900 10.000 10.000 
35 15.000 17.100 16.200 18.000 19.000 19.500 17.500 17.000 17.000 17 .100 17.200 17.600 18.100 18.600 
36 11. 200 12.100 13.200 10.500 11.700 12.100 11.000 10.500 10.700 10.900 11.000 11.600 12.100 12.600 
37 98.350 89.600 106. 200 116.200 128.500 128.900 110.000 100.000 90.000 81.087 79.000 74,400 70.200 65.700 
38 6.400 10.700 10.800 14.600 14.900 14.700 14.000 13.500 13.500 13.600 13.600 14.000 14.300 14.700 
39 4.600 4.500 4.800 5.500 5.900 5.600 5.000 4.600 4.279 4.239 4.200 4.000 3.800 3.600 
2421 16.027 13.400 14.500 15.200 15.300 14.700 11.459 10.643 10.258 9.723 9.654 8.370 8.691 8.945 
2436 4.982 4.200 3.900 3.600 3.100 3.000 2.336 2.182 2.099 1.932 1.870 1.441 1.430 1.422 
24XX 25.991 20.700 22.000 22.800 22.700 21.900 20.024 19.648 19.278 18.916 18.560 17.205 15.938 14.753 
2611 2.974 2 .100 2.050 2 .100 2.500 2.500 2.446 2.394 2.342 2.292 2.242 2.011 1.804 1.618 
2621 8.818 9.000 8.400 8.700 9.300 9.300 9.174 9.050 8.926 8.810 8.689 8.142 7.637 7.175 
2631 1.637 1.200 1.200 1.200 1.600 1.600 1. 574 1.547 1.522 1.497 1.472 1.353 1.245 1.144 
26XX 4.171 4.400 4.950 5.100 4.900 5.000 4.780 4.732 4.684 4.637 4.591 4.326 4.306 4.272 
2812 0.513 0.500 0.500 0.500 0.400 0.500 0.497 0.493 0,490 0.486 0.483 0.489 0.492 0.460 
2819 5.300 7.700 7.700 8.700 8.500 8.900 3.740 3.680 3.620 3.560 3,500 3.000 3.000 3.000 
28XX 2.887 3 .100 3.300 3.300 3.300 3.500 3.068 3.037 3.007 2.977 2.947 2.856 2.767 2.680 
3334 7.700 5.800 4.400 5.600 5.900 5.900 3.200 2.920 2.880 2.840 2.800 2.800 2.800 2.800 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 308.750 295.400 318.600 342.100 361.600 364.200 316.697 299.919 287.680 277.093 273.658 265.093 260.310 255.169 
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NON-MANUFACTURING EMPLOYMENT (1000'S) LOW SCENARIO - WASHINGTON 2/22/91 I b 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------
40-49 91.400 93.600 98.500 101. 900 107.900 112.000 111.000 109.000 108.000 108.500 109.000 110.000 111.000 112.000 
50-51 100.500 105.700 111.400 116.400 124.600 132.100 130.500 130.500 131.000 132.500 134.000 138.000 142.000 145.900 
52,53+ 141,000 146.900 161.200 168.800 179.100 189.000 186.000 179.000 180.500 183.000 184.500 194.000 202.362 209.032 
54 38.200 49.200 57.400 59.900 62.300 65,400 64.500 65.000 65.300 65.600 65.800 68.000 70,200 72.300 
58 101.600 118.900 128.200 132.500 135.000 141.600 142,608 143.017 144.468 145.062 146.501 174.148 202.050 230.751 
60-67 91.800 99.600 107.500 109.400 112.300 116.300 113.000 113.000 113.500 115.000 117 .000 124.000 130.000 136.400 
70 17.800 20.100 21. 500 22.900 24.700 26 .100 26.000 26.000 26.100 26.200 26.300 28.300 30.200 32.100 
72 16.000 19.900 20.800 19.700 20.400 21.500 22.269 22.392 22.517 22.641 22.767 24.400 25.900 27.300 
73 52.900 61.000 78.000 70.000 76.500 83.700 84.800 86.400 88.000 89.500 91.000 109.000 127.200 145.400 
76 5.500 5.600 5.900 6.900 8.000 8.400 8.000 8.000 8 .100 8.200 8.300 8.600 8.800 9.000 
80 95.800 117.400 129.300 134.600 140.800 151.200 152.500 156.000 160.000 163.000 166.000 189.148 212.028 233.700 
81 9.200 12.400 14.400 15.000 15.600 16.500 16.700 16.800 16.900 17.000 17 .100 20.100 22.900 25.500 
83 15.600 22.600 25.000 27.200 29.700 31.400 32.000 32.400 32.700 33.000 33.300 37.300 41.200 45.000 
89 19.500 21.100 23 .100 37.500 40.700 43.000 43.600 44.200 45.500 47.000 48.500 54.500 60,000 65.000 
75,78+ 66.800 83.500 89.000 95.400 101.100 106.700 107.500 108.500 109.500 111.000 112 .000 117.000 121.500 125.500 
82 8.900 12.000 13.100 14.700 15.900 16.700 16.600 16.600 16.700 16.700 16.800 17.400 18.000 18.500 
941 145.500 143.600 151.100 156.000 160.600 166.300 166.500 167.000 167.500 168.000 168.500 176.100 183.700 191.200 
90-99 117.400 129.100 135.500 141.300 146.800 152.100 152.000 152.000 152.300 152.700 153.000 158.000 163.000 168.000 
Const 92.600 80.600 88.900 96.600 106.600 115.300 100.000 95.000 96.000 98.000 99.000 105.000 110.000 115.000 
Agric 119.300 115.100 114.400 113. 300 112.300 110.163 109.591 109,022 108.456 107.892 107.332 103.070 99.438 95.625 
Mining 3.200 2.700 3.000 3.300 3.600 4.000 3.500 3.000 2.700 2.700 2.700 2.700 2.700 2.700 
Fd Gvt 67.900 70 .100 70.600 71.400 72.000 74.500 70.000 68.000 68.500 69.000 69.500 71.000 72.000 73.000 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 1418.400 1530.700 1647.800 1714.700 1796.500 1883.963 1859.168 1850.831 1864.241 1882.195 1898.900 2029.766 2156.178 2278.908 

--------------------------====----================================================================================================== 
TOTAL 1727.150 1826.100 1966.400 2056.800 2158.100 2248.163 2175.865 2150.750 2151.921 2159.287 2172.558 2294.859 2416.488 2534.077 
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HOUSING, POPULATION, HOUSEHOLDS, AND INCOME LOW SCENARIO - WASHINGTON 2/22/91 

1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------
HOUSING 

SF 1193.211 1266.263 1296.121 1318.354 1348.020 1367.485 1378.665 1383.832 1387.676 1387.830 1390.434 1400.914 1411.039 1414.871 
MF 250.130 298.560 324.707 346.921 374.775 394.782 408.436 417.508 425.655 431.031 438.424 474.979 513.815 550.173 
MO 97.169 126.178 140.172 151.726 166.490 176.657 183.078 186.763 189.797 191.125 193.480 203.236 211. 910 218.037 

TOTAL 1540.510 1691.000 1761.000 1817.000 1889.286 1938.924 1970.179 1988.104 2003.128 2009.986 2022.339 2079.129 2136.764 2183.081 

POPUL 4132.160 4406.000 4538.000 4619.000 4761.000 4866.700 4945.148 4990.141 5027.852 5045.064 5076.070 5239.404 5406.012 5545.026 

HHLDS 1540.510 1691.000 1761.000 1817.000 1889.286 1938.924 1970.179 1988.104 2003.128 2009.986 2022.339 2079.129 2136.764 2183.081 

PCI 10725.00 10924.00 11258.00 11383.00 11774.00 11798.00 12031.80 12152.10 12273.60 12396.30 12520.30 13159.00 13830.20 14535.70 
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MANUFACTURING EMPLOYMENT (1000'S) LOW SCENARIO - OREGON 2/22/91 I b 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
---------------------------------------------------------------------------------------------~·--------------------------------------
20 24.300 23.800 24.000 23.700 23.600 24.900 23.000 22.800 22.600 22.400 22.200 21.000 20.000 19.000 
22 2.000 1.600 1.800 1.800 1.800 2.100 1. 279 1.259 1. 239 1.219 1.200 1.100 1.000 1.000 
23 3.200 2.400 2.500 2.600 2.700 2.900 1.980 1.959 1.939 1.920 1.900 1.800 1.700 1.600 
25 2.600 2.700 2.500 2.900 3.000 3.200 2.200 2.200 2.200 2.200 2.200 2.200 2.200 2.200 
27 10.000 11. 500 12.800 13.200 13.500 14.100 13.400 13.000 13 .100 13.200 13.300 13.600 13.800 14.000 
29 0.600 0.400 0.500 0.500 0.500 0.500 0.378 0.357 0.337 0.318 0.300 0.200 0.200 0.200 
30 2.400 3.200 3.800 4.600 4.900 5.000 4.800 4.600 4.600 4.700 4.700 4.800 4.900 5.000 
31 0.300 0.400 0.500 0.500 0.500 0.500 0.300 0.300 0.300 0.300 0.300 0.300 0.300 0.300 
32 4.500 3.100 3.600 4.000 4.200 4.900 3.800 3.200 2.800 2.800 2.800 2.800 2.700 2.600 
33XX 9.600 8.200 8.600 9.300 10.100 10.700 9.300 8.500 8.000 7.559 7.500 7.200 7.000 7.000 
34 12.700 11.000 10.200 11.200 12.300 12.400 10.000 10.000 10.000 10.000 10.000 10.000 10.000 10.000 
35 17.700 15.500 15.800 16.800 17.600 18.000 16.000 15.500 15.500 15.500 15.500 16.000 16.500 17 .000 
36 9.800 13.900 13.600 14.100 15.600 17.200 15.500 15.000 15.000 15.000 15.000 15.500 15.800 16.000 
37 10.300 9.200 10.800 11.600 11.400 12.200 9.898 9. 797 9.697 9,598 9.500 9.000 8.500 8.500 
38 19.300 14.600 12.100 13.200 12.500 11.600 10.000 10.000 10.100 10.200 10.300 10.900 11.500 12.000 
39 2.200 2.400 3.200 3.800 4.900 3.800 3.000 2.600 2.400 2.400 2.400 2.300 2.200 2 .100 
2421 23.800 20.500 22.000 21.400 20.800 19.000 14.891 13.812 13.286 12.546 12.444 10.696 11. 115 11.401 
2436 20 .100 15.500 16.800 16.100 16.300 14.900 12.365 11.613 11.164 10. 232 9.892 7.265 7.030 6.854 
24XX 25.600 27.600 29.200 31.300 29.900 27.300 27.085 26.576 26.077 25.587 25.106 23.273 21.558 19.956 
2611 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
2621 5.100 4.160 4.000 3.900 4 .100 4.100 4.044 3.991 3.935 3.884 3.832 3.589 3.367 3.163 
2631 2.000 2.100 2.000 1.900 2.000 2.000 1. 967 1.934 1.901 1.869 1.839 1.690 1.554 1. 430 
26XX 3.300 2.840 3.200 2.800 3.000 3.000 2.675 2.662 2.648 2.634 2.621 2.526 2.434 2.346 
2812 0.250 0.200 0.200 0.200 0.200 0.200 0.199 0.197 0.196 0 .195 0 .193 0 .191 0 .188 0.184 
2819 0.000 0.000 0.000 0.000 0.000 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
28XX 2.050 1.900 1.900 1.900 2.000 2.300 1.756 1.741 1.721 1.704 1.687 1.635 1.584 1.534 
3334 1.400 0.600 0.700 0.900 0.900 0.400 0.400 0.400 0.400 0.400 0.400 0.400 0.400 0.400 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 215.100 199.300 206.300 214.200 218.300 217.200 190.216 183.998 181.141 178.365 177.114 169.963 167.531 165.768 
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NON-MANUFACTURING EMPLOYMENT (1000'S) LOW SCENARIO - OREGON 2/22/91 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------
40-49 60.500 57.300 58.500 60.500 62.800 86 .100 63.000 81.000 61.200 61.400 61.600 63.500 65.000 68.400 
50-61 87.400 65.800 68.200 72.900 78.200 80.800 77.000 75.000 75.500 76.000 76.500 82.500 88.600 96.000 
62,63+ 96.200 92.900 98.700 104.200 109.700 112.000 108.000 105.000 106.000 107.000 108.000 114.000 120.100 128.200 
64 24.600 29.500 33.800 36.400 39.400 42.000 41.000 41.000 41.100 41. 200 41.300 41.900 42.500 43.000 
58 67.400 70.400 76.000 78.900 82.300 85.000 84.000 84.500 85.500 87.500 90.000 102.500 114.000 126.000 
60-67 70.000 66.800 72.100 73.300 75.300 76.800 73.000 72.430 72.918 73.609 74.500 79.000 83.300 87.202 
70 14.800 14.600 15.600 17.100 18.400 19.700 18.800 18.600 18.700 18.800 18.900 20.000 21.000 22.000 
72 9.800 10. 400 10. 800 10.400 10.900 11.600 10.900 10.845 10.905 10.965 11.026 11. 497 11. 893 12 .193 
73 24.900 35.000 45.500 43.000 46.700 48 .100 48.400 49.000 50.000 51.200 52.800 63.000 73.000 83.000 
76 3.000 3.500 4.100 4.400 4.600 4.700 4.200 4.117 4.140 4.163 4.186 4.365 4.515 4.629 
80 62 .100 69.400 74.400 77.600 82.100 87.200 90.000 94.000 98.000 100.000 102.000 114.000 125.000 136 .100 
81 5.600 7.300 8 .100 8.500 8.700 9.000 9.049 9.218 9.391 9.668 9.800 11.600 13.300 16.000 
83 11.400 14.000 16.900 23.300 24.400 25.200 24.800 24.600 24.800 25.100 25.400 28.300 31.200 34.000 
89 11.100 10.300 11.300 17.200 19.000 20.500 20.800 21.100 21.400 21.700 22.000 24.500 26.900 29.000 
75,78+ 42.200 43.500 47.400 47.900 50.800 53.500 62.700 52.500 53.000 53.500 54.000 57.400 60.700 84.000 
82 7.100 8.300 10.300 13.800 14.300 14.600 14.300 14.300 14.400 14.400 14.400 14.600 14.800 16.000 
941 94.200 94.600 97.400 99.300 101.200 104.100 103.500 104.000 104.500 105.500 106.600 111.700 116.900 122.000 
90-99 78.200 73.500 77. 700 80.200 81.700 84.300 84.000 83.500 84.000 84.500 86.300 89.900 94.500 99.000 
Const 46.500 33 .100 36.300 39.900 45.200 47.900 34.000 33.396 34.102 34.824 35.561 39.400 43.200 47.000 
Agric 96.300 98.800 99. 700 100.300 101.000 100.580 99.781 98.988 98.201 97.421 96.647 93.708 90.121 86.728 
Mining 2.300 1.500 1.400 1.300 1.400 1.400 1.200 1.200 1.200 1.200 1.200 1.200 1.200 1.200 
Fd Gvt 30.800 29.800 30.600 31.700 32.200 34.200 31.000 30.000 29.000 29.000 29.000 30.000 31.000 32.000 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 926.400 930 .100 993.800 1042.100 1090.300 1127.280 1093.430 1088.294 1097.967 1108.550 1121.620 1198.570 1272.729 1345.652 

------------------------------------------------------------------------------------------------------------------------------------
TOTAL 1141.500 1129.400 1200.100 1256.300 1308.800 1344.480 1283.648 1272.292 1279.099 1286.915 1298.734 1368.533 1440.280 1611.420 
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HOUSING, POPULATION, HOUSEHOLDS, AND INCOME LOW SCENARIO - OREGON 2/22/91 I b 

1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------
HOUSING 

SF 766.113 797.066 812.147 825.103 840.326 852.139 855.703 858.599 860.609 863.106 868.900 879.145 890.561 900.054 
MF 143.583 154.439 162.893 171.662 179.226 187.320 191.145 194.662 197.759 201.152 206.310 222.922 241.118 259 .190 
MO 81.898 92.495 98.960 105.235 110.407 115 .947 117.901 119.509 120.677 121.992 124.655 129.181 133. 571 137.756 

TOTAL 991.593 1044.000 1074.000 1102.000 1129.959 1155.406 1164.748 1172.770 1179.045 1186.249 1199.865 1231.249 1265.250 1297.000 

POPUL 2633.160 2675.800 2690.000 2741.000 2791.000 2842.300 2865.281 2885.015 2900.450 2918.174 2951.668 3041.185 3137.821 3229.531 

HHLDS 991.593 1044.000 1074.000 1102.000 1129.959 1155.406 1164.748 1172.770 1179.045 1186.249 1199.865 1231.249 1265.250 1297.000 

PCI 9897.80 9845.90 10162.10 10402.20 10731.30 10804.40 10906.10 11037.00 11169.40 11303.50 11439.10 12142.10 12888.30 13680.40 
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MANUFACTURING EMPLOYMENT (1000'S) LOW SCENARIO - IDAHO 2/22/91 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------
20 17.000 16.600 16.100 17.100 16.900 17.000 16.000 15.000 14. 715 14.557 14.400 13.600 12.800 12.200 
22 0.000 0.050 0.100 0.100 0.100 0.100 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 
23 0.300 0.250 0.300 0.300 0.300 0.300 0 .150 0.100 0.066 0.057 0.050 0.050 0.050 0.050 
25 0.250 0.600 0.600 0.700 0.700 0.600 0.500 0.400 0.337 0.318 0.300 0.300 0.300 0.300 
27 3 .100 4.200 4.300 4.500 4.600 4.800 4.400 4.400 4.500 4.600 4.600 4.800 5.000 5.100 
29 0.100 0.025 0.050 0.050 0.050 0.050 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
30 1.000 0.850 1.100 0.800 0.900 0.800 0.700 0.500 0.400 0.300 0.300 0.300 0.300 0.300 
31 0.000 0.100 0.150 0 .150 0.150 0.100 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 
32 1.300 0.900 0,800 0.900 0.900 1.000 0.700 0.600 0.600 0.600 0.600 0.600 0.600 0.600 
33XX 1.200 0.100 0,000 0.100 0.100 0.100 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 
34 2 .100 1.900 2.000 2.000 2.300 2.400 1.900 1.900 1.900 1.900 1.900 1.900 1.900 1.900 
35 5.000 5.800 5.200 5.500 6.200 7.000 6.500 6.300 6.200 6 .100 6.000 6.000 6.000 6.000 
36 1.500 2.800 3.300 4.000 4.900 5.600 5.000 5.000 5.000 5.000 5.000 5.000 5.000 5.000 
37 0.700 0.950 1.100 1.600 1.500 1.500 1.200 1.000 0.900 0.800 0.700 0.600 0.500 0.500 
38 0 .150 0.300 0.300 0.400 0.400 0.400 0.250 0.250 0.250 0.250 0.250 0.300 0.300 0.300 
39 0.400 0.325 0.300 0.400 0.400 0.400 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 
2421 8.100 6.400 6.600 6.700 7.000 7.200 5.334 5.343 5.436 5.462 5.603 5.662 5.942 5.938 
2436 0.500 0.400 0.400 0.400 0.400 0.400 0.250 0.236 0.238 0.241 0.250 0.261 0.263 0.269 
24XX 6.775 6.700 6.400 6.800 7.400 7.600 6.282 6.164 6.048 5.934 5.823 5.398 5.000 4.628 
2611 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
2621 0.225 0.250 0.250 0.300 0.300 0.300 0.296 0.292 0.288 0.284 0.280 0.262 0.246 0.231 
2631 0.850 0.950 0.950 1.000 1.100 1.200 1.180 1.161 1.141 1.122 1.104 1.014 0.933 0.858 
26XX 0.425 0.575 0.600 0.600 0.600 0.600 0.524 0.527 0.530 0.532 0.535 0.469 0.468 0.435 
2812 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
2819 1.067 1.000 0.900 0.900 0.900 0.900 0.889 0.879 0.868 0.858 0.848 0.814 0.781 0.749 
28XX 2.433 2.600 2.400 2.600 2.600 2.700 2.641 2.621 2.602 2.582 2.563 2.468 2.377 2.289 
3334 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0,000 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 54.475 54.625 54.200 57.900 60.700 63.050 55.045 53.022 52.369 51.848 51.455 50. 149 49.111 47.998 
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NON-MANUFACTURING EMPLOYMENT (1000'S) LOW SCENARIO - IDAHO 2/22/91 I b 

INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 

------------------------------------------------------------------------------------------------------------------------------------
40-49 20. 100 19.200 17.900 18.600 19.100 19.500 19.000 19.000 19 .100 19. 200 19.200 19.500 19.800 20.000 
50-51 22.300 20.800 20.500 20.600 22.700 22.700 22.500 22.000 22.200 22.400 22.700 24.800 26.900 29.000 
52,53+ 29.900 31.300 31.500 32.400 35 .100 36.800 35.800 35.400 35.600 35.900 36. 200 37.500 38.800 40.000 
54 9.400 10.700 11.100 11.400 12.100 12.700 12.500 12.300 12.400 12.500 12.600 13.100 13.500 13.900 
58 19.000 21.600 21.600 22.700 24.400 26.100 24.800 25.000 25.300 25.700 26 .100 30 .100 34 .100 38.000 
60-67 23.400 23.600 19.200 19.200 19.300 19.500 19.000 19.000 19.200 19.400 19.700 21.500 23.300 25.000 
70 5.100 5.200 5.800 6.000 6.500 6.800 6.500 6.500 6.600 6. 700 6.800 7.400 8.000 8.500 
72 3.000 3.800 3.600 3.100 3.200 3.300 3.624 3.651 3.679 3.706 3.734 3.933 4 .109 4.255 
73 11.000 12.100 12.800 8.000 8.800 9.200 9.000 9.200 9.400 9.600 9.900 12.600 15.300 18.000 
76 1.000 1.100 1.000 1.100 1.200 1.200 1.107 1.116 1.124 1.132 1.141 1.202 1.255 1.300 
80 15.500 17.900 19.100 20.000 20. 700 21.800 22.000 22.300 22.500 22.800 23.100 26.800 30.400 34.000 
81 2 .100 2.400 2.500 2.700 2.900 3.000 2.700 2.706 2.762 2.819 2.878 3.235 3.607 3.985 
83 3.400 4.000 4 .100 4.500 4.800 5.000 5.000 5.000 5 .100 5.200 5.300 5.900 6.500 7.000 
89 4.800 3.900 3.900 10.300 10.700 11.000 11.100 11.300 11.500 11. 700 12.000 13.800 15.500 17.000 
75,78+ 10.300 10.800 11.000 12 .100 13.100 13.900 13.900 14.100 14.200 14.300 14.400 15.000 15.500 16.000 
82 3.800 3.900 4.100 4.300 4.400 4.500 4.400 4.350 4.370 4.400 4.400 4.500 4.700 4.800 
941 31.100 32.300 33.400 34.900 35.300 37.700 38.000 38.300 38.600 38.800 39.000 40.000 41.000 42.000 
90-99 26.400 26 .100 27.700 28.600 29.900 31.700 31.700 31.700 31.800 31.900 32.000 33.000 34.000 35.000 
Const 17.400 15.100 13.600 14.200 16.000 18.000 16.000 15.000 15.200 15.400 15.600 16.800 18.000 19.000 
Agric 69 .100 65.400 64.800 64.155 63.500 62.245 61.684 61.128 60.577 60.031 59.490 57.303 54.884 52.756 
Mining 4.700 3.800 2.600 3.300 3.600 3.800 2.800 2.500 2.500 2.500 2.500 2.500 2.500 2.500 
Fd Gvt 13.000 11.800 12. 200 12.500 12.900 13.300 12.000 11.800 11.900 12.000 12.000 12.200 12.400 12.500 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 345.800 346.800 344.000 354.655 370.200 383.745 375.115 373.351 375.612 378.088 380.743 402.673 424.055 444.496 

--- ----------------------------------================-=====-======================================================================= 
TOTAL 400.275 401.425 398.200 412.555 430.900 446.795 430.160 426.373 427.981 429.936 432.198 452.822 473.166 492.494 
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HOUSING, POPULATION, HOUSEHOLDS, AND INCOME LOW SCENARIO - IDAHO 2/22/91 

1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------
HOUSING 

SF 262.386 280.726 282.132 285.125 286.174 286.958 286.819 287.624 288.131 288.329 288.680 294.616 300.797 306.094 
MF 25.070 29.289 30.147 31.463 32.176 32.816 33.180 33.843 34.422 34.915 35.463 39.615 44.040 48.379 
MO 36. 714 43.986 44.720 46.412 47 .104 47.634 47.666 48.154 48.462 48.584 48.757 51.396 53.853 56 .140 

TOTAL 324.170 354.000 357.000 363.000 365.455 367.409 367.665 369.621 371.015 371.827 372.900 385.626 398.690 410.613 

POPUL 944.000 1004.000 1000.500 1004.400 1005.000 1006.700 1007.401 1012.762 1016.581 1018.806 1021.745 1060.473 1100.385 1137.399 

HHLDS 324.170 354.000 357.000 363.000 365.455 367.409 367.665 369.621 371.015 371.827 372.900 385.626 398.690 410.613 

PCI 8611 .20 8400.50 8573.30 8785.80 9226.40 9457.00 9334.30 9427.70 9521.90 9617. 20 9713.30 10208.80 10729.60 11276.90 
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NON-MANUFACTURING EMPLOYMENT (1000'S) LOW SCENARIO - WESTERN MONTANA 2/22/91 
5! 

tTl "' (/) r .,; tTl 

"' C/l 

0 INDUSTRY 1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
~ ------------------------------------------------------------------------------------------------------------------------------------;,:, 

40-49 7.500 6.400 6.650 6.700 6.900 7.000 7.010 7.002 7.000 7.000 7.000 7.000 7.000 7.000 .,, 
s;: 50-51 3.800 3.400 3.275 3.375 3.500 3.600 3.378 3.418 3.458 3.498 3.539 3.805 4.059 4.290 
z 52,53+ 8.000 8.200 8.650 8.700 8.775 8.850 8.629 8.586 8.644 8.702 8.761 9.190 9.563 9.864 
I 
< 54 2.900 3.000 2.825 3.100 3.500 3.800 3.609 3.426 3.444 3.462 3.480 3.611 3.825 4.017 
0 58 7.500 7.500 7.475 7.500 8.400 8.600 8.400 8.200 8.250 8.300 8.400 9. 715 10.900 12.113 r 
C 60-67 3.700 3.400 3.650 3.650 3.850 3.950 3.439 3.469 3.499 3.530 3.561 3.800 4.200 4.500 s: 
tT1 70 2.500 2.700 2.900 2.850 2.700 2.800 2.800 2.800 2.850 2.907 2.932 3.306 3.700 4.001 
:::: 72 0.800 0.900 0.875 0.900 0.775 0.750 0. 750 0.775 0.800 0.825 0.850 0.983 1.027 1.064 

73 1.000 1.700 2.175 2.200 1.650 1.750 1.750 1.800 1.850 1.900 1.950 2.400 2.850 3.347 
76 0.300 0.300 0.350 0.350 0.425 0.450 0.302 0.304 0.307 0.309 0.311 0.328 0.342 0.355 
80 6.400 7.650 8.300 8.400 8.700 8.800 8.492 8.617 8.744 8.873 9.004 9.900 10.800 11. 800 
81 0.500 0.600 0.700 0.700 0.725 0.800 0.636 0.649 0.663 0.677 0.691 0.776 0.866 0.956 
83 1.400 1.200 1.525 1.500 2.100 2.300 2.000 1.800 1.900 2.000 2 .100 2.419 2.729 3.032 
89 1.000 0.700 0.800 0.800 0.750 0.800 0. 716 0.725 0.733 0.742 0.751 0.807 0.861 0.910 
75,78+ 3.300 3.325 3.450 3.500 3.500 3.500 3.338 3.367 3.396 3.426 3.456 3.661 3.848 4.008 
82 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
941 8.900 9. 775 9.500 9.400 9.600 9.800 9.600 9.500 9.579 9.670 9.762 10.088 10. 343 10.509 
90-99 8.300 7.400 7.400 7.400 8.000 8.200 8.000 8.000 8.100 8.200 8.300 8.600 8.800 9.000 
Const 4.800 3.800 2.800 3.050 3.250 3.400 2.600 2.650 2.700 2.750 2.800 3.128 3.498 3.644 
Agric 7.500 7.300 7.300 7.300 7.300 7.300 7.155 7.098 7.042 6.986 6.931 6.619 6.457 6.291 
Mining 3.100 1.875 2.075 2.175 2.300 2.600 2 .200 2.000 2.000 2.000 2.000 2.000 2.000 2.000 
Fd Gvt 5.600 4.850 4.900 4.950 5 .100 5.200 4.800 4.700 4.600 4.500 4.500 4.500 4.500 4.500 
------------------------------------------------------------------------------------------------------------------------------------
SUBTOT 88.800 85.975 87.575 88.500 91.800 94.250 89.604 88.886 89.559 90.257 91.079 96.636 102.168 107.201 

------------------------------------------------------------------------------------------------------------------------------------
TOTAL 102.575 97.520 99.735 100.970 104.665 107.335 100.289 99.436 100.088 100.779 101.651 107.134 112.672 117.557 
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HOUSING, POPULATION, HOUSEHOLDS, AND INCOME LOW SCENARIO - WESTERN MONTANA 2/22/91 

1980 1985 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2005 2010 
------------------------------------------------------------------------------------------------------------------------------------
HOUSING 

SF 82.313 84.905 85.088 85.166 85.108 85. 105 85.029 84.883 84.892 84.923 84.890 86.068 87.220 88,277 
MF 8.950 10.092 10.489 10.732 10.924 11.144 11.336 11.501 11.739 11.991 12.218 14.007 15.871 17 .770 
MO 15.138 17.403 17.922 18.312 18.459 18.638 18.751 18.800 18.956 19.117 19.219 20.605 21.859 23.176 

TOTAL 106.400 112.400 113.500 114.211 114. 491 114.886 115.116 115.184 115. 586 118.030 116. 327 120.680 124.950 129.223 

POPUL 294.500 303.900 303.500 303.800 303.400 303.300 303.907 304.086 305.148 306.319 307.103 319.803 332.367 343.734 

HHLDS 106.400 112.400 113.500 114.211 114.491 114.886 115.116 115.184 115.586 116.030 116.327 120.680 124.950 129.223 

PC! 7793. 00 7983.00 8477.00 8595.70 8716 .10 8838.10 9474.30 9474.30 9474.30 9474.30 9474.30 10156.30 10887.50 11871.20 
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FORECAST OF ELECTRICITY USE IN THE PACIFIC NORTHWEST CHAPTER6 

CHAPTER6 

FORECAST OF ELECTRICITY USE 
IN THE PACIFIC NORTHWEST 

Introduction 

Forecasts of demand for electricity are the foundation 
of electricity planning. This chapter describes long-term 
forecasts of electricity needs in the Pacific Northwest re
gion. The forecasts were prepared jointly by the North
west Power Planning Council and the Bonneville Power 
Administration. 

Demand forecasts play three important roles in the 
region's power planning process. The first is the tradition
al role; they are the basis for deciding how much electric
ity the region will need. The second role is to explore and 
define the uncertainty surrounding future electrical re
source needs. Finally, the demand forecasts are an essen
tial component of conservation assessment. Conservation 
is identified as the priority resource in the Northwest Pow
er Act. Demand forecasts have a twofold role in conserva
tion planning. First, they determine the conservation 
potential associated with various levels of demand. Sec
ond, they aid in determining the reduction in demand that 
can be attributed to programs to acquire conservation re
sources. The role of demand forecasts in resource plan
ning is discussed in more detail in the final section of this 
chapter. 

The use of these demand forecasts in regional plan
ning differs significantly from the traditional role of de
mand forecasts. The traditional use could be characterized 
as deterministic. That is, a "best-guess" demand forecast 
determined the amount of new electricity generation 
needed. Before the early 1970s, it was generally assumed 
that demand for electricity would continue to grow at 
close to historical rates. That growth had been rapid and 
relatively steady. It was assumed that economies of scale 
in power generation could be relied on to keep prices for 
electricity from increasing as new generating plants were 
added. Planners saw little reason for demand growth to 
slow down. In fact, it was widely assumed that there would 
be little or no response to price changes if they did occur. 

The dramatic reduction in electricity demand growth 
that occurred in the rest of the country as electricity prices 
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increased in the early 1970s caught most planners by sur
prise. The initial response seems to have been to develop 
much more sophisticated forecasting tools. The forecast
ing models adopted by the Council and Bonneville repre
sent the results of those efforts. However, it has also been 
recognized that even with the best available tools, fore
casts remain highly uncertain. Forecast ranges have been 
developed to deal with this uncertainty in planning. 

The forecast of demand for electricity encompasses a 
range of five forecasts: a low, medium-low, medium, me
dium-high and high forecast. The high-demand forecast is 
designed to ensure that power supplies never constrain 
the region's economic growth potential. The high forecast 
portrays a future in which regional growth achieves record 
high levels, relative to national growth, combined with less 
competitive prices for alternative fuels. The likelihood 
that such rapid growth would occur for a 20-year period is 
considered very small. The forecast range is bounded on 
the low side by a forecast that is pessimistic about the re
gional economy, roughly in proportion to the optimism of 
the high case. 

Inside the bounds of the low and high forecasts is a 
smaller, most probable range of demands bounded by the 
medium-low and medium-high forecasts. The medium
low, medium and medium-high forecasts will carry greater 
weight in the planning of resources than will the high and 
low extremes. Nevertheless, the possibilities posed by the 
high-growth forecast must be addressed by appropriate 
resource options. Similarly, conditions that are implied by 
the low-demand forecast will be considered within a flex
ible planning strategy designed to minimize regional elec
tricity costs and risks. 

The forecasts of electricity demand are determined by 
three primary factors: economic growth and its composi
tion, prices of alternative fuels, and the price of electricity. 
The economic and alternative fuel price assumptions that 
drive these demand forecasts are described in Chapter 5, 
"Economic Forecasts for the Pacific Northwest." Forecasts 
of electricity prices are based on the amount of electricity 
demand and the cost of generating the electricity needed 
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to meet that demand. At the same time, electricity de
mand is affected by the price of electricity. Thus, the fore
casts must take into account the interaction between 
electricity prices, as determined by resource choices and 
their costs, and electricity demand. The interrelationships 
involved in determining the demand forecasts are illus
trated in Figure 6-1. A demand forecasting system cap
tures these relationships in considerable detail. 

The Council is required by the Northwest Power Act 
to produce 20-year forecasts of the demand for electricity 
in the Pacific Northwest. Bonneville uses long-term fore
casts of demand as a basis for determining future federal 
system loads. Although Bonneville is responsible for 
meeting federal system loads rather than regional loads, 
regional load growth is one the the major determinants of 
federal system loads. Federal system load forecasts com
bine portions of the regional load forecast and load re
quirements that retail utilities decide to place on 
Bonneville. 

Bonneville also needs near-term forecasts for system 
operations, rate setting and financial planning. To main
tain consistency between near-term forecasts and the 
long-term forecasts used in the resource planning process, 
Bonneville typically replaces the near-term loads in the 
medium forecast with more detailed customer group fore
casts that better reflect near-term economic conditions. 
These near -term forecasts are prepared by Bonneville and 
regional utilities for the Pacific Northwest Utilities Con
ference Committee. Only the medium case long-term 
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forecast is merged with near-term customer group specific 
forecasts. This merging applies only to loads through 1995. 

Besides merging medium case forecasts, Bonneville 
also transforms the forecasts into monthly peak and ener
gy loads, accounts for transmission and distribution losses 
and compiles calendar, fiscal and operating year load 
(sales plus losses) forecasts to meet various needs. The 
discussion and tables of sector sales that follow cover un
merged long-term forecasts; however, tables showing 
loads forecasts by customer group are attached as Appen
dix 6-C. They are in a format traditionally presented in 
Bonneville forecasts. 

The demand forecast ranges are constructed by com
bining economic assumptions, fuel price assumptions and 
some modeling assumptions. This combination of assump
tions is designed to explore a wide range of possible de
mands without combining assumptions unrealistically. 
That is, mutually inconsistent assumptions are not com
bined just to obtain extreme forecasts. In the high fore
cast, for example, the high economic assumptions are 
combined with high fuel price assumptions. In addition, 
for the high forecast, it was assumed large industrial con
sumers have relatively low price response. Electricity 
prices, which have a significant effect on demand, are de
termined for each scenario by an electricity pricing model 
based on the amount and cost of resources needed to 
meet demand. Generally, electricity prices are higher with 
higher demand growth. 

Demand Determinants 

Total Demand (Electricity Use) 

Supply Demand Balance 

Resource Supply 
(Costs and Amounts) 

Electricity 
Price 

1991 NORTHWEST POWER PLAN-VOLUME II 



FORECAST OF ELECTRICITY USE IN THE PACIFIC NORTHWEST 

Overview 

In 1989, firm sales of electricity to the final consumer 
in the Pacific Northwest totaled 17,305 average megawatts, 
when adjusted to reflect normal temperatures. That is 152 
billion kilowatt-hours. The high forecast shows this de
mand could grow to 28,836 average megawatts by 2010, 
nearly two thirds higher than current electricity require
ments. In more graphic terms, the high implies the addi
tion of electricity equivalent to that consumed by nearly 11 
cities the size of Seattle by 2010. Under the set of assump
tions leading to the low forecast, demand decreases to 
15,787 average megawatts, about 9 percent lower than cur
rent requirements. This large uncertainty about future 
needs for electricity resources raises an important chal
lenge for energy planning. The region needs to deal with 
this uncertainty in a manner that will neither prevent the 
region from attaining rapid economic growth, nor impose 
large and unnecessary costs should slower growth occur. 
Figure 6--2 illustrates the forecast range in the context of 
historical sales of electricity. 

Tuble 6-1 shows that the rate of growth of demand 
could be as high as 2.5 percent per year, if the high case 
were to materialize, or as low as -0.4 if the low case were 
to occur. A more likely outcome, however, is between the 
medium-low growth rate of 0.6 percent and the medium
high rate of 1.7 percent. The medium forecast is for a 1.2 
percent annual growth rate in demand for electricity. 

35,000 
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More detailed tables summarizing the five forecasts ap
pear in Appendix 6--A. 

Forecast growth rates are higher if direct service in
dustries-industries that buy directly from Bonneville
are excluded. For all but the low case, demand excluding 
direct service industries demand grows 0.3 percent faster 
that the total firm demand shown in Table 6-1. For exam
ple, the high case growth rate of 2.5 percent per year be
comes 2.8 percent if direct service industries are excluded. 
By excluding direct service industries, the low case growth 
rate moves from --0.4 percent to 0.1 percent. 

It is also important to realize that growth is not fore
cast to occur at a constant rate each year of the forecast. 
For example, year-to-year growth in the high case varies 
from over 4 percent to less than 2 percent, with the most 
rapid growth occurring in the early 1990s. 

The forecasts reflect the robust regional economy 
over the last four years. As a result, the near-term fore
casts are higher than forecasts that were done in 1989 by 
Bonneville and the Council. This is particularly true for 
the lower end of the forecast range. The long-term fore
casts are also slightly higher. Most of the increases in 2010 
are less than 5 percent. Running counter to this pattern 
are the slight decreases in the high forecast from the fore
casts included in Bonneville's 1989 Pacific Northwest 
Loads and Resources study (white book) and from the 
Council's 1989 supplement forecast. Tuble 6--B-l in Ap
pendix 6-B compares these recent forecasts to those in 
this plan. 

Electricity 
Sales 

----- History 

Figure 6-2 
Sales of Electricity
Historical and 
Forecast 
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Table 6-1 
Finn Sales of Electricity (Average Megawatts) 

Actual 1989 1995 

High 17,305 20,826 

Medium-High 17,305 19,336 

Medium 17,305 18,513 

Medium-Low 17,305 16,930 

Low 17,305 15,607 

The forecasts for all but the high case have been 
raised slightly from those included in the draft plan as a 
result of numerous changes in assumptions. These in
creases were generally less than 3 percent. The high fore
cast was not changed significantly. Table 6-B-2 in 
Appendix 6-B shows the changes to the forecast between 
the draft and final plan. 

History can provide a useful guide for describing a 
forecast if the comparison is done carefully. However, 
year-to-year growth rates are influenced strongly by cycles 
in economic activity and weather conditions. For this rea
son, comparing a few years of demand growth with a 
20-year forecast is inappropriate. Comparing longer peri
ods or comparing weather-adjusted and cycle-adjusted 
growth can be useful. 

Forecasts Growth Rate(% per year) 
2000 2010 1989-2010 

23,305 28,836 2.5 

20,935 24,583 1.7 

19,587 22,075 1.2 

17,566 19,485 0.6 

15,520 15,787 -0.4 

Figure 6-3 compares the projected growth rates of 
demand to regional growth rates since 1950. Growth of 
electricity consumption in the Pacific Northwest averaged 
about 7 percent per year during the 1950s and 1960s. How
ever, even during this time there were years of negative 
growth. In the 1970s, the region's electricity demand 
growth fell to a 4 percent rate. 

The 1980s are difficult to characterize because of their 
volatility. However, when two years that are both econom
ic cycle peaks are chosen to compute a growth rate (1979 
and 1989), the average demand growth rate is about 1.2 
percent per year. Although demand went up and down 
from 1980 to 1986, demand in 1986 was nearly the same as 
1980. Since 1986, demand has been growing strongly, aver
aging about 3.5 percent per year. The years 1987, 1988 and 

l ~ • • y--,- - • - ~ ' .. - • -. •• ~~' • t • . ' 
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1989 saw an economic boom in the Northwest. This eco
nomic prosperity was spread evenly across all sectors of 
the economy, but was led by dramatic expansion of the 
Boeing Company. Even the energy-intensive, resource
based industries, such as paper, chemicals, wood products 
and metals, experienced strong growth. The Northwest 
economy has benefitted from the earlier decline in the 
value of the dollar relative to other currencies, making its 
products more competitive in foreign markets. 

All of these factors have contributed to strong growth 
in demand for electricity. However, a recovery from a re
cession is not something to be compared to a 20-year 
trend forecast. The 1979 to 1989 growth rate of 1.2 per
cent per year is probably a better comparison. The most 
likely range of the forecast centers around 1 percent, and 
it falls below the growth rates of the 1950s, 1960s and 
1970s. 

What are the reasons for expected demand growth 
being lower than growth rates experienced before 1980? 
Several factors are listed below. 

• The rate of economic growth ( employment, popula
tion, households and production) is expected to be 
significantly slower. This is true for the nation as a 
whole, as well as the region, and is due to basic demo
graphic trends. For example, national forecasts of em
ployment growth over the next 20 years are about half 
the rate experienced between 1960 and 1980. 

• Electricity prices have increased dramatically since the 
late 1970s, thus decreasing the demand for electricity. 
This will continue to slow growth during the forecast 
as buildings and equipment are replaced using more 
energy-efficient practices. Some of these practices are 
now mandated by code. For example, buildings being 
built today use about 30 percent less electricity than 
the average building in the existing stock. By 2010, 
nearly half of the building stock will have been built 
since 1984. 

• Oil and natural gas prices have decreased significantly 
since 1986. These changes, combined with higher elec
tricity prices, make natural gas more attractive as a 
heating fuel. 

• The source of much of the region's electricity demand 
growth during the earlier decades was in energy-in
tensive industries, including paper, wood products, 
aluminum, chemicals and food products. These five 
industries account for over 90 percent of industrial 
electricity use. In the future, these are not forecast to 
grow rapidly, even in the high case. This has a signifi
cant effect on expected growth in electricity demand. 

• A continuing shift to commercial activities, away from 
manufacturing, reduces the growth of electricity use. 
For example, the commercial share of total employ
ment is expected to increase from 73 percent in 1980 
to about 82 percent in 2010, but the commercial sector 
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uses only 1 average megawatt of electricity per 1,000 
employees compared to 12 average megawatts in the 
manufacturing sector. 

A further caution should be added about comparing 
historical growth rates to the forecast. Growth rates can 
vary significantly year to year or with different long-term 
intervals. However, more importantly for planning, growth 
rates at different points may have very different resource 
planning implications. For example, in the high case fore
cast, which grows at 2.5 percent per year, about 550 aver
age megawatts of new load would be added annually. But 
in the 1950s and 1960s, with growth at 7 percent per year, 
only 406 average megawatts per year were added. Thus, a 
forecast growth rate that is just a little more than one
third of an historical growth rate, implies a need for 35 
percent more electricity resources. 

This chapter is concerned primarily with forecasts of 
electricity sales to final consumers. Further, the forecasts 
throughout this chapter are for average annual energy 
rather than peak electricity requirements at any particular 
time. The demand forecast concept presented is a "price 
effects" forecast. Such a forecast indicates what demand 
would be if consumers responded to prices and if no new 
conservation programs were implemented. Other types of 
forecasts used in the planning process are described in a 
later section. 

The amount of electricity generation required to meet 
forecast use is called "electricity load." Electricity load is 
larger than sales to final consumers because of transmis
sion and distribution losses incurred in delivering the elec
tricity from the generator to the consumer. This loss 
typically amounts to about 8 percent of the generated 
electricity. 

Because electricity loads are needed to determine 
resource requirements, electricity demand forecasts are 
converted to loads for resource planning. A brief descrip
tion of the load forecast follows, but the rest of the chap
ter focuses on the need for power from the consumer's 
point of view. This is because the need for power must be 
analyzed from that view in order to obtain reliable results 
and understand the role of conservation in power plan
ning. 

Regional firm electricity loads, including transmission 
and distribution losses, are forecast to grow from 18,720 
average megawatts in 1989 to between 17,160 and 31,332 
average megawatts by 2010. A more probable range is 
from 21,146 to 26,681 average megawatts, the 2010 fore
casts for the medium-low and medium-high cases. The 
medium forecast is 23,945 average megawatts, which im
plies an average annual rate of growth of 1.2 percent. The 
load forecasts are summarized in Table 6-2. 
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Table 6-2 
Electricity Load Forecasts (Average Megawatts) 

Actual 1989 1995 

High 18,720 22,569 

Medium-High 18,720 20,946 

Medium 18,720 20,057 

Medium-Low 18,720 18,362 

Low 18,720 16,944 

Forecast Detail 

Summaries of forecast results tend to obscure impor
tant detail. A major dimension of the demand forecasting 
&')'Stem is the separate treatment of demand by customers 
of public utilities and customers of investor-owned utili
ties. A second major dimension is the separate forecasting 
of residential, commercial, industrial, and irrigation uses 
of electricity. Further, most components of demand, such 
as residential use of electricity in investor-owned utility 
service areas, arc analyzed for specific end-uses as well as 
other dimensions within the sector forecasting models. 
The detailed forecast results are described in this section. 
The forecasts for investor-owned and publicly owned utili
ties are described first, followed by results for individual 
consuming sectors. 

Utility Type Forecasts 

Separate forecasts are done for investor-owned utili
ties, public utilities and Bonneville direct customers. The 
economic assumptions driving the forecasts are divided 
into investor-owned and public utility service areas as de
scribed in Chapter 5, "Economic Forecasts for the Pacific 
Northwest." These economic assumptions, combined with 
differences in electricity rates and existing conditions, lead 
to differences in the forecasts for the two customer 
groups. 

Table 6-3 shows the 1989 composition of firm electric
ity sales and the five forecasts for 2010. In 1989, total re
gional firm sales of electricity, adjusted for normal 
temperatures, were 17,305 average megawatts. Investor
owned utilities marketed 8,047 average megawatts or 47 
percent of the total. Public utilities marketed 38 percent, 
and the Bonneville Power Administration directly mar
keted 16 percent. 

Bonneville's direct sales decrease as a share of future 
regional electricity demand in all five of the forecast cases. 
Direct service industries accounted for most of Bonne
ville's direct sales in 1989, but are forecast to decrease in 
all forecast scenarios. Public utility sales are projected to 
grow slightly more slowly than investor-owned utility sales 

216 

Forecasts Growth Rate(% per year) 
2000 2010 1989-2010 

25,272 31,332 2.5 

22,685 26,681 1.7 

21,222 23,945 1.2 

19,047 21,146 0.6 

16,846 17,160 0.4 

in the higher forecasts and slightly faster in the lower 
forecasts. 

In addition to providing electricity directly to some 
customers, Bonneville is the source for much of the elec
tricity that is sold by public utilities. Although several pub
lic utilities generate electricity to serve part of their loads, 
most public utilities rely entirely on Bonneville. There
fore, the Bonneville administrator's major regional obliga
tions consist of, 1) direct service industrial customers and 
various federal agencies that are served directly by Bonne
ville; 2) all loads of publicly owned utilities that have no 
significant electricity generating resources (non-generat
ing publics); and 3) a part of the loads of publicly owned 
utilities that do have electricity resources (generating pub
lics). In Figure 6-4, Bonneville-supplied electricity is illus
trated by the shaded area. Bonneville was the source for 
about 40 percent of the firm electricity sales in the region 
in 1989. 

Forecasting the growth of Bonneville's obligations to 
provide electricity is complicated by uncertainties well be
yond the basic uncertainty embodied in forecasts of re
gional electricity demand. The Northwest Power Act and 
contracts between Bonneville and the investor-owned uti
lities allow for the possibility that investor-owned utilities 
could place loads on Bonneville providing they give seven 
years' notice. Further, it is not clear to what extent public
ly owned utilities will continue to rely on Bonneville to 
meet their load growth. These uncertainties result in a 
wide range of possible Bonneville requirements in the 
future. 

Sector Forecasts 

Figure 6-5 shows the composition by sector of 1989 
electricity sales in the region. The industrial sector ac
counts for the largest share of electricity sales, followed by 
the residential sector, and then the commercial sector. 
The industrial, residential and commercial sectors togeth
er account for 95 percent of the region's electricity de
mand. Irrigation and other miscellaneous uses account for 
the remainder. Forecasts for each of the demand sectors 
are discussed in some detail in the sections that follow. 
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Table 6-3 
Finn Sales Forecast by Utility Type (Average Megawatts) 

Investor-Owned Public Utility Bonneville 

Actual 1989 

Forecast 2010 

• High 

• Medium-High 

• Medium 

• Medium-Low 

• Low 

Growth Rates 1989-2010 

• 

• 

• 

• 

• 

High 

Medium-High 

Medium 

Medium-Low 

Low 

Sales by 
Utility 1ype 

Figure 6-4 
1989 Regional Firm 
Sales by Utility 
Type (Bonneville's 
Current Obligation 
Shaded) 

Total Sales Utility Sales Sales Direct Sales 

17,305 8,047 6,542 2,716 

28,836 14,908 11,314 2,614 

24,583 12,437 9,633 2,514 

22,075 11,032 8,693 2,350 

19,485 9,700 7,990 1,795 

15,787 8,085 6,838 864 

2.5 3.0 2.6 -0.2 

1.7 2.1 1.9 -0.4 

1.2 1.5 1.4 -0.7 

0.6 0.9 1.0 -2.0 

-0.4 0.0 0.2 -5.3 

Bonneville Requirements Investor-Owned 
46.5% 

Bonneville 
Direct 
15.7% 

Non-Generating 
Public 
17.1% 

Generating 
Public 
11.8% 

Generating 
Public-EPA 

8.9% 

:"' ;.,.,• • ,""_7 .. ; • • I • • • • 
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Electricity 
Use by 
Sector 

Figure 6-5 
1989 Firm Sales 
Shares 

Industrial-DSI 
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Residential 
33.5% 

Commercial 
21.7% 

Industrial-Utility 
25.4% 

Residential Demand 

The residential sector accounted for 34 percent of 
regional firm sales of electricity in 1989. Residential sector 
demand is influenced by many social and economic fac
tors, including fuel prices, per capita income, and the 
choices of efficiency for energy-consuming equipment 
available to consumers (available technology). The most 
important factor, however, is the number of households. 

The structure of the residential sector demand model 
reflects this importance by using the individual household 
as the basic modeling unit. The model projects future de
mand for electricity, given future growth in households by 
housing type; by projecting the amount of electricity-using 
equipment the average household owns; choices of fuel 
for space heating, water heating; and cooking; the level of 
energy efficiency chosen; and the energy-using behavior of 
the household. These choices are influenced in the model 
by energy prices, equipment costs, average incomes and 
available technology. 

The use of electricity is simulated for each of eight 
use classifications. Figure 6-6 shows estimated historical 
shares of these uses in 1989. Space heating and water 
heating are the two most important end-use categories, 
accounting for about half of all residential electricity use. 
The miscellaneous category also includes some back-up 
space heating in houses that are heated primarily by wood. 
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Note that Figure 6-6 shows end-use shares averaged over 
all houses, whether they use electricity for a given end use 
or not. Houses that use electricity for space and water 
heating will tend to use a larger share for those end uses 
than is shown in Figure 6-6. 

The projections of residential demand for electricity 
cover a wide range. This range results mostly from varia
tions in projections of the number of households, per capi
ta income and fuel prices in the economic and 
demographic growth assumptions. Projected demand also 
varies because of different assumptions regarding use of 
wood for space heating. 

In the absence of new conservation programs, proj
ected residential electricity use in the year 2010 ranges 
from 9,667 average megawatts in the high case to 5,981 
average megawatts in the low case. As shown in Table 6-4, 
the average annual rate of growth, based on the 1989 wea
ther-adjusted actual of 5,789 average megawatts, varies 
from 2.5 percent for the high case to 0.2 percent for the 
low case. 

The residential energy demand model is best de
scribed as a hybrid of engineering and econometric ap
proaches. It is based on the fundamental idea that 
residential energy is used by equipment such as furnaces, 
refrigerators and water heaters to provide amenities to the 
occupants of residences. Residential energy use, as simu
lated by the model, is a function of the following factors. 
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Residential 
Electricity 
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Figure 6-6 
1989 Residential 
Use by 
Application 
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Table 6-4 
Residential Sector Electricity Demand (Average Megawatts) 

Actual 1989 1995 

High 5,789 6,958 

Medium-High 5,789 6,523 

Medium 5,789 6,346 

Medium-Low 5,789 6,129 

Low 5,789 5,853 

l. Total number of residences and the number of new resi
dences constructed. The projections for future years are 
taken from the economic and demographic projec
tions. 

2. Number of energy-using appliances in the average resi
dence. Each year's appliance penetrations, or pur
chases of appliances per household, are simulated 
based on econometric analysis of historic sales pat
terns. Penetrations are influenced by equipment and 
energy costs and by per capita incomes. 
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Forecasts Growth Rate (% per year) 
2000 2010 1989-2010 

7,786 9,667 2.5 

7,044 8,246 1.7 

6,742 7,567 1.3 

6,427 7,172 1.0 

5,833 5,981 0.2 

3. Efficiencies of these appliances. Efficiency choice by 
consumers is simulated based on engineering analysis 
of costs of appliances of varying efficiencies and on 
econometric analysis of observed efficiency choices in 
the past. Efficiency choices are influenced by energy 
prices, the cost of more efficient appliances, and the 
inclination of consumers to invest in conservation 
(represented by their implicit discount rates). Efficien
cy choices can also be constrained ( e.g., thermal integ
rity choices will be no worse than some specified 
level), which provides the means of representing such 
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conservation programs as building codes and appliance 
efficiency standards. 

4. Fuels used by these appliances. While some appliances 
such as air conditioners use electricity exclusively, oth
ers such as water heaters can use any of several fuels. 
Fuel choice is simulated based on the efficiency 
choices and econometric analysis of past fuel choice 
behavior. Fuel choices are influenced by relative fuel 
prices, equipment prices, and relative efficiencies of 
the appliances using the various fuels. 

5. Intensity of use of these appliances. Intensity of use is 
varied by such means as thermostat settings and re
duced use of hot water for washing clothes. Variation 
in intensity of use is based on econometric analysis of 
observed short-run response to fuel prices. Intensity 
of use is determined in the model by fuel costs, 
appliance efficiencies and per capita incomes. 

Table 6-5 provides a summary of historical and proj
ected values of some of the components that determine 
total demand for electricity in both public and investor
owned utility (IOU) areas. 

The thermal integrity of single-family houses (shown 
in Tuble 6-5) improves significantly from 1979 levels. The 
greater thermal integrity of new houses raises the average 
thermal integrity in 2010; the higher growth scenarios have 
a higher proportion of new houses, so the average thermal 
integrity of the total stock is higher. 

Thermal integrity improvements reflect residential 
weatherization programs throughout the 1980s, more 
stringent building codes that took effect in Washington 
and Oregon in 1986, and recent progress toward region
wide adoption of the Council's model conservation stan
dards. These standards have now been adopted in 
Washington and Oregon, and a building code that obtains 
50 to 60 percent of the savings of the model conservation 
standards has been adopted in Idaho. 

In the Draft 1991 Power Plan, the forecast did not 
assume this recent progress toward the model conserva
tion standards. Taking these developments into account 
for the final plan reduced projected energy use from what 
it would be otherwise; in the case of the medium high sce
nario, the reduction is more than 200 average megawatts 
in 2010. The Council's estimate of conservation supply still 
available was reduced accordingly. 

The efficiency of refrigerators has improved signifi
cantly since the early 1970s and is expected to improve 
further. In 1972, the average new refrigerator (17 cubic 
feet, automatic defrost, top-mounted freezer compart
ment) was estimated to use about 1,600 kilowatt-hours per 
year. By the early 1980s a comparable new refrigerator 
was estimated to use about 1,100 kilowatt-hours. The 1990 
federal efficiency standard for this average refrigerator is 
about 900 kilowatt-hours, and the 1993 federal efficiency 
standard is about 700 kilowatt-hours. 

In a change from the Draft 1991 Power Plan, this 
forecast includes the effects of the 1993 federal standards 
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since these savings are now secured. This change reduces 
energy use projections from what they would be otherwise; 
in the medium high scenario the reduction is about 140 
average megawatts in 2010. Conservation potential still 
available has been reduced by corresponding amounts. 

As time passes and older, less efficient refrigerators 
wear out and are replaced, the models that meet the 1990 
and 1993 federal standards will make up a bigger share of 
the population of refrigerators. The average efficiency of 
refrigerators will therefore improve so that, by the end of 
the forecast period, it will approach the 1993 efficiency 
standard. This is an example of the long-term adjustment 
processes that can be expected in response to changes in 
energy prices and policy decisions that have already oc
curred. 

Projected improvements in refrigerator efficiencies 
are shown in Table 6-5. As in the case of thermal integri
ty, the higher growth scenarios have a higher share of 
newer, more efficient units, so these scenarios have more 
efficient stocks of refrigerators. 

Fuel choice projections have mixed effects on energy 
use per household. As shown in Tuble 6-5, the shares of 
households with electric water heating are projected to 
decrease in all forecasts. Electric space heating shares are 
projected to be higher in higher growth forecasts and low
er in lower growth forecasts. Space and water heating sat
urations are influenced by electricity prices, per capita 
incomes, and the share of recently constructed houses in 
the stock. In addition, they are influenced heavily by the 
relationship of electricity prices to those of competing 
fuels such as natural gas and oil. As will be descnbed in 
the section on electricity prices, the higher growth scenar
ios have higher electricity prices, but relatively lower prices 
of electricity compared to competing fuels. This pattern 
helps explain the higher saturation of electrical space 
heating in the higher growth scenarios. 

Housing type also influences energy use per house
hold. For all the forecasts, a reduction is projected in the 
total share of homes that are single-family houses, while 
an increase in the shares of multifamily units and man
ufactured homes is projected. Table 6-6 shows the 1980 
historical shares of the three building types, along with the 
projected 2010 shares for each of the forecasts. This trend 
tends to decrease average use per household, since multi
family units and manufactured homes are smaller and re
quire less energy to heat and cool. 

Electricity use per household is the net result of 
changes in efficiency, housing type, housing size, utiliza
tion levels, fuel choice and interaction between end uses 
(e.g., lower appliance use can increase space heating re
quirements). The changes in some of these individual 
components are substantial, but there is a tendency for 
them to offset one another in their effects on use per 
household. For example, efficiencies generally improve, 
tending to reduce use per household, while the sizes of 
multifamily units and manufactured homes are projected 
to increase, thereby increasing the per household energy 
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Table 6-5 
Residential Sector Summary Indicators 

Forecast 2010 

Estimated Medium- Medium-
1989 High High Medium Low Low 

Households (millions) Public 1.430 2.598 2.205 2.072 1.953 1.648 

Ioua 2.069 3.676 3.139 2.959 2.803 2.374 

Electricity Prices (1990 cents/kWh) Public 4.0 4.7 4.2 4.0 3.5 3.3 

IOU 5.2 5.9 5.4 5.6 4.7 4.5 

Natural Gas Prices Both 5.53 10.24 8.65 7.40 6.30 5.02 
(1990 dollars/million Btu) 

Efficiency Measures 

• Thermal Integrity (All electri- Public 1.26 1.73 1.63 1.57 1.54 1.43 
cally heated single-family, efficien-
cy relative to regional 1979 stock) 

IOU 1.22 1.75 1.65 1.62 1.57 1.45 

• Refrigerators (Stock in single- Public 1.15 1.96 1.98 2.00 2.01 2.02 
family houses, efficiency relative to 
regional 1979 stock) 

IOU 1.14 1.95 1.97 1.99 2.01 2.02 

Saturations 

• Electric Space Heat (% of Public 58 65 62 60 56 56 
homes with electric heat) 

IOU 41 48 46 44 43 42 

• Electric Hot Water(% of Public 87 81 83 83 83 82 
homes with electric hot water) 

IOU 80 75 75 75 75 74 

Kilowatt-Hours per Household 14,493 13,497 13,517 13,176 13,210 13,027 
(All homes) 

Space Heat kWh per Household 8,495 7,552 7,909 7,734 7,895 7,875 
(Electrically heated homes) 

Non-space-heat kWh per 10,420 9,341 9,357 9,263 9,394 9,267 
Household (All homes) 

Space Heat Sales (MWa) 1,627 2,977 2,538 2,247 2,072 1,726 

Total Sales (MWa) 5,789 9,667 8,246 7,567 7,172 5,981 

a Investor-owned utilities. 
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Table 6-6 
Share of Housing Stock by Building Type 1980-2010 (%) 

2010 

1980 High Medium-High Medium Medium-Low Low 

Single-Family Dwellings 77.8 77.1 72.4 70.5 69.1 67.4 

Multifamily Dwellings 14.4 15.2 17.2 18.5 19.4 21.8 

Manufactured Housing 7.8 7.7 10.4 11.0 11.5 10.8 
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requirements for space conditioning. These patterns are 
illustrated in Figures 6-7 and 6-8. Figure 6-7 shows the 
impact of the various determinants of electric space heat
ing in single-family houses in the public rate pool. Figure 
6-8 shows the same impacts for manufactured homes in 
the investor-owned utility rate pool. 

Figure 6-7 shows a decrease in per household use due 
to improvement in thermal integrity. This is partially bal
anced by increases in electricity's share of space heating, 
utilization levels, and the space heating load net of waste 
heat from appliances. The net change in electric space 
heating in single-family houses in the public rate pool be
tween 1989 and 2010 in the medium-high scenario is a 
decrease of 12.8 percent per household. 
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Figure 6-8 shows an improvement in thermal integri
ty, that is more than offset by a combination of increases 
in electricity's share of space heating, utilization levels, 
house size, and space heating load net of waste heat from 
appliances. The net change in electric space heating for 
manufactured homes in the private rate pool is an in
crease of 13.6 percent per household. 

When all the influences just described are combined 
over all house types, end uses and rate pools, the net ef
fect is the observed pattern of relatively small changes in 
per household use between scenarios. This means that the 
variation in total residential demand across the range is 
due largely to variation in the projected number of house
holds. 
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The projection of electrical equipment use is based on 
demand for electricity before taking into account the 
Council's proposed conservation programs. The effects of 
these programs cause sales of electricity to grow at slower 
rates. In addition, the use of electricity per household 
would decline because of the increased thermal efficiency 
of buildings and improved appliance efficiencies. The ef
fects of these efficiency increases would be somewhat di
minished, however, by the greater use of energy services 
due to cost savings from improved efficiency in space and 
water heating. These effects are reflected in the "sales" 
forecasts that are the basis of the electricity prices used 
for the "price effects" forecasts. 

Commercial Demand 

Although currently the smallest of the major consum
ing sectors, the commercial sector is the fastest growing, 
averaging 3.4 percent growth per year since 1980. This rate 
of growth is more than twice that of total demand by all 
sectors. The commercial sector has steadily increased its 
share of regional sales from 16 percent in 1970 to 22 per
cent in 1989. 

Shares of historical commercial sector demand for 
electricity for various applications are shown in Figure 
6-9. Space heating and lighting make up the largest shares 
of commercial electricity use. If space heating, ventilation 
and air conditioning are combined, as they commonly are, 
into an HVAC category, HVAC and lighting account for 
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more than 80 percent of electricity use in the commercial 
sector. 

Commercial sector electricity use is forecast separate
ly for 10 different building types. The consumption shares 
of these building types are shown in Figure 6-10. Offices 
account for more than one-fourth of electricity use by the 
sector. Retail buildings are the next largest category, fol
lowed by miscellaneous buildings and groceries. More 
than two-thirds of the sector's electricity use is attributed 
to these four building types. 

Commercial sector electricity demand, like that of the 
residential sector, is influenced by many factors, such as 
fuel prices and available technology. In particular, one 
fundamentally important factor used as a basis for energy 
use projections is the total floor space of the buildings in 
the commercial sector. The commercial sector demand 
model projects the amount of commercial floor space and 
then predicts fuel choice, efficiency choice, and the use of 
the energy-consuming equipment necessary to service this 
floor space. These choices are based on investment fac
tors, fuel prices and available technology. Energy-use pro
jections are made separately for different building types, 
applications and fuel types. 
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Since the 1986 Power Plan, development of the Coun
cil's commercial sector energy demand model has concen
trated on incorporating recent data on floor space and 
energy use. Even before 1986, forecasters of commercial 
sector energy use in many parts of the United States were 
discovering that they tended to underforecast energy use 
in the early 1980s. A number of explanations were pro
posed, including unexpected growth in use of computers 
and other office machinery, a cyclical boom in construc
tion of office building which exceeded the current require
ments for floor space, and unexpected resistance to 
adoption of more efficient space conditioning and lighting 
equipment. Since 1986, data has become available which, 
while it does not eliminate all concern about the problem, 
does shed some light on its causes. 

First, an estimate of the stock of commercial floor 
space was developed by Baker, Reiter and Associates un
der contract to the Bonneville Power Administration. This 
estimate was the result of a widespread sample of com
mercial buildings in the region and must be regarded as a 
significant improvement over the estimate previously used 
in the forecasting model. The estimated floor space of 
many building types changed substantially. 

The estimation effort also resulted in estimates of 
1980-1986 construction in the region. The estimated con
struction is consistent with a boom in office construction 
that saw estimated office space grow faster than employ
ment of office workers. The differential growth of office 
space and office workers is also consistent with higher
than-normal vacancy rates (around 20 percent) in the met
ropolitan centers of the region. The assumption for the 
Council's forecast is that vacancy rates will gradually de
cline to around 10 percent, and then office floor space will 
grow in proportion to employment. 

While office floor space appears to have grown faster 
than office employment, other building types seem to have 
grown more slowly than relevant employment. Health 
care buildings are one example. In these cases, the fore
cast assumes that the 1986 relationship of employment to 
floor space represents the long-term relationship, and 
that floor space will grow in proportion to employment 
growth after 1986. 

The re-estimated floor space in the commercial sector 
made it necessary to re-estimate electricity use per square 
foot in the model's base year (1979). New energy use data 
from the End-use Load and Conservation Assessment 
Program, the Commercial Audit Program and the Seattle 
City Light Commercial Data Base also contributed to the 
estimates. 

The new energy use data also allowed the examina
tion of the relationship of energy use in buildings built in 
the early 1980s to that of buildings built earlier. The data 
indicate that total electricity use in new offices and retail 
stores is not much different than use in older ones. Fur
ther, this relationship seems to hold even when use for 
heating, ventilation and air conditioning (HV AC) in new 
buildings is compared to HV AC use in older ones, and 
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when lighting use is compared between new and older 
buildings. 

These results could be interpreted to imply that the 
energy-efficiency of HVAC and lighting equipment has 
not improved since 1979. However, there is considerable 
anecdotal evidence that efficiencies have improved. This 
evidence suggests that new buildings and equipment are 
more energy-efficient, but are being used to provide a 
higher level of service or amenity to the occupants of the 
buildings. This higher amenity can take a number of forms 
(more hours of operation, greater control of temperature 
or humidity, more attractive display lighting, etc.), but the 
final effect is that energy use per square foot apparently 
has not declined with improved energy efficiency of build
ings or equipment. 

Information about changing amenity levels in com
mercial buildings is mainly anecdotal-new schools tend to 
be air conditioned, new groceries tend to have delicates
sens, and the like. Amenity levels may not increase in all 
new buildings, but they may increase in some existing 
buildings as well. The assumption in the commercial fore
cast is that for five building types ( offices, retail, schools, 
colleges and miscellaneous), buildings built after 1980 pro
vide increased amenities. These increased amenities, to
gether with improved efficiencies, make HV AC and 
lighting electricity use about the same as the 1979 stock of 
these buildings types. It is also assumed that the pre-1980 
stock of these same building types will provide gradually 
increasing levels of amenities until they reach the level 
provided by new buildings. 

These assumptions had the effect of raising the fore
cast and brought the projected electricity use from 1979 to 
1989 into much closer agreement with actual commercial 
sales during that period. This historical agreement is not 
conclusive proof that the assumptions are accurate, or that 
the assumptions lead to accurate long run forecasts. His
torical agreement could have been obtained with a differ
ent combination of assumptions, leading to different long 
run forecasts. Given that these assumptions are based on 
the available data, the performance of the model in 
matching historical experience is some confirmation that 
the assumptions are reasonable. 

Finally, the high scenario assumptions include modifi
cations that bring fuel choices in the investor-owned utili
ties closer to fuel choice in the public utilities. The intent 
is to include in the high scenario the possibility that fuel 
choice is strongly influenced by factors not included in the 
forecasting model's simulation, and that the net effect of 
these factors is that electricity is preferred as a heating 
fuel even when electricity's apparent life-cycle costs are 
not particularly attractive. 

The resulting projections of commercial demand for 
electricity vary widely. In the low growth forecast, com
mercial demand for electricity decreases from 3,761 mega
watts in 1989 to 4,236 megawatts by 2010. In the high 
growth forecast, it reaches 7,549 megawatts. As shown in 

225 



CHAPTER6 

Table 6-7, the average rate of growth of demand ranges 
from 0.6 to 3.4 percent per year. 

Table 6-8 shows some of the components underlying 
these totals. Floor space increases in all forecasts, as a 
result of increased employment in the commercial sector, 
and is the major driver of growth in demand for electricity. 
Use of electricity per square foot of floor space of all 
buildings increases in the higher-growth forecasts and de
creases in lower-growth forecasts. The change in use per 
square foot from 1989 to 2010 is modest for all forecasts, 
ranging from an increase of 7 percent in the high-growth 
forecast to a decrease of 10 percent in the low-growth 
forecast. 

Use of electricity per square foot of office floor space, 
however, is projected to move in different directions de
pending on utility type. It decreases in the investor-owned 
utilities for two scenarios, and increases slightly in the oth
er scenario. In the public utilities, it increases for all sce
narios. These changes are modest in either direction. The 
largest projected increase is about 9 percent, and the larg
est projected decrease is about 6 percent. 

Saturation of electric space heating is projected to 
increase most in the higher growth scenarios and to de
crease in the lower scenarios. This pattern holds for of
fices as well as for commercial buildings generally. 

The pattern of projected electric space heat satura
tions is due partly to the pattern of projected electricity 
prices. Tuble 6-8 shows that investor-owned utilities' rate 
pool prices increase in all growth scenarios, but public rate 
pool prices decrease or stay constant in the lower-growth 
scenarios. In addition, projected 2010 prices for investor
owned utilities are at least 65 percent higher than those 
for the public utilities. 

Projected prices of competing fuels also influence 
space heat saturations. Figure 6--14, in the section on 
prices, demonstrates that while projected residential elec
tricity prices are lowest in the low scenario, natural gas 
prices are projected to decline even more, so that electric
ity prices relative to natural gas prices are highest in the 
low scenario. Fuel prices projected for the commercial 
sector follow a similar pattern and lead to higher electric 
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space heat saturations in the higher growth scenarios and 
lower electric space heat saturations in the lower-growth 
scenarios. 

The mixed pattern of projected energy use is due in 
part to projected electricity prices and in part to conflict
ing trends in efficiency and amenity levels. As described 
earlier, new buildings are assumed to provide a higher 
level of service or amenity to their occupants, which tends 
to use more electricity. At the same time, new buildings 
and equipment are projected to be more energy-efficient 
in providing any specified level of amenity. The net result 
of these conflicting trends is the observed pattern of small 
increases and decreases in overall electricity use per 
square foot. 

These projections do not take into account the conser
vation programs included in the power plan, but are based 
on existing building codes and market response to in
creased energy prices. The programs in the plan have 
been identified as cost-effective resources to meet this 
demand forecast. The conservation programs will reduce 
overall demand for electricity, reduce demand per square 
foot, and improve equipment efficiency. 

In general, recent research and trends in commercial 
electricity use have left a number of unanswered ques
tions. The assumptions made for this forecast seem to be 
reasonable, but further adjustments will undoubtedly be 
made as there is more information. Given its increasing 
share of regional electricity use, the commercial sector 
will be the subject of continuing research and analysis. 

Industrial Demand 

The industrial sector is the largest of the four con
suming sectors. In 1989, the industrial sector consumed 
6,935 average megawatts of firm power, accounting for 40 
percent of total firm demand in the region. In addition to 
the firm power, the industrial sector consumes varying 
amounts of interruptible power depending on economic 
and hydroelectric conditions. In 1989, industry consumed 
490 average megawatts of interruptible, or nonfirm elec
tricity. 

Table 6-7 
Commercial Sector Electricity Demand (Average Megawatts) 

Forecasts Growth Rate (% per year) 
Actual 1989 1995 2000 2010 1989-2010 

High 3,761 4,948 5,721 7,549 3.4 

Medium-High 3,761 4,494 4,993 6,295 2.5 

Medium 3,761 4,346 4,676 5,610 1.9 

Medium-Low 3,761 4,081 4,210 4,969 1.3 

Low 3,761 3,912 3,906 4,236 0.6 
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Table 6-8 
Commercial Sector Summary Indicators 

Estimated 
1989 

Floor Space (million sq. ft.) Public 705.3 

mu• 1,331.5 

Electricity Prices (1990 cents/kWh) Public 3.4 

IOU 5.3 

Natural Gas Prices (1990 dollars/ Both 4.80 
million Btu) 

Sales-Kilowatt-hour per Square Foot Floor Space 

• Offices 

• Space Heat Public 6.4 
(offices heated by electricity) 

IOU 6.3 

• Lighting Public 8.3 

IOU 8.3 

• Total Public 25.1 

IOU 24.0 

• All Commercial Buildings 

• Space Heat (buildings 8.9 
heated by electricity) 

• Lighting 5.3 

• Total 16.2 

Saturation of Electric Space Heat(%) 

• Offices Public 73 

IOU 67 

• All Commercial Buildings Public 60 

IOU 44 

Total Sales (MWa) 

• Space Heat 1,029 

• Lighting 1,242 

• Total 3,761 

a Investor-owned utilities. 

Unlike the residential and commercial sectors where 
the general uses of electricity are similar in different 
houses or buildings, the industrial uses of electricity are 
extremely diverse. It is very difficult to generalize about 
the end uses of energy or the amounts of energy used in a 
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Forecast 2010 

Medium- Medium-
High High Medium Low Low 

1,239.6 1,030.8 942.4 892.0 825.7 

2,586.9 2,190.7 1,991.6 1,876.9 1,733.7 

4.2 3.7 3.4 3.0 2.7 

7.1 6.1 5.9 5.4 5.5 

9.52 7.89 6.64 5.50 4.20 

6.0 6.3 6.5 6.7 6.6 

5.4 6.J 6.1 4.8 4.4 

7.8 8.0 8.2 8.3 8.5 

8.0 8.0 8.1 8.2 8.2 

25.4 26.5 27.0 27.3 26.7 

24.1 24.9 24.9 23.1 22.5 

6.9 8.0 8.5 9.0 10.0 

5.2 5.3 5.3 5.4 5.4 

17.3 17.1 16.7 15.7 14.5 

96 93 88 78 62 

95 85 74 53 42 

89 83 76 66 50 

80 58 47 29 13 

2,487 1,950 1,608 1,166 732 

2,286 1,934 1,771 1,696 1,572 

7,549 6,295 5,610 4,969 4,236 

"typical" industrial plant. For example, the primary metals 
industry uses about 80 times as much electricity per dollar 
of output as the apparel industry. 

The industrial use of electricity in the Northwest is 
highly concentrated in a few subsectors. Five industries-
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food, chemicals, paper, lumber and metals-account for 
nearly 90 percent of industrial use of electricity. Figure 
6-11 illustrates the composition of total industrial demand 
for electricity based on the forecast for 1989. Metals pro
duction alone accounted for nearly half of total industrial 
electricity use. 

Over 90 percent of electricity use in metals is by Bon
neville's direct service industry customers, primarily the 
region's aluminum smelters. These aluminum smelters 
also dominate all direct service industry sales, accounting 
for about 90 percent of that total. Bonneville's direct ser
vice industrial customers accounted for 40 percent of total 
industrial demand for electricity in 1989, or about 17 per
cent of total regional sales to all sectors. One-fourth of 
the direct service industry demand is considered nonfirm 
demand, or interruptible demand. If Bonneville were to 
have a shortage of energy, for example, due to poor water 
conditions, it could withhold service for one-fourth of the 
direct service industry demand. Only the firm portion of 
direct service industry demands are included in the the 
Council's forecasts of energy requirements. However, the 
interruptible portion of direct service industry demand is 
considered in system operation and electricity pricing anal
yses. 

Forecasts of industrial demand for electricity are 
based on production forecasts for the various industrial 
sectors, the amount of energy used per unit of output, and 
the effects of electricity and other fuel prices on their use 
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of energy. Table 6-9 shows industrial sector firm demand 
forecasts for selected years for all five forecasts. In the 
high forecast, consumption of electricity by the industrial 
sector grows to 10,611 average megawatts by 2010-an 
average annual growth rate of 2.1 percent per year. In the 
low forecast, industrial demand decreases at a rate of 1.7 
percent per year due to significant reductions in direct 
service industry sales offsetting modest growth in other 
industries. The more likely range of industrial demand 
growth is from -0.2 to 1.3 percent per year with the me
dium case growth at 0.7 percent per year. 

Methods of forecasting the industrial demand for 
electricity vary substantially among different industrial 
subsectors. In general, the forecasting methods are most 
detailed for the activities that consume the greatest 
amounts of electricity. It is necessary to forecast industrial 
activity and demand for electricity individually for up to 40 
industry components in order to obtain reliable forecasts 
of total industry demands. 

The composition of the industrial forecasting system is 
shown in Table 6--10. The components are defined using 
the Standard Industrial Classification (SIC) code. Table 
6--10 shows the share of total industrial consumption of 
electricity estimated to have been consumed by each sub
sector in 1981. The concentration of demand for electricity 
that is illustrated in Figure 6-11 is also apparent in Tuble 
6-10. 

Lumber 
8.3% 

Paper 
21.8% 

Chemicals 
11.2% 

1991 NORTHWEST POWER PLAN -VOLUME II 



FORECAST OF ELECTRJCITY USE IN THE PACIFIC NORTHWEST CHAPTER6 

Table 6-9 
Industrial Sector Finn Sales (Average Megawatts) 

Actual 1989 1995 

High 6,935 8,020 

Medium-High 6,935 7,474 

Medium 6,935 6,997 

Medium-Low 6,935 5,944 

Low 6,935 5,112 

There are four different forecasting methods used for 
the industrial sector. The methods are referred to as, 1) 
key industry model, 2) econometric model, 3) simple rela
tionships, and 4) eclectic. The method applied to each in
dustry component is abbreviated in Table 6-10. Most of 
the forecasting methods are driven primarily by forecasts 
of industrial production. In addition, each of those meth
ods modifies the relationship between production and 
electricity use to reflect the effects of changing energy 
prices and other factors. 

The three largest non-direct service industries are 
forecast using the key industry models. The key industry 
models are highly detailed approaches to forecasting de
mand for electricity. The three key industries are lumber 
and wood products, pulp and paper, and chemicals. First, 
the industry is divided into the most energy-intensive acti
vities. For those activities, the uses of electricity are di
vided into several types, such as motors for specific 
processes, electrolysis or lighting. The fraction of electric
ity use attributable to each of these end uses is estimated 
for an average plant. In the case of the chemical produc
tion of phosphorus and chlorine, the model is specified 
separately for each of the relatively few plants in the re
gion. 

The forecast requires a specification of how the types 
of end uses may change their shares over time. In addi
tion, the degree to which electricity for each type of end 
use could be conserved in response to price changes must 
be specified. The degree of price response was varied 
across forecast scenarios, being largest in the low forecast 
and smallest in the high forecast. Given these specifica
tions, the demand for electricity per unit of production 
will change from its base year value as production and 
electricity prices change. 

The key industry models require a great deal of data 
and judgment. This information goes beyond readily avail
able sources of data. For this reason, specification of the 
key industry models relied heavily on the judgment and 
advice of industry representatives and trade organizations. 

The industrial forecasting system includes a variety of 
econometric forecasting equations for the remaining non
key and non-direct service industry demands for electric-
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Forecasts Growth Rate (% per year) 
2000 2010 1989-2010 

8,852 10,611 2.1 

8,047 9,143 1.3 

7,370 8,082 0.7 

6,161 6,601 -0.2 

5,072 4,885 -1.7 

ity. Econometric models consist of equations estimated 
from historical data. The equations attempt to measure 
the effect of industry production and energy prices on the 
demands for different types of energy, including electric
ity. 

Alternative econometric estimates are available in the 
demand forecasting system for most industry components. 
In Table 6-10, the alternative equation used is specified in 
parentheses next to the forecasting method. Equations 
obtained from the Oregon Department of Energy are 
noted as ODOE. Equations obtained from Bonneville are 
labeled AEA for the consulting firm that estimated the 
equations, Applied Economic Associates.1 

Because historical data is generally of poor quality at 
the industrial subsector level, it is often difficult to obtain 
plausible relationships for econometric equations. Where 
econometric results appeared implausible, simple relation
ships between output and electricity use were used as a 
basis for the forecasts. The sectors whose forecasting 
methods are listed as ''simple" are those for which econo
metric results were unsatisfactory. 

In these simple forecasts, demand for electricity is 
assumed to grow at the same rate as production, but is 
modified by an assumed trend in electricity use per unit of 
production. There is substantial agreement, in economet
ric models and other research on industrial energy de
mand, that in the absence of other influences, energy 
demand will grow with production. There is much less 
agreement about the degree to which price changes influ
ence demand. To reflect this uncertainty, assumptions 
about changes in demand per unit of production were var
ied across forecast scenarios. Electricity use per unit of 
production was assumed constant in the high forecast for 
industry components that were forecast using the simple 
method. In the medium-high forecast, the electric intensi
ty was assumed to decrease by 0.5 percent per year; in the 
medium-low forecast, by 1.5 percent per year; and in the 

1. Applied Economic Associates, Inc. Update and Re-estima
tion of the Northwest Energy Policy Pmject Energy Demand Fore
casting Model. Report to Bonneville Power Administration, 
December 1981. 
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Table 6-10 
industrial Forecasting Methods 

1981 Percent of 
Manufacturing 

SIC Code Title Electricity Forecasting Method 

Manufacturing 

20 Food and Kindred Products 4.1 Simple 

22 Textiles .1 Econometric Model (AEA) 

23 Apparel .1 Simple 

24 Lumber and Wood Products 6.8 Summed 

2421 • Sawmills and Planing Mills 2.8 Key Industry Model 

2436 • Softwood Veneer and Plywood 1.5 Key Industry Model 

24XX • Rest of SIC 24 2.5 Simple 

25 Furniture .1 Simple 

26 Pulp and Paper 21.0 Summed 

2611 • Pulp Mills 1.6 Key Industry Model 

2621 • Paper Mills 12.1 Key Industry Model 

2621 • Paper Mills-Direct Service Industries .2 Eclectic 

• Crown Zellerbach 

2631 • Paperboard Mills 4.4 Key Industry Model 

26XX • Rest of SIC 26 2.7 Simple 

27 Printing and Publishing .5 Econometric Model (ODOE) 

28 Chemicals 11.0 Summed 

2812 • Chlorine and Alkalies 1.9 Key Industry Model 

2812 • Chlorine and Alkalies-Direct Service Industries 1.1 Eclectic 

• Georgia Pacific 

• Pennwalt 

2819 • Elemental Phosphorus 5.0 Key Industry Model 

2819 • Elemental Phosphorus-Direct Service Industries .8 Eclectic 

• Pacific Carbide 

• DOE Richland (Included in Federal Agencies) 

28XX Rest of SIC 28 2.2 Econometric Model (ODOE) 

29 Petroleum Refining 1.4 Simple 

30 Rubber and Plastics .5 Econometric Model (AEA) 

31 Leather and Leather Goods 0.0 Included in Residual 

32 Stone, Clay, Glass and Concrete 1.2 Summed 

3291 • Abrasive Products-Direct Service Industries .3 Eclectic 

• Carborundum 
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Table 6-10 (cont.) 
Industrial Forecasting Methods 

1981 Percent of 
Manufacturing 

SIC Code Title Electricity Forecasting Method 

Manufacturing (cont.) 

32XX • Rest of SIC 32 .9 Econometric Model (ODOE) 

33 Primary Metals 49.0 Summed 

3334 • Aluminum-Direct Service Industries 43.2 Eclectic 

3313 • Electrometallurgical-Direct Service Industries 1.3 Eclectic 

• Hanna 

• Gilmore 

3339 • Non-ferrous n.e.c.-Direct Service Industries 

• OREMET 

33XX • Rest of SIC 33 

34 Fabricated Metals 

35 Machinery Except Electrical 

36 Electrical Machinery 

37 Transportation Equipment 

38 Professional Instruments 

39 Miscellaneous Manufacturing 

xx Residual Categories 

Mining 

low forecast, by 2.0 percent per year. The medium case 
assumes a reduction of electricity use per unit output of 
1.0 percent per year. These assumptions are similar to the 
range of results from econometric equations that were 
more acceptable theoretically and behaviorally. 

Forecasting methods for the direct service industrial 
customers of Bonneville are described as eclectic, because 
they are the results of several types of forecast methods 
and studies. For example, aluminum industry electricity 
use was forecast using industry forecasting models, results 
of various aluminum studies, and external consultants, 
supplemented by judgment and specific knowledge gained 
through years of dealing with the industry. The forecasts 
are done primarily on the basis of the relationship be
tween aluminum prices and production costs. The alumi
num price projections are based on forecasts from 
independent consultants who follow the aluminum indus
try. Production costs for each smelter are Bonneville esti
mates. Different model approaches are used in the 
aluminum load forecasting process for the long term and 
the short term. In the long-term model, if a plant cannot 
recover its total production costs over several years, given 
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.1 Eclectic 

4.4 Econometric Model (ODOE) 

.8 Simple 

.8 Simple 

.4 Econometric Model (ODOE) 

1.9 Simple 

.4 Simple 

.l Simple 

.4 Simple 

Grows with Employment 

the long-term aluminum price forecast, then it is assumed 
to permanently shut down. In the near-term model, if a 
plant cannot recover its variable costs given the prevailing 
aluminum prices, then it will temporarily close some pro
duction capacity, only to re-open it when the aluminum 
prices recover enough to exceed the variable production 
costs. The results are then evaluated with staff judgment 
to produce the aluminum electricity demand forecast. 

Electricity use by non-aluminum direct service indus
tries was forecast by an analysis of each plant and its fu
ture markets. Use is determined by general 
macroeconomic conditions reflected in industry-specific 
production indices, and the region's relative price of elec
tricity. Variables reflecting national trends were taken 
from Data Resources Inc. In the case of a few plants, the 
analysis was supplemented with an assessment of prices 
and production costs. Projected use is adjusted for these 
plants based on rough estimates of profits and losses. 

The forecast growth rates of industrial demand for 
electricity are considerably smaller than the projected 
rates of growth in total industrial production. Production 
by Northwest manufacturing industries is expected to grow 

231 



CHAPTER6 

by 4.7 percent per year in the high forecast; 3.7 and 2.1 
percent per year in the medium-high and medium-low 
forecasts, respectively; and by 1.2 percent per year in the 
low forecast. The medium forecast is 3.0 percent per year. 

The relative growth rates of electricity demand and 
output imply an overall reduction in the electricity intensi
ty of the Northwest industrial sector. The ratios of elec
tricity use to production decline over the forecast period 
in all five forecasts. The rate of decline in the most prob
able range is about 2.3 percent per year. Although these 
rates of decrease are significant, they are lower than re
cent regional history. Between 1977 and 1986, regional 
industrial electricity intensity is estimated to have declined 
by about 3.8 percent per year. Such decreases in energy 
intensity are not unprecedented. At the national level, for 
example, total energy use per unit of production in the 
industrial sector has been estimated to have decreased by 
4.5 percent per year between 1970 and 1986. 

There are several factors operating to reduce indus
trial rates of electricity growth relative to production 
growth. The most important is a change in the mix of in
dustry. Many of the large users of electricity are not ex
pected to grow as fast as industry does on average. This is 
most notable in the case of the direct service industries, a 
very large portion of the industrial demand that is contrac
tually limited to current levels and could decline due to 
economic forces. 

During the 1980s, direct service industrial demands 
for electricity exhibited enormous volatility, primarily re
flecting swings in aluminum industry market conditions. 
This volatility is expected to continue, with the uncertainty 
for the regional industry compounded by the potential 
outcomes of major issues. Such issues include the impact 
of resource strategies taken by the region on availability of 
power to aluminum smelters, terms and conditions of fu
ture direct service industry power sales contracts, the na
ture and extent of direct service industry contract 
assignments, and the level of industrial power rates. In 
general, future direct service industry demand for electric
ity will be a function of the perceptions of industrial pro
ducers about the attractiveness of the region as a place to 
invest and operate, as well as their ability to maintain 
competitiveness in product markets. 

During the past two years, the competitive position of 
the region's aluminum smelters has improved. The excess 
aluminum smelting capacity worldwide in the early 1980s 
has been reduced through permanent plant closures and 
delays in announced new capacity in developing countries. 
Northwest aluminum companies have invested in im
proved efficiency and benefitted from Bonneville's vari
able electricity rate structure. In addition, reduced 
transportation costs to the Pacific rim, combined with a 
decreased value of the dollar against other world curren
cies, have made the Northwest smelters more competitive 
in those markets. Nevertheless, even though regional 
smelters have reduced their costs considerably, and have 
benefitted from recent market strength, continued opera-
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tion of the aluminum smelters will depend, to a great ex
tent, on the outcome of the issues discussed above. 

The uncertainty of future direct service industry pow
er sales is reflected in the five forecast scenarios for pur
poses of defining the full range of electrical resource 
needs. Figure 6-12 shows the percent of aluminum plant 
capacity that is assumed to be operating in the region by 
the end of the forecast period for each of the five fore
casts. Capacity is defined as the amount of electricity, in 
terms of average megawatts, that regional aluminum 
smelters are expected to consume after efficiency im
provements made under Bonneville's Conservation/Mod
ernization program. In the high scenario, it is assumed 
that the aluminum direct service industries will operate at 
100 percent of capacity. Operating rates for the medium
high, medium, and medium-low scenarios are assumed to 
be 97 percent, 90 percent, and 67 percent, respectively. In 
the low scenario, the aluminum industry is forecast to op
erate at about 50 percent of capacity until the year 2001. 
At that time it is assumed that new contract terms and 
poor economic conditions could result in a decrease in 
operating rates to 25 percent of capacity. 

The forecast of industrial electricity use is further 
dampened by the fact that some of the large non-direct 
service industrial users, such as lumber and wood prod
ucts, food processing and pulp and paper, are not proj
ected to grow as fast as less energy-intensive industries. 
As shown in Table 6-11, output growth for the key non-di
rect service industries combined is expected to be 1.4 per
cent per year in the medium forecast, compared to 3.0 
percent per year for all industrial production. Thus, the 
two components of the industrial sector that accounted for 
nearly 90 percent of the sector's electricity demand histor
ically will show relatively weak growth over the next 20 
years. 

The third major reason for lower electricity growth 
relative to production is the effect of the large change in 
the relative price of electricity in the region over the last 
several years. The effects of price on industrial demand 
cannot be separated into components as they can for the 
residential and commercial sectors. But conceptually they 
include efficiency improvements, fuel switching and prod
uct mix changes within individual industrial sectors. The 
forecasting models embody these changes as general price 
response. 

Irrigation Demand 

In 1989, 640 average megawatts of electricity were 
used for irrigation, less than 4 percent of total regional 
firm electricity sales. For several decades, Pacific North
west irrigation sales climbed rapidly and steadily. Howev
er, after 1977 they became more erratic, leveled off, and 
then began to decrease slowly. The average annual rate of 
growth of on-farm and Bureau of Reclamation irrigation 
electricity use from 1970 to 1977 was a robust 10 percent. 
From 1977 to 1989 there was no net growth, reflecting 
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Table 6-11 
Composition of Industry Growth, 1989-2010: Medium Forecast 

Historical Share of Production Growth Rate Demand Growth Rate 
Consumption (%) (% per year) (% per year) 

Direct Service Industries 44 

Key Non-Direct Service Industries 43 

Minor Industries 14 

Total 100 

increased electricity and water conservation and a slowing 
down in the development of new irrigated land. 

There are currently about 8.2 million acres of irri
gated land in the region. Nearly half of the region's irri
gated acres are in Idaho. Oregon and Washington each 
have a little over one-fifth of the total irrigated acres. 
Most electricity use in irrigation is associated with sprin
kler irrigation. Currently, about 55 percent of the irrigated 
land in the region is irrigated with sprinkler systems. The 
distnbution of irrigation by state is different for electricity 
used than for irrigated acres. Washington and Idaho ac
counted for over 80 percent of irrigation electricity use in 
1987 but only 67 percent of sprinkled acres. This differ
ence is due to the high electricity intensity of Washing
ton's irrigated agriculture. 
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NIA -0.8 

1.4 0.9 

3.9 3.3 

3.0 0.7 

Table 6-12 shows the forecasts of use of electricity for 
irrigation. The forecast range is quite flat. The high and 
medium-high forecasts show moderate growth in electric
ity used for irrigation from its 1989 level. The other cases 
each show declining amounts of electricity being used for 
irrigation compared to 1989. All of the growth rates are 
made lower by the fact that 1989 irrigation electricity sales 
were high due to dry weather. The irrigation forecast ex
cludes about 100 megawatts of Bureau of Reclamation 
pumping loads at Grand Coulee and Roza dams. The fore
casts shown in Tuble 6-12 include U.S. Bureau of Recla
mation irrigation sales. 

The forecasts reflect the expectation that major addi
tions to Northwest irrigated agriculture are unlikely and 
that additions that do occur are likely to be offset by in-
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creased efficiency in the use of electricity and water. Two 
factors will limit irrigation growth: the depletion of aqui
fers in some areas, and the lack of additional good land to 
bring under irrigation. 

Increases in the high forecast cases are partly a result 
of assumed conversions from flood to sprinkled irrigation 
in areas of Idaho. While sprinkled irrigation requires more 
electricity, it also uses water more efficiently. The listing 
of some stocks of salmon as endangered species could fur
ther encourage such water conserving practices, which 
already appear to be attractive for economic and other 
reasons. 

The forecast of irrigation electricity use is based on a 
range of assumed rates of growth in irrigation sales for 
five-year increments. The resulting demands are then ad
justed for the effects of price changes based on specified 
price elasticities. The long-term price elasticity was as
sumed to be -0.4. This price elasticity was jointly specified 
by the Council and Bonneville. The prices are from the 
Council's electricity pricing model for all but the medium 
forecast. The medium prices are from Bonneville's Supply 
Pricing Model. 

Retail Electricity Prices 

The forecasts of electricity prices in the Pacific North
west show relatively stable prices over the next several 
years. However, the exact price outlook varies substantial
ly in the different forecasts. 

Electricity prices are an important determinant of 
electricity demand. It is also true that electricity demand 
growth has an important effect on future electricity prices. 
These mutual dependencies are accounted for in the de
mand and price forecasts. 

Figure 6-13 shows real average retail rates in 1990 
dollars for the five forecasts. As can be seen from Figure 
6-13, the price outlook varies substantially in the different 
forecasts, showing substantial increases in the high fore
cast and declining in real terms in the low forecast. This 
pattern results because nearly all new resources are more 
costly than the existing resource base, and the more new 
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resources that need to be added, the greater the cost in
crease. In the middle range of the forecasts, electricity 
prices are expected to be generally stable, or increase only 
moderately, relative to the prices of other goods and ser
vices. 

It is apparent that the medium forecast prices have a 
different pattern over time than the other four cases. This 
is due to the fact that a different pricing model was used 
for the medium forecast. Bonneville's Supply Pricing 
Model (SPM) was used for the medium forecast, in order 
to facilitate use of the medium forecast in other Bonne
ville processes. In the near term, medium prices dip below 
the other cases. This is probably due to the fact that Bon
neville's SPM is designed to deal with the near term in 
more detail, and has incorporated updated utility costs 
using more recent 1990 investor-owned utility and Bonne
ville cost information. The medium forecast of prices re
mains below the other forecasts until about 2004, but by 
2010 is between the medium-high and high forecasts. The 
Council and Bonneville staff will continued to explore the 
differences. However, the difference in prices is not large 
and has an insignificant effect on forecast demand in the 
medium case. In addition, since the medium forecast plays 
no special role in the Council's planning, the differences 
will not have any significant effect on the plan's resource 
analysis. 

Table 6-13 shows 1989 estimated average electricity 
prices, forecasts for 2010, and average annual rates of 
change for three different kinds of rates. The rates in
clude average retail rates paid by all consumers combined, 
average retail rates paid by customers of public utilities, 
and average retail rates paid by customers of investor
owned utilities. 

Average retail prices in the region are predicted to 
increase faster than inflation between 1989 and 2010 in 
the high and medium-high forecasts. In the low and me
dium-low forecasts, real prices decline. Investor-owned 
utility prices are projected to increase faster, or decrease 
less, than the prices for publicly owned utilities. This is 
because investor-owned utilities need to add new re
sources sooner than public utilities. 

Table 6-12 
Irrigation Sector (Average Megawatts) 

Forecasts Growth Rate (% per year) 
Actual 1989 1995 2000 2010 1989-2010 

High 640 702 741 791 1.0 

Medium-High 640 646 647 680 0.3 

Medium 640 626 594 599 -0.3 

Medium-Low 640 577 563 525 -0.9 

Low 640 532 504 467 -1.5 
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Table 6-13 

1995 
Years 

2000 2005 2010 

Electricity Price Forecasts (1990 Cents per Kilowatt-Hour) 

Average Retail Average Retail Average Retail 
All Consumers Public Utilities Investor-Owned Utilities 

Estimated 1989 4.1 3.4 4.6 
(1990 cents per kWh) 

Forecast 2010 (1990 cents per kWh) 

• High 5.0 4.1 6.0 

• Medium-High 4.3 3.6 5.3 

• Medium 4.1 3.3 5.1 

• Medium-Low 3.7 2.9 4.6 

• Low 3.6 2.7 4.6 

Growth Rates (1989.:..2010) (% per year) 

• High LO 0.9 1.3 

• Medium-High 0.2 0.3 0.7 

• Medium 0.0 --0.1 0.5 

• Medium-Low --0.5 --0.8 0.0 

• Low --0.6 -1.1 0.0 

1991 NORTHWEST POWER PLAN-VOLUME II 235 



CHAPTER6 

All but the medium case demand forecasts use retail 
electricity price forecasts produced by an electricity pricing 
model that is part of the Council's demand forecasting 
system. The model develops forecasts of retail prices by 
sector for investor-owned and public utilities. The prices 
are forecast through a detailed consideration of power 
system costs, secondary power sales, forecast assumptions, 
and the provisions of the Pacific Northwest Electric Power 
Planning and Conservation Act (the Act). Bonneville, as 
discussed above, has a similar electricity pricing model 
which was used for the medium case demand forecasts. 

The Council's electricity pricing model contains capac
ity and cost information on both generating and conserva
tion resources. Cost and capacity of the federal base 
hydroelectric resources are included as a total. However, 
most other resources are treated on an individual basis. 
Capability of each resource is specified for critical water 
conditions and for peak capacity. Capital cost and operat
ing costs are specified for each generation resource. For 
conservation resources, only those costs that are to be 
paid through electric rates are included. The effects of 
conservation programs are generally predicted directly in 
the various demand models, although in some cases the 
savings are included as a resource within the pricing mod
el and subtracted from demand there. 

The costs of generation and conservation are added 
up and allocated to the various owners (Bonneville and 
investor-owned and public utilities). The costs of re
sources used to provide power to customers of Bonneville, 
public utilities and investor-owned utilities are combined 
to reflect contractual agreements among utilities and the 
exchange and other provisions of the Act. The model de
velops forecasts of wholesale power costs for three Bonne
ville rate pools-priority firm, direct service industries and 
new resources. Similarly, costs are developed for investor
owned and public utilities. Retail markups are added to 
these costs to obtain estimates of retail rates for each con
suming sector of each type of utility. 

As demand grows, resources are added to meet de
mand, and the new resource costs are melded with exist
ing resource costs. The pricing model balances resources 
and demand based on critical water capacities. However, 
the effects of different water conditions on secondary en
ergy and electric rates are simulated by the pricing model. 
The operation of the hydroelectric system on a monthly 
basis over 40 historical water years is the basis of this sim
ulation. When there is surplus hydroelectric power in any 
month for a specific water year, the model allocates that 
secondary power to various uses according to a set of prio
rities specified in the model assumptions. These uses in 
the assumed order of priority are, 1) serve the top quartile 
of direct service industry demand, 2) shut down combus
tion turbines, 3) sell outside the region, and 4) shut down 
other thermal generation. 

For purposes of the pricing model, firm surpluses are 
added to secondary power and allocated using the same 
priorities. If the region is in a deficit situation, instead of 
surplus, the model will impo,rt power at a pre-specified 
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price until additional resources are added to meet de
mand. 

The revenues from sales of secondary power and firm 
surplus power, or the costs of importing to cover deficits, 
are averaged over months and water years to obtain esti
mates of expected prices of power given uncertain water 
conditions. 

These price forecast results depend on several impor
tant assumptions. It was assumed that the resource portfo
lio in the draft power plan would be followed as resources 
are added to meet growing demand. Therefore, the re
source portfolio assumed for these forecasts is similar, but 
not identical, to the one presented in this plan. The differ
ences are not expected to affect the demand forecast sig
nificantly. 

Another important assumption is that no dramatically 
revised repayment requirement will be imposed for the 
federal debt on the region's hydroelectric system. Some of 
the more extreme versions of the revised repayment costs 
would have a significant effect on electricity prices. 

It is assumed that investor-owned utilities do not 
place significant amounts of load on Bonneville, resources 
are not built before regional need, and that a constant real 
price is received for secondary and firm surplus power 
sales except during times of excess water conditions (spill). 

Electricity price forecasts were described above, and 
fuel price forecasts were described in Chapter 5. However, 
for most of the demand sectors, the relative price of elec
tricity compared to oil or natural gas is important. It is the 
relative price that most affects consumers' choice of fuel 
type. Figure 6--14 shows forecast prices of electricity rela
tive to natural gas for residential customers. Natural gas 
prices have been divided by 0.8 to adjust for differences in 
the end-use efficiency of gas and electricity. Thus, the 
relative prices shown in Figure 6--14 are more appropriate 
comparisons of the cost of heating than of the cost of buy
ing fuel. Although electricity rates are highest in the high 
forecast, it is in the high forecast that relative electricity 
rates are lowest. This stimulates the demand for electricity 
in the high forecast. The relative fuel price pattern results 
because the range of uncertainty in future fuel prices is 
much wider than the range of uncertainty in the electricity 
prices. 

When the ratio in Figure 6--14 is above 1.0, it means 
electricity is relatively more expensive than natural gas. 
During most of the 1970s, electricity in the Pacific North
west was inexpensive relative to natural gas, its main com
petitor. However, recent large increases in electricity 
rates, combined with decreases in natural gas prices, have 
increased the competitiveness of natural gas. This result is 
only a general tendency, because the relative prices of 
electricity vary significantly for different utility areas. Fur
ther, the attractiveness of electricity or natural gas also 
can depend on consumer tastes and the relative cost of 
equipment used to convert energy to a useful service, such 
as heat. The general conclusion to be drawn from Figure 
6-14 is that natural gas and electricity prices could remain 
competitive within a fairly broad range. However, natural 
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gas prices have clearly become more attractive relative to 
electricity in the early 1980s, and could continue to gain 
advantage through 1990, particularly in the low and me
dium-low scenarios. 

Demand Forecasts in Resource Planning 

The demand forecasts are not simply a preliminary 
step to resource planning. Instead, the forecasts interact 
with resource planning in a number of ways, and, as a re
sult, are an integral part of resource planning. Some im
portant dimensions of the use of forecasts in resource 
planning are described in this section. First, the conceptu
al roles of forecasts in the planning process are described. 
Then, some of the practical applications of forecasts to 
resource planning are also described. 

Demand Forecast Roles 

1985 

The integral planning role of demand forecasts has 
three major components. First, forecasts of demand define 
the extent and nature of demand uncertainty that planners 
must face. Second, the level of demand is not independent 
of resource choices, but will respond to the costs of re
source choices to meet future demands. Finally, sophisti
cated demand models are needed to assess the potential 
impacts of choosing conservation programs as alternatives 
to building new generating resources. These roles are de
scribed below. 
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Defining the Range of Uncertainty 

Future demand for electricity has been one of the pri
mary uncertainties addressed in developing a risk-mini
mizing power plan for the region. The demand forecast 
range measures this uncertainty. The range of demand 
forecasts is based primarily on variations in the key as
sumptions. The forecast range has been described above in 
terms of five forecasts. However, for resource planning, a 
probability distribution is assumed to describe the likeli
hood that any given level of future electricity demand will 
occur within the range. 

Bonneville and the Council currently assume different 
probability distributions about the forecast range. For 
planning purposes, the Council has adopted a trapezoidal 
distribution. The implications of the trapewidal distribu
tion are, 1) that demands outside the high and low fore
casts are judged to be of sufficiently low probability that 
they are not formally considered in resource planning, and 
2) that demands between the medium-high and medium
low forecasts are most likely and are considered equally 
probable. The probability of future demand being between 
the medium-low and the medium-high forecasts is about 
50 percent. The probability of being between the medium
high and high or between the medium-low and low is 
about 25 percent. 

Bonneville assumes a normal probability distribution 
around the medium forecast. The implications of this as
sumption are, 1) the medium forecast is described as the 
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most probable future demand, and 2) future demands can 
fall outside of the low and high forecasts. Bonneville as
sumes that there is a 50-percent probability that demand 
will fall between the medium-low and medium-high cases, 
that the probabilities of being between the medium-low 
and low or between the medium-high and high are each 
20 percent, and that .the probabilities of being either below 
the low or above the high case are each 5 percent. 

Resource portfolio analysis is based on the entire 
probability distribution of future loads. This is a major 
change from the Council's first power plan in 1983 and is 
made possible by an enhanced decision model. The deci
sion model analyzes hundreds of possible load paths that 
are distributed according to the assumed probability distri
bution defined over the range of demand forecasts. It is 
not expected that the specific form of probability distribu
tion used in this analysis would have a significant effect on 
the results. 

Effects of Resource Choices on Price 

As discussed in the previous section, there is an elec
tricity pricing model in the demand forecasting system. 
The pricing model develops forecasts of retail prices for 
each sector for investor-owned and public utilities. These 
rates are forecast through a detailed consideration of pow
er system costs, secondary power sales, and the provisions 
of the Act. This model translates resource decisions into 
retail prices. The price model ensures that the implica
tions of future resource decisions, including conservation 
programs, are consistently reflected in future prices and 
demands. 

Conservation Analysis 

In addition to defining uncertainty, the demand fore
casting models play an important role in defining and eva
luating conservation opportunities. This is particularly true 
for the residential and commercial sectors where the de
mand models are most detailed and conservation opportu
nities are best defined. 

There are two major roles for the demand models in 
conservation analysis. The first is to help define the size of 
the potential conservation resource. The second is to pre
dict the effectiveness of programs designed to achieve 
some portion of the potential conservation available. 

Estimates of the number of energy-using buildings 
and equipment in the region, including their fuel type and 
efficiency characteristics, are needed to help determine 
how much additional efficiency can be achieved to offset 
the need for new electricity generation. The economic 
forecasts and the building energy demand models provide 
the detailed building forecasts necessary to analyze poten
tial conservation. The demand models evaluate the effects 
of differing regional growth rates on new building con
struction and the effects of alternative energy prices on 
fuel choice in those buildings, thus resulting in different 
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amounts of conservation potential for different forecast 
scenarios. 

The effects of conservation programs can be quite 
complicated, and the demand models are designed to help 
assess those effects. For example, an energy-efficient 
building code can affect all three components of a building 
owner's energy choice: efficiency, fuel type and intensity 
of use. While the direct impact is on efficiency choice, 
there are also likely to be unintended effects on fuel 
choice and intensity of use. For example, a more stringent 
code for residential electrical efficiency will tend to in
crease the construction cost of electrically heated homes. 
This relative increase in the initial cost, if borne by home
buyers, may cause some increase in the number of homes 
heated by natural gas or oil, even though the operating 
cost of the electrically heated homes would be reduced. 

When cost-effective conservation actions are taken, 
the cost of providing an end-use service, such as space 
heating, will decrease. With the decrease in cost, the con
sumer's intensity of use may increase. Another important 
complication is that appliances give off waste heat that 
affects the heating and cooling requirements in buildings. 
Since more efficient appliances give off less waste heat, 
more heating and less cooling will be needed than with 
less efficient appliances. These secondary effects are eva
luated in the detailed building models to give a more accu
rate assessment of the actual effects of conservation 
programs on demand for electricity. 

Forecast Concepts 

Treating conservation as a resource creates interac
tions among demand forecasts and resource choices that 
complicate analysis. For example, conservation actions 
that planners think are available resource choices may also 
be taken by consumers in response to increasing electricity 
prices. Double counting of this conservation must be 
avoided in planning. In order to avoid such problems, 
some innovative analytical methods have been developed. 

For example, three different demand forecast con
cepts are used in resource planning. Most presentations 
and publications, including this chapter, describe "price 
effects" forecasts. Price-effects forecasts show what the 
demand for electricity would be if customers were to re
spond to price, but no new conservation programs were 
implemented. Price-effects forecasts reflect current state 
building codes as of 1991 and federal appliance efficiency 
standards, but do not assume further adoption of the 
Council's model conservation standards. 

An important factor affecting price-effects forecasts is 
what resource mix is assumed in developing the electricity 
price that is provided to the demand models. The electric
ity prices that determine the price-effects forecast are 
based on a second concept of demand-a "sales" forecast. 
A "sales" forecast is a forecast of the demand for electric
ity after the effects of the model conservation standards 
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and other conservation programs have been taken into 
account. This is the amount of electricity that would ac
tually be sold by utilities if conservation programs were 
implemented and savings realized. 

The third demand concept, the "frozen-efficiency" 
forecast, attempts to eliminate double counting of conser
vation actions that are taken by consumers in response to 
price, but which could also be achieved through the pro
posed conservation programs. Frozen-efficiency forecasts, 
as the name implies, hold the technical efficiency of ener
gy use constant at current levels for uses where conserva
tion programs are proposed. This eliminates the part of 
consumer price response that could potentially be double 
counted as conservation program savings. 

The three forecasts for the high scenario are illus
trated in Figure 6-15. Table 6-14 shows the growth rates 
for the three forecast concepts for each of the forecast 
scenarios. The price-effects growth rates are the same as 
those shown in Table 6-1 and Figure 6-3. The frozen-effi
ciency growth rates are slightly higher because part of the 
demand decreases due to price response have been elimi
nated. The differences between price-effects and frozen
efficiency forecasts are relatively small because prices are 
not forecast to increase much in most forecast scenarios. 
Demand growth is significantly lower for the sales fore
casts than for the other two forecasts, reflecting potential 
conservation savings from the Council 's programs. The 
differences between the frozen-efficiency and sales fore
casts are smallest in the low case because only new build-
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ing standards savings are acquired and relatively few new 
buildings are constructed. 

The difference between the highest forecast (the fro
zen-efficiency forecast) and the lowest (the sales forecast) 
is the total effect on electricity demand of conservation 
resources. The price-effects forecast divides that total ef
fect into two parts, that which would result from price re
sponse and the incremental effect of conservation 
programs. The difference between the frozen-efficiency 
and price-effects forecasts represents the price response 
portion. The difference between the price-effects and the 
sales forecasts represents the incremental program im
pacts. The results of the forecast indicate that very little of 
the cost-effective conservation would be achieved, under 
current regional electricity pricing practices, without a 
strong conservation program effort. 

Electrical Loads for Resource Planning 

Demand forecasts serve as the basis for resource port
folio analysis. This section describes what forecast con
cepts are used and how they are modified for resource 
planning analysis. 

Forecast 
Concepts 
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For resource portfolio analysis, the decision analysis 
model (ISAAC) uses frozen-efficiency forecasts of de
mand in order to avoid counting conservation potential 
twice.2 However, several adjustments are made to these 
forecasts before they are used for resource planning. 

First, demand forecasts are converted to load fore
casts by adding transmission and distribution losses. The 
demand forecasts are for consumption of electricity at the 
point of use, while loads are the amount of electricity that 
needs to be generated. More electricity has to be gener
ated than is actually consumed by utility customers, be
cause some electricity is used or lost in the transmission 
and distribution of power. The demand forecasts are con
verted to loads based on historical average losses. These 
losses are about 8 percent. 

Second, resource analysis is done on an operating year 
basis. Since the demand forecasts are done on a calendar 
year basis, the demands must be converted from a year 
that begins in January to a year that begins the previous 
September. (Note that the operating years described in 
Appendix 6-C are from July 1 through June 30.) This is 
done by calculating a weighted average of the previous 
and current calendar years. The previous year receives a 
one-third weight, and the current year a two-thirds 
weight. In addition, for resource planning, the forecasts 
were set to actual values for operating year 1989. 

In the demand-forecast range, the forecasts of direct 
service industry demand for electricity are shown as a 
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range of demand levels associated with specific forecast 
scenarios. The direct service industry loads are treated 
differently, however, for resource planning. The decision 
analysis model (ISAAC) embodies an aluminum forecast
ing submodel. This model forecasts levels of aluminum 
demand that depend on a randomly selected level of alu
minum prices, as well as electricity prices and other costs 
of production. Aluminum prices are not assumed to be 
correlated to general economic conditions. As a result, 
levels of aluminum demand, instead of being associated 
with particular demand scenarios as they are in the de
mand forecast ranges described here, are independent of 
demand scenarios. The aluminum model was calibrated to 
result in the same range of aluminum loads as those in the 
demand forecasts, but they are not associated with particu
lar demand conditions. This better reflects the various 
counterbalancing influences that are likely to affect the 
aluminum industry under specific scenarios. 

Federal agency and non-aluminum direct service in
dustry loads are entered into the decision model separate
ly from other loads, and do not vary by scenario. The 
operating year, frozen-efficiency, non-direct service indus
try and non-federal agency loads that are provided to the 
decision model are shown for selected years in Tuble 6-15. 

2. ISAAC is an acronym for Integrated System for Analysis of 
Acquisitions. For a description of the ISAAC model, see Vol
ume II, Chapter 15. 

Table 6-14 
Growth Rates for Different Forecast Concepts (Average Annual Rate of Change, 1989-2010) 

Sales Price Effects Frozen Efficiency 

High 2.1 2.5 2.6 

Medium-High 1.4 1.7 1.8 

Medium 0.8 1.2 1.2 

Medium-Low 0.2 0.6 0.6 

Low -0.8 -0.4 -0.4 

Table 6-15 
Decision Model Loads (Average Megawatts by Operating Year) 

Forecasts Growth Rate (% per year) 
Estimated 1989 1995 2000 2010 1989-2010 

High 15,700 19,806 22,738 29.017 3.0 

Medium-High 15,700 18,324 20,190 24,356 2.1 

Medium-Low 15,700 16,551 17,284 19,364 1.0 

Low 15,700 15,626 15,693 16,268 0.2 
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and other conservation programs have been taken into 
account. This is the amount of electricity that would ac
tually be sold by utilities if conservation programs were 
implemented and savings realized. 

The third demand concept, the "frozen-efficiency" 
forecast, attempts to eliminate double counting of conser
vation actions that are taken by consumers in response to 
price, but which could also be achieved through the pro
posed conservation programs. Frozen-efficiency forecasts, 
as the name implies, hold the technical efficiency of ener
gy use constant at current levels for uses where conserva
tion programs are proposed. This eliminates the part of 
consumer price response that could potentially be double 
counted as conservation program savings. 

The three forecasts for the high scenario are illus
trated in Figure 6-15. Table 6-14 shows the growth rates 
for the three forecast concepts for each of the forecast 
scenarios. The price-effects growth rates are the same as 
those shown in Table 6-1 and Figure 6-3. The frozen-effi
ciency growth rates are slightly higher because part of the 
demand decreases due to price response have been elimi
nated. The differences between price-effects and frozen
efficiency forecasts are relatively small because prices are 
not forecast to increase much in most forecast scenarios. 
Demand growth is significantly lower for the sales fore
casts than for the other two forecasts, reflecting potential 
conservation savings from the Council's programs. The 
differences between the frozen-efficiency and sales fore
casts are smallest in the low case because only new build-
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ing standards savings are acquired and relatively few new 
buildings are constructed. 

The difference between the highest forecast (the fro
zen-efficiency forecast) and the lowest (the sales forecast) 
is the total effect on electricity demand of conservation 
resources. The price-effects forecast divides that total ef
fect into two parts, that which would result from price re
sponse and the incremental effect of conservation 
programs. The difference between the frozen-efficiency 
and price-effects forecasts represents the price response 
portion. The difference between the price-effects and the 
sales forecasts represents the incremental program im
pacts. The results of the forecast indicate that very little of 
the cost-effective conservation would be achieved, under 
current regional electricity pricing practices, without a 
strong conservation program effort. 

Electrical Loads for Resource Planning 

Demand forecasts serve as the basis for resource port
folio analysis. This section describes what forecast con
cepts are used and how they are modified for resource 
planning analysis. 

Forecast 
Concepts 
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CHAPTER6 

For resource portfolio analysis, the decision analysis 
model (ISAAC) uses frozen-efficiency forecasts of de
mand in order to avoid counting conservation potential 
twice.2 However, several adjustments are made to these 
forecasts before they are used for resource planning. 

First, demand forecasts are converted to load fore
casts by adding transmission and distribution losses. The 
demand forecasts are for consumption of electricity at the 
point of use, while loads are the amount of electricity that 
needs to be generated. More electricity has to be gener
ated than is actually consumed by utility customers, be
cause some electricity is used or lost in the transmission 
and distribution of power. The demand forecasts are con
verted to loads based on historical average losses. These 
losses are about 8 percent. 

Second, resource analysis is done on an operating year 
basis. Since the demand forecasts are done on a calendar 
year basis, the demands must be converted from a year 
that begins in January to a year that begins the previous 
September. (Note that the operating years described in 
Appendix 6-C are from July 1 through June 30.) This is 
done by calculating a weighted average of the previous 
and current calendar years. The previous year receives a 
one-third weight, and the current year a two-thirds 
weight. In addition, for resource planning, the forecasts 
were set to actual values for operating year 1989. 

In the demand-forecast range, the forecasts of direct 
service industry demand for electricity are shown as a 
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range of demand levels associated with specific forecast 
scenarios. The direct service industry loads are treated 
differently, however, for resource planning. The decision 
analysis model (ISAAC) embodies an aluminum forecast
ing submodel. This model forecasts levels of aluminum 
demand that depend on a randomly selected level of alu
minum prices, as well as electricity prices and other costs 
of production. Aluminum prices are not assumed to be 
correlated to general economic conditions. As a result, 
levels of aluminum demand, instead of being associated 
with particular demand scenarios as they are in the de
mand forecast ranges described here, are independent of 
demand scenarios. The aluminum model was calibrated to 
result in the same range of aluminum loads as those in the 
demand forecasts, but they are not associated with particu
lar demand conditions. This better reflects the various 
counterbalancing influences that are likely to affect the 
aluminum industry under specific scenarios. 

Federal agency and non-aluminum direct service in
dustry loads are entered into the decision model separate
ly from other loads, and do not vary by scenario. The 
operating year, frozen-efficiency, non-direct service indus
try and non-federal agency loads that are provided to the 
decision model are shown for selected years in Table 6-15. 

2. ISAAC is an acronym for Integrated System for Analysis of 
Acquisitions. For a description of the ISAAC model, see Vol
ume II, Chapter 15. 

Table 6-14 
Growth Rates for Different Forecast Concepts (Average Annual Rate of Change, 1989-2010) 

Sales Price Effects Frozen Efficiency 

High 2.1 2.5 2.6 

Medium-High 1.4 1.7 1.8 

Medium 0.8 1.2 1.2 

Medium-Low 0.2 0.6 0.6 

Low -0.8 -0.4 -0.4 

Table 6-15 
Decision Model Loads (Average Megawatts by Operating Year) 

Forecasts Growth Rate(% per year) 
Estimated 1989 1995 2000 2010 1989-2010 

High 15,700 19,806 22,738 29.017 3.0 

Medium-High 15,700 18,324 20,190 24,356 2.1 

Medium-Low 15,700 16,551 17,284 19,364 1.0 

Low 15,700 15,626 15,693 16,268 0.2 
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PACIFIC NORTHWEST ELECTRICITY LOAD FORECASTING SYSTEM I ~ SUMMARY OF REGIONAL DEMAND AND GROWTH RATES 

91FlLP - 1991 FINAL PLAN 1 LOW - PRICE 

--------------- DEMAND IN AVERAGE MEGAWATTS--------------- ---- DEMAND GROWTH RATES----
1988 1989 1990 1995 2000 2005 2010 1989-1995 1995-2010 1989-2010 

TOTAL: (ACTUAL) (ACTUAL) 

COMMERCIAL 3603. 3761. 3964. 3912. 3906. 4033. 4236. 0.66 0.53 0.57 
RESIDENTIAL 5586. 5789. 5839. 5853. 5833. 5883. 5981. 0 .18 0 .14 0.16 
INDUSTRIAL FIRM (1) 6646. 6935. 6591. 5112. 5072. 4787. 4885. -4.96 -0.30 -1.65 

DSI FIRM 2435. 2531. 2284. 1129. 1002. 651. 651. -12.59 -3.60 -6.26 
NON-DSI FIRM 4211. 4404. 4307. 3983. 4070. 4136. 4234. -1.66 0.41 -0.19 

IRRIGATION (2) 649. 640. 547. 532. 504. 471. 467. -3.03 -0.87 -1.49 
OTHER (3) 182. 180. 194. 199. 206. 212. 218. 1.64 0.64 0.92 
TOTAL FIRM SALES 16666. 17305. 17135. 15607. 15520. 15386. 15787. -1.71 0.08 -0.44 
TOTAL NON-OSI SALES 14231. 14774. 14850. 14478. 14519. 14735. 15136. -0.34 0.30 0.12 

PUBLIC CUSTOMER POOL: 

COMMERCIAL 1488. 1549. 1667. 1698. 1724. 1784. 1885. 1. 54 0.70 0.94 
RESIDENTIAL 2485. 2596. 2631. 2632. 2614. 2633. 2671. 0.23 0.10 0 .14 
INDUSTRIAL FIRM (1) 4449. 4639. 4343. 3068. 2989. 2681. 2725. -6.66 -0.79 -2.50 

DSI FIRM 2435. 2531. 2284. 1129. 1002. 651. 651. -12.59 -3.60 -6.26 
NON-DSI FIRM 2014. 2108. 2058. 1939. 1988. 2030. 2074. -1.38 0.45 -0.08 

IRRIGATION (2) 327. 324. 271. 264. 253. 239. 239. -3.33 -0.68 -1.44 
OTHER (3) 153. 150. 165. 168. 174. 179. 183. 1. 91 0.57 0.95 
TOTAL FIRM SALES 8902. 9258. 9076. 7830. 7755. 7516. 7702. -2.75 -0.11 -0.87 
TOTAL NON-DSI SALES 6467. 6727. 6792. 6701. 6753. 6865. 7051. -0.06 0.34 0.22 

PRIVATE CUSTOMER POOL: 

COMMERCIAL 2115. 2212. 2298. 2214. 2182. 2249. 2351. 0.02 0.40 0.29 
RESIDENTIAL 3101. 3193. 3208. 3221. 3218. 3250. 3309. 0 .15 0 .18 0 .17 
INDUSTRIAL FIRM (1) 2197. 2296. 2249. 2044. 2083. 2106. 2160. -1.92 0.37 -0.29 
IRRIGATION 322. 316. 276. 268. 251. 231. 228. -2.73 -1.06 -1.54 
OTHER (3) 29. 30. 29. 31. 32. 34. 35. 0.28 1.00 0. 79 

- I 
~ 

TOTAL FIRM SALES 7764. 8047. 8058. 7777. 7766. 7870. 8085. -0.57 0.26 0.02 
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0 
::l ----------
:I: (1) INCLUDES COLOCKUM, MINING, AND NON-BPA INTERRUPTIBLE 
~ (2) INCLUDES USBR, EXCLUDES GRAND COULEE AND ROZA PUMPING 
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0 PACIFIC NORTHWEST ELECTRICITY LOAD FORECASTING SYSTEM cl 
:i:: 

~ SUMMARY OF REGIONAL DEMAND AND GROWTH RATES 
-l 
"tJ 91F1MLP - 1991 FINAL 1 MEDIUM LOW - PRICE 0 

~ 
;tl 

"tJ --------------- DEMAND IN AVERAGE MEGAWATTS----- - - - -------
~ 1988 1989 1990 1995 2000 2005 2010 
I 
< TOTAL: (ACTUAL) (ACTUAL) 0 
l"" 
C 
a:: COMMERCIAL 3603. 3761. 3965. 4081. 4210. 4505. 4969. 
ti'! 

= RESIDENTIAL 5586. 5789. 5849. 6129. 6427. 6803. 7172. 
INDUSTRIAL FIRM (1) 6646. 6935. 6757. 5944. 6161 . 6337. 6601. 

DSI FIRM 2435. 2531. 2368. 1580. 1582. 1582. 1582. 
NON-DSI FIRM 4211. 4404. 4389 . 4365. 4580. 4756. 5019. 

IRRIGATION (2) 649. 640 . 579. 577. 563. 537. 525. 
OTHER (3) 182. 180. 194. 199. 206. 212. 218. 
TOTAL FIRM SALES 16666. 17305. 17344. 16930. 17566. 18395 . 19485. 
TOTAL NON-DSI SALES 14231. 14774. 14976. 15351. 15985. 16814. 17904. 

PUBLIC CUSTOMER POOL: 

COMMERCIAL 1488. 1549. 1666. 1780. 1873. 1983. 2159. 
RESIDENTIAL 2485. 2596. 2637. 2752. 2868. 3023. 3176. 
INDUSTRIAL FIRM (1) 4449. 4639. 4482. 3706. 3804. 3887. 4004. 

DSI FIRM 2435. 2531 . 2368. 1580. 1582. 1582 . 1582. 
NON-DSI FIRM 2014. 2108. 2114. 2126. 2223. 2305. 2423. 

IRRIGATION (2) 327. 324. 286. 284. 278. 267. 263. 
OTHER (3) 153. 150. 165. 168. 174. 179. 183. 
TOTAL FIRM ' SALES 8902. 9258. 9235. 8689. 8997. 9339. 9785. 
TOTAL NON-DSI SALES 6467. 6727. 6868. 7110. 7416. 7757. 8203. 

PRIVATE CUSTOMER POOL: 

COMMERCIAL 2115. 2212. 2299. 2300. 2337. 2522. 2810. 
RESIDENTIAL 3101. 3193. 3212. 3378. 3559. 3780. 3996. 
INDUSTRIAL FIRM (1) 2197. 2296. 2275 . 2239 . 2357. 2450. 2596 . 
IRRIGATION 322. 316. 294. 294. 285. 270. 263. 
OTHER (3) 29. 30. 29. 31. 32. 34. 35. 
TOTAL FIRM SALES 7764. 8047. 8109. 8241. 8569. 9056. 9700. 

----------
(1) INCLUDES COLOCKUM, MINING, AND NON-BPA INTERRUPTIBLE 
(2) INCLUDES USBR, EXCLUDES GRAND COULEE AND ROZA PUMPING 
(3) FEDERAL AGENCIES AND STREET LIGHTING 

---- DEMAND GROWTH RATES----
1989-1995 1995-2010 1989-2010 

1. 37 1. 32 1. 33 
0.96 1.05 1.03 

-2.54 0. 70 -0.24 
-7.56 0.01 -2.21 
-0.15 0.94 0.62 
-1. 71 -0.63 -0.94 

1.64 0.64 0.92 
-0 . 36 0.94 0.57 
0.64 1.03 0.92 

2.35 1. 29 1. 59 
0.98 0.96 0.96 

-3.67 0.52 -0.70 
-7.56 0.01 -2.21 

0 . 14 0.87 0.67 
-2 .19 -0.51 -0.99 
1. 91 0.57 0.95 

-1.05 0 . 79 0.26 
0.93 0.96 0.95 

0.65 1. 34 1.15 
0.94 1.13 1.07 

-0 . 42 0 . 99 0 . 59 
-1.22 -0.74 -0.88 
0.28 1 .. 00 0. 79 
0.40 1.09 0.89 
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PACIFIC NORTHWEST ELECTRICITY LOAD FORECASTING SYSTEM 
z 
C, 

x 
SUMMARY OF REGIONAL DEMAND AND GROWTH RATES 'i" :,, 

91F2MP - 1991 FINAL PLAN 2 MEDIUM - PRICE W/ SPA'S SPM 

--------------- DEMAND IN AVERAGE MEGAWATTS--------------- ---- DEMAND GROWTH RATES----
1988 1989 1990 1995 2000 2005 2010 1989-1995 1995-2010 1989-2010 

TOTAL: (ACTUAL) (ACTUAL) 

COMMERCIAL 3603. 3761. 3976. 4346. 4676. 5128. 5610. 2.44 1. 72 1. 92 

RESIDENTIAL 5586. 5789. 5860. 6346. 6742. 7180. 7567. 1.54 1.18 1. 28 
INDUSTRIAL FIRM (1) 6646. 6935. 6905. 6997. 7370. 7684. 8082. 0 .15 · 0.97 0.73 

DSI FIRM 2435. 2531. 2446. 2152. 2136. 2136. 2137. -2.67 -0.05 -0.80 
NON-DSI FIRM 4211. 4404. 4459. 4845. 5234. 5548. 5945. 1.60 1. 37 1. 44 

IRRIGATION (2) 649. 640. 617. 626. 594. 581. 599. -0.37 -0.30 -0.32 
OTHER (3) 182. 180. 194. 199. 206. 212. 218. 1.64 0.64 0.92 
TOTAL FIRM SALES 16666. 17305. 17552. 18513. 19587. 20786. 22075. 1.13 1.18 1.17 
TOTAL NON-DSI SALES 14231. 14774. 15106. 16361. 17451. 18650. 19938. 1. 72 1. 33 1. 44 

PUBLIC CUSTOMER POOL: 

COMMERCIAL 1488. 1549. 1664. 1860. 1997. 2148. 2313. 3.10 1.46 1.93 
RESIDENTIAL 2485. 2596. 2638. 2841. 2999. 3179. 3344. 1. 51 1.09 1. 21 
INDUSTRIAL FIRM (1) 4449. 4639. 4591. 4455. 4596. 4735. 4902. -0.67 0.64 0.26 

DSI FIRM 2435. 2531. 2446. 2152. 2136. 2136. 2137. -2.67 -0.05 -0.80 
NON-DSI FIRM 2014. 2108. 2145. 2303. 2460. 2600. 2765. 1.49 1.23 1. 30 

IRRIGATION (2) 327. 324. 304. 309. 296. 291. 301. -0.80 -0 .17 -0.35 
OTHER (3) 153. 150. 165. 168. 174. 179. 183. 1. 91 0.57 0.95 
TOTAL FIRM SALES 8902. 9258. 9362. 9633. 10062. 10532. 11043. 0.66 0.91 0.84 
TOTAL NON-DSI SALES 6467. 6727. 6916. 7481. 7926. 8396. 8906. 1. 79 1.17 1. 35 

PRIVATE CUSTOMER POOL: 

COMMERCIAL 2115. 2212. 2312. 2486. 2678. 2980. 3297. 1.96 1.90 1. 92 
RESIDENTIAL 3101. 3193. 3222. 3505. 3742. 4001. 4223. 1.57 1. 25 1.34 
INDUSTRIAL FIRM (1) 2197. 2296. 2314. 2542. 2774. 2949. 3180. 1. 71 1. 50 1. 56 
IRRIGATION 322. 316. 313. 317. 298. 290. 297. 0.05 -0.43 -0.29 
OTHER (3) 29. 30. 29. 31. 32. 34. 35. 0.28 1.00 0.79 

~ I TOTAL FIRM SALES 7764. 8047. 8190. 8881. 9525. 10254. 11032. 1.66 1.46 1.51 

z 
0 
cl ----------:i:: (1) INCLUDES COLOCKUM, MINING, AND NON-BPA INTERRUPTIBLE 
~ (2) INCLUDES USBR, EXCLUDES GRAND COULEE AND ROZA PUMPING 6 Vl 
--l (3) FEDERAL AGENCIES AND STREET LIGHTING .,, Gl 
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" PACIFIC NORTHWEST ELECTRICITY LOAD FORECASTING SYSTEM .., 
:i: 
$: SUMMARY OF REGIONAL DEMAND AND GROWTH RATES f;l ..., .,, 

91F1MHP - 1991 FINAL PLAN 1 MEDIUM HIGH - PRICE 0 

~ 
;,:, .,, 

--------------- DEMAND IN AVERAGE MEGAWATTS---------------r 
;,,. 
z 1988 1989 1990 1995 2000 2005 2010 
I 
< 
0 TOTAL: (ACTUAL) (ACTUAL) r 
C: 
a:: 

COMMERCIAL 3603. 3761. 3964. 4494. 4993. 6583. 6295. [Tl 

= RESIDENTIAL 5586. 5789. 5854. 6523. 7044. 7667. 8246. 
INDUSTRIAL FIRM (1) 6646. 6935. 7036. 7474. 8047. 8526. 9143. 

DSI FIRM 2435. 2531. 2503 . 2336. 2338. 2300. 2301. 
NON-DSI FIRM 4211 . 4404. 4533. 5139 . 6709. 6226. 6842 . 

IRRIGATION (2) 649. 640. 650. 646. 647. 656. 680. 
OTHER (3) 182. 180. 194. 199. 206. 212. 218. 
TOTAL FIRM SALES 16666. 17306. 17697. 19336. 20935. 22644 . 24583. 
TOTAL NON-DSI SALES 14231. 14774 . 15194. 17001. 18698. 20344. 22282. 

PUBLIC CUSTOMER POOL: 

COMMERCIAL 1488. 1549. 1665. 1918. 2127. 2312. 2541. 
RESIDENTIAL 2485. 2596. 2640. 2918. 3131. 3397. 3646. 
INDUSTRIAL FIRM (1) 4449. 4639. 4690. 4780. 5023. 5207. 5461 . 

DSI FIRM 2435. 2531 . 2503. 2336. 2338. 2300. 2301. 
NON-DSI FIRM 2014. 2108. 2187. 2445. 2685. 2907. 3160. 

IRRIGATION (2) 327. 324. 316. 313. 311. 314. 316. 
OTHER (3) 153. 150. 165 . 168. 174. 179 . 183. 
TOTAL FIRM SALES 8902 . 9258 . 9476 . 10097. 10766. 11408 . 12146. 
TOTAL NON-DSI SALES 6467. 6727. 6973. 7762. 8428. 9108. 9846. 

PRIVATE CUSTOMER POOL: 

COMMERCIAL 2115. 2212. 2299. 2577. 2866. 3271. 3754 . 
RESIDENTIAL 3101. 3193. 3214. 3605 . 3913. 4270. 4600. 
INDUSTRIAL FIRM (1) 2197 . 2296. 2346. 2694. 3023. 3319. 3682 . 
IRRIGATION 322. 316. 334. 333. 336. 342. 364. 
OTHER (3) 29. 30. 29. 31. 32. 34. 35. 
TOTAL FIRM SALES 7764. 8047. 8221. 9239. 10169. 11237. 12437 . 

----------
(1) INCLUDES COLOCKUM, MINING, AND NON-BPA INTERRUPTIBLE 
(2) INCLUDES USBR, EXCLUDES GRAND COULEE AND ROZA PUMPING 
(3) FEDERAL AGENCIES AND STREET LIGHTING 

- - -- DEMAND GROWTH RATES----
1989-1995 1995-2010 1989-2010 

3 . 01 2.27 2.48 
2 . 01 1. 58 1. 70 
1.26 1.35 1.32 

-1.33 -0 . 10 -0.45 
2 . 60 1. 93 2.12 
0.16 0.34 0.29 
1.64 0 . 64 0.92 
1.87 1.61 1.69 
2.37 1. 82 1. 98 

3.62 1.89 2.38 
1. 97 1.50 1.63 
0 . 50 0 . 89 0.78 

-1.33 -0 . 10 -0.45 
2.50 1.73 1. 95 

-0.59 0.06 -0.12 
1. 91 0 . 57 0 . 95 
1.46 1. 24 1.30 
2.41 1.60 1. 83 

2.58 2.54 2.55 
2.04 1.64 1.75 
2.70 2.11 2 . 27 
0.90 0.59 0.68 
0.28 1.00 0. 79 
2.33 2.00 2.09 
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PACIFIC NORTHWEST ELECTRICITY LOAD FORECASTING SYSTEM I ~ SUMMARY OF REGIONAL DEMAND AND GROWTH RATES 

91F1HP - 1991 PLAN FINAL 1 HIGH - PRICE 

--------------- DEMAND IN AVERAGE MEGAWATTS--------------- ---- DEMAND GROWTH RATES----
1988 1989 1990 1996 2000 2005 2010 1989-1995 1995-2010 1989-2010 

TOTAL: (ACTUAL) (ACTUAL) 

COMMERCIAL 3603. 3761. 3994. 4948. 5721. 6569. 7549. 4.68 2.86 3.37 
RESIDENTIAL 5586. 5789. 5851. 6958. 7786. 8759. 9667. 3.11 2.22 2.47 
INDUSTRIAL FIRM (1) 6646. 6935. 7148. 8020. 8852. 9593. 10611. 2.45 1. 88 2.05 

DSI FIRM 2435. 2531. 2538. 2476. 2476. 2401. 2401. -0.36 -0.20 -0.25 
NON-DSI FIRM 4211. 4404. 4611. 5544. 6376. 7191. 8210. 3.91 2.65 3.01 

IRRIGATION (2) 649. 640. 686. 702. 741. 780. 791. 1. 55 0.80 1.02 
OTHER (3) 182. 180. 194. 199. 206. 212. 218. 1.64 0.64 0.92 
TOTAL FIRM SALES 16666. 17305. 17872. 20826. 23305. 26914. 28836. 3 .13 2 .19 2.46 
TOTAL NON-DSI SALES 14231. 14774. 15335. 18350. 20829. 23513. 26435. 3.68 2.46 2.81 

PUBLIC CUSTOMER POOL: 

COMMERCIAL 1488. 1549. 1665. 2097. 2395. 2676. 3014. 5 .18 2.45 3.22 
RESIDENTIAL 2485. 2596. 2639. 3100. 3444. 3857. 4244. 3.00 2.12 2.37 
INDUSTRIAL FIRM (1) 4449. 4639. 4771. 5089. 5439. 5722. 6145. 1.56 1. 26 1.35 

DSI FIRM 2435. 2531. 2538. 2476. 2476. 2401. 2401. -0.36 -0.20 -0.25 
NON-DSI FIRM 2014. 2108. 2233. 2613. 2963. 3320. 3744. 3.65 2.43 2. 77 

IRRIGATION (2) 327. 324. 332. 335. 339. 342. 342. 0.55 0 .13 0.25 
OTHER (3) 153. 150. 165. 168. 174. 179. 183. 1.91 0.57 0.95 
TOTAL FIRM SALES 8902. 9258. 9571. 10789. 11791. 12776. 13928. 2.58 1. 72 1. 96 
TOTAL NON-DSI SALES 6467. 6727. 7033. 8313. 9315. 10376. 11527. 3.59 2.20 2.60 

PRIVATE CUSTOMER POOL: 

COMMERCIAL 2115. 2212. 2329. 2850. 3326. 3893. 4535. 4.32 3.14 3.48 
RESIDENTIAL 3101. 3193. 3212. 3858. 4342. 4902. 5422. 3.21 2.29 2.56 
INDUSTRIAL FIRM (1) 2197. 2296. 2378. 2931. 3413. 3871. 4466. 4.15 2.85 3.22 IRRIGATION 322. 316. 354. 367. 402. 438. 450. 2.53 1. 36 1.69 OTHER (3) 29. 30. 29. 31. 32. 34. 35. 0.28 1.00 0. 79 

§ I 
TOTAL FIRM SALES 7764. 8047. 8301. 10037. 11514. 13138. 14908. 3.75 2.67 2.98 

z 
0 ----------~ 
:i: (1) INCLUDES COLOCKUM, MINING, AND NON-BPA INTERRUPTIBLE 

~ (2) INCLUDES USBR, EXCLUDES GRAND COULEE AND ROZA PUMPING 
~ ..., (3) FEDERAL AGENCIES AND STREET LIGHTING 
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cl PACIFIC NORTHWEST ELECTRICITY LOAD FORECASTING SYSTEM 
:r 
~ SUMMARY OF REGIONAL DEMAND AND GROWTH RATES m ..., .,, 

91FlL - 1991 FINAL PLAN 1 LOW - SALES 0 
~ m 
;,, .,, 

--------------- DEMAND IN AVERAGE MEGAWATTS---------------s: 1988 1989 1990 1995 2000 2005 2010 z 
I 
< 
0 TOTAL : (ACTUAL) (ACTUAL) r-
C: 
~ COMMERCIAL 3603. 3761. 3964. 3798. 3582. 3616. 3716. m 
= RESIDENTIAL 5586. 5789. 5838. 5739. 5478 . 5376 . 5391. 

INDUSTRIAL FIRM (1) 6646. 6935. 6591 . 5096. 5030. 4744. 4843. 
DSI FIRM 2435. 2531. 2284. 1129. 1002. 651. 651. 
NON-DSI FIRM 4211. 4404. 4307. 3967. 4028. 4093. 4192. 

IRRIGATION (2) 649 . 640. 547. 517 . 462. 429. 425. 
OTHER (3) 182. 180. 194 . 199. 206. 212. 218. 
TOTAL FIRM SALES 16666 . 17305. 17134. 15349. 14758. 14378. 14593. 
TOTAL NON-DSI SALES 14231. 14774. 14849 . 14220. 13756. 13727. 13942. 

PUBLIC CUSTOMER POOL: 

COMMERCIAL 1488. 1549. 1667. 1649. 1578. 1594. 1642. 
RESIDENTIAL 2485 . 2596 . 2631. 2586. 2464. 2408 . 2406. 
INDUSTRIAL FIRM (1) 4449 . 4639. 4343 . 3063. 2976. 2668. 2711. 

DSI FIRM 2435. 2531. 2284. 1129. 1002. 651. 651. 
NON-DSI FIRM 2014. 2108. 2058. 1934. 1974. 2017. 2060. 

IRRIGATION (2) 327. 324. 271. 264. 250. 236. 236. 
OTHER (3) 153. 150. 165. 168. 174. 179. 183. 
TOTAL FIRM SALES 8902. 9258. 9076. 7730. 7442. 7085 . 7179. 
TOTAL NON-DSI SALES 6467. 6727. 6791. 6601. 6441. 6434. 6528. 

PRIVATE CUSTOMER POOL: 

COMMERCIAL 2115. 2212. 2298. 2149. 2003. 2022. 2074. 
RESIDENTIAL 3101 . 3193. 3207. 3154. 3014 . 2968 . 2985 . 
INDUSTRIAL FIRM (1) 2197. 2296. 2249. 2033. 2054. 2077. 2132. 
IRRIGATION 322 . 316. 276. 253. 212. 193. 189. 
OTHER (3) 29. 30 . 29. 31. 32. 34. 35. 
TOTAL FIRM SALES 7764. 8047. 8058. 7619. 7315. 7293. 7415. 

----------
(1) INCLUDES COLOCKUM, MINING, AND NON-BPA INTERRUPTIBLE 
(2) INCLUDES USBR, EXCLUDES GRAND COULEE AND ROZA PUMPING 
(3) FEDERAL AGENCIES AND STREET LIGHTING 

~ 
~ 

---- DEMAND GROWTH RATES----
1989-1995 1995-2010 1989-2010 

0 .17 -0 .15 -0.06 
-0 . 14 -0.42 -0 . 34 
-5.01 -0 . 34 -1.70 

-12 . 59 -3.60 - 6.26 
-1.73 0 . 37 -0.23 
-3.51 -1.29 -1.93 

1.64 0.64 0.92 
-1.98 -0.34 -0.81 
-0.64 -0 .13 -0.28 

1.05 -0.03 0.28 
-0.06 -0 . 48 -0.36 
-6 . 69 -0.81 -2.52 

-12 . 59 -3.60 -6.26 
-1.43 0 . 42 -0 .11 
-3.38 -0.74 -1.50 

1. 91 0.57 0.95 
-2.96 -0.49 -1.20 
-0.31 -0.07 -0.14 

-0.48 -0 . 24 -0.31 
-0.21 -0 . 37 -0.32 
-2.01 0.32 -0.35 
-3.64 -1.92 -2.41 
0.28 1.00 0. 79 

-0.91 -0 .18 -0.39 
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PACIFIC NORTHWEST ELECTRICITY LOAD FORECASTING SYSTEM II SUMMARY OF REGIONAL DEMAND AND GROWTH RATES 

91FlML - 1991 FINAL 1 MEDIUM LOW - SALES 

--------------- DEMAND IN AVERAGE MEGAWATTS--------------- ---- DEMAND GROWTH RATES----
1988 1989 1990 1995 2000 2005 2010 1989-1995 1995-2010 1989-2010 

TOTAL: (ACTUAL) (ACTUAL) 

COMMERCIAL 3603. 3761. 3964. 3956. 3884. 4024. 4369. 0.85 0.66 0.72 
RESIDENTIAL 5586. 5789. 5848. 6004. 6034. 6224. 6478. 0.61 0.51 0.54 
INDUSTRIAL FIRM (1) 6646. 6935. 6757. 5917. 6091. 6244. 6507. -2.61 0.64 -0.30 

OSI FIRM 2435. 2531. 2368. 1580. 1582. 1582. 1582. -7.56 0.01 -2.21 
NON-OSI FIRM 4211. 4404. 4389. 4338. 4509. 4662. 4925. -0.25 0.85 0.53 

IRRIGATION (2) 649. 640. 579. 562. 521. 487. 476. -2 .15 -1.10 -1.40 
OTHER (3) 182. 180. 194. 199. 206. 212. 218. 1.64 0.64 0.92 
TOTAL FIRM SALES 16666. 17305. 17342. 16637. 16735. 17192. 18047. -0.65 0.54 0.20 
TOTAL NON-DSI SALES 14231. 14774. 14975. 15058. 15154. 15610. 16466. 0.32 0.60 0.52 

PUBLIC CUSTOMER POOL: 

COMMERCIAL 1488. 1549. 1666. 1726. 1730. 1793. 1917. 1. 82 0. 70 1.02 
RESIDENTIAL 2485. 2596. 2636. 2700. 2701. 2767. 2866. 0.66 0.40 0.47 
INDUSTRIAL FIRM (1) 4449. 4639. 4482. 3700. 3791. 3873. 3991. -3.70 0.51 -0. 71 

OSI FIRM 2435. 2531. 2368. 1580. 1582. 1582. 1582. -7.56 0.01 -2.21 
NON-OSI FIRM 2014. 2108. 2114. 2121. 2209. 2291. 2409. 0 .10 0.85 0.64 

IRRIGATION (2) 327. 324. 286. 283. 275. 264. 260. -2.25 -0.57 -1.05 
OTHER (3) 153. 150. 165. 168. 174. 179. 183. 1. 91 0.57 0.95 
TOTAL FIRM SALES 8902. 9258. 9235. 8578. 8670. 8875. 9215. -1.26 0.48 -0.02 
TOTAL NON-DSI SALES 6467. 6727. 6867. 6998. 7088. 7294. 7634. 0.66 0.58 0.60 

PRIVATE CUSTOMER POOL: 

COMMERCIAL 2115. 2212. 2298. 2229. 2154. 2231. 2452. 0 .13 0.64 0.49 
RESIDENTIAL 3101. 3193. 3211. 3304. 3333. 3458. 3612. 0.57 0.60 0.59 
INDUSTRIAL FIRM (1) 2197. 2296. 2275. 2217. 2300. 2371. 2516. -0.58 0.85 0.44 
IRRIGATION 322. 316. 294. 279. 246. 223. 216. -2.05 -1.69 -1.79 
OTHER (3) 29. 30. 29. 31. 32. 34. 35. 0.28 1.00 0.79 

~ I TOTAL FIRM SALES 7764. 8047. 8107. 8060. 8065. 8316. 8832. 0.03 0.61 0.44 

z 
0 
q ----------:,:: (1) INCLUDES COLOCKUM, MINING, AND NON-BPA INTERRUPTIBLE :;: 

~ 
(2) INCLUDES USBR, EXCLUDES GRAND COULEE AND ROZA PUMPING 'll 

(3) FEDERAL AGENCIES AND STREET LIGHTING 0 
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z 6i n 0 PACIFIC NORTHWEST ELECTRICITY LOAD FORECASTING SYSTEM :,. 
~ V, .., 
:I: 

SUMMARY OF REGIONAL DEMAND AND GROWTH RATES V, 

~ C: 
~ "' ~ 

.., 
91F2M - 1991 FINAL PLAN 2 MEDIUM - SALES W/ SPA'S SPM .,, 

~ 0 

~ ~ "' --------------- DEMAND IN AVERAGE MEGAWATTS--------------- ---- DEMAND GROWTH RATES----.,, r 

~ 1988 1989 1990 1995 2000 2005 2010 1989-1995 1995-2010 1989-2010 ~ 
I 
< TOTAL: (ACTUAL) (ACTUAL) 0 r 
C: 

COMMERCIAL 3603. ~ 3761. 3976. 4209. 4323. 4533. 4906. 1.89 1.03 1. 27 
tTl RESIDENTIAL 5586. 5789. 5859. 6215. 6340. 6553. 6830. 1.19 0.63 0.79 = INDUSTRIAL FIRM (1) 6646. 6935. 6905. 6952. 7250. 7490. 7885. 0 . 04 0.84 0.61 

OSI FIRM 2435. 2531. 2446. 2152. 2136. 2136. 2137. -2 . 67 -0.05 -0.80 
NON-OSI FIRM 4211 . 4404. 4459. 4800. 5114. 5354. 5748. 1. 45 1. 21 1. 28 

IRRIGATION (2) 649. 640. 617. 611. 552. 626 . 527. -0 . 78 -0.98 -0.93 
OTHER (3) 182. 180. 194. 199. 206. 212. 218. 1.64 0.64 0.92 
TOTAL FIRM SALES 16666. 17305. 17551. 18186. 18671 . 19314. 20365. 0.83 0. 76 0.78 
TOTAL NON-DSI SALES 14231. 14774. 15105. 16034. 16535. 17178. 18229 . 1.37 0.86 1.01 

PUBLIC CUSTOMER POOL: 

COMMERCIAL 1488. 1549 . 1664. 1804. 1855. 1896. 2016. 2 . 57 0.74 1.26 
RESIDENTIAL 2485. 2596. 2638. 2789. 2831 . 2885. 2997. 1.20 0.48 0.69 
INDUSTRIAL FIRM (1) 4449. 4639. 4591. 4433. 4540. 4640. 4804. -0.75 0.54 0.17 

OSI FIRM 2435. 2531. 2446 . 2152. 2136. 2136. 2137. -2.67 -0.06 -0 . 80 
NON-OSI FIRM 2014. 2108. 2145. 2281. 2404. 2504. 2667. 1.33 1.06 1.13 

IRRIGATION (2) 327. 324. 304. 308. 292. 282. 276. -0.84 -0.74 -0.77 
OTHER (3) 163. 160. 166. 168. 174. 179. 183. 1. 91 0.67 0.96 
TOTAL FIRM SALES 8902. 9258. 9362. 9602. 9691. 9881. 10274. 0.44 0.52 0.50 
TOTAL NON-OSI SALES 6467. 6727. 6916 . 7350. 7666. 7746. 8137. 1.49 0.68 0.91 

PRIVATE CUSTOMER POOL: 

COMMERCIAL 2115 . 2212 . 2312. 2405. 2469. 2637. 2891 . 1. 41 1.23 1.28 
RESIDENTIAL 3101. 3193. 3221. 3426. 3609. 3668. 3833. 1.18 0.75 0.87 
INDUSTRIAL FIRM (1) 2197. 2296. 2314. 2519. 2710. 2850. 3081. 1. 55 1. 35 1.41 
IRRIGATION 322. 316. 313. 303. 259 . 244, 251. -0.72 -1. 24 -1.09 
OTHER (3) 29. 30. 29. 31. 32. 34. 35 . 0.28 1.00 0.79 
TOTAL FIRM SALES 7764 . 8047. 8189. 8683. 8979. 9433. 10092. 1. 28 1.01 1.08 

----------
(1) INCLUDES COLOCKUM, MINING, AND NON-BPA INTERRUPTIBLE 
(2) INCLUDES USBR, EXCLUDES GRAND COULEE AND ROZA PUMPING 
(3) FEDERAL AGENCIES AND STREET LIGHTING 
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PACIFIC NORTHWEST ELECTRICITY LOAD FORECASTING SYSTEM I ! SUMMARY OF REGIONAL DEMAND AND GROWTH RATES 

91F1MH - 1991 FINAL PLAN 1 MEDIUM HIGH - SALES 

--------------- DEMAND IN AVERAGE MEGAWATTS--------------- ---- DEMAND GROWTH RATES----
1988 1989 1990 1996 2000 2006 2010 1989-1996 1996-2010 1989-2010 

TOTAL: (ACTUAL) (ACTUAL) 

COMMERCIAL 3603. 3761. 3964. 4367. 4664. 6026. 6660. 2.48 1.64 1. 88 
RESIDENTIAL 6586. 5789. 6863. 6383. 6620. 7000. 7448. 1.64 1.03 1. 21 
INDUSTRIAL FIRM (1) 6646. 6936. 7036. 7466. 8024. 8490. 9101. 1. 24 1.33 1.30 

DSI FIRM 2436. 2631. 2603. 2336. 2338. 2300. 2301. -1.33 -0.10 -0.46 
NON-DSI FIRM 4211. 4404. 4633. 6130. 6686. 6190. 6800. 2.57 1.90 2.09 

IRRIGATION (2) 649. 640. 660. 631. 606. 600. 608. -0.24 -0.26 -0.24 
OTHER (3) 182. 180. 194. 199. 206. 212. 218. 1.64 0.64 0.92 
TOTAL FIRM SALES 16666. 17306. 17697. 19036. 20108. 21329. 22936. 1.60 1. 26 1.36 
TOTAL NON-DSI SALES 14231. 14774, 16194. 16699. 17770. 19029. 20636. 2.06 1.42 1.60 

PUBLIC CUSTOMER POOL: 

COMMERCIAL 1488. 1649. 1666. 1863. 1991. 2092. 2236. 3.12 1.22 1. 76 
RESIDENTIAL 2486. 2696. 2640. 2860. 2960. 3082. 3268. 1.63 0.89 1.10 
INDUSTRIAL FIRM (1) 4449. 4639. 4690. 4776. 6012. 6191. 6440. 0.49 0.87 0.76 

DSI FIRM 2436. 2631. 2603. 2336. 2338. 2300. 2301. -1.33 -0.10 -0.46 
NON-DSI FIRM 2014. 2108. 2187. 2441, 2676. 2891, 3139. 2.47 1.69 1.91 

IRRIGATION (2) 327. 324. 316. 312. 308. 304. 290. -0.63 -0.48 -0.62 
OTHER (3) 163. 160. 166. 168. 174, 179. 183. 1.91 0.67 0.96 
TOTAL FIRM SALES 8902. 9268. 9476. 9979. 10436. 10848. 11416. 1.26 0.90 1.00 
TOTAL NON-DSI SALES 6467. 6727. 6973. 7644, 8098. 8648. 9116. 2.16 1.18 1.46 

PRIVATE CUSTOMER POOL: 

COMMERCIAL 2116. 2212. 2299. 2494. 2662. 2934. 3326. 2.02 1.94 1.96 
RESIDENTIAL 3101. 3193. 3213. 3622. 3670. 3918. 4179. 1.66 1.16 1.29 
INDUSTRIAL FIRM (1) 2197. 2296. 2346. 2689. 3011. 3299. 3661. 2.67 2.08 2.26 
IRRIGATION 322. 316. 334. 319. 297. 296. 318. 0.16 -0.02 0,03 
OTHER (3) 29. 30. 29. 31. 32. 34. 35. 0.28 1.00 0.79 

$ I TOTAL FIRM SALES 7764, 8047. 8221. 9055. 9672. 10481. 11520. 1.99 1.62 1. 72 

z 
0 
~ ----------:r: (1) INCLUDES COLOCKUM, MINING, AND NON-BPA INTERRUPTIBLE 
~ (2) INCLUDES USBR, EXCLUDES GRAND COULEE AND ROZA PUMPING 23 ,-J (3) FEDERAL AGENCIES AND STREET LIGHTING 
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0 PACIFIC NORTHWEST ELECTRICITY LOAD FORECASTING SYSTEM 
~ 
:i: 

~ SUMMARY OF REGIONAL DEMAND AND GROWTH RATES 
C/) 
..-; 
"ti 91FlH - 1991 PLAN FINAL 1 HIGH - SALES 0 

~ 
" .,, 

--------------- DEMAND IN AVERAGE MEGAWATTS---------------
~ 1988 1989 1990 1996 2000 2006 2010 z 
I 
< TOTAL: (ACTUAL) (ACTUAL) 0 
r 
C: 
::: COMMERCIAL 3603 . 3761. 3994. 4774. 6330. 5949. 6713. m 
= RESIDENTIAL 6686. 5789. 6860. 6809. 7343. 8050. 8807. 

INDUSTRIAL FIRM (1) 6646. 6936. 7148. 7994. 8783. 9478. 10462. 
DSI FIRM 2435. 2631. 2638. 2476. 2476. 2401. 2401. 
NON-DSI FIRM 4211. 4404. 4611. 5518. 6307. 7077. 8050. 

IRRIGATION (2) 649. 640. 686. 687 . 698 . 718. 714. 
OTHER (3) 182. 180. 194. 199. 206. 212. 218. 
TOTAL FIRM SALES 16666. 17306. 17871. 20462. 22360. 24407. 26904. 
TOTAL NON-DSI SALES 14231. 14774. 16334. 17986. 19884. 22006. 24603. 

PUBLIC CUSTOMER POOL: 

COMMERCIAL 1488. 1649. 1666. 2026. 2236. 2421. 2667. 
RESIDENTIAL 2485. 2696. 2638. 3038. 3253. 3621. 3838. 
INDUSTRIAL FIRM (1) 4449. 4639. 4771. 5078. 5409. 5670. 6072. 

DSI FIRM 2435. 2631. 2538. 2476. 2476. 2401. 2401. 
NON-DSI FIRM 2014. 2108. 2233. 2601. 2933. 3269. 3671. 

IRRIGATION (2) 327. 324. 332. 334. 336. 326. 311. 
OTHER (3) 153. 150. 165. 168. 174. 179. 183. 
TOTAL FIRM SALES 8902. 9258. 9671. 10643. 11407. 12117. 13070. 
TOTAL NON-DSI SALES 6467 . 6727. 7033. 8167. 8931. 9716. 10669 . 

PRIVATE CUSTOMER POOL: 

COMMERCIAL 2115. 2212. 2329. 2748. 3094. 3528. 4046. 
RESIDENTIAL 3101. 3193. 3212. 3771. 4090. 4629. 4969. 
INDUSTRIAL FIRM (1) 2197. 2296. 2378. 2916. 3374. 3808 . 4380. 
IRRIGATION 322. 316. 364. 353. 363. 392. 403. 
OTHER (3) 29. 30. 29. 31. 32. 34. 36. 
TOTAL FIRM SALES 7764. 8047. 8301. 9819. 10962. 12291 . 13834. 

----------
(1) INCLUDES COLOCKUM, MINING, AND NON-BPA INTERRUPTIBLE 
(2) INCLUDES USBR, EXCLUDES GRAND COULEE AND ROZA PUMPING 
(3) FEDERAL AGENCIES AND STREET LIGHTING 

---- DEMAND GROWTH RATES----
1989-1996 1996-2010 1989-2010 

4.06 2.30 2 . 80 
2.74 1. 73 2.02 
2.40 1.80 1.97 

-0.36 -0.20 -0.25 
3.83 2.56 2.91 
1.18 0.26 0.52 
1.64 0.64 0.92 
2.83 1.84 2.12 
3.33 2.08 2.44 

4.68 1. 85 2.62 
2.66 1. 57 1.88 
1. 52 1.20 1. 29 

-0.36 -0.20 -0.26 
3.67 2.32 2.68 
0.60 -0.48 -0.20 
1. 91 0.57 0.95 
2.35 1. 38 1.66 
3.29 1.80 2.22 

3.68 2.61 2.92 
2.81 1.86 2 .13 
4.07 2. 76 3.12 
1. 84 0.90 1.17 
0.28 1.00 0. 79 
3.37 2.31 2.61 
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PACIFIC NORTHWEST ELECTRICITY LOAD FORECASTING SYSTEM 

SUMMARY OF REGIONAL DEMAND AND GROWTH RATES 

91FlLF - 1991 FINAL PLAN 1 LOW - FROZEN EFF. 

--------------- DEMAND IN AVERAGE MEGAWATTS---------------
1988 1989 1990 1995 2000 2005 2010 

TOTAL: (ACTUAL) (ACTUAL) 

COMMERCIAL 3603. 3761. 3964. 3957. 3967. 4055. 4227. 
RESIDENTIAL 5586. 5789. 5839. 5853. 5835. 5892. 6004. 
INDUSTRIAL FIRM (1) 6646. 6935. 6591. 5112. 5072. 4787. 4885. 

DSI FIRM 2435. 2531. 2284. 1129. 1002. 651. 651. 
NON-DSI FIRM 4211. 4404. 4307. 3983. 4070. 4136. 4234. 

IRRIGATION (2) 649. 640. 54 7. 532. 504. 471. 467. 
OTHER (3) 182. 180. 194. 199. 206. 212. 218. 
TOTAL FIRM SALES 16666. 17305. 17135. 15653. 15583. 15416. 15801. 
TOTAL NON-DSI SALES 14231. 14774. 14850. 14524. 14582. 14765. 15150. 

PUBLIC CUSTOMER POOL: 

COMMERCIAL 1488. 1549. 1667. 1702. 1722. 1757. 1837. 
RESIDENTIAL 2485. 2596. 2631. 2632. 2615. 2636. 2677. 
INDUSTRIAL FIRM (1) 4449. 4639. 4343. 3068. 2989. 2681. 2725. 

DSI FIRM 2435. 2531. 2284. 1129. 1002. 651. 651. 
NON-DSI FIRM 2014. 2108. 2058. 1939. 1988. 2030. 2074. 

IRRIGATION (2) 327. 324. 271. 264. 253. 239. 239. 
OTHER (3) 153. 150. 165. 168. 174. 179. 183. 
TOTAL FIRM SALES 8902. 9258. 9076. 7835. 7753. 7492. 7660. 
TOTAL NON-DSI SALES 6467. 6727. 6792. 6706. 6752. 6841. 7009. 

PRIVATE CUSTOMER POOL: 

COMMERCIAL 2115. 2212. 2298. 2255. 2245. 2298. 2391. 
RESIDENTIAL 3101. 3193. 3208. 3221. 3220. 3256. 3326. 
INDUSTRIAL FIRM (1) 2197. 2296. 2249. 2044. 2083. 2106. 2160. 
IRRIGATION 322. 316. 276. 268. 251. 231. 228. 
OTHER (3) 29. 30. 29. 31. 32. 34. 35. 
TOTAL FIRM SALES 7764. 8047. 8058. 7818. 7830. 7924. 8141. 

----------
(1) INCLUDES COLOCKUM, MINING, AND NON-BPA INTERRUPTIBLE 
(2) INCLUDES USBR, EXCLUDES GRAND COULEE AND ROZA PUMPING 
(3) FEDERAL AGENCIES AND STREET LIGHTING 

---- DEMAND GROWTH RATES----
1989-1995 1995-2010 1989-2010 

0.85 0.44 0.56 
0.18 0.17 0.17 

-4.96 -0.30 -1.65 
-12.59 -3.60 -6.26 
-1.66 0.41 -0.19 
-3.03 -0.87 -1. 49 
1.64 0.64 0.92 

-1.66 0.06 -0.43 
-0.28 0.28 0 .12 

1.59 0.51 0.81 
0.23 0.11 0.15 

-6.66 -0.79 -2.50 
-12.59 -3.60 -6.26 

-1.38 0.45 -0.08 
-3.33 -0.68 -1.44 
1.91 0.57 0.95 

-2.74 -0.15 -0.90 
-0.05 0.30 0.20 

0.32 0.39 0.37 
0.15 0.21 0.20 

-1.92 0.37 -0.29 
-2.73 -1.06 -1.54 
0.28 1.00 0.79 

-0.48 0.27 0.06 
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PACIFIC NORTHWEST ELECTRICITY LOAD FORECASTING SYSTEM 0 
~ 
:i: 

SUMMARY OF REGIONAL DEMAND AND GROWTH RATES :E 
Ill 
-l 91F1MLF - 1991 FINAL 1 MEDIUM LOW - FROZEN EFF. c3 
~ ,, 

--------------- DEMAND IN AVERAGE MEGAWATTS---------------.,, 
s: 1988 1989 1990 1995 2000 2005 2010 z 
I 

TOTAL: (ACTUAL) (ACTUAL) 15 
r 
C COMMERCIAL 3603. 3761. 3965. 4137. 4301. 4565. 5030. ~ 
en RESIDENTIAL 5586. 5789, 5849. 6130. 6434. 6839. 7241. = INDUSTRIAL FIRM (1) 6646. 6935. 6757. 5944. 6161. 6337. 6601. 

DSI FIRM 2435. 2531 . 2368. 1580. 1582. 1582. 1582. 
NON-DSI FIRM 4211. 4404. 4389. 4365. 4580. 4756. 5019. 

IRRIGATION (2) 649 . 640 . 579. 577. 563. 537. 525. 
OTHER (3) 182. 180. 194. 199. 206. 212. 218. 
TOTAL FIRM SALES 16666. 17305 . 17344. 16987. 17664. 18491 . 19615. 
TOTAL NON-DSI SALES 14231. 14774. 14976. 15408 . 16083 , 16910. 18033 . 

PUBLIC CUSTOMER POOL: 

COMMERCIAL 1488. 1549. 1666 . 1794. 1890. 1980. 2147. 
RESIDENTIAL 2485. 2596. 2637. 2752. 2872. 3047. 3216. 
INDUSTRIAL FIRM (1) 4449 . 4639. 4482. 3706. 3804. 3887. 4004. 

DSI FIRM 2435. 2531. 2368. 1580. 1582. 1582. 1582. 
NON-OSI FIRM 2014. 2108. 2114. 2126. 2223. 2305. 2423. 

IRRIGATION (2) 327. 324. 286. 284. 278. 267. 263 . 
OTHER (3) 153. 150. 165. 168. 174. 179. 183. 
TOTAL FIRM SALES 8902. 9258. 9235. 8703. 9018. 9359. 9813. 
TOTAL NON-DSI SALES 6467 . 6727. 6868. 7123. 7437. 7778. 8231 . 

PRIVATE CUSTOMER POOL: 

COMMERCIAL 2115. 2212. 2299. 2344. 2411. 2585. 2882 . 
RESIDENTIAL 3101. 3193. 3212. 3378. 3561 . 3793. 4025. 
INDUSTRIAL FIRM (1) 2197. 2296. 2275. 2239. 2357. 2450. 2596. 
IRRIGATION 322. 316. 294. 294. 285 . 270. 263. 
OTHER (3) 29 . 30. 29. 31. 32. 34. 35. 
TOTAL FIRM SALES 7764. 8047. 8109. 8284. 8646. 9132. 9802. 

----------
(1) INCLUDES COLOCKUM, MINING, AND NON-BPA INTERRUPTIBLE 
(2) INCLUDES USBR, EXCLUDES GRAND COULEE AND ROZA PUMPING 
(3) FEDERAL AGENCIES AND STREET LIGHTING 

i?J 

---- DEMAND GROWTH RATES----
1989-1995 1995-2010 1989-2010 

1.60 1. 31 1. 39 
0.96 1.12 1.07 

-2.54 0.70 -0.24 
-7.56 0.01 -2.21 
-0.15 0.94 0.62 
-1. 71 -0.63 -0.94 

1.64 0.64 0.92 
-0 . 31 0.96 0.60 
0.70 1.05 0.95 

2 . 47 1.21 1.57 
0 . 98 1.04 1.02 

-3 . 67 0.52 -0.70 
-7.56 0.01 -2.21 
0.14 0.87 0.67 

-2 .19 -0 . 51 -0.99 
1. 91 0.57 0.95 

-1.03 0.80 0.28 
0.96 0.97 0 . 97 

0.97 1. 39 1. 27 
0.94 1.17 1.11 

-0.42 0.99 0.59 
-1.22 -0.74 -0.88 
0.28 1.00 0. 79 
0.49 1.13 0.94 
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PACIFIC NORTHWEST ELECTRICITY LOAD FORECASTING SYSTEM I ! SUMMARY OF REGIONAL DEMAND AND GROWTH RATES 

91F2MF - 1991 FINAL PLAN 2 MEDIUM - FROZEN EFF. W/ SPA'S SPM 

--------------- DEMAND IN AVERAGE MEGAWATTS--------------- ---- DEMAND GROWTH RATES----
1988 1989 1990 1996 2000 2005 2010 1989-1996 1996-2010 1989-2010 

TOTAL: (ACTUAL) (ACTUAL) 

COMMERCIAL 3603. 3761. 3976. 4396. 4761. 6190. 6740. 2.63 1. 79 2.03 
RESIDENTIAL 5586. 5789. 5860. 6348. 6753. 7214. 7639. 1. 55 1. 24 1. 33 
INDUSTRIAL FIRM (1) 6646. 6935. 6905. 6997. 7370. 7684. 8082. 0 .15 0.97 0.73 

DSI FIRM 2435. 2531. 2446. 2152. 2136. 2136. 2137. -2.67 -0.05 -0.80 
NON-DSI FIRM 4211. 4404. 4459. 4845. 5234. 5548. 5945. 1.60 1.37 1.44 

IRRIGATION (2) 649. 640. 617. 626. 594. 681. 599. -0.37 -0.30 -0.32 
OTHER (3) 182. 180. 194. 199. 206. 212. 218. 1.64 0.64 0.92 
TOTAL FIRM SALES 16666. 17305. 17552. 18566. 19684. 20882. 22278. 1.18 1.22 1.21 
TOTAL NON-DSI SALES 14231. 14774. 15106. 16414. 17548. 18746. 20141. 1. 77 1. 37 1.49 

PUBLIC CUSTOMER POOL: 

COMMERCIAL 1488. 1549. 1664. 1874. 2026. 2166. 2347. 3.23 1.51 2.00 
RESIDENTIAL 2485. 2596. 2638. 2842. 3005. 3195. 3370. 1. 52 1.14 1. 25 
INDUSTRIAL FIRM (1) 4449. 4639. 4591. 4455. 4596. 4735. 4902. -0.67 0.64 0.26 

DSI FIRM 2435. 2531. 2446. 2152. 2136. 2136. 2137. -2.67 -0.05 -0.80 
NON-DSI FIRM 2014. 2108. 2145. 2303. 2460. 2600. 2765. 1.49 1. 23 1.30 

IRRIGATION (2) 327. 324. 304. 309. 296. 291. 301. -0.80 -0.17 -0.35 
OTHER (3) 153. 160. 165. 168. 174. 179. 183. 1.91 0.57 0.96 
TOTAL FIRM SALES 8902. 9258. 9362. 9648. 10096. 10667. 11104. 0.69 0.94 0.87 
TOTAL NON-DSI SALES 6467. 6727. 6916. 7496. 7960. 8431. 8967. 1.82 1.20 1.38 

PRIVATE CUSTOMER POOL: 

COMMERCIAL 2115. 2212. 2312. 2622. 2735. 3023. 3393. 2.21 2.00 2.06 
RESIDENTIAL 3101. 3193. 3222. 3506. 3748. 4019. 4269. 1.57 1. 32 1.39 
INDUSTRIAL FIRM (1) 2197. 2296. 2314. 2542. 2774. 2949. 3180. 1. 71 1.50 1.56 
IRRIGATION 322. 316. 313. 317. 298. 290. 297. 0.05 -0.43 -0.29 
OTHER (3) 29. 30. 29. 31. 32. 34. 35. 0.28 1.00 0.79 

:§ I TOTAL FIRM SALES 7764. 8047. 8190. 8918. 9588. 10316. 11174. 1. 73 1. 52 1. 68 

z 
0 
21 ----------:i: (1) INCLUDES COLOCKUM, MINING, AND NON-BPA INTERRUPTIBLE 
~ (2) INCLUDES USBR, EXCLUDES GRAND COULEE AND ROZA PUMPING ~ >--l (3) FEDERAL AGENCIES AND STREET LIGHTING 
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0 PACIFIC NORTHWEST ELECTRICITY LOAD FORECASTING SYSTEM 

("l 

cl > [/) 

::i: "" ~ SUMMARY OF REGIONAL DEMAND AND GROWTH RATES "' C: 
[/) s: 
"" s: 
c3 91F1MHF - 1991 FINAL PLAN 1 MEDIUM HIGH - FROZEN EFF. > 
~ ~ 
:,:, ;;! .,, 

--------------- DEMAND IN AVERAGE MEGAWATTS--------------- ---- DEMAND GROWTH RATES---- "" s: r 

z 1988 1989 1990 1995 2000 2005 2010 1989-1995 1995-2010 1989-2010 ~ 
I 
< TOTAL: (ACTUAL) (ACTUAL) 0 
r 
C: s: COMMERCIAL 3603. 3761. 3964. 4595. 5182. 5789. 6613. 3.39 2.46 2.72 
tr1 

= RESIDENTIAL 6586. 5789. 6854. 6530. 7060. 7703. 8300. 2.03 1.61 1. 73 
INDUSTRIAL FIRM (1) 6646. 6935. 7036. 7474. 8047. 8526. 9143. 1.26 1.35 1.32 

OSI FIRM 2436. 2531. 2503. 2336. 2338. 2300. 2301. -1. 33 -0.10 -0.45 
NON-OSI FIRM 4211. 4404. 4533. 5139. 5709. 6226. 6842. 2.60 1.93 2 .12 

IRRIGATION (2) 649. 640. 650. 646. 647. 656. 680. 0.16 0.34 0.29 
OTHER (3) 182. 180. 194. 199. 206. 212. 218. 1.64 0.64 0.92 
TOTAL FIRM SALES 16666. 17305. 17697. 19444. 21142. 22886. 24955. 1.96 1.68 1. 76 
TOTAL NON-OSI SALES 14231. 14774. 16194. 17108. 18804. 20686. 22664. 2.48 1. 89 2.06 

PUBLIC CUSTOMER POOL: 

COMMERCIAL 1488. 1549. 1665. 1951. 2191. 2376. 2632. 3.92 2.02 2.56 
RESIDENTIAL 2485. 2596. 2640. 2921. 3139. 3413. 3666. 1.98 1. 53 1.66 
INDUSTRIAL FIRM (1) 4449. 4639. 4690. 4780. 5023. 5207. 6461. 0.50 0.89 0.78 

OSI FIRM 2435. 2631. 2503. 2336. 2338. 2300. 2301. -1.33 -0.10 -0.45 
NON-OSI FIRM 2014. 2108. 2187. 2445. 2685. 2907. 3160. 2.50 1. 73 1.95 

IRRIGATION (2) 327. 324. 316. 313. 311. 314. 316. -0.59 0.06 -0.12 
OTHER (3) 153. 150. 165. 168. 174. 179. 183. 1. 91 0.57 0.95 
TOTAL FIRM SALES 8902. 9268. 9476. 10133. 10837. 11488. 12268. 1. 52 1. 28 1. 35 
TOTAL NON-OSI SALES 6467. 6727. 6973. 7798. 8500. 9188. 9957. 2.49 1.64 1.88 

PRIVATE CUSTOMER POOL: 

COMMERCIAL 2115. 2212. 2299. 2644. 2991. 3413. 3981. 3.02 2. 77 2.84 
RESIDENTIAL 3101. 3193. 3214. 3609. 3922. 4290. 4635. 2.06 1.68 1. 79 
INDUSTRIAL FIRM (1) 2197. 2296. 2346. 2694. 3023. 3319. 3682. 2.70 2.11 2.27 
IRRIGATION 322. 316. 334. 333. 336. 342. 364. 0.90 0.59 0.68 
OTHER (3) 29. 30. 29. 31. 32. 34. 35. 0.28 1.00 0.79 
TOTAL FIRM SALES 7764. 8047. 8221. 9311. 10304. 11398. 12697. 2.46 2.09 2.20 

----------
(1) INCLUDES COLOCKUM, MINING, AND NON-BPA INTERRUPTIBLE 
(2) INCLUDES USBR, EXCLUDES GRAND COULEE AND ROZA PUMPING 
(3) FEDERAL AGENCIES AND STREET LIGHTING 
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PACIFIC NORTHWEST ELECTRICITY LOAD FORECASTING SYSTEM I ~ 
SUMMARY OF REGIONAL DEMAND AND GROWTH RATES r 

91F1HF - 1991 PLAN FINAL 1 HIGH - FROZEN 

--------------- DEMAND IN AVERAGE MEGAWATTS--------------- ---- DEMAND GROWTH RATES----
1988 1989 1990 1995 2000 2005 2010 1989-1995 1995-2010 1989-2010 

TOTAL: (ACTUAL) (ACTUAL) 

COMMERCIAL 3603. 3761. 3994. 5120. 6050. 6917. 8009. 5.28 3.03 3.66 
RESIDENTIAL 5586. 5789. 5851. 6982. 7835. 8841. 9765. 3.17 2.26 2.52 
INDUSTRIAL FIRM (1) 6646. 6935. 7148. 8020. 8852. 9593. 10611. 2.45 1. 88 2.05 

DSI FIRM 2435. 2531. 2538. 2476. 2476. 2401. 2401. -0.36 -0.20 -0.25 
NON-DSI FIRM 4211. 4404. 4611. 5544. 6376. 7191. 8210. 3.91 2.65 '3 .01 

IRRIGATION (2) 649. 640. 686. 702. 741. 780. 791. 1.55 0.80 1.02 
OTHER (3) 182. 180. 194. 199. 206. 212. 218. 1.64 0.64 0.92 
TOTAL FIRM SALES 16666. 17305. 17872. 21022. 23683. 26343. 29394. 3.30 2.26 2.55 
TOTAL NON-DSI SALES 14231. 14774. 15335. 18546. 21207. 23942. 26992. 3.86 2.53 2.91 

PUBLIC CUSTOMER POOL: 

COMMERCIAL 1488. 1549. 1665. 2143. 2493. 2797. 3192. 5.56 2.69 3.50 
RESIDENTIAL 2485. 2596. 2639. 3110. 3467. 3894. 4282. 3.06 2.15 2.41 
INDUSTRIAL FIRM (1) 4449. 4639. 4771. 5089. 5439. 5722. 6145. 1.56 1. 26 1. 35 

DSI FIRM 2435. 2531. 2538. 2476. 2476. 2401. 2401. -0.36 -0.20 -0.25 
NON-DSI FIRM 2014. 2108. 2233. 2613. 2963. 3320. 3744. 3.65 2.43 2.77 

IRRIGATION (2) 327. 324. 332. 335. 339. 342. 342. 0.55 0.13 0.25 
OTHER (3) 153. 150. 165. 168. 174. 179. 183. 1.91 0.57 0.95 
TOTAL FIRM SALES 8902. 9258. 9571. 10844. 11912. 12933. 14143. 2.67 1. 79 2.04 
TOTAL NON-DSI SALES 6467. 6727. 7033. 8368. 9436. 10532. 11742. 3. 71 2.28 2.69 

PRIVATE CUSTOMER POOL: 

COMMERCIAL 2115. 2212. 2329. 2978. 3556. 4120. 4817. 5.08 3.26 3.78 
RESIDENTIAL 3101. 3193. 3212. 3872. 4368. 4947. 5483. 3.27 2.35 2.61 
INDUSTRIAL FIRM (1) 2197. 2296. 2378. 2931. 3413. 3871. 4466. 4.15 2.85 3.22 
IRRIGATION 322. 316. 354. 367. 402. 438. 450. 2.53 1.36 1.69 
OTHER (3) 29. 30. 29. 31. 32. 34. 35. 0.28 1.00 0.79 

] I TOTAL FIRM SALES 7764. 8047. 8301. 10178. 11771. 13410. 15251. 3.99 2.73 3.09 
z 
0 
cl ----------:i:: 

(1) INCLUDES COLOCKUM, MINING, AND NON-BPA INTERRUPTIBLE ~ 
"' (2) INCLUDES USSR, EXCLUDES GRAND COULEE AND ROZA PUMPING a .., 

(3) FEDERAL AGENCIES AND STREET LIGHTING ~ 
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APPENDIX 6-B FORECAST CHANGES FROM 1989 

Table 6-B-1 
Demand Forecast Changes from Previous Forecasts (91Fl*P, 91F2MP) 

Change Change 
1989 1989 1991 from 1989 from 1989 

Year/Scenario Supplement3 White Bookb Power Plan Supplement White Book 

1995 

• Low 14,322 14,738 15,607 + 1,284 +855 

• Medium-Low 15,998 16,393 16,930 +932 +523 

• Medium 17,162 17,588 18,276 + 1,115 +674 

• Medium-High 18,333 18,728 19,335 + 1,003 +594 

• High 20,439 20,885 20,826 +387 -73 

2000 

• Low 14,414 14,501 15,520 + 1,106 + 1,008 

• Medium-Low 16,721 16,847 17,566 +845 +708 

• Medium 18,372 18,559 19,345 +973 +774 

• Medium-High 19,933 20,263 20,935 + 1,002 +661 

• High 22,976 23,386 23,305 +329 -92 

2005 

• Low 14,913 14,669 15,386 +473 +717 

• Medium-Low 17,897 17,641 18,395 +498 +754 

• Medium 19,852 19,775 20,599 +747 +824 

• Medium-High 21,915 21,956 22,644 +729 +688 

• High 25,979 26,290 25,914 -65 -376 

2010 

• Low 15,442 14,963 15,787 +346 +817 

• Medium-Low 19,124 18,621 19,485 +361 +857 

• Medium 21,344 21,146 22,129 +785 +977 

• Medium-High 24,026 23,942 24,583 +557 +635 

• High 29,223 29,537 28,836 -387 -707 

a Northwest Power Planning Council. 1989 Supplement to the 1986 Northwest Conse,vation and Electric Power Plan, Volume II, 
Appendix 2-A Spring 1989. 

b Forecast of Electricity Use in the Pacific Northwest, Appendix A August 1989. 
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FORECAST CHANGES FROM 1989 APPENDIX 6-B 

Table 6-B-2 
Demand Forecast Changes from Draft Plan (91Fl *P, 91F2MP) 

Change from 
Year/Scenario 1991 Draft Plan 1991 Power Plan Draft Plan 

1995 

• Low 15,136 15,607 +471 

• Medium-Low 16,668 16,930 +262 

• Medium 18,224 18,276 +52 

• Medium-High 19,258 19,335 +78 

• High 20,888 20,826 -62 

2000 

• Low 15,147 15,520 +373 

• Medium-Low 17,375 17,566 + 191 

• Medium 19,178 19,345 + 167 

• Medium-High 20,863 20,935 +72 

• High 23,280 23,305 +25 

2005 

• Low 14,992 15,386 +394 

• Medium-Low 18,114 18,395 +281 

• Medium 20,339 20,599 +260 

• Medium-High 22,437 22,644 +207 

• High 25,855 25,914 +59 

2010 

• Low 15,317 15,787 +470 

• Medium-Low 19,130 19,485 +355 

• Medium 21,419 22,129 +710 

• Medium-High 24,316 24,583 +267 

• High 28,859 28,836 -23 
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DETAILED FORECAST TABLES APPENDIX 6--C 

APPENDIX 6-C 

DETAILED FORECAST TABLES 

1. Calendar Year Forecasts 

2. Operating Year Forecasts 

3. Fiscal Year Forecasts 
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1991 FINAL COUNCIL PLAN -- LOW CASE -- C91FlLP) 
x 

CALENDAR YEAR MEANS FOR AVERAGE REGIONAL FORECAST I h 
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

SMALL & NONGEN PUBLIC UTILS 
1 SALES 2968.2 2964.8 2960.4 2956.4 2960.8 2969.3 2982.2 2984.3 2984.9 2982.9 2986.3 2993.0 
2 DISTRIBUTION LOSSES 124.7 124.5 124.3 124.2 124.4 124.7 125.3 125.3 125.4 125.3 125.4 125.7 
3 SYSTEM LOAD 3092.9 3089.3 3084.7 3080.6 3085.2 3094.0 3107.5 3109.7 3110. 2 3108.l 3111.7 3118. 7 

4 DSI ALUM FIRM LOAD 1876.5 1700.6 1485.0 1256.6 1027.0 1027.0 1027.0 1027.0 1027.0 899.7 624.9 549.0 
5 DSI NON-ALUM FIRM LOAD 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
6 DSI HANNA FIRM LOAD 0.0 o.o 0.0 0. 0 0. 0 0.0 0.0 0.0 o.o 0.0 0.0 0. 0 
7 TOTAL DSI FIRM LOAD 1976.5 1800.6 1585.0 1356.6 1127. 0 1127. 0 1127. 0 1127. 0 1127. 0 999.7 724.9 649.0 
8 TOT DSI FIRM TRANS LOSSES 51. 5 47.0 41.4 35.4 29.4 29.4 29.4 29.4 29.4 26.1 19.0 16.9 

9 BPA FEDERAL AGENCIES 144.6 143.1 141.6 142.7 143.8 144.8 145.7 146.5 147.4 148.3 149.1 14Q,9 
10 USBR 67.3 67.3 67.2 67.3 67.3 67.4 67.4 67.5 67.5 67.6 67.6 67.7 
11 FEDERAL TRANSMIS LOSSES 138.2 133.5 127.8 121.7 115. 9 116 .1 116. 5 116. 6 116. 6 113. 3 106.3 104.4 
12 ADDTL FEDERAL TRAN LOSSES 60.l 61. 6 59.6 56.8 56.8 52.8 49.5 49.5 48.0 47.8 47.7 47.8 

13 TOTAL FEDERAL FIRM LOAD 5479.5 5295.5 5065.8 4825.7 4595.9 4602.0 4613.6 4616.8 4616.8 4484.8 4207.4 4137.6 

GENERATING PUBLIC UTILITIES 
14 SALES 3367.5 3363.7 3358.7 3354.2 3359.2 3368.7 3383.4 3385.9 3386.5 3384.2 3388.0 3395.6 
15 TRANSMIS & DISTRIB LOSSES 215.5 215.3 215.0 214.7 215.0 215.6 216.5 216.7 216.7 216.6 216.8 217.3 
16 SYSTEM LOAD 3583.1 3579.0 3573.6 3568.8 3574.1 3584.3 3600.0 3602.5 3603.2 3600.7 3604.9 3612.9 

17 PUB RESIDENTL EXCHG--RPSA 313.2 314.4 311.0 305.4 304.1 304.7 304.1 302.5 302.6 303.0 304.0 304.5 
18 PUB RESIDENTL EXCHG--ETCA 10.3 10.2 10.0 9.8 9.7 9.6 9.6 9.4 9.4 9.4 9.4 9.3 

19 TOTAL PUBLIC SALES 6335.7 6328.5 6319.1 6310.6 6320.0 6338.0 6365.6 6370.2 6371. 3 6367.0 6374.3 6388.6 

INVESTOR-OWNED UTILITIES 
20 SALES 7893.1 7842.2 7811.4 7778. 8 7777. 4 7767.4 7763. 9 7766. 0 7769. 4 7765. 8 7770. 2 7784. 6 
21 TRANSMIS & DISTRIB LOSSES 828.8 823.4 820.2 816.8 816.6 815.6 815.2 815.4 815.8 815.4 815.9 817.4 
22 SYSTEM LOAD 8721. 9 8665.7 8631. 6 8595.5 8594.0 8582.9 8579.1 8581.4 8585.2 8581.2 8586.1 8602.0 

23 !OU RESIDENTIAL EXCHANGE -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 

24 COLOCKUM 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 

:§ 25 TOTAL REGIONAL FIRM SALES 16597.3 16361.8 16104.3 15836.0 15615.5 15624.5 15649.7 15657.2 15662.7 15528.3 15266.2 15219.8 
2 

26 TOTAL REGIONAL FIRM LOAD 17964.5 17720.1 17451.1 17170.1 16944.1 16949.3 16972.7 16980.7 16985.2 16846.6 16578.3 16532.5 0 
1::1 
::c 27 DSI ALUM TQ LOAD 625.7 566.9 495.0 419.l 342.0 342.0 342.0 342.0 342.0 300.0 208.3 183.0 
~ 
(/; 28 DSI NON-ALUM TQ LOAD 33.0 33.0 33.0 33.0 33.0 33.0 33.0 33.0 33.0 33.0 33.0 33.0 ..., 

29 DSI HANNA TQ LOAD 0.0 o.o 0.0 0.0 0.0 0. 0 0.0 o.o 0.0 0.0 0.0 0. 0 0 

" 
m 

0 '30 TOTAL DSI TOP QTL LOAD 658.7 599.9 528.0 452.1 375.0 375.0 375.0 375.0 375.0 333.0 241. 3 216.0 ~ :;; 31 TOT DSI T Q TRANS LOSSES 17.2 15.6 13.8 11.8 9.8 9.8 9.8 9.8 9.8 8.7 6.3 5.6 r m m ;,, 0 

" i 32 OTHER INTERRUPTIBLE LOAD 0.0 0.0 0.0 0. 0 0. 0 0.0 0.0 o.o 0. 0 0.0 0.0 0.0 2l 
g; 

I 33 TOTAL REGIONAL LOAD 18640.4 18335.7 17992.9 17634.0 17328.9 17334.0 17357.5 17365.5 17370.0 17188.4 16825.9 16754.1 ('l 

< :,, 
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~ 1991 FINAL COUNCIL PLAN -- LOW CASE -- (91FlLP) 2l m 
en CALENDAR YEAR MEANS FOR AVERAGE REGIONAL FORECAST 6i -l 
"O 

(') 

0 ~ 
~ 2003 2004 2005 2006 2007 2008 2009 2010 -l 

;,:, :,! 
"O SMALL 8 NONGEN PUBLIC UTILS "' ~ r 

z 1 SALES 2998.8 3015.2 3033.7 3051 . 2 3065 . 5 3081.7 3098.5 3119.3 ~ 
I 2 DISTRIBUTION LOSSES 126.0 126 . 6 127 . 4 128 . 1 128 . 7 129 . 4 130 . 1 131. 0 
< 3 SYSTEM LOAD 3124.8 3141.8 3161.l 3179.3 3194 . 2 3211. 1 3228.6 3250.3 0 
r 
C: 
~ 4 DSI ALUM FIRM LOAD 549.0 549.0 549.0 549.0 549.0 549.0 549.0 549 . 0 m 
= 5 DSI NON-ALUM FIRM LOAD 100 . 0 100.0 100.0 100.0 100 . 0 100.0 100.0 100.0 

6 DSI HANNA FIRM LOAD 0.0 0.0 0.0 0.0 0 . 0 0 . 0 0.0 0 . 0 
7 TOTAL DSI FIRM LOAD 649.0 649.0 649.0 649.0 649 . 0 649 . 0 649.0 649.0 
8 TOT DSI FIRM TRANS LOSSES 16 . 9 16 . 9 16.9 16 . 9 16 . 9 16.9 16.9 16.9 

9 BPA FEDERAL AGENCIES 150.5 151.1 151.8 152.5 153.0 153.7 154.2 154.8 
10 USBR 67.8 67.8 67 . 9 67 . 9 68 . 0 68 . 0 68.1 68.1 
11 FEDERAL TRANSMIS LOSSES 104 . 6 105.1 105.6 106.1 106 . 5 107.0 107.5 108.0 
12 ADDTL FEDERAL TRAN LOSSES 46.7 47.0 48 . 2 49.8 50.3 49.6 49.8 50.4 

13 TOTAL FEDERAL FIRM LOAD 4143 . 4 4161.8 4183.6 4204.7 4221 . 1 4238.4 4257.1 4280.7 

GENERATING PUBLIC UTILITIES 
14 SALES 3402 . 3 3420.8 3441.8 3461.7 3477.9 3496.3 3515 .3 3539.0 
15 TRANSMIS 8 DISTRIB LOSSES 217 . 7 218.9 220.3 221 . 5 222 . 6 223.8 225.0 226 . 5 
16 SYSTEM LOAD 3620.0 3639.7 3662.1 3683.2 3700.5 3720 . 0 3740.3 3765.5 

17 PUB RESIDENTL EXCHG--RPSA 304.9 306.3 307.8 309.5 310.5 311 . 7 313.0 315.3 
18 PUB RESIDENTL EXCHG- - ETCA 9.3 9.3 9 . 3 9.3 9.3 9.3 9.3 9.3 

19 TOTAL PUBLIC SALES 6401.1 6436.0 6475.4 6512.9 6543.4 6578.0 6613.8 6658.3 

INVESTOR-OWNED UTILITIES 
20 SALES 7795.2 7827 . 4 7870.0 7910.3 7948.6 7989.2 8035.4 8084.7 
21 TRANSMIS 8 DISTRIB LOSSES 818.5 821. 9 826.3 830 . 6 834.6 838 . 9 843 . 7 848 . 9 
22 SYSTEM LOAD 8613.7 8649.3 8696.3 8740.8 8783.2 8828.0 8879.l 8933.6 

23 IOU RESIDENTIAL EXCHANGE - 999.0 -999 . 0 -999 . 0 -999.0 -999.0 -999.0 -999 . 0 -999.0 

24 COLOCKUM 180 . 0 180 . 0 180 . 0 180 . 0 180.0 180.0 180.0 180 . 0 

25 TOTAL REGIONAL FIRM SALES 15243.6 15311 . 3 15394 . 2 15472.6 15542.l 15617.8 15700 . 5 15795.0 

26 TOTAL REGIONAL FIRM LOAD 16557.l 16630 . 8 16722.0 16808.8 16884.8 16966.4 17056.6 17159.8 

27 DSI ALUM TQ LOAD 183.0 183 . 0 183.0 183.0 183.0 183.0 183.0 183.0 
28 DSI NON-ALUM TQ LOAD 33 . 0 33.0 33 . 0 33.0 33.0 33.0 33 . 0 33.0 
29 DSI HANNA TQ LOAD 0 . 0 0.0 0.0 0.0 0.0 0 . 0 0 . 0 0.0 

'30 TOTAL DSI TOP QTL LOAD 216.0 216.0 216.0 216.0 216.0 216.0 216 . 0 216.0 
31 TOT DSI T Q TRANS LOSSES 5.6 5.6 5 . 6 5.6 5.6 5.6 5 . 6 5.6 

32 OTHER INTERRUPTIBLE LOAD 0.0 0.0 o.o 0.0 0.0 0 . 0 0.0 o.o 
33 TOTAL REGIONAL LOAD 16778.8 16852 . 5 16943 . 6 17030.4 17106.5 17188.0 17278.2 17381.5 I ~ z 
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1991 FINAL COUNCIL PLAN -- MEDIUM LOW CASE -- (91F1MLP) I ~ CALENDAR YEAR MEANS FOR AVERAGE REGIONAL FORECAST 

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

SMALL & NONGEN PUBLIC UTILS 
1 SALES 3046.7 3073.3 3095.2 3121. 9 3152.3 3185.3 3222.7 3246.6 3271. 8 3293.4 3318.0 3345.1 
? DISTRIBUTION LOSSES 128.0 129.1 130.0 131.1 132.4 133.8 135.4 136.4 137.4 138.3 139.4 140.5 
3 SYSTEM LOAD 3174.7 3202.4 3225.2 3253.0 3284.7 3319.1 3358.0 3382.9 3409.2 3431.7 3457.3 3485.6 

4 DSI ALUM FIRM LOAD 1929. 7 1864.6 1722.9 1581. 5 1439.0 1439.0 1439.0 1439.0 1439.0 1439.0 1439.0 1439.0 
5 DSI NON-ALUM FIRM LOAD 166.0 157.5 139.3 139.3 139.7 140.1 140.6 141.1 141.3 141.8 142.1 142.1 
6 DSI HANNA FIRM LOAD 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
7 TOTAL DSI FIRM LOAD 2095.7 2022.1 1862.2 1720.8 1578.7 1579.1 1579.6 1580.1 1580.3 1580.8 1581.1 1581.1 
8 TOT DSI FIRM TRANS LOSSES 54.7 52.7 48.6 44.9 41. 2 41. 2 41.2 41.2 41.2 41. 2 41. 2 41. 2 

9 BPA FEDERAL AGENCIES 144.6 143.1 141.6 142.7 143.8 144.8 145.7 146.5 147.4 148.3 149.1 149.9 
10 'JSBR 67.3 67.3 67.2 67.3 67.3 67.4 67.4 67.5 67.5 67.6 67.6 67.7 
11 FEDERAL TRANSMIS LOSSES 143.5 142.3 138.6 135.7 132.9 133.8 134.9 135.6 136.3 136.9 137.6 138.4 
12 ADDTL FEDERAL TRAN LOSSES 63.2 65.7 64.5 62.5 63.2 59.9 57.2 57.8 56.9 57.3 57.7 58.4 

13 TOTAL FEDERAL FIRM LOAD 5688.9 5642.8 5499.2 5382.1 5270.6 5304.0 5342.8 5370.3 5397.7 5422.6 5450.4 5481.1 

GENERATING PUBLIC UTILITIES 
14 SALES 3456.6 3486.8 3511. 6 3541. 9 3576.4 3613.9 3656.2 3683.3 3712. 0 3736.4 3764.3 3795.1 
15 TRANSMIS & DISTRIB LOSSES 221.2 223.1 224.7 226.7 228.9 231. 3 234.0 235.7 237.6 239.1 240.9 242.9 
16 SYSTEM LOAD 3677. 8 3709.9 3736.3 3768.6 3805.3 3845.2 3890.2 3919.1 3949.5 3975.6 4005.3 4038.0 

17 PUB RESIDENTL EXCHG--RPSA 321.5 325.9 325.2 322.5 323.8 326.9 328.6 329.1 331.6 334.6 337.7 340.3 
18 PUB RESIDENTL EXCHG--ETCA 10.5 10.5 10.4 10.3 10.3 10.3 10.3 10.3 10.3 10.4 10.4 10.4 

19 TOTAL PUBLIC SALES 6503.3 6560.0 6606.7 6663.8 6728.8 6799.2 6878.9 6929. 9 6983.8 7029.8 7082.3 7140. 2 

INVESTOR-OWNED UTILITIES 
20 SALES 8076.6 8099.9 8146.3 8191.8 8240.7 8296.6 8358.9 84;;5.9 8498.9 8569.2 8641.7 8724.7 
21 TRANSMIS & DISTRIB LOSSES 848.0 850.5 855.4 860.1 865.3 871.1 877. 7 884.7 892.4 899.8 907.4 916.1 
22 SYSTEM LOAD 8924. 6 8950.4 9001.7 9051. 9 9106.0 9167.7 9236.6 9:,10.6 9391.2 9468.9 9549.0 9640.7 

23 IOU RESIDENTIAL EXCHANGE -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 

24 COLOCKUM 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 

~ 
25 TOTAL REGIONAL FIRM SALES 17067.4 17072.5 17004.0 16966.5 16939.3 17067.0 17210.5 17329.9 17457.9 17575.6 17701.8 17843.6 

z 26 TOTAL REGIONAL FIRM LOAD 18471.4 18483.1 18417.2 18382.6 18361.9 18496.9 18649.6 18780.0 18918.5 19047.1 19184.7 19339.9 
0 
cl 27 DSI ALUM TQ LOAD 643.4 621.5 574.3 527.5 480.0 480.0 480.0 480.0 480. 0 480.0 480.0 480. 0 :r: 
~ 28 DSI NON-ALUM TQ LOAD 55.4 52.5 46.3 46.3 46.5 46.7 47.2 47.2 47.2 47.3 47.3 47.3 
VJ 29 DSI HANNA TQ LOAD 0.0 0.0 o.o 0.0 0.0 0.0 0.0 0.0 0. 0 0.0 0.0 0. 0 0 ..., 

'30 TOTAL DSI TOP QTL LOAD 698.8 674.0 620.7 573.8 526.5 526.7 527.2 527.2 527.2 527.3 527.3 527.3 m 
-0 5! 0 31 TOT DSI T Q TRANS LOSSES 18.2 17.6 16.2 15.0 13.7 13.7 13.7 13.7 13.7 13.8 13.8 13.8 
~ F 

m 
;,, 0 
-0 32 OTHER INTERRUPTIBLE LOAD 0.0 0.0 o.o 0.0 0.0 0.0 0.0 0.0 0.0 o.o 0.0 0.0 2l i 33 TOTAL REGIONAL LOAD 19188.4 19174.7 19054.1 18971.4 18902.2 19037.3 19190.5 19321.0 19459.4 19588.1 19725.7 19880.9 
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::l 1991 FINAL COUNCIL PLAN -- MEDIUM LOW CASE - - (91FlMLP) r 

:i: 

tl1 

;e 
CALENDAR YEAR MEANS FOR AVERAGE REGIONAL FORECAST 0 

2l 
m 
(/) ..., 2003 2004 2005 2006 2007 2008 2009 2010 1;l 

() .,, 
0 ;e SMALL & NONGEN PUBLIC UTILS 

~ 
m 

..., 

" 1 SALES 3371. 0 3409.1 3451.6 3493 . 5 3533 . 9 3575 . 4 3614 . 9 3659 . 0 :i! .,, 

~ 
2 DISTRIBUTION LOSSES 141. 6 143 . 2 145 . 0 146.7 148.4 150.2 151. 8 153.7 tll 

r 

3 SYSTEM LOAD 3512.6 3552.3 3596.6 3640 . 3 3682 . 3 3725 . 5 3766.7 3812.7 m 
(/) 

I 
< 
0 4 OSI ALUM FIRM LOAD 1439.0 1439.0 1439.0 1439 . 0 1439.0 1439.0 1439.0 1439.0 
r 
C 5 OSI NON-ALUM FIRM LOAD 142.1 142.2 142.3 142 . 3 142.3 142.6 142 . 8 142.8 
s: 
m 6 OSI HANNA FIRM LOAD 0.0 0.0 o.o 0 . 0 o.o 0.0 0.0 0 . 0 

= 7 TOTAL OSI FIRM LOAD 1581 . l 1581. 2 1581 . 3 1581 . 3 1581.3 1581 . 6 1581 . 8 1581.8 
8 TOT OSI FIRM TRANS LOSSES 41. 2 41. 2 41.2 41.2 41. 2 41. 2 41. 3 41. 3 

9 BPA FEDERAL AGENCIES 150.5 151 . 1 151.8 152 . 5 153.0 153 . 7 154.2 154.8 
10 USBR 67.8 67.8 67 . 9 67 . 9 68 . 0 68 . 0 68 . 1 68.l 
11 FEDERAL TRANSMIS LOSSES 139 . 1 140.2 141 . 4 142.5 143 . 7 144.8 145 . 9 147.1 
12 ADDTL FEDERAL TRAN LOSSES 57.S 58.7 60.2 62 . 8 63 . 8 63.8 64.8 65.8 

13 TOTAL FEDERAL FIRM LOAD 5508.9 5551.3 5599.1 5647.3 5692 . 0 5737 . 4 5781 . 5 5830 . 4 

GENERATING PUBLIC UTILITIES 
14 SALES 3824.5 3867 . 8 3916 . 0 3963.5 4009.3 4056 . 4 4101 . 2 4151 . 3 
15 TRANSMIS & DISTRIB LOSSES 244.8 247 . 5 250.6 253.7 256 . 6 259 . 6 262.5 265.7 
16 SYSTEM LOAD 4069.3 4115 . 3 4166 . 6 4217 . 2 4265.9 4316.0 4363.7 4416.9 

17 PUB RESIDENTL EXCHG--RPSA 342.7 346 . 3 350.2 354 . 4 357 . 9 361 . 7 365 . 1 369 .8 
18 PUB RESIDENTL EXCHG--ETCA 10.5 10 . 5 10 . 6 10 . 7 10 . 7 10.8 10.8 10.9 

19 TOTAL PUBLIC SALES 7195.5 7276 . 9 7367.6 7457.1 7543.1 7631 . 7 7716 . 1 7810.3 

INVESTOR-OWNED UTILITIES 
20 SALES 8807.6 8921.7 9056.5 9183 . 0 9309 . 8 9442.2 9566.8 9700.5 
21 TRANSMIS & DISTRIB LOSSES 924 .8 936 . 8 950.9 964.2 977. 5 991. 4 1004.5 1018.5 
22 SYSTEM LOAD 9732.4 9858.5 10007 . 4 10147.2 10287 . 3 10433.7 10571.3 10719.0 

23 IOU RESIDENTIAL EXCHANGE -999.0 -999.0 -999 . 0 -999 . 0 -999 . 0 -999.0 -999.0 -999.0 

24 COLOCKUM 180.0 180 . 0 180.0 180 . 0 180 . 0 180 . 0 180.0 180.0 

25 TOTAL REGIONAL FIRM SALES 17982.5 18178 . 7 18405 . 1 18621.7 18835 . 3 19057 . 2 19267.0 19495.5 

26 TOTAL REGIONAL FIRM LOAD 19490 . 6 19705.1 19953 . 1 20191 . 7 20425.2 20667 . 1 20896.5 21146.4 

27 OSI ALUM TQ LOAD 480 . 0 480.0 480 . 0 480 . 0 480 . 0 480.0 480 . 0 480.0 
28 OSI NON-ALUM TQ LOAD 47.3 47 . 3 47.3 47.3 47 . 3 47 . 3 47.3 47.3 
29 OSI HANNA TQ LOAD 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0.0 
30 TOTAL DSI · TOP QTL LOAD 527.3 527.3 527.3 527.3 527 . 3 527 . 3 527.3 527.3 
31 TOT OSI T Q TRANS LOSSES 13.8 13 . 8 13 . 8 13 . 8 13.8 13 . 8 13.8 13.8 

32 OTHER INTERRUPTIBLE LOAD 0.0 0.0 o.o 0 . 0 0.0 0.0 0 . 0 0 . 0 

33 TOTAL REGIONAL LOAD 20031.6 20246.2 20494.2 20732 . 8 20966 . 3 21208.2 21437 . 6 21687.5 
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1991 FINAL COUNCIL PLAN -- MEDIUM CASE -- C91F2MP) CM-TERM MRG=l/95) I ~ CALENDAR YEAR MEANS FOR AVERAGE REGIONAL FORECAST 

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

SMALL & NONGEN PUBLIC UTILS 
1 SALES 3137.4 3168.7 3206.2 3252.3 3291.5 3334.7 3375,8 3416.6 3457.1 3495.7 3532.3 3574.7 
2 DISTRIBUTION LOSSES 131.8 133.1 134.7 136.6 138.2 140.1 141.8 143.5 145.2 146.8 148.4 150.1 
3 SYSTEM LOAD 3269.2 3301.8 3340.8 3388.9 3429.7 3474.8 3517.6 3560.1 3602.3 3642.5 3680.7 3724.8 

4 DSI ALUM FIRM LOAD 2161.0 2105.0 2053.1 1986.3 1972.2 1951.0 1951.0 1951.0 1951.0 1951.0 1951.0 1951.0 
5 DSI NON-ALUM FIRM LOAD 219.8 214.8 179.2 179.3 179.5 180.7 181.3 181. 9 182.9 183.8 183.9 183.9 
6 DSI HANNA FIRM LOAD 0.0 0.0 0. 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0 
- TOTAL DSI FIRM LOAD 2380.8 2319.8 2232.3 2165.5 2151.7 2131.7 2132.3 2132.9 2133.9 2134.8 2134.9 2134.9 
8 TOT DSI FIRM TRANS LOSSES 62.1 60.5 58.2 56.5 56.1 55.6 55.6 55.6 55.6 55,7 55.7 55.7 

9 BPA FEDERAL AGENCIES 144.6 143.1 141.6 142.7 143.8 144.8 145.7 146.5 147.4 148.3 149.1 149.9 
10 USBR 67.3 67.3 67.2 67.3 67.3 67.4 67.4 67.5 67.5 67.6 67.6 67.7 
11 FEDERAL TRANSMIS LOSSES 153.4 152.7 151.3 150.9 151.6 152.3 153.5 154.6 155.8 156.9 157.9 159.1 
12 ADDTL FEDERAL TRAN LOSSES 66.2 69.4 68,. 4 66.9 67.8 64.7 62.6 63.7 62.5 63.0 64.1 65.2 

13 TOTAL FEDERAL FIRM LOAD 6081. 5 6054.0 6001.6 5982.2 6012.0 6035.6 6079.0 6125.3 6169.5 6213.1 6254.4 6301.7 

GE~ERATING PUBLIC UTILITIES 
14 SALES 3611. 6 3691.1 3731. 8 3771.9 3808.2 3858.2 3905.7 3952.9 3999.8 4044.5 4086.8 4135.8 
15 TRANSMIS & DISTRIB LOSSES 231.1 236.2 238.8 241. 4 243.7 246.9 250.0 253.0 256.0 258.8 261. 6 264.7 
16 SYSTEM LOAD 3842.7 3927. 3 3970.7 4013.3 4051. 9 4105.1 4155.7 4205.9 4255.8 4303.3 4348.4 4400.5 

17 PUB RESIDENTL EXCHG--RPSA 331.0 336.0 336.9 336.0 338.1 342.2 344.2 346.3 350.4 355.1 359.5 363.7 
18 PUB RESIDENTL EXCHG--ETCA 10.8 10.9 10.8 10.8 10.8 10.8 10.8 10.8 10.9 11. 0 11.1 11. 2 

19 TOTAL PUBLIC SALES 6749.0 6859.8 6938.0 7024.2 7099.7 7192. 9 7281.5 7369.5 7457.0 7540.2 7619.2 7710.5 

INVESTOR-OWNED UTILITIES 
20 SALES 8332.5 8509.2 8652.7 8761.8 8880.7 8987.8 9107.0 9244.7 9385.8 9525.5 9645.0 9790.2 
21 TRANSMIS & DISTRIB LOSSES 874.9 893.5 908.5 920.0 932.5 943.7 956.2 970.7 985.5 1000.2 1012.7 1028.0 
22 SYSTEM LOAD 9207. 5 9402.6 9561. 2 9681.8 9813.2 9931.5 10063.2 10215.4 10371.4 10525.6 10657.7 10818.1 

23 IOU RESIDENTIAL EXCHANGE -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -99'). 0 -999.0 -999.0 -999.0 -999.0 

24 COLOCKUM 180.0 180.0 180.0 180.0 180.0 180.0 180.0 1130. 0 180.0 180.0 180.0 180.0 

~ 
25 TOTAL REGIONAL FIRM SALES 17854.2 18079.2 18211.7 18341.5 18523.2 18704.5 18913.8 19~41.2 19371.6 19596.2 19795.8 20033.3 

z 26 TOTAL REGIONAL FIRM LOAD 19311.7 19564.0 19713.4 19857.2 20057.0 20252.2 20477.9 20726.6 20976.7 21222.0 21440.5 21700.4 
0 
cl 27 DSI ALUM TQ LOAD 720.0 702.0 684.1 661. 9 657.4 650.0 650.0 650.0 650.0 650.0 650.0 650.0 :i:: 

~ 28 DSI NON-ALUM TQ LOAD 89.9 71. 7 59.8 59.8 59.8 60.4 60.4 60.6 61. 0 61. 4 61. 4 61. 4 
29 DSI HANNA TQ LOAD 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 (/) m .., 

'30 TOTAL DSI TOP QTL LOAD 809.9 773. 7 743.9 721. 8 717. 3 710. 4 710. 4 710 .6 711. 0 711. 4 711.4 711. 4 ~ "O 
0 31 TOT DSI T Q TRANS LOSSES 21. 1 20.2 19.4 18.8 18.7 18.5 18.5 18.5 18.5 18.6 18.6 18.6 
~ 

t"' 
m 
0 

" 32 OTHER INTERRUPTIBLE LOAD 0. 0 0. 0 0.0 0.0 0.0 0. 0 0. 0 0.0 0.0 0.0 0.0 0. 0 'T1 .,, 
0 

§ 
33 TOTAL REGIONAL LOAD 20142.7 20357.8 20476.8 20597.8 20793.0 20981.2 21206.9 21455.8 21706.2 21952.0 22170.5 22430.3 6l n 

I >-< (/) 

0 
.., 

1: ~ ~ t"' m m = (/) 
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cl 1991 FINAL COUNCIL PLAN -- MEDIUM CASE -- (91F2MP) CM-TERM MRG=l/95) 

m 

~ 
tl 

m CALENDAR YEAR MEANS FOR AVERAGE REGIONAL FORECAST 6 
(/) 6i ..., 
"C 2003 2004 2005 2006 2007 2008 2009 2010 ("l 

> 0 (/) 

:E 
..., 

m SMALL & NONGEN PUBLIC UTILS 5! :,, 
"C 1 SALES 3615.0 3660.9 3711.8 3762.0 3808.5 3856.9 3901. 4 3946.7 t,:, ,... 

2 DISTRIBUTION LOSSES 151.8 153.8 155.9 158.0 160.0 162.0 163.9 165.8 
,... 

> m 
z 3 SYSTEM LOAD 3766.8 3814.7 3867.7 3920.0 3968. 5 4018.9 4065.2 

(/l 

I 4112. 4 
< 
0 4 OSI ALUM FIRM LOAD 1951.0 1951.0 1951.0 1951.0 1951.0 1951.0 1951.0 1951.0 ,... 
C: 5 OSI NON-ALUM FIRM LOAD 184.2 184.2 184.5 184.5 184.8 185.1 185.1 185.1 ~ m 6 OSI HANNA FIRM LOAD 0.0 0.0 0. 0 0.0 0.0 0. 0 0.0 o.o = 7 TOTAL OSI FIRM LOAD 2135.2 2135.2 2135.5 2135.5 2135.8 2136.1 2136.1 2136.1 

8 TOT OSI FIRM TRANS LOSSES 55.7 55.7 55.7 55.7 55.7 55.7 55.7 55.7 

9 BPA FEDERAL AGENCIES 150.5 151.1 151.8 152.5 153.0 153.7 154.2 154.8 
10 USBR 67.8 67.8 67.9 67.9 68.0 68.0 68.1 68.1 
11 FEDERAL TRANSMIS LOSSES 160.2 161. 5 162.9 164.3 165.6 167.0 168.2 169.5 
12 ADDTL FEDERAL TRAN LOSSES 65.0 66.1 68.0 70.8 72.0 72.2 73.1 74.4 

13 TOTAL FEDERAL FIRM LOAD 6345.6 6396.5 6453.8 6511.0 6563.0 6615.8 6664.9 6715.3 

GENERATING PUBLIC UTILITIES 
14 SALES 4182.5 4235.6 4294.5 4352.5 4406.4 4462.3 4513.8 4566.2 
15 TRANSMIS & DISTRIB LOSSES 267.7 271.1 274.8 278.6 282.0 285.6 288.9 292.2 
16 SYSTEM LOAD 4450.2 4506.7 4569.3 4631.1 4688.4 4747.9 4802.7 4858.4 

17 PUB RESIDENTL EXCHG--RPSA 367.5 371. 9 376.6 381.6 385.7 390.1 394.1 398.9 
18 PUB RESIDENTL EXCHG--ETCA 11.2 11. 3 11. 4 11.5 11. 6 11. 6 11. 7 11.8 

19 TOTAL PUBLIC SALES 7797. 5 7896.6 8006.3 8114.5 8214.9 8319.2 8415.2 8512.9 

INVESTOR-OWNED UTILITIES 
20 SALES 9931.5 10083.2 10254.3 10407.8 10561.2 10733.8 10889.4 11032.4 
21 TRANSMIS & DISTRIB LOSSES 1042.8 1058.7 1076.7 1092.8 1108. 9 1127. 0 1143. 4 1158. 4 
22 SYSTEM LOAD 10974.3 11142.0 11331.0 11500.6 11670.1 11860.8 12032.8 12190.8 

23 IOU RESIDENTIAL EXCHANGE -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 

24 COLOCKUM 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 

25 TOTAL REGIONAL FIRM SALES 20262.4 20513.9 20795.8 21058.2 21313.0 21590.7 21843.0 22084.3 

26 TOTAL REGIONAL FIRM LOAD 21950.0 22225.1 22534.2 22822.7 23101.5 23404.5 23680.4 23944.6 

27 OSI ALUM TQ LOAD 650.0 650.0 650.0 650.0 650.0 650.0 650.0 650.0 
28 OSI NON-ALUM TQ LOAD 61. 4 61. 5 61. 5 61. 5 61. 5 61. 5 61. 5 61. 5 
29 OSI HANNA TQ LOAD 0.0 0.0 o.o 0.0 0.0 0.0 0.0 o.o 

0 30 TOTAL OSI TOP QTL LOAD 711.4 711.5 711.5 711. 5 711.5 711. 5 711 .5 711. 5 
31 TOT OSI T Q TRANS LOSSES 18.6 18.6 18.6 18.6 18.6 18.6 18.6 18.6 

32 OTHER INTERRUPTIBLE LOAD 0.0 0.0 o.o 0. 0 0.0 0.0 0.0 0.0 

33 TOTAL REGIONAL LOAD 22680.0 22955.2 23264.2 23552.7 23831.5 24134.6 24410.4 24674.6 I ~ 
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1991 FINAL COUNCIL PLAN -- MEDIUM HIGH CASE -- C91F1MHP) I h 
CALENDAR YEAR MEANS FOR AVERAGE REGIONAL FORECAST 

1991 19'J2 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

SMALL 8 NONGEN PUBLIC UTILS 
1 SALES 3189.4 3255.8 3320.8 3387.1 3457.6 3525.8 3594.3 3655.5 3713. 0 3767.8 3824.1 3885.9 
2 DISTRIBUTION LOSSES 134.0 136.7 139.5 142.3 145.2 148.1 151.0 153.5 155.9 158.2 160.6 163.2 
3 SYSTEM LOAD 3323.4 3392.6 3460.3 3529.4 3602.8 3673.9 3745.3 3809.1 3869.0 3926. 0 3984.7 4049.1 

4 DSI ALUM FIRM LOAD 2161. 0 2123.0 2123.0 2115. 5 2087.0 2087.0 2087.0 2087.0 2087.0 2087.0 2087.0 2087.0 
5 DSI NON-ALUM FIRM LOAD 274.4 264.9 247.2 247.3 247.5 248.1 248.4 249.1 249.2 249.8 231. 0 212.3 
6 DSI HANNA FIRM LOAD 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0 0.0 0.0 0. 0 0. 0 
7 TOTAL DSI FIRM LOAD 2435.4 2387.9 2370.2 2362.8 2334.5 2335.1 2335.4 2336.1 2336.2 2336.8 2318.0 2299.3 
8 TOT DSI FIRM TRANS LOSSES 63.5 62.3 61. 8 61. 6 60.9 60.9 60.9 6.J.9 60.9 60.9 60.5 60.0 

9 BPA FEDERAL AGENCIES 144.6 143.1 141.6 142.7 143.8 144.8 145.7 146.5 147.4 148.3 149.1 149.9 
10 USBR 67.3 67.3 67.2 67.3 67.3 67.4 67.4 67.5 67.5 67.6 67.6 67.7 
11 FEDERAL TRANSMIS LOSSES 156.3 156.8 158.1 159.7 161.0 162.9 164.8 166.5 168.1 169.6 170.7 171. 9 
12 ADDTL FEDERAL TRAN LOSSES 69.2 72.8 72.7 72.0 73.3 70.6 68.9 70.5 70. 3 71. 5 73.0 74.8 

13 TOTAL FEDERAL FIRM LOAD 6196.1 6220.5 6270.1 6333.8 6382.7 6454.6 6527.5 6S96.1 6658.4 6719.7 6763.2 6812.8 

GENERATING PUBLIC UTILITIES 
14 SALES 3618.5 3693.8 3767.6 3842.8 3922. 8 4000.2 4077. 9 4147.3 4212.6 4274.7 4338.6 4408.7 
15 TRANSMIS 8 DISTRIB LOSSES 231.6 236.4 241.1 245.9 251.1 256.0 261. 0 265.4 269.6 273.6 277. 7 282.2 
16 SYSTEM LOAD 3850.l 3930.2 4008.7 4088.7 4173.8 4256.2 4338.9 4412.8 4482.2 4548.3 4616.2 4690.9 

17 PUB RESIDENTL EXCHG--RPSA 336.5 345.3 348.9 349.9 355.1 361.8 366.5 370.5 376.4 382.8 389.2 395.3 
18 PUB RESIDENTL EXCHG--ETCA 11. 0 11.2 11.2 11. 2 11. 3 11.4 11.5 11.6 11. 7 11.8 12.0 12.1 

19 TOTAL PUBLIC SALES 6808.0 6949.7 7088.5 7229.9 7380.4 7526.0 7672.3 7802.8 7925. 6 8042.5 8162.7 8294.6 

INVESTOR-OWNED UTILITIES 
20 SALES 8518.5 8700.5 8888.0 9056.8 9239.0 9413.7 9593.1 9785.8 9983.4 10169.3 10343.1 10546.7 
21 TRANSMIS 8 DISTRIB LOSSES 894.4 913.5 933.2 951.0 970.1 988.4 1007.3 1027.5 1048.3 1067.8 1086.0 1107. 4 
22 SYSTEM LOAD 9412.9 9614.0 9821.2 10007.8 10209.1 10402.1 10600.4 10813.4 11031.7 11237.1 11429.2 11654.1 

23 IOU RESIDENTIAL EXCHANGE -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 

24 COLOCKUM 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 
~ 

25 TOTAL REGIONAL FIRM SALES 18153.8 18428.5 18735.4 19039.5 19345.0 19667.0 19993.9 20318.8 20640.1 20944.3 21220.6 21538.3 z 
0 
::l 26 TOTAL REGIONAL FIRM LOAD 19639.2 19944.8 20280.1 20610.4 20945.6 21293.0 21646.8 22002.3 22352.3 22685.0 22988.6 23337.8 
::i:: 
:S 

27 DSI ALUM TQ LOAD 720.0 708.0 708.0 705.5 696.0 696.0 696.0 696.0 696.0 696.0 696.0 696.0 }] 
-l 28 DSI NON-ALUM TQ LOAD 91. 3 88.3 82.3 82.3 82.3 82.7 83.0 83.2 83.2 83.3 77. 0 70.8 C, 

trl 
~ 29 DSI HANNA TQ LOAD 0.0 0.0 o.o o.o 0.0 0.0 o.o 0.0 0.0 0.0 0.0 o.o ~ ~ 

0

30 TOTAL DSI TOP QTL LOAD 811.3 796.3 790.3 787.8 778.3 778. 7 779. 0 779 .2 779. 2 779. 3 773. 0 766.8 t"' 
:,:, 31 TOT OSI T Q TRANS LOSSES 21. 2 20.8 20.6 20.5 20.3 20.3 20.3 20.3 20.3 20.3 20.2 20.0 trl .. C, 

~ 
'Tl 

32 OTHER INTERRUPTIBLE LOAD 0.0 0.0 0.0 o.o 0.0 0.0 O.u 0.0 o.o 0.0 0. 0 o.o 0 

I Gl 
-< (") 

20471.7 20761.8 21090.9 21418.8 21744.2 22091.9 22446.2 22801.7 23151.8 23484.6 23781.7 24124.6 ;,, 
0 33 TOTAL REGIONAL LOAD "' t"' -l 
C: 

>' s: 
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:r:: 1991 FINAL COUNCIL PLAN -- MEDIUM HIGH CASE -- (91FlMHP) c:, 

~ CALENDAR YEAR MEANS FOR AVERAGE REGIONAL FORECAST a 
"' ~ .., 

n 
c3 2003 2004 2005 2006 2007 2008 2009 2010 ~ 
~ 

.., 
"' SMALL & NONGEN PUBLIC UTILS ~ .,, l SALES 3947.l 4015.2 4084 . 4 4156.0 4221.2 4287 . l 4357 . 3 4428 . 4 
~ 

r 
2 DISTRIBUTION LOSSES 165.8 168 . 6 171. 5 174.6 177. 3 180.l 183 . 0 186.0 tT1 

z (I) 

I 3 SYSTEM LOAD 4112.9 4183 . 9 4255.9 4330.6 4398 . 5 4467.1 4540.3 4614 . 4 
< 
0 
r 4 DSI ALUM FIRM LOAD 2087.0 2087 . 0 2087.0 2087.0 2087.0 2087.0 2087.0 2087 . 0 C 
s: 5 DSI NON-ALUM FIRM LOAD 212.4 212.3 212 . 6 212 . 7 212.7 213 . 3 213.3 213 . 3 
tT1 

= 6 DSI HANNA FIRM LOAD 0.0 0.0 0 . 0 0 . 0 0 . 0 0.0 0 . 0 0 . 0 
7 TOTAL OSI FIRM LOAD 2299.4 2299.3 2299 . 6 2299.7 2299.7 2300 . 3 2300.3 2300 . 3 
8 TOT OSI FIRM TRANS LOSSES 60.0 60.0 60.0 60.0 60 . 0 60.0 60.0 60 . 0 

9 BPA FEDERAL AGENCIES 150.5 151. l 151. 8 152.5 153 . 0 153 . 7 154.2 154.8 
10 USBR 67.8 67 . 8 67 . 9 67.9 68 . 0 68.0 68.l 68 . l 
11 FEDERAL TRANSMIS LOSSES 173.6 175.5 177.4 179.4 181. 2 183.0 185 . 0 186.9 
12 ADDTL FEDERAL TRAN LOSSES 75.0 76.6 79.1 82.3 84 . 0 84.7 86.4 88.0 

13 TOTAL FEDERAL FIRM LOAD 6879.2 6954.3 7031 . 8 7112.4 7184 . 4 7256.8 7334.2 7412.6 

GENERATING PUBLIC UTILITIES 
14 SALES 4478.l 4555.4 4633 . 9 4715.2 4789.l 4863.8 4943.5 5024.2 
15 TRANSMIS & DISTRIB LOSSES 286.6 291.5 296.6 301.8 306.5 311. 3 316 . 4 321. 5 
16 SYSTEM LOAD 4764.7 4847.0 4930.4 5017.0 5095.6 5175.l 5259.9 5345.7 

17 PUB RESIDENTL EXCHG--RPSA 401 . 3 407.9 414 . 4 421 . 6 427 . 5 433 . 7 440.l 447.6 
18 PUB RESIDENTL EXCHG--ETCA 12.3 12.4 12.6 12.7 12.8 12 . 9 13 . l 13.3 

19 TOTAL PUBLIC SALES 8425.2 8570.7 8718. 3 8871. 2 9010.4 9150.9 9300 . 8 9452.6 

INVESTOR-OWNED UTILITIES 
20 SALES 10746.6 10983 . 1 11236.6 11483.9 11704 . 9 11951.4 12204.7 12436.8 
21 TRANSMIS & DISTRIB LOSSES 1128. 4 1153. 2 1179. 8 1205.8 1229.0 1254 . 9 1281.5 1305.9 
22 SYSTEM LOAD 11875.0 12136.3 12416.5 12689 . 7 12933.9 13206.3 13486 . 2 13742.6 

23 IOU RESIDENTIAL EXCHANGE -999 . 0 -999.0 -999 . 0 - 999.0 -999.0 -999.0 -999 . 0 -999 . 0 

24 COLOCKUM 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 

25 TOTAL REGIONAL FIRM SALES 21869.5 22252.l 22654.2 23055.2 23416.0 23804.2 24208.l 24592.6 

26 TOTAL REGIONAL FIRM LOAD 23698.9 24117 . 6 24558.7 24999 . 0 25394 . 0 25818 . 2 26260 . 3 26680 . 9 

27 OSI ALUM TQ LOAD 696.0 696.0 696.0 696 . 0 696 . 0 696.0 696. 0 ' 696 . 0 
28 OSI NON-ALUM TQ LOAD 70 . 9 70.8 71. l 71. 2 71.2 71. 2 71. 2 7;. . 2 
29 OSI HANNA TQ LOAD 0 . 0 0 . 0 0.0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 

' 30 TOTAL DSI TOP QTL LOAD 766 . 9 766.8 767 . 1 767 . 2 767 . 2 767 . 2 767.2 767.2 
31 TOT OSI T Q TRANS LOSSES 20.0 20 . 0 20.0 20 . 0 20 . 0 20.0 20.0 20.0 

32 OTHER INTERRUPTIBLE LOAD 0. 0 0 . 0 o.o 0.0 0 . 0 o.o 0. 0 0.0 

33 TOTAL REGIONAL LOAD 24485 . 8 24904.4 25345.8 25786.2 26181 . l 26605 . 4 27047.5 27468.l I ?; .,, 
trl z 
c:, 
x 
"' I 
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1991 FINAL COUNCIL PLAN -- HIGH CASE -- (91FlHP) I ):; 
CALENDAR VEAR MEANS FOR AVERAGE REGIONAL FORECAST 

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

SMALL & NONGEN PUBLIC UTILS 
1 SALES 3298.2 3405.9 3499.3 3605.5 3716. 0 3816.0 3920. 9 4005.5 4091. 6 4183.0 4272.8 4366.6 
2 DISTRIBUTION LOSSES 138.5 143.0 147.0 151. 4 156.l 160.3 164.7 168.2 171.8 175.7 179.5 183.4 
3 SYSTEM LOAD 3436.7 3549.0 3646.3 3756.9 3872 .1 3976.3 4085.6 4173.7 4263.4 4358.7 4452.3 4550.0 

4 OSI ALUM FIRM LOAD 2160.5 2160.0 2160.0 2160.0 2160.0 2160.0 2160.0 2160.0 2160.0 2160.0 2160.0 2160.0 
5 OSI NON-ALUM FIRM LOAD 316.8 315.0 316.0 316.0 316.0 316.0 316.0 316.0 316.0 316.0 278.5 241.0 
6 OSI HANNA FIRM LOAD 0.0 o.o 0.0 0.0 0.0 0.0 0. 0 0.0 0. 0 0.0 0.0 o.o 
7 TOTAL OSI FIRM LOAD 2477. 3 2475.0 2476.0 2476.0 2476.0 2476.0 2476.0 2476.0 2476.0 2476.0 2438.5 2401.0 
8 TOT DSI FIRM TRANS LOSSES 64.6 64.6 64.6 64.6 64.6 64.6 64.6 64.6 64.6 64.6 63.6 62.6 

9 BPA FEDERAL AGENCIES 144.6 143.1 141.6 142.7 143.8 144.8 145.7 146.5 147.4 148.3 149.1 149.9 
10 USBR 67.3 67.3 67.2 67.3 67.3 67.4 67.4 67.5 67.5 67.6 67.6 67.7 
11 FEDERAL TRANSMIS LOSSES 160.3 163.2 165.7 168.7 171. 7 174.5 177. 4 179. 7 182.1 184.6 186.2 187.7 
12 ADDTL FEDERAL TRAN LOSSES 72.8 77 .8 78.8 79.0 81. 4 79.3 78.4 80.8 81. 7 83.8 86.1 88.8 

13 TOTAL FEDERAL FIRM LOAD 6359.0 6475.4 6575.6 6690.7 6812.3 6918. 2 7030.5 7124. 3 7218 .1 7319.0 7379.8 7445.3 

GENERATING PUBLIC UTILITIES 
14 SALES 3742.0 3864.2 3970.l 4090.6 4215.9 4329.4 4448.5 4544.4 4642.1 4745.8 4847.7 4954.1 
15 TRANSMIS & DISTRIB LOSSES 239.5 247.3 254.1 261.8 269.8 277 .1 284.7 290.8 297.1 303.7 310.2 317.1 
16 SYSTEM LOAD 3981. 4 4111.5 4224.2 4352.4 4485.8 4606.5 4733.2 4835.2 4939.2 5049.6 5157.9 5271. 2 

17 PUB RESIDENTL EXCHG--RPSA 348.0 361. 2 367.7 372.4 381.7 391.6 399.8 406.0 414.7 425.0 434.9 444.2 
18 PUB RESIDENTL EXCHG--ETCA 11.4 11. 7 11.8 11. 9 12.2 12.4 12.6 12.7 12.9 13.2 13.4 13.6 

19 TOTAL PUBLIC SALES 7040.2 7270.1 7469.4 7696.l 7932.0 8145.4 8369.4 8549.9 8733.7 8928.9 9120. 5 9320.8 

INVESTOR-OWNED UTILITIES 
20 SALES 8821.0 9137.7 9422.8 9720.0 10036.8 10328.0 10633.7 10891.8 11200.9 11514.3 11811.3 12128.0 
21 TRANSMIS & DISTRIB LOSSES 926.2 959.5 989.4 1020.6 1053.9 1084.4 1116.5 1143. 6 1176 .1 1209.0 1240.2 1273.4 
22 SYSTEM LOAD 9747.2 10097.1 10412.2 10740.6 11090.6 11412.4 11750.2 12035.4 12377.0 12723.3 13051.5 13401.4 

23 IOU RESIDENTIAL EXCHANGE -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 

24 COLOCKUM 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 

~ 25 TOTAL REGIONAL FIRM SALES 18730.3 19273.2 19757.0 20282.1 20835.9 21341.6 21872.2 22311.6 22805.5 23315.0 23767.1 24247.4 
z 
0 26 TOTAL REGIONAL FIRM LOAD 20267.6 20863.9 21392.0 21963.7 22568.7 23117.1 23693.9 24174.9 24714.3 25271.8 25769.3 26297.9 cl 
:t 
:E 27 OSI ALUM TQ LOAD 720.0 720.0 720.0 720.0 720. 0 720.0 720.0 720.0 720.0 720. 0 720.0 720.0 m 
"' 28 OSI NON-ALUM TQ LOAD 105.8 105.0 105.0 105.0 105.0 105.0 105.0 105.0 105.0 105.0 92.5 80.0 v 
--l m 
c3 29 OSI HANNA TQ LOAD 0. 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o.o 0.0 0.0 0. 0 ~ 
:E "30 TOTAL OSI TOP QTL LOAD 825.8 825.0 825.0 825.0 825.0 825.0 825.0 825.0 825.0 825.0 812.5 8011.0 tn m 31 TOT OSI T Q TRANS LOSSES 21. 5 21. 5 21. 5 21. 5 21. 5 21. 5 21. 5 21.5 21. 5 21. 5 21. 2 20.9 :,:/ v 
-0 23 
~ 32 OTHER INTERRUPTIBLE LOAD o.o 0. 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0 [',; 
I (') 

< 33 TOTAL REGIONAL LOAD 21114.9 21710.5 22238.5 22810.2 23415.2 23963.6 24540.4 25021.4 25560.8 26118.3 26603.0 27118.7 i;; 
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~ "' rn 1991 FINAL COUNCIL PLAN -- HIGH CASE - - C91FlHP) 0 
;,:, 

-l CALENDAR YEAR MEANS FOR AVERAGE REGIONAL FORECAST tTl .,, (l 

0 ;,. 
~ 2003 2004 2005 2006 2007 2008 2009 2010 

V, 

tTl 
-l 

;,:, ~ .,, 
SMALL & NONGEN PUBLIC UTILS "' ~ 

r 

l SALES 4457.5 4564.7 4677.8 4785.2 4890 . l 4997 . 4 5105.2 5216.2 tTl 
V, 

I 2 DISTRIBUTION LOSSES 187 . 2 191.7 196.5 201.0 205.4 209 . 9 214 . 4 219 . l < 
0 3 SYSTEM LOAD 4644.7 4756.5 4874.3 4986.2 5095.5 5207 .3 5319.6 5435.3 
t: 
;:: 

4 DSI ALUM FIRM LOAD 2160.0 2160.0 2160.0 2160.0 2160 . 0 2160.0 2160.0 2160.0 tTl 
:::: 5 DSI NON-ALUM FIRM LOAD 241.0 241.0 241.0 241.0 241.0 241.0 241.0 241.0 

6 DSI HANNA FIRM LOAD 0.0 0.0 0.0 0 . 0 0.0 0.0 0.0 0 . 0 
7 TOTAL DSI FIRM LOAD 2401.0 2401.0 2401. 0 2401.0 2401.0 2401 . 0 2401. 0 2401.0 
8 TOT DSI FIRM TRANS LOSSES 62.6 62.6 62.6 62.6 62.6 62.6 62.6 62.6 

9 BPA FEDERAL AGENCIES 150.5 151.l 151.8 152.5 153.0 153 . 7 154.2 154.8 
10 USBR 67 . 8 67 . 8 67.9 67.9 68 . 0 68 . 0 68.l 68 . 1 
11 FEDERAL TRANSMIS LOSSES 190.2 193.2 196.3 199.3 202.2 205.1 208.l 211.1 
12 ADDTL FEDERAL TRAN LOSSES 90.1 92.9 96.6 101.1 104.0 106.l 108.8 111 . 1 

13 TOTAL FEDERAL FIRM LOAD 7544 . 3 7662.5 7787. 9 7908.0 8023.7 8141.2 8259.9 8381.5 

GENERATING PUBLIC UTILITIES 
14 SALES 5057.1 5178.9 5307.1 5429.0 5548.0 5669.7 5792. 0 5918.0 
15 TRANSMIS & DISTRIB LOSSES 323.7 331.4 339.7 347.5 355.1 362.9 370.7 378.7 
16 SYSTEM LOAD 5380.8 5510.3 5646.8 5776. 5 5903.l 6032 . 6 6162.7 6296.8 

17 PUB RESIDENTL EXCHG--RPSA 453 . 2 463.7 474.6 485.5 495.3 505.5 515.7 52 7 .2 
18 PUB RESIDENTL EXCHG--ETCA 13.8 14.1 14.4 14.6 14.9 15.1 15 . 3 15.6 

19 TOTAL PUBLIC SALES 9514.6 9743.6 9984.9 10214.3 10438.l 10667 . 1 10897.3 11134.2 

INVESTOR-OWNED UTILITIES 
20 SALES 12413.0 12751.5 13138.0 13489 . 5 13839.8 14197.4 14555.4 14908.l 
21 TRANSMIS & DISTRIB LOSSES 1303 . 4 1338 . 9 1379.5 1416.4 1453.2 1490.7 1528 .3 1565.3 
22 SYSTEM LOAD 13716.4 14090.4 14517.5 14905.9 15293.0 15688.1 16083 . 7 16473.4 

23 IOU RESIDENTIAL EXCHANGE -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999 . 0 -999.0 

24 COLOCKUM 180 . 0 180.0 180.0 180.0 180.0 180 . 0 180.0 180 . 0 

25 TOTAL REGIONAL FIRM SALES 24726.9 25295.0 25923.7 26505.2 27080.0 27667 . 2 28256.0 28846.3 

26 TOTAL REGIONAL FIRM LOAD 26821 . 5 27443.2 28132.2 28770 . 4 29399.8 30041.8 30686.3 31331.7 

27 DSI ALUM TQ LOAD 720 . 0 720.0 720.0 720.0 720.0 720 . 0 720 . 0 720.0 
28 DSI NON-ALUM TQ LOAD 80 . 0 80.0 80 . 0 80.0 80 . 0 80.0 80 . 0 80 . 0 
29 DSI HANNA TQ LOAD 0.0 o.o 0.0 0.0 0.0 0 . 0 0.0 0.0 

0 30 TOTAL DSI TOP QTL LOAD 800 . 0 800.0 800.0 800.0 800.0 800 . 0 800.0 800.0 
31 TOT DSI T Q TRANS LOSSES 20.9 20.9 20.9 20.9 20.9 20 . 9 20 . 9 20 . 9 

32 OTHER INTERRUPTIBLE LOAD 0 . 0 0.0 0 . 0 0.0 0 . 0 0.0 0.0 0.0 

33 TOTAL REGIONAL LOAD 27642.4 28264 . l 28953.l 29591.3 30220.7 30862.7 31507.2 32152.6 I ~ z 
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1991 FINAL COUNCIL PLAN -- LOW CASE -- C91FlLP) I h 
OPERATING YEAR MEANS FOR AVERAGE REGIONAL FORECAST 

1990- 1991- 1992- 1993- 1994- 1995- 1996- 1997- 1998- 1999- 2000- 2001-
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

SMALL & NONGEN PUBLIC UTILS 
1 SALES 2986.0 2966.5 2962.6 2958.4 2958.7 2965.1 2975.8 2983.3 2984.6 2983.8 2984.6 2989.7 
2 DISTRIBUTION LOSSES 125.4 124.6 124.4 124.3 124.3 124.5 125.0 125.3 125.4 125.3 125.4 125.6 
3 SYSTEM LOAD 3111. 5 3091.1 3087.0 3082.6 3082.9 3089.6 3100.8 3108.6 3110.0 3109.2 3109.9 3115. 2 

4 DSI ALUM FIRM LOAD 2055.5 1795.3 1596.8 1379.0 1107. 6 1027.0 1027.0 1027.0 1027.0 992.9 770.7 549.0 
5 DSI NON-ALUM FIRM LOAD 151.5 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
6 OSI HANNA FIRM LOAD 0.0 0. 0 0.0 0. 0 0.0 0.0 0. 0 o.o 0.0 0.0 0.0 0.0 
7 TOTAL OSI FIRM LOAD 2207.0 1895.3 1696.8 1479.0 1207.6 1127. 0 1127. 0 1127. 0 1127. 0 1092.9 870.7 649.0 
8 TOT OSI FIRM TRANS LOSSES 57.4 49.4 44.2 38.5 31. 4 29.4 29.4 29.4 29.4 28.5 22.7 16.9 

9 BPA FEDERAL AGENCIES 143.8 144.5 141.7 142.1 143.3 144.3 145.2 146.1 147.0 147.8 148.7 149.5 
10 USBR 67.2 67.3 67.3 67.2 67.3 67.3 67.4 67.5 67.5 67.5 67.6 67.7 
11 FEDERAL TRANSMIS LOSSES 144.6 136.0 130.6 124.9 117 .8 116. 0 116. 3 116. 5 116. 6 115. 7 110. 0 104.3 
12 ADDTL FEDERAL TRAN LOSSES 59.l 61. 8 61. 7 57.0 56.7 57.1 49.3 43.7 48.9 47.8 47.7 47.8 

13 TOTAL FEDERAL FIRM LOAD 5733.1 5396.0 5185.1 4952.8 4675.5 4601. 4 4606.1 4615.4 4616.9 4581.0 4354.6 4133.6 

GENERATING PUBLIC UTILITIES 
14 SALES 3387.5 3365.6 3361.1 3356.4 3356.7 3364.1 3376.3 3384.7 3386.2 3385.3 3386.2 3391. 9 
15 TRANSMIS & DISTRIB LOSSES 216.8 215.4 215.1 214.8 214.8 215.3 216.1 216.6 216.7 216.7 216.7 217.1 
16 SYSTEM LOAD 3604.3 3581.0 3576.2 3571. 2 3571. 6 3579.4 3592.4 3601.3 3602.9 3601.9 3602.9 3609.0 

17 PUB RESIDENTL EXCHG--RPSA 316.3 313.8 314.4 306.6 304.8 304.5 304.8 303.0 302.5 302.5 304.0 304.3 
18 PUB RESIDENTL EXCHG--ETCA 10.5 10.2 10.1 9.9 9.7 9.7 9.6 9.5 9.4 9.4 9.4 9.4 

19 TOTAL PUBLIC SALES 6373.6 6332.0 6323.7 6314.7 6315.4 6329.2 6352.2 6368.0 6370.8 6369.1 6370.7 6381.6 

INVESTOR-OWNED UTILITIES 
20 SALES 7973.1 7809.9 7834.2 7791. 2 7781. 3 7777. 6 7760.1 7766 .1 7772. 9 7759. 9 7768. 2 7775.4 
21 TRANSMIS & DISTRIB LOSSES 837.2 820.0 822.6 818.1 817.0 816.6 814.8 815.4 816.2 814.8 815.7 816.4 
22 SYSTEM LOAD 8810.3 8629.9 8656.8 8609.2 8598.3 8594.3 8574.9 8581.5 8589.1 8574.7 8583.8 8591.8 

23 IOU RESIDENTIAL EXCHANGE -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 

24 COLOCKUM 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 

:§ 25 TOTAL REGIONAL FIRM SALES 16944.6 16429.1 16243.7 15974.3 15694.9 15625.5 15631.9 15654.6 15665.1 15617.3 15405.9 15203.2 
z 
0 26 TOTAL REGIONAL FIRM LOAD 18327.7 17786.9 17598.1 17313.2 17025.4 16955.0 16953.4 16978.2 16988.8 16937.6 16721.3 16514.5 
~ 
~ 27 DSI ALUM TQ LOAD 655.4 598.5 532.3 459.8 369.1 342.0 342.0 342.0 342.0 330.8 257.0 183.0 a 

28 DSI NON-ALUM TQ LOAD 49.7 33.0 33.0 33.0 33.0 33.0 33.0 33.0 33.0 33.0 33.0 33.0 m 
--l 

~ .,, 29 OSI HANNA TQ LOAD 0. 0 o.o o.o 0.0 0.0 0.0 0.0 0. 0 0.0 0.0 0.0 0.0 
0 0 30 TOTAL DSI TOP QTL LOAD 705.1 631.5 565.3 492.8 402.l 375.0 375.0 375.0 375.0 363.8 290.0 216.0 r 

~ m 
31 TOT OSI T Q TRANS LOSSES 18.4 16.4 14.7 12.8 10.4 9.8 9.8 9.8 9.8 9.5 7.6 5.6 a 

:,:, tJ .,, 
r 32 OTHER INTERRUPTIBLE LOAD 0. 0 0.0 0. 0 0.0 0.0 0.0 0. 0 0.0 0.0 0.0 0.0 0. 0 6l > z (l 

I > 
< 33 TOTAL REGIONAL LOAD 19051.l 18434.9 18178.1 17818.9 17437.9 17339.8 17338.2 17363.0 17373.6 17310.8 17018.8 16736.1 u, 
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0 ::c: 1991 FINAL COUNCIL PLAN -- LOW CASE -- (91F1LP) cl ~ OPERATING YEAR MEANS FOR AVERAGE REGIONAL FORECAST ;,:, 
(J) 

2002- 2003- 2004- 2005- 2006- 2007- 2008- 2009- 2010- tr1 -l () .,, 
2003 2004 2005 2006 2007 2008 2009 2010 2011 > 0 (J) 

~ 
-l 

;,:, SMALL & NONGEN PUBLIC UTILS ~ .,, ttJ 

1 SALES 2995.9 3007.1 3024.6 3042.6 3058.5 3073.7 3090.2 3109.1 3119. 3 r< :;: tr1 
z 2 DISTRIBUTION LOSSES 125.8 126.3 127.0 127.8 128.5 129.1 129.8 130.6 131.0 V1 

I 3 SYSTEM LOAD 3121.8 3133.4 3151. 6 3170.4 3186.9 3202.8 3220.0 3239.7 3250.3 < 
0 
t 4 OSI ALUM FIRM LOAD 549.0 549.0 549.0 549.0 549.0 549.0 549.0 549.0 549.0 
;;'. 5 OSI NON-ALUM FIRM LOAD 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 tr1 

= 6 OSI HANNA FIRM LOAD 0.0 0.0 o.o o.o 0. 0 0.0 0.0 0.0 0.0 
7 TOTAL OSI FIRM LOAD 649.0 649.0 649.0 649.0 649.0 649.0 649.0 649.0 649.0 
8 TOT OSI FIRM TRANS LOSSES 16.9 16.9 16.9 16.9 16.9 16.9 16.9 16.9 16.9 

9 BPA FEDERAL AGENCIES 150.2 150.8 151. 5 152.2 152.8 153.4 153.9 154.5 155.1 
10 USBR 67.7 67.8 67.9 67.9 68.0 68.0 68.0 68.1 68.1 
11 FEDERAL TRANSMIS LOSSES 104.5 104.9 105.4 105.9 106.3 106.8 107.2 107.8 108.1 
12 ADDTL FEDERAL TRAN LOSSES 47.3 46.8 47.2 49.3 50.4 50.0 49.3 50.4 50.4 

13 TOTAL FEDERAL FIRM LOAD 4140.6 4152.7 4172.5 4194.7 4213.4 4229.9 4247.6 4269.5 4281.0 

GENERATING PUBLIC UTILITIES 
14 SALES 3399.1 3411. 8 3431.6 3452.0 3470.0 3487.4 3506.l 3527.5 3539.0 
15 TRANSMIS & DISTRIB LOSSES 217.5 218.4 219.6 220.9 222.1 223.2 224.4 225.8 226.5 
16 SYSTEM LOAD 3616.6 3630.2 3651.2 3673.0 3692.1 3710.6 3730.5 3753.3 3765.5 

17 PUB RESIDENTL EXCHG--RPSA 304.7 305.6 307.0 308.7 310.0 311.1 312.4 313.9 315.6 
18 PUB RESIDENTL EXCHG--ETCA 9.3 9.3 9.3 9.3 9.3 9.3 9.3 9.3 9.3 

19 TOTAL PUBLIC SALES 6395.0 6419.0 6456.2 6494.6 6528.5 6561. l 6596.3 6636.6 6658.3 

INVESTOR-OWNED UTILITIES 
20 SALES 7792. 8 7813.2 7851. 2 7891.0 7929.8 7964.7 8018.1 8060.8 8118. 2 
21 TRANSMIS & DISTRIB LOSSES 818.2 820.4 824.4 828.6 832.6 836.3 841.9 846.4 852.4 
22 SYSTEM LOAD 8611 .1 8633.5 8675.6 8719.6 8762.5 8800.9 8860.0 8907.2 8970.7 

23 IOU RESIDENTIAL EXCHANGE -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 

24 COLOCKUM 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 

25 TOTAL REGIONAL FIRM SALES 15234.8 15279.7 15355.8 15434.7 15508.1 15576.1 15665.4 15749.0 15828.8 

26 TOTAL REGIONAL FIRM LOAD 16548.2 16596.4 16679.3 16767.2 16848.0 16921.4 17018.0 17109.9 17197.2 

27 OSI ALUM TQ LOAD 183.0 183.0 183.0 183.0 183.0 183.0 183.0 183.0 183.0 
28 OSI NON-ALUM TQ LOAD 33.0 33.0 33.0 33.0 33.0 33.0 33.0 33.0 33.0 
29 OSI HANNA TQ LOAD 0.0 0.0 0.0 0.0 0. 0 0.0 0.0 0.0 0. 0 

"30 TOTAL OSI TOP QTL LOAD 216.0 216.0 216.0 216.0 216.0 216.0 216.0 216.0 216.0 
31 TOT OSI T Q TRANS LOSSES 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 

32 OTHER INTERRUPTIBLE LOAD 0.0 0.0 0.0 0.0 0. 0 0.0 0.0 I). 0 0.0 

33 TOTAL REGIONAL LOAD 16769.9 16818.0 16901.0 16988.9 17069.6 17143.1 17239.6 173~1.5 17418.8 I ~ 
tr1 z 
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1991 FINAL COUNCIL PLAN -- MEDIUM LOW CASE -- (91F1MLP) I h OPERATING YEAR MEANS FOR AVERAGE REGIONAL FORECAST 
1990- 1991- 1992- 1993- 1994- 1995- 1996- "j_997- 1998- 1999- 2000- 2001-
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

SMALL & NONGEN PUBLIC UTILS 
1 SALES 3043.4 3060.2 3084.4 3108.8 3137.4 3169.l 3204.3 3234.8 3259.4 3282.8 3305.9 3331.7 
2 DISTRIBUTION LOSSES 127.8 128.5 129.5 130.6 131.8 133.1 134.6 135.9 136.9 137.9 138.8 139.9 
3 SYSTEM LOAD 3171.2 3188.7 3213.9 3239.3 3269.1 3302.2 3338.9 3370.7 3396.3 3420.6 3444.7 3471. 7 

4 DSI ALUM FIRM LOAD 2072.0 1904.7 1797.8 1654.3 1491. 5 1439.0 1439.0 1439.0 1439.0 1439.0 1439.0 1439.0 
5 OSI NON-ALUM FIRM LOAD 184.7 171. 3 139.0 139.3 139.4 140.l 140.3 140.9 141.1 141.6 142.1 142.l 
6 OSI HANNA FIRM LOAD 0.0 0.0 0.0 0. 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
7 TOTAL OSI FIRM LOAD 2256.7 2075.9 1936.8 1793.5 1630.9 1579.1 1579.3 1579.9 1580.1 1580.6 1581.1 1581.1 
8 TOT OSI FIRM TRANS LOSSES 58.7 54.1 50.5 46.7 42.4 41.2 41.2 41.2 41. 2 41. 2 41. 2 41.2 

9 BPA FEDERAL AGENCIES 143.8 144.5 141.7 142.1 143.3 144.3 145.2 146.1 147.0 147.8 148. 7 149.5 
10 USBR 67.2 67.3 67.3 67.2 67.3 67.3 67.4 67.5 67.5 67.5 67.6 67.7 
11 FEDERAL TRANSMIS LOSSES 147.5 143.3 140.3 137.2 133.7 133.4 134.4 135.2 135.9 136.6 137.3 138.0 
12 ADDTL FEDERAL TRAN LOSSES 61. 7 65.4 66.3 62.2 62.8 63.9 56.7 57.7 57.3 57.0 57.5 58.1 

13 TOTAL FEDERAL FIRM LOAD 5848. 1 5685. 2 5566.3 5441.6 5307.2 5290.2 5321. 9 5357.1 5384.1 5410.2 5436.9 5466.1 

GENERATING PUBLIC UTILITIES 
14 SALES 3452.9 3472.1 3499.5 3527.2 3559.7 3595.7 3635.7 3670.2 3698.1 3724.6 3750.8 3780.2 
15 TRANSMIS 8 DISTRIB LOSSES 221.0 222.2 224.0 225.7 227.8 230.1 232.7 234.9 236.7 238.4 240.0 241.9 
16 SYSTEM LOAD 3673.9 3694.3 3723. 5 3752.9 3787.5 3825.8 3868.4 3905.1 3934.8 3962.9 3990.9 4022.1 

17 PUB RESIDENTL EXCHG--RPSA 322.3 323.7 327.4 322.2 323.2 325.4 328.2 328.5 330.3 332.8 336.7 339.1 
18 PUB RESIDENTL EXCHG--ETCA 10.6 10.5 10.5 10.4 10.3 10.3 10.3 10.3 10.3 10.3 10.4 10.4 

19 TOTAL PUBLIC SALES 6496.3 6532.4 6583.9 6636.0 6697.1 6764.8 6840.0 6905.0 6957.5 7007.3 7056.7 7111.9 

INVESTOR-OWNED UTILITIES 
20 SALES 8092 .1 8029.8 8131.6 8165.7 8220.l 8274.9 8322.5 8394.3 8468.8 8526.3 8606.3 8681.6 
21 TRANSMIS & DISTRIB LOSSES 849.7 843.1 853.8 857.4 863.l 868.9 873.9 881. 4 889.2 895.3 903.7 911. 6 
22 SYSTEM LOAD 8941.7 8872.9 8985.4 9023.1 9083.2 9143. 8 9196.4 9275.7 9358.0 9421. 6 9509.9 9593.2 

23 IOU RESIDENTIAL EXCHANGE -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 

24 COLOCKUM 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 

~ 
25 TOTAL REGIONAL FIRM SALES 17236.0 17029.8 17041.3 16984.6 16938.7 17010.5 17134.4 17272.8 17400.8 17509.6 17640.3 17771.8 

z 
0 

26 TOTAL REGIONAL FIRM LOAD 18643.7 18432.5 18455.1 18397.7 18357.9 18439.8 18566.6 18717.9 18856.9 18974.8 19117.7 19261.3 
q 

27 DSI ALUM TQ LOAD 660.9 634.9 599.3 551.6 497.5 480.0 480.0 480.0 480.0 480.0 480. 0 480.0 :i: 
:"! 28 DSI NON-ALUM TQ LOAD 60.9 57.2 46.3 46.3 46.4 46.7 46.8 47.2 47.2 47.3 47.3 47.3 
rn 0 

29 OSI HANNA TQ LOAD 0.0 0.0 0.0 0.0 0.0 o.o 0.0 0.0 0.0 0.0 0.0 0.0 tl1 
'"1 g 
6 "30 TOTAL OSI TOP QTL LOAD 721.8 692 .1 645.5 597.9 543.9 526.7 526.8 527.2 527.2 527.3 527.3 527.3 

31 TOT OSI T Q TRANS LOSSES 18.8 18.0 16.8 15.6 14.2 13.7 13.7 13.7 13.7 13.8 13.8 13.8 r 
:"! tl1 
tl1 0 
:,, ~ " 32 OTHER INTERRUPTIBLE LOAD 0. 0 0. 0 0.0 0.0 0.0 0.0 0. 0 0. 0 0.0 0. 0 0.0 c.o :; :,, 

tl1 
z 

33 TOTAL REGIONAL LOAD 19384.3 19142.6 19117.5 19011.2 18916.0 18980.2 19107.2 19258.8 19397.8 19515.8 19658.7 19802.3 
(l 
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~ 1991 FINAL COUNCIL PLAN -- MEDIUM LOW CASE -- (91FlMLP) 0 
:i: 8 ::! OPERATING YEAR MEANS FOR AVERAGE REGIONAL FORECAST 
tT1 2002- 2003- 2004- 2005- 2006- 2007- 2008- 2009- 2010- ~ 
:'.j ("l 

.,, 2003 2004 2005 2006 2007 2008 2009 2010 2011 ::,. 
0 

V, .., 
::! SMALL & NONGEN PUBLIC UTILS ~ tT1 
;:o 

1. SALES 3358.3 3390.4 3430.7 3472.9 3514.0 3555.0 3595.4 3637.3 3659.0 "' .,, r 

~ 2 DISTRIBUTION LOSSES 141.0 142.4 144.1 145.9 147.6 149.3 151.0 152.8 153.7 
tT1 
V, 

I 3 SYSTEM LOAD 3499.3 3532.8 3574.8 3618.8 3661.6 3704.3 3746.5 3790.l 3812.7 
< 
0 4 DSI ALUM FIRM LOAD 1439.0 1439.0 1439.0 1439.0 1439.0 1439.0 1439.0 1439.0 1439.0 t: 
:s: 5 DSI NON-ALUM FIRM LOAD 142.1 142.1 142.2 142.3 142.3 142.3 142.8 142.8 142.8 
tT1 6 DSI HANNA FIRM LOAD 0.0 0. 0 0.0 0.0 0.0 0.0 0.0 0. 0 0.0 
::: 7 TOTAL DSI FIRM LOAD 1581.1 1581. 1 1581. 2 1581.3 1581. 3 1581. 3 1581.8 1581.8 1581.8 

8 TOT DSI FIRM TRANS LOSSES 41. 2 41. 2 41. 2 41. 2 41. 2 41. 2 41.3 41. 3 41. 3 

9 BPA FEDERAL AGENCIES 150.2 150.8 151. 5 152.2 152.8 153.4 153.9 154.5 155.1 
10 USBR 67.7 67.8 67.9 67.9 68.0 68.0 68.0 68.l 68.1 
11 FEDERAL TRANSMIS LOSSES 138.8 139.7 140.8 142.0 143.1 144.3 145.4 146.6 147.2 
12 ADDTL FEDERAL TRAN LOSSES 58.l 58.2 59.0 62.0 63.6 63.9 63.8 65.8 65.8 

13 TOTAL FEDERAL FIRM LOAD 5495.3 553il.3 5575.1 5624.1 5670.3 5715.0 5759.5 5806.9 5830.7 

GENERATING PUBLIC UTILITIES 
14 SALES 3810.3 3846.8 3892.6 3940.5 3987.1 4033.5 4079.5 4127.0 4151.3 
15 TRANSMIS & DISTRIB LOSSES 243.9 246.2 249.1 252.2 255.2 258.1 261.1 264.1 265.7 
16 SYSTEM LOAD 4054.1 4093.0 4141.7 4192. 7 4242.3 4291. 7 4340.6 4391.1 4416.9 

17 PUB RESIDENTL EXCHG--RPSA 341.5 344.6 348.3 352.4 356.2 359.8 363.4 367.2 370.3 
18 PUB RESIDENTL EXCHG--ETCA 10.5 10.5 10.6 10.6 10.7 10.8 10.8 10.9 10.9 

19 TOTAL PUBLIC SALES 7168. 5 7237. 2 7323.3 7413.4 7501.l 7588.5 7674.9 7764.3 7810.3 

INVESTOR-OWNED UTILITIES 
20 SALES 8770.2 8867.6 8992.9 9121. 6 9247.7 9371. 9 9512.1 9635.3 9740.7 
21 TRANSMIS & DISTRIB LOSSES 920.9 931. 1 944.2 957.8 971. 0 984.0 998.8 lfJll.7 1022.8 
22 SYSTEM LOAD 9691.0 9798.6 9937.1 10079.4 10218.7 10356.0 10510.9 10647.0 10763.5 

23 IOU RESIDENTIAL EXCHANGE -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 

24 COLOCKUM 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 

25 TOTAL REGIONAL FIRM SALES 17917.8 18084.5 18296.8 18516.4 18730.9 18943.0 19170.9 19384.l 19536.0 

26 TOTAL REGIONAL FIRM LOAD 19420.4 19602.0 19834.0 20076.2 20311.3 20542.7 20790.9 21025.0 21191.1 

27 DSI ALUM TQ LOAD 480.0 480.0 480.0 480.0 480.0 480.0 480.0 480.0 480.0 
28 DSI NON-ALUM TQ LOAD 47.3 47.3 47.3 47.3 47.3 47.3 47.3 47.3 47.3 
29 DSI HANNA TQ LOAD 0.0 0. 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

•30 TOTAL DSI TOP QTL LOAD 527.3 527.3 527.3 527.3 527.3 527.3 527.3 527.3 527.3 
31 TOT DSI T Q TRANS LOSSES 13.8 13.8 13.8 13.8 13.8 13.8 13.8 13.8 13.8 

32 OTHER INTERRUPTIBLE LOAD 0. 0 0.0 0. 0 0.0 0.0 0. 0 0.0 0.0 0.0 

33 TOTAL REGIONAL LOAD 19961.4 20143.0 20375.1 20617.2 20852.4 21083.8 21332.0 21566.1 21732.2 I ~ .,, 
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1991 FINAL COUNCIL PLAN -- MEDIUM CASE -- (91F2MP) CM-TERM MRG=l / 95) ~ 

OPERATING YEAR MEANS FOR AVERAGE REGIONAL FORECAST I ~ 
1990 - 1991- 1992- 1993- 1994 - 1995 - 1996- 1997 - 1998- 1999- 2000- 2001-
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

SMALL & NONGEN PUBLIC UTILS 
l SALES 3099 . 0 3149 . 5 3186.7 3230.4 3273.7 3313.5 3355.6 3396.5 3437.2 3476 . 7 3514 . 3 3553.9 
2 DISTRIBUTION LOSSES 130.2 132.3 133 . 8 135 . 7 137 . 5 139.2 140 . 9 :1. 42.7 144.4 146 . 0 147.6 149 . 3 
3 SYSTEM LOAD 3229 . 2 3281 . 8 3320 . 5 3366 . l 3411 . 2 3452 . 6 3496 . 5 3539.2 3581.6 3622.8 3661. 9 3703.l 

4 DSI ALUM FIRM LOAD 2182 . 5 2142.0 2079.l 2016.3 1975.9 1959.3 1951.0 1951.0 1951.0 1951.0 1951 . 0 1951.0 
5 DSI NON-ALUM FIRM LOAD 205 . 3 242 . 3 178.8 179.2 179.3 180.2 181 . 0 181.5 182.4 183 . 3 183.8 183.9 
6 DSI HANNA FIRM LOAD 0 . 0 0 . 0 0.0 0. 0 0.0 0.0 0 . 0 0. 0 0.0 0 . 0 0 . 0 0.0 
7 TOTAL DSI FIRM LOAD 2387 . 8 2384 . 3 2257 . 8 2195 . 4 2155 . 2 2139 . 4 2132 . 0 2132 . 5 2133 . 4 2134 . 3 2134 . 8 2134 . 9 
8 TOT DSI FIRM TRANS LOSSES 62.3 62.2 58 . 9 57 . 2 56.2 55.8 55.6 55 . 6 55.6 55 . 7 55 . 7 55 . 7 

9 BPA FEDERAL AGENCIES 143 . 8 144 . 5 141.7 142 . l 143 . 3 144.3 145 . 2 146.l 147.0 147.8 148 . 7 149 . 5 
10 USBR 67 . 2 67.3 67 . 3 67 . 2 67.3 67.3 67 . 4 67.5 67 . 5 67 . 5 67 . 6 67.7 
11 FEDERAL TRANSMIS LOSSES 152.6 153.8 151.5 151. 0 151. 2 151.9 152 . 9 154.l 155.2 156.4 157.4 158.5 
12 ADDTL FEDERAL TRAN LOSSES 64.3 68 . 9 70 . 0 66 . 5 67 . 2 68 . 6 61. 7 63 . 4 63 . 4 62 . 5 63.5 65.0 

13 TOTAL FEDERAL FIRM LOAD 6044 . 9 6100.5 6008.9 5988.4 5995.4 6024 . 2 6055.8 6102.7 6148.l 6191.4 6234 . 0 6278 . 7 

GENERATING PUBLIC UTILITIES 
14 SALES 3560 . l 3651 . l 3710.3 3754.7 3793.4 3833.9 3882.7 3930.0 3977 .1 4022 . 8 4066.3 4112. l 
15 TRANSMIS & DISTRIB LOSSES 227 . 8 233.7 237 . 5 240 . 3 242 . 8 245.4 248.5 251. 5 254 . 5 257 . 5 260 . 2 263.2 
16 SYSTEM LOAD 3787.9 3884 . 8 3947.8 3995.0 4036 . l 4079 . 3 4131. 2 4181.5 4231 . 6 4280 . 3 4326.5 4375 . 2 

17 PUB RESIDENTL EXCHG - -RPSA 328 . l 333.2 338.2 334.9 337.3 340 . 3 343 . 6 345 . 0 348 . 4 352 . 4 357 . 9 361 . 7 
18 PUB RESIDENTL EXCHG - -ETCA 10 . 8 10.8 10.9 10.8 10 . 8 10 . 8 10 . 8 10.8 10.8 10.9 11. 0 11 . l 

19 TOTAL PUBLIC SALES 6659.l 6800 . 7 6897.0 6985 . l 7067 . l 7147.4 7238.3 7326.6 7414 . 3 7499.6 7580 . 6 7665.9 

INVESTOR-OWNED UTILITIES 
20 SALES 8263 . 4 8361. 8 8590.6 8703.9 8826 . 9 8941. 5 9042.2 9178.6 9323 . 0 9447.8 9586 . 6 9716 . 3 
21 TRANSMIS & DISTRIB LOSSES 867 . 7 878.0 902.0 913.9 926 . 8 938.9 949.4 963.7 978 . 9 992.0 1006.6 1020.2 
22 SYSTEM LOAD 9131 . l 9239.8 9492. 6 9617.8 9753 . 7 9880 . 4 9991.7 10142.3 10301.9 10439.8 10593.l 10736.5 

23 IOU RESIDENTIAL EXCHANGE -999.0 -999.0 -999.0 - 999.0 -999 . 0 -999.0 -999.0 -999.0 -999.0 - 999 . 0 -999.0 - 999.0 

24 COLOCKUM 180 . 0 180.0 180 . 0 180.0 180 . 0 180 . 0 180.0 180.0 180.0 180.0 180 . 0 180 . 0 

~ 
25 TOTAL REGIONAL FIRM SALES 17701 . 3 17938 . 5 18134.4 18273.8 18439 . 7 18620.0 18805.2 19031.2 19265 . l 19477 . 0 19698 . 3 19914.4 

z 26 TOTAL REGIONAL FIRM LOAD 19143.9 19405.2 19629.2 19781.2 19965.2 20163.9 20358.7 20606.6 20861.6 21091.5 21333 . 6 21570.5 
0 
~ 27 DSI ALUM TQ LOAD 697.4 714 . 0 693 . l 671. 9 658 . 5 652.9 650 . 0 650.0 650 . 0 650 . 0 650 . 0 650 . 0 :i: 
l:: 28 DSI NON-ALUM TQ LOAD 84 . 4 80.8 59.7 59.8 59.8 60 . l 60.4 60.4 60.9 61.2 61. 4 61. 4 
f;l 29 DSI HANNA TQ LOAD 0.0 0.0 0. 0 0.0 0.0 0 . 0 0. 0 0.0 0 . 0 0 . 0 0 . 0 0.0 0 m 
-i "30 TOTAL DSI TOP QTL LOAD 781 . 8 794 . 8 752 . 8 731 . 8 718 . 3 713. 0 710.4 710 .4 710. 9 711.2 711 . 4 711 . 4 ~ .,, 
0 31 TOT DSI T Q TRANS LOSSES 20 . 4 20.7 19.6 19.l 18 . 7 18.6 18.5 18.5 18.5 18 . 5 18.6 18.6 r 
l:: m 
m 0 

"' 32 OTHER INTERRUPTIBLE LOAD 0.0 0.0 0 . 0 0.0 0.0 0.0 0.0 0.0 0.0 0 . 0 0 . 0 0 . 0 d .,, 
~ "' m 

33 TOTAL REGIONAL LOAD 19946.2 20220 . 7 20401.6 20532 . 0 20702 . 2 20895 . 5 21087.6 21335.6 21591.0 21821 . 2 22063 . 6 22300.5 n 
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q 1991 FINAL COUNCIL PLAN -- MEDIUM CASE -- (91F2MP) CM-TERM MRG=l/95) ~ 
:i: OPERATING YEAR MEANS FOR AVERAGE REGIONAL FORECAST 0 

~ 2002- 2003- 2004- 2005- 2006- 2007- 2008 - 2009- 2010- a 
(11 .., 2003 2004 2005 2006 2007 2008 2009 2010 2011 :,:l 

m 
"" (i 
0 )> 

:E SMALL 8 NONGEN PUBLIC UTILS "-
m 

.., 
:,:l l SALES 3595.2 3638 . 4 3686 . 8 3737.3 3785.7 3833.l 3879 . 5 3924 . 4 3946.7 ;; 
"C 2 DISTRIBUTION LOSSES 151.0 152 . 8 154 . 8 157 . 0 159.0 161 . 0 162.9 164 . 8 165 . 8 s: "' 3 SYSTEM LOAD 3746.2 3791.2 3841.6 3894.3 3944.6 3994.l 4042.4 4089.2 4112.4 

r-
2 m 

"' I 
< 4 OSI ALUM FIRM LOAD 1951.0 1951.0 1951.0 1951 . 0 1951.0 1951.0 1951.0 1951.0 1951.0 0 
r- 5 OSI NON-ALUM FIRM LOAD 184.l 184 . l 184 . 3 184.5 184 . 6 185 . 0 185 . l 185.1 185 . 1 ~ 
m ~ OSI HANNA FIRM LOAD 0.0 0 . 0 0.0 0.0 0 . 0 0 . 0 0 . 0 0 . 0 0.0 
= 7 TOTAL OSI FIRM LOAD 2135 . l 2135 . 1 2135.3 2135.5 2135.6 2136.0 2136.l 2136.l 2136.l 

8 TOT OSI FIRM TRANS LOSSES 55 . 7 55.7 55.7 55.7 55.7 55.7 55.7 55.7 55.7 

9 BPA FEDERAL AGENCIES 150 . 2 150 . 8 151 . 5 152.2 152 . 8 153.4 153 . 9 154 . 5 155.l 
10 USBR 67 . 7 67.8 67 . 9 67.9 68 . 0 68 . 0 68.0 68 . l 68 . l 
11 FEDERAL TRANSMIS LOSSES 159 . 7 160.9 162 : 3 163.7 165.0 166.3 167.6 168.9 169 . 5 
12 ADDTL FEDERAL TRAN LOSSES 65 . 0 65.5 66.7 69.7 71. 7 72. l 72.3 74 . 4 74 . 4 

13 TOTAL FEDERAL FIRM LOAD 6324.0 6371.3 6425 . 3 6483.2 6537 . 7 6589.9 6640 . 5 6691. 2 6715 . 6 

GENERATING PUBLIC UTILITIES 
14 SALES 4159 . 9 4209 . 9 4265 . 9 4324.4 4380.3 4435.2 4488.8 4540.8 4566.2 
15 TRANSMIS 8 DISTRIB LOSSES 266 . 2 269 . 4 273 . 0 276 . 8 280 . 3 283.8 287.3 290.6 292 .2 
16 SYSTEM LOAD 4426 . 1 4479 . 3 4539 . 0 4601 . l 4660.6 4719 . 0 4776.1 4831 . 4 4858 . 4 

17 PUB RESIDENTL EXCHG--RPSA 365 . 6 369 . 8 374.3 379.2 383.7 388.0 392. l 396 . 2 399.4 
18 PUB RESIDENTL EXCHG--ETCA 11 . 2 11 . 3 11.4 11.5 11.5 11. 6 11. 7 11. 7 11.8 

19 TOTAL PUBLIC SALES 7755. 0 7848.2 7952.7 8061.7 8165 . 9 8268. 3 8368 . 3 8465.2 8512.9 

INVESTOR-OWNED UTILITIES 
20 SALES 9865 .8 10010 . 9 10173 . 3 10333.3 10486.l 10643.0 10820.4 10962.7 11078.2 
21 TRANSMIS 8 DISTRIB LOSSES 1035.9 1051 . 1 1068.2 1085 . 0 1101.0 1117 . 5 1136 . 1 1151 . l 1163. 2 
22 SYSTEM LOAD 10901 . 7 11062.0 11241.4 11418 . 3 11587.1 11760 . 5 11956 . 5 12113.8 12241.4 

23 IOU RESIDENTIAL EXCHANGE -999 . 0 -999 . 0 -999.0 - 999.0 -999.0 -999.0 -999.0 -999.0 - 999.0 

24 COLOCKUM 180 . 0 180.0 180 . 0 180.0 180 . 0 180.0 180.0 J80.0 180 . 0 

25 TOTAL REGIONAL FIRM SALES 20153 . 9 20392 . 8 20660 . 7 20930.6 21188 . 3 21448.7 21726 .8 21966 . 6 22130.4 

26 TOTAL REGIONAL FIRM LOAD 21831.8 22092.6 22385 . 7 22682.6 22965.4 23249.5 23553.l 23316.4 23995.4 

27 OSI ALUM TQ LOAD 650 . 0 650.0 650 . 0 650 . 0 650.0 650.0 650.0 650 . 0 650 . 0 
28 OSI NON-ALUM TQ LOAD 61 . 4 61. 4 61. 5 61. 5 61. 5 61. 5 61. 5 61. 5 61. 5 
29 OSI HANNA TQ LOAD 0 . 0 0.0 0.0 0. 0 0.0 0.0 0.0 0.0 0. 0 

0

30 TOTAL OSI TOP QTL LOAD 711.4 711 . 4 711. 5 711. 5 711. 5 711. 5 711. 5 711. 5 711 . 5 
31 TOT OSI T Q TRANS LOSSES 18.6 18.6 18.6 18.6 18 . 6 18 . 6 18 . 6 18.6 18 . 6 

32 OTHER INTERRUPTIBLE LOAD 0 . 0 0 . 0 0 . 0 0.0 0.0 0 . 0 0.0 0. 0 0.0 

33 TOTAL REGIONAL LOAD 22561 . 8 22822.5 23115.8 23412 . 7 23695.5 23979.6 24283.l 24546.4 24725 . 5 
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1991 FINAL COUNCIL PLAN -- MEDIUM HIGH CASE -- C91FlMHP) I ;r; 
OPERATING YEAR MEANS FOR AVERAGE REGIONAL FORECAST 

1990- 1991- 1992- 1993- 1994- 1995- 1996- 1997- 1998- 1999- 2000- 2001-
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

SMALL 8 NONGEN PUBLIC UTILS 
1 SALES 3140.3 3223.2 3288.9 3354.5 3422.9 3492. 3 3560.7 3625.4 3684.8 3740.9 3796.4 3855.5 
2 DISTRIBUTION LOSSES 131. 9 135.4 138.1 140.9 143.8 146.7 149.5 152.3 154.8 157.1 159.4 161.9 
3 SYSTEM LOAD 3272. 2 3358.6 3427.0 3495.4 3566.7 3639.0 3710.2 3777. 7 3839.5 3898.0 3955.9 4017.5 

4 DSI ALUM FIRM LOAD 2182.5 2142.0 2123.0 2123.0 2097.5 2087.0 2087.0 2087.0 2087.0 2087.0 2087.0 2087.0 
5 DSI NON-ALUM FIRM LOAD 239.5 278.3 246.9 247.2 247.3 248.0 248.3 248.8 249.1 249.4 249.8 212.2 
6 DSI HANNA FIRM LOAD 0. 0 0.0 0. 0 0. 0 0.0 0.0 0.0 0.0 0. 0 0.0 0.0 0. 0 
7 TOTAL OSI FIRM LOAD 2422.0 2420.3 2369.9 2370.2 2344.8 2335.0 2335.3 2335.8 2336.1 2336.4 2336.8 2299.2 
8 TOT OSI FIRM TRANS LOSSES 63.2 63.1 61. 8 61. 8 61.1 60.9 60.9 60.9 60.9 60.9 60.9 60.0 

9 BPA FEDERAL AGENCIES 143.8 144.5 141.7 142.1 143.3 144.3 145.2 146.1 147.0 147.8 148.7 149.5 
10 USBR 67.2 67.3 67.3 67.2 67.3 67.3 67.4 67.5 67.5 67.5 67.6 67.7 
11 FEDERAL TRANSMIS LOSSES 154.6 156.8 157.2 159.0 160.3 162.0 163.9 165.7 167.3 168.9 170.4 171.1 
12 ADDTL FEDERAL TRAN LOSSES 66.8 72.1 73.9 71. 3 72. 7 74.1 67.9 70.1 70.4 70 .8 72.2 74.1 

13 TOTAL FEDERAL FIRM LOAD 6126.6 6219.6 6237.0 6305.3 6355.0 6421.7 6489.9 6562.8 6627.7 6689.4 6751.6 6779. 0 

GENERATING PUBLIC UTILITIES 
14 SALES 3563.6 3657.3 3731.8 3806.3 3884.0 3962.7 4040.2 4113. 7 4180.9 4244.6 4307.6 4374.7 
15 TRANSMIS 8 DISTRIB LOSSES 228.1 234.1 238.8 243.6 248.6 253.6 258.6 263.3 267.6 271.6 275.7 280. 0 
16 SYSTEM LOAD 3791.7 3891. 4 3970.7 4050.0 4132.6 4216.3 4298.8 4376.9 4448.5 4516.2 4583.3 4654.7 

17 PUB RESIDENTL EXCHG--RPSA 332.5 341. 0 349.1 347.7 352.6 358.6 364.6 368.2 373.5 379.2 386.6 392.4 
18 PUB RESIDENTL EXCHG--ETCA 10.9 11.1 11.2 11.2 11.2 11.4 11. 5 11. 6 11. 6 11. 7 11. 9 12.l 

19 TOTAL PUBLIC SALES 6703.9 6880.5 7020.7 7160.9 7306.9 7454.9 7600.9 7739 .1 7865.7 7985.4 8104.0 8230.2 

INVESTOR-OWNED UTILITIES 
20 SALES 8374.6 8549.3 8804.7 8969.9 9153.5 9334.6 9498.6 9692. 9 9893.3 10068.4 10258.1 10444.0 
21 TRANSMIS 8 DISTRIB LOSSES 879.3 897.7 924.5 941.8 961.1 980.1 997.3 1017.7 1038.8 1057.2 1077. l 1096.6 
22 SYSTEM LOAD 9253.9 9446.9 9729.2 9911.8 10114.6 10314.7 10495.9 10710.6 10932.1 11125.5 11335.2 11540.7 

23 IOU RESIDENTIAL EXCHANGE -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 

24 COLOCKUM 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 

~ 25 TOTAL REGIONAL FIRM SALES 17891.5 18241.9 18584.4 18890.4 19195.8 19516.2 19827.4 20161.3 20489.5 20785.6 21095.3 21370.6 
z 
0 26 TOTAL REGIONAL FIRM LOAD 19352.2 19737.9 20116.9 20447.0 20782.2 21132.7 21464.6 21830.3 22188.4 22511.2 22850.1 23154.~ 
~ 
:i: 

27 OSI ALUM TQ LOAD 697.4 714. 0 708.0 708.0 699.5 696.0 696.0 696.0 696.0 696.0 ~ 696.0 696.0 
(I) 28 OSI NON-ALUM TQ LOAD 79.2 92.6 82.3 82.3 82.3 82.6 82.8 83.0 83.2 83.3 83.3 70.8 0 
--1 29 OSI HANNA TQ LOAD 0.0 o.o 0.0 0.0 0.0 o.o 0.0 0.0 0.0 0.0 0.0 0. 0 tI1 .,, 

~ 0 •30 TOTAL OSI TOP QTL LOAD 776. 6 806.6 790.3 790.3 781.8 778.6 778.8 779. 0 779. 2 779. 3 779 .3 766.8 
~ 31 TOT DSI T Q TRANS LOSSES 20.3 21. 0 20.6 20.6 20.4 20.3 20.3 20.3 20.3 20.3 20.3 20.0 

r 
tI1 

;,:, 0 .,, a 
~ 32 OTHER INTERRUPTIBLE LOAD 0.0 0.0 0.0 0.0 0.0 0.0 0. 0 0.0 0.0 0.0 0.0 0.0 

?ii 
I 33 TOTAL REGIONAL LOAD 20149.1 20565.6 20927.8 21257.9 21584.4 21931.6 22263.8 22629.7 22987.8 23310.8 23649.7 23941.1 
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1991 FINAL COUNCIL PLAN -- MEDIUM HIGH CASE -- (91FlMHP) tr) 
0 

OPERATING YEAR MEANS FOR AVERAGE REGIONAL FORECAST '!1 
tTl 0 
(/) 2002- 20J3- 2004- 2005- 2006- 2007- 2008- 2009- 2010--l :,:, 

"" 2003 2004 2005 2006 2007 2008 2009 2010 2011 tr) 

0 
() 

> :.; (/) 

tr) SMALL 8 NONGEN PUBLIC UTILS -l 
:,:, ~ 
"" 1 SALES 3917.0 3981.7 4050.4 4120.8 4189.2 4254.7 4322.8 4393.4 4428.4 :;: to 

2 DISTRIBUTION LOSSES 164.5 167.2 170.l 173.l 175.9 178.7 181.6 184.5 186.0 r 
z f2 
I 3 SYSTEM LOAD 4081.5 4149.0 4220.5 4293.9 4365.1 4433.4 4504.3 4578.0 4614.4 
< 
0 r 4 OSI ALUM FIRM LOAD 2087.0 2087.0 2087.0 2087.0 2087.0 2087.0 2087.0 2087.0 2087.0 C: 
;::: 5 OSI NON-ALUM FIRM LOAD 212.4 212.3 212.5 212.6 212.7 213.0 213.3 213.3 213.3 
tr) 6 OSI HANNA FIRM LOAD 0. 0 0.0 0.0 0.0 0. 0 0. 0 0.0 0.0 0.0 = 7 TOTAL OSI FIRM LOAD 2299.4 2299.3 2299.5 2299.6 2299.7 2300.0 2300.3 2300.3 2300.3 

8 TOT OSI FIRM TRANS LOSSES 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 

9 BPA FEDERAL AGENCIES 150.2 150.8 151.5 152.2 152.8 153.4 153.9 ~.54. 5 155.1 
10 USBR 67.7 67.8 67.9 67.9 68.0 68.0 68.0 68.1 68.1 
11 FEDERAL TRANSMIS LOSSES 172.8 174.6 176.5 178.5 180.3 182.2 184.1 186.0 187.0 
12 ADDTL FEDERAL TRAN LOSSES 74.9 75.7 77 .5 81. l 83.5 84.4 85.2 88.0 88.0 

13 TOTAL FEDERAL FIRM LOAD 6846.7 6917.2 6993.4 7073.2 7149.3 7221. 3 7295. 8 7374.9 7412.9 

GENERATING PUBLIC UTILITIES 
14 SALES 4444.5 4517.9 4595.8 4675.8 4753.3 4827.6 4904.9 4985.1 5024.2 
15 TRANSMIS 8 DISTRIB LOSSES 284.4 289.l 294.1 299.2 304.2 309.0 313.9 319.0 321. 5 
16 SYSTEM LOAD 4728.9 4807.1 4890.0 4975.0 5057.5 5136.6 5218.8 5304.1 5345.7 

17 PUB RESIDENTL EXCHG--RPSA 398.4 404.7 411. 2 418.2 424.6 430.6 437.0 443.5 448.1 
18 PUB RESIDENTL EXCHG--ETCA 12.2 12.3 12.5 12.6 12.8 12.9 13.0 13.1 13.3 

19 TOTAL PUBLIC SALES 8361.5 8499.7 8646.2 8796.6 8942.5 9082.3 9227. 6 9378.5 9452.6 

INVESTOR-OWNED UTILITIES 
20 SALES 10652.5 10869.4 11115.5 11363.5 11596.7 11823.7 12088.7 12323.5 12488.3 
21 TRANSMIS 8 DISTRIB LOSSES 1118. 5 1141. 3 1167.1 1193. 2 1217.6 1241. 5 1269.3 1294.0 1311. 3 
22 SYSTEM LOAD 11771.0 12010.6 12282.6 12556.7 12814.4 13065.2 13358.0 13617.5 13799.6 

23 IOU RESIDENTIAL EXCHANGE -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 

24 COLOCKUM 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 

25 TOTAL REGIONAL FIRM SALES 21711.4 22067.0 22460.5 22859.8 23239.6 23607.4 24018.5 24404.9 24644.5 

26 TOTAL REGIONAL FIRM LOAD 23526.6 23914.9 24346.0 24784.9 25201.2 25603.1 26052.6 26476.5 26738.3 

27 OSI ALUM TQ LOAD 696.0 696.0 696.0 696.0 696.0 696.0 696.0 696.0 696.0 
28 OSI NON-ALUM TQ LOAD 70.9 70.8 71. 0 71.1 71. 2 71.2 71.2 71. 2 71. 2 
29 OSI HANNA TQ LOAD 0.0 0. 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

"30 TOTAL OSI TOP QTL LOAD 766.9 766.8 767.0 767.1 767.2 767.2 767.2 767.2 767.2 
31 TOT OSI T Q TRANS LOSSES 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 

32 OTHER INTERRUPTIBLE LOAD 0.0 0.0 0.0 0.0 0.0 0.0 0. 0 0.0 0.0 

33 TOTAL REGIONAL LOAD 24313.5 24701.8 25133.0 25572.0 25988.4 26390.3 26839.7 27263.6 27525.4 
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1991 FINAL COUNCIL PLAN -- HIGH CASE -- (91FlHP) I )'.; 
OPERATING YEAR MEANS FOR AVERAGE REGIONAL FORECAST 

1990- 1991- 1992- 1993- 1994- 1995- 1996- 1997- 1998- 1999- 2000- 2001-
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

SMALL 8 NONGEN PUBLIC UTILS 
1 SALES 3209.5 3353.0 3453.4 3553.3 3661.7 3766.9 3869.4 3963.9 4049.3 4138.l 4228.7 4320.5 
2 DISTRIBUTION LOSSES 134.8 140.8 145.0 149.2 153.8 158.2 162.5 166.5 170.1 173.8 177. 6 181. 5 
3 SYSTEM LOAD 3344.3 3493.8 3598.4 3702.5 3815.5 3925 .1 4031. 9 4130.4 4219.3 4311. 9 4406.3 4502.0 

4 OSI ALUM FIRM LOAD 2182.5 2160.0 2160.0 2160.0 2160.0 2160.0 2160.0 2160.0 2160.0 2160.0 2160.0 2160.0 
5 OSI NON-ALUM FIRM LOAD 261. 3 314.3 315.8 316.0 316.0 316.0 316.0 316.0 316.0 316.0 316.0 241.0 
6 OSI HANNA FIRM LOAD 0.0 0.0 0.0 0.0 0. 0 0.0 0.0 0. 0 o.o 0.0 0.0 0. 0 
7 TOTAL OSI FIRM LOAD 2443.8 2474.3 2475.8 2476.0 2476.0 2476.0 2476.0 2476.0 2476.0 2476.0 2476.0 2401.0 
8 TOT OSI FIRM TRANS LOSSES 63.8 64.5 64.6 64.6 64.6 64.6 64.6 64.6 64.6 64.6 64.6 62.6 

9 BPA FEDERAL AGENCIES 143.8 144.5 141.7 142.1 143.3 144.3 145.2 146.1 147.0 147.8 148.7 149.5 
10 USBR 67.2 67.3 67.3 67.2 67.3 67.3 67.4 67.5 67.5 67.5 67.6 67.7 
11 FEDERAL TRANSMIS LOSSES 157.1 161. 8 164.5 167.3 170.3 173.2 176.0 178.6 181.0 183.4 185.9 186.5 
12 ADDTL FEDERAL TRAN LOSSES 70.1 76.3 79.5 77 .9 80.5 82.5 76.9 80.0 81. 3 82.7 84.9 87.8 

13 TOTAL FEDERAL FIRM LOAD 6226.2 6418.0 6527.2 6633.1 6752.8 6868.3 6973.4 7078.6 7172 .1 7269.4 7369.4 7394.4 

GENERATING PUBLIC UTILITIES 
14 SALES 3642.6 3804.9 3918. 7 4032.2 4155.2 4274.4 4390.7 4497.9 4594.7 4695.5 4798.3 4902.5 
15 TRANSMIS 8 DISTRIB LOSSES 233.l 243.5 250.8 258.1 265.9 273.6 281.0 287.9 294.1 300.5 307.1 313.8 
16 SYSTEM LOAD 3875.8 4048.4 4169.5 4290.2 4421.1 4548.0 4671.7 4785.7 4888.8 4996.0 5105.4 5216.3 

17 PUB RESIDENTL EXCHG--RPSA 339.8 354.7 366.5 368.3 377 .2 386.8 396.3 402.6 410.4 419.5 430.7 439.7 
18 PUB RESIDENTL EXCHG--ETCA 11 .1 11.5 11. 7 11.8 12.0 12.3 12.5 12.6 12.8 13.0 13.3 13.5 

19 TOTAL PUBLIC SALES 6852.1 7157. 9 7372 .1 7585.5 7816.9 8041. 3 8260.l 8461.8 8644.0 8833.6 9027.0 9223 .1 

INVESTOR-OWNED UTILITIES 
20 SALES 8569.6 8918.2 9292 .1 9569.9 9885.6 10192.4 10476.6 10766.9 11057.0 11349.6 11665.9 11969.4 
21 TRANSMIS 8 DISTRIB LOSSES 899.8 936.4 975.7 1004.8 1038.0 1070.2 1100. 0 1130.5 1161.0 1191.7 1224.9 1256.8 
22 SYSTEM LOAD 9469.4 9854.6 10267.8 10574.7 10923.5 11262.6 11576.6 11897.4 12217.9 12541.4 12890.8 13226.2 

23 IOU RESIDENTIAL EXCHANGE -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 

24 COLOCKUM 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 

$ 25 TOTAL REGIONAL FIRM SALES 18256.4 18942.1 19529.0 20020.8 20569.0 21101.3 21605.4 22098.3 22571.4 23054.6 23565.2 23990.7 
z 
0 26 TOTAL REGIONAL FIRM LOAD 19751.4 20500.9 21144.5 21678.0 22277.4 22858.9 23401.8 23941.7 24458.8 24986.8 25545.6 26016.9 q 
:r: 

720.0 720.0 720.0 720. 0 ~ 27 DSI ALUM TQ LOAD 697.4 720.0 720.0 720.0 720.0 720.0 720. 0 720.0 
0 

Ul 28 OSI NON-ALUM TQ LOAD 86.4 105.0 105.0 105.0 105.0 105.0 105.0 105.0 105.0 105.0 105.0 80.0 rn 
-l 29 OSI HANNA TQ LOAD 0.0 0. 0 0.0 0.0 0.0 0.0 0. 0 0.0 0. 0 0.0 0.0 0.0 ~ 6 '30 TOTAL OSI TOP QTL LOAD 783.8 825.0 825.0 825.0 825.0 825.0 825.0 825.0 825.0 825.0 825.0 800.0 r 
~ tn 
tn 31 TOT OSI T Q TRANS LOSSES 20.5 21. 5 21. 5 21. 5 21. 5 21.5 21. 5 21. 5 21. 5 21. 5 21. 5 20.9 0 ,, 

b ..,, 
s: 32 OTHER INTERRUPTIBLE LOAD 0.0 0. 0 0.0 0. 0 0.0 0.0 0.0 0.0 0.0 0. 0 0.0 0.0 r;l 
z (") 

I 
33 TOTAL REGIONAL LOAD 20555.7 21347.5 21991.0 22524.5 23124.0 23705.4 24248.3 24788.2 25305.3 25833.3 26392.2 26837.8 ~ < -l 

0 
~ r 

c::: to 
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:.; 1991 FINAL COUNCIL PLAN -- HIGH CASE -- (91FlHP) 6 ~ OPERATING YEAR MEANS FOR AVERAGE REGIONAL FORECAST ..., ~ ..,, 2002- 2003- 2004- 2005- 2006- 2007- 2008- 2009- 2010- n 
0 2003 2004 2005 2006 2007 2008 2009 2010 2011 :,. 
:.; ~ m 
:,, > "' SMALL & NONGEN PUBLIC UTILS 
~ 

0:, 

1 SALES 4412.8 4512.0 4622.2 4732.4 4838.6 4944.7 5052.2 5161. 6 5216.2 r m 
I 2 DISTRIBUTION LOSSES 185.3 189.5 194.1 198.8 203.2 207.7 212.2 216.8 219.1 "" 
< 3 SYSTEM LOAD 4598.1 4701.5 4816.3 4931.2 5041.8 5152.3 5264.4 5378.4 5435.3 0 
r 
C: 4 DSI ALUM FIRM LOAD 2160.0 2160.0 2160.0 2160.0 2160.0 2160.0 2160.0 2160.0 2160.0 s: 
m 5 DSI NON-ALUM FIRM LOAD 241. 0 241. 0 241.0 241. 0 241. 0 241. 0 241.0 241.0 241.0 = 6 DSI HANNA FIRM LOAD 0.0 0.0 0.0 0.0 0. 0 0. 0 0.0 0. 0 0.0 

7 TOTAL DSI FIRM LOAD 2401.0 2401.0 2401. 0 2401.0 2401.0 2401.0 2401.0 2401.0 2401.0 
8 TOT DSI FIRM TRANS LOSSES 62.6 62.6 62.6 62.6 62.6 62.6 62.6 62.6 62.6 

9 BPA FEDERAL AGENCIES 150.2 150.8 151.5 152.2 152.8 153.4 153.9 154.5 155.1 
10 USBR 67.7 67.8 67.9 67.9 68.0 68.0 68.0 68.1 68.1 
11 FEDERAL TRANSMIS LOSSES 189.1 191.8 194.8 197.9 200.8 203.7 206.7 209.7 211. 2 
12 ADDTL FEDERAL TRAN LOSSES 89.5 91. 5 94.5 99.3 102.9 105.1 107.2 111.1 111.1 

13 TOTAL FEDERAL FIRM LOAD 7495.7 7604.4 7726. 0 7849.4 7967.2 8083.5 8201.2 8322.9 8381.8 

GENERATING PUBLIC UTILITIES 
14 SALES 5007.2 5119. 9 5244.9 5369.9 5490.3 5610.7 5732.7 5856.9 5918. 0 
15 TRANSMIS & DISTRIB LOSSES 320.5 327.7 335.7 343.7 351.4 359.l 366.9 374.8 378.7 
16 SYSTEM LOAD 5327.7 5447.5 5580.6 5713.6 5841.7 5969.8 6099.6 6231.8 6296.8 

17 PUB RESIDENTL EXCHG--RPSA 448.8 458.6 469.2 480.2 490.5 500.5 510.7 521.1 527.8 
18 PUB RESIDENTL EXCHG--ETCA 13.7 13.9 14.2 14.5 14.7 14.9 15.2 15.4 15.6 

19 TOTAL PUBLIC SALES 9420.0 9631.8 9867.2 10102.3 10328.9 10555.4 10784.9 11018.6 11134.2 

INVESTOR-OWNED UTILITIES 
20 SALES 12277.8 12588.1 12952.2 13318.2 13668.3 14014.1 14389.6 14735.9 14969.9 
21 TRANSMIS & DISTRIB LOSSES 1289.2 1321. 7 1360.0 1398.4 1435.2 1471.5 1510.9 1547.3 1571.8 
22 SYSTEM LOAD 13566.9 13909.9 14312.2 14716.6 15103.5 15485.5 15900.5 16283.1 16541.8 

23 IOU RESIDENTIAL EXCHANGE -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 

24 COLOCKUM 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 

25 TOTAL REGIONAL FIRM SALES 24496.8 25019.6 25619.7 26221.7 26798.9 27371.8 27977.5 28558.l 28908.4 

26 TOTAL REGIONAL FIRM LOAD 26570.2 27141.8 27798.8 28459.7 29092.4 29718.8 30381.4 31017.8 31400.4 

27 DSI ALUM TQ LOAD 720.0 720.0 720.0 720.0 720.0 720.0 720.0 720.0 720.0 
28 DSI NON-ALUM TQ LOAD 80.0 80.0 80.0 80.0 80.0 80.0 80.0 80.0 80. 0 
29 DSI HANNA TQ LOAD 0.0 0.0 0.0 0. 0 0.0 0.0 0.0 0. 0 0.0 

"30 TOTAL DSI TOP QTL LOAD 800.0 800.0 800.0 800.0 800.0 800.0 800.0 800.0 800.0 
31 TOT DSI T Q TRANS LOSSES 20.9 20.9 20.9 20.9 20.9 20.9 20.9 20.9 20.9 

32 OTHER INTERRUPTIBLE LOAD 0.0 0.0 0. 0 0. 0 0.0 0. 0 0.0 0. 0 0.0 

33 TOTAL REGIONAL LOAD 27391.1 27962.6 28619.6 29280.5 29913.3 30539.7 31202.2 31838.6 32221.2 I ~ 
m z 
0 
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1991 FINAL COUNCIL PLAN -- LOW CASE -- (91FlLP) I ~ FISCAL YEAR MEANS FOR AVERAGE REGIONAL FORECAST 
1990- 1991- 1992- 1993- 1994- 1995- 1996- 1997- 1998- 1999- 2000- 2001-
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

SMALL & NONGEN PUBLIC UTILS 
1 SALES 2977. 6 2965.7 2961. 5 2957.5 2959.7 296 7. 1 2978.9 2983.8 2984.7 2983.4 2985.4 2991.2 
2 DISTRIBUTION LOSSES 125.1 124.6 124.4 124.2 124.3 124.6 125.1 125.3 125.4 125.3 125.4 125.6 
3 SYSTEM LOAD 3102.7 3090.3 3085.9 3081.7 3084.0 3091.7 3104.0 3109.1 3110.1 3108.7 3110 .8 3116. 9 

4 DSI ALUM FIRM LOAD 1975.8 1748.8 1540.8 1325.2 1050.0 1027.0 1027.0 1027.0 1027.0 949.7 694.4 549.0 
5 DSI NON-ALUM FIRM LOAD 124.8 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
6 DSI HANNA FIRM LOAD 0.0 0.0 0.0 0.0 0.0 0. 0 0.0 0.0 0.0 0.0 0. 0 0. 0 
7 TOTAL DSI FIRM LOAD 2100.6 1848.8 1640.8 1425.2 1150.0 1127. 0 1127. 0 1127.0 1127. 0 1049.7 794.4 649.0 
8 TOT DSI FIRM TRANS LOSSES 54.9 48.3 42.9 37.2 30.0 29.4 29.4 29.4 29.4 27.5 20.9 16.9 

9 BPA FEDERAL AGENCIES 144.1 144.2 141. 3 142.4 143.5 144.5 145.4 146.3 147.2 148.0 148.9 149.7 
10 USBR 67.3 67.3 67.2 67.3 67.3 67.4 67.4 67.5 67.5 67.6 67.6 67.7 
11 FEDERAL TRANSMIS LOSSES 141.8 134.9 129.3 123.6 116. 4 116 .1 116 .4 116. 6 116. 6 114.7 108.2 104.4 
12 ADDTL FEDERAL TRAN LOSSES 59.1 61. 8 60.8 57.0 56.7 55.0 49.3 49.6 48.5 47.8 47.9 47.8 

13 TOTAL FEDERAL FIRM LOAD 5615.6 5347.2 5125.4 4897.1 4617.9 4601.6 4609.6 4616.1 4616.9 4536.4 4277. 8 4135.5 

GENERATING PUBLIC UTILITIES 
14 SALES 3378.6 3364.7 3360.0 3355.4 3357.8 3366.2 3379.5 3385.2 3386.3 3384.8 3387.0 3393.6 
15 TRANSMIS & DISTRIB LOSSES 216.2 215.3 215.0 214.7 214.9 215.4 216.3 216.7 216.7 216.6 216.8 217.2 
16 SYSTEM LOAD 3594.8 3580.1 3575.1 3570.1 3572.7 3581.6 3595.8 3601. 9 3603.0 3601.4 3603.8 3610.8 

17 PUB RESIDENTL EXCHG--RPSA 314.6 314.0 312.9 305.4 304.3 304.6 304.4 302.4 302.5 302.7 303.9 304.3 
18 PUB RESIDENTL EXCHG--ETCA 10.3 10.2 10.0 9.8 9.7 9.6 9.6 9.5 9.4 9.4 9.4 9.4 

19 TOTAL PUBLIC SALES 6356.2 6330.4 6321. 6 6312.8 6317.5 6333.2 6358.3 6369.0 6371. 0 6368.1 6372.4 6384.8 

INVESTOR-OWNED UTILITIES 
20 SALES 7935.7 7825.1 7826.3 7790. 3 7776. 6 7776.8 7761. 5 7765. 6 7770. 7 7761.9 7768. 0 7781. 6 
21 TRANSMIS & DISTRIB LOSSES 833.2 821.6 821.8 818.0 816.5 816.6 815.0 815.4 815.9 815.0 815.6 817.1 
22 SYSTEM LOAD 8769.0 8646.7 8648.1 8608.3 8593.1 8593.3 8576.5 8581.0 8586.6 8576.9 8583.6 8598.6 

23 IOU RESIDENTIAL EXCHANGE -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -c;99,o 

24 COLOCKUM 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 

:g 25 TOTAL REGIONAL FIRM SALES 16783.9 16395.7 16177.2 15918.0 15634.9 15628.9 15639.7 15655.4 15663.4 15575.3 15331.3 15212.8 

z 26 TOTAL REGIONAL FIRM LOAD 18159.4 17754.0 17528.5 17255.5 16963.8 16956.6 16961.8 16978.9 16986.5 16894.8 16645.2 16524.9 
0 
:q 

27 DSI ALUM TQ LOAD 645.8 582.9 513.7 441.9 349.8 342.0 342.0 342.0 342.0 316.5 231.5 183.0 ;i: 

~ 28 DSI NON-ALUM TQ LOAD 42.7 33.0 33.0 33.0 33.0 33.0 33.0 33.0 33.0 33.0 33.0 33.0 
C/l 29 DSI HANNA TQ LOAD 0.0 0. 0 0.0 0. 0 0.0 0.0 0.0 0. 0 0.0 0.0 o.o 0.0 C, -I .,, •30 TOTAL DSI TOP QTL LOAD 688.5 615.9 546.7 474.9 382.8 375.0 375.0 375.0 375.0 349.5 264.5 216.0 tTl 

0 > 
~ 31 TOT DSI T Q TRANS LOSSES 18.0 16.l 14.3 12.4 10.0 9.8 9.8 9.8 9.8 9.2 7.0 5.6 p 

tTl ,, 
C, 

"" 32 OTHER INTERRUPTIBLE LOAD 0.0 0.0 0.0 0.0 0.0 0.0 0. 0 0.0 0.0 0.0 0.0 0.0 cl :;: 
z 

33 TOTAL REGIONAL LOAD 18865.8 18386.0 18089.5 17742.8 17356.5 17341.4 17346.6 17363.7 17371.2 17253.4 16916.7 16746.5 ?,'l 
I n 
< :,, 
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::r: 1991 FINAL COUNCIL PLAN -- LOW CASE -- (91FlLP) 0 

~ FISCAL YEAR MEANS FOR AVERAGE REGIONAL FORECAST d 
(/) 2002- 2003- 2004- 2005- 2006- 2007- 2008- 2009- :,:, .., trl 
..,, 2003 2004 2005 2006 2007 2008 2009 2010 () 

0 
)> 
(/) 

:,: .., 
trl SMALL & NONGEN PUBLIC UTILS ~ :,:, ..,, 1 SALES 2997.3 3010.9 3028.9 3046.7 3061.8 3077. 5 3094.1 3113. 9 s: r-

2 DISTRIBUTION LOSSES 125.9 120.5 127.2 128.0 128.6 129.3 130.0 130.8 trl 
z (/) 

I 3 SYSTEM LOAD 3123.2 3137.4 3156.l 3174.6 3190.4 3206.7 3224.1 3244.7 
< 
0 

4 OSI ALUM FIRM LOAD 549.0 549.0 549.0 549.0 549.0 549.0 549.0 r- 549.0 C s: 5 OSI NON-ALUM FIRM LOAD 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
trl 6 OSI HANNA FIRM LOAD 0.0 0.0 0.0 0.0 0.0 0.0 0. 0 0.0 :::: 

7 TOTAL OSI FIRM LOAD 649.0 649.0 649.0 649.0 649.0 649.0 649.0 649.0 
8 TOT OSI FIRM TRANS LOSSES 16.9 16.9 16.9 16.9 16.9 16.9 16.9 16.9 

9 BPA FEDERAL AGENCIES 150.3 150.9 151.6 152.3 152.9 153.5 154.1 154.7 
10 USBR 67.8 67.8 67.9 67.9 68.0 68.0 68.1 68.l 
11 FEDERAL TRANSMIS LOSSES 104.6 105.0 105.5 106.0 106.4 106.9 107.3 10 7. 9 
12 ADDTL FEDERAL TRAN LOSSES 47.0 46.8 47.6 49.6 50.5 50.1 49.5 50.4 

13 TOTAL FEDERAL FIRM LOAD 4141. 9 4156.9 4177. 7 4199.4 4217.2 4234.2 4252.1 4;:74 .8 

GENERATING PUBLIC UTILIJIES 
14 SALES 3400.5 3415.8 3436.2 3456.4 3473.6 3491. 4 3510.2 3532.7 
15 TRANSMIS & DISTRIB LOSSES 217.6 218.6 219.9 221. 2 222.3 223.4 224.7 226.1 
16 SYSTEM LOAD 3618.l 3634.5 3656.1 3677. 6 3695.9 3714.8 3734.9 3758.7 

17 PUB RESIDENTL EXCHG--RPSA 304.7 305.9 307.4 309.2 310.2 311.4 312.7 314.6 
18 PUB RESIDENTL EXCHG--ETCA 9.3 9.3 9.3 9.3 9.3 9.3 9.3 9.3 

19 TOTAL PUBLIC SALES 6397.8 6426.8 6465.0 6503.0 6535.3 6568.8 6604.3 6646.6 

INVESTOR-OWNED UTILITIES 
20 SALES 7790. 6 7818.1 7858.9 7899.9 7937.7 7978.5 8022.8 8071.0 
21 TRANSMIS & DISTRIB LOSSES 818.0 820.9 825.2 829.5 833.5 837.7 842.4 847.5 
22 SYSTEM LOAD 8608.6 8639.0 8684.1 8729.4 8771. 2 8816.2 8865.2 8918.5 

23 IOU RESIDENTIAL EXCHANGE -99.9. 0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 

24 COLOCKUM 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 

25 TOTAL REGIONAL FIRM SALES 15235.6 15292.6 15372.5 15452.2 15522.9 15597.8 15678.3 15769.4 

26 TOTAL REGIONAL FIRM LOAD 16548.6 16610.4 16697.9 16786.4 16864.2 16945.2 17032.1 17132.0 

27 OSI ALUM TQ LOAD 183.0 183.0 183.0 183.0 183.0 183.0 183.0 183.0 
28 OSI NON-ALUM TQ LOAD 33.0 33.0 33.0 33.0 33.0 33.0 33.0 33.0 
29 OSI HANNA TQ LOAD 0. 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

'30 TOTAL OSI TOP QTL LOAD 216.0 216.0 216.0 216.0 216.0 216.0 216.0 216.0 
31 TOT OSI T Q TRANS LOSSES 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 

32 OTHER INTERRUPTIBLE LOAD 0.0 0.0 0.0 0. 0 0.0 0. 0 0.0 0.0 

33 TOTAL REGIONAL LOAD 16770.3 16832.0 16919.5 17008.0 17085.9 17166.8 17253.8 17353.7 I ~ ..,, 
trl z 
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1991 FINAL COUNCIL PLAN - - MEDIUM LOW CASE -- (91FlMLP) I ~ FISCAL YEAR MEANS FOR AVERAGE REGIONAL FORECAST 
1990- 1991- 1992- 1993- 1994- 1995 - 1996- 1997- 1998- 1999- 2000 - 2001-
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

SMALL & NONGEN PUBLIC UTILS 
1 SALES 3045.0 3066.4 3089 . 5 3115 . 0 3144.4 3176.8 3213.0 3240.4 3265.3 3287.8 3311. 6 3338.0 
2 DISTRIBUTION LOSSES 127.9 128.8 129.8 130.8 132.1 133.4 134 . 9 136.1 137.1 138.l 139.1 140 . 2 
3 SYSTEM LOAD 3172.8 3195 . 2 3219 . 2 3245 .8 3276 . 5 3310.2 3347 . 9 3376.5 3402 . 4 3425.9 3450 . 7 3478 . 2 

4 DSI ALUM FIRM LOAD 2004.6 1889.1 1760.3 1621.5 1454 . 0 1439 . 0 1439.0 1439.0 1439.0 1439.0 1439.0 1439.0 
5 DSI NON-ALUM FIRM LOAD 174.4 164.8 139 . 2 139.3 139.5 140.1 140 . 4 141.0 141 . 3 141 . 7 142.1 142 .1 
6 DSI HANNA FIRM LOAD 0.0 0. 0 0.0 0 . 0 0.0 0. 0 0.0 0. 0 0.0 0.0 0. 0 0.0 
7 TOTAL DSI FIRM LOAD 2179.0 2053.9 1899.5 1760.8 1593 . 5 1579.1 1579 . 4 1580 . 0 1580.3 1580 . 7 1581.1 1581.1 
8 TOT DSI FIRM TRANS LOSSES 56.9 53 . 6 49.6 45.9 41. 6 41.2 41.2 41. 2 41.2 41.2 41. 2 41.2 

9 BPA FEDERAL AGENCIES 144 . 1 144 . 2 141. 3 142 . 4 143 . 5 144.5 145.4 146.3 147.2 148 . 0 148.9 149.7 
10 USBR 67.3 67 .3 67.2 67.3 67.3 67.4 67.4 67 . 5 67.5 67.6 67.6 67.7 
11 FEDERAL TRANSMIS LOSSES 145.7 143.0 139.5 136.6 133.0 133.6 134.6 135.4 136 . 1 136.8 137.4 13C.2 
12 ADDTL FEDERAL TRAN LOSSES 62 . 0 65.7 65 . 5 62.3 63.0 62.0 56 . 9 57 . 7 57 . 1 57 . 2 57.7 58.3 

13 TOTAL FEDERAL FIRM LOAD 5770. 9 5669.2 5532.3 5415.2 5276.9 5296.7 5331.7 5363.3 5390 . 5 5416.l 5443.4 5473.2 

GENERATING PUBLIC UTILITIES 
14 SALES 3454.6 3478.7 3504.9 3533 . 8 3567 . 2 3603.8 3644.9 3676.1 3704 . 3 3729.9 3756.9 3786.9 
15 TRANSMIS & DISTRIB LOSSES 221.l 222 . 6 224 . 3 226.2 228 . 3 230.6 233.3 235.3 237.1 238 . 7 240.4 242.4 
16 SYSTEM LOAD 3675.6 3701.3 3729. 2 3759.9 3795.5 3834.5 3878.1 3911. 3 3941.4 3968.6 3997.3 4029.2 

17 PUB RESIDENTL EXCHG--RPSA 321.8 324 . 8 326 . 5 321 . 8 323 . 4 326.2 328.4 328 . 5 331 . 0 333 . 6 337.2 33'7 . 7 
18 PUB RESIDENTL EXCHG--ETCA 10.6 10.5 10.4 10 . 3 10.3 10.3 10.3 10.3 10.3 10.3 10.4 10.4 

19 TOTAL PUBLIC SALES 6499 . 5 6545.l 6594 . 4 6648.7 6711.6 6780 . 6 6857.8 6916.4 6969.6 7017 . 6 7068.4 7124. 9 

INVESTOR-OWNED UTILITIES 
20 SALES 8084 . 8 8062 . 6 8141.4 8183.2 8226 . 8 8289.3 8339 . 2 8408.7 8482 . 3 8545 . 7 8621.7 8703.9 
21 TRANSMIS & DISTRIB LOSSES 848.9 846.6 854.8 859.2 863.8 870 . 4 875.6 882.9 890 . 6 897.3 905.3 913.9 
22 SYSTEM LOAD 8933.7 8909.2 8996.2 9042.4 9090 . 6 9159.7 9214.8 9291. 6 9372.9 9443 . 0 9526.9 9617.8 

23 IOU RESIDENTIAL EXCHANGE - 999.0 -999.0 -999 . 0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 

2~ COLOCKUM 180.0 180.0 180 . 0 180.0 180 . 0 180.0 180.0 180.0 180 . 0 180.0 180 . 0 180.0 

:g 25 TOTAL REGIONAL FIRM SALES 17154.8 17053.1 17023.8 16982.5 16922.7 17040.9 17169.3 17298.9 17426 . 8 17539 . 6 17667.7 17807.3 

z 26 TOTAL REGIONAL FIRM LOAD 18560.3 18459.7 18437.7 18397.5 18342.9 18470.9 18604.6 18746.3 18884 .8 19007 . 6 19147.6 19300.l 
0 
cl 

27 DSI ALUM TQ LOAD 655 . 4 629.7 586 . 8 540 . 8 485.0 480 . 0 480 . 0 480 . 0 480.0 480.0 480.0 480 . 0 :I: 

~ 28 DSI NON-ALUM TQ LOAD 59.5 55.0 46 . 3 46.3 46.5 46.7 47.0 47.2 47.2 47.3 47.3 47.~ 
"' 29 DSI HANNA TQ LOAD 0.0 0. 0 0. 0 0 . 0 0.0 0 . 0 o.o 0.0 0 . 0 0.0 0.0 0.0 0 -; .,, ·30 TOTAL DSI TOP QTL LOAD 714 . 9 684.7 633 . 1 587 . 1 531. 5 526.7 527.0 527.2 527 .2 527 . 3 527.3 527 . 3 t'l1 

0 ~ 
~ 31 TOT DSI T Q TRANS LOSSES 18.7 17.9 16.5 15 . 3 13.9 13.7 13.7 13.7 13 . 7 13.8 13.8 13.8 r 

t'l1 :,, 0 .,, 32 OTHER INTERRUPTIBLE LOAD 0 . 0 0.0 0.0 0 . 0 0.0 0.0 0.0 0.0 0 . 0 0.0 0.0 0.0 2l ~ :,, 

I 33 TOTAL REGIONAL LOAD 19293.9 19161.2 19087.3 18999.9 18888.3 19011.3 19145.4 19287.2 19425.7 19548.6 19688 . 6 19841.1 t'l1 n 
< > 
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1991 FINAL COUNCIL PLAN -- MEDIUM LOW CASE -- C9lflMLP) m 
0 

~ FISCAL YEAR MEANS FOR AVERAGE REGIONAL FORECA3T .,, 
m 0 
"' 2002- 2003 - 2004- 2005- 2006- 2007- 2008- 2009- ,, 
-l 

i3 2003 2004 2005 2006 2007 2008 2009 2010 m 
() 

> 
~ :::'.j m SMALL & NONGEN PUBLIC UTILS ,, 

~ .,, 1 SALES 3364.3 3399 . 3 3440.6 3482.7 3523.4 3564.6 3604.6 3647.6 
i 

C: 

2 DISTRIBUTION LOSSES 141.3 142 . 8 144.5 146 . 3 148.0 149 . 7 151.4 153.2 r-

I 3 SYSTEM LOAD 3505.6 3542 . 0 3585.1 3628.9 3671.4 3714 . 3 3756.0 3800.8 Ell 
< 
0 
r- 4 DSI ALUM FIRM LOAD 1439.0 1439 . 0 1439.0 1439.0 1439.0 1439.0 1439.0 1439 . 0 C: 
s: 5 DSI NON-ALUM FIRM LOAD 142.1 142.1 142.3 142 . 3 142.3 142 . 3 142 . 8 142,8 
m 6 DSI HANNA FIRM LOAD 0.0 0.0 0. 0 0 . 0 0.0 0.0 0.0 0.0 = 7 TOTAL DSI FIRM LOAD 1581.1 1581 . 1 1581. 3 1581. 3 1581.3 1581.3 1581 . 8 1581.8 

8 TOT DSI FIRM TRANS LOSSES 41. 2 41. 2 41. 2 41. 2 41. 2 41. 2 41. 3 41. 3 

9 BPA FEDERAL AGENCIES 150.3 150 . 9 151. 6 152.3 152.9 153.5 154.1 154 . 7 
10 USBR 67 . 8 67.8 67.9 67 . 9 68 . 0 68.0 68.1 68 . 1 
11 FEDERAL TRANSMIS LOSSES 138.9 139.9 141.0 142.2 143.4 144.5 145.6 146.8 
12 ADDTL FEDERAL TRAN LOSSES 57 . 9 58 . 4 59.5 62.3 63 . 8 64 . 1 64.3 65.8 

13 TOTAL FEDERAL FIRM LOAD 5501.6 5540 . 2 5586.4 5635.0 5680.7 5725.7 5769.9 5818.0 

GENERATING PUBLIC UTILITIES 
14 SALES 3816.6 3856.2 3903.1 3950 . 8 3997.0 4043.7 4089.2 4137.8 
15 TRANSMIS & DISTRIB LOSSES 244.3 246 . 8 249.8 252.8 255.8 258 . 8 261.7 264.8 
16 SYSTEM LOAD 4060.9 4103.0 4152.8 4203.6 4252.8 4302.5 4350.9 4402.7 

17 PUB RESIDENTL EXCHG--RPSA 342.1 345 . 5 349.2 353.5 357.1 360.8 364.3 368 . 6 
18 PUB RESIDENTL EXCHG--ETCA 10.5 10.5 10.6 10.7 10.7 10.8 10.8 10.9 

19 TOTAL PUBLIC SALES 7180.9 7255 . 4 7343.6 7433 . 4 7520.4 7608 . 3 7693.8 7785. 4 

INVESTOR-OWNED UTILITIES 
20 SALES 8784 . 0 8891.0 9021 . 4 9150.2 9275.7 9407.6 9533 . 7 9664.6 
21 TRANSMIS & DISTRIB LOSSES 922.3 933.5 947.2 960.8 973.9 987.8 1001.0 1014.8 
22 SYSTEM LOAD 9706 . 3 9824 . 5 9968 . 7 10110 . 9 10249.7 10395.4 10534.7 10679 . 4 

23 IOU RESIDENTIAL EXCHANGE -999.0 -999.0 -999 . 0 -999.0 -999.0 -999.0 -999.0 - 999.0 

24 COLOCKUM 180 . 0 180 . 0 180 . 0 180.0 180.0 180 . 0 180.0 180 . 0 

25 TOTAL REGIONAL FIRM SALES 17944 . 1 18126.3 18345.9 18565.1 18778 . 3 18998.8 19211.5 19434.7 

26 TOTAL REGIONAL FIRM LOAD 19448.8 19647.7 19887.9 20129.6 20363 . 2 20603.7 20835 . 5 21080.1 

27 DSI ALUM TQ LOAD 480.0 480.0 480.0 480.0 480.0 480 . 0 480.0 480 . 0 
28 DSI NON-ALUM TQ LOAD 47.3 47.3 47 . 3 47 . 3 47.3 47.3 47.3 47 . 3 
29 DSI HANNA TQ LOAD 0.0 0.0 0.0 0.0 0. 0 0.0 0.0 0 . 0 

0

30 TOTAL DSI TOP QTL LOAD 527.3 527.3 527.3 527 . 3 527.3 527 . 3 527.3 527 . 3 
31 TOT DSI T Q TRANS LOSSES 13.8 13.8 13.8 13.8 13.8 13.8 13.8 13.8 

32 OTHER INTERRUPTIBLE LOAD 0. 0 0.0 0.0 0 . 0 o.o 0. 0 0.0 0. 0 

33 TOTAL REGIONAL LOAD 19989.8 20188.7 20429 . 0 20670.6 20904.3 21144.8 21376.6 21621.2 I > ..,, ..,, 
m z 
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1991 FINAL COUNCIL PLAN -- MEDIUM CASE -- (91F2MP) CM-TERM MRG=l/95) I ~ FISCAL YEAR MEANS FOR AVERAGE REGIONAL FORECAST 
1990- 1991- 1992- 1993- 1994- 1995- 1996- 1997- 1998- 1999- 2000- 2001-
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

SMALL & NONGEN PUBLIC UTILS 
1 SALES 3123.0 3160.0 3198.2 3242.3 3278.1 3323.5 3365.1 3406.0 3446.6 3485.7 3522.8 3563.7 
2 DISTRIBUTION LOSSES 131.2 132.7 134.3 136.2 137.7 139.6 141. 3 143.1 144.8 146.4 148.0 149.7 
3 SYSTEM LOAD 3254.1 3292. 7 3332.5 3378.5 3415.8 3463.1 3506.5 3549.1 3591.4 3632.1 3670.8 3713. 4 

4 OSI ALUM FIRM LOAD 2172. 3 2123.5 2068.3 1999.0 1975.8 1953.3 1951.0 1951.0 1951.0 1951.0 1951.0 1951.0 
5 OSI NON-ALUM FIRM LOAD 211. 7 229.3 179.2 179.3 179.3 180.4 181.2 181.7 182.7 183.5 183.9 183.9 
6 OSI HANNA FIRM LOAD 0.0 0. 0 0. 0 o.o 0.0 0.0 o.o 0.0 0.0 0.0 0.0 0.0 
7 TOTAL OSI FIRM LOAD 2384.0 2352.8 2247.5 2178.3 2155.2 2133.8 2132.2 2132.7 2133.7 2134.5 2134.9 2134.9 
8 TOT OSI FIRM TRANS LOSSES 62.2 61. 4 58.6 56.8 56.2 55.6 55.6 55.6 55.6 55.7 55.7 55.7 

9 BPA FEDERAL AGENCIES 144.1 144.2 141. 3 142.4 143.5 144.5 145.4 146.3 147.2 148.0 148.9 149.7 
10 USBR 67.3 67.3 67.2 67.3 67.3 67.4 67.4 67.5 67.5 67.6 67.6 67.7 
11 FEDERAL TRANSMIS LOSSES 153.1 153.3 151.5 150.9 151.3 152.0 153.2 154.3 155.5 156.6 157.7 158.8 
12 ADDTL FEDERAL TRAN LOSSES 64.7 69.2 69.4 66.6 67.5 66.7 62.2 63.4 63.1 62.8 63.7 65.0 

13 TOTAL FEDERAL FIRM LOAD 6067.4 6079.5 6009.4 5984.0 6000.6 6027.5 6066.9 6113. 2 6158.3 6201.6 6243.6 6289.5 

GENERATING PUBLIC UTILITIES 
14 SALES 3592. 6 3673.7 3722.5 3765.1 3792.7 3844.8 3893.0 3940.3 3987.2 4032.5 4075.5 4122.7 
15 TRANSMIS & DISTRIB LOSSES 229.9 235.1 238.2 241.0 242.7 246.1 249.l 252.2 255.2 258.1 260.8 263.8 
16 SYSTEM LOAD 3822.6 3908.8 3960.7 4006.l 4035.4 4090.8 4142.1 4192.4 4242.4 4290.6 4336.3 4386.5 

17 PUB RESIDENTL EXCHG--RPSA 330.1 334.7 338.1 335.1 337.2 341.3 344.0 345.3 349.4 353.7 358.7 362.7 
18 PUB RESIDENTL EXCHG--ETCA 10.8 10.9 10.8 10.8 10.8 10.8 10.8 10.8 10.9 11. 0 11.1 11. 2 

19 TOTAL PUBLIC SALES 6715.6 6833.7 6920.7 7007.4 7070.9 7168. 3 7258. l 7346.3 7433.9 7518.2 7598.3 7686.4 

INVESTOR-OWNED UTILITIES 
20 SALES 8296.0 8431.0 8623.0 8737.2 8847.6 8967.8 9072.2 9209.2 9351.8 9483.4 9612.6 9753.3 
21 TRANSMIS & DISTRIB LOSSES 871.1 885.2 905.4 917.4 929.0 941.6 952.6 967.0 981.9 995.8 1009.3 1024.1 
22 SYSTEM LOAD 9167.0 9316.2 9528.4 9654.5 9776. 6 9909.4 10024.8 10176.1 10333.7 10479.1 10621.9 10777.4 

23 IOU RESIDENTIAL EXCHANGE -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 

24 COLOCKUM 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 

~ 25 TOTAL REGIONAL FIRM SALES 17787.0 18008.9 18179.6 18312.5 18464.5 18661.7 18855.3 19081.9 19314.0 19531.7 19742.4 19972.0 
z 
0 26 TOTAL REGIONAL FIRM LOAD 19237.0 19484.5 19678.5 19824.6 19992.7 20207.8 20413.8 20661.8 20914.5 21151.3 21381.8 21633.4 q 
:i: 

27 OSI ALUM TQ LOAD 710.9 708.0 689.3 666.2 658.6 650.8 650.0 650.0 650.0 650.0 :€ 650.0 650.0 
m 28 OSI NON-ALUM TQ LOAD 88.5 76.5 59.8 59.8 59.8 60.3 60.4 60.5 61. 0 61. 3 61. 4 61. 4 CJ, 0 ..., 

29 OSI HANNA TQ LOAD 0.0 0.0 0.0 0.0 0. 0 0.0 0.0 0.0 0.0 o.o 0.0 0.0 tn .,, 
:;! 0 0 30 TOTAL OSI TOP QTL LOAD 799.4 784.5 749.2 726. 0 718.4 711.1 710.4 710. 5 711. 0 711. 3 711. 4 711. 4 

:€ 31 TOT OSI T Q TRANS LOSSES 20.8 20.5 19.5 18.9 18.7 18.5 18.5 18.5 18.5 18.5 18.6 18.6 r= 
tT1 tT1 
:,:, 0 
-0 ~ t"" 32 OTHER INTERRUPTIBLE LOAD 0.0 0.0 0. 0 0. 0 0.0 0.0 0.0 0.0 0. 0 0. 0 0. 0 o.c > z :,:, 

tn 
I 33 TOTAL REGIONAL LOAD 20057.3 20289.5 20447.2 20569.6 20729.9 20937.4 21142.7 21390.8 21644.0 21881.1 22111.8 22363.3 

('l 

6 > CJ, 

t"" 
..., 

C: :;! :::: "' m t"" 
::: ll1 



:8 0 
t"1 z 

0 ;;! 
q 1991 FINAL COUNCIL PLAN -- MEDIUM CASE -- (91F2MP) CM-TERM MRG=l/95) 

p 
:r: t"1 

:,: FISCAL YEAR MEANS FOR AVERAGE REGIONAL FORECAST 0 

t"1 6 
"' 2002- 2003- 2004- 2005- 2006- 2007- 2008- 201)9-..., ?,'l 
'"" 2003 2004 2005 2006 2007 2008 2009 2010 
0 

(l 

:,: :,, 
"' t"1 SMALL & NONGEN PUBLIC UTILS 
..., 

;o ;;! 
'"" 1 SALES 3604.6 3649.0 3698.6 3749.0 3796.5 3844.3 3889.8 3')34. 9 
~ 2 DISTRIBUTION LOSSES 151. 4 153.3 155.3 157.5 159.5 161.5 163.4 165.3 

tll 

z 3 SYSTEM LOAD 3755.9 3802.3 3854.0 3906.4 3955.9 4005.8 4053.2 4100.2 ~ 
I 
< 
0 

4 OSI ALUM FIRM LOAD 1951.0 1951.0 1951.0 1951.0 1951. 0 1951.0 1951.0 1951.0 r 
C: 
::: 5 OSI NON-ALUM FIRM LOAD 184.2 184.1 184.5 184.5 184.6 185.0 185.1 185.1 
t"1 6 OSI HANNA FIRM LOAD 0.0 0. 0 0.0 0. 0 0. 0 0.0 0.0 0.0 ::: 

7 TOTAL OSI FIRM LOAD 2135.2 2135.1 2135.5 2135.5 2135.6 2136.0 2136.1 2136.l 
8 TOT OSI FIRM TRANS LOSSES 55.7 55.7 55.7 55.7 55.7 55.7 55.7 55.7 

9 BPA FEDERAL AGENCIES 150.3 150.9 151. 6 152.3 152.9 153.5 154.1 154.7 
10 USBR 67.8 67.8 67.9 67.9 68.0 68.0 68.1 68.1 
11 FEDERAL TRANSMIS LOSSES 159.9 161.2 162.6 164.0 165.3 166.6 167.9 169.l 
12 ADDTL FEDERAL TRAN LOSSES 65.0 65.8 67.2 70.2 72.0 72.4 72.7 74.4 

13 TOTAL FEDERAL FIRM LOAD 6334.2 6383.1 6438.8 6496.4 6549.6 6602.3 6652.0 6702.6 

GENERATING PUBLIC UTILITIES 
14 SALES 4170.0 4221.4 4278.7 4337.0 4392. 0 4447.3 4500.0 4552.2 
15 TRANSMIS & DISTRIB LOSSES 266.9 270.2 273.8 277. 6 281.1 284.6 288.0 291. 3 
16 SYSTEM LOAD 4436.8 4491.5 4552.5 4614.5 4673.0 4731.9 4788.0 4843.5 

17 PUB RESIDENTL EXCHG--RPSA 366.6 370.8 375.4 380.5 384.8 389.l 393.1 397.6 
18 PUB RESIDENTL EXCHG--ETCA 11.2 11. 3 11.4 11. 5 11. 6 11. 6 11. 7 11. 8 

19 TOTAL PVBLIC SALES 7774. 5 7870.4 7977. 3 8085.9 8188.4 8291.7 8389.8 8487.1 

INVESTOR-OWNED UTILITIES 
20 SALES 9892.4 10042.6 10209.8 10367.9 10520.0 10688.7 10848.1 10994.0 
21 TRANSMIS & DISTRIB LOSSES 1038.7 1054.5 1072.0 1088.6 1104. 6 1122.3 1139.0 1154. 4 
22 SYSTEM LOAD 10931.1 11097.0 11281.8 11456.6 11624.6 11811.0 11987.2 12148.4 

23 IOU RESIDENTIAL EXCHANGE -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 

24 COLOCKUM 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 

25 TOTAL REGIONAL FIRM SALES 20200.2 20446.8 20722.2 20989.6 21244.9 21517.8 21776.2 22020.0 

26 TOTAL REGIONAL FIRM LOAD 21882.2 22151.7 22453.1 22747.4 23027.3 23325.2 23607.2 23874.5 

27 OSI ALUM TQ LOAD 650.0 650.0 650.0 650.0 650.0 650.0 650.0 650.0 
28 OSI NON-ALUM TQ LOAD 61. 4 61. 4 61. 5 61. 5 61. 5 61. 5 61. 5 61. 5 
29 OSI HANNA TQ LOAD 0.0 0. 0 0.0 0.0 0.0 0.0 0.0 0. 0 

'30 TOTAL OSI TOP QTL LOAD 711.4 711. 4 711. 5 711. 5 711. 5 711. 5 711. 5 711. 5 
31 TOT OSI T Q TRANS LOSSES 18.6 18.6 18.6 18.6 18.6 18.6 18.6 18.6 

32 OTHER INTERRUPTIBLE LOAD o.o 0.0 0.0 0.0 0. 0 0. 0 0.0 0.0 

33 TOTAL REGIONAL LOAD 22612.1 22881.6 23183.2 23477.5 23757.3 24055.3 24337.2 24604.5 
I ~ 
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1991 FINAL COUNCIL PLAN -- MEDIUM HIGH CASE -- (91F1MHP) I ~ 
FISCAL YEAR MEANS FOR AVERAGE REGIONAL FORECAST 

1990- 1991- 1992- 1993- 1994- 1995- 1996- 1997- 1998- 1999- 2000- 2001-
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

SMALL & NONGEN PUBLIC UTILS 
1 SALES 3163.5 3238.6 3304.0 3369.9 3439.3 3508.1 3576.6 3639.7 3698.1 3753.6 3809.5 3869.9 
2 DISTRIBUTION LOSSES 132.9 136.0 138.8 141. 5 144.5 147.3 150.2 152.9 155 . 3 157.6 160 . 0 162 . 5 
3 SYSTEM LOAD 3296.4 3374.6 3442.8 3511. 5 3583 . 8 3655.5 3726. 8 3792.5 3853 . 4 3911. 2 3969.5 4032.4 

4 OSI ALUM FIRM LOAD 2172 . 3 2132.5 2123.0 2121. 5 2090.0 2087.0 2087.0 2087.0 2087.0 2087.0 2087 . 0 2087.0 
5 OSI NON-ALUM FIRM LOAD 256.0 272.l 247.2 247.2 247.3 248.l 248.3 248.9 249.2 249.5 240.5 212.3 
6 OSI HANNA FIRM LOAD 0 . 0 0.0 0 . 0 0.0 0 . 0 0 . 0 0.0 0.0 0.0 0.0 0.0 0.0 
7 TOTAL OSI FIRM LOAD 2428.3 2404.6 2370.2 2368.7 2337.3 2335.1 2335.3 2335.9 2336.2 2336.5 2327 . 5 2299.3 
8 TOT OSI FIRM TRANS LOSSES 63.3 62.7 61. 8 61. 8 61. 0 60.9 60.9 60.9 60.9 60.9 60. 7 60.0 

9 BPA FEDERAL AGENCIES 144 . 1 144.2 141. 3 142.4 143.5 144.5 145.4 146.3 147.2 148.0 148 . 9 149.7 
10 USBR 67 .3 67.3 67.2 67.3 67 . 3 67.4 67.4 67.5 67.5 67 . 6 67.6 67.7 
11 FEDERAL TRANSMIS LOSSES 155 . 3 156 . 8 157.6 159.4 160.5 162 . 4 164.3 166.0 167 . 7 169.2 170 . 6 171. 5 
12 ADDTL FEDERAL TRAN LOSSES 67.4 72.6 73.4 71. 5 73.0 72. 5 68.3 70.3 70.3 71. 0 72.5 74.5 

lJ TOTAL FEDERAL FIRM LOAD 6158.9 6220 . 1 6252.4 6320 . 8 6365.5 6437.4 6507.5 6578.5 6642.2 6703.6 6756.6 6795 . 0 

GENERATING PUBLIC , UTILITIES 
14 SALES 3588.1 3673.6 3747.8 3822 . 6 3901. 3 3979.4 4057.1 4128.7 4195.1 4258.0 4321. 4 4389 . 9 
15 TRANSMIS & DISTRIB LOSSES 229.6 235 . 1 239.9 244.6 249.7 254.7 259.6 264.2 268.5 272.5 276.6 281.0 
16 SYSTEM LOAD 3817.8 3908.8 3987.7 4067.3 4151.0 4234.1 4316.7 4392.9 4463.5 4530.5 4598.0 4670.9 

17 PUB RESIDENTL EXCHG--RPSA 334 . 6 343.1 349.3 348.2 353.8 360.3 365.6 369.0 374.9 381.0 388 . 0 393 . 9 
18 PUB RESIDENTL EXCHG--ETCA 11. 0 11. 2 11 . 2 11 . 2 11.3 11. 4 11.5 11.6 11. 7 11.8 12.0 12 . 1 

19 TOTAL PUBLIC SALES 6751.7 6912.3 7051.8 7192 . 6 7340.6 7487.6 7633.7 7768.4 7893.2 8011 . 6 8130 . 9 8259 . 8 

INVESTOR-OWNED UTILITIES 
20 SALES 8441.9 8620.0 8846 . 8 9016 . 4 9190.2 9376.5 9542.5 9736.0 9934.9 10114.8 10296.5 10494.7 
21 TRANSMIS & DISTRIB LOSSES 886.4 90',.l 928. 9 946.7 965.0 984.5 1002.0 1022.3 1043.2 1062.1 1081.1 1101. 9 
22 SYSTEM LOAD 9328.3 9525 . 1 9775. 7 9963 . 2 10155.2 10361.0 10544.5 10758.3 10978.0 11176 . 9 11377.7 11596.6 

23 IOU RESIDENTIAL EXCHANGE -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 

24 COLOCKUM 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180 . 0 180.0 

:ii 25 TOTAL REGIONAL FIRM SALES 18013.3 18328.3 18657.3 18967 . 4 19259.1 19591.0 19904.4 20234.1 20558.9 20858.5 21151 . 5 21451 . 1 
z 

26 TOTAL REGIONAL FIRM LOAD 19485.0 19834.0 20195.8 20531 . 2 20851.7 21212.5 21548.7 21909.8 22263.8 22591.0 22912.3 23242.5 0 
~ 
:r: 27 OSI ALUM TQ LOAD 710 . 9 711. 0 708 . 0 707.5 697.0 696.0 696.0 69i.O 696.0 696.0 696.0 696 . 0 ~ ZS OSI NON - ALUM TQ LOAD 86 . 6 90 . 6 82.3 82 . 3 82 . 3 82.7 82.9 83 . 1 83 . 2 83.3 80.2 70 .8 0 
(/) m 
-l 29 OSI HANNA TQ LOAD 0.0 0.0 0 . 0 0.0 0.0 0 . 0 0.0 0.0 0.0 0.0 0.0 0.0 5;l .,, 
0 "30 TOTAL OSI TOP QTL LOAD 797.5 801. 6 790.3 789.8 779. 3 778.7 778.9 779.1 779. 2 779. 3 776. 2 766 . 8 p 

~ 
m 

31 TOT OSI T Q TRANS LOSSES 20.8 20.9 20.6 20.6 20.3 20.3 20.3 20.3 20.3 20.3 20.3 20.0 0 
:,:, 6 .,, 
r-- 32 OTHER INTERRUPTIBLE LOAD 0 . 0 0 . 0 0 . 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 . 0 :,:, 

~ m 
(") 

I > 
33 TOTAL REGIONAL LOAD 20303 . 3 20656.5 21006.7 21341.6 21651.4 22011.5 22348.0 22709.2 23063.3 23390.6 23708.7 24029.3 en < -l 
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?:j 1991 FINAL COUNCIL PLAN -- MEDIUM HIGH CASE -- (91FlMHP) 0 
::r: FISCAL YEAR MEANS FOR AVERAGE REGIONAL FORECAST "1'l 

~ 0 

iJl 2002- 2003- 2004- 2005- 2006- 2007- 2008- 2009- " .., 2003 2004 2005 2006 2007 2008 2009 2010 ~ .,, > 
0 V, .., 
~ SMALL & NONGEN PUBLIC UTILS ;; m 

" 1 SALES 3931.2 3997.6 4066.5 4137.5 4204.3 4270 '. 0 4339.1 4410.0 e: .,, r ,.... 2 DISTRIBUTION LOSSES 165 . 1 167.9 170.8 173.8 176.6 179.3 182.2 185.2 m 
~ "' 3 SYSTEM LOAD 4096.3 4165.5 4237.2 4311.2 4380 . 9 4449.3 4521. 3 4595.2 
I 
< 
0 4 DSI ALUM FIRM LOAD 2087.0 2087 . 0 2087 . 0 2087 . 0 2087 . 0 2087.0 2087.0 2087.0 ,.... 
C 5 DSI NON-ALUM FIRM LOAD 212.4 212.3 212.5 212.6 212.7 213.2 213 . 3 213.3 a:,: 
tr) 6 DSI HANNA FIRM LOAD 0 . 0 0 . 0 0.0 0.0 0 . 0 0 . 0 0.0 0 . 0 
:::: 7 TOTAL DSI FIRM LOAD 2299.4 2299.3 2299.5 2299.6 2299.7 2300.2 2300.3 2300.3 

8 TOT DSI FIRM TRANS LOSSES 60 . 0 60.0 60 . 0 60.0 60 . 0 60 . 0 60 . 0 60.0 

9 BPA FEDERAL AGENCIES 150.3 150.9 151.6 152.3 152.9 153 . 5 154 . 1 154.7 
10 USBR 67.8 67.8 67.9 67.9 68 . 0 68.0 68.1 68.l 
11 FEDERAL TRANSMIS LOSSES 173.2 175.0 176 . 9 178 . 9 180 . 7 182 . 6 184 . 5 186.4 
12 ADDTL FEDERAL TRAN LOSSES 74.8 76.1 78.2 81.6 83 . 8 84.8 85.7 88.0 

13 TOTAL FEDERAL FIRM LOAD 6861.9 6934.7 7011.4 7091.6 7166 . 0 7238.4 7313.9 7392. 7 

GENERATING PUBLIC UTILITIES 
14 SALES 4459.5 4534.7 4612.8 4693 . 4 4769.3 4843.8 4922 . 1 5002.6 
15 TRANSMIS & DISTRIB LOSSES 285.4 290 . 2 295 . 2 300 . 4 305.2 310.0 315.0 320.2 
16 SYSTEM LOAD 4744.9 4824.9 4908.1 4993 . 8 5074.5 5153 . 8 5237.2 5322.7 

17 PUB RESIDENTL EXCHG--RPSA 399.8 406.3 412.8 420.0 426 . 1 432.2 438.6 445.7 
18 PUB RESIDENTL EXCHG- - ETCA 12 . 2 12 . 4 12 . 5 12 . 7 12 . 8 12.9 13.1 13.2 

19 TOTAL PUBLIC SALES 8390.7 8532.3 8679.3 8830.8 8973.6 9113.8 9261. 2 9412.5 

INVESTOR-OWNED UTILITIES 
20 SALES 10692.0 10920 . 3 11170.7 11419.6 11646.0 11887.0 12137 . 9 12375 . 0 
21 TRANSMIS & DISTRIB LOSSES 1122. 7 1146. 6 1172.9 1199. 1 1222 . 8 1248.1 1274.5 1299.4 
22 SYSTEM LOAD 11814 . 7 12066 . 9 12343 . 6 12618 . 7 12868.8 13135 . 1 13412 . 3 13674.4 

23 IOU RESIDENTIAL EXCHANGE -999.0 -999.0 -999.0 -999 . 0 -999.0 -999.0 -999.0 -999.0 

24 COLOCKUM 180 . 0 180.0 180.0 180.0 180.0 180.0 180 . 0 180.0 

25 TOTAL REGIONAL FIRM SALES 21780 . 3 22150 . 6 22549 . 0 22950.3 23320.2 23702 . 5 24101.5 24490.6 

26 TOTAL REGIONAL FIRM LOAD 23601.5 24006.5 24443.0 24884.0 25289.4 25707.3 26143.4 26569.8 

27 DSI ALUM TQ LOAD 696.0 696.0 696.0 696 . 0 696.0 696.0 696.0 696.0 
28 DSI NON-ALUM TQ LOAD 70 . 9 70 . 8 71 . 0 71.1 71. 2 71. 2 71. 2 71 . 2 
29 DSI HANNA TQ LOAD 0.0 0.0 0 . 0 0.0 0 . 0 0.0 0.0 0.0 

'30 TOTAL DSI TOP QTL LOAD 766.9 766 . 8 767 . 0 767 . 1 767.2 767 . 2 767 . 2 767 . 2 
31 TOT DSI T Q TRANS LOSSES 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 

32 OTHER INTERRUPTIBLE LOAD 0.0 0.0 o.o 0.0 0.0 0.0 0.0 0.0 

3~ TOTAL REGIONAL LOAD 24388.4 24793 . 3 25230 . 0 25671 . 1 26076.5 26494.5 26930.6 27357.0 I > .,, .,, 
m 
2 
0 
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1991 FINAL COUNCIL PLAN -- HIGH CASE -- C91FlHP) 
• (l 

FISCAL YEAR MEANS FOR AVERAGE REGIONAL FORECAST 
1990- 1991- 1992- 1993- 1994- 1995- 1996- 1997- 1998- 1999- 2000- 2001-
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

SMALL & NONGEN PUBLIC UTILS 
1 SALES 3251.4 3378.0 3475.l 3578.0 3687.4 3790.1 3893.7 3983.6 4069.3 4159.3 4249.6 4342.3 
2 DISTRIBUTION LOSSES 136.6 141.9 146.0 150.3 154.9 159.2 163.5 167.3 170.9 174.7 178.5 182.4 
3 SYSTEM LOAD 3388.0 3519.9 3621.1 3728.3 3842.2 3949.3 4057.3 4150.9 4240.2 4334.0 4428.0 4524.7 

4 DSI ALUM FIRM LOAD 2172.1 2160.0 2160.0 2160.0 2160.0 2160.0 2160.0 2160.0 2160.0 2160.0 2160.0 2160.0 
5 DSI NON-ALUM FIRM LOAD 288.1 314.5 316.0 316.0 316.0 316.0 316.0 316.0 316.0 316.0 297.3 241.0 
6 DSI HANNA FIRM LOAD 0.0 0. 0 0.0 0.0 0.0 0. 0 0. 0 o.o 0.0 0.0 0.0 0.0 
7 TOTAL DSI FIRM LOAD 2460.2 2474.5 2476.0 2476.0 2476.0 2476.0 2476.0 2476.0 2476.0 2476.0 2457.3 2401.0 
8 TOT DSI FIRM TRANS LOSSES 64.2 64.5 64.6 64.6 64.6 64.6 64.6 64.6 64.6 64.6 64.1 62.6 

9 BPA FEDERAL AGENCIES 144.1 144.2 141.3 142.4 143.5 144.5 145.4 146.3 147.2 148.0 148.9 149.7 
10 USBR 67.3 67.3 67.2 67.3 67.3 67.4 67.4 67.5 67.5 67.6 67.6 67.7 
11 FEDERAL TRANSMIS LOSSES 158.5 162.4 165.0 167.9 170.9 173.7 176.6 179.1 181. 5 184.0 186.0 187.1 
12 ADDTL FEDERAL TRAN LOSSES 70.9 77 .1 79.2 78.4 81. 0 81. 0 77 .5 80.3 81. 4 83.1 85.5 88.2 

13 TOTAL FEDERAL FIRM LOAD 6289.0 6445.3 6549.8 6660.2 6781.0 6891.9 7000.2 7100.1 7193.8 7292. 7 7373.3 7418.3 

GENERATING PUBLIC UTILITIES 
14 SALES 3687.0 3831.4 3941.7 4058.3 4182.3 4299.0 4416.5 4518.7 4615.9 4718.0 4820.4 4925. 6 
15 TRANSMIS & DISTRIB LOSSES 236.0 245.2 252.3 259.7 267.7 275.1 282.7 289.2 295.4 301.9 308.5 315.2 
16 SYSTEM LOAD 3923.0 4076.6 4193.9 4318.0 4450.0 4574.1 4699.2 4807.8 4911. 3 5019.9 5128.9 5240.8 

17 PUB RESIDENTL EXCHG--RPSA 344.1 358.0 367.4 369.8 379.4 389.4 398.1 403.9 412.6 422.2 432.8 442.0 
18 PUB RESIDENTL EXCHG--ETCA 11.4 11. 7 11.8 11. 9 12.1 12.4 12.6 12.7 12.9 13.1 13.4 13.6 

19 TOTAL PUBLIC SALES 6938.4 7209.4 7416.8 7636.3 7869.7 8089.1 8310.3 8'S02. 2 8685.2 8877. 3 9069.9 9267.9 

INVESTOR-OWNED UTILITIES 
20 SALES 8687.1 9020.9 9356.6 9646.4 9952.8 10261.2 10549.9 1oq25,o 11123.7 11425.9 11732.5 12046.7 
21 TRANSMIS & DISTRIB LOSSES 912.1 947.2 982.4 1012.9 1045.0 1077. 4 1107.7 1136.6 1168.0 1199. 7 1231.9 1264.9 
22 SYSTEM LOAD 9599.3 9968.l 10339.0 10659.3 10997.9 11338.6 11657.6 11961.6 12291.7 12625.6 12964.4 13311.6 

23 IOU RESIDENTIAL EXCHANGE -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -9':f9. 0 

24 COLOCKUM 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 

:z 25 TOTAL REGIONAL FIRM SALES 18477.2 19096.2 19637.9 20148.4 20689.4 21218.2 21729.0 22197.0 22679.5 23174.8 23656.2 24113.0 
~ 
z 
0 26 TOTAL REGIONAL FIRM LOAD 19991.2 20670.0 21262.8 21817.5 22408.8 22984.6 23537.0 24049.5 24576.7 25118.3 25646.6 26150.7 q 
:t 

710.9 720.0 720.0 720.0 720.0 720.0 720.0 720.0 720.0 720.0 :E 27 DSI ALUM TQ LOAD 720.0 720.0 0 
tl1 28 DSI NON-ALUM TQ LOAD 97.4 105.0 105.0 105.0 105.0 105.0 105.0 105.0 105.0 105.0 98.8 80.0 tl1 
VJ ;;! -l 29 DSI HANNA TQ LOAD 0.0 0. 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0 0.0 0.0 .,, ~ 0 0

30 TOTAL DSI TOP QTL LOAD 808.3 825.0 825.0 825.0 825.0 825.0 825.0 825.0 825.0 825.0 818.8 800.0 :E 0 
tl1 31 TOT DSI T Q TRANS LOSSES 21.1 21. 5 21. 5 21. 5 21.5 21. 5 21. 5 21.5 21. 5 21. 5 21.4 20.9 '1i 
:,, 0 .,, ~ ;: 32 OTHER INTERRUPTIBLE LOAD 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0 0.0 (l 

z )> 

I 
33 TOTAL REGIONAL LOAD 20820.6 21516.5 22109.3 22664.0 23255.4 23831.2 24383.5 24896.1 25423.3 25964.8 26486.7 26971.6 ~ 
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tT1 
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:E 1991 FINAL COUNCIL PLAN -- HIGH CASE -- (91FlHP) ~ tT1 
"' FISCAL YEAR MEANS FOR AVERAGE REGIONAL FORECAST --l 

:,:, 

"Cl 2002- 2003- 2004- 2005- 2006- 2007- 2008- 2009-
tT1 
(") 

0 >-
:E 2003 2004 2005 2006 2007 2008 2009 2010 V, 

tT1 --l 
:,:, :ii "Cl SMALL & NONGEN PUBLIC UTILS 
I:'. 

to 

z 1 SALES 4433.9 4536.9 4648.5 4757.4 4862.9 4969.6 5077 .3 5187.5 [;; 
I 2 DISTRIBUTION LOSSES 186.2 190.6 195.2 199.8 204.2 208.7 213.2 217.9 

,,, 
< 3 SYSTEM LOAD 4620.1 4727.5 4843.7 4957.2 5067.2 5178.3 5290.5 5405.3 0 
r 
C: 
:::: 4 OSI ALUM FIRM LOAD 2160.0 2160.0 2160.0 2160.0 2160.0 2160.0 2160.0 2160.0 
m 5 OSI NON-ALUM FIRM LOAD 241. 0 241. 0 241. 0 241.0 241. 0 241.0 241.0 241.0 = 6 OSI HANNA FIRM LOAD 0.0 0.0 0.0 0.0 0.0 0.0 0. 0 0.0 

7 TOTAL OSI FIRM LOAD 2401.0 2401.0 2401. 0 2401. 0 2401. 0 2401. 0 2401.0 2401.0 
8 TOT OSI FIRM TRANS LOSSES 62.6 62.6 62.6 62.6 62.6 62.6 62.6 62.6 

9 BPA FEDERAL AGENCIES 150.3 150.9 151.6 152.3 152.9 153.5 154.1 154.7 
10 USBR 67.8 67.8 67.9 67.9 68.0 68.0 68.1 68.1 
11 FEDERAL TRANSMIS LOSSES 189.6 192.4 195.5 198.5 201.4 204.3 207.3 210.3 
12 ADDTL FEDERAL TRAN LOSSES 89.7 92.1 95.5 100.0 103.4 105.8 107.8 111.1 

13 TOTAL FEDERAL FIRM LOAD 7518.6 7631.7 7755. 2 7877. 0 7993.9 8111. 0 8228.8 8350.5 

GENERATING PUBLIC UTILITIES 
14 SALES 5029.5 5146.2 5272.7 5396.3 5516.1 5637.1 5759.2 5884.2 
15 TRANSMIS & DISTRIB LOSSES 321. 9 329.4 337.5 345.4 353.0 360.8 368.6 376.6 
16 SYSTEM LOAD 5351.4 5475.6 5610.2 5741.7 5869.l 5997.9 6127.8 6260.8 

17 PUB RESIDENTL EXCHG--RPSA 451.0 461. 2 471. 9 483.0 493.0 503.1 513.3 524.3 
18 PUB RESIDENTL EXCHG--ETCA 13.8 14.1 14.4 14.6 14.8 15.1 15.3 15.6 

19 TOTAL PUBLIC SALES 9463.4 9683.2 9921.2 10153.7 10379.0 10606.7 10836.5 11071.7 

INVESTOR-OWNED UTILITIES 
20 SALES 12335.9 12661.9 13037.4 13398.1 13747.0 14104.0 14461.1 14814.7 
2~ TRANSMIS & DISTRIB LOSSES 1295.3 1329. 5 1368.9 1406.8 1443.4 1480.9 1518.4 1555.5 
22 SYSTEM LOAD 13631.2 13991.4 14406.3 14804.9 15190.4 15584.9 15979.5 16370.2 

23 IOU RESIDENTIAL EXCHANGE -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 -999.0 

24 COLOCKUM 180.0 180.0 180.0 180.0 180.0 180.0 180.0 180.0 

25 TOTAL REGIONAL FIRM SALES 24598.5 25144.8 25759.2 26353.l 26927.9 27513.2 28100.8 28690.1 

26 TOTAL REGIONAL FIRM LOAD 26681.2 27278.7 27951.7 28603.6 29233.4 29873.8 30516.2 31161.6 

27 OSI ALUM TQ LOAD 720.0 720.0 720.0 720. 0 720.0 720.0 720.0 720.0 
28 OSI NON-ALUM TQ LOAD 80.0 80.0 80.0 80.0 80.0 80.0 80.0 80.0 
29 OSI HANNA TQ LOAD 0.0 0.0 0. 0 0.0 0.0 0.0 0.0 0. 0 

'30 TOTAL OSI TOP QTL LOAD 800.0 800.0 800.0 800.0 800.0 800.0 800.0 800.0 
31 TOT OSI T Q TRANS LOSSES 20.9 21.l. 9 20.9 20.9 20.9 20.9 20.9 20.9 

32 OTHER INTERRUPTIBLE LOAD 0. 0 0. 0 0. 0 0.0 0.0 0.0 0.0 0.0 

33 TOTAL REGIONAL LOAD 27502.0 28099.6 28772.6 29424.5 30054.3 30694.6 31337.0 31982.4 I ~ 
tT1 z 
0 

~ I I ~ 
(") 
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CHAPTER 7 

CONSERVATION RESOURCES 

Overview 

Conservation is a key ingredient in the Council's re
source portfolio for meeting future electrical energy 
needs. Each megawatt of electricity conserved is one less 
megawatt that needs to be generated. The Council has 
identified over 4,100 average megawatts of technical con
servation in the high demand forecast, available at an av
erage cost of about 5 cents per kilowatt-hour.1 In this 
package, no individual measure exceeds 11 cents per 
kilowatt-hour. This is enough energy to replace the output 
of about 10 coal plants, at about half the cost. In addition, 
the Council has identified a second block of generally 
more expensive conservation with individual measure costs 
just over 11 cents and up to 15 cents per kilowatt-hour. 
These resources represent an additional 845 average me
gawatts. 

While much has been accomplished in acquiring con
servation since the conservation estimates were first done 
by the Council, the remaining conservation is still an ex
traordinarily cost-effective resource for the region to ac
quire. This chapter provides an overview of the 
procedures and major assumptions used to derive the 
Council's estimates of conservation resources in both the 
public and private utility service territories. 

In the Council's plan, conservation is defined as the 
more efficient use of electricity. This means that less elec
tricity is used to produce a given service at a given amenity 
level. Conservation resources are measures that ensure 
the efficient use of electricity for new and existing residen
tial buildings, household appliances, new and existing com
mercial buildings, and industrial and irrigation processes. 
For example, buildings in which heat loss is reduced 
through_insulating and tightening require less electricity 
for heatmg. These electricity savings mean that fewer 
power plants are needed to meet growing demand. Con
servation also includes measures to reduce electrical 
losses in the region's generation, transmission and distri
bution system. These latter conservation resources are 
discussed in Chapter 8, Generating Resources. 

1991 NORTHWEST POWER PLAN-VOLUME II 

Progress in Conservation Acquisition 
and Its Effects on Conservation Resource 
Estimates 

The current estimate of technical conservation poten
tial is about 4,1002 average megawatts in the high demand 
f~recast with no individual measure exceeding 11 cents per 
kilowatt-hour, as displayed in Table 7-1. In lower demand 
forecasts, less conservation is available from many sectors, 
because the economy is not growing as rapidly, and there 
are fewer new houses, businesses and appliances that can 
supply energy savings. Table 7-1 shows that about 3,000 
average megawatts are available in the medium forecast. 
In addition, Thble 7-2 shows about 845 average megawatts 
of technical conservation potential in a second, generally 
more expensive block of conservation. Typically, this re
source consists of measures that cost between 11 and 15 
cents per kilowatt-hour or are considered more advanced 
than those in the first group. This second block of conser
vation was identified because there are generating re
sources, such as wind, with equivalent costs, which also 
play a role in the resource portfolio under certain condi
tions. 

1. This average cost includes administration transmission and 
distribution adjustments. All costs are in 1990 dollars. Levelized 
cost calculations are performed using a nominal discount rate. 
See Chapter 13 for a discussion of how the Council calculates 
nominal 1990 dollars. Earlier Council analyses were conducted 
using a re_al discount rate. In real terms, the average cost of all 
conservation JS about half the 5 cents per kilowatt-hour nomi
nal number. 

2. This value is technical potential and has not been increased 
to reflect conservation's benefit of avoiding line losses when 
compared to generating resources, nor decreased to reflect ex
pected market penetration rates. 
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CHAPTER 7 CONSERVATION RESOURCES 

Table 7-1 
Comparison of Conservation Savings and Costs Technical Potential-Block 1 

Nominal3 

High Forecast Medium Forecast Levelized Cost 
(MWa) (MWa) (cents/kWh) 

Residential Sector 

Space Heating 

• Existing Single-Family Dwellings 135 135 7 

• Existing Multifamily Dwellings 60 60 6 ' 

• New Single-Family Dwellings 270 120 6 

• New Multifamily Dwellings 30 20 7 

• New Manufactured Housing 165 175 7 

Water Heating 700 560 4 

Heat Pump Heat-Recovery Ventilators 190 100 8 

Refrigerators 0 0 -

Freezers 0 0 -

Lighting 115 80 8 

Commercial Sector 

• Existing 800 630 5 

• New 710 440 4 

• Renovation and Remodel 350 335 4 

Industrial Sector I 
• Existing 265 265 3 

• New 275 75 3 

Irrigation 50 50 5 

Total 4,115 3,045 

a Real levelized costs (at a 3-percent discount rate) are about 50 percent of nominal costs reported here. 

294 1991 NORTHWEST POWER PLAN-VOLUME 11 
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Table 7-2 
Comparison of Conservation Savings and Costs Technical Potential-Block 2 

Residential Sector 

Space Heating 

• Existing Single-Family Dwellings 

• Existing Multifamily Dwellings 

• New Single-Family Dwellings 

• New Multifamily Dwellings 

• New Manufactured Housing 

Water Heating 

Heat Pump Heat-Recovery Ventilators 

Refrigerators 

Freezers 

Lighting 

Commercial Sector 

• Existing 

• New 

• Renovation and Remodel 

Industrial Sector 

• Existing 

• New 

Irrigation 

Total 

The size of the conservation resource yet to be ac
quired has typically been reduced over the last few years 
compared to prior estimates. This is due primarily to sig
nificant actions taken by various jurisdictions in the region, 
and in some cases by the federal government, that have 
already set in motion mechanisms to acquire a large por
tion of the conservation resource. For example, the states 
of Oregon and Washington passed building codes that will, 
as construction occurs over time, capture a good part of 
the residential space heating conservation resource identi
fied in earlier estimates. This chapter estimates conserva
tion resources based on savings beyond codes and 
standards that were enacted before 1991. 

The estimate of the conservation resource in this 
chapter assumes that building codes and appliance stan
dards will continue to be implemented over the planning 
period. Each of these codes means that there is less of the 
conservation resource left to acquire in the future, be-

1991 NORTHWEST POWER PLAN - VOLUME II 

High Forecast 
(MWa) 

0 

0 

35 

5 

10 

85 

0 

75 

40 

0 

120 

70 

60 

165 

170 

10 

845 

cause it will be secured through fairly stable mechanisms: 
building and appliance codes. The energy reductions se
cured through codes reduce demand in the load forecasts. 

Legislation that mandates implementation of conser
vation, such as building codes and appliance standards, 
reduces the forecast of electric loads, which-in tum-au
tomatically reduces the amount of conservation potential 
remaining to be secured. Figure 7-1 depicts the effect on 
forecast loads and conservation resources of adopting con
servation codes and standards. Forecast loads without 
building and appliance codes result in the highest electric
ity consumption over the 20-year horizon along "Pathway 
A." "Pathway C" represents electricity loads if all new 
houses and appliances purchased were to install all cost
effective conservation. 

Once building codes and appliance standards are 
adopted, each new building or appliance is mandated to be 
more efficient. This results in an intermediate load fore-
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CHAPTER 7 

cast, because each new unit will consume less electricity 
than in Pathway A This intermediate step is depicted as 
Pathway B in Figure 7-1. The difference between Pathway 
A and B is the conservation secured through the codes 
and standards. But often there are still cost-effective con
servation measures not included in all of the codes and 
standards, and many end uses for which there are no 
codes or standards. The difference between B and C is the 
remaining conservation potential identified in this plan 
that still needs to be secured to fill electricity needs. This 
conservation resource remains a significant and cost-effec
tive resource for the region. Actions to secure this re
source are highlighted in the Action Plan. 

While these new codes and standards tend to reduce 
the amount of future conservation available, new informa
tion on more conservation measures increased the poten
tial in the final plan. For example, this chapter estimates 
savings from such measures as heat pump heat recovery 
ventilators, and residential lighting improvements, which 
were not included in the draft plan. 

Estimating the Conservation Resource 

The following section summarizes the Council's esti
mates of conservation resources available to the region. 
The narrative is based on calculations from the Council's 
high demand forecast. Results for the medium forecast 
are summarized at the end of each sector. Similar calcula
tions were done for the low, medium-low and medium
high forecasts. 

Load 
Effects 

Figure 7-1 
Effect on Loads and 
Conservation of 
Building and 
Appliance Codes 
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CONSERVATION RESOURCES 

The evaluation of conservation resources involves 
three major steps. The first step is to develop conservation 
supply curves based on engineering analysis. This step en
tails evaluating the levelized life-cycle cost3 of all conser
vation measures and ranking them with the least-cost 
measure first. 

The second step is to group all measures into pro
grams4 with levelized costs up to a given avoided cost, in 
this case 11 cents per kilowatt-hour for the first block of 
conservation and typically 12 to 15 cents per kilowatt-hour 
for the second block, and to evaluate savings from these 
programs in the context of the Council's forecasting mod
el. The program groupings are thus consistent with the 
assumptions in the Council's forecast. As part of this step, 
the measures grouped as programs are compared to any 
evaluation data available from the field that apply to simi
lar end uses and are comparable in other characteristics. 

3. Levelized life-cycle cost is the present value of a resource's 
cost (including capital, financing and operating costs) converted 
into a stream of equal annual payments; unit levelized life-cycle 
costs (cents per kilowatt-hour) are obtained by dividing this 
payment by the annual kilowatt-hours saved or produced. 

4. The term program is used loosely here to mean the group
ing of identified measures into an end use. For example, all the 
measures that can save hot water are identified and then 
grouped into the hot water end use. This grouping is called a 
"program," even though it may take various program delivery 
mechanisms to secure all the measures. 

Pathway A 
No Codes 

Pathway B 
Codes Implemented in 1990 

Pathway C - - - - - - -
All Cost-Effective Conservation 

- - - -- -

--

~ 1988 1990 2010 

Years 
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CONSERVATION RESOURCES 

The third step involves using the cost and savings 
characteristics of each program to evaluate the conserva
tion resource's cost-effectiveness and compatibility with 
the existing power system. Cost-effectiveness is deter
mined by comparing each program against other resources 
to find which resource provides electric service at the low
est cost. This process is discussed further in Chapter 10. 

These three steps are illustrated in Figure 7-2. Typi
cally, information on measure costs and, to the extent pos
sible, savings comes from programs operated in the region. 
This may mean actual weatherization costs incurred over 
the last few years in the weatherization program, or end 
use metered water heating consumption data from the 
End-Use Load and Conservation Assessment Program 
(ELCAP). Whenever possible, actual metered or field 
data are used. This information is combined in an eco
nomic analysis to select a group of measures that repre
sent cost-effective efficiency improvements. The economic 
analysis requires data such as the discount rate and mea
sure life. The economic analysis is descnbed in another 
chapter of this plan. 

Once the package of representative measures is se
lected, there is a calibration to the demand forecast to 
ensure that savings are not counted twice (once as a re
duction of demand in the forecast and again as a conserva
tion measure) or undercounted. In addition, consumer 
behavior, such as changing wood heating use in response 

CHAPTER? 

to changes in electricity prices, are incorporated into the 
savings estimates. This results in average savings and costs 
for each end use that are calibrated to the forecast and 
that incorporate expected long-term consumer behavior. 

After the savings are calibrated to the forecast, the 
package of measures in each end use is compared to any 
evaluation data available from the field for comparable 
programs. This gives an indication of how well the results 
compare to evaluation data. Both the derived results here 
and the evaluation data can have problems, and in many 
cases they are not directly comparable, but each estimate 
helps assess the reliability and robustness of the other. 

The cost and savings data, calibrated to the forecast, 
along with other characteristics of the end use savings 
(such as their seasonal distribution) are used in the system 
model, called the Integrated System for Analysis of Acqui
sitions (ISAAC), to be valued in comparison with other 
electricity options in the development of the resource 
portfolio. The system model is described in Chapter 10. 

The bulk of this chapter deals with steps one and two, 
which are preliminary cost-effectiveness screens to size 
the conservation resource used in the resource portfolio. 
Since the collection of data to be used in deriving the 
costs and savings of conservation measures is very impor
tant, a table appears at the beginning of each end use sec
tion to summarize the key data sets used in the 
conservation estimates. 

Key 
Analysis 
Steps 

Conseivation 
Measure Costs 

(usually from programs) 

Conseivation 
Measure Savings 

(usually from simulation 
models with inputs 

defined by program data) 

Economic 
Analyses 

(including avoided cost) 

Figure 7-2 
Key Steps in 
Conservation 
Analysis 

1991 NORTHWEST POWER PLAN - VOLUME II 

Ster> 
1 

Step 2 

Representative Cost-Effective Measures 

Demand Forecast 
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- long-term consumer behavior 
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costs and savings 

calibrated to forecast 

S 3 .ffj System Model 
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CHAPTER 7 

Supply Curves 

Conservation supply curves are used to determine the 
amount of conservation available at given costs. A supply 
curve is an economic tool that depicts the amount of a 
product available across a range of prices. In the case of 
conservation, this translates into the number of average 
megawatts that can be conserved (and made available for 
others to use) at various costs. For example, an industrial 
customer may be able to recover waste heat from a pro
cess and conserve 3 average megawatts at a cost of 2 cents 
per kilowatt-hour. This same customer may conserve 5, 7 
and 8 average megawatts of electricity for the respective 
costs of 3, 4 and 5 cents per kilowatt-hour. These figures 
represent the conservation supply curve for this particular 
customer. Individual conservation estimates for end uses 
in each sector are merged to arrive at the regional supply 
curve for that sector. 

The supply curves used in this plan do not distinguish 
between conservation resulting from specific programs or 
from rising prices of electricity. Whether the consumer or 
the utility invests in a conservation measure, the region is 
purchasing those savings at a particular price, and the 
money is not available for investment in other resources 
and goods. However, if a customer contributes to the pur
chase of conservation resources, then the cost to the elec
tricity system will be less than the costs developed in this 
chapter. 

Conservation supply curves are primarily a function of 
the conservation measure's savings and cost. Each mea
sure's savings and cost are used to derive a levelized cost, 
expressed in cents per kilowatt-hour, for that measure. 
The absolute value (in terms of kilowatt-hours per year) 
of the savings produced by adding a conservation measure 
is a function of the existing level of efficiency. The less 
efficient the existing structure or equipment, the greater 
the savings obtained from installing the measure. In order 
to minimize the costs of efficiency improvements, conser
vation measures are applied with the least costly measure 
first, 5 until all measures are evaluated. 

The levelized costs used to generate the supply curves 
are based on the calculations described in Volume II, 
Chapter 13. To ensure consistency between the conserva
tion supply curves and the system models, 6 financial fac
tors used in the levelized cost calculation are the same 
ones used in the system models. This means that the tax 
benefits, rate requirements and other financial consider
ations specific to the developer of the resource are ac
counted for in the levelized cost of the conservation 
resource. 

The models assume that conservation will be financed 
for 20 years by the Bonneville Power Administration and 
for 20 years or the life of the conservation measures, 
whichever is shorter, by the investor-owned utilities. It 
was assumed that Bonneville would sponsor 40 percent of 
the conservation acquisition costs, and the investor-owned 
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utilities would sponsor 60 percent, based on their share of 
total loads. 

Conservation Programs for the 
Resource Portfolio Analysis 

After the supply curves are generated for each end 
use or sector, the amount of conservation to be used in 
the resource portfolio analysis is first sized by cutting off 
the supply curve at a specific point. That is the point at 
which the levelized cost of the last measure included is 
equal to or just slightly less than the avoided cost. This is 
called the "technical" conservation potential. The techni
cal potential is then reduced by the portion of the conser
vation resource that is considered not practically 
achievable. The remainder, termed "achievable conserva
tion," is defined as the net energy savings the Council an
ticipates after taking into account factors such as 
consumer resistance, quality control and unforeseen tech
nical problems. Historically, the Council has used high 
achievable conservation rates because it believes that the 
wide assortment of incentives and regulatory measures 
provided by the Northwest Power Act can persuade the 
region's electricity consumers to install a large percentage 
of the technically available conservation. These same rates 
were used in this chapter, and are described for each sec
tor or end use at the end of the detailed section on that 
sector or end use. 

Each conservation program consists of the package of 
measures that cost less than the avoided cost. Costs and 
savings for this package are taken from the supply curves 
described in this chapter. The present-value costs of the 
achievable savings for each program are adjusted in the 
following manner before they are used in the system mod
els to determine compatibility with the existing power sys
tem and to derive a least-cost resource portfolio. 

First, since the system models use conservation pro
grams instead of measures in the resource portfolio, capi
tal replacement costs have to be added to those measures 
with lifetimes shorter than the lifetime of the major mea
sure in the program. For example, caulking and weather
stripping have shorter lifetimes than insulation; therefore, 
replacement costs are incurred over the expected lifetime 
of the insulation to maintain the benefits of caulking and 
weatherstripping. 

Second, in addition to the direct capital and replace
ment costs of the conservation measures, administrative 
costs to run the program must be included in the overall 
cost. Administrative costs can vary significantly among 
programs and are usually ongoing annual costs. In the 
1983 and 1986 Power Plans, the Council used 20 percent 

5. Least costly is defined in terms of a measure's levelized 
life-cycle cost, stated in terms of cents per kilowatt-hour. 

6. The system models are the Integrated System for Analysis 
of Acquisitions and the System Analysis Model. 
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of the capital costs of a conservation program to represent 
administrative costs. This figure is an oversimplification of 
a complex situation. 

Several factors can affect the level of administrative 
costs needed to run a program. First, programs with dif
ferent desired rates of acquisition will require different 
levels of administrative costs, especially for such things as 
marketing, advertising and contract management. 

Furthermore, it is likely that the administrative costs 
will increase as the megawatts from a discretionary re
source decrease. The first megawatts likely will be ac
quired from willing homeowners or businesses most 
interested in energy conservation. Alternatively, the last 
few megawatts may be very hard to identify and secure. 

Finally, administrative costs likely will decrease as the 
portion of the total cost of conservation that a utility pays 
increases. Higher payments to individuals and businesses 
probably will result in lower administrative costs, because 
customers will require less of a "sales pitch" to partici
pate. 

The Council believes that the administrative cost of a 
given program is largely independent of the number of 
measures installed in a house or building. While some 
additional measures may increase the number of inspec
tions, the administrative expense of requiring an insulation 
contractor to install full levels of cost-effective ceiling 
insulation is generally no greater than if the contractor 
were only required to install half the cost-effective 
amount. Processing of contracts, quality checks and other 
administrative actions still be needed, regardless of the 
number of measures installed. 

Some evidence suggests that administrative costs in 
the commercial sector might exceed those in the residen
tial sector, for several reasons. First, the commercial sec
tor is far more diverse than the residential sector; 
therefore, much more difficult to target and work with. 
Furthermore, there are probably more barriers to adopting 
energy conservation measures in the commercial sector. 
These barriers include such things as absentee landlords. 
Administrative costs of convincing owners to participate in 
a program could be considerable, particularly in the exist
ing commercial sector where daily business activities might 
have to be interrupted to install all cost-effective energy 
conservation measures. The perception of lost productivity 
or business may prevent businesses from taking cost-effec
tive energy actions. 

Countering some of these barriers is the fact that the 
Northwest Power Act provided significant mechanisms and 
incentives for this region to promote conservation. For 
example, the Council was authorized to develop model 
conservation standards for multiple end uses and to rec
ommend that Bonneville assess a surcharge if those stan
dards are not adopted. Bonneville can acquire the 
electrical output of conservation measures through an 
array of activities. These include direct purchases, autho
rizing loans and grants to consumers, providing technical 
and financial assistance, aiding in the implementation of 
the model conservation standards, and funding demonstra-
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tion projects to determine the cost-effectiveness of con
servation measures. In terms of administrative costs, the 
region still has little experience with programs that fall 
within the range of options authorized by the Act. 

The data concerning administrative costs, even for 
currently operated programs, is still scarce. Puget Sound 
Power and Light provided the Council with two estimates 
of administrative costs: 5 percent of capital costs for its 
commercial lighting program 7 and 30 percent for its Audit 
Incentive Program. The Oregon Department of Energy 
found about a 25 percent administrative cost for its busi
ness energy tax credits program. Bonneville has found 25 
percent administrative costs in its commercial Purchase of 
Energy Savings (PES) program and Commercial Incentive 
Pilot Program (CIPP). The Energy Edge Program, which 
has a significant research component, incurred 37 percent 
administrative costs. 

Other programs with some data on administrative 
costs were reviewed when the Council's made its five-year 
report on progress with conservation.8 These were primar
ily residential sector programs, and their administrative 
costs ranged from 15 percent to 28 percent. Oak Ridge 
National Laboratory recently conducted a review of ad
ministrative costs. It concluded that administrative costs 
for residential weatherization programs ran about 20 per
cent. Commercial audit and incentive programs had costs 
of 25 to 35 percent and commercial lighting about 10 to 15 
percent. 

The Council's current estimate of 20 percent falls 
within the range of costs experienced in the region to 
date. At this time, there is no evidence that argues strong
ly for a different estimate of administrative costs. There
fore, the average cost of the conservation programs is 
increased 20 percent before the conservation is compared 
to generating resources to determine which is more cost
effective. The Council is committed to continued monitor
ing of the administrative costs of regional conservation 
programs to see if this estimate can be refined. 

A third factor that must be accounted for when com
paring conservation programs with generating resources is 
the 10 percent credit given to conservation in the North
west Power Act and continued by Bonneville in response 
to the Council's five-year review of conservation. This 
credit means that conservation can cost 10 percent more 
than the next lowest-cost resource and still be considered 
cost-effective under the Act. 

Finally, to ensure that conservation and generating 
resources are compared fairly, the costs and savings of 
both types of resources must be evaluated at the same 

7. In this program, which was operated through contractors, 
there were some questions regarding the allocation of program 
costs between the measures and administrative requirements. 

8. Northwest Power Planning Council. A Review of Conse,va
tion Costs and Benefits-Five Year.s- of Experience under the North
west Power Act. October 1, 1987. (Order publication number 
87-6.) 
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point of distribution in the electrical grid. Conservation 
savings and costs are evaluated at the point of use, such as 
in the house. In contrast, the costs and generation from a 
power plant are evaluated at the generator (busbar) itself. 
Thus, to make conservation and the traditional forms of 
generation comparable, the costs of the generation plant 
must be adjusted to include transmission system losses (7.5 
percent) and transmission costs (2.5 percent). 

The net effect of all these adjustments for the mar
ginal conservation measure differs from the average pro
gram, because administrative costs are assessed on the 
average program and not the marginal measure. As men
tioned above, the Council determined that the administra
tive cost of a given program depends largely on the 
number or amount of mfasures installed. 

Compatibility with the Power System 

After these adjustments are made, each conservation 
program is evaluated in terms of its compatibility with the 
existing power system. Comparisons are made to the cost 
and savings characteristics of other electricity resources. 
To assess compatibility, and ultimately the cost-effective
ness of the conservation programs, the Council used two 
complex computer programs, called the Integrated Sys
tems for Analysis of Acquisitions (ISAAC) and the System 
Analysis Model (SAM). These models served as a final 
screen for judging whether a conservation program is re
gionally cost-effective. 

As with the previous Decision Analysis Model, the 
ISAAC model determines how many resources are needed 
to serve the loads described by each of the Council's fore
casts. This model includes several variables that describe 
the characteristics of different resources, including gener
ating and conservation resources. The key conservation 
variables are program ramp rates, program type, conserva
tion ownership assumptions, seasonal distnbution of sav
ings and percent payments for conservation acquisition. 
These variables are described next. 

Ramp Rates 

The discretionary conservation resources that the 
model secures in any one year to meet energy needs de
pend on how fast a program can become operational and 
on the ultimate amount of cost-effective conservation 
available. The rate at which a program can be brought 
online is sometimes known as the program ramp rate. If 
the region has surplus power for a long time, but a conser
vation program is already operating, the rate at which the 
program can slow down and the minimum level at which 
that program can remain viable are also important. The 
minimum viable level of the program, if above zero, deter
mines the amount of savings that would accrue even 
though the region would prefer to delay purchase of the 
resource during the surplus period. These ramp rates are 
discussed in Volume II, Chapter 10. 
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Program Type 

The Integrated Systems for Analysis of Acquisitions 
models four types of conservation programs. The first one, 
called non-discretionary programs, is modeled as savings 
that are secured automatically, regardless of the status of 
the power system. This is exemplified by conservation that 
is secured through codes. The second program type is very 
similar to the first, because the conservation is secured as 
new end uses of electricity are purchased, but the savings 
may be the result of programs rather than codes. This sec
ond program type is known as voluntary programs that 
operate on newly purchased appliances, houses and busi
nesses. The third program type is a discretionary program 
that secures savings from existing end uses, such as resi
dential weatherization. The fourth program type is a mix
ture of two programs. The conservation is initially secured 
without a program or code by homeowners or business 
managers on their own, but the end use is transitioned 
later into a particular program to secure the remaining 
conservation. 

Resource Ownership 

In addition to program types, the model needs to 
know the distribution of the ownership of the conservation 
savings among various parties in the region, particularly 
the investor-owned utilities, generating public utilities and 
non-generating public utilities. Ownership splits are based 
on the estimated number of customers in each electricity
consuming sector in these utilities' service territories. 

Seasonal Distribution of Savings 

The model also uses the seasonal distribution of the 
savings over the months of the year when assessing com
patibility. In general, end use monitored data from the 
End-Use Load and Conservation Assessment Program is 
used to model the seasonal distribution of savings from 
residential space heating and appliances. For lack of data, 
commercial and industrial savings are assumed to be even
ly distributed throughout the year. Finally, agricultural 
savings are modeled as being highest in April, May and 
June, with a smaller peak in September, and as non-exis
tent at other times of the year. 

Payments 

Finally, the model can accommodate different levels 
of incentive payments for the acquisition of different types 
of conservation programs. These vary depending on the 
types of studies being conducted, and are used to primarily 
model rate impacts. 

The technical discussion that follows descnbes the 
evaluation of conservation resources conducted by the 
Council. The narrative is illustrated with calculations from 
the high demand forecast, and the summary includes the 
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results from the medium forecast. Similar calculations 
were conducted for all of the Council's forecasts. All costs 
are in 1990 dollars. This discussion, and the technical ex
hibits listed at the end of each sector, display the capital 
costs, energy savings and measure life used by the Coun
cil. Bonneville is expected to use comparable assumptions 
and procedures in any calculation of cost-effectiveness. 

Residential Sector 

In 1989, the region's residential sector consumed 5,790 
average megawatts of electricity when adjusted for weath
er, which is about 34 percent of the region's total firm 
electrical consumption. Space heating is the largest single 
category of consumption in the residential sector; water 
heating is second. 

Space Heating Conservation in 
Existing Residential Buildings 

Figure 7-3 shows the estimated space heating savings 
available from existing residences at various electricity 
prices. The technical conservation potential, with no single 
measure exceeding 11 cents per kilowatt-hour, is approxi
mately 200 average megawatts. The estimated average cost 
of insulating and weatherizing existing residences is about 
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7 cents per kilowatt-hour for single-family and multifami
ly houses. These values escalate to about 8 cents per 
kilow,tt-hour if administrative costs and transmission and 
distribution adjustments are incorporated. 

The Council's assessment of the conservation poten
tial for existing space heating involved four steps. These 
steps were to: 

1. estimate cost-effective thermal integrity changes that 
are available from insulating existing electrically 
heated dwellings; 

2. develop savings estimates and conservation supply 
functions consistent with the Council's forecasting 
model, and incorporate the forecasting model's esti
mates of the effect of consumer behavior on savings 
using the thermal integrity changes identified in Step 
1; 

3. compare projected cost and savings estimates with 
historically observed cost and savings data; and, 

4. estimate realizable conservation potential. 

The key data sources used in this analysis come from 
the diverse programs operated in the region. These 
sources are summarized in Tobie 7-3. 

4 6 8 10 12 14 
Levelized Cost (cents/kWh) 
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Table 7-3 
Key Data Sources for Existing Space Heating Measures 

Costs 

Puget Power's Weatherization Program Measure costs 

Bonneville's Weatherization Program (Data Gathering Project) Measure costs 

Eugene Water and Electric Board's Weatherization Program 

Hood River Program 

Consumption and Savings 

End-Use Load and Conservation Assessment Program 
(ELCAP) 

Residential Standards Demonstration Program 

Evaluation Reports from Weatherization Programs 

1987 Oregon Survey 

Pacific Northwest Residential Energy Surveys 

Step 1. Estimate Cost-Effective 
Thermal Integrity Improvements from 
Conservation Measures 

The costs and savings of conservation measures are 
the primary determinants of the amount of conservation 
that is available from the supply curves. The Council's 
estimates of single-family home weatherization costs are 
based on information provided by Bonneville and utilities 
on the costs they have incurred in recent years to weather
ize single-family residences. The actual costs of measures 
installed by the programs are showrt in Tuble 7-4. Costs in 
the Hood River Conservation Project9 are typically higher 
than costs experienced in regionwide, longer running pro
grams. Information from Hood River was used for those 
measures not widely used in the regionwide weatheriza
tion program. This included the costs of insulating floors 
to R-30 where additional joist space had to be added to 
accommodate the depth of the insulation, and for a dou
ble-glazed storm window added to an existing window. As 
can be seen from the table, the region currently has a 
large data base of costs for common weatherization mea
sures. 

The costs of installing windows in existing houses 
were investigated as a separate item. Utility programs pro
vided costs on adding storm windows and on replacing 
prime windows with somewhat better double-glazed win
dows. These programs do not include information on the 
costs of going to much more efficient windows at the time 
the existing prime window is replaced. Such an analysis 
requires separating the cost of labor to install a prime re
placement window, which would be virtually the same 
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Time series of measure costs 

Measure costs 

Insulation levels of households remaining to be 
fully weatherized, space heating consumption 

Test of simulation model 

Use and savings comparison test of simulation inputs 

Insulation levels of houses remaining to weatherize 

Wood heat/electric splits, house size, unweatherized 
energy use 

regardless of the efficiency of the replacement window, 
from the cost of the physical window itself. 

The labor costs of replacing an existing window were 
derived from phone conversations with window contrac
tors. Some contractors pay their installers $35 per window 
for wood windows and $45 per window for aluminum or 
vinyl windows if the window size is 20 square feet or less, 
and an additional $10 for each additional 10 square feet. 
With the 1,350--square-foot prototype building, an as
sumption of half wood and half aluminum windows, and a 
25 percent general contractor mark-up, this translates into 
labor costs of about $3.25 per square foot of window. 

The next question is what are the materials costs of 
more efficient windows? This was addressed by looking at 
data from the residential standards demonstration pro
gram for new manufactured homes and the Competitek 
service from Rocky Mountain Institute. These costs are 
summarized in Table 7-4. None of these costs include the 
labor cost described above, although in the analysis, the 
labor cost was added to the replacement cost of the win
dow. 

9. The Hood River Conservation Project was an attempt to 
determine how much conservation could be acquired by wea
therizing an entire community. The project provided unique 
and valuable experience in mobilizing the community resources. 
However, since it was testing how much could be installed, it 
included some measures that were not necessarily cost-effective 
at the time. 
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The manner in which the information was collected 
from the weatherization projects is not completely com
patible with the prototype analysis required here. Conse
quently, the data was put in a format that reflected 
incremental steps. For example, instead of from R-0 to 
R-38 in one step, it went from R-0 to R-19 ceiling insula
tion and then from R-19 to R-30 and R-30 to R-38. This 
required making an estimate of the cost that is incurred to 
initially set up an insulation job, compared to the cost of 
adding additional insulation once the contractor is already 
incurring the labor to get to the house and set up. The 
costs from Puget Power and Bonneville are averaged to
gether using the estimated proportion of houses in private 
and public service territories still eligible for a weatheriza
tion program. These costs are then allocated between job 
set-up costs and add-on costs for each measure. The re
sults are displayed in Tobie 7-5 for those measures where 
costs had to be constructed from the actual measure data. 

The costs of weatherizing multifamily units are based 
on costs reported by Bonneville and Puget Power to wea
therize multifamily buildings in their service territories. 
While the data base for the multifamily weatherization 
measures is not as large as that for single-family weatheri
zation, it is still quite large. The costs as reported by Bon
neville and Puget are shown in Table 7-6. As with 
single-family costs, this information had to be summarized 
in a manner that was compatible with the prototype analy
sis. This information, after Bonneville and Puget costs 
were weighted together, is displayed in Table 7-7 for ceil
ing insulation. Tbe costs for insulating floors from R-19 to 
R-30 and window costs are taken from information on 
single-family buildings, described above. 

No savings or costs were estimated for weatherizing or 
insulating existing manufactured homes since there were 
significant questions surrounding the feasibility of such 
efforts. Bonneville is currently involved in collecting data 
on the costs and savings potential from existing manufac
tured homes. This effort will be reflected in the revision 
to the power plan following the completion of Bonne
ville's efforts. 

It is useful to distinguish between set-up and add-on 
costs to answer two different questions. Set-up costs are 
included when determining whether any insulation should 
be added to a building component, given that a certain 
level already exists. For example, if a ceiling is already 
insulated to R-30, it turns out that it is not cost-effective 
to the region to pay for a contractor to come to the house 
and increase the ceiling insulation level to R-38. Add-on 
costs determine how far a building component should be 
insulated, assuming the contractor is already set up and 
has installed some base insulation. If the contractor is al
ready there, for example, it is cost-effective to increase 
ceiling insulation to R-38 from a base of R-19, and it is 
also cost-effective to continue adding insulation to R-49. 
Thus, the regional cost-effectiveness limit is R-49 in the 
ceiling, if anything less than about R-30 exists before wea
therization. 
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In an ideal situation, where all measures can be in
stalled in the building and no lost-opportunity measure 
has already been created, the following measures would 
be recommended for installation in single-family houses: 
R-49 ceiling insulation, if the house has less than R-30; 
R-11 wall insulation, if no insulation currently exists; R-30 
underfloor insulation if less than R-19 currently exists and 
there is space in the joist for the insulation; and either 
double paned thermally-broken storm windows or effec
tive R-2.6 prime replacement windows, if single panes are 
present, but not if the windows are already double paned. 
The current analysis indicates that it is not cost-effective 
to weatherize these individual components further if the 
house is already at R-30 in the ceiling, has some wall insu
lation, has R-19 or more in the floor and double pane 
windows. Since there is some uncertainty regarding the 
labor costs of prime replacement windows, the Council 
conducted a sensitivity analysis to see how high labor costs 
could go and still keep R-2.6 replacement windows cost
effective. A sensitivity done on the 1,350-square-foot pro
totype in Seattle indicated that the labor costs could more 
than double, and moving from an R-1.2 to an R-2.6 win
dow would still be cost-effective. 

These results have important implications for the de
sign of weatherization programs. For example, if a utility 
runs a weatherization program that takes the ceiling insu
lation to R-30 only, the savings from going beyond R-30 
are lost to the region, even though it would have been 
cost-effective to go further at the time the house was wea
therized. Additionally, these results lead to a weatheriza
tion program design that could be modeled after the oil 
dipstick in a car. If an audit shows that the house already 
has R-30 in the ceiling, it is only half a quart low and no 
oil- that is, insulation -should be added. On the other 
hand, if the audit shows that the ceiling is only at R-19, it 
is a full quart low, and insulation should be added to the 
full cost-effectiveness level (R-49), or as close as structur
al barriers permit. 

Three typical building designs were used to estimate 
the retrofit potential for single-family houses in the re
gion. The first is an 850-square-foot, single-story house 
built over an unheated basement. The second is a 
1,350-square-foot house over a vented crawl space. The 
third is a 2,100-square-foot, two-story house with a 
heated basement. The multifamily design is a three-story 
apartment house with four 840-square-foot units on each 
floor. 
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Table 7-4 
Cost to Weatherize Single-Family Dwellings-Actual Program Data J.-Vhere Availablea (N = sample size) 

Bonneville Data 
Puget Power Gathering Project Other Source 

($/sq. ft.) (N) ($/sq. ft.) (N) ($/sq. ft.) (N) 

Ceiling Insulation 

• R--0 to R-38 0.59 1,761 0.69 778 

• R-11 to R-38 0.47 6,513 0.48 1,951 

• R-19 to R-38 0.40 2,379 0.42 881 

• R-30 to R-38 0.40 79 0.61 149 

Wall Insulation 

• R--0 to R-11 0.44 3,075 0.72 1,296 

• R--0 to R-19 0.72 184 

Floor Insulation 

• R--0 to R-11 0.65 9,117 0.71 2,081 

• R--0 to R-30 - - 0.80 9 

Doors 12.85b 

Caulking and Weatherstripping 1991 l,6()()C 
house 

Glass 

• Storm Windows-Single to Double 6.75 10,763 7.50 2,624 

• Prime Replacement Windowse 

• R-2.6 15.94 

• R-5 23.13 

a These costs were incurred over a three- to five-year period. Analysis of Eugene Water and Electric Board's weatherization data, 
collected by year since 1983, showed that the costs of weatherization measures have remained constant over this period. Costs are 
therefore in 1990 dollars. 

b Taken from the 1983 Power Plan, and escalated to 1990 dollars. 

C Approximate sample size. 

d Approximate sample size. These costs are from the Hood River Conservation Project. 

e Materials only. Labor is an additional $3.25 per square foot. 
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Table 7-5 
Individual Measure Costs to Weatherize Single-Family Dwellings from Actual Program Data (1990 Dollars) 

Set-upa Costs ($/sq. ft.) Add-onb Costs ($/sq. ft.) 

Ceiling Insulation 

• R-0 to R-19 0.44 -

• R-19 to R-30 0.33 0.15 

• R-30 to R-38 0.29 0.11 

• R-38 to R-49 - O.lSC 

Floor Insulation 

• R-0 to R-19 0.74 -

• R-19 to R-30 - 0.14 

• R-19 to R-30 with added joist 0.64d -

a Set-up costs are the costs of installing insulation, assuming the contractor has to be called to the site. 

b Add-on costs represent the incremental cost of adding insulation assuming the contractor is already installing insulation for that 
building component. 

C Costs taken from the 1986 Power Plan. 

d Estimated cost for the measure if additional joist space must be added to accommodate the R-30 insulation. 
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Table 7-6 
Costs to Weatherize Multifamily Dwellings-Actual Program Data Where Availablea (N = sample size) 

Bonneville Data 
Puget Power Gathering Project Other Source 

($/sq. ft.) (N) ($/sq. ft.) (N) ($/sq. ft.) (N) 

Ceiling Insulation 

• R--0 to R-38 0.45 933 0.76 62 

• R-11 to R-38 0.45 2,079 0.42 159 

• R-19 to R-38 0.37 1,199 0.48 50 

• R-30 to R-38 0.43 23 0.26 10 

Wall Insulation 

• R-0 to R-11 0.56 184 0.70 42 

• R-0 to R-19 0.54 12 

Floor Insulation 

• R-0 to R-19 0.62 2,717 0.69 145 

Doors 12.84b 

Caulking and Weatherstripping 118/ 115c 
dwelling unit 

Glass 

• Storm Window-Single to Double 6.30 4,395 6.00 217 

• Prime Replacement Windowd 

• R-2.6 15.94 

• R-5 23.13 

a These costs were incurred over a three- to five-year period. Analysis of Eugene Water and Electric Board's weatherization costs, 
collected by year since 1983, showed that the costs of weatherization measures have remained constant over this period. Costs are 
therefore represented in 1990 dollars. 

b Taken from the 1983 Power Plan. 

C Approximate sample size. 

d Materials only. Labor is an additional $3.25 per square foot. 
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Table 7-7 
Individual Measure Costs to Weatherize Multifamily Dwellings from Actual Program Data (1990 Dollars) 

Set-upa Costs ($/sq. ft.) Add-onb Costs ($/sq. ft.) 

Ceiling Insulation . 
• R-0 to R-19 0.46 -

• R-19 to R-30 0.42 0.08 

• R-30 to R-38 0.40 0.04 

a Set-up costs are the costs of adding insulation, assuming the contractor has not been called to the site already. 
b Add-on costs represent the incremental cost of adding insulation, assuming the contractor is already installing insulation for that 
building component. 

There are limitations on the number of houses that 
can reach full cost-effective weatherization levels. For 
example, if the house does not have room in the joist sys
tem to accommodate R-30 insulation, then given current 
data, it does not appear cost-effective to add the increased 
joist space to accommodate the thicker insulation. Given 
this limitation, the current analysis of single-family resi
dential weatherization savings uses R-30 floors on only 
one of the three prototypes. Less information is known 
about multifamily buildings. As a consequence, the multi
family prototypes were modeled with floors that could go 
to R-30 insulation without the increased joist cost. In ad
dition, recent draft information on air change rates in 
multifamily units indicates that these dwellings have less 
air exchange with the outside air than single-family 
houses. The base case air change rate for multifamily 
dwellings is 0.4 air changes per hour in the current analy
sis. For single-family houses, the initial air change rate is 
assumed to be 0.6 air changes per hour. When some air 
infiltration reduction measures are taken, this is assumed 
to drop to 0.5 air changes per hour. This is a fairly small 
drop in infiltration, because costs taken from current pro
grams represent only fairly small amount of air infiltration 
reduction measures. 

Savings from weatherization measures installed in all 
four house designs were estimated using a two-step pro
cess. This first step assesses the savings from each mea
sure holding constant other determinants of space heating 
consumption, such as thermostat settings and room clo
sure behavior. The second step is to take the aggregate 
efficiency improvement that is identified as cost-effective 
compared to a house with average insulation, and run it 
through the forecast to incorporate consumer behavior 
changes into the estimate of aggregate savings. 

In the first step, the SUNDAY computer model, lO 

which simulates a building's daily space heating energy 
needs, is used to evaluate a base case and the savings at
tributable to each conservation measure, holding behavior 
constant. This step determines which of the representative 
measures applied to the prototypes are cost-effective. At 
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this stage, savings are evaluated using an average indoor 
temperature setting of 65°F, internal gains consistent with 
the efficient appliances included in the Council's resource 
portfolio (2,000 British thermal units per hour), and no 
reduction in use from room closure and wood heat. This 
set of assumptions is often called the "standard operating 
conditions" of a residential building. 

These values were selected based on analysis and 
judgment. They represent a house used at levels that are 
reasonable if efficiency measures are installed. Curtail
ment activities, such as room closure and reduced temper
ature settings, are less likely to continue after efficiency 
measures are installed since these measures significantly 
lower utility bills. If the house ends up being operated in 
the long run at reduced amenity, then potentially a mea
sure was included in the program that should not have 
been there. However, if less than full amenity were as
sumed in this step of the analysis, then measures that 
might have been cost-effective would be lost. The Council 
has selected the former condition as preferable to the lat
ter, partially to protect against the high load growth sce
narios, where every conservation measure is important. 

It is important to emphasize here that the SUNDAY 
model is used to determine which representative measures 
should be incorporated into a program, while holding be
havior at pre-determined amenity levels. Once the rela
tive efficiency change is determined, savings are 
re-estimated using the forecasting model to incorporate 
behavioral changes in response to price. In addition, be
cause the forecast implicitly incorporates an estimate of 
wood heat and room closure, these are also accounted for 
in the average estimate of savings from weatherizing 
houses. 

10. The SUNDAY model simulates space heating needs based 
on heat loss rate, daily access to solar energy, daily inside and 
outside temperatures, thermal mass, and the amount of heat 
given off by lights, people and appliances. 
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Tables 7-8 through 7-10 for single-family and Table 
7-11 for multifamily houses show the costs, levelized in 
mills (tenths of a cent) per kilowatt-hour, and the engi
neering savings assuming standard operating conditions 
from weatherizing the typical prototype houses in three 
representative climate zones in the region. The purpose of 
these tables is to show the expected reduction in space 
heating use as weatherization measures are installed. The 
precise order of the measures, and their location in the 
list is a function of which one has the least expected cost 
per savings. Since people often install measures out of 
order, the listings here must be considered as simply rep-
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resentative of the type of expected energy savings that 
would be secured as insulation is added. 

Each measure has its own average or expected life
time, which is used in generating the levelized cost. The 
levelized costs displayed in these tables reflect financing 
costs and replacement costs for short-lived measures. In
sulation and prime replacement windows last the lifetime 
of the residence, which for existing stock is expected to be 
an average of about 60 years or more. This was reduced to 
50 years. Replacement doors are assumed to last an aver
age of about 30 years. Infiltration reduction measures 
were assumed to last 10 years. 
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Table 7-8 
Representative Thermal Integrity Curve for Single-Family Dwelling Weatherization Measures, Zone I-Seattle 

Capital Cost Annual Use Levelized 
Present Cost 

Measures UA Total ($/sq. ft.) (kWh/yr.) (kWh/sq. ft.) Value Cost (mills/kWh) 

House Size-850 Square Feet 

Base Case 669 $0 0.00 18,869 22.20 $0 0 

Ceiling R-0 to R-19 478 $374 0.44 11,795 13.88 $418 4 

Walls R-0 to R-11 393 $978 1.15 8,735 10.28 $1,094 16 

Crawl Space R-0 to R-19 316 $1,607 1.89 6,079 7.15 $1,798 20 

Ceiling R-19 to R-30 302 $1,735 2.04 5,594 6.58 $1,941 22 

Crawl Space R-19 to R-30 295 $1,854 2.18 5,369 6.32 $2,074 45 

ACH .6 to .5 283 $1,954 2.30 4,966 5.84 $2,412 64 

Ceiling R-30 to R-38 279 $2,047 2.41 4,854 5.71 $2,516 71 

Windows R-3 274 $2,218 2.61 4,669 5.49 $2,707 78 

Windows R-2.6 231 $3,545 4.17 3,335 3.92 $4,192 85 

Windows R-5 220 $4,221 4.97 2,991 3.52 $4,948 168 

Wood to Metal Door 209 $4,783 5.63 2,659 3.13 $5,804 197 

House Size-1,350 Square Feet 

Base Case 1,025 $0 0.00 30,440 22.55 $0 0 

Ceiling R-0 to R-19 721 $594 0.44 19,144 14.18 $665 4 

Walls R-0 to R-11 589 $1,362 1.01 14,323 10.61 $1,524 13 

Crawl Space R-0 to R-19 467 $2,361 1.75 10,036 7.43 $2,642 19 

Ceiling R-19 to R-30 444 $2,564 1.90 9,249 6.85 $2,868 22 

ACH .6 to .5 425 $2,664 1.97 8,587 6.36 $3,206 39 

Ceiling R-30 to R-38 419 $2,812 2.08 8,406 6.23 $3,372 70 

Windows R-3 410 $3,082 2.28 8,107 6.01 $3,674 77 

Windows R-2.6 343 $5,187 3.84 5,907 4.38 $6,029 81 

Windows R-5 325 $6,258 4.64 5,338 3.95 $7,227 161 

Wood to Metal Door 314 $6,819 5.05 4,991 3.70 $8,082 188 

Crawl Space R-19 to R-3oa 303 $7,683 5.69 4,657 3.45 $9,049 221 

House Size-2,100 Square Feet 

Base Case 1,140 $0 0.00 31,231 14.87 $0 0 

Ceiling R-0 to R-19 982 $308 0.15 25,466 12.13 $345 4 

Walls R-0 to R-11 783 $1,505 0.72 18,360 8.74 $1,684 14 

Ceiling R-19 to R-30 771 $1,610 0.77 17,943 8.54 $1,801 21 

ACH .6 to .5 739 $1,710 0.81 16,802 8.00 $2,139 22 

Ceiling R-30 to R-38 736 $1,787 0.85 16,706 7.96 $2,225 68 
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Table 7-8 (cont.) 
Representative Thermal Integrity Curve for Single-Family Dwelling Weatherization Measures, Zone ]-Seattle 

Capital Cost Annual Use Levelized 
Present Cost 

Measures VA Total ($/sq. ft.) (kWh/yr.) (kWh/sq. ft.) Value Cost (mills/kWh) 

House Size-2,100 Square Feet (cont.) 

Windows R-3 717 $2,358 1.12 16,054 7.64 $2,864 75 

Windows R-2.6 575 $6,807 3.24 11,270 5.37 $7,842 79 

Windows R-5 537 $9,071 4.32 10,049 4.79 $10,375 158 

Wood to Metal Door 526 $9,633 4.59 9,692 4.62 $11,231 183 

a The costs of this measure include an estimate for extending the joist to accommodate R-30 insulation. 

Table 7-9 
Representative Thermal Integrity Curve for Single-Family Dwelling Weatherization Measures, Zone 2-Spokane 

Capital Cost Annual Use Levelized 
Present Cost 

Measures VA Total ($/sq. ft.) (kWh/yr.) (kWh/sq. ft.) Value Cost (mills/kWh) 

House Size-850 Square Feet 

Base Case 669 $0 $0.00 25,536 30.04 $0 0 

Ceiling R-0 to R-19 478 $374 $0.44 16,582 19.51 $418 3 

Walls R-0 to R-11 393 $978 $1.15 12,678 14.92 $1,094 13 

Crawl Space R-0 to R-19 316 $1,607 $1.89 9,247 10.88 $1,798 15 

Ceiling R-19 to R-30 302 $1,735 $2.04 8,609 10.13 $1,941 17 

Crawl Space R-19 to R-30 295 $1,854 $2.18 8,311 9.78 $2,074 34 

ACH .6 to .5 283 $1,954 $2.30 7,775 9.15 $2,412 48 

Ceiling R-30 to R-38 279 $2,047 $2.41 7,626 8.97 $2,516 53 

Windows R-3 274 $2,218 $2.61 7,380 8.68 $2,707 59 

Windows R-2.6 231 $3,545 $4.17 5,567 6.55 $4,192 62 

Windows R-5 220 $4,221 $4.97 5,094 5.99 $4,948 122 

Wood to Metal Door 209 $4,783 $5.63 4,633 5.45 $5,804 141 

House Size-1,350 Square Feet 

Base Case 1,025 $0 $0.00 40,342 29.88 $0 0 

Ceiling R-0 to R-19 721 $594 $0.44 26,081 19.32 $665 3 

Walls R-0 to R-11 589 $1,362 $1.01 19,988 14.81 $1,524 10 

Crawl Space R-0 to R-19 467 $2,361 $1.75 14,517 10.75 $2,642 15 

Ceiling R-19 to R-30 444 $2,564 $1.90 13,496 10.00 $2,868 16 

ACH .6 to .5 425 $2,664 $1.97 12,636 9.36 $3,206 30 
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Table 7-9 ( cont.) 
Representative Thermal Integrity Curve for Single-Family Dwelling Weatherization Measures, Zone 2-Spokane 

Capital Cost Annual Use Levelized 
Present Cost 

Measures VA 1btal ($/sq. ft.) (kWh/yr.) (kWh/sq. ft.) Value Cost (mills/kWh) 

House Size-1,350 Square Feet (cont.) 

Ceiling R-30 to R-38 419 $2,812 $2.08 12,398 9.18 $3,372 53 

Windows R-3 410 $3,082 $2.28 12,004 8.89 $3,674 58 

Windows R-2.6 343 $5,187 $3.84 9,083 6.73 $6,029 61 

Windows R-5 325 $6,258 $4.64 8,321 6.16 $7,227 120 

Wood to Metal Door 314 $6,819 $5.05 7,852 5.82 $8,082 139 

Crawl Space R-19 to R-3oa 303 $7,683 $5.69 7,401 5.48 $9,049 163 

House Size-2,100 Square Feet 

Base Case 1,140 $0 $0.00 41,942 19.97 $0 0 

Ceiling R-0 to R-19 982 $308 $0.15 34,672 16.51 $345 3 

Walls R-0 to R-11 783 $1,505 $0.72 25,629 12.20 $1,684 11 

Ceiling R-19 to R-30 771 $1,610 $0.77 25,093 11.95 $1,801 16 

ACH .6 to .5 739 $1,710 $0.81 23,625 11.25 $2,139 17 

Ceiling R-30 to R-38 736 $1,787 $0.85 23,500 11.19 $2,225 52 

Windows R-3 717 $2,358 $1.12 22,657 10.79 $2,864 57 

Windows R-2.6 575 $6,807 $3.24 16,397 7.81 $7,842 60 

Windows R-5 537 $9,071 $4.32 14,778 7.04 $10,375 119 

Wood to Metal Door 526 $9,633 $4.59 14,301 6.81 $11,231 137 

a The costs of this measure include an estimate for extending the joist to accommodate R-30 insulation. 

Table 7-10 
Representative The,mal Integrity Curve for Single-Family Dwelling Weatherization Measures, Zone ]-Missoula 

Capital Cost Annual Use Levelized 
Present Cost 

Measures VA Total ($/sq. ft.) (kWh/yr.) (kWh/sq. ft.) Value Cost (mills/kWh) 

House Size-850 Square Feet 

Base Case 669 $0 $0.00 29,675 34.91 $0 0 

Ceiling R-0 to R-19 478 $374 $0.44 19,418 22.84 $418 3 

Walls R-0 to R-11 393 $978 $1.15 14,902 17.53 $1,094 11 

Crawl Space R-0 to R-19 316 $1,607 $1.89 10,904 12.83 $1,798 13 

Ceiling R-19 to R-30 302 $1,735 $2.04 10,160 11.95 $1,941 14 

Crawl Space R-19 to R-30 295 $1,854 $2.18 9,814 11.55 $2,074 29 
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Table 7-10 (cont.) 
Representative Thennal Integrity Curve for Single-Family Dwelling Weatherization Measures, Zone 3-Missoula 

Capital Cost Annual Use Levelized 
Present Cost 

Measures VA Total ($/sq. ft.) (kWh/yr.) (kWh/sq. ft.) Value Cost (mills/kWh) 

House Size-850 Square Feet (cont.) 

ACH .6 to .5 283 $1,954 $2.30 9,194 10.82 $2,412 41 

Ceiling R-30 to R-38 279 $2,047 $2.41 9,022 10.61 $2,516 46 

Windows R-3 274 $2,218 $2.61 8,736 10.28 $2,707 51 

Windows R-2.6 231 $3,545 $4.17 6,638 7.81 $4,192 54 

Windows R-5 220 $4,221 $4.97 6,091 7.17 $4,948 105 

Wood to Metal Door 209 $4,783 $5.63 5,556 6.54 $5,804 122 

House Size -1,350 Square Feet 

Base Case 1,025 $0 $0.00 46,836 34.69 $0 0 

Ceiling R-0 to R-19 721 $594 $0.44 30,499 22.59 $665 3 

Walls R-0 to R-11 589 $1,362 $1.01 23,435 17.36 $1,524 9 

Crawl Space R-0 to R-19 46 $2,361 $1.75 17,058 12.64 $2,642 13 

Ceiling R-19 to R-30 444 $2,564 $1.90 15,876 11.76 $2,868 14 

ACH .6 to .5 425 $2,664 $1.97 14,882 11.02 $3,206 25 

Ceiling R-30 to R-38 419 $2,812 $2.08 14,607 10.82 $3,372 46 

Windows R-3 410 $3,082 $2.28 14,154 10.48 $3,674 50 

Windows R-2.6 343 $5,187 $3.84 10,788 7.99 $6,029 53 

Windows R-5 325 $6,258 $4.64 9,906 7.34 $7,227 103 

Wood to Metal Door 314 $6,819 $5.05 9,362 6.93 $8,082 120 

Crawl Space R-19 to R-303 303 $7,683 $5.69 8,838 6.55 $9,049 141 

House Size-2,100 Square Feet 

Base Case 1,140 $0 $0.00 48,918 23.29 $0 0 

Ceiling R-0 to R-19 982 $308 $0.15 40,513 19.29 $345 3 

Walls R-0 to R-11 783 $1,505 $0.72 30,039 14.30 $1,684 9 

Ceiling R-19 to R-30 771 $1,610 $0.77 29,417 14.01 $1,801 14 

ACH .6 to .5 739 $1,710 $0.81 27,711 13.20 $2,139 15 

Ceiling R-30 to R-38 736 $1,787 $0.85 27,566 13.13 $2,225 45 

Windows R-3 717 $2,358 $1.12 26,585 12.66 $2,864 49 

Windows R-2.6 575 $6,807 $3.24 19,372 9.22 $7,842 52 

Windows R-5 537 $9,071 $4.32 17,505 8.34 $10,375 103 

Wood to Metal Door 526 $9,633 $4.59 16,956 8.07 $11,231 119 

a The costs of this measure include an estimate for extending the joist to accommodate R-30 insulation. 
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Table 7-11 
Representative Thermal Integrity Curve for Multifamily Dwelling Weatherization Measures 

Cumulative Annual Use Levelized 
UA Incremental Present Cost 

Measure (per unit) Capital Cost Capital Cost Value Cost (kWh/yr.) (kWh/sq. ft.) (mills/kWh) 

Zone 1-Seattle 

Base Case 345 0 0 0 7,841 9.3 0 

Ceiling R-0 to R-19 276 $140 $140 $156 5,470 6.5 5.0 

Ceiling R-19 to R-30 271 $21 $161 $180 5,297 6.3 10.5 

Walls R-0 to R-11 228 $301 $462 $517 3,874 4.6 18.1 

Crawl Space 203 $215 $677 $758 3,082 3.7 23.3 
R-0 to R-19 

Ceiling R-30 to R-38 202 $15 $693 $775 3,044 3.6 34.8 

Crawl Space 199 $42 $735 $823 2,961 3.5 43.5 
R-19 to R-30 

ACH .4 to .3 185 $129 $864 $1,258 2,532 3.0 77.8 

Windows R-3 179 $172 $1,036 $1,451 2,363 2.8 87.4 

Windows R-2.6 136 $1,342 $2,378 $2,952 1,169 1.4 %.2 

Windows R-5 125 $683 $3,061 $3,716 887 1.1 207.5 

Wood to Metal Door 122 $140 $3,201 $3,929 823 1.0 256.9 

Zone 2-Spokane 

Base Case 345 0 0 0 11,237 13.4 0 

Ceiling R-0 to R-19 276 $140 $140 $156 8,173 9.7 3.9 

Ceiling R-19 to R-30 271 $21 $161 $180 7,945 9.5 8.0 

Walls R-0 to R-11 228 $301 $462 $517 6,054 7.2 13.7 

Crawl Space 203 $215 $677 $758 4,982 5.9 17.2 
R-0 to R-19 

Ceiling R-30 to R-38 202 $15 $693 $775 4,931 5.9 25.5 

Crawl Space 199 $42 $735 $823 4,816 5.7 31.8 
R-19 to R-30 

ACH .4 to .3 185 $129 $864 $1,258 4,227 5.0 56.6 

Windows R-3 179 $172 $1,036 $1,451 3,993 4.8 62.9 

Windows R-2.6 136 $1,342 $2,378 $2,952 2,297 2.7 67.8 

Windows R-5 125 $683 $3,061 $3,716 1,877 2.2 139.1 

Wood to Metal Door 122 $140 $3,201 $3,929 1,779 2.1 166.1 

Zone 3-Missoula 

Base Case 345 0 0 0 13,186 15.7 0 

Ceiling R-0 to R-19 276 $140 $140 $156 9,624 11.5 3.4 

Ceiling R-19 to R-30 271 $21 $161 $180 9,359 11.1 6.9 

Walls R-0 to R-11 228 $301 $462 $517 7,172 8.5 11.8 
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Table 7-11 (cont.) 
Representative Thermal Integrity Curve for Multifamily Dwelling Weatherization Measures 

Cumulative Annual Use Levelized 
UA Incremental Present Cost 

Measure (per unit) Capital Cost Capital Cost Value Cost (kWh/yr.) (kWh/sq. ft.) (mills/kWh) 

Zone 3-Missoula (cont.) 

Crawl Space 203 $215 
R--0 to R-19 

Ceiling R-30 to R-38 202 $15 

Crawl Space 199 $42 
R-19 to R-30 

ACH .4 to .3 185 $129 

Windows R-3 179 $172 

Windows R- 2.6 136 $1,342 

Windows R-5 125 $683 

Wood to Metal Door 122 $140 

Since each representative measure saves a different 
amount of energy in each house design and location, an 
aggregate supply curve must be developed to represent 
the weighted average efficiency change for all representa
tive measures in the dwelling types. The use and cost from 

$677 $758 5,934 7.1 14.9 

$693 $775 5,875 7.0 22.0 

$735 $823 5,742 6.8 27.5 

$864 $1,258 5,063 6.0 49.1 

$1,036 $1,451 4,795 5.7 55.0 

$2,378 $2,952 2,848 3.4 59.1 

$3,061 $3,716 2,355 2.8 118.5 

$3,201 $3,929 2,237 2.7 138.8 

each climate zone were combined according to percent
ages listed in Tobie 7-12. The regional average thermal 
integrity curves for each typical house design appear in 
Tables 7-13 and 7-14. 

Table 7-12 
Weights Used to Reflect Regional Weather for Existing Space Heating 

Climate Zone 1 Climate Zone 2 Climate Zone 3 

Single-Family Dwellings 84% 11% 5% 

Multifamily Dwellings 73.1% 22.1% 4.8% 

31 4 199 1 NORTHWEST POWER PLAN-VOLUME II 



CONSERVATION RESOURCES CHAPTER 7 

Table 7-13 
Regionally Weighted Thermal Integrity Cwve for Single-Family Dwelling Weatherization Measures 

Levelized Cost Capital Cost Use/sq.ft. Present-Value 
(mills/kWh) ($/sq. ft.) (kWh/yr.) Cost VA 

House Size-850 Square Feet 

Base Case 0 $0.00 23.70 $0 669 

Ceiling R-0 to R-19 4 $0.44 14.94 $418 478 

Walls R-0 to R-11 16 $1.15 11.15 $1,094 393 

Crawl Space R-0 to R-19 19 $1.89 7.85 $1,798 316 

Ceiling R-19 to R-30 21 $2.04 7.24 $1,941 302 

Crawl Space R-19 to R-30 43 $2.18 6.96 $2,074 295 

ACH .6 to .5 61 $2.30 6.45 $2,412 283 

Ceiling R-30 to R-38 68 $2.41 6.31 $2,516 279 

Windows R-3 75 $2.61 6.08 $2,707 274 

Windows R-2.6 81 $4.17 4.41 $4,192 231 

Windows R-5 160 $4.97 3.97 $4,948 220 

Wood to Metal Door 187 $5.63 3.55 $5,804 209 

House Size-1,350 Square Feet 

Base Case 0 $0.00 23.96 $0 1,025 

Ceiling R-0 to R-19 4 $0.44 15.17 $665 721 

Walls R-0 to R-11 13 $1.01 11.41 $1,524 589 

Crawl Space R-0 to R-19 19 $1.75 8.06 $2,642 467 

Ceiling R-19 to R-30 21 $1.90 7.44 $2,868 444 

ACH .6 to .5 37 $1.97 6.92 $3,206 425 

Ceiling R-30 to R-38 67 $2.08 6.78 $3,372 419 

Windows R-3 73 $2.28 6.55 $3,674 410 

Windows R-2.6 78 $3.84 4.82 $6,029 343 

Windows R-5 153 $4.64 4.37 $7,227 325 

Wood to Metal Door 179 $5.05 4.09 $8,082 314 

Crawl Space R-19 to R-3oa 211 $5.69 3.83 $9,049 303 

House Size-2,100 Square Feet 

Base Case 0 $0.00 15.85 $0 1,140 

Ceiling R-0 to R-19 4 $0.15 12.97 $345 982 

Walls R-0 to R-11 13 $0.72 9.40 $1,684 783 

Ceiling R-19 to R-30 20 $0.77 9.19 $1,801 771 

ACH .6 to .5 21 $0.81 8.62 $2,139 739 

Ceiling R-30 to R-38 65 $0.85 8.57 $2,225 736 
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Table 7-13 (cont.) 
Regionally Weighted Thermal Integrity Curve for Single-Family Dwelling Weatherization Measures 

Levelized Cost Capital Cost Use/sq. ft. Present-Value 
(mills/kWh) ($/sq. ft.) (kWh/yr.) Cost UA 

House Size-2,100 Square Feet (cont.) 

Windows R-3 71 $1.12 8.24 $2,864 717 

Windows R-2.6 76 $3.24 5.83 $7,842 575 

w· d lil ows -
' R 5 151 $4 32 5 21 $10 375 537 

Wood to Metal Door 174 $4.59 5.03 $11,231 526 

a The costs of this measure include an estimate for extencling the joist to accommodate R-30 insulation. 

Table 7-14 
Regionally 1-*i ht d Thermal Integrity Curve for Multifamily Dwellin Weath rization M a ur (p r unit) 

Cumulative nnual se Leveli7.Cd 
Incremental Present l 

Measure apital l pital t Value l (kWh/yr.) (kWh/sq. rt.) (mills/kWh) 

Bae 345 0 0 . 56 10.5 0.0 

eilin g R--0 L R- 19 1:16 140 140 156 ,273 1.5 4.7 

eiJ ing R-19 t R-30 271 2] 161 180 ,0 3 7.2 

Wall R--0 t -11 301 2 517 4.51 5.4 16. ~ 
rawl pace 203 215 677 5 3 2 4.3 21.5 Ill 

R--0 Lo R-19 

eiling R-30 t R-3 202 $15 693 T/5 3,601 4.3 32.1 

rawl pace 199 42 735 823 3 SO 4.2 40.] 
R-19 t R-30 

A H .4 to .3 1 U9 1, 3,032 3.6 71.7 

Wind R-3 17 172 1,036 1451 2, 3 3.4 .4 

Wtnd R-2.6 136 1342 2,37 2,952 1 501 J. .1 

Wind w -5 125 3 3061 3 716 J 17 1.4 L .o 
Wood to MetaJ oor 122 140 3,201 3,92 1104 1.3 231.0 

The cost and use for each of the three single-family 7-15 and 7-16 show the curve of regionally weighted costs 
houses we.re merged to estimate regional space heating and space heating use for single-family and multifamily 
consumption by cents per kilowatt-hour. The 1979 Pacific houses. 
Northwest survey indicated that the average pre-1980 The information from Thble 7-15 is displayed graphi-
house was approximately 1,350 square feet. The 2,100- cally in Figure 7-4. The curve represents thermal integrity 
square-foot, 1,350-square-foot, and 850-square-foot improvements starting with an uninsulated house. Space 
houses were weighted to represent approximately 22, 46 heating use is reduced and present-value costs increase 
and 32 percent, respectively, of the regional stock to from adding more insulation to the house. The space heat 
achieve the appropriate average house size. These weights ing use of the solid line is based on the SUNDAY model 
result in an average house size of 1,355 square feet. Thbles with the assumed standard operating conditions described 
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above. If, for example, a reduced thermostat set point 
were used instead of the currently assumed standard oper
ating conditions, the curve would be displaced to a lower 
use for a given amount of conservation investment. The 
level of use that is predicted at the 11 cent cost-effective
ness cut-off, labeled point C, is also identified in Figure 
7-4. The forecasting model predicts a lower usage in the 
pre-weatherization condition than standard operating con
ditions. This is illustrated by point B. This put the houses 
on a lower amenity curve, below the one depicted. Howev
er, after weatherization, the forecast predicts that space 
heat use is fairly close to the line represented by standard 
operating conditions, depicted by point D. This means that 
behavior has changed, and the occupants now operate the 
house at an energy use that is closer to those assumed in 
standard operating conditions. 

The purpose of the thermal integrity curve is to iden
tify the relative efficiency level that is cost-effective, hold
ing amenities constant. That efficiency level is the ratio of 
the use at the 11 cent cut-off divided by the estimated 
base case use of a house. This is consumption at point C 
divided by consumption at point A. As noted earlier, these 
curves start with an uninsulated house, while the vast ma
jority of houses in the region, even those that are not re
trofitted, already have some insulation. Therefore, the 
base case use on which a relative efficiency change is cal
culated cannot be taken from the uninsulated case, but 
must be estimated based on the average energy consump
tion or average existing insulation levels in the eligible 
stock. 

Savings for the residential weatherization program 
after calibration to the forecast are the difference in usage 
between point Band point D. The costs between A and C 
are a conservative estimate of average costs, because they 
include only the most expensive measures. Generally, con
sumers do not install just the cheapest measures first, 
leaving only the most expensive remaining. 

The data used in the development of the relative effi
ciency level is described for multifamily buildings first. 
The Council used work done for the Bonneville Power 
Administration by ICF, Inc., and others, to determine the 
base case insulation values for multifamily units. These 
base case values for pre-1979 unweatherized stock trans
lated into a heat loss rate per unit of 247 UA.11 Under 
standard operating conditions, this implies a use of 5,191 
kilowatt-hours per year. If all cost-effective measures are 
added to the structure, the use under standard operating 
conditions drops to 1,500 kilowatt-hours per year. 

The relative use, after all cost-effective measures are 
installed, with amenity and behavior held constant, is 0.29 
(l,500/5,191). As descnbed in the next section, this effi
ciency improvement will be used in the forecasting model 
to incorporate behavioral changes into the estimate of 
average savings. The method to determine a relative effi
ciency level is quite similar for single-family houses. 
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Some information is available on the average insula
tion level in pre-1979 vintage. unweatherized single-family 
houses. The best estimate that could be found is from a 
sample of 228 pre-1979 single-family houses in the End
Use Load and Conservation Assessment Program (EL
CAP) where the average heat loss rate (specified in terms 
of UA) was determined from on-site surveys of the 
houses.12 The UA value, after normalizing for the region
al average square footage of existing houses used in this 
analysis and including the heat loss effect of infiltration, is 
approximately 550. If a house with a 550 UA were oper
ated assuming standard operating conditions, it would con
sume approximately 13,696 kilowatt-hours per year for 
space heating. If this is the base case, and 6,649 kilowatt
hours per year is the predicted consumption if all cost
effective measures are installed, then the relative electric 
energy use of the weatherized houses is 0.49. This esti
mate is for efficiency changes only, and does not incorpo
rate behavioral changes, since amenity and behavior were 
held constant as insulation was added. However, behavior
al impacts on the estimate of savings are incorporated 
when the new thermal efficiency level is used in the fore
casting model. 

11. UA is the heat loss rate of a building (expressed as a U-va
lue) times the area of the component. A U-value has units of 
Btu per Fahrenheit degree per square foot. 

12. Only about 13 percent of the houses on which the estimate 
is based participated in a weatherization program and took at 
least one major measure. If these houses were removed, the 
probable effect would be to raise the average UA. On the other 
hand, some self-weatherization has most likely occurred since 
the time the ELCAP houses were audited. The size of this ac
tion is unknown, but it would act to lower the UA The judg
ment was to consider these as offsetting effects. 
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Table 7-15 
Regionally Weighted Single-Family Dwelling Thennal Integrity Curve by Levelized Cost Category 

Levelized Cost Capital 
(mills/kWh) Cost Use/sq. ft. Present Value Use Capital 

Nominal ($/sq. ft.) (kWh/yr.) Cost VA (kWh/yr.) Cost 

0 $0.00 22.09 $0 936 29,937 $0 

10 $0.38 14.61 $515 701 19,799 $509 

20 $1.57 8.29 $2,161 488 11,228 $2,124 

30 $1.71 7.64 $2,411 463 10,347 $2,311 

40 $1.74 7.40 $2,566 454 10,024 $2,357 

50 $1.78 7.31 $2,609 452 9,902 $2,418 

60 $1.78 7.31 $2,609 452 9,902 $2,418 

70 $1.92 7.03 $2,846 444 9,520 $2,596 

80 $3.32 5.44 $5,365 372 7,376 $4,492 

90 $3.82 4.91 $5,840 359 6,649 $5,170 

100 $3.82 4.91 $5,840 359 6,649 $5,170 

110 $3.82 4.91 $5,840 359 6,649 $5,170 

120 $3.82 4.91 $5,840 359 6,649 $5,170 

130 $3.82 4.91 $5,840 359 6,649 $5,170 

140 $3.82 4.91 $5,840 359 6,649 $5,170 

150 $3.82 4.91 $5,840 359 6,649 $5,170 

160 $4.42 4.56 $6,949 342 6,186 $5,985 

170 $4.67 4.43 $7,191 338 5,998 $6,330 

180 $4.92 4.26 $7,772 331 5,773 $6,669 

190 $5.13 4.13 $8,046 327 5,591 $6,956 

200 $5.13 4.13 $8,046 327 5,591 $6,956 
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Table 7-16 
Regionally Weighted Multifamily Dwelling Thermal Integrity Cu,ve by Levelized Cost Category 

Annual Use 

Levelized Cost Capital Cost Present Value Cost (kWh/yr.) (kWh/sq. ft.) 

0 $0.00 $0 8,856 10.5 

10 $0.19 $180 6,083 7.2 

20 $0.55 $517 4,518 5.4 

30 $0.81 $758 3,642 4.3 

40 $0.82 $775 3,601 4.3 

50 $0.88 $823 3,508 4.2 

60 $0.88 $823 3,508 4.2 

70 $0.88 $823 3,508 4.2 

80 $1.03 $1,258 3,032 3.6 

90 $2.83 $2,952 1,501 1.8 

100 $2.83 $2,952 1,501 1.8 

llO $2.83 $2,952 1,501 1.8 

120 $2.83 $2,952 1,501 1.8 

130 $2.83 $2,952 1,501 1.8 

140 $2.83 $2,952 1,501 1.8 

150 $2.83 $2,952 1,501 1.8 

160 $2.83 $2,952 1,501 1.8 

170 $2.83 $2,952 1,501 1.8 

180 $2.83 $2,952 1,501 1.8 

190 $3.64 $3,716 1,178 1.4 

200 $3.64 $3,716 1,178 1.4 
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Thermal 
Integrity 

Figure 7-4 
Existing Single
Family Dwelling 
Thermal Integrity 
Curve 
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Step 2. Develop Conservation Savings 
Estimates that are Consistent with the 
Council's Forecast and Incorporate 
Behavioral Impacts 

The Council's supply function for the total amount of 
conservation available in existing residential buildings was 
developed for the year 2010. This was done for three rea
sons. First, the supply of energy available through conser
vation in existing buildings is constrained by the rates at 
which measures can be implemented. Second, these rates 
are constrained by the need for additional energy supplies. 
Third, some existing houses will be tom down by the year 
2010, and others may change their primary heating fuel. 
As a result, the conservation savings from existing build
ings diminish with time because of removal and can also 
change due to altered selections of heating fuel. By devel
oping its retrofit supply function for the year 2010, the 
Council was able to account for demolitions and set de
ployment schedules based on the need for additional sup
plies, which is done in the Integrated Systems for Analysis 
of Acquisitions model, described in Chapter 10. 

The estimates are based on the size of the existing 
housing stock and savings per house that will be expected 
in the year 2010. These estimates will vary from savings 
expected in the near term, not only because electricity 
prices change over this time period, but also because of 
expected equipment changes in residential households. 
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For example, over this period, it is expected that residen
tial appliances, such as refrigerators and freezers, will be
come much more efficient. During cold periods, the space 
heating equipment must then make up for the lack of heat 
that was once given off by the less efficient appliance. For 
residential space heating, these factors act to make savings 
look larger at the end of the forecast period. However, the 
magnitude of this effect is small. In addition, the savings 
expected in the year 2010 are consistent with the pre-con
servation consumption used in the forecast. 

The forecast model, combined with information from 
utility weatherization programs, was used to determine the 
number of electrically heated houses built before 1979 
that would survive to 2010 and could still be retrofitted. 
Houses built after 1979 are not included as weatherization 
potential. These houses represent a lost-opportunity for 
conservation because they are insulated well enough that 
additional weatherization is generally not cost-effective, 
yet they are not insulated to the full level that is cost-ef
fective for new homes. Houses that have electric heating 
systems, but heat primarily with wood, are also not in
cluded in the stock remaining to be weatherized. The ret
rofit savings in this chapter are based only on houses 
primarily heated with electricity. 

In 1979, the stock of primarily electric space heated 
single-family houses amounted to 871,600 houses. The 
same value for multifamily units was 322,300. The existing 
housing stock is estimated to have an average lifetime of 
approximately 80 years. Today, the average age of the ex-
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isting stock is approximately 20 years. By the year 2010, a 
number of these existing houses will have been removed 
from the housing stock because of such things as fire and 
decay. In addition, some houses may have changed their 
primary heating fuel either into, or away from, electricity 
over this period, as modeled in the forecast. Consequent
ly, the remaining pre-1980 vintage stock in 2010, given the 
Council's average lifetime estimates and fuel choice, is 
approximately 552,560 single-family houses and 246,070 
multifamily units. 

One of the assumptions in this method of counting is 
that highly weatherized houses are not as likely to be re
moved from the housing stock between now and 2010 as 
units that are not weatherized. It seems likely that houses 
that are considered valuable enough to invest in for wea
therization are probably not the houses that will decay out 
of the housing stock first. 

A number of the houses that will survive to 2010 have 
already been weatherized through either utility-sponsored 
weatherization programs or by their owners. Therefore, 
the remaining conservation potential consists only of those 
houses that have not been fully weatherized. A study con
ducted for the Pacific Northwest Utilities Conference 
Committee indicated that the public utilities have wea
therized approximately 184,237 single-family houses and 
approximately 28,845 multifamily houses. The private utili
ties in the region have completed approximately 139,759 
single-family and 38,555 multifamily weatherization jobs. 

Not all of these houses use electricity as the primary 
fuel for space heating, but all of them had electric space 
heating installed. The number of houses that were wea
therized through a utility program because they had elec
tric space heating equipment installed but used primarily 
wood heat was estimated using the forecast. It was as
sumed that the same proportion of wood heaters were 
weatherized by utility programs as the proportion of pri
mary wood heated houses with electricity as backup that 
were represented in the forecast. This means that approxi
mately 85 percent of single-family weatherizations accom
plished by utilities were primarily electric space heaters, 
and the other 15 percent used primarily wood with elec
tricity as backup. These wood-heated houses were sub
tracted from the utility weatherizations for single-family 
houses. For multifamily houses, the wood heating portion 
was estimated to be negligible. 

In addition, there is initial indication from the 1987 
Oregon Weatherization Study that some homeowners 
have done some weatherization on their own. This data 
indicates that for every 100 single-family houses that went 
through a significant utility weatherization program, an 
additional 25 single-family households have done some
thing on their own. If this assumption proved to be closer 
to zero households that weatherized on their own, the 
supply curve would have an additional approximately 
10-20 average megawatts. Zero would be a lower bound, 
and given information from the Oregon Weatherization 
Study, an assumption of 25 percent seems prudent. In 

1991 NORTHWEST POWER PLAN-VOLUME II 

CHAPTER 7 

multifamily dwellings, the number that have done signifi
cant weatherization on their own is assumed to be zero. 

The next question is whether every household that 
participated in a program, or weatherized significantly on 
its own, secured the majority of conservation measures. If 
they had done many of the major me.isures, but not all, it 
would not only be extremely difficult to locate them, but 
also additional measures might not be cost-effective due 
to additional administration and set-up costs. Information 
collected by Bonneville in the Data Gathering Project for 
the public service territory indicates that the public utili
ties achieve approximately 85 percent of the measures rec
ommended in the audit and about 90 percent of the 
savings identified in the audit for single-family house
holds. Furthermore, Bonneville staff has indicated that 
the audits generally approximate measures that are miss
ing from a full cost-effectiveness package that would be 
something like R-38 ceiling insulation, R-11 or R-19 wall 
insulation, R-19 floor insulation, double glazing, caulking 
and weatherstripping. A house that achieved even 85 per
cent of this level of weatherization would likely not have 
any further potential. Consequently, this analysis assumes 
that single-family houses already weatherized under the 
public utilities' programs achieved approximately 90 per
cent of all cost-effective savings, and that the remaining 
10 percent savings per house cannot be secured through 
future programs. 

Less information is available from the private utilities 
on the levels of weatherization secured by their programs. 
Initial information from Puget Power indicates that it ap
pears to have weatherization patterns similar to Bonne
ville's, which would indicate little, if no, further potential 
to secure. However, most of the other private utilities ap
pear to have spent fewer dollars per weatherized house, 
and probably installed fewer measures. For Pacific Power 
and Light's territory in Oregon and Portland General 
Electric, the 1987 Oregon Survey supports preliminary 
indications that about one-third of the houses that went 
through the utilities' weatherization programs still have a 
number of major measures remaining to be secured. The 
Council is currently assuming that half of the houses wea
therized under the private utilities' programs only went 
half of the way to the full cost-effectiveness level. This 
means that approximately half of the houses already 
counted in a private utility weatherization program still 
have half of the savings left to acquire. Since it is quite 
possible that some lost opportunities were created when 
the house was initially weatherized, the analysis assumes 
that these houses, which have already secured 50 percent 
of the cost-effective savings, can only secure 40 percent 
more, which ultimately would put them at a level that is 
being achieved by Bonneville's program. 

Finally, there was very little information on how much 
insulation was installed by single-family homeowners who 
weatherized on their own. It was assumed that these 
homeowners went half way on their own, and still have 40 
percent of the cost-effective savings remaining to secure. 
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For multifamily units, it was assumed that if the unit 
was weatherized under any utility program there was noth
ing remaining to be secured. 

hours per year, respectively. The total technical potential 
of average megawatt savings for all forecasts can then be 
calculated: 

For single-family houses, the above discussion results 
in a total of 342,896 primarily electrically heated houses 
either being weatherized in a program or talcing some ac
tion on their own. This leaves a potential of 209,66413 

households that can still secure the full savings. In addi
tion, the houses that went part way on their own, com
bined with houses weatherized only part way in the private 
utilities' territories, leaves 127,070 houses that still have 
an assumed 40 percent of the total savings remaining. For 
multifamily houses, the potential is 246,070 electrically 
heated units surviving until 2010, minus 67,400 units al
ready weatherized through a program. Therefore, the po
tential is 178,670 multifamily units still to weatherize to 
the full potential. 

SFSt 

SFSp 

MFS 

1WxS 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

HHrx St+ C 

209,664 X (12,477-7,842)-;- 8,760,000 

111 average megawatts 

HHp x Sp+ C 

127,070 X (9,728-8,020)-;- 8,760,000 

25 average megawatts 

HH x S.+C 

178,670 X (5,145-2,089)-+ 8,760,000 

62 average megawatts 

SFSt + SFSp + MFS 

111 + 25 + 62 

198 average megawatts 

The cost-effective efficiency levels derived for single
family and for multifamily houses are installed in the fore
casting model, and the model modifies electricity intensity 
due to behavioral responses. These are responses to the 
effect of lower bills now that the house is weatherized, 
and to changing electricity prices and incomes. The cost
effective efficiency levels resulted in a consumption of 
electric space heating use from the forecast in 2010 of 
7,842 kilowatt-hours per year for a fully retrofitted single
family house and 2,089 kilowatt-hours per year for multi
family houses. Overall savings for the efficiency 
improvements are derived by subtracting 2010 consump
tion, including behavior as predicted in the forecast with 
the efficiency improvements installed, from consumption 
in 2010 with efficiency held frozen at the pre-conservation 
level. The values from the forecast for the pre-conserva
tion, frozen-efficiency level are 12,477 and 5,145 kilowatt-

13. This equals 552,560 electrically heated houses left in 2010, 
minus 342,896 with some weatherization, which equals 209,664 
houses left with full potential. 

Where: 

SFSr = single-family savings from houses with full weatherization potential, expressed in average megawatts 

HHr = number of households with full weatherization potential 

Sr = savings per house from houses with full weatherization potential, expressed in kilowatt-hours (pre-
weatherization use minus post-weatherization use) 

C = conversion factor from kilowatt-hours to average megawatts (8,760,000 kilowatt-hours per average 
megawatts) 

SFSp = single-family savings from houses with partial weatherization potential, expressed in average mega-
watts 

HHp = number of households with partial weatherization potential 

Sp = savings per house from houses with partial weatherization potential, expressed in kilowatt-hours 

MFS = multifamily savings, expressed in average megawatts 

HH = number of multifamily households 

s = savings per multifamily house, expressed in kilowatt-hours 

1WxS = total weatherization savings, expressed in average megawatts 
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The supply curve shown in Tuble 7-17 reflects the dis
tribution of savings that is expected, given the thermal 
integrity curve from the engineering model. The cheapest 
measures were assumed to be used to reduce consumption 
from the uninsulated house to the base case level used in 
the forecast. 

Step 3. Compare Cost and Savings 
Estimates with Observed Costs and 
Savings 

This section compares measured end use of electricity 
and other estimates of residential space heating consump
tion to that projected by the engineering model 
(SUNDAY) used by the Council. Two questions are ad
dressed: 

1. Does the space heating energy use projected by the 
engineering model agree with measured usage for 
homes with a wide range of energy efficiency? 

2. Do the Council's estimates of single-family weatheri
zation savings agree with savings estimates obtained 
from the evaluation of regional weatherization pro
grams? 

1. Engineering Use Estimates versus 
Measured Use 

The annual space and water heating requirements of 
over 800 houses were measured in the Residential Stan
dards Demonstration Program (RSDP). Houses that were 
built to the prevailing building practice between 1979 and 
1983, as well as houses that met the Council's model con
servation standards, were monitored. Houses that were 
built to the prevailing building codes and practices be
tween 1979 and 1983 are referred to as "control" dwell
ings. These houses spanned a wide range of efficiencies 
and sizes. Some control houses in the RSDP, due to their 
size and overall insulation levels, had heat loss rates simi
lar to the Council's estimate of a house that has not been 
through a weatherization program (approximate UA of 
550). Other control houses in the RSDP, either due to 
their small size or insulation levels, were representative of 
fully weatherized residences and were as efficient as the 
Council's model conservation standards. 

Staff from the Council's Montana office, using a data 
base prepared by Lawrence Berkeley Laboratories for 
Bonneville, developed the estimates shown in Table 7-18 
of actual space heating demand for 422 houses in the 
RSDP. Houses that were built at least as efficiently as the 
Council's residential model conservation standards (MCS) 
are referred to as "RSDP/MCS" dwellings. These houses 
all had at least 300 days of measured electricity used for 
space heating. 
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In its evaluation of the cost-effectiveness of the mod
el conservation standards, Bonneville also developed an 
estimate of the measured space heating use observed in 
the RSDP. These estimates, shown in Table 7-19, were 
based on a sample of 233 houses for which had at least 330 
days of measured electricity used for space heating. 

The Council's and Bonneville's estimates of measured 
use agree closely for Zones 1 and 2, although they vary 
significantly for Zone 3. This may be due to differences in 
the size of the sample and the number of days of mea
sured data. However, both the Council's and Bonneville's 
estimates of the regionally weighted average are within 0.1 
kilowatt-hours per square foot, per year, for both RSDP/ 
MCS and control dwellings. Furthermore, the Council's 
and Bonneville's estimates of the average difference in 
space heating use observed between the RSDP/MCS and 
control dwellings are identical and are equal to 2.5 
kilowatt-hours per square foot, per year. 

The SUNDAY thermal simulation was run using 
weather data from Seattle, Spokane and Missoula to rep
resent the three climate zones found in the region. Three 
combinations of inputs to SUNDAY were tested. These 
input sets varied in their assumptions regarding thermo
stat set point and the amount of heat loss caused by infil
tration. Two thermostat set points were tested, a 65°F 
constant set point, as had been assumed by the Council 
and by Bonneville in its cost-effectiveness analysis, and 
the set points reported by the occupants. Three levels of 
infiltration losses were tested. The first level was equiva
lent to that calculated from fan pressurization (blower 
door) test results using the Lawrence Berkeley Laborato
ry's infiltration prediction model. These averaged 0.32 air 
changes per hour for the RSDP/MCS houses and 0.54 air 
changes per hour for the control houses. The second level 
of infiltration losses assumed was a constant 0.35 air 
changes per hour. This level was adopted by Bonneville in 
its cost-effectiveness analysis for both control and RSDP/ 
MCS houses. The third infiltration level tested was 
derived from a weather adjustment made to the Lawrence 
Berkeley Laboratory's model's predictions based on blow
er test results. This level assumed that control houses had 
0.5 air changes per hour and that RSDP/MCS had 0.3 air 
changes per hour. The conductance heat loss rates (UAs) 
assumed for all three sets of infiltration inputs were calcu
lated as they were by the Council in its 1986 plan. 
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Table 7-17 
Technical Conservation from Existing Space Heating 

Levelized Cost (cents/kWh) Cumulative Technical Potential (Average Megawatts) 

Nominal Real Single-Family Dwellings Multifamily Dwellings Total 

0 0 0 0 0 

1 0.5 0 0 0 

2 1 19 10 29 

3 1.5 33 25 58 

4 2 40 26 66 

5 2.5 43 28 71 

6 3 43 28 71 

7 3.5 54 28 82 

8 4 115 36 151 

9 4.5 135 62 197 

10 5 135 62 197 

11 5.5 135 62 197 

12 6 135 62 197 

13 6.5 135 62 197 

14 7 135 62 197 

15 7.5 135 62 197 

16 8 148 62 210 

17 8.5 154 62 216 

18 9 160 62 222 

19 9.5 165 67 232 

20 10 165 67 232 

Table 7-18 
Measured Space Heating Demand for RSDP Houses-300 Days Measured Use 

Annual Use (kWh/sq. ft.) 

House 1ype Number Zone 1 Zone 2 Zone 3 Regional Average 

Control 244 5.8 5.9 6.4 5.8 

RSDP/MCS 178 3.3 3.7 2.9 3.3 

Difference 2.5 2.2 3.5 2.5 
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Table 7-19 
Measured Space Heating Demand for RSDP Houses-330 Days Measured Use 

House Type Number Zone 1 

Control 126 5.8 

RSDP/MCS 107 3.4 

Difference 2.4 

Table 7-20 shows the space heating demand predicted 
by SUNDAY when thermostat set points are equivalent to 
those reported by the occupant. 14 These reported set 
points are 63.7°F for control houses and 67.3°F for RSDP/ 
MCS houses. Infiltration losses underlying the calculations 
in Table 7-20 are estimated from blower door tests. Table 
7-21 shows the space heating use predicted by SUNDAY 
when thermostat set points are 65°F and infiltration losses 
are 0.35 air changes per hour for both control and RSDP/ 
MCS houses. Conductance losses, except for differential 
air change rates and internal gains assumptions, are the 
same in both cases. 

Table 7-22 shows the space heating use predicted by 
SUNDAY when the thermostat set points are equivalent 
to those reported by the occupants, and heat loss rates 
from infiltration are based on an average 0.5 air changes 
per hour for the control houses and 0.3 air changes per 
hour for the RSDP/MCS dwellings. These infiltration 
rates are slightly lower than those actually measured be
cause the winter of 1985/1986 was slightly warmer and less 
windy than the 30-year average, which is used in the Law
rence Berkeley Laboratory model. This adjustment was 
estimated by comparing the weather from 1985/1986 to the 
30-year average. 

A comparison of Table 7-20 and Table 7-21 shows that 
very similar SUNDAY results for annual space heating 
demand are obtained from the two different sets of inputs. 
The lower set points reported by homeowners are offset 
by the higher infiltration rate of .54 air changes per hour 

Annual Use (kWh/sq. ft.) 

Zone 2 Zone3 Regional Average 

6.1 7.0 5.9 

3.7 3.6 3.4 

2.4 3.5 2.5 

underlying the calculations in Table 7-20. On a regional 
average basis, both sets of model inputs produce an identi
cal estimate of the expected difference in annual space 
heating needs of the control and RSDP/MCS houses. The 
differences estimated for any of the three climate zones 
do not exceed 0.1 kilowatt-hours per square foot, per year. 
Also, both sets of input assumptions produce results that 
agree closely with the measured space heating use shown 
in Tables 7-18 and 7-19. 

As shown in Table 7-22, once the infiltration rates 
have been adjusted to reflect the milder winter of 
1985/1986, the agreement between the SUNDAY predic
tions and the measured space heating use improves for 
both the control and RSDP/MCS houses. While there is 
some variance between measured and predicted use within 
individual climate zones, the regional average predictions 
of SUNDAY are within 0.2 kilowatt-hours per square 
foot, per year, of the monitored space heating use for both 
the RSDP/MCS houses and control houses. This is re
markably good agreement given how little is known about 
the accuracy of the inputs. 

14. Thermostat set points used are the average, wintertime 
temperature settings considering the occupants daytime and 
weekend activities. This temperature setting was chosen be
cause the SUNDAY model uses the mean thermostat set point 
for all hours during the heating season to compute space heat
ing use. 

Table 7-20 
SUNDAY Predicted Space Heating Use with Occupant-Reported Thermostat Setting, 

3,000 Btu per hour Internal Gains, and Blower Door Derived Infiltration Rate 

Annual Use (kWh/sq. ft.) 

House Type Zone 1 Zone 2 Zone 3 Regional Average 

Control 5.8 7.8 6.7 6.1 

RSDP 2.8 3.7 4.3 3.0 

Difference 3.0 4.1 2.4 3.1 
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Table 7-21 
SUNDAY Predicted Space Heating Use with 65°F Thermostat Set Point, 

3,000 Btu per hour Internal Gains and Infiltration Losses Based on 0.35 ach 

Annual Space Heating Use (kWh/sq. ft.) 

House Type Zone 1 Zone 2 Zone 3 Regional Average 

Control 5.4 7.8 6.6 5.8 

RSDP/MCS 2.5 3.5 4.1 2.7 

Difference 2.9 4.2 2.5 3.1 

Table 7-22 
SUNDAY Predicted Space Heating Use with Occupant Reported Thermostat Set Points, 

3,000 Btu per hour Internal Gains and Infiltration Losses for Control of 0.5 ach and for RSDP!MCS of 0.3 ach 

Annual Space Heating Use (kWh/sq. ft./yr.) 

House 1ype Zone 1 Zone2 Zone3 Regional Average 

Control 5.6 

RSDP/MCS 3.0 

Difference 2.5 

NOTE: Numbers may not add, due to rounding. 

SUNDAY space heating predictions for RSDP houses 
in Washington state were found to agree very well with 
measured use when input assumptions were estimated for 
the actual efficiency of the building, weather conditions on 
the building site and known occupant behavior. Figure 7-5 
shows the measured annual space heating consumption of 
278 RSDP houses located in Washington as a function of 
their estimated heat loss rate, or UA. Also shown in Fig
ure 7-5 is the predicted space heating consumption from 
SUNDAY for these same houses. Over the range of heat 
loss rates exhibited by these houses, there is very good 
agreement between the predicted space heating use and 
the monitored use. 15 For all houses, the average differ
ence between the measured and simulated space heating 
use was approximately 8 percent. 

The SUNDAY simulation model has also been com
pared to measured space heating consumption in a small 
sample of houses (20 houses) in Hood River, Oregon, be
fore the houses were weatherized in the Hood River Con
servation Project. This analysis found that room closure 
patterns and temperature setbacks had to be modeled in 
the inputs before SUNDAY, which represents a house as a 
single temperature zone, matched the monitored space 
heating use. 
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6.4 

3.9 

2.3 

7.6 5.8 

4.7 3.2 

3.5 2.6 

2. Weatherization Program Costs and Savings 
versus Engineering Estimates 

The Bonneville residential weatherization program 
has operated in various forms since 1980. Oak Ridge Na
tional Laboratory (ORNL), under contract to Bonneville, 
has evaluated this program's costs and savings. It assessed 
the effect of the installation of conservation measures on 
the amount of electricity used for space heating. Oak 
Ridge National Laboratory used a statistical regression 
technique (called PRISM)16 to estimate space heating use 
from known total electric consumption. For each partici
pating house, annual electricity use, normalized to long
term weather conditions, was compared to its pre
weatherization use. Table 7-23 shows the average esti
mated use for space heating for pre- and post-retrofit 
conditions for the four different phases of the Bon:'neville 
residential weatherization program. This table also shows 
the average weatherization package cost of each program 
phase converted to 1990 dollars. 

15. The range of heat loss rates shown in Figure 7-5 encom
passes the range being analyzed by the Council for both new 
and existing residential space heating conservation programs. 

16. PRISM is the Princeton Scorekeeping Model. 
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Table 7-23 
Estimated Pre- and Post-Program Participation Energy Use and Retrofit Cost 

in Bonneville Residential Weatherization Programs 

Program Phase Pre-Program Use Post-Program Use Cost 
Year Participating (kWh/sq. ft.) (kWh/sq. ft.) Savings ($/sq. ft.) (1990 $) 

Pilot/1981 12.1 7.7 4.4 $2.07 

Interim/1982 8.9 6.6 2.3 $1.32 

Interim/1983 8.0 5.9 2.1 $1.41 

Long-Term/19853 8.2 6.5 1.7 $1.72 

a Floor areas used to calculate the average use and cost per square foot assume that homes weatherized in the long-term program 
are the same size as those weatherized in the interim program in 1983. 

The first step in determining how well the Council's 
engineering estimates for residential weatherization sav
ings agree with those estimated for Bonneville's program 
is to compare the estimates of post-retrofit space heating 
use. Figure 7-6 shows the post-program space heating use 
estimated by PRISM in Bonneville's evaluations compared 
to five engineering projections based on five different sets 
of input assumptions to the SUNDAY thermal simulation 
model. The five sets of input to SUNDAY are: 

1991 NORTHWEST POWER PLAN-VOLUME II 

Set 1 65°F with 2,000 Btu per hour internal gains: The 
Council's current assumptions for long-term 
household behavior. Thermostat setting at 65°F 
for 24 hours per day. Efficient appliances generat
ing 2,000 Btu per hour internal gains. 

Set 2 65°F with 3,000 Btu per hour internal gains: Same 
as Set 1, except current appliance efficiencies are 
assumed to generate 3,000 Btu per hour of inter
nal gains. 
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Set 3 68°F with 2,000 Btu per hour internal gains: Same 
as Set 1, except occupants are assumed to set 
their thermostats at 68°F for 24 hours per day. 

Set 4 62°F with 3,000 Btu per hour internal gains: Oc
cupants are assumed to set their thermostats at 
62°F for 24 hours per day and use appliances with 
current efficiencies generating 3,000 Btu per hour 
of internal gains. The thermostat set point of 
62°F assumes that either approximately 25 per
cent of the time or 25 percent of the heated area 
of the home has a thermostat setting of 55°F, and 
the remainder of the time or heated area of the 
home has a thermostat setting of 65°F. 

Set 5 65°F with wood: Same as Set 4, except that occu
pants are assumed to use approximately two cords 
of wood per year as supplemental heating. A 
wood stove/fireplace insert conversion efficiency 
of 50 percent has been assumed resulting in ap
proximately 15 million Btu (4,400 kilowatt-hours 
per hour) of useful heat.17 Wood use is assumed 
to be proportional to monthly space heating 
needs, i.e., the months that have the greatest 
heating demands are the months of greatest wood 
use. 

10 
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The engineering prediction of post-retrofit program 
use shown in Figure 7-6 is based on pre-program use as 
estimated in the program evaluation. The engineering es
timate of post-program use was determined by assuming 
that the retrofit costs reported in the evaluations were 
used to purchase the same measures, in the same order 
and at the same cost as those identified in the Council's 
space heating supply curve for existing single-family 
houses. 

As shown in Figure 7-6, the post-retrofit space heat
ing use estimated by PRISM for the Bonneville weatheri
zation program evaluations is higher than the engineering 
model estimates based on all five input assumption sets. 
The SUNDAY estimates that most closely match the 
PRISM estimates of post-retrofit use are based on Sets 1 
and 3. The closest, Set 3, uses a three-degree higher ther
mostat setting both pre- and post-retrofit than is present
ly assumed by the Council. The other three input sets, 
which assume either lower amenity levels (i.e., lower ther
mostat settings) or supplemental wood use, underpredict 
post-retrofit use. 

17. A Bonneville study of residential wood use in the region 
found that the occupants of single- family electrically heated 
homes reported approximately two cords of wood use per year 
on average. 

Space 
Heating 
Use 

9 • Evaluation Estimates l:ZJ 68' F with 2,000 Btu/hr internal gains 
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Figure 7-6 
Post-Weatherization 
Space Heating Use 
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Figure 7-7 compares the estimated space heating sav
ings that were obtained from PRISM for the Bonneville 
weatherization program to SUNDAY estimates of savings 
based on the five input assumption sets. In all cases, esti
mates of savings from SUNDAY are higher than those 
obtained from the PRISM estimates. As was the case with 
post-retrofit use, the two input sets that produce savings 
estimates that most closely agree with the PRISM esti
mates are Sets 1 and 3, with Set 3 once again being in best 
agreement. For all other input sets, which assume either 
lower amenity levels or supplemental wood, the SUNDAY 
estimates of savings are higher than the PRISM estimates. 

If the PRISM estimates are accurate, and occupant 
behavior is projected to remain the same over the long 
term, then the Council should probably revise its assump
tions on thermostat setting. However, prior to adopting a 
revised thermostat set point, several factors must be taken 
into consideration. First, it has been shown that PRISM 
systematically overestimates space heating energy use. 
This is due to the fact that a portion of the increased elec
tricity use caused by colder winter weather results from 
greater lighting, water heating and cooking use. As the 
PRISM estimate of electricity used for heating is really an 
estimate of weather sensitive loads, it is possible and likely 
that PRISM is including at least a part of this electricity in 
its heating estimate. Consequently, it is very likely that 
both pre-retrofit and the post-retrofit use shown in Fig
ure 7-6 based on PRISM are too high. If both pre- and 
post-retrofit use are overestimated by equivalent amounts, 
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this would not affect savings estimates. Unfortunately, 
there is conflicting evidence on whether PRISM's overes
timates of space heating use for well insulated buildings 
differs from its overestimates of space heating for build
ings that are poorly insulated.18 

Second, as stated previously, the SUNDAY estimates 
of both post-retrofit use and program savings are based on 
the presumption that participants installed the same mea
sures, in the same order and at the same costs as those 
included in the Council's conservation supply curve for 
space heating in existing single-family homes. If measures 
were selected out of their least-cost order, then the 
PRISM estimates of savings would be less for the same 
expenditure. Indeed, Bonneville staff has observed that 
program participants have not always chosen the lowest 
cost conservation measures to improve efficiency. For aes
thetic reasons, for example, many participants make ex
pensive window replacements when a storm window would 
achieve the same level of efficiency. As a result, because 
these program participants have deviated from the ideal
ized supply curve, both in terms of the measures selected 
and the costs of the measures, their post-retrofit use is 

18. It presently appears that PRISM overstates the space heat
ing use of well-insulated buildings more than it does poorly 
insulated structures. (See Lee, AD. et al. Cost-effectiveness of 
Conse,vation Upgrades in Manufactured Homes, PNL-6519, Sep
tember 1988.) 
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higher than predicted, their savings are lower than pre
dicted, and the savings appear to have higher levelized 
costs.19 Consequently, the fact that SUNDAY estimates 
do not align perfectly with PRISM estimates of savings 
and post-retrofit use is not sufficient justification to indict 
either estimation technique. 

A third issue is the effect of conservation on a con
sumer's electric bill, which will be lower following wea
therization. This may lead to changes in behavior. For 
example, Figure 7-8 shows the measured space heating 
energy use in Washington RSDP houses compared to 
SUNDAY model projections based on four sets of alterna
tive operating conditions described above and model in
puts derived from occupant surveys and building audits. 
Each of the curves shows the predicted annual space heat
ing use for houses as a function of heat loss rates. The two 
top curves assume efficient appliances and thermostat set
tings of either 68°F or 65°F. The bottom two curves show 
the predicted space heating for houses with inefficient 
appliances and thermostat settings of either 62°F or 65°F. 
These sets of assumptions bracket the measured use ob
served in the RSDP houses, shown by the solid line. 

An interesting finding is that estimates of space heat
ing use assuming efficient appliances and thermostat set
tings of either 65°F or 68°F are in better agreement with 
the measured use in well-insulated houses (low UAs); 
whereas, estimates assuming lower thermostat settings 
and/or inefficient appliances more closely match the mea
sured use of high heat loss buildings. 

CONSERVATION RESOURCES 

These results appear to indicate that in more energy
efficient houses, occupants operate their houses more like 
the Council's assumed standard operating conditions, 
while in less well-insulated houses, they operate the home 
at reduced amenity levels (i.e., lower thermostat settings). 
Indeed, it is known that both the average measured tem
perature and occupant reported thermostat settings in the 
RSDP/MCS houses were higher than those of the control 
houses. This is consistent with economic theory and sug
gests that consumers in houses with low energy bills, such 
as those that are efficient, would choose a higher amenity 
such as relatively higher thermostat settings, and thus re
duce the savings. Moreover, economic theory would also 
predict that even without weatherization, thermostat set
tings will tend to rise over time as electricity prices stabi
lize and individual incomes rise. 

19. Bonneville has revised its Long-Term Weatherization Pro
gram financial assistance levels to encourage consumers to se
lect measures that are more closely aligned with the idealized 
supply curve. 

' ' . - - ~ .. . . . ... -:,--.,~ :_ .... ; · .. · ·~ 
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Space Heating Conservation in New 
Residential Buildings 

Figures 7-9, 7-10 and 7-11 show the technical space 
heating savings available under the Council's high forecast 
from new single-family and multifamily residences and 
from new manufactured houses at various costs. If the 
prevailing codes and building practices in the region had 
not changed since 1983, new single-family homes would 
have represented approximately 1,030 average megawatts 
of technical potential if savings costing less than 11 cents 
per kilowatt-hour could be achieved in all houses built 
between 1992 and 2010. Since 1983, when the Council 
adopted its first plan, the states of Oregon and Washing
ton, and other jurisdictions in Idaho and Montana, have 
adopted energy codes equivalent to the Council's model 
conservation standards for new electrically heated resi
dences. These code changes are anticipated to secure 
about 765 average megawatts of this technical potential, if 
they are completely enforced. 20 This leaves 270 average 
megawatts of technical potential yet to be secured through 
further code improvements and utility programs.21 An 
additional 40 average megawatts of conservation is avail
able from measures costing between 11 cents per kilowatt
hour and 15 cents per kilowatt-hour. 

Under the Council's high forecast, savings costing less 
than 11 cents per kilowatt hour in multifamily dwellings 
represented approximately 65 average megawatts of tech
nical potential beyond 1983 codes and building practices. 
Just under 70 percent (45 average megawatts) of this tech
nical potential has been secured through the code im
provements occurring between 1983 and 1992. The 
remaining 20 megawatts of technical potential are incorpo
rated into the Council's model conservation standards for 
utility programs for new residential buildings.22 An addi
tional 10 average megawatts of conservation is available 
from measures costing between 11 and 15 cents per 
kilowatt-hour. 

Savings costing less than 11 cents a kilowatt-hour 
from new manufactured housing represented about 280 
average megawatts of technical potential beyond the pre
vailing building practices of 1983. Although the federal 
thermal efficiency standards for manufactured homes have 
not changed since 1974, market demand for more efficient 
units has resulted in improved efficiency.23 As a conse
quence, an estimated 165 average megawatts of savings 
are now available at a cost below 11 cents per kilowatt
hour from measures beyond current (1992) construction 
practice in the Council's high forecast. 24 

The average cost of improving the thermal efficiency 
of new buildings beyond current codes is about 7.5 cents 
per kilowatt-hour when administrative costs and transmis
sion and distribution adjustments are included. Figure 
7-12 illustrates the savings secured through code improve
ments and changes in building practice that have occurred 
since 1983. The difference in the heights of the bars repre
sents the savings that will be secured in new residential 

1991 NORTHWEST POWER PLAN-VOLUME II 

CHAPTER 7 

buildings constructed between 1992 and 2010 in the Coun
cil's high forecast through the improved codes if they are 
enforced. The remaining potential beyond 1992 building 
codes/practices requires further action. 

Making new houses more efficient is a high priority 
for securing a least-cost energy future for the region. It is 
important to insulate houses fully at the time they are 
built or cost-effective savings can be lost. In addition, 
while the number of houses eligible for retrofitting will 
diminish over time, the number of houses that conserva
tion can reach continues to grow as every new house is 
built. 

20. The state of Washington will begin enforcing an energy 
code equivalent to the Council's model conservation standards 
for new electrically heated residences in July 1991. The State of 
Oregon will begin enforcing an energy code equivalent to the 
Council's mcxlel conservation standards for new electrically 
heated residences in January 1992. 

21. This is the amount of conservation included in the resource 
portfolio. For comparison, this is 120 average megawatts in the 
medium forecast. 

22. This value is also almost 20 average megawatts in the me
dium forecast. 

23. The U.S. Department of Housing and Urban Development 
(HUD) was directed by Congress to update its thermal stan
dards for manufactured housing in 1987. HUD has yet to re
lease its proposal pursuant to this legislation. 

24. There are approximately 170 average megawatts of savings 
available from new manufactured homes in the Council's me
dium forecast. 
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The conservation potential available through improve
ments in the energy efficiency of new residential buildings 
was developed in five steps. These steps were to: 

1. Establish the characteristics of current new residential 
construction. 

2. Develop construction cost estimates for space heating 
conservation measures in new dwellings. 

3. Assess the cost-effectiveness of space heating energy 
savings produced by efficiency improvements in new 
residential buildings. 

4. Estimate the technical potential available from space 
heating energy conservation in new dwellings. 

CONSERVATION RESOURCES 

5. Estimate the achievable conservation potential avail
able from space heating energy conservation in new 
dwellings. 

The key sources of information used in this section 
come from research and programs operated in the region. 
Table 7-24 summarizes these data sources. 

Separate estimates were prepared for single-family 
dwellings (up to four units and less than four stories), 
multifamily dwellings (five-plex and larger) and manufac
tured housing (e.g., mobile homes). A description of each 
of these steps, the data and major assumptions used and 
their sources follows. 

Table 7-24 
Key Data Sources for New Space Heating Measures 

Residential Characteristics 

Pacific Northwest Residential Energy Survey Insulation characteristics of new construction. House size 
and climate zone. 

Housing Industries Dynamics Survey Insulation characteristics of new construction. House size 
and climate zone. 

Residential Standards Demonstration Project Air change rates. 

Residential Construction Demonstration Program Manufactured housing current construction practice. 

Northwest Residential Infiltration Study Air change rates. 

Battelle Pacific Northwest Laboratories/ Current construction practice. Pacific Northwest manufac-
Bonneville Power Administration tured housing and conservation upgrade possibilities. 

Costs 

Bonneville Power Administration, Measure cost for single-family and multifamily homes. 
Residential Standards Demonstration Project 

Bonneville Power Administration, Measure cost for highly insulated walls (site built) and for 
Residential Construction Demonstration Program manufactured homes, measure cost for heat recovery 

ventilation systems. 

University of Washington Study Measure cost (site built). 

Manufactured Housing Institute Study Costs of manufactured home measures. 

U.S. Department of Housing and Urban Development Costs of manufactured home measures. 

Consumption and Savings 

Bonneville Power Administration, Calibration of simulation model energy consumption 
Residential Standards Demonstration Project predictions. 

Bonneville Power Administration, Calibration of simulation model energy consumption 
Residential Construction Demonstration Program predictions. 

Evaluation Reports from Weatherization Programs Simulation model comparison. 
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Step 1. Establish the Characteristics of 
New Residential Construction 

To determine the potential for improving the energy 
efficiency of new residential structures, it was first neces
sary to establish their current level of efficiency. In addi
tion to identifying the level of insulation and type of 
windows commonly installed in new housing, other new 
home characteristics had to be ascertained, such as aver
age floor area heated, number of stories, window area, 
"tightness" of the dwelling and foundation type. These 
characteristics significantly affect the amount of energy 
needed for space heating. 

Tables 7-25 and 7-26 show by climate zone and build
ing type the 1983 "base case" insulation levels assumed by 
the Council in its assessment of space heating conserva
tion potential in new dwellings. The information on 1983 
single-family and multifamily housing characteristics 
shown in Table 7-25 is derived from three sources. The 
first is a regional residential energy survey conducted for 
Bonneville in 1983 (Pacific Northwest Residential Energy 
Survey 1983, "PNRES '83"). This survey was used to esti
mate the average size of new dwellings. The second data 
source was the 1977 through 1983 annual survey of new 
home characteristics prepared by Housing Industry Dy
namics (HID) for Bonneville. The HID survey data was 
used to determine the typical glass area and foundation 
types, and the most prevalent level of insulation found in 
new dwellings. In areas of the region that had adopted an 
energy code, the Council used the minimum requirements 
of those codes to represent construction practices. 

As stated previously, building codes/practices have 
improved significantly since the Council adopted its first 
plan in 1983. In order to estimate the remaining potential 
~or space heating conservation in new residential buildings 
1t was necessary to update the 1983 "base case" to 1992 
"current practice." For those areas in the region that en
force an energy code, the requirements of such codes 
served to establish the minimum thermal efficiency levels 
found in typical new single-family and multifamily dwell
ings. Table 7-26 shows the efficiency levels required by the 
1990 revisions to the Oregon and Washington state 
code_s.25 This table also shows the expected annual space 
heatmg use for new residences built to the 1990 Oregon 
and Washington codes and to the current building practic
es assumed for climate Zone 3. 

~nformation on the air tightness of new dwellings was 
obtamed from the Residential Standards Demonstration 
Program (RSDP) sponsored by Bonneville. Data obtained 
in RSDP appeared to indicate that a house built between 
1980 and 1983 experienced between 0.35 and 0.55 air 
changes per hour, depending on the test method used. 
Results of air tightness testing conducted through the 
Northwest Residential Infiltration Study (NORIS) spon
sored by Bonneville indicate that the average infiltration 
rates for single-family detached housing built between 
1980 and 1986 was approximately 0.40 to 0.45 air changes 
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per hour. Research carried out under NORIS also found 
that the average infiltration rates for houses built under 
BonnP.ville's Super Good Cents program was approximate
ly 0.30 air changes per hour in site-built homes and 0.25 
air changes per hour in manufactured homes. The NORIS 
project found that, depending on the criteria used, from 
20 to 50 percent of all of the homes tested, whether built 
to the Super Good Cents standards or not, would not 
meet the most current American Society of Heating, Re
frigerating and Air-Conditioning Engineers, Inc. standard 
for acceptable ventilation rates (ASHRAE Standard 
62-89). Given these findings and the adoption of energy 
codes in Oregon and Washington that are equivalent to 
the Council's model standards, the Council will continue 
to assume the ASHRAE rate of 0.35 air changes per hour 
for current (1992) practice homes. 

The base-case characteristics for new manufactured 
housing, shown in Table 7-25, were derived from informa
tion obtained from a Bonneville-sponsored study of cur
rent construction practices in the Northwest's 
manufacturing housing industry and data on the energy 
features of the most common models sold by manufactur
ers participating in Bonneville's Residential Construction 
Demonstration Program. The insulation levels assumed 
were also obtained from the same Bonneville studies. 
These levels exceed the requirements of the U.S. Depart
ment of Housing and Urban Development's current rules 
concerning the eligibility of manufactured homes for 
mortgage insurance under Title II of the National Housing 
Act. 

Once the general characteristics of new dwellings had 
been identified, "typical" building designs were developed 
for detailed analysis of space heating conservation poten
tial. Three typical single-family detached dwelling designs 
were developed to represent the mixture of house sizes 
and foundation types being constructed in the region. A 
single multifamily building design was chosen to represent 
new multifamily construction larger than four-plexes. Two 
manufactured home designs were selected to represent 
those typically being sold in the region. Table 7-27 summa
rizes the basic characteristics of the new dwellings used in 
the Council's assessment. These designs were selected as 
representative, based on features primarily related to their 
space heating requirements, such as foundation type, and 
secondarily on their architectural styles. 

25. The 1990 session of the Washington State Legislature en
acted legislation that will require new electrically heated homes 
constructed after July 1, 1991 to meet thermal efficiency stan
dards that are equivalent to the Council's model conservation 
standards for new electrically heated residences. The State of 
Oregon also adopted revisions to its energy code in 1990 that 
are equivalent to the thermal performance requirements of the 
Council's 1:1octel conservation standards for new electrically 
heated residences. These revisions go into effect January 1, 
1992. The Council has mcluded these savings in its demand 
forecast. 
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Table 7-25 
New Residential Construction Base Case Efficiency Levels and Annual Space Heating Use Assumptions 

Climate Zone 1 Climate Zone 2 Climate Zone 3 
Weighted 

Insulation Annual Use Insulation Annual Use Insulation Annual Use Average Use 
Building Type Level (kWh/sq. ft.) Level (kWh/sq. ft.) Level (kWh/sq. ft.) (kWh/sq. ft.) 

Single-Family Homes 6.8 9.7 8.2 7.3 

• Roof (Attic) R-30 R-30 R-38 

• Vaulted Ceiling R-19/30 R-19/30 R-30 

• Walls R-11 R-11 R-19 

• Underfloor R-11/19 R-19 R-19 

• Windows Double Double Double 
glazed glazed glazed 
(U-.90) (U-.90) (U-.65) 

• Air Tightness 0.35 ACH 0.35 ACH 0.35 ACH 

Multifamily Homes 3.6 5.9 7.0 3.7 

• Ceiling/Roof R-30 R-30 R-30 

• Walls R-11 R-11 R-11 

• Underfloor R-11/19 R-19 R-19 

• Windows Double Double Double 
glazed glazed glazed 
(U-.90) (U-.90) (U-.65) 

• Air Tightness 0.35ACH 0.35 ACH 0.35 ACH 

Manufactured Homes 8.8 12.7 14.9 10.2 

• Ceiling/Roof R-11 R-11 R-11 

• Walls R-11 R-11 R-11 

• Underfloor R-7 R-7 R-7 

• Windows Double Double Double 
glazed glazed glazed 
(U-.90) (U-.90) (U-.90) 

• Air Tightness 0.35 ACH 0.35 ACH 0.35 ACH 
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Table 7-26 
New Residential Construction 1992 Energy Code Requirements, 

Construction Practices and Annual Space Heating Use 

Zone 1 Zone2 Zone3 

Oregon Washington Oregon Washington 

Single-Family Dwellings 

• Roof (Attic) 38 38 38 38 38 

• Vaulted 30 30 30 30 38 

• Walls 21 21 24 19 

• Underfloors 25 30 25 30 19 

• Windows R-2.5 R-2.5 R-2.5 R-2.5 2.0 

• Exterior Doors R-5 R-5 R-5 R-5 R-5 

• Annual Use (kWh/sq. ft./yr.) 3.3 3.3 5.4 4.8 8.2 

Multifamily Dwellings 

• Roof (Attic) 38 38 38 38 38 

• Vault 30 30 30 30 30 

• Walls 21 19 21 24 19 

• Underfloors 25 30 25 30 19 

• Windows R-2.5 R-2.5 R-2.5 R-2.5 2.0 

• Exterior Doors R-5 R-5 R-5 R-5 R-5 

• Annual Use (kWh/sq. ft./yr.) 1.3 1.3 2.6 2.3 4.5 

Manufactured Housing 

• Roof (Attic) R-14/19 R-14/19 R-14/19 R-14/19 R-14/19 

• Vault R-14/19 R-14/19 R-14/19 R-14/19 R-14/19 

• Wall R-11/19 R-11/19 R-11/19 R-11/19 R-11/19 

• Underfloors R-7/11 R-7/11 R-7/11 R-7/11 R-7/11 

• Windows R-1.3 R-1.3 R-1.3 R-1.3 R-1.3 

• Exterior Doors R-5 R-5 R-5 R-5 R-5 

• Annual Use (kWh/sq. ft./yr.) 6.4 9.5 11.2 

1991 NORTHWEST POWER PLAN-VOLUME II 337 



CHAPTER 7 CONSERVATION RESOURCES 

Table 7-27 
Typical New Dwelling Characteristics 

Characteristic Single-Family Detached Multifamily Manufactured Housing 

Prototype Label A B C 12 Units A B 

Size-Gross Floor 1,344 1,848 2,356 840 sq. ft./unit 924 1,568 
Area (sq. ft.) 

Foundation Type Crawl space Crawl space Slab-on-grade Crawl space Skirted Crawl space 
Partial 

Basement 

Number of Stories 1 2-Split Level 2-Split Level 3-4 1 1 
1 with partial 1 with partial with garage 

basement basement 

Window Area (sq. ft.) 174 220 310 1,140 116 196 

Glass Area as a 13% 12% 13% (of unit 's 11.9% 12.6% 12.5% 
Percent of Floor Area 

Gross Wall Area 

• Above Grade 1,395 2,151 

• Below Grade - -

Total Exterior 4,104 4,753 
Envelope Area (sq. ft.) 

Step 2. Develop Construction Cost 
Estimates for Space Heating 
Conservation Measures in New Dwellings 

In the development of the 1983 Power Plan, the 
Council conducted an extensive survey of conservation 
costs in new residential buildings. Pursuant to the Coun
cil's plan, Bonneville, in cooperation with the four North
west states, initiated a regionwide demonstration program 
on energy-efficient new home construction called the Res
idential Standards Demonstration Program (RSDP). The 
Council analyzed the cost reports submitted by builders in 
this program. Except for one measure, infiltration control 
with mechanical ventilation, the median costs reported by 
participating builders generally agreed with those used by 
the Council in the 1983 plan. The conservation analysis 
presented here makes use of three sources of conservation 
measure cost in addition to the RSDP cost data. Cost data 
on highly insulated walls (beyond R-19) was obtained from 
builders who participated in Bonneville's Residential Con
struction Demonstration Program.26 The estimated cost 
for several conservation measures was also obtained from 
a report prepared by researchers at the University of 
Washington who were charged with evaluating the cost
effectiveness of measures in the 1986 Washington State 
Energy Code and the Council's model conservation stan
dards. The costs for high performance windows (R-3.0 and 
R-5.0) were derived from data collected in the Residential 
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floor area) 

1,842 6,344 1,200 1,260 

584 - - -

5,264 13,660 3,048 4,396 

Construction Demonstration Program for new manufac
tured homes and the Competitek service of the Rocky 
Mountain Institute. The cost of achieving an R-3.0 win
dow is reflective of adding either high performance "hard 
coat" or " soft coat" low emissivity glass to a wood or vi
nyl-framed window with clear glass and argon gas filling. 
This cost is estimated to be $1.56 per square foot of win
dow area for single-family and multifamily housing and 
$1.85 per square foot for manufactured homes. This dif
ference in incremental cost is due to differences in mark
ups between material costs and retail price to the 
consumer. The cost of an R-5.0 window (estimated at 
$7.82 per square foot of window for all building types) re
flects the cost of adding two layers of low emissivity film 
to a wood window that already has one layer of high per
formance low emissivity glass and argon gas filling. 

All costs used in this analysis were adjusted to 1990 
dollars using the GNP Implicit Price Deflator for fixed 
investment in residential construction. These costs include 
a 36-percent markup for builder overhead, profits and 
fees for single-family and multifamily housing. The costs 

26. The cost reported in the Residential Construction Demon
stration Program for R-40 double- wall construction was ad
justed to account for the increase in building perimeter 
dimensions needed to maintain the same interior living areas. 
This ,:Jded $0.30 per square foot of net exterior wall area to 
this measure's cost. 
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of measures installed in new manufactured homes reflect 
a 30-percent markup for dealer overhead and profit. 

Not all space heating conservation measures have sim
ilar useful lives. Insulation and infiltration control mea
sures (i.e., air/vapor barriers) installed in new 
single-family and multifamily dwellings are anticipated to 
last at least 70 years (i.e., about the life of the structure). 
These same measures installed in new manufactured 
houses are also expected to last the life of the building 
(i.e., 45 years). However, the Council has assumed that 
two measures, insulated doors and energy-efficient win
dows, must be repaired or replaced before the end of the 
life of the structure. The Council included the cost of re
pairing and/or replacing these two space heating conserva
tion measures when calculating their levelized cost. Based 
on data obtained during the process of revising the Ore
gon energy code, it appears that, with modem sealants 
and manufacturing techniques, approximately 25 percent 
of the windows installed in new housing can be expected 
to fail during the first 70 years. The cost of replacing these 
windows was converted to present value. It was then de
termined that a 60-year measure life would provide the 
same present value. Insulated doors in new residential 
structures were assumed to be replaced at 30-year inter
vals at a cost equivalent to their initial capital cost. 

The costs of improvements in the space heating effi
ciency of new manufactured housing used in this analysis 
are based on the results of the costs reported by manufac
turers who participated in Bonneville's Residential Con
struction Demonstration Program (RCDP). In RCDP, 150 
manufactured homes were built to the Council's model 
conservation standards. Three other studies were used to 
corroborate the preliminary cost information obtained 
through RCDP. Two studies, one prepared for the Man
ufactured Housing Institute (MHI), and the second pre
pared for the U.S. Department of Housing and Urban 
Development (HUD), reported costs for conservation 
measures based on national construction costs. The third 
study, conducted for Bonneville, obtained conservation 
measure cost data from manufacturers in the region using 
a survey. Tubles 7-28 through 7-36 show the retail costs 
assumed by the Council for potential cost-effective space 
heating conservation measures for new single- and multi
family dwellings and manufactured housing. 
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Table 7-28 
Costs and Savings from Conservation Measures in New Single-Family Dwellings, Zone I-Portland 

1990 Dollars, 0.35 ach Assumed as Current Practice 

Annual Use Annual Levelized 
UA Incremental Cumulative Cost Savings Cost Present 

Conservation Measure Btu/F Cost Cost ($/sq. ft.) (kWh/yr.) (kWh/sq. ft.) (kWh/yr.) (mills/kWh) Value($) 

House Size-1,344 Square Feet 

Base Case UA 471 $0 $0 $0.00 8,896 6.6 0 0 $0 

Insulated Door 460 $35 $35 $0.03 8,558 6.4 338 11 $60 

Windows R-1.2 to 382 $816 $852 $0.63 6,249 4.6 2,309 29 $1,058 
R-2.5 

Walls R-11 to R-19 344 $466 $1,318 $0.98 5,171 3.8 1,078 32 $1,580 
ADV 

Floors R-11 to R-19 325 $292 $1,610 $1.20 4,644 3.5 527 41 $1,907 

Vault R-19 to R-30 319 $105 $1,715 $1.2 4,476 3.3 167 47 $2,024 

Walls R-19 ADV to 313 $145 $1,859 $1.38 4,314 3.2 162 67 $2,186 
R-21 ADV 

Attic R-30 to R-38 308 $131 $1,990 $1.48 4,182 3.1 131 74 $2,332 
STD 

Floors R-19 to R-30 292 $439 $2,428 $1.81 3,747 2.8 435 76 $2,823 

Windows R-2.5 to 282 $27 $2,701 $2.01 3,471 2.6 275 81 $3,155 
R-3.0 

Walls R-21 ADV to 262 $594 $3,295 $2.45 2,950 2.2 521 86 $3,820 
R-26ADV 

Attic R-38 STD to 250 $379 $3,673 $2.73 2,653 2.0 29 96 $4,244 
R-49ADV 

Vault R-30 to R-38 247 $160 $3,833 $2.85 2,583 1.9 70 170 $4,423 

Walls R-26 ADV to 231 $1,172 $5,006 $3.72 2,173 1.6 409 216 $5,735 
R-40DBW 

Windows R-3.0 to 210 $1,361 $6,366 $4.74 1,685 1.3 488 230 $7,399 
R-5.0 

Floors R-30 to R-38 204 $530 $6,896 $5.13 1,562 1.2 122 327 $7,992 

Attic R-49 ADV to 202 $353 $7,249 $5.39 1,496 1.1 65 406 $8,386 
R-60ADV 

House Size-1,848 Square Feet 

Base Case UA 628 $0 $0 $0.00 12,981 7.0 0 0 $0 

Insulated Door 617 $35 $35 $0.02 12,635 6.8 346 11 $60 

Windows R-1.2 to 518 $1,032 $1,068 $0.58 9,624 5.2 3,012 28 $1,322 
R-2.5 

Walls R-11 to R-19 457 $746 $1,813 $0.98 7,837 4.2 1,786 31 $2,157 
ADV 

Floors R-11 to R-19 447 $158 $1,972 $1.07 7,541 4.1 296 40 $2,334 

Vault R-19 to R-30 443 $60 $2,032 $1.10 7,440 4.0 101 45 $2,402 

Slab R-5 to R-10 439 $76 $2,108 $1.14 7,329 4.0 110 51 $2,486 

Walls R-19 ADV to 430 $231 $2,339 $1.27 7,057 3.8 272 64 $2,745 
R-21ADV 
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Table 7-28 (cont.) 
Costs and Savings from Conservation Measures in New Single-Family Dwellings, Zone I -Portland 

1990 Dollars, 0.35 ach Assumed as Current Practice 

Annual Use Annual Levelized 
UA Incremental Cumulative Cost Savings Cost Present 

Conservation Measure Btu/F Cost Cost ($/sq. ft.) (kWh/yr.) (kWh/sq. ft.) (kWh/yr.) (mills/kWh) Value($) 

House Size-1,848 Square Feet (cont.) 

Attic R-30 to R-38 425 $147 $2,486 $1.35 6,901 3.7 155 71 $2,910 
STD 

Floors R-19 to R-30 416 $238 $2,724 $1.47 6,652 3.6 249 72 $3,176 

Windows R-2.5 to 403 $344 $3,068 $1.66 6,275 3.4 376 75 $3,596 
R-30 

Walls R-21 ADV to 371 $952 $4,020 $2.18 5,372 2.9 903 79 $4,661 
R-26ADV 

Slab R-10 to R-15 369 $63 $4,082 $2.21 5,319 2.9 52 89 $4,731 

Attic R-38 STD to 356 $426 $4,508 $2.44 4,963 2.7 356 90 $5,208 
R-49ADV 

Vault R-30 to R-38 354 $92 $4,601 $2.49 4,918 2.7 45 155 $5,311 

Walls R-26 ADV to 328 $1,877 $6,478 $3.51 4,210 2.3 707 200 $7,412 
R-40DBW 

Windows R-3.0 to 301 $1,720 $8,198 $4.44 3,522 1.9 688 206 $9,516 
R-5.0 

Floors R-30 to R-38 298 $287 $8,485 $4.59 3,447 1.9 75 289 $9,837 

Attic R-49 ADV to 295 $397 $8,882 $4.81 3,364 1.8 82 364 $10,281 
R-{i()ADV 

House Size-2,356 Square Feet 

Base Case UA 721 $0 $0 $0.00 14,108 6.0 0 0 $0 

Insulated Door 715 $18 $18 $0.01 13,940 5.9 167 12 $30 

Basement Wall R-11 695 $191 $208 $0.09 13,345 5.7 594 24 $243 
to R-21 W/TB 

Windows R-1.2 to 556 $1,455 $1,663 $0.71 9,242 3.9 4,103 29 $2,022 
R-2.5 

Walls R-11 to R-19 507 $596 $2,259 $0.96 7,875 3.3 1,368 32 $2,689 
ADV 

Floors R-11 to R-19 501 $102 $2,361 $1.00 7,693 3.3 181 42 $2,803 

Vault R-19 to R-30 497 $71 $2,432 $1.03 7,580 3.2 112 47 $2,883 

Slab R-5 to R-10 495 $24 $2,456 $1.04 7,547 3.2 32 54 $2,909 

Walls R-19 ADV to 488 $185 $2,641 $1.12 7,340 3.1 206 67 $3,116 
R-21 ADV 

Attic R-30 to R-38 482 $157 $2,798 $1.19 7,182 3.0 157 75 $3,292 
STD 

Floor R-19 to R-30 476 $153 $2,951 $1.25 7,029 3.0 153 75 $3,463 

Windows R-2.5 to 458 $485 $3,435 $1.46 6,527 2.8 501 79 $4,056 
R-3.0 

Walls R-21 ADV to 432 $761 $4,196 $1.78 5,841 2.5 685 83 $4,907 
R-26ADV 

Slab R-10 to R-15 432 $20 $4,216 $1.79 5,826 2.5 15 93 $4,929 

1991 NORTHWEST POWER PLAN-VOLUME II 341 



CHAPTER 7 CONSERVATION RESOURCES 

Table 7-28 (cont.) 
Costs and Savings from Conservation Measures in New Single-Family Dwellings, Zone I-Portland 

1990 Dollars, 0.35 ach Assumed as Current Practice 

Annual Use Annual Levelized 
UA Incremental Cumulative Cost Savings Cost Present 

Conservation Measure Btu/F Cost Cost ($/sq. ft.) (kWh/yr.) (kWh/sq. ft.) (kWh/yr.) (mills/kWh) Value($) 

House Size-2,356 Square Feet (cont.) 

Attic R-38 STD to 418 $456 $4,672 $1.98 5,458 2.3 367 93 $5,439 
R-49 ADV 

Vault R-30 to R-38 416 $108 $4,780 $2.03 5,407 2.3 50 161 $5,560 

Walls R-26 ADV to 395 $1,501 $6,281 $2.67 4,850 2.1 557 203 $7,240 
R-40DBW 

Windows R-3.0 to 357 $2,424 $8,705 $3.69 3,890 1.7 960 208 $10,205 
R-5.0 

Floors R-30 to R-38 356 $185 $8,890 $3.77 3,842 1.6 47 292 $10,411 

Attic R-49 ADV to 352 $424 $9,314 $3.95 3,75 41.6 88 363 $10,886 
R-60ADV 

NOTE: DA-Measure of resistance to heat loss. 
Btu/F-British thermal units per degree of Fahrenheit. 
ACH-Air changes per hour. 
ADV -Advanced framing. 
STD-Standard framing. 
DBW-Double wall construction. 
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Table 7-29 
Costs and Savings from Conservation Measures in New Single-Family Dwellings, Zone I -Seattle 

1990 Dollars, 0.35 ach Assumed as Current Practice 

Annual Use Annual Levelized 
UA Incremental Cumulative Cost Savings Cost Present 

Conservation Measure Btu/F Cost Cost ($/sq. ft.) (kWh/yr.) (kWh/sq. ft.) (kWh/yr.) (mills/kWh) Value($) 

House Size-1,344 Square Feet 

Base Case UA 471 $0 $0 $0.00 10,177 7.6 0 0 $0 

Insulated Door 460 $35 $35 $0.03 9,792 7.3 38 10 $60 

Windows R-1.2 to 382 $816 $852 $0.63 7,155 5.3 2,636 25 $1,058 
R-2.5 

Walls R-11 to R-19 344 $466 $1,318 $0.98 5,926 4.4 1,230 28 $1,580 
ADV 

Floors R-11 to R-19 325 $292 $1,610 $1.20 5,327 4.0 598 36 $1,907 

Vault R-19 to R-30 319 $105 $1,715 $1.28 5,139 3.8 188 42 $2,024 

Walls R-19 ADV to 313 $145 $1,859 $1.38 4,956 3.7 183 59 $2,186 
R-21 ADV 

Attic R-30 to R-38 308 $131 $1,990 $1.48 4,808 3.6 148 66 $2,332 
STD 

Floors R-19 to R-30 292 $439 $2,428 $1.81 4,316 3.2 492 67 $2,823 

Windows R-2.5 to 282 $272 $2,701 $2.01 4,004 3.0 313 71 $3,155 
R-3.0 

Walls R-21 ADV to 262 $594 $3,295 $2.45 3,415 2.5 589 76 $3,820 
R-26ADV 

Attic R-38 STD to 250 $379 $3,673 $2.73 3,081 2.3 334 85 $4,244 
R-49ADV 

Vault R-30 to R-38 247 $160 $3,833 $2.85 3,001 2.2 80 150 $4,423 

Walls R-26 ADV to 231 $1,172 $5,006 $3.72 2,537 1.9 464 191 $5,735 
R-40DBW 

Windows R-3.0 to 210 $1,361 $6,366 $4.74 1,980 1.5 557 202 $7,399 
R-5.0 

Floors R-30 to R-38 204 $530 $6,896 $5.13 1,840 1.4 140 286 $7,992 

Attic R-49 ADV to 202 $353 $7,249 $5.39 1,765 1.3 75 355 $8,386 
R-60ADV 

House Size-1,848 Square Feet 

Base Case UA 628 $0 $0 $0.00 14,854 8.0 0 0 $0 

Insulated Door 617 $35 $35 $0.02 14,457 7.8 396 10 $60 

Window R-1.2 to 518 $1,032 $1,068 $0.58 11,008 6.0 3,449 24 $1,322 
R-2.5 

Walls R-11 to R-19 457 $746 $1,813 $0.98 8,972 4.9 2,036 27 $2,157 
ADV 

Floors R-11 to R-19 447 $158 $1,972 $1.07 8,634 4.7 338 35 $2,334 

Vault R-19 to R-30 443 $60 $2,032 $1.10 8,519 4.6 116 39 $2,402 

Slab R-5 to R-10 439 $76 $2,108 $1.14 8,392 4.5 126 45 $2,486 

Walls R-19 ADV to 430 $231 $2,339 $1.27 8,081 4.4 311 56 $2,745 
R-21 ADV 
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Table 7-29 (cont.) 
Costs and Savings from Conservation Measures in New Single-Family Dwellings, Zone I -Seattle 

1990 Dollars, 0.35 ach Assumed as Current Practice 

Annual Use Annual Levelized 
UA Incremental Cumulative Cost Savings Cost Present 

Conservation Measure Btu/F Cost Cost ($/sq. ft.) (kWh/yr.) (kWh/sq. ft.) (kWh/yr.) (mills/kWh) Value($) 

House Size-1,848 Square Feet (cont.) 

Attic R-30 to R-38 425 $147 $2,486 $1.35 7,903 4.3 178 62 $2,910 
STD 

Floors R-19 to R- 30 416 $238 $2,724 $1.47 7,619 4.1 284 63 $3,176 

Windows R-2.5 to 403 $344 $3,068 $1.66 7,191 3.9 429 66 $3,596 
R-3.0 

Walls R-21 ADV to 371 $952 $4,020 $2.18 6,170 3.3 1,021 70 $4,661 
R-26ADV 

Slab R-10 to R-15 369 $63 $4,082 $2.21 6,111 3.3 59 80 $4,731 

Attic R-38 STD to 356 $426 $4,508 $2.44 5,711 3.1 400 80 $5,208 
R-49 ADV 

Vault R-30 to R-38 354 $92 $4,601 $2.49 5,661 3.1 51 138 $5,311 

Walls R-26 ADV to 328 $1,877 $6,478 $3.51 4,856 2.6 805 176 $7,412 
R-40DBW 

Windows R-3.0 to 301 $1,720 $8,198 $4.44 4,077 2.2 779 182 $9,516 
R-5.0 

Floors R-30 to R-38 298 $287 $8,485 $4.59 3,993 2.2 85 256 $9,837 

Attic R-49 ADV to 295 $397 $8,882 $4.81 3,900 2.1 93 322 $10,281 
R-60ADV 

House Size-2,356 Square Feet 

Base Case UA 721 $0 $0 $0.00 16,136 6.8 0 0 $0 

Insulated Door 715 $18 $18 $0.01 15,945 6.8 192 10 $30 

Basement Walls R-11 695 $191 $208 $0.09 15,266 6.5 679 21 $243 
to R-21 W/TB 

Windows R-1.2 to 556 $1,455 $1,663 $0.71 10,603 4.5 4,663 25 $2,022 
R-2.5 

Walls R-11 to R-19 507 $596 $2,259 $0.96 9,061 3.8 1,542 29 $2,689 
ADV 

Floors R-11 to R-19 501 $102 $2,361 $1.00 8,854 3.8 207 37 $2,803 

Vault R-19 to R-30 497 $71 $2,432 $1.03 8,725 3.7 129 41 $2,883 

Slab R-5 to R-10 495 $24 $2,456 $1.04 8,688 3.7 38 47 $2,909 

Walls R-19 ADV to 488 $185 $2,641 $1.12 8,451 3.6 236 59 $3,116 
R-21 ADV 

Attic R-30 to R-38 482 $157 $2,798 $1.19 8,271 3.5 181 65 $3,292 
STD 

Floors R-19 to R-30 476 $153 $2,951 $1.25 8,095 3.4 176 65 $3,463 

Windows R-2.5 to 458 $485 $3,435 $1.46 7,524 3.2 571 70 $4,056 
R-3.0 

Walls R-21 ADV to 432 $761 $4,196 $1.78 6,744 2.9 779 73 $4,907 
R-26ADV 

Slab R-10 to R-15 432 $20 $4,216 $1.79 6,726 2.9 18 81 $4,929 
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Table 7-29 (cont.) 
Costs and Savings from Conservation Measures in New Single-Family Dwellings, Zone ]-Seattle 

1990 Dollars, 0.35 ach Assumed as Current Practice 

Annual Use Annual Levelized 
UA Incremental Cumulative Cost Savings Cost Present 

Conservation Measure Btu/F Cost Cost ($/sq. ft.) (kWh/yr.) (kWh/sq. ft.) (kWh/yr.) (mills/kWh) Value($) 

House Size-2,356 Square Feet (cont.) 

Attic R-38 STD to 418 $456 $4,672 $1.98 6,313 2.7 413 83 $5,439 
R-49ADV 

Vault R-30 to R-38 416 $108 $4,780 $2.03 6,257 2.7 56 145 $5,560 

Walls R-26 ADV to 395 $1,501 $6,281 $2.67 5,638 2.4 619 183 $7,240 
R-40DBW 

Windows R-3.0 to 357 $2,424 $8,705 $3.69 4,584 1.9 1,054 190 $10,205 
R-5.0 

Floors R-30 to R-38 356 $185 $8,890 $3.77 4,532 1.9 52 267 $10,411 

Attic R-49 ADV to 352 $424 $9,314 $3.95 4,435 1.9 97 331 $10,886 
R-60ADV 

NOTE: UA-Measure of resistance to heat loss. 
Btu/F-British thermal units per degree of Fahrenheit. 
ACH-Air changes per hour. 
ADV -Advanced framing. 
STD-Standard framing. 
DBW-Double wall construction. 
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Table 7-30 
Costs and Savings from Conservation Measures in New Single-Family Dwellings, Zone 2-Spokane 

1990 Dollars, 0.35 ach Assumed as Cu"ent Practice 

Annual Use Annual Levelized 
UA Incremental Cumulative Cost Savings Cost Present 

Conservation Measure Btu/F Cost Cost ($/sq. ft.) (kWh/yr.) (kWh/sq. ft .) (kWh/yr.) (mills/kWh) Value($) 

House Size-1344 Square Feet 

Base Case UA 471 $0 $0 $0.00 14,699 10.9 0 0 $0 

Insulated Door 460 $35 $35 $0.03 14,201 10.6 499 8 $60 

Windows R-1.2 to 382 $816 $852 $0.63 10,745 8.0 3,455 19 $1,058 
R-2.5 

Walls R-11 to R-19 344 $466 $1,318 $0.98 9,108 6.8 1,637 21 $1,580 
ADV 

Floors R-11 to R-19 325 $292 $1,610 $1.20 8,307 6.2 802 27 $1,907 

Vault R-19 to R-30 319 $105 $1,715 $1.28 8,052 6.0 254 31 $2,024 

Walls R-19 ADV to 313 $145 $1,859 $1.38 7,805 5.8 247 44 $2,186 
R-21 ADV 

Attic R-30 to R-38 308 $131 $1,990 $1.48 7,605 5.7 201 49 $2,332 
STD 

Floors R-19 to R-30 292 $439 $2,428 $1.81 6,936 5.2 669 49 $2,823 

Windows R-2.5 to 282 $272 $2,701 $2.01 6,507 4.8 429 52 $3,155 
R-3.0 

Walls R-21 ADV to 262 $594 $3,295 $2.45 5,692 4.2 815 55 $3,820 
R-26ADV 

Attic R-38 STD to 250 $379 $3,673 $2.73 5,227 3.9 465 61 $4,244 
R-49ADV 

Vault R-30 to R-38 247 $160 $3,833 $2.85 5,115 3.8 111 108 $4,423 

Walls R-26 ADV to 231 $1,172 $5,006 $3.72 4,472 3.3 644 137 $5,735 
R-40DBW 

Windows R-3.0 to 210 $1,361 $6,366 $4.74 3,684 2.7 788 142 $7,399 
R-5.0 

Floors R-30 to R-38 204 $530 $6,896 $5.13 3,483 2.6 200 200 $7,992 

Attic R-49 ADV to 202 $353 $7,249 $5.39 3,376 2.5 107 248 $8,386 
R-60ADV 

House Size-1,848 Square Feet 

Base Case UA 628 $0 $0 $0.00 20,807 11.3 0 0 $0 

Insulated Door 617 $35 $35 $0.02 20,302 11.0 505 8 $60 

Windows R-1.2 to 518 $1,032 $1,068 $0.58 15,871 8.6 4,431 19 $1,322 
R-2.5 

Walls R-11 to R-19 457 $746 $1,813 $0.98 13,198 7.1 2,673 21 $2,157 
ADV 

Floors R-11 to R-19 447 $158 $1,972 $1.07 12,751 6.9 447 26 $2,334 

Vault R-19 to R-30 443 $60 $2,032 $1.10 12,598 6.8 153 29 $2,402 

Slab R-5 to R-10 439 $76 $2,108 $1.14 12,431 6.7 167 34 $2,486 

Walls R-19 ADV to 430 $231 $2,339 $1.27 12,018 6.5 412 42 $2,745 
R-21ADV 
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Table 7-30 (cont.) 
Costs and Savings from Conservation Measures in New Single-Family Dwellings, Zone 2-Spokane 

1990 Dollars, 0.35 ach Assumed as Current Practice 

Annual Use Annual Levelized 
UA Incremental Cumulative Cost Savings Cost Present 

Conservation Measure Btu/F Cost Cost ($/sq. ft.) (kWh/yr.) (kWh/sq. ft.) (kWh/yr.) (mills/kWh) Value($) 

House Size-1,848 Square Feet (cont.) 

Attic R-30 to R-38 425 $147 $2,486 $1.35 11,783 6.4 235 47 $2,910 
STD 

Floors R-19 to R-30 416 $238 $2,724 $1.47 11,407 6.2 376 47 $3,176 

Windows R-2.5 to 403 $344 $3,068 $1.66 10,839 5.9 568 50 $3,596 
R-3.0 

Walls R-21 ADV to 371 $952 $4,020 $2.18 9,476 5.1 1,362 52 $4,661 
R-26ADV 

Slab R-10 to R-15 369 $63 $4,082 $2.21 9,396 5.1 80 59 $4,731 

Attic R-38 STD to 356 $426 $4,508 $2.44 8,856 4.8 541 59 $5,208 
R-49ADV 

Vault R-30 to R-38 354 $92 $4,601 $2.49 8,787 4.8 68 102 $5,311 

Walls R-26 ADV to 328 $1,877 $6,478 $3.51 7,695 4.2 1,092 130 $7,412 
R-40DBW 

Windows R-3.0 to 301 $1,720 $8,198 $4.44 6,620 3.6 1,075 132 $9,516 
R-5.0 

Floors R-30 to R-38 298 $287 $8,485 $4.59 6,503 3.5 117 185 $9,837 

Attic R-49 ADV to 295 $397 $8,882 $4.81 6,375 3.4 128 233 $10,281 
R-60ADV 

House Size-2,356 Square Feet 

Base Case UA 721 $0 $0 $0.00 22,780 9.7 0 0 $0 

Insulated Door 715 $18 $18 $0.01 22,530 9.6 250 8 $30 

Basement Wall R-11 to 695 $191 $208 $0.09 21,644 9.2 887 16 $243 
R-21 W/TB 

Windows R-1.2 to 556 $1,455 $1,663 $0.71 15,527 6.6 6,117 19 $2,022 
R-2.5 

Walls R-11 to R-19 507 $596 $2,259 $0.96 13,468 5.7 2,058 21 $2,689 
ADV 

Floors R-11 to R-19 501 $102 $2,361 $1.00 13,193 5.6 276 27 $2,803 

Vault R-19 to R-30 497 $71 $2,432 $1.03 13,020 5.5 172 31 $2,883 

Slab R-5 to R-10 495 $24 $2,456 $1.04 12,970 5.5 50 35 $2,909 

Walls R-19 ADV to 488 $185 $2,641 $1.12 12,653 5.4 317 44 $3,116 
R-21ADV 

Attic R-30 to R-38 482 $157 $2,798 $1.19 12,411 5.3 242 49 $3,292 
STD 

Floor R-19 to R-30 476 $153 $2,951 $1.25 12,175 5.2 235 49 $3,463 

Windows R-2.5 to 458 $485 $3,435 $1.46 11,399 4.8 776 51 $4,056 
R-3.0 

Walls R-21 ADV to 432 $761 $4,196 $1.78 10,337 4.4 1,062 54 $4,907 
R-26ADV 

Slab R-10 to R-15 432 $20 $4,216 $1.79 10,313 4.4 25 60 $4,929 
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Table 7-30 (cont.) 
Costs and Savings from Conservation Measures in New Single-Family Dwellings, Zone 2-Spokane 

1990 Dollars, 0.35 ach Assumed as Current Practice 

Annual Use Annual Levelized 
UA Incremental Cumulative Cost Savings Cost Present 

Conservation Measure Btu/F Cost Cost ($/sq. ft.) (kWh/yr.) (kWh/sq. ft.) (kWh/yr.) (mills/kWh) Value($) 

House Size-2,356 Square Feet (cont.) 

Attic R-38 STD to 418 $456 $4,672 $1.98 9,746 4.1 566 60 $5,439 
R-49ADV 

Vault R-30 to R-38 416 $108 $4,780 $2.03 9,669 4.1 78 105 $5,560 

Walls R-26 ADV to 395 $1,501 $6,281 $2.67 8,815 3.7 854 133 $7,240 
R-40DBW 

Windows R-3.0 to 357 $2,424 $8,705 $3.69 7,348 3.1 1,467 136 $10,205 
R-5.0 

Floors R-30 to R-38 356 $185 $8,890 $3.77 7,275 3.1 73 191 $10,411 

Attic R-49 ADV to 352 $424 $9,314 $3.95 7,140 3.0 135 237 $10,886 
R-60ADV 

NOTE: DA-Measure of resistance to heat loss. 
Btu/F-British thermal units per degree of Fahrenheit. 
ACH-Air changes per hour. 
ADV-Advanced framing. 
STD-Standard framing. 
DBW-Double wall construction. 
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Table 7-31 
Costs and Savings from Conservation Measures in New Single-Family Dwellings, Zone ]-Missoula 

1990 Dollars, 0.35 ach Assumed as Cu"ent Practice 

Annual Use Annual Levelized 
UA Incremental Cumulative Cost Savings Cost Present 

Conservation Measure Btu/F Cost Cost ($/sq. ft.) (kWh/yr.) (kWh/sq. ft.) (kWh/yr.) (mills/kWh) Value($) 

House Size-1,344 Square Feet 

Base CaSe UA 471 $0 $0 $0.00 17,270 12.8 0 0 $0 

Insulated Door 460 $35 $35 $0.03 16,692 12.4 578 7 $60 

Windows R-1.2 to 382 $816 $852 $0.63 12,706 9.5 3,986 16 $1,058 
R-2.5 

Walls R-11 to R-19 344 $466 $1,318 $0.98 10,817 8.0 1,889 18 $1,580 
ADV 

Floors R-11 to R-19 325 $292 $1,610 $1.20 9,888 7.4 929 23 $1,907 

Vault R-19 to R-30 319 $105 $1,715 $1.28 9,593 7.1 295 26 $2,024 

Walls R-19 ADV to 313 $145 $1,859 $1.38 9,307 6.9 286 38 $2,186 
R-21ADV 

Attic R-30 to R-38 308 $131 $1,990 $1.48 9,074 6.8 233 42 $2,332 
STD 

Floors R-19 to R-30 292 $439 $2,428 $1.81 8,299 6.2 775 42 $2,823 

Windows R-2.5 to 282 $272 $2,701 $2.01 7,802 5.8 497 45 $3,155 
R-3.0 

Walls R-21 ADV to 262 $594 $3,295 $2.45 6,860 5.1 942 47 $3,820 
R-26ADV 

Attic R-38 STD to 250 $379 $3,673 $2.73 6,324 4.7 536 53 $4,244 
R-49ADV 

Vault R-30 to R-38 247 $160 $3,833 $2.85 6,195 4.6 129 93 $4,423 

Walls R-26 ADV to 231 $1,172 $5,006 $3.72 5,447 4.1 748 118 $5,735 
R-40DBW 

Windows R-3.0 to 210 $1,361 $6,366 $4.74 4,523 3.4 923 121 $7,399 
R-5.0 

Floors R-30 to R-38 204 $530 $6,896 $5.13 4,288 3.2 235 170 $7,992 

Attic R-49 ADV to 202 $353 $7,249 $5.39 4,161 3.1 126 211 $8,386 
R-60ADV 

House Size-1,848 Square Feet 

Base Case UA 628 $0 $0 $0.00 24,388 13.2 0 0 $0 

Insulated Door 617 $35 $35 $0.02 23,800 12.9 588 6 $60 

Windows R-1.2 to 518 $1,032 $1,068 $0.58 18,663 10.1 5,137 16 $1,322 
R-2.5 

Walls R-11 to R-19 457 $746 $1,813 $0.98 15,583 8.4 3,080 18 $2,157 
ADV 

Floors R-11 to R-19 447 $158 $1,972 $1.07 15,069 8.2 514 23 $2,334 

Vault R-19 to R-30 443 $60 $2,032 $1.10 14,893 8.1 176 25 $2,402 

Slab R-5 to R-10 439 $76 $2,108 $1.14 14,700 8.0 193 29 $2,486 

Walls R-19 ADV to 430 $231 $2,339 $1.27 14,225 7.7 475 36 $2,745 
R-21ADV 
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Table 7-31 (cont.) 
Costs and Savings from Conservation Measures in New Single-Family Dwellings, Zone 3-Missoula 

1990 Dollars, 0.35 ach Assumed as Current Practice 

Annual Use Annual Levelized 
UA Incremental Cumulative Cost Savings Cost Present 

Conservation Measure Btu!F Cost Cost ($/sq. ft.) (kWh/yr.) (kWh/sq. ft.) (kWh/yr.) (mills/kWh) Value($) 

House Size-1,848 Square Feet (cont.) 

Attic R-30 to R-38 425 $147 $2,486 $1.35 13,954 7.6 271 40 $2,910 
STD 

Floors R-19 to R-30 416 $238 $2,724 $1.47 13,519 7.3 435 41 $3,176 

Windows R-2.5 to 403 $344 $3,068 $1.66 12,862 7.0 657 43 $3,596 
R-3.0 

Walls R-21 ADV to 371 $952 $4,020 $2.18 11,287 6.1 1,576 45 $4,661 
R- 26 ADV 

Slab R-10 to R-15 369 $63 $4,082 $2.21 11,194 6.1 93 51 $4,731 

Attic R-38 STD to 356 $426 $4,508 $2.44 10,569 5.7 625 51 $5,208 
R--49 ADV 

Vault R-30 to R-38 354 $92 $4,601 $2.49 10,490 5.7 79 88 $5,311 

Walls R-26 ADV to 328 $1,877 $6,478 $3.51 9,225 5.0 1,264 112 $7,412 
R--40 DBW 

Windows R-3.0 to 301 $1,720 $8,198 $4.44 7,991 4.3 1,235 115 $9,516 
R-5.0 

Floors R-30 to R-38 298 $287 $8,485 $4.59 7,856 4.3 135 161 $9,837 

Attic R--49 ADV to 295 $397 $8,882 $4.81 7,708 4.2 148 202 $10,281 
R-60ADV 

House Size-2,356 Square Feet 

Base Case UA 721 $0 $0 $0.00 26,728 11.3 0 0 $0 

Insulated Door 715 $18 $18 $0.01 26,440 11.2 288 7 $30 

Basement Wall R-11 to 695 $191 $208 $0.09 25,418 10.8 1,022 14 $243 
R-21 W/TB 

Windows R-1.2 to 556 $1,455 $1,663 $0.71 18,373 7.8 7,045 17 $2,022 
R - 2.5 

Walls R-11 to R-19 507 $596 $2,259 $0.96 16,025 6.8 2,348 19 $2,689 
ADV 

Floors R-11 to R-19 501 $102 $2,361 $1.00 15,709 6.7 315 24 $2,803 

Vault R-19 to R-30 497 $71 $2,432 $1.03 15,513 6.6 197 27 $2,883 

Slab R-5 to R-10 495 $24 $2,456 $1.04 15,455 6.6 57 31 $2,909 

Walls R-19 ADV to 488 $185 $2,641 $1.12 15,095 6.4 361 38 $3,116 
R-21ADV 

Attic R-30 to R-38 482 $157 $2,798 $1.19 14,819 6.3 276 43 $3,292 
STD 

Floor R-19 to R-30 476 $153 $2,951 $1.25 14,551 6.2 268 43 $3,463 

Windows R-2.5 to 458 $485 $3,435 $1.46 13,671 5.8 879 45 $4,056 
R-3.0 

Walls R-21 ADV to 432 $761 $4,196 $1.78 12,463 5.3 1,208 47 $4,907 
R-26ADV 

Slab R-10 to R-15 432 $20 $4,216 $1.79 12,435 5.3 28 52 $4,929 
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Table 7-31 (cont.) 
Costs and Savings from Conse,vation Measures in New Single-Family Dwellings, Zone 3-Missoula 

1990 Dollars, 0.35 ach Assumed as Current Practice 

Annual Use Annual Levelized 
UA Incremental Cumulative Cost Savings Cost Present 

Conservation Measure Btu/F Cost Cost ($/sq. ft.) (kWh/yr.) (kWh/sq. ft.) (kWh/yr.) (mills/kWh) Value($) 

House Size-2,356 Square Feet (cont.) 

Attic R-38 STD to 418 $456 $4,672 $1.98 11,787 5.0 648 53 $5,439 
R-49ADV 

Vault R-30 to R-38 416 $108 $4,780 $2.03 11,698 5.0 89 91 $5,560 

Walls R-26 ADV to 395 $1,501 $6,281 $2.67 10,715 4.5 983 115 $7,240 
R-40DBW 

Windows R-3.0 to 357 $2,424 $8,705 $3.69 9,014 3.8 1,701 117 $10,205 
R-5.0 

Floors R-30 to R-38 356 $185 $8,890 $3.77 8,929 3.8 85 164 $10,411 

Attic R-49 ADV to 352 $424 $9,314 $3.95 8,772 3.7 157 204 $10,886 
R-60ADV 

NOTE: UA-Measure of resistance to heat loss. 
Btu/F-British thermal units per degree of Fahrenheit. 
ACH-Air changes per hour. 
ADV -Advanced framing. 
STD-Standard framing. 
DBW-Double wall construction. 

1991 NORTHWEST POWER PI.AN-VOLUME II 351 



CHAPTER 7 CONSERVATION RESOURCES 

Table 7-32 
Costs and Savings from Conservation Measures in New Multifamily Dwellings, 

Dwelling Size-840 Square Feet, 1990 Dollars, 0.35 ach Assumed as Current Practice 

Annual Use Annual Levelized 
UA Incremental Cumulative Cost Savings Cost Present 

Conservation Measure Btu/F Cost Cost ($/sq. ft.) (kWh/yr.) (kWh/sq. ft.) (kWh/yr.) (mills/kWh) Value($) 

Zone 1-Portland 

Base Case 2,435 $0 $0 $0.00 2,666 3.2 0 0 $0 

Insulated Door 2,402 $9 $9 $0.01 2,589 3.1 77 13 $15 

Window R-1.2 to 1,889 $446 $455 $0.54 1,480 1.8 1,109 33 $560 
R-2.5 

Floors R-11 to R-19 1,838 $66 $521 $0.62 1,375 1.6 105 47 $634 

Vault R-19 to R-30 1,810 $40 $561 $0.67 1,318 1.6 57 52 $679 

Walls R-11 to R-19 1,662 $213 $774 $0.92 1,029 1.2 289 55 $917 

Walls R - 19 to R-21 1,637 $52 $826 $0.98 982 1.2 48 82 $975 

Floors R-19 to R-30 1,593 499 $925 $1.10 901 1.1 81 92 $1,086 

Attic R - 30 to R-38 1,584 $21 $945 $1.13 885 1.1 16 98 $1,109 

Windows R-2.5 to 1,516 $149 $1,094 $1.30 766 0.9 119 103 $1,291 
R- 3.0 

Walls R-21 to R-26 1,429 $213 $1,307 $1.56 629 0.7 137 117 $1,529 

Attic R-38 to R-49 1,407 $60 $1,367 $1.63 595 0.7 34 133 $1,596 
ADV 

Vault R-30 to R-38 1,394 $61 $1,428 $1.70 575 0.7 20 234 $1,664 

Walls R-26 to R-40 1,308 $421 $1,848 $2.20 450 0.5 126 252 $3,240 
DBW 

Windows R-3.0 to 1,171 $743 $2,591 $3.08 277 0.3 172 356 $6,480 
R-5.0 

Floors R-30 to R-38 1,153 $120 $2,711 $3.23 257 0.3 20 453 $6,480 

Attic R-49 ADV to 1,148 $56 $2,767 $3.29 251 0.3 6 703 $6,4SO 
R-60ADV 

Zone 1-Seattle 

Base Case 2,435 $0 $0 $0.00 3,073 3.7 0 0 $0 

Insulated Door 2,402 $9 $9 $0.01 2,987 3.6 86 11 $15 

Windows R-1.2 to 1,889 $446 $455 $0.54 1,726 2.1 1,261 29 $560 
R-2.5 

Floors R - 11 to R-19 1,838 $66 $521 $0.62 1,607 1.9 119 42 $634 

Vault R-19 to R-30 1,810 $40 $561 $0.67 1,542 1.8 65 46 $679 

Walls R - 11 to R-19 1,662 $213 $774 $0.92 1,218 1.4 325 49 $917 

Walls R-19 to R- 21 1,637 $52 $826 $0.98 1,163 1.4 54 72 $975 

Floors R-19 to R-30 1,593 $99 $925 $1.10 1,070 1.3 93 80 $1,086 

Attic R-30 to R-38 1,584 $21 $945 $1.13 1,052 1.3 18 84 $1,109 

Windows R-2.5 to 1,516 $149 $1,094 $1.30 913 1.1 139 88 $1,291 
R-3.0 

Walls R-21 to R-26 1,429 $213 $1,307 $1.56 749 0.9 165 97 $1,529 
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Table 7-32 (cont.) 
Costs and Savings from Conse,vation Measures in New Multifamily Dwellings, 

Dwelling Size-840 Square Feet, 1990 Dollars, 0.35 ach Assumed as Current Practice 

Annual Use Annual Levelized 
UA Incremental Cumulative Cost Savings Cost Present 

Conservation Measure Btu/F Cost Cost ($/sq. ft.) (kWh/yr.) (kWh/sq. ft.) (kWh/yr.) (mills/kWh) Value($) 

Zone 1-Seattle (cont.) 

Attic R-38 to R-49 1,407 $60 $1,367 $1.63 708 0.8 41 110 $1,596 
ADV 

Vault R-30 to R-38 1,394 $61 $1,428 $1.70 684 0.8 24 194 $1,664 

Walls R-26 to R-40 1,308 $421 $1,848 $2.20 532 0.6 152 208 $3,240 
DBW 

Windows R-3.0 to 1,171 $743 $2,591 $3.08 328 0.4 204 301 $6,480 
R-5.0 

Floors R-30 to R-38 1,153 $120 $2,711 $3.23 304 0.4 23 385 $6,480 

Attic R-49 ADV to 1,148 $56 $2,767 $3.29 297 0.4 7 598 $6,480 
R-60ADV 

Zone 2-Spokane 

Base Case 2,435 $0 $0 $0.00 4,970 5.9 0 0 $0 

Insulated Door 2,402 $9 $9 $0.01 4,852 5.8 118 8 $15 

Windows R-1.2 to 1,889 $446 $455 $0.54 3,100 3.7 1,751 21 $560 
R-2.5 

Floors R-11 to R-19 1,838 $66 $521 $0.62 2,934 3.5 167 29 $634 

Vault R-19 to R-30 1,810 $40 $561 $0.67 2,843 3.4 91 33 $679 

Walls R-11 to R-19 1,662 $213 $774 $0.92 2,369 2.8 474 34 $917 

Walls R-19 to R-21 1,637 $52 $826 $0.98 2,289 2.7 80 48 $975 

Floors R-19 to R-30 1,593 $99 $925 $1.10 2,152 2.6 137 54 $1,086 

Attic R-30 to R-38 1,584 $21 $945 $1.13 2,124 2.5 28 56 $1,109 

Windows R-2.5 to 1,516 $149 $1,094 $1.30 1,916 2.3 208 59 $1,291 
R-3.0 

Walls R-21 to R-26 1,429 $213 $1,307 $1.56 1,663 2.0 254 63 $1,529 

Attic R-38 to R-49 1,407 $60 $1,367 $1.63 1,599 1.9 64 71 $1,596 
ADV 

Vault R-30 to R-38 1,394 $61 $1,428 $1.70 1,562 1.9 37 125 $1,664 

Walls R-26 to R-40 1,308 $421 $1,848 $2.20 1,325 1.6 237 134 $3,240 
DBW 

Windows R-3.0 to 1,171 $743 $2,591 $3.08 974 1.2 351 175 $6,480 
R-5.0 

Floors R-30 to R-38 1,153 $120 $2,711 $3.23 931 1.1 43 208 $6,480 

Attic R-49 ADV to 1,148 $56 $2,767 $3.29 918 1.1 13 323 $6,480 
R-60ADV 

Zone 3-Missoula 

Base Case 2,435 $0 $0 $0.00 5,920 7.0 0 0 $0 

Insulated Door 2,402 $9 $9 $0.01 5,784 6.9 136 7 $15 
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Table 7-32 (cont.) 
Costs and Savings from Conservation Measures in New Multifamily Dwellings, 

Dwelling Size-840 Square Feet, 1990 Dollars, 0.35 ach Assumed as Current Practice 

Annual Use Annual Levelized 
UA Incremental Cumulative Cost Savings Cost Present 

Conservation Measure Btu/F Cost Cost ($/sq. ft.) (kWh/yr.) (kWh/sq. ft.) (kWh/yr.) (mills/kWh) Value($) 

Zone 3-Missoula (cont.) 

Windows R-1.2 to 1,889 $446 $455 $0.54 3,779 4.5 2,005 18 $560 
R-2.5 

Floors R-11 to R-19 1,838 $66 $521 $0.62 3,586 4.3 193 25 $634 

Vault R-19 to R-30 1,810 $40 $561 $0.67 3,481 4.1 105 28 $679 

Walls R-11 to R-19 1,662 $213 $774 $0.92 2,932 3.5 549 29 $917 

Walls R-19 to R-21 1,637 $52 $826 $0.98 2,839 3.4 93 42 $975 

Floors R-19 to R-30 1,593 $99 $925 $1.10 2,679 3.2 160 46 $1,086 

Attic R-30 to R-38 1,584 $21 $945 $1.13 2,646 3.2 33 47 $1,109 

Windows R-2.5 to 1,516 $149 $1,094 $1.30 2,402 2.9 245 50 $1,291 
R-3.0 

Walls R-21 to R-26 1,429 $213 $1,307 $1.56 2,098 2.5 303 53 $1,529 

Attic R-38 to R-49 1,407 $60 $1,367 $1.63 2,022 2.4 76 59 $1,596 
ADV 

Vault R-30 to R-38 1,394 $61 $1,428 $1.70 1,977 2.4 45 102 $1,664 

Walls R-26 to R-4-0 1,308 $421 $1,848 $2.20 1,684 2.0 294 108 $3,240 
DBW 

Windows R-3.0 to 1,171 $743 $2,591 $3.08 1,244 1.5 439 139 $6,480 
R-5.0 

Floors R-30 to R-38 1,153 $120 $2,711 $3.23 1,190 1.4 54 167 $6,480 

Attic R-49 ADV to 1,148 $56 $2,767 $3.29 1,174 1.4 16 259 $6,480 
R-60 ADV 

NOTE: UA-Measure of resistance to heat loss. 
Btu/F-British thermal units per degree of Fahrenheit. 
ACH-Air changes per hour. 
ADV -Advanced framing. 
STD-Standard framing. 
DBW-Double wall construction. 
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Table 7-33 
Costs and Savings from Conservation Measures in New Manufactured Housing, Zone I-Portland 

1990 Dollars, 0.35 ach Assumed as Current Practice 

Annual Use Annual Levelized 
UA Incremental Cumulative Cost Savings Cost Present 

Conservation Measure Btu/F Cost Cost ($/sq. ft.) (kWh/yr.) (kWh/sq. ft.) (kWh/yr.) (mills/kWh) Value($) 

House Size-924 Square Feet 

Base Case 373 $0 $0 $0.00 7,241 7.8 0 0 $0 

Floors R-7 to R-11 343 $83 $83 $0.09 6,314 6.8 926 8 $93 
Cut-In 

Attic R-14 to R-19 338 $26 $109 $0.12 6,152 6.7 162 14 $122 
Blown 

Vault R-14 to R-22 329 $54 $164 $0.18 5,875 6.4 27 17 $183 
Blown 

Attic R-19 to R-30 324 $57 $221 $0.24 5,713 6.2 161 31 $247 
Blown 

Floors R-11 to R-22 304 $240 $461 $0.50 5,091 5.5 621 35 $516 
Cut-In 

Vault R-22 to R-30 299 $54 $516 $0.56 4,963 5.4 128 38 $577 
Blown 

Vault R-30 to R-38 296 $54 $570 $0.62 4,854 5.3 109 45 $638 
Blown 

Attic R-30 to R-38 294 $42 $612 $0.66 4,794 5.2 59 63 $684 
Blown 

Floors R-22 to R-33 283 $240 $852 $0.92 4,463 4.8 331 65 $953 
Cut-In 

Walls R-11 to R-19 255 $597 $1,449 $1.57 3,662 4.0 800 67 $1,622 

Walls R-19 to R-21 251 $94 $1,544 $1.67 3,540 3.8 122 70 $1,727 
ADV 

Windows R-1.2 to 203 $1,423 $2,967 $3.21 2,182 2.4 1,358 95 $3,320 
R-2.5 

Windows R-2.5 to 196 $215 $3,182 $3.44 1,999 2.2 183 106 $3,560 
R-3.0 

Attic R-38 to R-49 194 $57 $3,239 $3.51 1,968 2.1 30 169 $3,624 
Blown 

Windows R-3.0 to 180 $907 $4,146 $4.49 1,611 1.7 356 232 $4,639 
R-5.0 

Floors R-33 to R-44 179 $240 $4,386 $4.75 1,564 1.7 47 463 $4,908 
Cut-In 

House Size-1,568 Square Feet 

Base Case 566 $0 $0 $0.00 12,063 7.7 0 0 $0 

Floors R-7 to R-11 516 $141 $141 $0.09 10,457 6.7 1,607 7 $158 
Cut-In 

Attic R-14 to R-19 504 $59 $200 $0.13 10,077 6.4 379 13 $224 
Blown 

Vault R-14 to R-22 493 $69 $269 $0.17 9,722 6.2 355 17 $301 
Blown 

Attic R-19 to R-30 481 $130 $399 $0.25 9,353 6.0 369 31 $446 
Blown 

1991 NORTHWEST POWER PLAN-VOLUME II 355 



CHAPTER 7 CONSERVATION RESOURCES 

Table 7-33 (cont.) 
Costs and Savings from Conservation Measures in New Manufactured Housing, Zone I-Portland 

1990 Dollars, 0.35 ach Assumed as Current Practice 

Annual Use Annual Levelized 
UA Incremental Cumulative Cost Savings Cost Present 

Conservation Measure Btu/F Cost Cost ($/sq. ft.) (kWh/yr.) (kWh/sq. ft.) (kWh/yr.) (mills/kWh) Value($) 

House Size-1,568 Square Feet (cont.) 

Floors R- 11 to R-22 447 $408 $806 $0.51 8,294 5.3 1,058 34 $902 
Cut-In 

Vault R- 22 to R-30 442 $69 $875 $0.56 8,133 5.2 161 38 $979 
Blown 

Vault R-30 to R-38 437 $69 $944 $0.60 7,991 5.1 141 43 $1,056 
Blown 

Attic R-30 to R-38 432 $94 $1,038 $0.66 7,852 5.0 139 60 $1,161 
Blown 

Floors R-22 to R-33 414 $408 $1,446 $0.92 7,280 4.6 572 64 $1,618 
Cut-In 

Walls R-11 to R-19 387 $585 $2,031 $1.29 6,477 4.1 802 65 $2,272 

Walls R- 19 to R-21 383 $92 $2,123 $1.35 6,354 4.1 122 67 $2,375 
ADV 

Windows R-1.2 to 300 $2,405 $4,528 $2.89 3,978 2.5 2,377 90 $5,066 
R- 2.5 

Windows R-2.5 to 289 $363 $4,890 $3.12 3,656 2.3 321 101 $5,472 
R-3.0 

Attic R -38 to R-49 286 $130 $5,020 $3.20 3,582 2.3 74 157 $5,617 
Blown 

Windows R-3.0 to 262 $1,533 $6,553 $4.18 2,950 1.9 632 217 $7,332 
R-5.0 

Floors R-33 to R-44 259 $408 $6,961 $4.44 2,866 1.8 83 440 $7,788 
Cut- In 

NOTE: UA-Measure of resistance to heat loss. 
Btu/F-British thermal units per degree of Fahrenheit. 
ACH-Air changes per hour. 
ADV-Advanced framing. 
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Table 7-34 
Costs and Savings from Conservation Measures in New Manufactured Housing, Zone I-Seattle 

1990 Dollars, 0.35 ach Assumed as Current Practice 

Annual Use Annual Levelized 
UA Incremental Cumulative Cost Savings Cost Present 

Conservation Measure Btu/F Cost Cost ($/sq. ft.) (kWh/yr.) (kWh/sq. ft.) (kWh/yr.) (mills/kWh) Value($) 

House Size-924 Square Feet 

Base Case 373 $0 $0 $0.00 8,290 9.0 0 0 $0 

Floors R-7 to R-11 343 $83 $83 $0.09 7,229 7.8 1,061 7 $93 
Cut-In 

Attic R-14 to R-19 338 $26 $109 $0.12 7,045 7.6 184 12 $122 
Blown 

Vault R-14 to R-22 329 $54 $164 $0.18 6,729 7.3 316 15 $183 
Blown 

Attic R-19 to R-30 324 $57 $221 $0.24 6,545 7.1 184 28 $247 
Blown 

Floors R-11 to R-22 304 $240 $461 $0.50 5,838 6.3 707 30 $516 
Cut-In 

Vault R-22 to R-30 299 $54 $516 $0.56 5,692 6.2 146 33 $577 
Blown 

Vault R-30 to R-38 296 $54 $570 $0.62 5,567 6.0 125 39 $638 
Blown 

Attic R-30 to R-38 294 $42 $612 $0.66 5,499 6.0 68 55 $684 
Blown 

Floors R-22 to R-33 283 $240 $852 $0.92 5,122 5.5 377 57 $953 
Cut-In 

Walls R-11 to R-19 255 $597 $1,449 $1.57 4,209 4.6 913 59 $1,622 

Walls R-19 to R-21 251 $94 $1,544 $1.67 4,070 4.4 139 61 $1,727 
ADV 

Windows R-1.2 to 203 $1,423 $2,967 $3.21 2,533 2.7 1,536 84 $3,320 
R-2.5 

Windows R-2.5 to 196 $215 $3,182 $3.44 2,325 2.5 208 94 $3,560 
R-3.0 

Attic R-38 to R-49 194 $57 $3,239 $3.51 2,290 2.5 35 148 $3,624 
Blown 

Window R-3.0 to 180 $907 $4,146 $4.49 1,882 2.0 408 203 $4,639 
R-5.0 

Floors R-33 to R-44 179 $240 $4,386 $4.75 1,828 2.0 54 405 $4,908 
Cut-In 

House Size-1,568 Square Feet 

Base Case 566 $0 $0 $0.00 13,812 8.8 0 0 $0 

Floors R-7 to R-11 516 $141 $141 $0.09 11,976 7.6 1,836 6 $158 
Cut-In 

Attic R-14 to R-19 504 $59 $200 $0.13 11,549 7.4 427 12 $224 
Blown 

Vault R-14 to R-22 493 $69 $269 $0.17 11,145 7.1 404 15 $301 
Blown 

Attic R-19 to R-30 481 $130 $399 $0.25 10,722 6.8 423 27 $446 
Blown 
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Table 7-34 (cont.) 
Costs and Savings from Conse,vation Measures in New Manufactured Housing, Zone I -Seattle 

1990 Dollars, 0.35 ach Assumed as Current Practice 

Annual Use Annual Levelized 
UA Incremental Cumulative Cost Savings Cost Present 

Conservation Measure Btu/F Cost Cost ($/sq. ft.) (kWh/yr.) (kWh/sq. ft.) (kWh/yr.) (mills/kWh) Value($) 

House Size-1,568 Square Feet (cont.) 

Floors R-11 to R-22 447 $408 $806 $0.51 9,500 6.1 1,222 29 $902 
Cut-In 

Vault R-22 to R-30 442 $69 $875 $0.56 9,315 5.9 184 33 $979 
Blown 

Vault R-30 to R-38 437 $69 $944 $0.60 9,154 5.8 161 38 $1,056 
Blown 

Attic R-30 to R-38 432 $94 $1,038 $0.66 8,995 5.7 159 53 $1,161 
Blown 

Floors R-22 to R-33 414 $408 $1,446 $0.92 8,339 5.3 657 55 $1,618 
Cut-In 

Walls R-11 to R-19 387 $585 $2,031 $1.29 7,417 4.7 922 57 $2,272 

Walls R-19 to R-21 383 $92 $2,123 $1.35 7,277 4.6 140 59 $2,375 
ADV 

Windows R-1.2 to 300 $2,405 $4,528 $2.89 4,595 2.9 2,681 80 $5,066 
R-2.5 

Windows R-2.5 to 289 $363 $4,890 $3.12 4,233 2.7 362 89 $5,472 
R- 3.0 

Attic R-38 to R-49 286 $130 $5,020 $3.20 4,149 2.6 84 139 $5,617 
Blown 

Windows R-3.0 to 262 $1,533 $6,553 $4.18 3,434 2.2 715 192 $7,332 
R-5.0 

Floors R-33 to R-44 259 $408 $6,961 $4.44 3,340 2.1 94 388 $7,788 
Cut-In 

NOTE: UA-Measure of resistance to heat loss. 
Btu/F-British thermal units per degree of Fahrenheit. 
ACH-Air changes per hour. 
ADV-Advanced framing. 
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Table 7-35 
Costs and Savings from Conservation Measures in New Manufactured Housing, Zone 2-Spokane 

1990 Dollars, 0.35 ach Assumed as Current Practice 

Annual Use Annual Levelized 
UA Incremental Cumulative Cost Savings Cost Present 

Conservation Measure Btu/F Cost Cost ($/sq. ft.) (kWh/yr.) (kWh/sq. ft.) (kWh/yr.) (mills/kWh) Value($) 

House Size-924 Square Feet 

Base Case 373 $0 $0 $0.00 12,292 13.3 0 0 $0 

Floors R-7 to R-11 343 $83 $83 $0.09 10,903 11.8 1,388 5 $93 
Cut-In 

Attic R-14 to R-19 338 $26 $109 $0.12 10,661 11.5 242 9 122 
Blown 

Vault R-14 to R-22 329 $54 $164 $0.18 10,246 11.1 415 11 $183 
Blown 

Attic R-19 to R-30 324 $57 $221 $0.24 10,004 10.8 242 21 $247 
Blown 

Floors R-11 to R-22 304 $240 $461 $0.50 9,063 9.8 941 23 $516 
Cut-In 

Vault R-22 to R-30 299 $54 $516 $0.56 8,869 9.6 194 25 $577 
Blown 

Vault R-30 to R-38 296 $54 $570 $0.62 8,700 9.4 169 29 $638 
Blown 

Attic R-30 to R-38 294 $42 $612 $0.66 8.608 9.3 92 40 $684 
Blown 

Floors R-22 to R-33 283 $240 $852 $0.92 8,099 8.8 510 42 $953 
Cut-In 

Walls R-11 to R-19 255 $597 $1.449 $1.57 6,859 7.4 1,240 43 $1,622 

Walls R-19 to R-21 251 $94 $1,544 $1.67 6,669 7.2 190 44 $1,727 
ADV 

Windows R-1.2 to 203 $1,423 $2,967 $3.21 4,542 4.9 2,128 60 $3,320 
R-2.5 

Windows R-2.5 to 196 $215 $3,182 $3.44 4,248 4.6 294 66 $3,560 
R-3.0 

Attic R-38 to R--49 194 $57 $3,239 $3.51 4,198 4.5 50 103 $3,624 
Blown 

Windows R-3.0 to 180 $907 $4,146 $4.49 3,618 3.9 580 142 $4,639 
R-5.0 

Floors R-33 to R-44 179 $240 $4,386 $4.75 3,542 3.8 77 283 $4,908 
Cut-In 

House Size-1,568 Square Feet 

Base Case 566 $0 $0 $0.00 19,707 12.6 0 0 $0 

Floors R-7 to R-11 516 $141 $141 $0.09 17,331 11.1 2,376 5 $158 
Cut-In 

Attic R-14 to R-19 504 $59 $200 $0.13 16,773 10.7 558 9 $224 
Blown 

Vault R-14 to R-22 493 $69 $269 $0.17 16,244 10.4 529 11 $301 
Blown 

Attic R-19 to R-30 481 $130 $399 $0.25 15,689 10.0 555 21 $446 
Blown 
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Table 7-35 (cont.) 
Costs and Savings from Conservation Measures in New Manufactured Housing, Zone 2-Spokane 

1990 Dollars, 0.35 ach Assumed as Current Practice 

Annual Use Annual Levelized 
UA Incremental Cumulative Cost Savings Cost Present 

Conservation Measure Btu/F Cost Cost ($/sq. ft.) (kWh/yr.) (kWh/sq. ft.) (kWh/yr.) (mills/kWh) Value($) 

House Size-1,568 Square Feet (cont.) 

Floors R-11 to R-22 447 $4-08 $806 $0.51 14,075 9.0 1,614 22 $902 
Cut-In 

Vault R-22 to R-30 442 $69 $875 $0.56 13,829 8.8 246 25 $979 
Blown 

Vault R-30 to R-38 437 $69 $944 $0.60 13,614 8.7 215 28 $1,056 
Blown 

Attic R-30 to R-38 432 $94 $1,038 $0.66 13,402 8.5 211 40 $1,161 
Blown 

Floors R-22 to R-33 414 $408 $1,446 $0.92 12,529 8.0 873 41 $1,618 
Cut-In 

Walls R-11 to R-19 387 $585 $2,031 $1.29 11,301 7.2 1,228 42 $2,272 

Walls R-19 to R-21 383 $92 $2,123 $1.35 11,113 7.1 188 44 $2,375 
ADV 

Windows R-1.2 to 300 $2,405 $4,528 $2.89 7,451 4.8 3,662 59 $5,066 
R-2.5 

Windows R-2.5 to 289 $363 $4,890 $3.12 6,944 4.4 507 64 $5,472 
R-3.0 

Attic R-38 to R-49 286 $130 $5,020 $3.20 6,827 4.4 117 99 $5,617 
Blown 

Windows R-3.0 to 262 $1,533 $6,553 $4.18 5,829 3.7 998 138 $7,332 
R-5.0 

Floors R-33 to R-44 259 $4-08 $6,961 $4.44 5,697 3.6 131 279 $7,788 
Cut-In 

NOTE: UA-Measure of resistance to heat loss. 
Btu/F-British thermal units per degree of Fahrenheit. 
ACH-Air changes per hour. 
ADV -Advanced framing. 
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Table 7-36 
Costs and Savings from Conse,vation Measures in New Manufactured Housing, Zone 3-Missoula 

1990 Dollars, 0.35 ach Assumed as Current Practice 

Annual Use Annual Levelized 
UA Incremental Cumulative Cost Savings Cost Present 

Conservation Measure Btu/F Cost Cost ($/sq. ft.) (kWh/yr.) (kWh/sq. ft.) (kWh/yr.) (mills/kWh) Value($) 

House Size-924 Square Feet 

Base Case 373 $0 $0 $0.00 14,513 15.7 0 0 $0 

Floors R-7 to R-11 343 $83 $83 $0.09 12,887 13.9 1,626 4 $93 
Cut-In 

Attic R-14 to R-19 338 $26 $109 $0.12 12,604 13.6 283 8 $122 
Blown 

Vault R-14 to R-22 329 .. $54 $164 $0.18 12,119 13.1 485 10 $183 
Blown 

Attic R-19 to R-30 324 $57 $221 $0.24 11,836 12.8 283 18 $247 
Blown 

Floor R-11 to R-22 304 $240 $461 $0.50 10,741 11.6 1,096 19 $516 
Cut-In 

Vault R-22 to R-30 299 $54 $516 $0.56 10,515 11.4 226 21 $577 
Blown 

Vault R-30 to R-38 296 $54 $570 $0.62 10,320 11.2 195 25 $638 
Blown 

Attic R-30 to R-38 294 $42 $612 $0.66 10,213 11.1 106 35 $684 
Blown 

Floor R-22 to R-33 283 $240 $852 $0.92 9,623 10.4 590 36 $953 
Cut-In 

Walls R-11 to R-19 255 $597 $1,449 $1.57 8,187 8.9 1,436 37 $1,622 

Walls R-19 to R-21 251 $94 $1,544 $1.67 7,967 8.6 220 38 $1,727 
ADV 

Windows R-1.2 to 203 $1,423 $2,967 $3.21 5,472 5.9 2,496 51 $3,320 
R-2.5 

Windows R-2.5 to 196 $215 $3,182 $3.44 5,127 5.5 344 56 $3,560 
R-3.0 

Attic R-38 to R-49 194 $57 $3,239 $3.51 5,069 5.5 58 88 $3,624 
Blown 

Windows R-3.0 to 180 $907 $4,146 $4.49 4,394 4.8 675 121 $4,639 
R-5.0 

Floors R-33 to R--44 179 $240 $4,386 $4.75 4,304 4.7 90 242 $4,908 
Cut-In 

House Size-1,568 Square Feet 

Base Case 566 $0 $0 $0.00 23,161 14.8 0 0 $0 

Floors R-7 to R-11 516 $141 $141 $0.09 20,388 13.0 2,773 4 $158 
Cut-In 

Attic R-14 to R-19 504 $59 $200 $0.13 19,741 12.6 647 8 $224 
Blown 

Vault R-14 to R-22 493 $69 $269 $0.17 19,129 12.2 613 10 $301 
Blown 

Attic R-19 to R-30 481 $130 $399 $0.25 18,486 11.8 643 18 $446 
Blown 
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Table 7-36 (cont.) 
Costs and Savings from Conse,vation Measures in New Manufactured Housing, Zone 3-Missoula 

1990 Dollars, 0.35 ach Assumed as Current Practice 

Annual Use Annual Levelized 
UA Incremental Cumulative Cost Savings Cost Present 

Conservation Measure Btu/F Cost Cost ($/sq. ft.) (kWh/yr.) (kWh/sq. ft.) (kWh/yr.) (mills/kWh) Value($) 

House Size-1,568 Square Feet (cont.) 

Floors R-11 to R-22 447 $408 $806 $0.51 
Cut-In 

Vault R-22 to R-30 442 $69 $875 $0.56 
Blown 

Vault R-30 to R-38 437 $69 $944 $0.60 
Blown 

Attic R-30 to R-38 432 $94 $1,038 $0.66 
Blown 

Floors R-22 to R-33 414 $408 $1,446 $0.92 
Cut-In 

Walls R-11 to R-19 387 $585 $2,031 $1.29 

Walls R-19 to R-21 383 $92 $2,123 $1.35 
ADV 

Windows R-1.2 to 300 $2,405 $4,528 $2.89 
R-2.5 

Windows R-2.5 to 289 $363 $4,890 $3.12 
R-3.0 

Attic R-38 to R-49 286 $130 $5,020 $3.20 
Blown 

Windows R-3.0 to 262 $1,533 $6,553 $4.18 
R-5.0 

Floors R-33 to R-44 259 $408 $6,961 $4.44 
Cut-In 

NOTE: DA-Measure of resistance to heat loss. 
Btu/F-British thermal units per degree of Fahrenheit. 
ACH-Air changes per hour. 
ADV-Advanced framing. 

Step 3. Estimate the Cost-Effectiveness 
of Space Heating Energy Savings 
Produced by Efficiency Improvements in 
New Residential Buildings 

Once typical new dwelling designs were selected, the 
Council used a computer simulation model to estimate 
potential space heating energy savings that could be pro
duced by each conservation measure. This model, 
SUNDAY, is also used to estimate savings from weatheri
zation measures (see discussion above). As discussed in 
Step 3 in the residential weatherization section above, this 
model accurately predicts sub-metered space heating con
sumption in houses with a wide range of insulation levels. 
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16,618 10.6 1,868 19 $902 

16,335 10.4 284 21 $979 

16,086 10.3 248 24 $1,056 

15,843 10.1 244 34 $1,161 

14,836 9.5 1,006 36 $1,618 

13,418 8.6 1,418 37 $2,272 

13,201 8.4 218 38 $2,375 

8,952 5.7 4,249 50 $5,066 

8,367 5.3 585 55 $5,472 

8,232 5.2 135 86 $5,617 

7,077 4.5 1,154 119 $7.332 

6,925 4.4 152 240 $7,788 

The absolute value (in kilowatt-hours per year) of the 
space heating energy savings produced by adding an indi
vidual conservation measure is a function of the existing 
thermal efficiency level of the building. The less efficient 
the existing building, the larger the savings that will be 
obtained from installing the same measure. 

To assess the savings that could be produced by in
stalling each space heating conservation measure, it is nec
essary to take into account the interaction of all of the 
measures. This was done by determining each measure's 
benefit (i.e., change in heat loss rate) and cost (i.e., pres
ent-value dollars per square foot). The savings produced 
by each potentially cost-effective measure were then 
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analyzed under the assumption that all measures with 
higher benefit-to-cost ratios had already been installed in 
the house. 

Figure 7-13 illustrates how the heating requirements 
of a typical house built to 1986 building practices and the 
model conservation standards for new electrically heated 
residences might be met. Heating requirements are met 
by solar heat, internal gains (the amount of heat released 
indoors by people and appliances), and the furnace, which 
can be supplemented by heat from wood burning stoves or 
other sources. The typical house reflects average condi
tions for a house that is heated primarily with electricity. 
If the house were heated primarily with wood, the contri
bution from wood would be much larger, but electrical 
savings would still be significant as long as electricity was 
the marginal fuel. 

When determining the electrical savings of measures 
applied to a current-practice house, at least the following 
three policy considerations must be evaluated: the treat
ment of wood heating, internal temperature settings for 
the whole house, and internal gains. 27 The Council as
sumed no wood heating when evaluating measure savings 
in new residential buildings. The Council used a constant 
thermostat setting of 65°F for the whole house to repre
sent a combination of higher temperatures when the 
house was occupied and the occupants active, and a lower 
nighttime setback. Finally, the Council assumed a cadre of 
efficient appliances, reflecting appliances that would be in 
place for most of the life of the house, and are present in 
the region throughout most of the Council's plan. 

Heating 
Sources 

Figure 7-13 
Residential 
Heating Sources 
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Appliances currently in place in houses are less efficient 
than new appliances, but contribute more usable heat to 
the house, and thus cut space heating loads. This is re
flected in Figure 7-13, where internal gains are larger in 
the current practice house. 

The Council reassessed the planning assumptions de
scribed above and feels that these assumptions should be 
maintained for the following reasons. First, there is no 
assurance that occupants of houses built to the standards 
will continue to use wood heat. Changing wood prices, 
income levels, wood availability and environmental regula
tions all could reduce the use of wood heating, leaving the 
electrical system vulnerable to mass "fuel switching" to 
electricity, an action that would be difficult if not impossi
ble to plan resources for. Second, the Northwest Power 
Act defines conservation as an efficiency improvement, 
not a change in lifestyle. Current behavior of consumers 
to close off rooms or lower thermostats may represent 
curtailment rather than conservation as defined in the 
Act. Such behavior is not expected to continue after cost
effective efficiency improvements are made. Third, more 
efficient appliances are clearly cost-effective resources 
and will be the norm in the next decade, especially in new 
houses. Appliance manufacturers have testified that, even 

27. These items are discussed here in terms of the calculated 
savings per measure. Under Step 5, these items are discussed in 
terms of differences between the demand forecast estimates of 
space heating loads and estimates from the engineering model. 

Current Practice 

D Electricity 

• Internal Gains 

Solar 

Wood 

Model 
Conservation Standards 
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without appliance standards such as those adopted in 1987 
by Congress, new appliances will be much more efficient. 
Therefore, the Council's estimates reflect less heat escap
ing from these appliances to heat the house. Finally, the 
adoption of planning assumptions different from these 
would subject the region to greater planning uncertainties 
than the present set of assumptions. If the energy-effi
ciency requirements of the standards are made less strin
gent, because it is assumed consumers will continue to 
close off rooms and heat with wood, the degree of uncer
tainty the region must plan for increases. 

Tables 7-28 through 7-36 show the levelized cost, an
nual energy use and energy savings produced by the addi
tion of each measure for each dwelling type, building 
design and for representative climate types found in the 
region (Zone I-Portland and Seattle, Zone 2-Spokane 
and Zone 3-Missoula). The levelized costs shown for sing
le-family and multifamily buildings are based on a 70-year 
physical life and a financing cost of approximately 9 per
cent nominal. 28 Levelization was done using an 8.15 per
cent nominal (3 percent real, with 5 percent inflation) 
discount rate. The levelized cost shown for manufactured 
housing is based on a 45-year economic life and leveliza
tion at the same nominal financing and discount rate used 
for single-family and multifamily housing. For planning 
purposes, it has been assumed that the efficiency improve
ments in single-family and multifamily houses and man
ufactured housing will be obtained via a combination of 
codes, marketing and incentive programs financed through 
Bonneville, public utilities and the region's investor
owned utilities. 

The Council has established two model conservation 
standards for new residences heated with electricity. The 
standard for utility programs for new residential buildings, 
pursuant to the requirements of the Act, require these 
programs to secure all regionally cost-effective conserva
tion savings. 

As shown in Thbles 7-29 and 7-32, the installation of 
some measures not currently included in the reference 
paths for the Council's model conservation standards for 
new electrically heated buildings29 appear to be regionally 
cost-effective. These measures include the use of R-26 
advanced-framed walls and the use of R-49 advanced
framed attic insulation in climate zones 1 and 2 and the 
use of R-15 slab edge insulation and R-3.0 windows in all 
climate zones. While the Council has not included these 
measures in its model standard for new electrically heated 
buildings for these climate zones, these measures or their 
equivalents should be secured through the Council's mod
el conservation standard for utility programs for new resi
dential buildings. These measures, which are included in 
the Council's resource portfolio, represent commercially 
available and reliable resources. 
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Step 4. Estimate the Regional 
Conservation Potential Available 
from Space Heating Conservation in 
New Dwellings 

The next step in the Council's development of a re
gional supply curve for space heating conservation poten
tial requires combining the engineering estimates of 
individual house savings by climate zone to establish a re
gional total. Because each measure saves a different 
amount of energy in each house design and in each loca
tion, an aggregate supply curve must be developed that 
represents the weighted average savings for all measures 
in comparable dwelling types. 

Each of the three single-family dwelling designs was 
assigned a weight based on its foundation type, size and 
window area. The specific weight assigned to each design 
approximately reflects that design's share of the new hous
ing stock additions expected over the forecast period. This 
was also done for the two manufactured housing designs. 
Building type weighting was unnecessary for multifamily 
space heating, because only one multifamily design was 
used. It should be noted that the Council's forecasting 
model defines all units up to and including four-plexes as 
"single-family dwellings." Consequently, the weights se
lected are designed to achieve a much smaller average size 
for new single-family houses (i.e., 1,400 square feet of 
floor area) than if they been selected on the basis of the 
more conventional definition of a single-family home 
(one- and two-family dwellings) used to establish the 
model conservation standards. The average size of typical 
new one- and two-family dwellings recently constructed in 
the region is between 1,600 and 1,800 square feet of floor 
area. 

Once each building design's weight was established, 
the average savings by climate type were calculated for all 
designs. These savings then were aggregated to the re
gional level based on the share of new electrically heated 
dwellings expected to be constructed in each climate over 
the forecast period. Tobie 7-37 shows the weight assigned 
each building design and climate type. Thbles 7-38 through 
7-40 show the weighted average use, cost and savings 
available from new single-family, multifamily and man
ufactured houses at levelized costs less than 20 cents per 
kilowatt-hour (equivalent to 200 mills per kilowatt-hour). 

28. As noted in the introduction, finance costs are taken from 
the system models and reflect a sponsorship mixed among Bon
neville and investor-owned utilities. 

29. See Chapter 12, Table 12-1. 
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Table 7-37 
Weighting Factors Used to Aggregate Individual Building and Location Savings to Region 

Building Type Weight Mean Size 

Single-Family Dwellings (less than five-plex) 

• 1,344 square feet-Single Story 90% 

• 1,848 square feet-Two Story 9% 

• 2,356 square feet-One Story 1% 1,400 square feet 
with Basement 

Multifamily Dwellings (five-plex and larger) 

• 12-Unit 100% 840 square feet/unitb 

Manufactured Housing 

• 924 Single Wide 14% 

• 1,568 Double Wide 86% 1,475 square feetb 

Weight 

Zone HDDa Single-Family Homes Multifamily Homes Manufactured Housing 

• Zone 1-Portland 4,786 19% 21% 20% 

• Zone I-Seattle 5,444 68% 75% 44% 

• Zone 2-Spokane 6,818 10% 3% 27% 

• Zone 3-Missoula 7,773 3% 2% 9% 

• Region Average HDD 5,535 5,380 5,892 

a HOD-Heating degree days at 65°F based on Typical Meteorological Year (TMY) weather tape used to estimate savings. TMY 
weather tapes vary slightly from published long-term averages. 
b Table 7-42 shows the mean size of new units used in the forecast model. The unit sizes shown here were scaled to match those 
assumed in the forecast model. 
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Table 7-38 
Regionally Weighted Savings and Costs in New Single-Family Dwellings 

Levelized Cost Capital Cost Annual Use Relative Use Annual Savings Present Average 
(mills/kWh) 'fotal ($/sq. ft.) (kWh/yr.) (kWh/sq. ft.) (% of base) (kWh/yr.) Value R-Value 

0 $0 $0.00 11,116 7.9 100 0 $0 8.49 

10 $5 $0.00 11,049 7.9 99 68 $8 8.52 

20 $161 $0.12 10,173 7.3 92 943 $212 8.96 

30 $1,313 $0.94 6,698 4.8 60 4,419 $1,576 11.50 

40 $1,615 $1.16 6,045 4.3 54 5,072 $1,915 12.19 

50 $1,869 $1.34 5,607 4.0 50 5,509 $2,201 12.69 

60 $2,059 $1.48 5,348 3.8 48 5,768 $2,415 13.01 

70 $2,500 $1.80 4,841 3.4 43 6,275 $2,909 13.72 

80 $3,172 $2.29 4,139 2.9 36 6,978 $3,680 14.91 

90 $3,627 $2.62 3,718 2.6 32 7,398 $4,195 15.70 

100 $3,707 $2.67 3,653 2.6 32 7,464 $4,285 15.84 

110 $3,722 $2.68 3,641 2.6 31 7,475 $4,302 15.85 

120 $3,803 $2.74 3,586 2.5 31 7,530 $4,397 15.95 

130 $3,803 $2.74 3,586 2.5 31 7,530 $4,397 15.95 

140 $4,027 $2.91 3,457 2.4 30 7,660 $4,660 16.20 

150 $4,135 $2.99 3,397 2.4 30 7,719 $4,781 16.33 

160 $4,135 $2.99 3,397 2.4 30 7,719 $4,781 16.33 

170 $4,187 $3.02 3,372 2.4 30 7,744 $4,839 16.38 

180 $4,187 $3.02 3,372 2.4 30 7,744 $4,839 16.38 

190 $4,934 $3.57 3,062 2.1 27 8,054 $5,675 17.13 

200 $5,841 $4.24 2,687 1.9 23 8,429 $6,777 18.26 
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Table 7-39 
Regionally Weighted Savings and Costs in New Multifamily Dwellings 

Levelized Cost Capital Cost Annual Use Relative Use Annual Savings Present Average 
(mil1s/k.Wh) Total ($/sq. ft.) (kWh/yr.) (kWh/sq. ft.) (% of base) (kWh/yr.) Value R-Value 

0 $0 $0.00 3,085 3.7 100 0 $0 5.61 

10 $0 $0.00 3,079 3.7 99 5 $1 5.61 

20 $16 $0.02 2,967 3.5 96 118 $24 5.71 

30 $368 $0.44 1,958 2.3 64 1,127 $454 6.93 

40 $468 $0.56 1,711 2.0 55 1,374 $575 7.27 

50 $725 $0.86 1,302 1.6 42 1,782 $863 8.06 

60 $792 $0.94 1,210 1.4 39 1,875 $938 8.26 

70 $798 $0.95 1,203 1.4 39 1,881 $945 8.28 

80 $838 $1.00 1,161 1.4 37 1,924 $990 8.38 

90 $1,049 $1.25 964 1.1 31 2,121 $1,238 8.90 

100 $1,234 $1.47 820 1.0 26 2,264 $1,444 9.37 

110 $1,273 $1.52 790 0.9 25 2,294 $1,509 9.46 

120 $1,362 $1.62 731 0.9 23 2,354 $1,609 9.69 

130 $1,364 $1.62 730 0.9 23 2,355 $1,610 9.69 

140 $1,399 $1.67 709 0.8 22 2,375 $1,719 9.76 

150 $1,399 $1.67 709 0.8 22 2,375 $1,719 9.76 

160 $1,399 $1.67 709 0.8 22 2,375 $1,719 9.76 

170 $1,401 $1.67 708 0.8 22 2,376 $1,719 9.76 

180 $1,421 $1.69 699 0.8 22 2,386 $1,806 9.79 

190 $1,421 $1.69 699 0.8 22 2,386 $1,806 9.79 

200 $1,467 $1.75 681 0.8 22 2,403 $1,857 9.86 
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Table 7-40 
Regionally Weighted Savings and Costs in New Manufactured Housing 

Levelized Cost Capital Cost Annual Use Relative Use Annual Savings Present Average 
(mills/kWh) Total ($/sq. ft.) (kWh/yr.) (kWh/sq. ft.) (% of base) (kWh/yr.) Value R-Value 

0 $0 $0.00 15,006 10.2 100 0 $0 7.81 

10 $152 $0.10 12,916 8.8 86 2,090 $170 8.63 

20 $299 $0.20 12,030 8.2 80 2,976 $334 9.04 

30 $535 $0.36 11,144 7.6 75 3,862 $599 9.45 

40 $980 $0.67 9,941 6.8 66 5,066 $1,096 10.19 

50 $1,304 $0.89 9,256 6.3 62 5,750 $1,459 10.62 

60 $2,655 $1.81 7,116 4.8 49 7,890 $2,971 12.43 

70 $2,977 $2.04 6,669 4.5 46 8,337 $3,331 12.89 

80 $2,977 $2.04 6,669 4.5 46 8,337 $3,331 12.89 

90 $3,984 $2.72 5,551 3.8 37 9,455 $4,458 14.27 

100 $4,587 $3.13 4,955 3.4 32 10,051 $5,132 15.14 

110 $4,687 $3.19 4,866 3.3 31 10,140 $5,245 15.30 

120 $4,817 $3.28 4,768 3.2 31 10,238 $5,390 15.42 

130 $4,817 $3.28 4,768 3.2 31 10,238 $5,390 15.42 

140 $5,207 $3.55 4,515 3.1 30 10,491 $5,826 15.78 

150 $5,259 $3.58 4,481 3.0 29 10,525 $5,885 15.84 

160 $5,283 $3.60 4,468 3.0 29 10,538 $5,911 15.87 

170 $5,283 $3.60 4,468 3.0 29 10,538 $5,911 15.87 

180 $5,283 $3.60 4,468 3.0 29 10,538 $5,911 15.87 

190 $5,283 $3.60 4,468 3.0 29 10,538 $5,911 15.87 

200 $5,918 $4.03 4,172 2.8 27 10,834 $6,621 16.46 
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Step 5. Estimate the Realizable 
Conservation Potential from New 
Residential Space Heating Efficiency 
Improvements 

In order to establish the proportion of technically 
available space heating conservation that realistically can 
be achieved, two adjustments must be made to the engi
neering savings estimates. First, to ensure consistency with 
the Council's load forecast, the conservation resource 
based on engineering estimates of current space heating 
energy use must be adjusted or scaled to account for the 
forecasting model's estimate of current space heating use. 
The forecast model estimates shown here assume higher 
consumer amenity levels in the year 2010 than arc present 
today. This is consistent with the Council's forecast, which 
projects that consumers will increase their amenity levels 
by the year 2010. This results in higher space heating use 
than would otherwise be shown in Table 7-41. 

Table 7-41 compares the average space heating energy 
use by dwelling type for houses built to 1992 practice, as 
estimated by the Council's forecasting model for the year 
2010 in the medium forecast and the engineering estimate. 
The engineering estimates and the forecasting model esti
mates of space heating use in new homes agree reasonably 
well. 

The Council's forecasting model does not explicitly 
assume a specific average dwelling unit size. However, the 
forecasting model's present implicit assumptions regarding 
average size for existing dwellings are shown in Table 
7-42. Based on survey data, it appears that average new 
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multifamily dwellings (five-plex and larger) and manufac
tured houses being built today typically are larger than the 
forecasting model assumes for all existing multifamily 
dwellings and manufactured houses. However, new single
family housing (less than five-plexes) appears to be the 
same size as the existing single-family stock. To account 
for this fact, the forecasting model's projected use for new 
multifamily units and manufactured homes shown in Table 
7-41 has been scaled by the ratio of the size of new stock 
to existing stock. Similarly, the engineering model's esti
mates of cost and energy savings from conservation ac
tions in new multifamily dwellings and manufactured 
homes shown in Thble 7-41 also were scaled to match the 
forecast model's assumptions regarding new unit size. This 
was done by multiplying the engineering estimates of use, 
cost and savings by the ratio of average unit size implicitly 
assumed in the forecast model to the average floor area of 
new dwelling units. No size adjustment was made for new 
single-family dwellings because their size appears to be 
consistent with the existing stock. 

The Council's engineering estimates of space heating 
energy use in new dwellings and the forecasting model 
contain similar underlying assumptions regarding 
appliance efficiency and family size. In order to match cur
rent (1992) consumption, the forecasting model must use 
current (1992) appliance efficiencies. However, because 
the Council anticipates substantial efficiency improve
ments in appliance energy use within the next five to 10 
years, the Council's engineering and forecast model esti
mates of space heating use in 2010 assumes the presence 
of more efficient appliances. 

Table 7-41 
Forecast Model versus Engineering Estimate for Space Heating in New Dwellings 

Built to 1992 Codes/Practice Regional Average Use in 2010 

Forecasting Model Engineering Estimate 

Building Type (kWh/yr.) (kWh/sq. ft./yr.) (kWh/yr.) (kWh/sq. ft./yr.) 

Single-Family Dwelling 5,035 3.6 5,080 3.6 

Multifamily Dwelling 1,475 1.4 1,430 1.4 

Manufactured Housing 10,300 7.0 11,145 7.6 

Table 7-42 
Forecasting Model Dwelling Size versus Average New Dwellings (Square Feet) 

Ratio of New Stock 
Building Type Model Existing Stock New Stock to Model 

Single-Family Dwelling 1,400 1,400 1.00 

Multifamily Dwelling 840 1,030 1.23 

Manufactured Housing 985 1,475 1.50 
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Because waste heat offsets the need for space heating, 
more efficient appliances mean larger space heating ener
gy requirements. Had the Council assumed less efficient 
appliances in its engineering and forecasting model esti
mates, the regional average space heating energy used in 
new single-family houses built in 2010 would fall about 1.0 
kilowatt-hours per square foot. Thus, failure to recognize 
the installation of efficient appliances in this same house 
by the year 2010 would result in an underestimate of space 
heating energy needs by 1,400 kilowatt-hours per year in 
the average single-family house. 30 

Table 7-43 shows the technical conservation potential 
in the Council's high forecast from improvements in space 
heating efficiency in new single-family and multifamily 
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dwellings and manufactured houses from a 1983 code/con
struction practice base. 'fable 7-44 shows the potential in 
the Council's medium forecast. Tables 7-45 and 7-46 show 
the technical potential in the Council's high and medium 
forecast from a base that incorporates the more efficient 
1992 codes and building practices as the base. Tuble 7-47 
shows the number of new electrically heated residences 
for all Council forecasts by dwelling type. 

30. Due to the decreased need for space heating in houses built 
with all region.Illy cost-effective space heat conservation mea
sures, increases in appliance efficiency would result in a smaller 
increase in space heating needs. This is estimated to be just 
over 1,100 kilowatt-hours per year. 

Table 7-43 
Potential Savings above 1983 Practice from Space Heating in New Residential Buildings 

Average Megawatts in High Forecast 1992-2010 

Levelized Cost (cents/kWh) 

Single-Family Multifamily Manufactured 
Nominal Real Dwellings Dwellings Housing Total 

0 0 0 0 0 0 

1.0 0.5 75 0 35 110 

2.0 1.0 140 0 60 200 

3.0 1.5 565 5 90 660 

4.0 2.0 665 15 125 805 

5.0 2.5 730 35 145 910 

6.0 3.1 770 40 210 1,020 

7.0 3.6 850 40 225 1,100 

8.0 4.1 955 45 225 1,225 

9.0 4.6 1,020 55 260 1,335 

10.0 5.1 1,030 60 275 1,365 

11.0 5.6 1,030 65 280 1,370 

12.0 6.1 1,040 75 280 1,395 

13.0 6.6 1,040 75 280 1,395 

14.0 7.1 1,060 75 290 1,425 

15.0 7.6 1,070 75 290 1,435 

16.0 8.1 1,070 75 290 1,435 

17.0 8.6 1,070 75 290 1,435 

18.0 9.1 1,070 75 290 1,435 

19.0 9.7 1,120 75 290 1,485 

20.0 10.2 1,175 75 300 1,550 
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Table 7-44 
Potential Savings above 1983 Practice from Space Heating in New Residential Buildings 

Average Megawatts in Medium Forecast 1992-2010 

Levelized Cost (cents/kWh) 

Single-Family Multifamily Manufactured 
Nominal Real Dwellings Dwellings Housing Total 

0 0 0 0 0 0 

1.0 0.5 30 0 40 70 

2.0 LO 60 0 65 125 

3.0 1.5 245 5 95 345 

4.0 2.0 290 15 130 435 

5.0 2.5 320 35 150 505 

6.0 3.1 340 40 220 600 

7.0 3.6 375 40 235 650 

8.0 4.1 420 40 235 695 

9.0 4.6 450 50 270 770 

10.0 5.1 455 55 290 800 

11.0 5.6 460 60 290 810 

12.0 6.1 460 70 295 825 

13.0 6.6 470 70 295 835 

14.0 7.1 470 70 300 840 

15.0 7.6 470 70 305 845 

16.0 8.1 470 70 305 845 

17.0 8.6 475 70 305 850 

18.0 9.1 475 70 305 850 

19.0 9.7 495 70 305 870 

20.0 10.2 520 75 315 910 
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Table 7-45 
Potential Savings above 1992 Practice from Space Heating in New Residential Buildings 

Average Megawatts in High Forecast 1992-2010 

Levelized Cost (cents/kWh) 

Single-Family Multifamily Manufactured 
Nominal Real Dwellings Dwellings Housing Total 

0 0 0 0 0 0 

1.0 0.5 0 0 0 0 

2.0 1.0 0 0 0 0 

3.0 1.5 0 0 0 0 

4.0 2.0 0 0 15 15 

5.0 2.5 15 0 30 45 

6.0 3.1 30 0 95 125 

7.0 3.6 70 0 110 180 

8.0 4.1 170 5 110 285 

9.0 4.6 255 10 145 410 

10.0 5.1 265 20 165 450 

11.0 5.6 270 30 165 465 

12.0 6.1 280 30 170 480 

13.0 6.6 280 30 170 480 

14.0 7.1 305 35 175 515 

15.0 7.6 315 35 180 530 

16.0 8.1 315 35 180 530 

17.0 8.6 320 35 180 535 

18.0 9.1 320 35 180 535 

19.0 9.7 380 35 180 595 

20.0 10.2 450 35 190 675 
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Table 7-46 
Potential Savings above 1992 Practice from Space Heating in New Residential Buildings 

Average Megawatts in Medium Forecast 1992-2010 

Levelized Cost (cents/kWh) 

Single-Family Multifamily Manufactured 
Nominal Real Dwellings Dwellings Housing Total 

0 0 0 0 0 0 

1.0 0.5 0 0 0 0 

2.0 1.0 0 0 0 0 

3.0 1.5 0 0 0 0 

4.0 2.0 0 0 20 20 

5.0 2.5 5 0 30 35 

6.0 3.1 15 0 100 115 

7.0 3.6 30 5 115 150 

8.0 4.1 75 5 115 195 

9.0 4.6 110 10 150 270 

10.0 5.1 120 20 170 310 

11.0 5.6 120 20 175 315 

12.0 6.1 125 30 175 330 

13.0 6.6 125 30 175 330 

14.0 7.1 135 30 185 350 

15.0 7.6 140 30 185 355 

16.0 8.1 140 30 185 355 

17.0 8.6 140 30 185 355 

18.0 9.1 140 30 185 355 

19.0 9.7 170 30 185 355 

20.0 10.2 200 30 195 425 

Table 7-47 
Number of New Electrically Heated Dwellings 1992 to 2010 

Dwelling Type High Medium-High Medium Medium-Low Low 

Single-Family Dwellings 1,259,700 754,000 562,600 417,400 193,700 

Multifamily Dwellings 388,800 348,000 350,600 345,000 270,200 

Manufactured Housing 257,900 289,200 269,400 245,700 159,000 
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Electric Water Heating Conservation 

The energy used to heat water represents the second 
largest end use of electricity in the residential sector. Fig
ure 7-14 shows the technical potential for improving the 
efficiency of residential water heating at various costs of 
electricity. These savings represent better insulated water 
heaters, pipe wraps, a technology that pushes the hot wa
ter remaining in the pipes back into the water heater after 
hot water is drawn (called a 'hot water saver'), and more 
efficient appliances that use hot water (e.g., clotheswash
ers, dishwashers and showerheads). An additional 190 av
erage megawatts of technical conservation potential, not 
shown in Figure 7-14, is available from water-heating 
heat-pumps with heat recovery ventilation. 

The cost- effective technical potential identified by the 
Council for electric water heaters and water consuming 
appliances (not including 190 average megawatts from 
heat-pump heat- recovery-ventilators) is about 700 aver
age megawatts in the high-demand forecast and 562 aver
age megawatts in the medium forecast at measure costs 
between 0 and 11 cents per kilowatt-hour. The average 
cost of improving the efficiency of electric water heaters is 
4 cents per kilowatt- hour, even when administrative costs 
and transmission and distribution adjustments are incorpo
rated. Water heating conservation measures, costing be
tween 11 and 15 cents per kilowatt-hour, represent the 
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second block of water heating conservation, and supply an 
additional 86 average megawatts of conservation in the 
high demand forecast. Finally, a measure that saves both 
water heating and space heating energy, a water-heating 
heat pump with heat recovery ventilation, can also save an 
additional 190 average megawatts of energy at a levelized 
cost of about 8 cents per kilowatt-hour. 

The Council 's assessment of the conservation poten
tial available from improved residential water heating effi
ciency involved three steps. These were to: 

1. Estimate the cost and savings potential available from 
improved water heating efficiency beyond the 1990 
federal standard. 

2. Develop conservation supply functions for the total 
potential. 

3. Calibrate savings to the Council's forecast. 

The key data for this information comes from re
search and programs operated in the region. These are 
summarized in Table 7-48. 

3 6 9 12 15 
Levelized Cost (cents/kWh) 
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Table 7-48 
Key Data Sources for Water Heating Measures Costs 

Costs 

U.S. Department of Energy 

Oregon Department of Energy 

Bonneville Power Administration's Water Heating Program 

Pacific Power and Light's Appliance Advisory Group 

Bonneville Power Administration Study 

Puget Sound Power and Light 

Consumption and Savings 

Hood River Conservation Project 

Residential Standards Demonstration Program 

End-Use Load and Conservation Assessment Program 

Seattle City Light Evaluations 
" 

Bonneville Power Administration Studies 

U.S. Department of Energy 

Step 1. Estimate the Cost and Savings 
Potential Available from Improved Water 
Heating Efficiency 

The amount of energy consumed for water heating 
depends on two factors: standby losses and variable use. 
Standby losses refer to the energy that is used during stor
age to keep the water hot. They are determined by the 
temperature of the water relative to the air temperature 
surrounding the tank and the insulation levels of the hot 
water storage tank and supply piping. Variable use is the 
amount of hot water actually used in the household. Vari
able use diJfers substantially among households, depend
ing on the habits and number of occupants, and the stock 
of appliances that use hot water (such as clotheswashers 
and dishwashers), as well as the temperature of the hot 
water and the cold water that enters the tank. 

In 1987, the National Appliance Energy Conservation 
Act was passed that regulates the maximum energy con
sumption of a variety of household appliances, including 
electric water heaters, refrigerators and freezers. For elec
tric water heaters, the appliance standards regulate the 
standby losses from the water heater tank. The level of 
the national standard is about the level or slightly more 
efficient than the level set by Oregon and Washington for 
water heaters sold in their states. The federal standard 
became effective in 1990, and a review of the standard by 
the secretary of the U.S. Department of Energy to see if it 
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Costs of efficient dishwashers and clotheswashers 

Costs of efficient showerheads 

Costs of wraps 

Costs of bottom boards 

Costs of thermal traps and pipe wraps 

Costs of efficient water heaters 

Household water heater consumption 

Household water heater consumption 

Household water heater consumption 

Savings for bottom boards, thermal traps/pipe wraps and 
efficient tanks 

Savings for bottom boards, thermal traps/pipe wraps and 
efficient tanks 

Savings for efficient tanks 

should be strengthened is required by 1992. The estimates 
of conservation potential for water heater tanks developed 
here are based on going beyond the current federal stan
dard and setting a more stringent standard equivalent to 
the level of some of the most efficient tanks produced 
today. It is envisioned that a revision to the federal stan
dard, as well as other acquisition efforts, such as programs 
to get showerheads and other measures, will be able to 
secure savings beginning in 1995. 

The base use of water heaters from which conserva
tion potential could be estimated was derived by reviewing 
research. Thble 7-49 summarizes available data on standby 
losses from conventional (typically R-5) tanks. Water heat 
was directly submetered in all field studies. Laboratory 
tests on individual units and U.S. DOE's analysis had low
er standby losses than those found in field tests. The aver
age value of the full sample is 1,580 kilowatt-hours per 
year. This value was compared to an estimate of standby 
losses from the current federal standard, which was 
derived from U.S. DOE's Engineering Analysis Docu
ment. Since the current federal standard requires more 
efficient tanks than those shown in Table 7-49, their 
standby losses should be lower. U.S. DOE's work indicates 
that standby losses from the federal standard are on the 
order of 720 kilowatt-hours per year for a 70° temperature 
rise. This lower base was used as the estimate of base case 
use in both the forecast of electricity demand and the esti
mate of conservation savings when the federal standard 
becomes effective in 1990. This level is much lower than 
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assumed in previous calculations. Bonneville is currently 
conducting laboratory studies to determine the standby 
loss of a tank that meets the 1990 federal standard. This 
analysis will incorporate that work in a future revision. In 
addition, draft work conducted for the End-Use Loads 
and Conservation Assessment Program (ELCAP) on a 
sample of new homes, built about 1986, indicates standby 
use of approximately 1,100 kilowatt-hours per year. All 
these estimates will need to be reviewed and reconciled 
when they become final. 

Variable use for the pre-conservation situation was 
estimated from studies that reported the gallons of hot 
water used per person or per household. Table 7-50 sum
marizes the empirical data. Hot water demand was actual
ly measured in some cases, while in others it was 
calculated. The average use per person per day is about 18 
gallons, which is used in this analysis. 

In recent years, considerable end use monitored data 
has been collected on total electricity consumption for 
water heating in the Northwest. Table 7-51 summarizes 
such data collected through the Hood River Conservation 
Project, which monitored existing houses in Hood River, 
Oregon, the Residential Standards Demonstration Project, 
which monitored new water heaters in new houses, and 
the End-Use Loads and Conservation Assessment Pro
gram (ELCAP), which monitored use in pre-1983 existing 
households. The new houses are more representative of 
use with the federal standards in place, since the new 
houses were built primarily in Washington and Oregon, 
which already have standards that approximate the federal 
standard. Energy consumption is shown as a function of 
household size. 

The number of occupants per house according to the 
forecast is about 2.7 occupants per household in the early 
years. Using 48 gallons per household per day and 720 
kilowatt-hours for standby losses, puts consumption at 
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about 4,108 kilowatt-hours per household. This is in the 
range of monitored use in both the Hood River and RSDP 
samples for this household size, although it is closer to the 
RSDP estimates, and seems to be an appropriate estimate 
of base case electric water heating consumption. 

The only two measures evaluated to reduce standby 
consumption were more efficient tanks than the 1990 fed
eral standard, and a bottom board. Savings from wrapping 
an efficient tank were not known, and assumed to be rela
tively small since standby losses are reduced significantly 
after the more efficient tank is adopted. A project by Bon
neville is currently underway to evaluate this, and its in
formation will be incorporated into future revisions. 
Thermal traps are assumed to be already incorporated into 
the better tank, and therefore they do not appear as a sep
arate standby loss conservation measure. 

Savings for demand reduction measures were eva
luated assuming an 80°F temperature difference between 
the temperature setting of the tank and the inlet water 
temperature. Savings from standby loss measures assumed 
a 70°F temperature difference between the temperature 
setting of the tank and the ambient air temperature sur
rounding the tank. 

Efficient Tanks 

Savings from an efficient tank were adapted from 
work done for U.S. DOE in 1982 for appliance standards. 
This analysis indicated that moving from a tank with an 
energy factor of 0.88 to an energy factor of 0.95 saved 
about 350 kilowatt-hours per year. Costs for this measure 
were taken from Puget Sound Power and Light, which has 
been actively promoting an efficient water heater program 
for a number of years. Its costs are assumed to reflect 
long-term costs of a regionwide water heating efficiency 
program. 

Table 7-49 
Data on Standby Losses from Conventional Water Heater Tanks 

Source Standby (kWh/yr.) N Notes 

Seattle City Light 1,610 26 All unwrapped, submetered 

Biemer/Auburg '84 1,375 1 Laboratory tests 

Goldstein/Clear 1,468 Calculated for 1960-1980 vintage tanks 

Ek '82 (#36) 1,483 1 Laboratory test 

Ecotope '82 1,995 91 Some wrapped, many different locations 

Ecotope Heat Pump Study 1,731 39 Median standby losses in three cities are weighted by climate 
zone's contribution to regional population 

U.S. DOE Engineering 1,415 Calculated 
Analysis Document 

Average 1,580 
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Table 7-50 
Variable Demand Use for Hot Water 

Gallons per Year 
Source per Person N Notes 

Lawrence Berkeley Laboratories 5,582 

Natural Resources Defense Council 5,411 Calculated 

Seattle City Light 6,019 26 Calculated 

Ecotope Heat Pump Study 7,680 38 Submetered participants selected on basis of family 
size and high water use 

Bavir 7,094 Regression results from submetered sample 

Long Island Light Company 6,788 257 Submetered 

Average 6,429 

Table 7-51 
Measured Consumption of Electric Water Heaters 

Hood River Residential Standards 
ELCAP Base Sample Conservation Project Demonstration Project 

Occupants Consumption Consumption Consumption 
per Household (kWh/yr.) Sample Size (kWh/yr.) Sample Size (kWh/yr.) Sample Size 

1 2,633 18 

2 3,575 82 

3 5,321 34 

4 5,544 44 

5 6,032 17 

6 7,232 7 

7 6,930 3 

Bottom Boards 

Savings from bottom boards were taken from field 
tests by Seattle City Light and a laboratory test by B(mne
ville. Both of these studies indicated about 35 kilowatt
hours worth of savings from insulating the bottom of the 
tank. Costs are taken from Pacific Power and Light. 

Clotheswashers and Dishwashers 

Conservation measures for variable use include 
clotheswashers and dishwashers that use hot water more 
efficiently, energy-saving showerheads, and a device called 
a 'hot water saver.' The costs and savings available from 
efficient clotheswashers and dishwashers were taken from 
work done for the U.S. Department of Energy in support 
of a rulemaking to investigate whether more efficient 
standards should be set for these appliances. The DOE 
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2,843 25 2,764 30 

4,173 78 3,812 109 

5,756 26 4,817 93 

6,253 35 5,541 133 

7,582 9 5,688 34 

9,504 6 6,730 18 

- - 8,143 8 

study showed that by using measures that were less than 
11 cents per kilowatt-hour, more efficient clotheswashers 
would save about 143 kilowatt-hours per year, and more 
efficient dishwashers would save 105 kilowatt-hours per 
year. In addition, the DOE study and work done for Pacif
ic Power and Light indicated that going to horizontal axis, 
front-loading washing machines would reduce energy con
sumption to about 185 kilowatt-hours per year, which is a 
savings of 345 kilowatt-hours per year beyond the other 
efficiencies. This type of machine is much more efficient 
because it uses much less water. The clothes are cycled 
through a tub half full of water rather than completely 
full. This is the only measure that fell between 11 and 15 
cents per kilowatt-hour. It constitutes the second tier of 
conservation savings. 
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Efficient Showerheads 

Costs and savings from energy-saving showerheads in 
new houses are based primarily on work done in Oregon 
and on research into hot water use during showers. An 
Oregon survey found that new showerheads had an aver
age flow rate of about 3.2 gallons per minute. Oregon has 
a standard that requires 3.0 gallons per minute, and Wash
ington recently adopted legislation limiting maximum flow 
levels to 3 gallons per minute starting in 1990 and to 2.5 
gallons per minute starting in 1993. Work done for Bonne
ville indicated wide consumer acceptance of energy saving 
shower heads. In addition, there is good availability from 
manufacturers of showerheads below 3 gallons per min
ute. The Appliance Efficiency Group, which is a group of 
utilities and interested parties trying to arrive at uniform 
efficiency requirements for their appliance programs, re
cently adopted 2.5 gallons per minute at 60 psi or the max
imum flow for showerheads distributed through their 
programs in the near term. The group committed to inves
tigate setting a second, lower level that would become 
effective in a few years. Because this second level is likely 
and because the 2.5 standard is a maximum and the aver
age will be better, this analysis assumes that showerheads 
will be at about 2.3 gallons per minute. Savings are based 
on installing showerheads with flow rates of 2.3 gallons 
per minute in new houses with electric water heat instead 
of showerheads with flow rates of 3.0 gallons per minute. 

In existing houses, the efficient showerhead will re
place one that doesn't necessarily meet code. There is 
very little data to document the average flow rates from 
existing houses in the Northwest. This analysis assumes 
that existing showerheads use an average of about 4.5 gal
lons per minute and that they will be replaced with show
erheads using 2.3 gallons per minute on average. For both 
new and existing houses, it was assumed that showers last 
for an average of 10 minutes, and that half the water con
sumed is hot. In addition, it was assumed that the average 
shower use is one shower per person every two days. 

Incremental costs of the efficient showerhead were 
taken from the Oregon survey and doubled to reflect the 
fact that many new homes would need two showerheads. 
No incremental installation costs were attached to the 
more efficient showerhead in new housing, since there 
would have been installation costs for a standard shower
head anyway. The total cost of the efficient showerhead 
was used for showerheads in existing housing and again 
doubled to reflect more than one showerhead per house. 
Installation costs for existing houses were assumed to be 
about $50. 

Hot Water Saver 

A device called a 'hot water saver' was also evaluated. 
This device saves energy by pushing the warm water left in 
the pipes after water is drawn back into the tank. It effec-
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tively replaces the warm water left in the pipes with cold. 
The hot water saver was evaluated as a conservation mea
sure in new single family and manufactured housing units. 

Savings from the hot water saver can vary significantly 
depending on the hot water draw schedule in the house, 
the length of piping, the number of people, and other fac
tors. The hot water saver was field tested in Richland, 
Washington in the early 1980s. Data from approximately 
20 houses indicated 13 percent savings off a base use of 
5,580 kilowatt-hours per year, or 700 kilowatt-hours per 
year savings. These savings are normalized for the same 
amount of water use between control and test days, which 
were alternate days. Less hot water was used during the 
test days. If savings were not normalized for this, they 
would be about 1,100 kilowatt-hours. The hot water saver 
is also accepted by the California Energy Commission as a 
method to meet its building energy budgets. Based on a 
number of laboratory tests the Energy Commission con
ducted, and on judgment, it gives the hot water saver a 
credit of 15 percent savings off total water heating use. 
The Council's estimates of use for single-family houses 
would be about 4,200 kilowatt-hours per year and a 15 
percent savings would be about 630 kilowatt-hours per 
year. 

From these studies, savings could reasonably be ex
pected to be between 600 and 1,100 kilowatt-,hours per 
year. The Council selected the normalized savings from 
the field tests of 700 kilowatt-hours per year as expected 
savings. However, this had to be adjusted to reflect the 
fact that the field test houses had more occupants than 
those across the region. This resulted in an estimate of 
525 kilowatt-hours per house in single-family houses. 
While the hot water saver saves energy from the portion 
of use labeled 'variable' use, it does interact with space 
heating savings. (This interaction is described in more de
tail at the end of the residential section of this chapter.) 
This drops savings to about 300 kilowatt-hours per year. 

Costs of the unit are taken from the manufacturer at 
about $120 to the wholesaler or builder. We added $25 
additional plumbing costs, or about 1/2 hour. The unit is 
quite easy to install. To this total cost of $145, the Council 
added a 36 percent markup for the builder's overhead, 
profit and fees, as is done for all conservation measures in 
new housing. This resulted in a final price of $197. 

The only information on lifetime was from tests done 
by Oakridge National Laboratory. They did accelerated 
testing to represent about 13 years worth of use and found 
no degradation. Twenty years seems plausible, given the 
sturdiness of the components contained in the product. 

Lifetimes 

The lifetimes of the water heater and bottom board 
are 12 years, the dishwasher and clothes washer are 10 
years, and showerheads and the hot water saver are 20 
years. 
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Solar Water Heaters and Heat Pump Water 
Heaters 

Solar water heaters are used in this analysis to repre
sent either solar water heaters or heat pump water heat
ers. Either technology significantly reduces the electricity 
used to heat water. The costs and percent savings for solar 
water heaters is taken from the Council's staff issue paper 
entitled Assessment of the Potential for the Direct Application 
of Renewable Resources (publication number 89-39). It ap
pears that solar water heaters would approach the cost-ef
fectiveness threshold of 11 cents per kilowatt-hour in 
households with large hot water demand, such as those 
represented by greater than five people per household. 
Heat pump water heaters appear even less cost-effective 
at this time unless they are used as heat recovery ventila
tors, which is discussed next. 

Heat Pump Water Heaters with Heat Recovery 
Ventilation 

Since the mid-1980s several firms in the United States 
and Canada have been developing a technology that at
tempts to reduce the consumption of electricity for water 
heating while suppling ventilation to the home. This tech
nology recovers the waste heat in air exhausted from the 
home using a heat pump to heat hot water. The best of 
these systems has achieved coefficients of performance 
(COPs) of 2.5 in actual field testing. Unlike the air-to-air 
heat recovery ventilators, exhaust air heat pumps do not 
require supply air ducts nor special frost protection mech
anisms. Moreover, some exhaust air heat pump systems 
can provide supplemental space heating at COPs near 3.0., 
and thus provide additional savings. 

Although the most efficient exhaust air heat recovery 
heat pump costs nearly $1,500, the actual incremental cost 
of an exhaust air heat recovery heat pump is estimated to 
be between $1,000 and $1,200. This incremental cost takes 
into consideration four factors. Two factors that reduce 
the incremental cost of these units and two factors which 
increase their incremental cost. First, because of their 
slower recovery periods most manufactures of exhaust air 
heat recovery heat pumps employ an 80 gallon storage 
tank to ensure an adequate hot water supply. The identi
cal size efficient (EF = 0.93) resistance water heater costs 
approximately $325, while a "quick recovery" 52-gallon 
efficient (EF = 0.95) resistance water heater costs approxi
mately $210. Thus, the offset for replacement of the stan
dard electric resistance water heater ranges from $210 to 
$325, depending upon the tank size being replaced. Sec
ond, because these units can be substituted for the ex
haust ventilation fan and automatic controls now required 
by the MCS/Super Good Cents, their incremental cost can 
be offset by a $100 to $150 "credit" for the avoided cost of 
the fan and controls. The two factors that act to increase 
these units' incremental cost compared to a standard resis
tance water heater are their higher installation cost and 
higher annual maintenance cost. The installation cost of 
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an exhaust air heat recovery heat pump are estimated to 
be slightly higher ($155 compared to $120) than a standard 
electric resistance water heater to reflect the cost of add
ing a condensate drain, exhaust grills and duct work. 
These units have air filters to keep their evaporator coils 
from fouling with dust. These must be changed two times 
per year at an expected average cost of $5 per year. It is 
assumed that a standard electric resistance water heater 
has no annual maintenance cost. 

Water heating use is strongly correlated to the num
ber of occupants in a household. Therefore, any measure 
that improves the efficiency of heating water will be more 
economical in larger households than in homes with fewer 
occupants. This is clearly the case for exhaust air heat 
pumps. Table 7-52 shows the levelized cost of energy 
saved for households with varying numbers of occupants. 
These costs are derived after accounting for other, cheap
er conservation measures that are identified in this chap
ter. 

This table shows that for households with three or 
more members (or unusually large hot water use) where 
the exhaust air heat recovery heat pump is replacing ei
ther a 52 or 80 gallon tank, the use of such systems is re
gionally cost-effective. Based on survey data, it appears 
that the average number of occupants in new single-fami
ly, detached dwellings and in new manufactured homes 
equals or exceeds three people. 

In the Council's high forecast, approximately 2,071,400 
new electric water heaters are expected to be installed. Of 
these, 1,259,700 are expected to be installed in new elec
trically heated single-family homes and 257,900 new elec
trically heated manufactured homes. Assuming that only 
half of these homes could cost-effectively install exhaust 
air heat recovery heat pumps where there is an average of 
at least three people per home, then the technical poten
tial for this resource is: 

[(Number of units/ 2) * kWh savings/unit]/ 
8,760,000 kWh/MWa = Total MW 

[(1,259,700 + 257,900)/ 2) * 2184 kWh/yr.] / 
8,760,000 = 189 MWa 

In order to estimate the realizable potential for this 
resource, it has been assumed that only 85 percent of 
those new electrically heated single-family and manufac
tured homes with three or more occupants will install ex
haust air heat recovery heat pumps. This assumption 
results in a total realizable potential of 190 average mega
watts by the year 2010 in the Council's high forecast. In 
the Council's medium forecast, the realizable potential for 
this resource is approximately 90 average megawatts. 
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Table 7-52 
Levelized Cost of Water Heating Energy Savings from &haust Air Heat Recovery Heat Pumps 

by Household Size 

Annual Use Savings Levelized Cost 
Occupants Costa (1990 $) Costb (1990 $) (kWh/yr.) (kWh/yr.) (Mills/kWhc) (Mills/kWhd) 

1 $1,010 $1,175 1,440 864 229 264 

2 $1,010 $1.175 2,540 1,524 130 150 

3 $1,010 $1,175 3,640 2,184 91 105 

4 $1,010 $1,175 4,740 2,844 70 80 

5 $1,010 $1,175 5,840 3,504 57 65 

6 $1,010 $1,175 6,940 4,164 48 55 

a Incremental cost above an 80 gallon EF = 0.93 tank with $150 ventilation system cost credit. 
b Incremental cost above a 52 gallon EF = 0.95 tank with $100 ventilation system cost credit. 
C Based on incremental cost over 80 gallon tank. 
d Based on incremental cost over 52 gallon tank. 

Summary Calculations 

The assumptions described above for each measure 
led to the cost-effectiveness calculation for each measure 
shown in Thble 7-53, except for the heat pump heat recov
ery ventilator, which was calculated above. This table as
sumes an average household with 2.4 occupants, which is 
the forecast value for out-years of the forecast. Savings 
for standby loss conservation measures have been reduced 
to reflect the interaction between internal gains from wa
ter heaters and space heating electricity consumption. This 
is described in the section that follows the analysis of re
frigerator and freezer conservation potential. The table 
shows the marginal cost of each water heating conserva
tion measure, starting with a tank that meets the federal 
appliance standard for 1990. Except for solar water heat
ers, none of the measures exceeds 11 cents per kilowatt
hour, even after taking into account the interactive effect 
with space heating, except the horizontal-axis clothes 
washer, which falls in the 11 to 15 cents per kilowatt hour 
band. 

Step 2. Develop Conservation Supply 
Functions for Technical and Achievable 
Potential 

The savings for each measure were multiplied by the 
number of units existing in 2010 to which that measure 
applied. The number of electric water heaters was taken 
as the number of units existing in 2010. The number of 
electric water heaters that appears in the forecast between 
1995 and 2010 would over count the number of water 
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heaters in 2010, since the average lifetime of water heat
ers is shorter than the 15 years between 1995 and 2010, 
and consequently some replacements would be occurring. 
The savings from showerheads are assumed to be limited 
by the number of new houses likely to be built between 
1995 and 2010 with electric water heaters. The number of 
clotheswashers and dishwashers is assumed to track the 
number of electric water heaters in 2010 with saturations 
of 78 percent and 50 percent respectively. 

Step 3. Calibrate the Supply Curve to 
the Council's Forecast and Incorporate 
Behavioral Impacts on the Savings 
Estimates 

The engineering and field measurements described 
above predict a base water heater use of about 3,770 
kilowatt-hours per year for 2.4 people per house. As men
tioned above, these figures represent standby losses at the 
level of the federal standard. Since the consumption of 
the average water heater at the avoided cost cut-off is 
about 2,500 kilowatt-hours per year, the cost-effective 
relative efficiency improvement holding behavior constant 
is 0.67. In the medium demand forecast, base case use in 
2010 at the frozen efficiency level of the federal standard 
is about 3,790 kilowatt-hours per year. For purposes of the 
supply curve, the difference between the forecast base 
case use and the engineering base-case use is so small 
that no calibration was necessary. 
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Table 7-53 
Measure Costs and Savings for Water Heaters 

Savings with 
Measure Measure Present Interaction a Levelized Cost 

Conservation Measure Capital Cost Value Cost (kWh/yr.) (cents/kWh) 

Base Use = 3,770 kWh/year (EF = .88) 

Tank@ EF= .88 $0 $0 0 0 

New Showerhead (3.0 to 2.3 gpm) $15 $17 380 0.6 

Existing Showerhead (4.5 to 2.3 gpm) $80 $90 930 1.3 

Efficient Dishwasher $18 $35 105 4.4 

Efficient Clotheswasher $28 $55 143 5.1 

Efficient 0.95 Tank $70 $120 288 5.5 

Bottom Board $10 $17 29 7.8 

New Single-Family Water Saver $197 $220 304 9.6 

Horizontal Axis Clotheswasher $200 $385 345 14.0 

a This reflects the reduced savings from standby loss measures due to the interaction with electric space heating. 

This relative efficiency change was incorporated in the 
forecast, and energy consumption was estimated after all 
measures were installed. Savings for the average water 
heater are the difference between base use of 3,790 
kilowatt-hours and use after the conservation measures 
are installed. Because there are different penetration 
rates on each measure, and measures can only be applied 
if the appliance is present (e.g., a dishwasher), the sa
vings-weighted penetration rate is 0.66. 
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The amount of conservation available in the high de
mand forecast can then be estimated as the number of 
new water heaters, times the weighted penetration rate, 
times the estimate of cost-effective savings. The mega
watts available in the medium and high demand forecast 
at various costs is presented in Table 7-54. These savings 
do not include the savings from heat pump heat recovery 
ventilators, calculated in the text above. 
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Table 7-54 
Conservation Available from Wt-,ter Heaters 

Lcvelized Cost (cents/kWh) Cumulative Technical Potential (average megawatts) 

Nominal Real High Forecast Medium Forecast 

0 0 

1 .5 

2 1 

3 1.5 

4 2 

5 2.5 

6 3 

7 3.5 

8 4 

9 4.5 

10 5 

11 5.5 

12 6 

13 6.5 

14 7 

15-20 7.5-10 

Conservation in Other Residential 
Appliances 

Approximately one-quarter of the electricity currently 
consumed in the residential sector is used to operate re
frigerators, freezers, stoves and lights. This section de
scribes the conservation assessment for refrigerators that 
contain freezers (hereafter called refrigerators), freezers, 
clothesdryers and residential lighting. 

Refrigerators and Freezers 

The Council estimates 113 average megawatts of tech
nical savings are available from conservation in refrigera
tors and freezers in the high-demand forecast and 89 in 
the medium forecast. All the measure included in this 
estimate are beyond the 1993 Federal standard. They are 
considered to be relatively high-cost conservation, since 
the inexpensive measures will probably be used to attain 
the level of the 1993 standard, and are therefore part of 
the second block of conservation resources. 

The average megawatts currently identified for refrig
erators and freezers represent significantly less than the 
available conservation presented in the 1986 Power Plan 
and the Draft 1991 Power Plan. Most of this reduction 

3S2 

0 0 

89 57 

386 324 

386 324 

386 324 

415 347 

622 510 

622 510 

638 523 

638 523 

699 562 

699 562 

699 562 

699 562 

785 614 

785 614 

results from the National Appliance Energy Conservation 
Act, discussed below, which regulates the minimum effi
ciency of new appliances. The savings estimated in the 
draft have essentially been incorporated in the forecast of 
electricity demand as reduced use. This change illustrates 
the effectiveness of appliance standards at acquiring con
servation resources. 

The savings identified by the Council are based on 
cost-effective efficiency improvements that go beyond fed
eral legislation. The National Appliance Energy Conserva
tion Act was passed by Congress and signed by President 
Reagan in early 1987. It sets an initial maximum energy 
consumption level for refrigerators and freezers (as well 
as other home appliances) that becomes effective for any 
unit sold in or after 1990. The federal law also requires a 
review of these initial standards for refrigerators and 
freezers by 1990. The Department of Energy reviewed the 
standards and adopted more stringent levels to become 
effective in 1993. Currently, the Council's forecast of elec
tricity demand incorporates the 1993 standard. This is the 
base case against which further efficiency improvements 
are measured. 
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Analysis indicates that efficiency improvements be
yond the 1993 federal standard are achievable. The con
servation resource this represents is modeled as the 
current "golden carrot" effort, that makes a standard 
change feasible. The golden carrot is a program that uses 
utility incentives to encourage manufacturers to produce 
equipment that is significantly more efficient than the 
standard. The plan assumes this program becomes effec
tive starting in 1997, and will eventually result in revised 
standards becoming effective in 2000. 

While refrigerators and freezers that comply with the 
requirements of the golden carrot program are not widely 
commercially available, an alternative design refrigerator 
that approximates this energy use can be purchased today, 
but only at a high price because it is handmade. 

The Council used two steps to evaluate the savings 
available from refrigerator and freezer efficiency improve
ments. These were to: 

L Estimate the cost and savings potential available from 
improved refrigerator and freezer efficiency. 

2. Develop technical and achievable conservation poten
tial and calibrate the conservation potential to the 
Council's forecast. 

The key data used in this analysis is from the U.S. 
Department of Energy proceedings on refrigerator and 
freezer efficiency improvements. 

Step 1. Estimate the Costs and Savings 
Potential Available from Improved 
Refrigerator and Freezer Efficiency 

The potential for saving energy from improved refrig
erator and freezer operating efficiencies is well docu
mented. The U.S. Department of Energy and the 
California Energy Commission have reviewed the option 
of appliance efficiency standards over the last decade. The 
Department of Energy has done a recent study on effi
ciency improvements to refrigerators and freezers. The 
savings and cost information from that study are used 
here. The measures represent options that could be man
ufactured into appliances by the early 1990s. 

In this analysis, an 18-cubic-foot automatic defrost 
refrigerator with a top-mounted freezer was used as the 
prototype to represent refrigerators. Both a 15-cubic-foot 
manual defrost upright freezer and a 17-cubic-foot chest 
freezer were used to represent freezers. About 61 percent 
of the refrigerators sold in the region have top-mounted 
(as opposed to side-by-side) freezers. Automatic defrost 
units represent approximately 70 to 80 percent of the re
frigerators sold today. About 50 percent of freezers sold 
are uprights, and about 50 percent are chest styles. 
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To get a feel for how the various standards affect con
sumption, take the example of the typical refrigerator. 
The Association of Home Appliance Manufacturers esti
mates that the average unit of this sort sold in 1983 con
sumed about 1,156 kilowatt-hours per year. The 1990 
federal standard requires that this same refrigerator con
sume no more than about 950 kilowatt-hours per year, 
and the 1993 standard requires about 690 kilowatt-hours 
per year. The golden carrot program is likely to target 
about 500 kilowatt-hours per year as the use for the typi
cal refrigerator. This is the level used to present savings 
for the 11-15 cents per kilowatt-hour block of conserva
tion. 

This analysis evaluates cost-effectiveness from the 
perspective of the region. Tobie 7-55 presents cost and 
savings information for the prototype 18-cubic-foot refrig
erator. Savings and levelized costs include the interaction 
of appliance efficiency improvements with space heating 
requirements, described more fully in the following sec
tion. 

The costs and savings for measures that can be 
applied to the prototype upright and chest freezers appear 
in Tuble 7-56. As with refrigerators, this information is 
taken from the U.S. Department of Energy technical doc
umentation. 

Step 2. Develop Conservation Supply 
Functions for Technical and Achievable 
Potential Consistent with the Council's 
Forecast 

Savings costing less than 11 cents per kilowatt-hour 
are already secured in the 1993 federal code. Therefore, 
savings in this section only reflect going beyond the 1993 
code and capturing savings in the 11 to 15 cents per 
kilowatt-hour range. These are included in the second 
block of conservation. The savings from conservation mea
sures in refrigerators and freezers is evaluated consistently 
with the values carried in the forecasting model. 

The Council's forecasting model was used to estimate 
the base case use of refrigerators and freezers in the year 
2010 with efficiencies frozen at the 1993 federal standards. 
In the medium demand forecast, new refrigerators use 
about 687 kilowatt-hours per year and freezers use about 
500 kilowatt-hours per year for the average refrigerator 
and freezer purchased in the region. 
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Table 7-55 
Measure Cost and Savings for Prototype Refrigerator' 

Use Measure Cumulative Levelized Cost 
(kWh/yr.) Cost Cost ( cen ts/k Wh)b 

Current Federal Code for 1990 947 $0 $0 0 

Foam Insulation in Door Compressor EERc 5.0 787 $11.24 $11.24 1.3 

Improved Foam Insulation (k=0.11) 745 $7.27 $18.51 3.2 

Compressor EER 5.3 714 $13.12 $31.63 7.9 

Efficient Fans, 2" Door Insulation with 637 $50.74 $82.38 12.2 
Improved Foam (k=0.10) 

Adaptive Defrost, Evacuated Panels (k = 0.05) 515 $102.97 $185.35 156.3 

a Analysis is for an 18-cubic-foot automatic defrost refrigerator with a top-mounted freezer. 

b Adjusted for space heat interaction. 

C EER-Energy-Efficiency Ratio. 

Table 7-56 
Measure Cost and Savings for Prototype Freezers 

Use Measure Levelized Cost 
(kWh/yr.) Capital Cost (cents/kWh? 

Uprightb 

• Base Case 777 $0 0 

• Compressor EER 5.0C 606 $15.19 1.2 

• Improved Foam Insulation 544 $7.63 1.6 

• Compressor EER 5.3 511 $13.07 5.2 

• Door Insulation 2" and Better Foam 453 $28.12 6.4 

• Evacuated Panel 343 $51.40 6.2 

Chestd 

• Base Case 600 0 0 

• Compressor EER 5.0, Foam Insulation in Lid 475 $11.25 1.2 

• Improved Foam Insulation 442 $4.68 1.9 

• Compressor EER 5.3 415 $13.01 6.4 

• 2.5'' Lid, Better Foam Insulation 370 $25.55 7.5 

• Evacuated Panel, 2.5" Sides 315 $52.07 12.5 

• Adjusted for space heat interaction. 

b Analysis is for a 15-cubic-foot upright freezer with manual defrost. 

C EER-Energy-Efficiency Ratio. 

d Analysis for a 17-cubic-foot chest freezer with manual defrost. 
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For refrigerators, a base use of 675 kilowatt-hours per 
year and a conservation cut-off of 515 kilowatt-hours per 
year resulted in a total technical potential: 

TS = NxSxI+C 

= 4,812,000 X (687 - 515) X 0.8 + 8,760,000 

= 75 average megawatts 

CHAPTER 7 

Where: 

TS = total savings from refrigerators, expressed in average megawatts 

N = number of refrigerators purchased 1997 to 2010 

s = savings from each refrigerator, in kilowatt-hours per refrigerator (pre-conservation use minus-post 
conservation use) 

I = loss of savings due to interaction with the space heating system 

C = conversion from kilowatt-hours to average megawatts (8,760,000 kilowatt-hours per average megawatt) 

For freezers, a base case use of 500 kilowatt-hours per 
year and a conservation cut-off of 329 kilowatt-hours per 
year, resulted in a total technical potential: 

TS = NxSxI+C 

= 2,204,000 X (504-329) X 0.87 + 8,760,000 

= 38 average megawatts 

Where: 

TS = total savings from freezers, expressed in average megawatts 

N = number of freezers purchased 1997 to 2010 

s = savings from each freezer in kilowatt-hours per refrigerator (pre-conservation use minus-post 
conservation use) 

I = loss of savings due to interaction with the space heating system 

C = conversion from kilowatt-hours to average megawatts (8,760,000 kilowatt-hours per average megawatt) 

The achievable portion is considered to be 90 percent 
of technical potential. 

Clothesdryers 

In support of efficiency standards for residential 
appliances, the U.S. Department of Energy investigated 
improvements that could be made to residential clothes
dryers. The analysis shown below is taken from the draft 
technical documentation used by the Department of Ener
gy. 
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Table 7-57 displays the information collected by the 
department. Annual usage has been scaled to reflect the 
number of dryer loads per year in the Northwest, com
pared to the national testing procedure. Using this scaled 
savings, it appears only one measure, automatic termina
tion based on moisture or temperature, is cost-effective. If 
this level is adopted, about 6 average megawatts could be 
secured. However, this assumes that the measure is not 
already widely used in clothesdryers currently sold. It is 
likely that many new clothesdryers already incorporate 
automatic termination, and therefore the savings were not 
used in the portfolio analysis. 
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Table 7-57 
Measure Cost and Savings for Clothesd,yers 

Measure Capital Use Levelized Cost 
Measure 

Base Case 

Automatic Termination 

l" Cabinet Insulation 

Recycle Exhaust 

Heat Pump Clothesdryer ( off base) 

In addition, there are two advanced technologies that 
could save significant amounts of electricity, if they be
came commercially available. These are heat pump clo
thesdryers and microwave clothesdryers. Both heat pump 
and microwave clothesdryers are in the prototype stage in 
this country, although small versions of the heat pump 
clothes dryer are used to some extent in Europe. The key 
disadvantages of each unit are that the heat pump dryer 
requires longer to dry than a conventional clothes dryer, 
and the microwave dryer cannot dry materials with metal 
threads, although it can dry clothes with metal buttons 
and zippers. On the other hand, the microwave unit dries 
clothes more quickly than a conventional dryer, and ap
pears to be easier on fabric. If heat pump clothesdryers 
were used instead of the conservation measures listed in 
Table 7-57, they would save about 60 average megawatts 
at about 21 cents per kilowatt-hour. Since this resource is 
not yet commercially available in the United States and is 
expensive, it is not considered at this time. Microwave clo
thesdryers would save about 15 average megawatts of en
ergy at a cost of about 8 cents per kilowatt hour. Since 
they are not yet commercially available, they are not in
cluded in the resource stack. However, they appear prom
ising, and should be targeted for development if possible. 

Residential Lighting 

Great strides have been made in developing lighting 
technologies to replace traditional incandescent bulbs in a 
residential setting. The typical replacement is to put a 
compact fluorescent (bulb and ballast) into the existing 
incandescent socket. There are now compact fluorescents 
that are similar to incandescent bulbs in color, but that 
use significantly less energy. For example, a 75-watt incan
descent bulb is typically replaced with an 18-watt fluores
cent bulb and ballast to achieve similar light levels. This 
means a significant savings every time the light is turned 
on. 

Compact fluorescents are currently commercially 
available, but there is an emerging lighting technology that 
might prove more efficient and inexpensive in the future. 
This technology is essentially an electronic signal that 
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Cost (kWh/yr.) (cents/kWh) 

0 532 0 

$8 468 7 

$11 459 29 

$50 431 47 

$300 170 21 

excites gasses common in all bulbs to create light. The 
first prototype versions have succeeded in producing as 
much light as a 150-watt incandescent, with similar color, 
in a similar sized and shaped bulb. These are projected to 
be about half the cost of the compact fluorescents. Since 
these are not yet commercially available, this section fo
cuses on the compact fluorescent. 

There are some problems with the new compact fluo
rescents. First, they have a high first cost, about $20 in
stead of the $0.66 cost of incandescent bulbs. Even though 
they last much longer, there is sticker price shock when 
the consumer sees them in the market place. Second, they 
are not yet widely available in stores that sell light bulbs, 
such as grocery stores. Probably because of the high first 
cost, a large market has not developed for these bulbs, 
even though they save energy. Third, the compact fluores
cent, which is larger than the incandescent, may not fit in 
the existing socket because of the configuration of many 
lamp shades and lamp harps. Finally, there currently are 
no compact fluorescents that have light output equal to a 
100-watt incandescent or greater and will easily fit into 
existing fixtures. In order to achieve more light output, the 
fluorescent bulb must get larger, which will further limit 
its application in existing fixtures and sockets. 

In terms of program design, there are slightly differ
ent problems. For example, administrative costs could 
overwhelm cost-effective savings, if fluorescent bulbs 
were the only reason for a visit to a house. However, if 
the bulbs were installed while the utility was also doing 
other things in the house, they would remain cost-effec
tive. In addition, there are questions about the longevity 
of savings. A fluorescent bulb may last 9,000 hours, but at 
the end of this life, how can the electric system be assured 
that the fluorescent will be replaced in kind, instead of 
with a low-first-cost incandescent that fits the same sock
et? 

These problems can be resolved. The program ques
tions can be resolved during program design, but they 
must be kept in mind. The prior set of technical questions 
essentially means that the resource size may not be as 
large as once thought, since there are households where 
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no incandescents will be replaced and others where very 
few will be accommodated. 

On the other hand, there also are some benefits to 
the compact fluorescents. They do not need replacement 
nearly as often, and consequently maintenance is minimal. 
This is especially important in hard-to-reach places, such 
as stairwells, and in areas where the lights bum long 
hours. 

In this chapter, compact fluorescents are used to sim
ply illustrate the types of savings available from efficient 
lighting. As other efficiency technologies become wide
spread and cost-effective, they should also be used in pro-
grams. . 

There were two steps used to estimate the savings 
available from efficient residential lighting. They were to: 

1. Estimate the levelized cost of improving the efficiency 
of residential lighting. 

2. Develop technical and achievable conservation poten
tial. 

Step 1. Estimate the Levelized Cost of 
Improving the Efficiency of Residential 
Lighting 

In this analysis, an 18-watt compact fluorescent re
placing a 75-watt incandescent is used to represent a typi
cal levelized cost for the generic installation of compact 
fluorescents for incandescents in new and existing hous
ing. The general question is whether this measure has a 
low enough levelized cost to warrant further evaluation of 
the total conservation potential. As seen below, since it 
passes this test in new and existing housing, the average 
wattage reductions expected per house are used to esti
mate regional potential. This analysis assumes the com
pact fluorescent is placed into an incandescent socket. In 
new housing there is the opportunity to put the compact 
fluorescents into fixtures that are optically designed for 
this type of bulb. This should enhance the visual perform
ance of the compact fluorescents. The costs of these fix
tures can be expensive relative to incandescent. However, 
since they ensure that the replacement bulb will also be a 
compact fluorescent instead of an incandescent, it is worth 
an effort, such as bulk purchasing, to try to bring costs 
down. This should be investigated by programs in the 
Northwest. Another advantage of efficient lighting in new 
homes is that the lights can be placed in rooms with high 
usage, such as kitchens and apartment hallways, where 
they result in a quicker payback to the consumer. 

Energy savings are based on data collected for Pacific 
Power and Light Company. In a study examining the po
tential for retrofitting compact fluorescents into existing 
houses, the utility collected information on the number of 
lamps that could be converted, the number of hours the 
lights were on, and other information on occupant atti
tudes. While not regionally representative, this data is the 
only monitored source of information available. It is used 
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to estimate the cost-effectiveness and size of the conser
vation resource. 

Pacific Power and Light found that an average of 
three bulbs could be replaced per house. Only two of 
these bulbs were monitored for their hours of usage, but 
these were on an average of two hours per day. In the ex
ample used here of an 18-watt fluorescent replacing a 
75-watt incandescent, the savings are then 42 kilowatt
hours per year, per bulb. However, as described in the 
next section, some of the savings from making the lighting 
more efficient are lost, because the space heater has to 
operate more frequently. In an electrically heated house, 
about 50 percent of the savings are lost, but only about 45 
percent of the houses in the region are electrically heated. 
This results in a total net loss of about 22 percent. Instead 
of 42 kilowatt-hours per year being saved, only 33 
kilowatt-hours are saved. This lower figure is used in the 
cost-effectiveness evaluation and in the estimate of total 
regional megawatts. 

The lifetime of a compact fluorescent is about 10,000 
hours, but this is tested assuming longer on-times than 
two hours per day. Consequently, the 10,000 hours is as
sumed to be shortened to 9,000 hours. This implies a life
time of 12 years if the lamp is on only two hours per day. 

The cost of compact fluorescents has dropped signifi
cantly over the years. Currently, the retail cost of an 
18-watt compact fluorescent, including the ballast, is 
about $18, according to information from the Rocky 
Mountain Institute and various discussions with lighting 
professionals. This price can be reduced if the unit is pur
chased in bulk. For example, distributor costs are closer to 
$10 to $15. There may be some incremental installation 
cost, since the first one that is installed may be installed by 
the utility. For initial purposes, assume that the installa
tion cost is $1 per bulb if installation occurs when the util
ity is conducting other business at the house; for example, 
the utility might be conducting weatherization audits, re
placing a water heater or installing a showerhead. The net 
cost of the compact fluorescent must be reduced to reflect 
the cost of replacing the incandescents because they last 
only 850 to 1,000 hours, while the fluorescent lasts 9,000 
to 10,000 hours. This means not incurring a $0.66 cost for 
an incandescent bulb 10 times over the life of the compact 
fluorescent. This analysis assumes the cost of incandescent 
bulbs is $0.50, since many purchases are made when the 
bulbs are on sale. 

Using these assumptions, the levelized cost of the 
compact fluorescent is about 8 cents per kilowatt-hour 
and, therefore, cost-effective if administrative costs are 
kept fairly low. 

Step 2. Estimate Technical and 
Achievable Conservation Potential 

In order to estimate the impact on the region, if a full 
effort were made to install compact fluorescents in new 
existing houses, two more data points are needed. First, 
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what is the average wattage reduction when a compact 
fluorescent replaces an incandescent? Second, to how 
many households does the retrofit apply? 

Pacific Power and Light's experience indicates that an 
average 50 watts were saved for each incandescent bulb 
replaced. The Council's forecast shows 2.95 million 
pre-1990 households (includes single-family, multifamily 
and manufactured houses) surviving until 2010. This infor
mation, combined with an average on-time of two hours 
per day, three applicable fixtures per house, and the aver
age interaction with space heating of about 22 percent loss 
in savings, represents a technical potential of 28 average 
megawatts in existing housing. Achievable savings area 
assumed to be 85 percent of this or 24 average megawatts. 

There are approximately 3.28 million new households 
built between 1992 and 2010 in the high-demand forecast 
and 1.92 million in the medium forecast. Currently there 
is no known source of data for how many fixtures can be 
fluorescent in a new house or how many hours they are 
on. The following are simply some rough estimates to 
make a first cut at the regional costs and savings. Since 
there are more opportunities for putting compact fluores
cents into new houses than existing houses, the plan as
sumes that four fixtures can be replaced (averaged over 
single-family, multifamily and manufactured houses). 
These are assumed to result in an average 50-watt reduc
tion, operating about four hours per day. Using these as
sumptions for new houses, this indicates a promising 
resource on the order of 87 average megawatts in the high 
forecast and 51 average megawatts in the medium fore
cast. Assuming 85 percent penetration rate for the achiev
able potential results in 74 average megawatts in the high 
and 43 in the medium forecast. In the ISAAC model, 
these savings are assumed to accrue on the following 
schedule: 15 percent in 1991, 30 percent in 1993, 50 per
cent in 1994 and 85 percent from 1995 on. 

Electric Cooktops and Ovens 

A number of technologies to improve the efficiency of 
traditional electric resistance cooking and baking have 
been developed over the last few years. In cooktops, ra
diant cooking can reduce the energy used by traditional 
electric resistance units. This is primarily because heat 
already stored in the resistance element is wasted when 
the cooked food is removed and the element is turned off. 
However, the cost of radiant cooktops is quite expensive 
relative to traditional cooktops, while the savings are not 
large, resulting in levelized costs that are too expensive to 
consider further. 

A pervasive technology that has saved some of the 
energy used by ovens is the microwave oven. Since it heats 
food directly, instead of the cooking vessel and surround
ing air, it is much more efficient than a tradition oven. 
However, it is already in widespread use and therefore 
can't be considered further conservation. Reductions due 
to bi-radiant ovens could produce further savings, but 
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questions remain surrounding their use. This is a technol
ogy that is a promising resource. 

The Interaction Between Internal Gains 
and Electric Space Heat 

A house is warmed by a combination of internal and 
external heat sources. Internal heat comes from incidental 
or waste heat given off by appliances and people (usually 
called " internal gains") and from the space heater. The 
external source of heat is primarily radiant energy from 
the sun (usually called "solar gains"). These heating 
sources are in balance, and if the heat produced by any 
one of them decreases, more heat must be added from the 
other components to keep the house at the same tempera
ture. This section explains the interaction between the 
waste heat given off by appliances and the heat supplied 
by the space heater.31 

If the efficiency of an appliance, such as a refrigerator 
located inside the heated space, improves, the unit both 
uses less energy and gives off less waste heat. This change 
in tum causes the space heater to use more electricity, in 
order to keep the house at the same temperature it was 
before the improvement in the refrigerator's efficiency 
occurred. 

The balance between the decrease in electricity con
sumption by the refrigerator and the increase in use for 
extra space heating depends on many factors. One promi
nent factor is the insulation level of the house. The better 
insulated a dwelling, the less useful is the waste heat from 
the appliance. For example, the space heater must pro
duce about an additional 5 kilowatt-hours per year for 
every 10 kilowatt-hours per year saved by the appliance 
efficiency improvement, assuming all of the following: the 
appliance is located in the heated space, electricity is the 
space heating fuel , no air conditioning is installed, and the 
house is not fully insulated. In other words, only 50 per
cent of the savings from improving appliance efficiency 
would be realized. This estimate accounts for periods of 
the year, such as summer, when additional space heat is 
not necessary. 

This estimate must be tempered by other intervening 
variables to calculate the average expected impact on the 
Northwest electrical system from improved appliance effi
ciencies. First, the appliance must be one that produces 
internal gains. Many do not. For example, about half the 
electric freezers in the region are located outside heated 
areas. Waste heat generated from freezers (and other 
appliances) that are outside the heated shell of the house 
does not contribute to internal gains. Consequently, any 
efficiency improvements in appliances located outside the 
house would be fully realized as 100-percent energy sav
ings and would not require that additional heat be pro
vided by the furnace. 

31. Solar gains are considered constant in this discussion. 
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Second, a number of electrical appliances that do pro
duce internal gains, such as refrigerators, are located in 
houses that do not use electricity for their space heating. 
In this case, the full amount of electricity saved by improv
ing the appliance's efficiency is realized by the region's 
electrical system. 

Finally, the reduction of internal gains benefits the 
house if air-conditioning equipment is installed. In this 
case, less cooling needs to be provided in the summer to 
offset the internal gains from inefficient appliances. 

For water heaters, only the standby use of hot water 
held in the tank (for units located in the house) is an in
ternal gain. Variable hot water demand does not contrib
ute significantly to internal gains, even though it uses 
electricity. 32 Consequently, only efficiency improvements 
in standby use for tanks located in the house increase the 
heat needed from the space heater. 

When all of these factors are considered, electricity 
used for space heating must make up, on average in the 
region, about 17 percent, 20 percent, 13 percent and 22 
percent of the savings from standby losses on water heat
ers, refrigerators, freezers and lights, respectively. These 
figures were used to devalue the savings obtainable from 
these appliances in the preceding cost-effectiveness evalu
ations. 
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Commercial Sector 

Of the estimated conservation resource, the commer
cial sector accounts for roughly half of the total. At the 
same time, the commercial sector represents the most 
diverse and perhaps the least understood of all the sec
tors. It includes buildings ranging from 1,000 square foot 
convenience stores to 50-story office towers and energy 
uses ranging from computers to supermarket refrigerators. 
These two facts alone make the commercial sector a par
ticularly difficult, yet critically important part of estimating 
the conservation resource in the region. 

Because of the complexity of the sector, much less 
precision is possible for estimating the conservation poten
tial, when compared to the residential sector. For exam
ple, while three prototype residential buildings may 
encompass a majority of the energy-consuming character
istics in residential buildings, the 10 prototypes in the com
mercial analysis, each modeled twice as new and existing 
buildings, only start to reflect the wide range of energy
consuming characteristics found in commercial buildings. 

This section describes the current energy uses in the 
sector, the process used to evaluate the conservation po
tential, and a comparison with conservation program expe
rience. 

Summary 

In 1989, the commercial sector consumed approxi
mately 22 percent of the region's total energy sales or 
about 3,768 weather adjusted average megawatts. If loads 
grow at high levels, commercial energy consumption could 
more than double by the year 2010 to 7,900 average mega
watts. This sector's energy consumption is dominated by 
lighting (33 percent), space heating (27 percent), ventila
tion (15 percent) and cooling (8 percent). Further detail on 
the current estimates by end use are provided in Volume 
II, Chapter 6. 

Figure 7-15 shows the amount of existing and new 
commercial sector conservation available in the high fore
cast. The combined total of technical conservation poten
tial for the sector is over 1,850 average megawatts for 
measures costing 11 cents per kilowatt-hour or less. This 
makes the commercial sector conservation resource one of 
the largest resources in the portfolio and approximately 45 
percent of the entire conservation resource potential. 
However, this amounts to less than 25 percent of the proj
ected commercial electric energy demand in the year 2010. 
The resource is split fairly evenly between existing build
ings with 800 average megawatts and new commercial 
buildings at 710. The total also includes 350 average mega
watts of potential savings available if all of the existing 
stock were brought up to the same efficiency levels as new 
buildings during a renovation or remodel of the building. 
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The Council assumes that these cost-effective effi
ciency improvements in existing and new commercial 
buildings will be acquired through new programs and code 
improvements over the next 20 years. Therefore, the con
servation potential estimates used for the resource portfo
lio analysis do not include savings secured by the 1986 
Oregon and Washington energy codes and changes in 
practice. Efficiency improvements resulting from changes 
in codes and practice are reflected in the forecast through 
a reduction in loads of over 830 average megawatts. While 
these savings are not explicitly counted here, they repre
sent a significant amount of energy that would make the 
total potential savings from 1983 practice almost 2,700 av
erage megawatts. 

In addition to the resources described above, there 
are an estimated 250 additional average megawatts poten
tial from commercially available measures that cost be
tween 11 and 15 cents per kilowatt-hour. Many of these 
technologies are available but expensive today; but with 
the rapid change in technology in this sector, it is likely 
that many will become less expensive in the near future. 
This is especially true in the lighting end use where solid 
state electronics are revolutionizing the powering and con
trol of electric lighting equipment. 

Figures 7-16 and 7-17 show the amount of commer
cial sector conservation available at various costs in exist
ing and new buildings. 

Savings from existing commercial buildings are avail
able at an average cost of 5 cents per kilowatt-hour. Sav
ings from new commercial buildings are available at an 
average cost of about 4 cents per kilowatt-hour. These 
levelized costs escalate to 6 and 5 cents per kilowatt-hour, 
respectively, if administrative costs and transmission and 
distribution adjustments are included. 

The Council's estimate of conservation savings from 
the commercial sector involved the following four steps: 

1. Identify the current regional average consumption for 
typical existing and new commercial buildings. 

2. Evaluate cost-effective efficiency improvements in 
existing and new commercial buildings. 

3. Develop estimates of conservation potential in new 
and existing commercial buildings that are consistent 
with the Council's load forecasts. 

4. Estimate the amount of conservation potential achiev
able in new and existing commercial buildings. 
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Step 1. Identify the Current Regional 
Average Consumption for Typical 
Existing and New Commercial Buildings 

2 

The Council's commercial sector forecasting model 
contains representations of 10 building categories. Table 
7-58 shows the annual energy use for all-electric33 com
mercial buildings that comprised the stock in 1979, as esti
mated by the Council's forecast. This table also presents 
billing data information collected by Energuard and by the 
Commercial Audit Program (CAP). These two programs 
combined have large sample sizes for many of the building 
types. There is fair agreement between the forecast esti
mates and data from billing records. However, there is a 
large discrepancy for the forecast 's restaurant category, 
because the forecast includes all types of restaurants, in
cluding sit-down and fast-food, while the billing data is 
from fast-food restaurants only. Fast-food restaurants 
have very high energy use per square foot, because they 
usually are quite small and serve a large number of meals 
per day. The warehouse category also has a large variance 
between one of the billing data samples and the forecast. 
This could be due to small sample size. It should be re
membered that, while there is reasonable agreement be
tween the forecast and billing data for average values, for 
most of these building categories, there can be tremen
dous variations in use among buildings. 
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4 6 8 10 12 14 16 18 20 
Levelized Cost (cents/kWh) 

To convey the relative importance of each building 
type in the analysis, the last column of Thble 7-58 shows 
the percent of total electricity consumption for existing 
buildings in 1989, by building type. These percentages ac
count for the fact that not all end uses require electricity 
as their fuel. Office and retail buildings are far and above 
the most crucial building types for determining electricity 
consumption in existing commercial buildings. These two 
building types alone represent almost 50 percent of 
projected electricity consumption. 

In comparing the billing data shown in Table 7-58 and 
the forecast model assumptions, three factors should be 
kept in mind. First, the buildings with billing data from the 
Commercial Audit Program and Energuard shown in Table 
7-58 were not selected to be statistically representative of 
the average. Second, the annual use data from these 
sources represents each building's total energy use, 

33. The term all-electric means that every end use in the build
ing uses electricity as the fuel. The electricity consumption of 
the average building will be lower, ~ince some _end uses, for 
example, space heating, water heatmg or cooking, can be fueled 
by gas. ASHRAE stands for the American Society of H_eating, 
Refrigerating and Air-Conditioning ~ngineers, I_nc. This orga
nization sets various standards for bmldmg practices based on 
consensus.The Council's model conservation standards code for 
commercial buildings has been translated into model energy 
code format and is published in the 1990 Northwest Energy 
Code. 
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Table 7-58 
Summary of Annual Energy Use for Existing Commercial Buildings Located in the Region 

(All-Electric Buildings) 

Council's Building Type's 
Commercial Forecast Percent of 

Building Type Audit Program Energuard Data ELCAP• (1979 Stock) Total Electricity 
(Sample Size = N) (kWh/sq. ft./yr.) (kWh/sq. ft./yr.) (kWh/sq. ft./yr.) (kWh/sq. ft/yr.) Consumption in 1989 

Office 28b (N =579) 27 (N = 157) 21 (N = 14) 24 29% 

Retail 21 (N =681) 22 (N =581) 13 (N= 17) 18 18% 

Grocery 57b (N = 198) 61 (N=336) 76 (N=6) 70 10% 

Restaurant 43 (N=6) 38 5% 

• Fast-Food 133 (N =47) 116 (N=20) 

Hotel/Motel 26 (N =61) 23 (N=6) - 19 3% 

Health 29 (N=30) - 20 5% 

• Hospital 81C(N=22) 

School 24c (N =61) 20 (N = 146) 9 (N=2) 22 8% 

College Inc. in "Schools"d 7 (N= 1) 20 3% 

Warehouse 12 (N=43) 20 (N=77) 8 (N = 12) 23 5% 

Other 22 (N =41) 7 (N=3) 16 15% 

Total 100% 

a Consumption data from End-use Load and Conservation Assessment Project commercial summaries. 

b Consumption data for this building type was augmented by information from the Public Utility Regulatory Policies Act of 1978. 

C Consumption data for this building type was augmented by information from the Institutional Buildings Program (IBP) and the 
Institutional Conservation Program (ICP). 

d Colleges included in schools category for the Energuard Data. 

regardless of the fuel source. Total energy use is then con
verted to kilowatt-hours per square foot. Since many of 
these buildings use natural gas or fuel oil for some end 
uses, the conversion efficiencies of these fuels are in
cluded in the figures. In contrast, the figures from ELCAP 
and the Council's forecast shown here assume that all en
ergy requirements of the building are supplied by electric
ity. Third, the year of operation for the buildings in the 
sample is mostly prior to 1985, and the forecast figures use 
1979 as the operating year. Finally, the ELCAP numbers 
include some new buildings in these summaries, although 
the majority of the buildings are pre-1980 stock. 

The ELCAP data presents some unique opportunities 
for further comparisons, because of the detailed end-use 
monitored data available. Unfortunately, the sample sizes 
monitored for most of the building types are so small that 
it is difficult to draw any conclusions from the group. 
However, the sample sizes for office and retail are large 
enough to permit some aggregation and draw some con
clusions. Due to the sample selection procedure and 
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limited size of even these groups. it would be careless to 
generalize these conclusions to the rest of the regional 
stock, but it is useful to compare the monitored data with 
both the forecast output and the engineering prototype 
analysis used to generate the supply curves. 

Table 7-59 presents a comparison of the ELCAP data, 
prototype engineering analysis and the forecast estimates 
for a number of end uses in new and existing office and 
retail buildings. Since the ELCAP offices average less 
than 50,000 square feet, the ELCAP buildings must be 
compared more with the UIC small prototypes than with 
the large prototype. Interestingly enough, the agreement 
between the forecast and the ELCAP data is fairly good 
for most end uses. However, neither UIC prototype seems 
to agree very well with the forecast or the ELCAP data by 
end-use, even though the UIC prototypes were calibrated 
to other samples of commercial buildings. It is important 
to note that the UIC numbers represent resistance heat 
while both the ELCAP sample and the forecast have a 
fraction of buildings that use heat pumps. While the exact 
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impact of the heat pumps is not known, one would expect 
that the space heating numbers from the UIC work would 
be higher than the ELCAP or forecast numbers. Given 
that lighting affects both heating and cooling, this differ-

ence has implications on the HVAC interactions of light
ing measures for the total electrically heated building 
stock. 

Table 7-59 
EU/ Summary Table-Existing Office Buildings 

Public Utility 
Building Type Small Office ComBase Offices Offices Medium Office Large Office 

Developer UIC ELCAP N=7 NP PC/Forecast ASHRAE UIC 

Prototype 1980 Base Mean Pre-1980 1979 All Electric Average All Cases 1980 Base 

Floor Area (sq. ft.) 4,880 9,150 NIA 48,664 408,000 

End Use Energy Consumption (kWh/sq. ft.) 

Space Heat 10.3 7.2 5.7 2.6 14.2 

Space Cool 2.0 2.1 2.9 4.1 1.7 

HV AC Auxiliary 1.2 2.7 3.8 2.8 5.3 

Hot Water 0.5 1.4 0.3 0.3 0.2 

Internal Lighting 5.8 9.4 8.9 6.4 10.1 

External Lighting 1.3 2.8 - - 0.4 

Vertical Transport 0.3 0.1 - 1.4 0.9 

Misc. Equipment 2.3 2.5 2.6 2.0 2.2 

Total 23.7 27.5 24.4 19.4 35.0 

New Office Buildings 

Public Utility 
Building Type Small Office ComBase Offices Offices Medium Office Large Office 

Developer UIC ELCAP NP PC/Forecast ASHRAE UIC 

1989 All 
Prototype 1989 All Electric Mean Post-1979 1990 All Electric Average All Cases Electric 

Floor Area (sq. ft.) 4,880 11,915 NIA 48,664 408,000 

End Use Energy Consumption (kWh/sq. ft.) 

Space Heat 7.8 3.2 5.9 2.6 5.3 

Space Cool 1.6 1.7 6.1 3.6 0.6 

HV AC Auxiliary 2.0 4.4 4.4 2.8 1.8 

Hot Water 0.5 0.6 0.3 0.3 0.2 

Internal Lighting 4.7 6.1 7.6 6.4 7.3 

External Lighting 1.3 1.4 - - 0.4 

Vertical Transport 0.3 0.1 - 1.4 0.5 

Misc. Equipment 3.3 3.0 3.3 2.0 3.1 

Total 21.5 20.4 27.8 19.0 19.2 
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Table 7-59 (cont.) 
Existing Retail Buildings 

Building Type Small Retails ComBase Retails Public Utility Large Retails 
Retails 

Developer UIC ELCAP NPPC/Forecast UIC 

Prototype Base Line Mean Pre-1980 1979 All Electric Base Line 

Floor Area (sq. ft.) 13,125 26.565 NIA 120,000 

End Use Energy Consumption (kWh/sq. ft.) 

Space Heat 4.8 2.7 3.1 2.5 

Space Cool 0.9 0.9 3.9 0.5 

HV AC Auxiliary LO 0.6 4.9 3.3 

Hot Water 0.4 0.5 0.2 0.2 

Internal Lighting 7.8 6.3 6.3 13.8 

External Lighting 0.9 0.7 - 0.3 

Vertical Transport 0.0 0.0 - 0.6 

Misc. Equipment 1.1 1.8 2.1 1.2 

Total 16.8 13.6 20.5 22.4 

New Retail Buildings 

Public Utility 
Building Type Small Retails ComBase Retails Retails Large Retails 

Developer urc ELCAP NPPC/Forecast UIC 

Prototype 1989 All Electric Mean Post-1979 1990 All Electric 1989 All Electric 

Floor Area (sq. ft.) 13,125 2,867 NIA 120,000 

End Use Energy Consumption (kWh/sq. ft.) 

Space Heat 1.1 3.1 

Space Cool 0.7 0.6 

HV AC Auxiliary 1.6 1.0 

Hot Water 0.4 0.4 

Internal Lighting 8.4 3.8 

External Lighting 0.8 2.3 

Vertical Transport - -

Misc. Equipment 1.1 1.1 

Total 14.1 12.3 

The ELCAP data for new buildings other than office 
and retail is even more limited, and other data sets are 
difficult to find as well. Table 7-60 shows energy use data 
that is available from new commercial buildings. The 
Council's forecast assumptions on new commercial build
ings built to 1980 practice appear first in Table 7-60. These 
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3.1 0.0 

3.9 0.7 

4.9 4.2 

0.2 0.2 

6.3 12.5 

- 0.3 

- 0.6 

2.2 0.6 

20.5 19.1 

buildings are assumed to meet the level of ASHRAE 
90-80A, that represents the level of Oregon and Washing
ton state building codes in 1980. The second column shows 
available data from work done by a Bonneville contractor 
and from work at the Oregon Department of Energy on 
billing information in recently built commercial buildings. 
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This can be compared to billing data collected primarily 
through the Commercial Audit Program, which is shown 
in the third column. The final column in Table 7-60 shows 
the percent of electricity consumption in the year 1989 
represented by each building type. Again, offices and re
tail stores are the most important building types, account
ing for over 45 percent of total electricity consumption. 
These building types are followed in importance by restau
rants and groceries. 

The comparison of values in Table 7-60 needs to be 
qualified. First, the forecast figures for both 1980 practice 
and estimated 1989 practice assume an all-electric build
ing; consequently, fuel conversion efficiencies are not in
corporated. In contrast, the average use figures for 
current practice buildings are for total energy and include 
fuel conversion efficiencies. Second, the sample size of 
energy consumption in new buildings is very small, except 
for offices and retail, and buildings were not selected to 
represent the region. 

CONSERVATION RESOURCES 

In compaiing data for new commercial buildings, it is 
important to understand that there have been significant 
changes in this portion of the sector that make it difficult 
to model. Changes in energy-use patterns in areas such as 
Seattle that have recently experienced strong economic 
growth can greatly influence the total energy consumption 
of a building. In addition, increased use of computers, 
both desktop and central, have increased the total con
sumption and shifted a great deal of heating into a cooling 
requirement. Both of these trends, as well as other ef
fects, have altered the way that the buildings behave, mak
ing it difficult to model from either a forecasting or 
engineering perspective. 

Figure 7-18 compares predicted or modeled energy 
use with metered use for offices from several different 
data sets, including the Seattle Major Projects Evaluation 
and Energy Edge. With this small a sample, it is very diffi
cult to predict the absolute usage of a small sample of 
buildings. Further work needs to be completed to refine 
both the models and our understanding of the factors that 
drive the buildings' energy use. 

Table 7-60 
Summary of Annual Energy Use for New Commercial Buildings Located in the Region 

(All-Electric Buildings) 

1980 Practice Sample of Current Practice Building Type's Percent 
from Forecast (Approximately 1980 Construction) of Total Electricity 

(kWh/sq. ft./yr.) (Sample Size = N) (kWh/sq. ft./yr.) Consumption in 1989 

Commercial Audit 
Oregon Survey Program 

Office 30 19 (N = 14) 21 (N = 159) 25% 

Restaurant 28 - 4% 

• Fast-Food NIA 141 (N = 16) 

Retail 23 22 (N = 8) 20 (N = 135) 20% 

Grocery 62 44 (N = 1) 70 (N = 46) 12% 

Warehouse 17 18 (N = 1) 15 (N = 5) 5% 

School 18 16 (N = 3) 12 (N = 2) 5% 

College 20 22 (N = 1) - 3% 

Health 14 - - 5% 

Hotel/Motel 13 - 23 (N = 12) 4% 

Miscellaneous 16 28 (N = 2) - 17% 

Total 100% 
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Step 2. Evaluate the Efficiency 
Improvement Available in Existing 
and New Commercial Buildings 

0 

For both new and existing buildings, the estimates of 
cost-effective efficiency changes, and costs to achieve 
these changes are based primarily on work done for Bon
neville by United Industries Corporation (UIC). This work 
develops base-case energy use, savings and costs from 
adding conservation measures for 10 prototype buildings. 
For existing commercial buildings, each prototype is mod
eled to reflect existing stock in 1979. To represent new 
commercial buildings, each prototype was modified to re
flect how a new building of this prototype would have 
been built in 1980 as well as to 1989 current practice. The 
base-case use of each building prototype was calibrated to 
billing data available for that building type. For existing 
buildings these values came primarily from the Commer
cial Audit Program. For new buildings the consumption 
was calibrated most closely to the ELCAP data. 

While the underlying analysis for the existing building 
sector continues to be the Commercial Building Prototype 
Review (1988), the new building sector analysis was com
pletely revised based on the Analysis of Commercial Mod
el Conservation Standards Study (November 1990). This 
new work contains significantly updated costs and energy 
savings estimates that were unavailable at the time that 
the draft plan was published. Therefore, all of the proto-
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typical buildings in the new sector were completely re
vised. Because there was no similar new work for existing 
buildings, only the office and retail sectors were revised 
from previous analysis. 

For both existing and new buildings, the UIC work 
estimated initial costs from a variety of sources including 
standard cost estimating tools, local distributor quotes and 
program data where available .. Savings from installing con
servation measures were estimated using an hourly simu
lation model. Because commercial conservation measures 
can have significant interaction with one another, it is gen
erally necessary to use a fairly detailed model to deter
mine the net savings from an individual measure. For 
example, making lighting more efficient can save electric
ity both from the lights and from the cooling load of the 
building. But if the building has a greater heating load 
than cooling load, then more heating will be required 
when the more efficient lights are installed. Because of 
these and other interactions, savings that are evaluated 
from installing one individual measure can be under- or 
overestimated compared to the savings that can be 
achieved when a package of conservation measures is in
stalled. 

To the extent possible, the savings estimates take into 
account the interaction of the package of measures in
stalled in the building. The UIC work was used to deter
mine the interaction terms for all of the prototypes except 
office and retail in existing buildings. Interaction terms for 
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CHAPTER 7 

these two prototypes were taken from a study of lost-op
portunity resources in renovations and remodels in the 
commercial sector. The primary reason for using the dif
ferent set of interaction terms lies specifically in the large 
building prototypes in these sectors. The UIC work pre
dicted interaction terms that appeared to be too large for 
these types of buildings and the renovation/remodel study 
was thought to provide a more realistic assessment of 
these terms. 

For new buildings, interaction terms were modeled 
directly for both electric resistance and heat pump heating 
systems and weighted according to an estimate of the mar
ket share for each. In addition, since a large fraction of 
the building stock is heated with fossil fuels, the electric 
interaction becomes positive due to the lack of an electric 
space heating penalty. Again, these interaction terms were 
weighted according to estimated market shares with the 
resistance and heat pump heating systems. 

Measures analyzed for all prototype buildings fall pri
marily into the following end uses: lighting, heating, venti
lation and air conditioning, and domestic hot water. 
Where appropriate, the prototypes included an analysis of 
refrigeration conservation measures as well. Lighting mea
sures include efficient lamps and ballasts, more efficient 
fixtures and advanced control systems. Heating, ventilating 
and cooling improvements included such measures as 
economizers to use outside air to cool, variable air volume 
controls and radiant heaters, where applicable. Building 
structure measures, such as roof and wall insulation, and 
more efficient windows also were modeled. Refrigeration 
improvements were taken from a study done for Bonne
ville by ADM Associates. Refrigeration savings applied 
only to grocery stores and restaurants. 

As with any prototype work, some of the measures 
applied to the prototype building would not apply to a par
ticular building, if an audit were done on it. Conversely, 
there may be measures that are not included in the proto
type analysis that can be applied to the audited building. 
Essentially, the measures used in the prototype analysis 
are simply a proxy for the costs and savings that one could 
expect to achieve in the great variety of buildings the pro
totype represents. However, the actual measures that are 
installed to secure the savings may vary significantly from 
those in the prototype analysis. 
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CONSERVATION RESOURCES 

Since the initial UIC work was completed in 1987, 
there have been a number of technological improvements 
that allow greater levels of efficiency to be achieved, par
ticularly in the lighting sector. For new buildings, the new 
UIC work includes a comprehensive analysis of current 
technology. However, because of the limitations on the 
data available for existing buildings a detailed look at 
lighting was pedormed for the office and retail sectors 
only. Tables 7--61 through 7-70 list the individual measures 
for lighting, HVAC and domestic hot water for prototypes 
for new buildings. Tables 7-71 through 7-74 list the indi
vidual measures for office and retail prototype existing 
buildings. 

For the new prototypes, the UIC work analyzed a 
package of measures that are included if the buildings 
were built to the Council's new model conservation stan
dards code. The MCS code was based on ASHRAE stan
dard 90.1-1989 and the lighting requirements of the 
Department of Energy's Standards for Non-Residential 
Buildings. These standards were both developed as nation
al consensus standards and therefore do not necessarily 
include measures that would fall into the optimal order. 
Therefore, the requirements of the MCS were modeled as 
a package that was assumed to come in before any other 
measures. 
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Table 7-61 
New Large Office 

Prototype Summary 

Location Seattle 

Floor Area 408,000 

Regional Weighting 0.146 

Deflator (1989-January 1990) 1.000 

Program Life 45 

Base Efficiency Light Operating Hours 4,250 

Prototype Weightings 

Fuel Choice Interactions 

Base Year HVAC Interactions %All % Electric Heat Cool Net 

Electric Resistance 70% 88% -0.4 0.10 0.70 

Electric Heat Pump 10% 13% -0.2 0.20 1.00 

Gas 20% - 0 0.10 1.10 

Total 100% 100% 0.81 

Measure 

Net Capital Annual Measure Levelized Cost 
End Savings Cost O&M Life Cost PV 
Use Description (kWh/sq. ft.) ($/sq. ft.) ($/sq. ft.) (yr.) (m/kWh) ($/sq. ft.) 

All 1980 Base - - - - - -

All 1989 Base Case - - - - - -

All MCS Package< 1.69 0.34 -0.003 30 20 0.40 

LGTct Occupancy Sensors 1.23 0.22 0.000 15 34 0.49 

LGTct E.L Exit Signs0 0.13 0.07 -0.001 30 40 0.06 

LG~ Ambient/Task Lighting 1.45 0.33 0.012 30 45 0.78 

ENVr Very Low-E Windows 1.35 0.71 0.000 30 62 1.00 

HVC& Variable Speed Drive 0.09 0.05 0.000 15 94 0.10 

LG~ Daylight Dimming 0.13 0.28 0.000 15 382 0.61 

HVC8 Evaporative Cooling 0.16 0.56 0.000 15 647 1.23 

Block 1 Summary 

Cutoff (mills/kWh) 

Cumulative Cost ($/sq. ft.) 

Cumulative Savings (kWh/sq. ft.) 

Average Levelized Cost (mills/kWh) 

Average Cost ($/kW) 

Block 2 Summary 

Cutoff (mills/kWh) 

Cumulative Cost ($/sq. ft.) 

Cumulative Savings (kWh/sq. ft.) 

Average Levelized Cost (mills/kWh) 

Incremental Cost ($/sq. ft.) 

Incremental Savings (kWh/sq. ft.) 

Incremental Cost ($/kW) 

Building 

Cumulative Cumulative Cumulative 
Savings PV Cost 

(kWh/sq. ft.) ($/sq. ft.) (m/kWh) 

- - -

- - -
1.69 0.40 19.9 

2.92 0.89 25.7 

3.05 0.96 26.3 

4.49 1.73 32.4 

5.85 2.74 39.3 

5.94 2.84 40.1 

6.07 3.45 47.7 

6.23 4.68 63.1 

Total 
EUI• 

(kWh/sq. ft.) 

22.5 

19.3 

17.6 

16.5 

16.4 

15.1 

13.7 

13.6 

13.5 

13.3 

110 

$2.84 

5.94 

40.1 

$4,186 

150 

$2.84 

5.94 

40.1 

$0.00 

0.00 

$0 

Efficient 
LPDb 

(w/sq. ft.) 

2.2 

1.7 

1.3 

0.9 

0.9 

0.4 

0.4 

0.4 

0.4 

0.4 
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BUI-Energy Use Index 

LPD-Lighting Power Density 

Table 7-61 (cont.) 
New Large Office 

MCS (model conservation standards) Package represents the Council's recommended code published in the 1990 Northwest Energy Code. 

LGT - Lighting. 

Electroluminescent Exit Signs. 

ENV - Envelope. 

HVC-Heating, Ventilating and Air-Conditioning. 
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Table 7-62 
New Large Retail 

Prototype Summary 

Location Seattle 

Floor Area 120,000 

Regional Weighting 0.059 

Deflator (1989-J anuary 1990) 1.000 

Program Life 45 

Base Efficiency Light Operating Hours 5,100 

Prototype Weightings 

Fuel Choice Interactions 

Base Year HVAC Interactions %All % Electric Heat Cool Net 

Electric Resistance 20% 50% 0 0.03 1.03 

Electric Heat Pump 20% 50% 0 0.03 1.03 

Gas 60% - 0 0.03 1.03 

Total 100% 100% 1.03 

Measure 

Net Capital Annual Measure Levelized Cost 
End Savings Cost O&M Life Cost PV 
Use Description (kWh/sq. ft.) ($/sq. ft.) ($/sq. ft.) (yr.) (m/kWh) ($/sq. ft.) 

All 1980 Base - - - - - -

All 1989 Base Case - - - - - -

All MCS Packagec 2.34 0.23 0.064 30 73 2.05 

LGTct E.L. Exit Signse 0.09 0.04 -0.001 30 30 0.03 

LGTct T-8 w/Electronic Ballast 1.47 0.20 0.023 30 52 0.92 

LGTct Halogen IR Lamps 1.81 0.04 0.043 l 108 2.33 

HVC1 Evaporative Cooling 0.18 0.69 0.000 15 703 1.52 

Block 1 Summary 

Cutoff (mills/kWh) 

Cumulative Cost ($/sq. ft.) 

Cumulative Savings (kWh/sq. ft.) 

Average Levelized Cost (mills/kWh) 

Average Cost ($/kW) 

Block 2 Summary 

Cutoff (mills/kWh) 

Cumulative Cost ($/sq. ft.) 

Cumulative Savings (kWh/sq. ft.) 

Average Levelized Cost (mills/kWh) 

Incremental Cost ($/sq. ft.) 

Incremental Savings (kWh/sq. ft.) 

Incremental Cost ($/kW) 

Building 

Cumulative Cumulative Cumulative 
Savings PV Cost 

(kWh/sq. ft.) ($/sq. ft.) (m/kWh) 

- - -

- - -

2.34 2.05 73.3 

2.43 2.08 71.8 

3.90 2.99 64.4 

5.72 5.32 78.2 

5.90 6.85 97.5 

llO 

$5.32 

5.72 

78.2 

$8,159 

150 

$5.32 

5.72 

78.2 

$0.00 

0.00 

NIA 

Total Efficient 
EUia LPDb 

(kWh/sq. ft.) (w/sq. ft.) 

20.0 2.5 

19.1 2.5 

16.8 2.0 

16.7 2.0 

15.2 1.7 

13.4 1.4 

13.2 1.4 
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BUI-Energy Use Index 

LPD-Lighting Power Density 

Table 7-62 ( cont.) 
New Large Retail 

MCS (model conservation standards) Package represents the Council's recommended code published in the 1990 Northwest Energy Code. 

LOT-Lighting. 

Electroluminescent Exit Signs. 

HVC-Heating, Ventilating and Air-Conditioning. 
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Table 7-63 
New Small Office 

Prototype Summary 

Location Seattle 

Floor Area 4,880 

Regional Weighting 0.141 

Deflator (1989-January 1990) 1.000 

Program Life 45 

Base Efficiency Light Operating Hours 2,600 

Prototype Weightings 

Fuel Choice Interactions 

Base Year HVAC Interactions %All % Electric Heat Cool Net 

Electric Resistance 20% 50% -0.54 0.12 0.58 

Electric Heat Pump 20% 50% -0.19 0.12 0.93 

Gas 60% - 0.00 0.12 1.12 

Total 100% 100% 0.97 

Measure 

Net Capital Annual Measure Levelized Cost 
End Savings Cost O&M Life Cost PV 
Use Description (kWh/sq. ft.) ($/sq. ft.) ($/sq. ft.) (yr.) (m/kWh) ($/sq. ft.) 

All 1980 Base - - - - - -

All 1989 Base Case - - - - - -
All MCS Packagec 1.36 0.49 -0.003 30 38 0.61 

HVCct Heat Pump 2.28 0.13 0.000 10 15 0.40 

LGTe E.L Exit Signsr 0.16 0.07 -0.001 30 30 0.06 

LGTe Ambient/Task Lighting 1.35 0.36 0.008 30 45 0.73 

LGr Daylight Dimming 1.08 0.45 0.000 15 78 0.99 
Electronic Ballast 

ENV& R-19 Ceiling Insulation 0.08 0.06 0.000 30 82 0.08 

ENV& Add R-5 Wall Insulation 0.48 0.38 0.000 30 95 0.54 

Block 1 Summary 

Cutoff (mills/kWh) 

Cumulative Cost ($/sq. ft.) 

Cumulative Savings (kWh/sq. ft.) 

Average Levelized Cost (mills/kWh) 

Average Cost ($/kW) 

Block 2 Summary 

Cutoff (mills/kWh) 

Cumulative Cost ($/sq. ft.) 

Cumulative Savings (kWh/sq. ft.) 

Average Levelized Cost (mills/kWh) 

Incremental Cost ($/sq. ft.) 

Incremental Savings (kWh/sq. ft.) 

Incremental Cost ($/kW) 

Building 

Cumulative Cumulative Cumulative 
Savings PV Cost 

(kWh/sq. ft.) ($/sq. ft.) (m/kWh) 

- - -

- - -

1.36 0.61 38.0 

3.64 1.01 23.3 

3.80 1.07 23.6 

5.15 1.80 29.3 

6.23 2.79 37.7 

6.31 2.88 38.3 

6.79 3.42 42.2 

100 

$3.42 

6.79 

42.2 

$4,407 

150 

$5.21 

7.88 

55.5 

$1.80 

1.09 

$14,449 

Total Efficient 
EUI• LPDb 

(kWh/sq. ft.) (w/sq. ft.) 

20.9 2.2 

19.4 1.8 

18.1 1.4 

15.9 1.4 

15.7 1.3 

14.5 0.8 

13.5 0.4 

13.5 0.4 

13.0 0.4 
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Table 7-63 ( cont.) 
New Small Office 

Measure 

Net Capital Annual Measure Levelized Cost Cumulative Cumulative 
End Savings Cost O&M Life Cost PV Savings PV 
Use Description (kWh/sq. ft .) ($/sq. ft.) ($/sq. ft.) (yr.) (m/k.Wh) ($/sq. ft.) (kWh/sq. ft.) ($/sq. ft.) 

ENVg Window U = 0.59 0.35 0.36 0.000 30 122 0.50 7.14 3.92 

HVC'1 Economizer 0.69 0.43 0.000 11 147 1.21 7.83 5.13 

ENV& R-19 to R-25 Ceiling 0.05 0.06 0.000 30 140 0.08 7.88 5.21 

ENV& Window U = 0.52 0.52 0.74 0.000 30 171 1.05 8.40 6.26 

ENV& Window U = 0.46 0.65 1.05 0.000 30 191 1.48 9.05 7.74 

ENV& R-25 to R-30 Ceiling 0.03 0.05 0.000 30 220 0.07 9.07 7.81 

ENV& R-30 to R-38 Ceiling 0.03 0.08 0.000 30 295 0.11 9.11 7.92 

a EUI - Energy Use Index 

b LPD-Lighting Power Density 

C MCS (model conservation standards) Package represents the Council's recommended code published in the 1990 No,1hwest Energy Code. 

d HVC-Heating, Ventilating and Air- Conditioning. 

e LOT-Lighting. 

f Electroluminescent Exit Signs. 

g ENV - Envelope. 
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Building 

Cumulative Total 
Cost EUI" 

(m/k.Wh) (kWh/sq. ft.) 

46.1 12.6 

55.0 11.9 

55.5 11.9 

62.6 11.4 

71.8 10.7 

72.3 10.7 

73.0 10.7 

Efficient 
LPDb 

(w/sq. ft .) 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 
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Table 7-64-
New Small Retail 

Prototype Summary 

Location Seattle 

Floor Area 13,124 

Regional Weighting 0.089 

Deflator (1989-January 1990) 1.000 

Program Life 45 

Base Efficiency Light Operating Hours 4,000 

Prototype Weightings 

Fuel Choice Interactions 

Base Year HVAC Interactions % All % Electric Heat Cool Net 

Electric Resistance 20% 50% -0.28 0.08 0.80 

Electric Heat Pump 20% 50% -0.14 0.08 0.94 

Gas 60% - 0 0.08 1.08 

Total 100% 100% 1.00 

Measure 

Net Capital Annual Measure Levelized Cost 
End Savings Cost O&M Life Cost PV 
Use Description (kWh/sq. ft.) ($/sq. ft.) ($/sq. ft.) (yr.) (m/kWh) ($/sq. ft.) 

All 1980 Base - - - - - -

All 1989 Base Case - - - - - -

All MCS Packagec 0.61 0.29 -0.106 30 -337 -2.47 

LGTct Daylight Dimming 0.78 0.07 0.000 15 16 0.15 

LGTct E.L. Exit Signse 0.08 0.03 -0.001 30 31 0.03 

LGTct Halogen IR Lamps 0.90 0.01 0.009 1 48 0.51 

LGTct T-8 w/Electronic Ballast 1.88 0.43 0.034 30 67 1.51 

HVCf Heat Pump 0.33 0.10 0.000 10 82 0.32 

Block 1 Summary 

Cutoff (mills/kWh) 

Cumulative Cost ($/sq. ft.) 

Cumulative Savings (kWh/sq. ft.) 

Average Levelized Cost (mills/kWh) 

Average Cost ($/kW) 

Block 2 Summary 

Cutoff (mills/kWh) 

Cumulative Cost ($/sq. ft.) 

Cumulative Savings (kWh/sq. ft.) 

Average Levelized Cost (mills/kWh) 

Incremental Cost ($/sq. ft.) 

Incremental Savings (kWh/sq. ft.) 

Incremental Cost ($/kW) 

Building 

Cumulative Cumulative Cumulative 
Savings PV Cost 

(kWh/sq. ft.) ($/sq. ft.) (m/kWh) 

- - -

- - -

0.61 0.00 0.0 

1.40 0.15 9.0 

1.47 0.18 10.1 

2.38 0.69 24.3 

4.26 2.20 43.4 

4.59 2.52 46.2 

Total 
EUia 

(kWh/sq. ft.) 

15.6 

13.9 

13.3 

12.6 

12.6 

11.8 

10.1 

9.7 

110 

$2.52 

4.59 

46.2 

$4,819 

150 

$2.52 

4.59 

46.2 

$0.00 

0.00 

NIA 

Efficient 
LPDb 

(w/sq. ft.) 

2.1 

2.1 

2.0 

1.8 

1.8 

1.6 

1.1 

1.1 
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EUI-Energy Use Index 

LPD-Lighting Power Density 

Table 7-64 (cont.) 
New Small Retail 

MCS (model conservation standards) Package represents the Council's recommended code published in the 1990 No,thwest Energy Code. 

LGT -Lighting. 

Electroluminescent Exit Signs. 

HVC-Heating, Ventilating and Air-Conditioning. 
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Table 7-65 
New Warehouse 

Prototype Summary 

Location Seattle 

Floor Area 18,025 

Regional Weighting 0.047 

Deflator (1989-January 1990) 1.000 

Program Life 45 

Base Efficiency Light Operating Hours 3,120 

Prototype Weightings 

Fuel Choice Interactions 

Base Year HVAC Interactions %All % Electric Heat Cool Net 

Electric Resistance 40% 80% -0.1 0.10 1.00 

Electric Heat Pump 10% 20% -0.1 0.10 1.00 

Gas 50% - 0 0.10 1.10 

Total 100% 100% 1.05 

Measure 

Net Capital Annual Measure Levelized Cost 
End Savings Cost O&M Life Cost PV 
Use Description (kWh/sq. ft.) ($/sq. ft.) ($/sq. ft.) (yr.) (m/kWh) ($/sq. ft.) 

All 1980 Base - - - - - -

All 1989 Base Case - - - - - -

All MCS Packagec 0.97 0.11 -0.017 30 -26 -0.30 

LGTd Occupancy Sensors 0.57 0.04 0.000 10 19 0.13 

HVCe Heat Pump 0.44 0.03 0.000 10 20 0.10 

LGr E.L. Exit Signs1 0.09 0.04 -0.001 30 29 0.03 

LGTd Ambient/Task Lighting 0.18 0.07 -0.000 30 43 0.09 

LGr Daylight Dimming 0.11 0.05 0.000 15 86 0.12 

ENVg Add R-5 Wall Insulation 0.32 0.23 0.000 30 85 0.32 

ENV& R-19 Roof Insulation 0.14 0.11 0.000 30 92 0.15 

Block 1 Summary 

Cutoff (mills/kWh) 

Cumulative Cost ($/sq. ft.) 

Cumulative Savings (kWh/sq. ft.) 

Average Levelized Cost (mills/kWh) 

Average Cost ($/kW) 

Block 2 Summary 

Cutoff (mills/kWh) 

Cumulative Cost ($/sq. ft.) 

Cumulative Savings (kWh/sq. ft.) 

Average Levelized Cost (mills/kWh) 

Incremental Cost ($/sq. ft.) 

Incremental Savings (kWh/sq. ft.) 

Incremental Cost ($/kW) 

Building 

Cumulative Cumulative Cumulative 
Savings PV Cost 

(kWh/sq. ft.) ($/sq. ft.) (m/kWh) 

- - -

- - -

0.97 0.00 0.0 

1.54 0.13 7.1 

1.98 0.23 9.9 

2.07 0.26 10.7 

2.25 0.36 13.3 

2.36 0.47 16.8 

2.68 0.79 24.8 

2.82 0.94 28.l 

Total 
EUP 

(kWh/sq. ft.) 

9.9 

8.2 

7.3 

6.7 

6.3 

6.2 

6.0 

5.9 

5.5 

5.2 

110 

$0.94 

2.86 

27.7 

$2,894 

150 

$1.07 

2.93 

30.6 

$0.13 

0.08 

$14,507 

Efficient 
LPDb 

(w/sq. ft.) 

1.0 

1.0 

0.6 

0.4 

0.4 

0.4 

0.3 

0.3 

0.3 

0.2 
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Table 7-65 (cont.) 
New Warehouse 

Measure 

Net Capital Annual Measure Levelized Cost Cumulative Cumulative 
End Savings Cost O&M Life Cost PY Savings PY 
Use Description (kWh/sq. ft.) ($/sq. ft. ) ($/sq. ft.) (yr.) (m/k.Wh) ($/sq. ft. ) (kWh/sq. ft. ) ($/sq. ft .) 

ENV& R-19 to R- 25 Roof 0.08 

I 
0.09 

I 
0.000 I 30 

I 
139 

I 
0.13 2.90 

I 
1.07 

Insulation 

a EUI-Energy Use Index 

b LPD-Lighting Power Density 

C MCS (model conservation standards) Package represents the Council's recommended code published in the 1990 Northwest Energy Code. 

d LOT- Lighting. 

e HVC-Heating, Venti lating and Air-Conditioning. 

r Electroluminescent Exit Signs. 

g ENV-Envelope. 
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Building 

Cumulative 
Cost 

(m/k.Wh) 

I 
31.0 

I 

Total Efficient 
EUP LPDt 

(kWh/sq. ft. ) (w/sq. ft.) 

5. 1 
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Table 7-66 
New School 

Prototype Summary 

Location Seattle 

Floor Area 67,784 

Regional Weighting 0.063 

Deflator (1989-January 1990) 1..000 

Program Life 45 

Base Efficiency Light Operating Hours 2,534 

Prototype Weightings 

Fuel Choice Interactions 

Base Year HVAC Interactions % All % Electric Heat Cool Net 

Electric Resistance 25% 50% -0.68 0.00 0.32 

Electric Heat Pump 25% 50% -0.34 0.00 0.39 

Gas 50% - 0 0.00 1.00 

Total 100% 100% 0.68 

Measure 

Net Capital Annual Measure Levelized Cost 
End Savings Cost O&M Life Cost PY 
Use Description (kWh/sq. ft.) ($/sq. ft.) ($/sq. ft.) (yr.) (m/kWh) ($/sq. ft.) 

All 1980 Br1se - - - - - -

All 1989 Base Case - - - - - -
All MCS Packagec 0.65 0.15 0.008 30 56 0.43 

LGTct E.L. Exit Signse 0.14 0.07 -0.002 30 35 0.06 

ENVr R-25 Roof Insulation 0.19 0.10 0.000 30 67 0.15 

ENVr Very Low-E Windows 0.22 0.13 0.000 30 72 0.19 

ENVr R-19 Wall Insulation 0.37 0.25 0.000 30 79 0.35 

ENV1 R-19+R-5 Wall 0.28 0.20 0.000 30 84 0.28 
Insulation 

HVCg Variable Speed Drive on 0.18 0.09 0.000 15 92 0.20 
Pumps and Fans 

Block 1 Summary 

Cutoff (mills/kWh) 

Cumulative Cost ($/sq. ft.) 

Cumulative Savings (kWh/sq. ft.) 

Average Levelized Cost (mills/kWh) 

Average Cost ($/kW) 

Block 2 Summary 

Cutoff (mills/kWh) 

Cumulative Cost ($/sq. ft.) 

Cumulative Savings (k~h/sq. ft.) 

Average Levelized Cost (mills/kWh) 

Incremental Cost ($/sq. ft.) 

Incremental Savings (kWh/sq. ft.) 

Incremental Cost ($/kW) 

Building 

Cumulative Cumulative Cumulative 
Savings PY Cost 

(kWh/sq. ft.) ($/sq. ft.) (m/kWh) 

- - -

- - -

0.65 0.00 0.0 

0.79 0.06 6.1 

0.97 0.20 17.6 

1.19 0.39 27.6 

1.56 0.74 39.8 

1.84 1.02 46.5 

2.03 1.22 50.7 

Total 
EUI" 

(kWh/sq. ft.) 

12.0 

17.2 

16.6 

16.5 

16.3 

16.1 

15.7 

15.4 

15.2 

110 

$1.35 

2.14 

52.8 

$5,511 

150 

$1.54 

2.26 

57.3 

$0.20 

0.12 

$14,309 

Efficient 
LPDb 

(w/sq. ft.) 

1.3 

1.8 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 
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Table 7-66 (cont.) 
New School 

Measure 

Net Capital Annual Measure Levelized Cost Cumulative Cumulative 
End Savings Cost O&M Life Cost PY Savings PY 
Use Description (kWh/sq. ft.) ($/sq. ft .) ($/sq. ft.) (yr.) (m/kWh) ($/sq. ft.) (kWh/sq. ft.) ($/sq. ft.) 

ENV1 R-25 to R-30 Roof 0.11 0.09 0.000 30 92 0.12 2.14 1.35 

ENV1 R-30 to R-38 Roof 0.12 0.14 0.000 30 137 0.20 2.26 1.54 

a EDI-Energy Use Index 

b LPD-Lighting Power Density 

C MCS (model conservation standards) Package represents the Council's recommended code published in the 1990 Northwest Energy Code. 

d LGT-Lighting. 

e Electroluminescent Exit Signs. 

f ENV-Envelope. 

g HVC-Heating, Ventilating and Air-Conditioning. 

Building 

Cumulative Total 
Cost EU!" 

(m/kWh) (kWh/sq. ft.) 

52.8 15.1 

57.3 15.0 

Efficient 
LPDb 

(w/sq. ft.) 

1.5 

1.5 
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Table 7-67 
New Grocery 

Prototype Summary 

Location Seattle 

Floor Area 26,052 

Regional Weighting 0.037 

Deflator (1989-January 1990) 1.000 

Program Life 45 

Base Efficiency Light Operating Hours 7,150 

Prototype Weightings 

Fuel Choice Interactions 

Base Year HVAC Interactions % All % Electric Heat Cool Net 

Electric Resistance 30% 75% -0.22 0.08 0.86 

Electric Heat Pump 10% 25% -0.11 0.08 0.97 

Gas 60% - 0 0.08 1.08 

Total 100% 100% 1.00 

Measure 

Net Capital Annual Measure Levelized Cost 
End Savings Cost O&M Life Cost PV 
Use Description (kWh/sq. ft.) ($/sq. ft.) ($/sq. ft.) (yr.) (m/k:Wh) ($/sq. ft.) 

All 1980 Base - - - - - -

All 1989 Base Case - - - - - -

All MCS Packagec 0.00 0.00 0.000 30 0 0.00 

REP Floating Head Press 2.85 -0.26 0.000 10 -24 -0.80 

REP Anti-Sweat Timer 4.40 0.08 0.000 10 5 0.26 

REP Hot Gas Defrost 2.41 0.06 0.000 10 6 0.19 

LGTe E.L. Exit Signsr 0.09 0.04 -0.001 30 28 0.03 

REP Efficient Evaporating 1.94 0.23 0.000 10 31 0.71 
Fans 

REP Mechanical Subcooling 0.69 0.10 0.000 10 39 0.32 

Block 1 Summary 

Cutoff (mills/kWh) 

Cumulative Cost ($/sq. ft.) 

Cumulative Savings (kWh/sq. ft.) 

Average Levelized Cost (mills/kWh) 

Average Cost ($/kW) 

Block 2 Summary 

Cutoff (mills/kWh) 

Cumulative Cost ($/sq. ft.) 

Cumulative Savings (kWh/sq. ft.) 

Average Levelized Cost (mills/kWh) 

Incremental Cost ($/sq. ft.) 

Incremental Savings (kWh/sq. ft.) 

Incremental Cost ($/kW) 

Building 

Cumulative Cumulative Cumulative 
Savings PV Cost 

(kWh/sq. ft.) ($/sq. ft.) (m/k:Wh) 

- - -

- - -

0.00 0.00 0.0 

2.85 -0.80 -23.7 

7.25 -0.55 -6.3 

9.66 -0.36 -3.2 

9.75 -0.33 -2.9 

11.69 0.38 2.7 

12.37 0.70 4.8 

Total 
EUia 

(kWh/sq. ft.) 

63.6 

68.1 

69.2 

66.3 

61.9 

59.5 

59.4 

57.5 

56.8 

110 

$3.81 

15.86 

20.2 

$2,104 

150 

$4.52 

16.31 

23.3 

$0.71 

0.44 

$14,121 

Efficient 
LPDb 

(w/sq. ft.) 

2.2 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 

1.8 
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Table 7-67 ( cont.) 

New Grocery 

Measure 

Net Capital Annual Measu re Levelized Cost Cumulative Cumulative 
End Savings Cost O&M Life Cost PV Savings PV 
Use Description (kWh/sq. ft.) ($/sq. ft.) ($/sq. ft.) (yr.) (m/kWh) ($/sq. ft.) (kWh/sq. ft.) ($/sq. ft.) 

REP Refrigerated Case Covers 1.47 0.24 0.000 11 40 0.69 13.84 1.39 

LGT0 T-8 w/Electronic Ballast 2.02 0.54 0.061 30 100 2.42 15.86 3.81 

LGTe Halogen IR Lamps 0.44 0.01 0.019 1 135 0.71 16.31 4.52 

REP Liquid Pressure Amplifier 0.61 0.95 0.000 10 402 2.94 16.92 7.46 

a BUI-Energy Use Index 

b LPD -Lighting Power Density 

C MCS (model conservation standards) Package represents the Council 's recommended code published in the 1990 Norlhwest Energy Code. 

d REF-Refrigerated Case Covers. 

e LOT-Lighting. 

[ Electroluminescent Exit Signs. 
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Building 

Cumulative 
Cost 

(m/kWh) 

8.5 

20.2 

23.3 

37.0 

Total Efficient 
EUP LPDb 

(kWh/sq. ft.) (w/sq. ft.) 

55.4 1.8 

53.5 1.5 

53.0 1.5 

52.4 1.5 
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Table 7-68 
New Fast Food 

Prototype Summary 

Location Seattle 

Floor Area 2,624 

Regional Weighting 0.033 

Deflator (1989-January 1990) 1.000 

Program Life 45 

Base Efficiency Light Operating Hours 6,237 

Prototype Weightings 

Fuel Choice Interactions 

Base Year HVAC Interactions % All % Electric Heat Cool Net 

Electric Resistance 20% 50% -0.59 0.02 0.43 

Electric Heat Pump 20% 50% -0.21 0.02 0.81 

Gas 60% - 0 0.02 1.02 

Total 100% 100% 0.86 

Measure 

Net Capital Annual Measure Levelized Cost 
End Savings Cost O&M Life Cost PV 
Use Description (kWh/sq. ft.) ($/sq. ft.) ($/sq. ft.) (yr.) (m/kWh) ($/sq. ft.) 

All 1980 Base - - - - - -

All 1989 Base Case - - - - - -

All MCS Packagec 3.25 1.17 -0.037 30 16 0.64 

HVc<I Heat Pump 6.05 0.33 0.000 10 14 1.03 

LGT" E.L. Exit Signsr 0.18 0.08 -0.002 30 31 0.07 

LGTe T-8 w/Electronic Ballast 1.46 0.39 0.036 15 106 1.85 

Block 1 Summary 

Cutoff (mills/kWh) 

Cumulative Cost ($/sq. ft.) 

Cumulative Savings (kWh/sq. ft.) 

Average Levelized Cost (mills/kWh) 

Average Cost ($/kW) 

Block 2 Summary 

Cutoff (mills/kWh) 

Cumulative Cost ($/sq. ft.) 

Cumulative Savings (kWh/sq. ft.) 

Average Levelized Cost (mills/kWh) 

Incremental Cost ($/sq. ft.) 

Incremental Savings (kWh/sq. ft.) 

Incremental Cost ($/kW) 

Building 

Cumulative Cumulative Cumulative 
Savings PV Cost 

(kWh/sq. ft.) ($/sq. ft.) (m/kWh) 

- - -

- - -

3.25 0.00 0.0 

9.30 1.03 9.3 

9.48 1.10 9.7 

10.94 2.95 22.6 

Total 
EUI" 

(kWh/sq. ft.) 

65.2 

67.3 

64.1 

58.0 

57.9 

56.6 

110 

$2.95 

10.94 

22.6 

$2,358 

150 

$2.95 

10.94 

22.6 

$0.00 

0.00 

NIA 

Efficient 
LPDb 

(w/sq. ft.) 

2.7 

1.9 

1.4 

1.4 

1.4 

1.1 
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EUI-Energy Use Index 

LPD-Lighting Power Density 

Table 7-68 (cont.) 
New Fast Food 

MCS (model conservation standards) Package represents the Council's recommended code published in the 1990 Northwest Energy Code. 

HVC-Heating, Ventilating and Air-Conditioning. 

LOT-Lighting. 

Electroluminescent Exit Signs. 
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Table 7-69 
New Hospital 

Prototype Summary 

Location Seattle 

Floor Area 272,000 

Regional Weighting 0.061 

Deflator (1989-January 1990) 1.000 

Program Life 45 

Base Efficiency Light Operating Hours 4,505 

Prototype Weightings 

Fuel Choice Interactions 

Base Year HVAC Interactions % All % Electric Heat Cool Net 

Electric Resistance 40% 100% -0.8 0.20 0.40 

Electric Heat Pump 0% 0% -0.4 0.20 0.80 

Gas 60% - 0 0.20 1.20 

Total 100% 100% 0.88 

Measure 

Net Capital Annual Measure Levelized Cost 
End Savings Cost O&M Life Cost PV 
Use Description (kWh/sq. ft.) ($/sq. ft.) ($/sq. ft.) (yr.) (m/kWh) ($/sq. ft.) 

All 1980 Base - - - - - -

All 1989 Base Case - - - - - -

All MCS Package' 0.66 0.18 0.014 30 80 0.63 

LGTci E.L. Exit Signse 0.15 0,07 -0.002 30 33 0.06 

LGTct Ambient/Task Lighting 0.29 0.05 0.001 15 39 0.13 

ENVr R-19+R-5 Wall 0.29 0.10 0.000 30 40 0.14 
Insulation 

ENVr Very Low-E Windows 0.62 0.21 0.000 30 40 0.30 

LGTct Halogen IR Lamps 0.12 0.00 0.000 1 52 0.08 

LGTct Daylight Dimming 0.20 0.08 -0.000 15 67 0.16 

Block 1 Summary 

Cutoff (mills/kWh) 

Cumulative Cost ($/sq. ft.) 

Cumulative Savings (kWh/sq. ft.) 

Average Levelized Cost (mills/kWh) 

Average Cost ($/kW) 

Block 2 Summary 

Cutoff (mills/kWh) 

Cumulative Cost ($/sq. ft.) 

Cumulative Savings (kWh/sq. ft.) 

Average Levelized Cost (mills/kWh) 

Incremental Cost ($/sq. ft.) 

Incremental Savings (kWh/sq. ft.) 

Incremental Cost ($/kW) 

Building 

Cumulative Cumulative Cumulative 
Savings PV Cost 

(kWh/sq. ft.) ($/sq. ft.) (m/kWh) 

- - -

- - -

0.66 0.63 80.3 

0.80 0.68 71.4 

1.09 0.82 62.8 

1.38 0.96 58.1 

2.00 1.25 52.6 

2.13 1.33 52.6 

2.32 1.49 53.8 

Total 
EUI" 

(kWh/sq. ft.) 

60.2 

43.0 

42.3 

42.2 

42.1 

41.8 

41.2 

41.l 

41.1 

110 

$2.24 

2.96 

63.7 

$6,649 

150 

$2.24 

2.96 

63.7 

$0.00 

0.00 

N/A 

Efficient 
LPDb 

(w/sq. ft.) 

2.0 

1.9 

1.5 

1.4 

1.4 

1.4 

1.4 

1.3 

1.3 
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Table 7-69 ( cont.) 
New Hospital 

Measure 

Net Capital Annual Measure Levelized Cost Cumulative Cumulative 
End Savings Cost O&M Life Cost PV Savings PV 
Use Description (kWh/sq. ft.) ($/sq. ft. ) ($/sq. ft.) (yr.) (m/kWh) ($/sq. ft.) (kWh/sq. ft .) ($/sq. ft.) 

LGTct T -8 w/Electronic Ballast 0.63 0.20 0.018 30 100 0.76 2.96 2.24 

LGTct Occupancy Sensors 0.18 0.11 0.000 10 164 0.34 3.13 2.59 

a EUI-Energy Use Index 

b LPD -Lighting Power Density 

C MCS (model conservation standards) Package represents the Council 's recommended code published in the 1990 Norlhwest Energy Code. 

d LOT-Lighting. 

e Electroluminescent Exit Signs. 

f ENV - Envelope. 
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Building 

Cumulative 
Cost 

(m/kWh) 

63.7 

69.4 

Total Efficient 
EU!" LPDb 

(kWh/sq. ft. ) (w/sq. ft .) 

40.8 1.1 

40.7 1.1 
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Table 7-70 
New Hotel 

Prototype Summary 

Location Seattle 

Floor Area 277,200 

Regional Weighting 0.037 

Deflator (1989-January 1990) 1.000 

Program Life 45 

Base Efficiency Light Operating Hours 3,021 

Prototype Weightings 

Fuel Choice Interactions 

Base Year HV AC Interactions % All % Electric Heat Cool Net 

Electric Resistance 25% 50% -.04 0.10 0.70 

Electric Heat Pump 25% 50% -.02 0.10 0.90 

Gas 50% - 0 0.10 1.10 

Total 100% 100% 0.95 

Measure 

Net Capital Annual Measure Levelized Cost 
End Savings Cost O&M Life Cost PV 
Use Description (kWh/sq. ft.) ($/sq. ft.) ($/sq. ft.) (yr.) (m/kWh) ($/sq. ft.) 

All 1980 Base - - - - - -

All 1989 Base Case - - - - - -
All MCS Packagec 3.02 0.11 -0.006 30 -1 -0.02 

LGTd Compact Fluorescents 1.02 0.06 -0.012 11 -12 -0.14 

ENVe R-11 Wall Insulation 0.21 0.04 0.000 30 23 0.06 

HVCr Variable Speed Drive on 0.16 0.03 0.000 15 30 0.06 
Pumps and Fans 

LGTd E.L Exit Signs&• 0.16 om -0.000 30 47 0.09 

ENVe Very Low-E Windows 0.52 0.32 0.000 18 102 0.63 

Block 1 Summary 

Cutoff (mills/kWh) 

Cumulative Cost ($/sq. ft.) 

Cumulative Savings (kWh/sq. ft.) 

Average Levelized Cost (mills/kWh) 

Average Cost ($/kW) 

Block 2 Summary 

Cutoff (mills/kWh) 

Cumulative Cost ($/sq. ft.) 

Cumulative Savings (kWh/sq. ft.) 

Average Levelized Cost (mills/kWh) 

Incremental Cost ($/sq. ft.) 

Incremental Savings (kWh/sq. ft.) 

Incremental Cost ($/kW) 

Building 

Cumulative Cumulative Cumulative 
Savings PV Cost 

(kWh/sq. ft.) ($/sq. ft.) (m/kWh) 

- - -

- - -

3.02 -0.02 -0.6 

4.04 -0.16 -3.4 

4.26 -0.10 -2.0 

4.41 -0.05 -0.9 

4.58 0.04 0.8 

5.09 0.67 11.1 

110 

$0.67 

5.09 

11.1 

$1,156 

150 

$0.67 

5.09 

11.1 

$0.00 

0.00 

NIA 

Total Efficient 
EUia LPDb 

(kWh/sq. ft.) (w/sq. ft.) 

22.8 1.7 

20.4 1.9 

17.4 1.0 

16.5 0.7 

16.3 0.7 

16.2 0.7 

16.0 0.6 

15.5 0.6 

8 
ti 
tTl 

~ 
'-! 
5 z 
Gl 
0 
C: 

f5 
gi 

() 

~ 
:,:, _, 



... 
~ 

:;; 
s 
z 
0 
:::l 

~ 
"' .., 
"' 0 

~ 
:,:, 

"' 
~ 
I 
< 
0 
r 
C: 
2:: m 
= 

BUI-Energy Use Index 

LPD-Lighting Power Density 

Table 7-70 (cont.) 
New Hotel 

MCS (model conservation standards) Package represents the Council's recommended code published in the 1990 No,thwest Energy Code. 

d LOT-Lighting. 

ENV-Envelope. 

HVC-Heating, Ventilating and Air-Conditioning. 

g Electroluminescent Exit Signs. 
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Table 7-71 
Existing Large Office 

Prototype Summary 

Location Seattle 

Floor Area 408,000 

Regional Weighting 0.146 

Deflator (1989-January 1990) 1.393 

Program Life 30 

Base Efficiency Light Operating Hours 4,250 

Prototype Weightings 

Fuel Choice Interactions 

Base Year HV AC Interactions % All % Electric Heat Cool Net 

Electric Resistance 40% 80% -0.4 0.20 0.80 

Electric Heat Pump 10% 20% --0.2 0.20 1.00 

Gas 50% - 0 0.20 1.20 

Total 100% 100% 1.02 

Measure 

Net Capital Annual Measure Levelized Cost 
End Savings Cost O&M Life Cost PV 
Use Description (kWh/sq. ft.) ($/sq. ft.) ($/sq. ft.) (yr.) (m/k:Wh) ($/sq. ft.) 

All 1979 Stock - - - - - -

LOT' 100-watt Incandescent to 0.57 0.21 -0.022 30 -46 -0.29 
34--watt 

HVCct Temperature Reset, 1.36 0.02 0.000 11 3 0.04 
Multizone 

HVCct R-6 Roof Insulation 0.21 0.03 0.000 30 15 0.04 

LGT' T -8 w/Magnetic Ballast 4.46 1.40 0.000 30 35 1.76 

LOT' T-8 w/Electronic Ballast 0.84 0.30 0.000 15 65 0.60 

LOT' Daylight Photocell 0.36 0.15 0.000 15 74 0.30 
Dimming 

HVCct Variable Air Volume 7.74 2.60 0.000 11 81 6.95 

Block 1 Summary 

Cutoff (mills/kWh) 

Cumulative Cost ($/sq. ft.) 

Cumulative Savings (kWh/sq. ft.) 

Average Levelized Cost (mills/kWh) 

Average Cost ($/kW) 

Block 2 Summary 

Cutoff (mills/kWh) 

Cumulative Cost ($/sq. ft.) 

Cumulative Savings (kWh/sq. ft.) 

Average Levelized Cost (mills/kWh) 

Incremental Cost ($/sq. ft.) 

Incremental Savings (kWh/sq. ft.) 

Incremental Cost ($/kW) 

Building 

Cumulative Cumulative Cumulative 
Savings PV Cost 

(kWh/sq. ft.) ($/sq. ft.) (m/k:Wh) 

- - -

0.57 -0.29 -46.0 

1.93 -0.25 -11.6 

2.15 -0.21 -9.0 

6.60 1.54 21.0 

7.44 2.15 26.0 

7.80 2.44 28.2 

15.55 9.40 54.5 

110 

$9.40 

15.54 

54.5 

$5,297 

150 

$9.40 

15.54 

54.5 

$0.00 

0.00 

$0 

Total Efficient 
EUI" LPDb 

(kWh/sq. ft.) (w/sq. ft.) 

30.8 2.4 

30.3 2.3 

28.9 2.3 

28.7 2.3 

25.1 1.2 

24.4 1.0 

24.1 0.9 

16.3 0.9 
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EUI-Energy Use Index 

LPD-Lighting Power Density 

LOT-Lighting. 

HVC-Heating, Ventilating and Air-Conditioning. 

Table 7-71 (cont.) 
Existing Large Office 
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Table 7-72 
Existing Large Retail 

Prototype Summary 

Location Seattle 

Floor Area 120,000 

Regional Weighting 0.059 

Deflator (1989-J anuary 1990) 1.3934 

Program Life 30 

Base Efficiency Light Operating Hours 5,100 

Prototype Weightings 

Fuel Choice Interactions 

Base Year HVAC Interactions %All % Electric Heat Cool Net 

Electric Resistance 40% 80% -0.09 0.16 1.07 

Electric Heat Pump 10% 20% -0.06 0.16 1.10 

Gas 50% - 0 0.16 1.16 

Total 100% 100% 1.12 

Measure 

Net Capital Annual Measure Levelized Cost 
End Savings Cost O&M Life Cost PV 
Use Description (kWh/sq. ft.) ($/sq. ft.) ($/sq. ft.) (yr.) (m/kWh) ($/sq. ft.) 

All 1979 Stock - - - - - -

LGTC Efficient Incandescent 1.93 0.29 -0.013 15 13 0.27 

HVcct Reduce Minimum 1.12 0,07 0.000 9 18 0.23 
Output Air 

ENVe Roof Insulation 1.75 0.31 0.000 30 20 0.39 

DHWr Tank Insulation 0.01 0.00 0.000 10 39 0.01 

LGTC T-8 w/Electronic 6.05 2.08 0.002 15 64 4.32 
Ballast-Sales 

LGTC T-8 w/Electronic 0.41 0.13 0.002 15 66 0.30 
Ballast-Storage 

ENVe Caulking and O.Dl 0.00 0.000 10 99 0.01 
Weatherstripping 

Block 1 Summary 

Cutoff (mills/kWh) 

Cumulative Cost ($/sq. ft.) 

Cumulative Savings (kWh/sq. ft.) 

Average Levelized Cost (mills/kWh) 

Average Cost ($/kW) 

Block 2 Summary 

Cutoff (mills/kWh) 

Cumulative Cost ($/sq. ft.) 

Cumulative Savings (kWh/sq. ft.) 

Average Levelized Cost (mills/kWh) 

Incremental Cost ($/sq. ft.) 

Incremental Savings (kWh/sq. ft.) 

Incremental Cost ($/kW) 

Building 

Cumulative Cumulative Cumulative 
Savings PV Cost 

(kWh/sq. ft.) ($/sq. ft.) (m/kWh) 

- - -
1.93 0.27 12.7 

3.06 0.50 14.8 

4.81 0.89 16.6 

4.82 0.89 16.7 

10.87 5.21 43.2 

11.29 5.51 44.0 

11.29 5.52 44.1 

110 

$5.52 

11.29 

44.1 

$4,284 

150 

$5.52 

11.29 

44.1 

$0.00 

0.00 

NIA 

Total Efficient 
.EUia LPDb 

(kWh/sq. ft.) (w/sq. ft.) 

22.2 2.7 

20.3 2.4 

19.2 2.4 

17.5 2.4 

17.5 2.4 

11.6 1.3 

11.2 1.2 

11.2 1.2 
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Net Capital 
End Savings Cost 
Use Description (kWh/sq. ft.) ($/sq. ft.) 

ENVe Wall Insulation 1.06 1.58 

HVC'1 Radiant Heaters 0.03 0.04 

a EUI-Energy Use Index 

b LPD-Lighting Power Density 

C LGT-Lighting. 

d HVC-Heating, Ventilating and Air-Conditioning. 

e ENV-Envelope. 

C DHW-Domestic Hot Water. 

Table 7-72 (cont.) 
Existing Large Retail 

Measure 

Annual Measure Levelized Cost 
O&M Life Cost PY 

($/sq. ft.) (yr.) (m/kWh) ($/sq. ft.) 

0.000 30 168 1.97 

0.000 10 398 0.11 

Building 

Cumulative Cumulative Cumulative 
Savings PY Cost 

(kWh/sq. ft.) ($/sq. ft.) (m/kWh) 

12.35 7.49 54.6 

12.38 7.60 55.3 

Total Efficient 
EUP LPDb 

(kWh/sq. ft.) (w/sq. ft.) 

10.2 1.2 

10.1 1.2 
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Table 7-73 
Existing Small Office 

Prototype Summary 

Location Seattle 

Floor Area 4,880 

Regional Weighting 0.141 

Deflator (1989-J anuary 1990) 1.3934 

Program Life 30 

Base Efficiency Light Operating Hours 2,600 

Prototype Weightings 

Fuel Choice Interactions 

Base Year HV AC Interactions % All % Electric Heat Cool Net 

Electric Resistance 40% 80% -0.54 0.12 0.58 

Electric Heat Pump 10% 20% -0.19 0.12 0.93 

Gas 50% - 0.00 0.12 1.12 

Total 100% 100% 0.88 

Measure 

Net Capital Annual Measure l.evelized Cost 
End Savings Cost O&M Life Cost PV 
Use Description (kWh/sq. ft.) ($/sq. ft.) ($/sq. ft.) (yr.) (m/kWh) ($/sq. ft.) 

All 1979 Stock - - - - - -

LOT' Incandescent to 34-watt 0.49 0.30 -0.032 15 -33 -0.18 
Fluorescent 

HVC'1 Reduce Outside Air 1.42 0.02 0.000 15 3 0.04 

ENVe Roof Insulation 1.05 0.34 0.000 30 36 0.42 

DHW1 Tank Insulation 0.08 0.01 0.000 10 41 0.04 

LGTC T -8 w/Electronic Ballast 1.62 0.76 0.010 30 66 1.19 

ENVe Low-E Glass 1.74 1.49 0.000 30 96 1.86 

HVCd Optimum Start Timer 0.70 0.43 0.000 15 113 0.88 

LGTC Daylight Dimming 0.33 0.21 0.000 15 117 0.42 

Block 1 Summary 

Cutoff (mills/kWh) 

Cumulative Cost ($/sq. ft.) 

Cumulative Savings (kWh/sq. ft.) 

Average l.evelized Cost (mills/kWh) 

Average Cost ($/kW) 

Block 2 Summary 

Cutoff (mills/kWh) 

Cumulative Cost ($/sq. ft.) 

Cumulative Savings (kWh/sq. ft.) 

Average l.evelized Cost (mills/kWh) 

Incremental Cost ($/sq. ft.) 

Incremental Savings (kWh/sq. ft.) 

Incremental Cost ($/kW) 

Building 

Cumulative Cumulative Cumulative 
Savings PV Cost 

(kWh/sq. ft.) ($/sq. ft.) (m/kWh) 

- - -

0.49 -0.18 -33.0 

1.91 -0.14 -6.6 

2.96 0.28 8.6 

3.05 0.32 9.5 

4.67 1.52 29.2 

6.40 3.37 47.4 

7.10 4.25 53.9 

7.43 4.67 56.7 

Total 
EUP 

(kWh/sq. ft.) 

22.7 

22.3 

20.9 

19.8 

19.7 

18.6 

16.8 

16.1 

15.9 

110 

$3.37 

6.40 

47.4 

$4,610 

150 

$9.62 

11.12 

77.9 

$6.25 

4.72 

$11,603 

Efficient 
LPDb 

(w/sq. ft.) 

2.2 

2.0 

2.0 

2.0 

2.0 

1.3 

1.3 

1.3 

1.2 
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Net Capital 
End Savings Cost 
Use Description (kWh/sq. ft .) ($/sq. ft.) 

HVCd Heat Pump Air 2.81 1.78 
Conditioner Compressor 
Replacement 

HY~ Economizer 0.88 0.63 

DHW1 Cock Timer 0.01 0.01 

LOT' 3 Tube Parabolic Fix 0.51 1.04 

a BUI-Energy Use Index 

b LPD-Lighting Power Density 

C LOT-Lighting. 

d HVC-Heating, Ventilating and Air- Conditioning. 

e ENV-Envelope. 

f DHW-Domestic Hot Water. 

Table 7- 73 (cont.) 
Existing Small Office 

Measure 

Annual Measure Levelized Cost 
O&M Life Cost PV 

($/sq. ft.) (yr.) (m/kWh) ($/sq. ft.) 

0.000 15 117 3.65 

0.000 15 133 1.30 

0.000 15 202 0.03 

- 0.006 30 204 1.15 

Cumulative Cumulative 
Savings PV 

(kWh/sq. ft .) ($/sq. ft. ) 

10.24 8.32 

11.12 9.62 

11.14 9.65 

11.64 10.80 

Bui lding 

Cumulative 
Cost 

(m/kWh) 

73.2 

77.9 

78.1 

83.5 

Total Efficient 
EUP LPDb 

(kWh/sq. ft. ) (w/sq. ft.) 

13.1 1.2 

12.2 1.2 

12.2 1.2 

11.7 1.0 
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Table 7-74 
Existing Small Retail 

Prototype Summary 

Location Seattle 

Floor Area 13,124 

Regional Weighting 0.089 

Deflator (1989-J anuary 1990) 1.3934 

Program Life 30 

Base Efficiency Light Operating Hours 4,000 

Prototype Weightings 

Fuel Choice Interactions 

Base Year HVAC Interactions % All % Electric Heat Cool Net 

Electric Resistance 40% 80% -0.31 0.11 0.80 

Electric Heat Pump 10% 20% -0.21 0.11 0.94 

Gas 50% - 0 0.11 1.11 

Total 100% 100% 0.97 

Measure 

Net Capital Annual Measure Levelized Cost 
End Savings Cost O&M Life Cost PV 
Use Description (kWh/sq. ft.) ($/sq. ft.) ($/sq. ft.) (yr.) (m/kWh) ($/sq. ft.) 

All 1979 Stock - - - - - -

ENVC Roof Insulation -Sales 2.37 0.58 0.000 30 27 0.72 

LGTct Efficient Incandescent 0.89 0.23 -0.004 15 36 0.36 

DHWe Tank Insulation 0.03 0.01 0.000 10 40 0.01 

LGTct T-8 w/Electronic 2.12 0.59 0.001 15 53 1.24 
Ballast-Sales 

HVC1 Heat Pump Air 1.13 0.41 0.000 15 68 0.85 
Conditioner Compressor 
Replacement 

LGTct T -8 w/Electronic 0.15 0.03 0.002 15 69 0.12 
Ballast-Storage Dreg 

ENV' Roof Insulation -Storage 0.11 0.10 0.000 30 100 0.13 

Block 1 Summary 

Cutoff (mills/kWh) 

Cumulative Cost ($/sq. ft.) 

Cumulative Savings (kWh/sq. ft.) 

Average Levelized Cost (mills/kWh) 

Average Cost ($/kW) 

Block 2 Summary 

Cutoff (mills/kWh) 

Cumulative Cost ($/sq. ft.) 

Cumulative Savings (kWh/sq. ft.) 

Average Levelized Cost (mills/kWh) 

Incremental Cost ($/sq. ft.) 

Incremental Savings (kWh/sq. ft.) 

Incremental Cost ($/kW) 

Building 

Cumulative Cumulative Cumulative 
Savings PV Cost 

(kWh/sq. ft.) ($/sq. ft.) (m/kWh) 

- - -

2.37 0.72 27.4 

3.26 1.08 29.8 

3.29 1.09 29.9 

5.41 2.33 38.8 

6.54 3.18 43.8 

6.69 3.29 44.4 

6.81 3.42 45.3 

110 

$3.42 

6.81 

45.3 

$4,404 

150 

$3.42 

6.81 

45.3 

$0.00 

0.00 

NIA 

Total Efficient 
EU!" LPDt 

(kWh/sq. ft.) (w/sq. ft.) 

16.5 1.9 

14.1 1.9 

13.4 1.7 

13.3 1.7 

11.5 1.2 

10.4 1.2 

10.3 1.1 

10.2 1.1 
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Net Capital 
End Savings Cost 
Use Description (kWh/sq. ft.) ($/sq. ft .) 

ENVC Low-E Windows-Sales 0.35 0.59 

HVCr Heat Recovery Exhaust 0.35 0.66 

a EUI-Energy Use Index 

b LPD-Lighting Power Density 

C ENV - Envelope. 

d . LOT-Lighting. 

e DHW-Domestic Hot Water. 

I HVC-Heating, Ventilating and Air-Conditioning. 

Table 7-74 (cont.) 
Existing Small Retail 

Measure 

Annual Measure Levelized Cost 
O&M Life Cost PV 

($/sq. ft.) (yr.) (m/kWh) ($/sq. ft.) 

0.000 30 188 0.73 

0.000 14 369 1.44 

Building 

Cumulative Cumulative Cumulative 
Savings PV Cost 

(kWh/sq. ft.) ($/sq. ft.) (m/kWh) 

7.16 4.16 52.3 

7.51 5.60 67.1 

Total Efficient 
EUI" LPDb 

(kWh/sq. ft.) (w/sq. ft.) 

9.8 1.1 

9.5 1.1 
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CONSERVATION RESOURCES 

Table 7-75 shows the savings percentages, if all mea
sures costing less than 11 cents per kilowatt-hour are add
ed to the prototypes that represent existing buildings. The 
table also shows the pre-conservation consumption esti
mate for each prototype building, which reflects the 1979 
stock. These savings can be compared to savings estimates 
from Puget Power's retrofit program collected for the 1986 
Power Plan. Puget's information is shown in Tuble 7-76. 
Some of the prototype buildings in Table 7-75 result in 
estimates of savings and use close to those reported by 
Puget Power, while others are quite different. Some of the 
differences may stem from the representativeness of the 
prototypes. For example, the hospital prototype does not 
encompass general health care buildings, such as doctors' 
offices and laboratories, while Puget Power's audit pro
gram may have included these. The vintage of the build
ings in Puget Power's program also is unknown compared 
to this analysis. Finally, it is not clear how the cost of mea
sures recommended in Puget Power's program compares 
with the 11 cents per kilowatt-hour levelized cost used to 
cut off the conservation measures in the prototype analy
sis. It appears that significant savings can be achieved by 
retrofitting existing buildings, from 12 percent to more 
than 40 percent of the energy used. 

Table 7-77 shows cost and savings information similar 
to Table 7-75 for new buildings. 

A significant problem that surfaces from the prototype 
analysis is that, in some cases, the prototypes used for the 
conservation analysis poorly represent the building catego
ries used in the load forecast. For example, a fast food 
restaurant was modeled as the restaurant prototype, but 
the restaurant category in the forecast includes fast food 
restaurants, cafeterias and leisure dining. Extra care was 
taken to make the prototypes for offices and retail stores 
consistent with the categories used in the load forecast, 
because these are the most important building types. 
However, limited information prevented this kind of ex
tensive modeling on some of the other building types. In 
particular, there was no prototype modeled for the college 
sector or the miscellaneous category in the UIC work. For 
this reason, the costs and savings for these two buildings 
must be estimated using simplified techniques. 

The college building category was represented as a 
mix of the other building prototypes. The college sector 
was a weighted mix of prototypes that including: 40 per
cent school, 30 percent office, 10 percent restaurant, 20 
percent hotel. The miscellaneous building category was 
estimated by weighting all of the other building proto
types. 

1991 NORfHWEST POWER PLAN-VOLUME II 

CHAPTER 7 

Another problem that is created by the prototype 
analysis stems from the year used as the base case. Table 
7-77 indicates the cost-effective savings available from 
existing buildings in 1979 and new buildings built in 1989. 
However, between 1979 and 1989, some retrofit activity 
has diminished the conservation resource in existing build
ings, and new buildings built after 1980 already will be 
complying with new energy codes that were adopted after 
1980. For existing commercial buildings, the savings that 
already have occurred through retrofitting are estimated 
using the forecasting model. The forecast estimates that 
an average 25 percent or 270 average megawatts of the 
cost-effective savings available in Table 7-77 already have 
occurred by 1989 for the existing stock. Since this estimate 
is derived using the forecasting model, it is consistent with 
the forecast's estimates of fuel saturations. The fact that 
25 percent of the savings already is achieved also means 
that some of the costs also have been incurred. The sim
plifying assumption made in this analysis is that the very 
cheapest measures were used to achieve the 25 percent 
savings that occurred between 1979 and 1989. The average 
savings summarized in this chapter incorporate the reduc
tion in savings and increase in cost from retrofit activity 
that has occurred since 1979. 

For new commercial buildings, the prototype analysis 
included modeling of both 1980 and 1989 new building 
construction practice and therefore allowed direct calcula0 

tion of the savings and costs after improvements from 
1980 to 1989. While these improvements are not reported 
as part of the resource, they represent over 550 average 
megawatts already captured if uniformly implemented. 
Since these codes (but only with partial compliance) are 
represented in the load forecasts as reduced load, they are 
not reported as a potential resource to be compared in the 
portfolio. It is important to note that this estimate of sav
ings from existing codes assumes that the energy related 
portions of those codes, such as lighting budgets and insu
lation, are being enforced. If these codes currently are not 
enforced, much of the conservation that is already 
counted as secured will be lost. 
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CHAPTER 7 CONSERVATION RESOURCES 

Table 7-75 
Costs and Percent Savings for Conservation in Existing Commercial Buildings-Prototype Analysisa 

Average Levelized Cost of Measures Base-Case Use 
Percent Savings (mills/kWh) (kWh/sq. ft./yr.) 

Office 37% 51 27 

Retail 35% 45 19 

Fast Food 29% 61 123 

Warehouse 42% 30 12 

Hospital 12% 18 64 

Schools 41% 39 21 

Grocery 25% 33 58 

Hotel 23% 37 28 

a These values are for an all-electric building. 

Table 7-76 
Retrofit Savings from Existing Commercial Buildings: Puget Power's Programa 

Building Type Average Use of Program Buildings (Pre-retrofit) 
(Sample Size = N) Percent Savings from Average Use (kWh/sq. ft./yr.) 

Office (N = 62) 30% 26 

Retail (N = 11) 16% 25 

Grocery (N = 36) 23% 62 

Restaurant (N = 10) 22% 89 

Hotel (N=2) 16% 24 

Hospital (N = 30) 28% 29 

School (N = 28) 17% 24 

Warehouse (N = 4) 26% 16 

Other (N=8) 21% 22 

Average savings = 22 percent 

Average savings weighted by building type = 22 percent 

a Program offers measures, such as heating, ventilating and air-conditioning modifications, glazing and insulation, lighting measures 
and some process modifications. 
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CONSERVATION RESOURCES CHAPTER 7 

Table 7-77 
Costs and Percent Savings for Conservation in New (1989) Commercial Buildings Prototype Analysisa 

Average Levelized Cost of Measures Base Case Use 
Percent Savings 

Office 33% 

Retail 32% 

Fast Food 16% 

Warehouse 34% 

Hospital 7% 

Schools 12% 

Grocery 23% 

Hotel 25% 

a These values are based on an all-electric building. 

Step 3. Develop Estimates of Technical 
Realizable Potential for Conservation in 
New and Existing Commercial Buildings, 
Consistent with the Load Forecast 

The total regional savings available from conservation 
potential in new and existing buildings was estimated using 
the Council's commercial sector forecasting models, as 
described below. 

First, this sector's demand was forecast assuming effi
ciency improvements were made to existing buildings 
through 1989 and new buildings are built to existing state 
building codes. Then the percent improvement repre
sented by the 11 cents per kilowatt-hour conservation cut
off was imposed on each building type, and the demand 
for electricity was re-estimated. The difference between 
projected demand at current 1989 efficiencies and demand 
with the technical conservation improvements represented 
the total technical conservation. 

In the Council's high forecast, approximately 800 aver
age megawatts are achievable in existing buildings and 710 
average megawatts in new commercial buildings. As men
tioned above, the Council is committed to further review
ing measures that can be applied to these prototype 
buildings, which is likely to increase savings. Tubles 7-78 
and 7-79 show the total technical conservation that is 
available at a given cost in the high and medium demand 
forecasts. While the total amount of savings at 11 cents 
per kilowatt-hour is taken directly from the forecast, the 
shape of the curve is taken from an aggregation of the 
prototypes. Consequently, it should be viewed as an ap
proximation only. 

1991 NORTHWEST POWER PLAN-VOLUME II 

(mills/kWh) (kWh/sq. ft.) 

41 19 

59 16 

23 67 

28 8 

64 43 

53 17 

20 68 

11 20 

In addition to the 800 average megawatts of technical 
potential in existing buildings there is another 350 average 
megawatts of potential if every building was brought to all 
cost-effective measures during a major renovation or re
model between 1992 and 2010. This assumes that because 
of the drastic changes to the building, it will be possible to 
bring the building up to the same levels of efficiency as 
new buildings for the same cost. 

Tables 7-78 and 7-79 indicate that there is approxi
mately another 250 average megawatts of savings between 
11 cents per kilowatt-hour and 15 cents per kilowatt hour 
for existing, new and renovated/remodeled buildings. 
While the curve is definitely flattened out at this point, it 
is not clear whether this is a real effect or more a function 
of the limitations of the UIC work. As mentioned earlier, 
technology changes, particularly in lighting, may provide 
additional savings in this higher cost block. The Council is 
committed to pursuing this issue in more detail, as more 
information on the newer technologies becomes available. 

431 



CHAPTER 7 CONSERVATION RESOURCES 

Table 7-78 
Technical Conservation from Existing Commercial Buildings 

Levelized Cost 

Nominal Real 

1 0.5 

2 1.0 

3 1.5 

4 2.0 

5 2.5 

6 3.0 

7 3.5 

8 4.0 

9 4.5 

10 5.0 

11 5.5 

12 6.0 

13 6.5 

14 7.0 

15 7.5 

16 8.0 

17 8.5 

18 9.0 

19 9.0 

20 9.0 

Step 4. Estimate the Amount of 
Conservation Potential Achievable in 
New and Existing Commercial Buildings 

Because of the inability to uniformly enforce codes or 
achieve full installations in all structures, the Council as
sumes that 85 percent of the technical potential is achiev
able in new and existing structures. In addition, the 
Council also assumes that it will take time to build the 
infrastructure necessary to acquire the resource. For this 
reason, both the new and the existing programs are as
sumed to ramp in over a five year period before reaching 
the full achievable levels. Because of the unique nature of 
renovations and remodels, the Council assumes that 2 per
cent of the floor space per year is available for treatment 
under this category. This effectively limits the achievable 
amount of the renovation and remodel resource to 36 per
cent of the technical potential which is further reduced to 
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Total Cumulative Megawatts 

High Medium 

83 65 

142 112 

142 112 

308 242 

311 244 

311 244 

503 394 

514 403 

748 587 

799 627 

799 627 

911 714 

911 714 

936 735 

936 735 

936 735 

956 750 

956 750 

956 750 

956 750 

the 85 percent level to account for institutional and other 
barriers. 
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CONSERVATION RESOURCES CHAPTER 7 

Table 7-79 
Technical Conse,vation from New Commercial Buildings 

Levelized Cost 

Nominal Real 

1 0.5 

2 1.0 

3 1.5 

4 2.0 

5 2.5 

6 3.0 

7 3.5 

8 4.0 

9 4.5 

10 5.0 

11 5.5 

12 6.0 

13 6.5 

14 7.0 

15 7.5 

16 8.0 

17 8.5 

18 9.0 

19 9.0 

20 9.0 
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Total Cumulative Megawatts 

High Medium 

116 72 

160 100 

279 175 

410 257 

436 273 

489 306 
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653 408 
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769 481 

803 481 

803 502 

810 502 
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810 507 

810 507 

810 507 

810 507 
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Industrial Sector 

In 1989, firm sales to the industrial sector were 6,935 
average megawatts, which is about 40 percent of firm 
loads. About one-third of total industrial demand for elec
tricity is consumed by the direct service industries, which 
are mainly the aluminum industry, and some chemical and 
other primary metal producers that buy electricity directly 
from the Bonneville Power Administration. The largest 
consumers among the non-direct service industries are 
lumber and wood products, pulp and paper, chemicals, 
food processing and primary metals. 

A model to estimate non-aluminum industrial savings 
that was developed for Bonneville is used to estimate sav
ings in this chapter. In the high and medium demand fore
casts, the model derives 265 average megawatts of 
technical potential from existing industries at a cost of 
about 2 cents per kilowatt-hour. This still rounds to 2 
cents per kilowatt-hour, even if administrative costs and 
transmission and distribution adjustments are incorpo
rated. Conservation from new and expanding loads in the 
high demand forecast are 270 average megawatts at a cost 
of about 2 cents per kilowatt-hour. This remains about 2 
cents per kilowatt-hour, if administrative costs and trans
mission and distribution adjustments are made. In the me
dium forecast, about 75 average megawatts are available. 

All of these savings are from measures that cost less 
than 11 cents per kilowatt-hour. In addition, the Council 
has identified approximately 335 average megawatts in the 
high, and 235 average megawatts in the medium demand 
forecasts as a second block of conservation. The derivation 
of these resources is described later. Figure 7-19 depicts 
the amount of conservation available at various costs. 

Conservation from the direct service aluminum indus
tries is being secured through the conservation moderniza
tion program. Consequently, these savings are not 
available for further development and are not included in 
this chapter. 

Assessing the technical and economic potential for 
industrial conservation presents a more difficult problem 
than in any other sector. Not only are industrial uses of 
electricity more diverse than in other sectors, but the con
servation potential is also more site-specific. Moreover, 
because energy use frequently plays a major role in indus
trial processes, many industries consider energy-use data 
proprietary. 

In prior power plans, the conservation estimates were 
based primarily on a survey asking individual plant manag
ers to estimate conservation potentials in their specific 
plant. The surveys were coordinated by industry trade as
sociations, such as Northwest Pulp and Paper Association 
and the Industrial Customers of Northwest Utilities. Data 
reports from specific firms were masked to protect propri
etary data. However, the current estimates are based on a 
new model, which incorporated information from the sur
vey, as well as from other data sources. This chapter brief
ly describes the analysis. The model used to derive the 
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conservation estimates was developed for Bonneville. Sig
nificant portions of the material presented in this section 
are taken from materials presented by Bonneville in sum
marizing the contractor's work. 

The model developed for Bonneville and data used to 
drive it are currently undergoing review and revision. This 
effort is intended to take a broad look at all data sources 
and add them to the analysis. When this effort is com
pleted, the Council will likely adopt the new estimates in 
future plan revisions. 

The steps used to evaluate conservation were to: 

1. Evaluate measures that can be applied to the indus
trial sector, using existing data. 

2. Calibrate to the electricity demand forecast for cur
rent and expected loads. 

3. Compare the results to program information. 

The key data sources for the industrial sector typically 
come from programs operated in the region. These are 
listed in Table 7-80. 

Step 1. Evaluate Applicable Conservation 
Measures 

The model used to derive conservation estimates in 
the industrial sector investigates conservation measures 
based on seven specific end uses, which are called service 
demands. An energy conservation measure is a specific 
equipment replacement or operating change that reduces 
the energy used in a particular service demand. 

The seven service demands and corresponding conser
vation measures are: 

Lighting 

The lighting measures include the replacement of in
candescent bulbs with fluorescent bulbs, replacement of 
fluorescent ballasts with electronic ballasts and the con
version of mercury vapor lights to high-pressure sodium 
or metal halide lighting. Lighting controls are included 
with some measures. 

Air-Conditioning 

The single air-conditioning measure is the installation 
of an economizer on an air-conditioning system. 

Processing Heating 

The single process heating measure is insulation on 
steam pipe. This measure has limited applicability, be
cause the process heat for most firms comes from fossil 
fuels. 
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Figure 7-19 
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Table 7-80 
Key Sources for the Industrial Sector 

Bonneville's Industrial Test Program 

Dunn and Bradstreet Industrial Survey 

Motors Study 

Survey of Industrial Customers 

Energy Analysis and Diagnostic Center 

Oregon Depanment of Energy Audits 

Compressed Air 

The available measures include a leak reduction pro
gram, a reduction in operating pressure and the use of 
electronic controllers. 

Pumping 

Measures considered to reduce the electricity used in 
pumping include pump downsizing, variable speed drives, 
flow restricting nozzles and oversized piping. 
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Cost and savings of measures 

Consumption broken down by end use 

Cost and savings of motors 

Consumption and savings potential 

Savings from specific plants 

Costs and savings from specific plants 

Refrigeration 

The refrigeration measures include the reduction of 
condensing pressure, options to increase suction pressure, 
the use of automatic controls and various measures to re
duce air infiltration. 

Motors 

The single type of motor measure is the replacement 
of a standard-efficiency motor with a high-efficiency mo
tor. Since the cost and percentage savings of motors are a 
function of the size of the motor and the feasibility of re-
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winding the incumbent motor, separate measures are 
identified for five size ranges. 

The data used for each measure includes the cost of 
the measure and the cost of the incumbent equipment 
replaced by the measure. Annual operating and mainte
nance costs for each measure also are used. The energy 
savings for a measure are characterized as a percentage 
reduction that can be achieved by substituting the measure 
for the incumbent equipment. The energy savings for each 
measure depend on the annual operating hours for each 
industry and the percentage of time during plant operating 
hours that the measure is actually saving energy. 

The data to develop the conservation measures came 
from several sources. The most important are the reports 
produced by the Industrial Test Program. This program 
performed 10 energy audits in each of the food, wood 
products and pulp and paper industries. 

Data in the 1985 supply curve report completed for 
the Council by Synergic Resources Corporation and used 
to estimate conservation in the 1989 supplement also was 
used. Most of the motors data came from the 1987 report 
by Seton, Johnson & Odell, Inc., which estimated the con
servation potential in lost opportunities for the industrial 
sector in the Pacific Northwest. Many other data sources 
also were used. 

The model does not assume that all measures are 
available to all industries, not only because the industry 
may not have the applicable service demand, but because 
efficient equipment may already be installed. In these 
cases, there is no further conservation potential. 

Step 2. Calibrate to the Demand Forecast 

The next step is to apply the conservation measures to 
the forecast's electricity loads by industry. The load fore
cast is used to derive current electricity use and predicted 
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load growth by industry. The 10 industries included in this 
assessment are displayed in Thble 7-81. 

The model has been criticized as not incorporating all 
information available on conservation measures. This 
would include both individual measures that are currently 
recommended in audits and a comprehensive systems ap
proach to improving efficiency. At least the first criticism 
should be addressed by an assessment currently underway 
by Bonneville to enhance the model and the data used in 
the model. These efforts were not completed in time to 
include in this power plan. 

In the model, SIC 50 was created to estimate savings 
from all industrial loads not counted in any of the other 
nine industries listed above. The aluminum smelters are 
virtually the only plants served directly by Bonneville, 
which are excluded from the model. 

The forecast electricity use for each industry is allo
cated to service and subservice demands, and conservation 
measures are identified for each demand. The allocations 
of energy use to service and subservice demands are 
derived from the Dun & Bradstreet Major Industrial Plant 
Database (MIPD). This data comes from surveys of larger 
energy-intensive firms. 

For example, motors constitute one service demand, 
and motors in the 21 to 50 horsepower range constitute a 
subservice demand within the motors service demand. 
Measure 702, in the model, replaces standard-efficiency 
motors with high-efficiency motors in the 21 to 50 horse
power size range. The implementation of measure 702 will 
reduce electricity use by about 5 percent in the available 
portion of the subservice demand. It is currently assumed 
that 25 percent of the energy used by motors in the 21 to 
50 horsepower subservice demand cannot be reduced by 
measure 702, because it is estimated that this percentage 

Table 7-81 
Industries in the Industrial Supply Curve Model 

Standard Industrial Classification Code (SIC) Industry 

10 Mining Industries (composite of SICs 10-14) 

20 Food and Kindred Products 

24 Lumber and Wood Products 

26 Paper and Allied Products 

28 Chemicals and Coal Products 

29 Petroleum and Coal Products 

32 Stone, Clay and Glass Products 

33 Primary Metals Industries 

37 Transportation Equipment 

50 Minor Industries 
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of the subservice demand is already served by high-effi
ciency motors, and no further improvement is possible. 

Step 3. Compare Model Results to 
Programs 

There are a number of reasons to expect that the sav
ings and costs generated by this analysis are conservative. 
First, the measures considered in this model are very spe
cific equipment change-outs. Major process changes are 
not considered, because the available data sources did not 
consider major process changes in the energy audits. Ma
jor process changes can create significant conservation 
opportunities. 

Second, the data sources used to develop this supply 
curve had little information on measures in the upper cost 
brackets, so the lack of costly conservation opportunities 
in the supply curve is due more to data 'deficiencies than 
to a genuine shortage of expensive ways to trim electricity 
use in the industrial sector. 

Third, this supply curve probably underestimates the 
savings potential and overestimates the costs of savings 
from new facilities. All measure cost and savings data are 
based on the cost of substituting the more efficient mea
sures for existing equipment in existing plants. More sav
ings may be available at a lower cost, if they are acquired 
when a plant is built rather than later as retrofits. Howev
er, no data is in hand on this issue. 

Finally, measure costs are based on the full cost of the 
measure, excluding the salvage value of existing equip
ment. This will create a high levelized cost relative to a 
cost with salvage values included. It was also assumed that 
measures were installed before normal retirement of ex
isting equipment. This is not because we expect the pro
gram to be operated in such a manner as an overall policy, 
but to allow for this type of activity to occur on an occa
sional basis, as required. In addition, it is a conservative 
estimate of costs and savings of the resource. This means 
that the full cost of the efficient measure was used instead 
of the incremental cost between the efficient and ineffi
cient version. If this assumption were changed to reflect 
only incremental costs, the average cost would fall slightly 
from 2.3 to 1.9 cents per kilowatt-hour, and an additional 
100 average megawatts of technical conservation potential 
would fall below the 11 cents per kilowatt-hour avoided 
cost in the medium forecast scenario. The timing of this 
resource's acquisition would be determined by the sched
ule of industrial plant renovations and change-outs. 

In addition to these known conservatisms and in com
parison to information collected by the Oregon Depart
ment of Energy and to audits conducted by the Energy 
Analysis and Diagnostic Center nationwide, the percent 
savings from the model are fairly low. The current analysis 
indicates savings potential at about 6 percent of non-di
rect service industry loads. The Oregon Department of 
Energy data set includes information from 111 site visits to 
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individual plants, and the Energy Analysis and Diagnostic 
Center data set includes information from 750 audits. 
Both of these indicate an average savings from recom
mended conservation measures that is about 10 percent. 
These recommended conservation measures did not span 
the full cost-effectiveness range to 11 cents per kilowatt
hour and were based on a lower avoided cost. If audits had 
tried to identify all measures up to 11 cents per kilowatt
hour, more savings would have been identified. For exam
ple, the Energy Analysis and Diagnostic Center data base 
only identified measures with less than a two-year pay
back. 

These program results were discussed in advisory 
committee meetings. It was decided to retain the current 
model estimates as a conservative estimator of savings, 
instead of moving now to an estimate based on these au
dits. However, it also was agreed that these audit results 
warranted further investigation, and that future program 
results and information will prove invaluable in helping 
refine the size of future conservation estimates. Such an 
effort is currently underway. Programs will be the primary 
source of information for further revisions to the supply 
curves. If 10 percent savings based on program experience 
were used instead of the 6 percent savings calculated from 
the model, an additional 340 average megawa,tts would be 
available in the high demand forecast. These additional 
resources make up the second block of industrial conser
vation. Their costs were assumed to be double those of 
the first block of conservation. 

The results of the analysis described above led to the 
savings in Table 7-82. About 540 average megawatts were 
identified as cost- effective resources at an average cost of 
about 2 cents per kilowatt-hour, after incorporating ad
justments for administrative costs and transmission and 
distribution credits. 
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Table 7-82 
Industrial Sector Technical Conse,vation Potential 

Levelized Cost (cents/kWh) New and Expanding Loads (MWa) 

Nominal Real High Forecast Medium Forecast Existing (MWa) 

0 0 

1 0.5 

2 1 

3 1.5 

4 2 

5 2.5 

6 3 

7 3.5 

8 4 

9 4.5 

10 5 

11 5.5 

12 6 

13 6.5 

14 7 

15 7.5 

Irrigation Sector 

In 1989, the region's irrigated agriculture consumed 
about 640 average megawatts of electricity, about 4 per
cent of the region's total consumption. The technical po
tential for conservation measures, evaluated with a 
marginal measure not exceeding a cost of 11 cents per 
kilowatt-hour, is about 45 average megawatts. Virtually all 
of this resource comes from making existing loads more 
efficient. These savings are available at an average cost of 
about 5 cents per kilowatt-hour, even if administrative 
costs and transmission and distribution adjustments are 
incorporated. Figure 7-20 depicts irrigation sector conser
vation available at various costs. 
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The conservation resource in public utility service 
areas is estimated to be about 40 percent of the total po
tential, with about 60 percent in the private utility service 
areas. This split is based on the proportion of total irriga
tion loads in the Council forecast, not including Bureau of 
Reclamation loads. 

The Council's assessment of conservation potential 
for this sector involved the following two steps: 

1. Evaluate the end-use conservation measures to be 
included in the supply curve analysis. 
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0 0 

33 118 

48 168 

57 196 

62 219 

70 241 

70 245 

73 245 

73 255 

75 263 

75 264 

75 264 

76 265 

77 267 

77 268 

77 268 

2. Estimate realizable conservation potential, by using 
the cost and potential savings data available from the 
Irrigation Sector Energy Planning Model. 

Step 1. Evaluate the End-Use 
Conservation Measures to be Included 
in the Analysis 

In the 1986 Power Plan, the Council relied on esti
mates of conservation potential in irrigated agriculture 
provided by a Bonneville contractor. At the time, the re
search represented the most complete picture of energy 
conservation opportunities in the region's irrigation sector. 
Since that time, Bonneville's irrigation research contractor 
has updated its analytical studies in order to better charac
terize the irrigation sector. This effort has produced im
proved base line data, which the Council used to prepare 
its assessment of the conservation potentials in this sector. 
The primary effect of this updated information is a reduc
tion in the potential savings previously estimated for the 
1986 irrigation supply curve. These adjustments were 
made for the 1989 supplement and are included in the 
current estimate. 
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Figure 7-20 
Technical 
Conservation 
Potential from 
the Irrigation 
Sector 
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A major reason for this reduction from the 1986 plan 
is evidence from the Bonneville Irrigation Conservation 
Program that indicates at this time irrigators are unwilling 
to adopt use of low pressure measures on many hand
move and sideroll systems. While Bonneville is sponsoring 
research on low pressure nozzles for application in these 
systems, at this time there is sufficient uncertainty about 
when significant penetration of this measure would occur. 

In addition, based on survey results, irrigators are con
tinuing to take conservation actions at a greater rate than 
previously assumed, thereby reducing the amount of po
tential conservation available. 

The conservation opportunities considered in the irri
gation supply curve estimates include: 

• low pressure irrigation on center pivot systems; 

• fittings redesign; 

• main-line modifications; 

• improved scheduling; and 

• energy-efficient motors. 

Low pressure irrigation involves using sprinkler or 
spray application devices designed to operate at lower 
pressures than conventional sprinkler devices. These low 
pressure devices can be divided into three major types: low 
pressure spray heads, low pressure impact sprinklers and 
drop tubes. 
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The fittings of an irrigation system include valves, el
bow joints and other components used to connect the irri
gation pump to the pipes of the system and to connect the 
pipes within the system to each other. Fittings redesign 
involves using larger tapered fittings to replace valves and 
elbows that are too small or that change abruptly in size 
and direction. 

Main line modification involves increasing the size of 
the system's main line, resulting in decreased energy 
losses due to friction. This redesign generally can be ac
complished most economically by installing a second main 
line pipe parallel to the existing one. 

Improved scheduling involves the improvements in 
both timing and amount of water applications. This re
duces water use without reducing crop yields, and energy 
use is reduced due to a decrease in pumping require
ments. Scheduling is the cornerstone of a basic compre
hensive management approach to efficient water and 
energy management, with all other conservation measures 
being necessary components. Research results indicate 
that scheduling is easier to implement on center pivot sys
tems than on hand-move and sideroll systems. Recently, 
the question has been raised whether scheduling really 
saves electricity. Savings from scheduling depend upon 
farmers overwatering in the base case, which is not well 
documented. In addition, an evaluation of Bonneville's 
Irrigated Agriculture Conservation Program indicated that 
scheduling may save energy in normal water years, but not 
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when extreme conditions exist. In very dry years, water is a 
limited resource, and scheduling may simply improve the 
crop, since water is applied at appropriate times, but not 
save energy since overwatering is constrained. Due to the 
significant questions surrounding whether scheduling 
saved energy, it was not included as part of the resource at 
this time. 

Energy-efficient electric motors are those that are 
manufactured with materials and designs that reduce the 
level of energy losses compared to standard electric mo
tors. The electric motors are used to operate water 
pumps. Recently, implementors of Bonneville's irrigation 
program have cast doubts on the ability of energy-efficient 
motors to survive under the type of conditions that exist in 
the fields. Some have argued that energy-efficient motors 
are less able than a standard motor to withstand the volt
age imbalances that occur in the field, and, therefore, 
their longevity is significantly shortened. In addition, some 
argue that when an energy-efficient motor is rewound, it 
is most commonly not done to energy-efficiency levels, 
and therefore the savings are lost over the long term. 
These questions need to be investigated further to docu
ment the extent of the problem and whether some of the 
new generation of energy-efficient motors might perform 
better. Due to these questions, we counted the savings 
from energy-efficient motors, about 13 average mega
watts, as part of the second block of conservation. 
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Step 2. Estimate Conservation Potential 

Conservation supply estimates for the irrigation sector 
were developed using the Irrigation Sector Energy Plan
ning model. The model combines both engineering and 
economic principles to derive energy savings and levelized 
costs per kilowatt-hour for conservation investments. The 
average megawatts available at various costs are displayed 
in Thble 7-83. 

The model uses a number of base line data inputs, 
including estimates of crop-specific acreages in 11 subba
sins in the region; type of irrigation systems used; pumping 
lift; pumping plant efficiencies; estimates of water applica
tion volumes to specific crops by irrigation system type; 
and system operating pressures. The; model also uses 
rough estimates of conservation measures believed to have 
been applied on existing acreages and subtracts these esti
mated savings prior to calculating the remaining conserva
tion potential. The Irrigation Sector Energy Planning 
model has incorporated new information from Bonne
ville's Stage I irrigation system audits and irrigator surveys 
that indicates that irrigators have increased conservation 
achievements over previous estimates assumed in the 
model. 

In a test of the model to estimate the base line energy 
use for 1985 regional irrigation loads, the Irrigation Sector 
Energy Planning model estimates were within 3 percent of 
the load estimated from 1985 billing records. This indi
cates a high degree of confidence for this part of the 
model. 

Table 7-83 
Irrigation Sector Technical Conservation Potential 

Average Megawatts 

Levelized Cost ( cents/kWh) Existing Land New Land Total 

0 0 0 0 

1 0 0 0 

2 13 1 14 

3 34 1 35 

4 42 1 43 

5 42 1 43 

6 42 1 43 

7 42 1 43 

8 42 1 43 

9 44 1 45 

10 44 1 45 

11 44 1 45 
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