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Commercial Sector


Summary


Savings


The combined total of achievable conservation potential for the sector is over � LINK Excel.Sheet.5 "C:\\96PLAN\\COMMSEC.XLS" "NEW_RETRO!R82C28" \t \* MERGEFORMAT �451� average megawatts for measures with benefits exceeding costs.  This amounts to � LINK Excel.Sheet.5 "C:\\96PLAN\\COMMSEC.XLS" "NEW_RETRO!R83C28" \t \* MERGEFORMAT �8 percent� of the projected commercial electric energy demand in the year 2015.  The resource is split roughly 40 to 60 percent between existing buildings with � LINK Excel.Sheet.5 "C:\\96PLAN\\COMMSEC.XLS" "NEW_RETRO!R78C27" \t \* MERGEFORMAT �138� average megawatts and new commercial buildings at � LINK Excel.Sheet.5 "C:\\96PLAN\\COMMSEC.XLS" "NEW_RETRO!R82C27" \t \* MERGEFORMAT �241�� LINK Excel.Sheet.5 "C:\\96PLAN\\COMMSEC.XLS" "NEW_RETRO!R82C26" \t \* MERGEFORMAT �-273�.  The total also includes � LINK Excel.Sheet.5 "C:\\96PLAN\\COMMSEC.XLS" "NEW_RETRO!R74C27" \t \* MERGEFORMAT �72� average megawatts of potential savings available if all of the existing stock that undergoes a full renovation during the next twenty years were brought up to the same efficiency levels as new buildings.


Costs


Savings from all measures that have benefits exceeding costs are available at an average cost of  13.27 mills per kilowatt-hour in existing buildings and 11.86 mills per kilowatt-hour in new buildings.  Across the subsectors, these costs range from 0.9 to 1.6 cents per kilowatt-hour in existing and 0.4 to 2.0 cents per kilowatt-hour in new buildings.  These costs include administrative costs computed at 20 percent of the first cost of the measure as well as a 10-percent credit from the Northwest Power Act computed on the total present value of the measures.


Figure G-23 shows the amount of commercial sector conservation available at various costs in existing commercial buildings and figure G-24 shows the amount of conservation available in new and renovated commercial buildings.


Figure G-23


Conservation Supply in Existing Commercial Buildings


�


Figure G-24


Conservation Supply in New and Renovated Commercial Buildings


�





Changes from the 1991 Plan


A number of changes have occurred to the commercial building sector as well as to the electric industry over the last five years.  While some of the changes simply reflect the changing demographic picture of the Northwest economy, others are specifically related to energy use and distribution.  The most significant of changes include:





Shifting from 1991-2010 to 1996-2015 time frame


Actual floor space growth patterns and new forecast models that include 1991-1995 actual usage patterns


Changes in the retail price of energy, both natural gas and electricity


New federal standards for lighting and HVAC equipment and improvements in building codes in Washington and Oregon


Conservation acquired through utility and other actions since 1991


Changes in marginal resource costs and new efficiency measure costs and savings.





Figure G-25 shows the change in resource potential from the 1991 Plan to the new draft plan estimates by accommodating the effects listed above in a cumulative chain of load forecast runs assuming medium load growth�.


Figure G-25


Disposition of Commercial Resource Changes from 1991 Plan to New Draft Plan


�





The first bar shows the combined total of roughly 1,050� Average megawatts of new and existing conservation indicated in the 1991 Plan.  The second bar shows that had the 1991 Plan been run over the years 1996 to 2015, the total available conservation would have gone up to near 1090 average megawatts.  The third bar shows the change in potential when the latest forecast of economic activity and energy use in existing buildings is used.  The new model reflects a higher floor space growth rate for new buildings as well as a reduction in existing building use due to a number of factors including less remaining floor space resulting from five additional years of demolition and improvements in stock efficiency over the last five years.  In the fourth bar, moving from the 1991 to 1995 forecast of fuel prices decreases the saturation of electric heat and thereby drops the savings potential by about 235 average megawatts.  In the fifth bar, new state codes adopted in Oregon and Washington and federal standards further drop the new resource potential by around 165 average megawatts.  Conservation acquisitions by utilities during the last five years drop the potential in the existing sector by approximately 100 average megawatts.  Last but not least, inserting the new cost-effectiveness levels in the draft plan reduces the potential by another 200 average megawatts.


In summary, the resource potential went from 1,090 average megawatts, using 1991 Plan assumptions, to 380 average megawatts using the draft plan.  It is interesting to note that of this 710 average-megawatts reduction, only 29 percent is due to revised cost-effectiveness analysis for the efficiency measures.  Figure G-26 details these results further.


Figure G-26


Shares of Commercial Sector Resource Potential Reduction from the 1991 Plan by Factor.
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Estimating the Regional Resource Potential


The analysis procedure used to estimate the commercial sector resource was very similar in structure to that used in the 1991 Plan.  The procedure involves four steps.  The first step is to establish current levels of energy use and baseline building characteristics.  The second step uses engineering models informed by the first step and a levelized costing tool to determine cost-effective levels of efficiency across the various sub-sectors.  The third step uses the relative efficiency changes in the prototypes as inputs to the regional load forecast model to estimate the technical resource potential resulting from efficiency-driven changes in forecasted loads.  Lastly, these changes are shaped into programs that are chosen for acquisition to meet load growth by the ISAAC model.


The procedure is described in detail in the 1991 Power Plan, which serves as the primary reference for this part of the Appendix.  Rather than repeating the description in the 1991 Plan, the following sections will focus on pertinent changes from the 1991 Plan and new information that has been developed in the last five years.


Step 1.  Estimating Current Efficiency Levels


Prototype Development


The analysis of savings estimates begins with the development of engineering models to derive the relative impact of specific efficiency measures on various categories of commercial sector building types.  While there has been criticism of using engineering models to predict energy savings, several studies have shown that when fed correct inputs, these engineering models can predict building energy use with considerable accuracy.  The obvious key to insuring credible results is to assemble inputs that are representative of real world conditions.  The engineering models used in this analysis have been extensively compared to a number of studies that range from detailed instrumentation studies of specific measures in single buildings to large scale utility program evaluations with whole building energy use data.  The result of these comparisons is a set of inputs for these models that represents the best approximation of the real world.


This analysis uses the same 10 prototypes that were used in the 1991 Plan.  These prototypes were developed through an extensive process documented in detail in a series of reports by SBW Consulting, Incorporated.  A full reference for these reports is included in the 1991 Plan.


In order to ensure that the prototypes are representative of the broader population, they were modified to include characteristics data from the Pacific Northwest Non-Residential Energy Survey (PNonRES) for existing buildings and from the Energy Code Compliance in Commercial Buildings in Oregon and Washington Study (Code Compliance Study).  These sources provide key information in statistically significant samples about market shares of specific equipment types, insulation levels, and physical geometry such as number of floors and total square footage.  Table G-51 summarizes key statistics about the prototypes.  


Table G-51


Commercial Building Characteristics - 1996 Base Year


Prototype�
Floor area in square feet�
Effective lighting operating hours per year�
Regional weight


 in percent�
Whole building electric use in  in kWh/square feet�
Effective lighting power density w/square feet�
�
New Buildings�
�
Large Office�
408000�
4250�
12.8�
17.1�
1.3�
�
Small Office�
4880�
2600�
12.0�
14.8�
1.4�
�
Fast Food Restaurant�
2624�
6237�
8.2�
96.2�
1.6�
�
Large Retail�
120000�
5100�
6.5�
17.6�
2.2�
�
Small Retail�
13124�
4000�
9.7�
11.2�
1.4�
�
Grocery�
26052�
7150�
2.9�
66.7�
1.5�
�
Warehouse�
18025�
3120�
6.7�
7.7�
0.9�
�
School�
67784�
2534�
16.0�
15.9�
1.4�
�
Hospital�
272000�
4505�
16.0�
40.9�
1.5�
�
Hotel�
277200�
3021�
9.1�
17.3�
1.5�
�
Existing Buildings�
�
Large Office�
408000�
4250�
28.3�
34.1�
2.4�
�
Small Office�
4880�
2600�
27.2�
22.7�
2.2�
�
Large Retail�
120000�
5100�
17.8�
22.2�
2.7�
�
Small Retail�
13124�
4000�
26.7�
16.5�
1.9�
�



Energy Use Modeling


The prototypes were modeled using the public domain software DOE 2.1d developed by the Lawrence Berkeley Laboratories and the U.S.  Department of Energy.�  The prototypes’ energy use patterns were compared to actual building use, and the inputs have been adjusted to produce realistic estimates of energy use.  The primary sources of data used to develop and calibrate the prototypes are the End-Use Load and Consumer Assessment Program (ELCAP) and Commercial Hourly End-Use Study (CHEUS).  Additional calibration data was derived from the Energy Edge program.  


Since the 1991 Plan, significant changes have been made to the energy codes for commercial buildings in Oregon and Washington.  In addition, the federal Energy Policy Act of 1992 (EPAct 92) created minimum standards for some classes of commercial equipment and outlawed production of certain types of lighting equipment.  The new building prototypes were modified to incorporate these standards by referencing the relative improvements in each end-use efficiency predicted by a series of studies conducted to specifically address the energy impacts of these codes and standards�, �, �.  


Step 2.  Modeling Efficiency Opportunities


General


The starting point for modeling efficiency improvements was the set of measures included in the 1991 Plan.  These measures were first screened for those items that are now covered under the new codes passed in Oregon and Washington or by the federal standards in EPAct.  The remaining measures were then reviewed by the commercial subcommittee of the Conservation Resources Advisory Committee (CRAC).  The CRAC reviewed the efficiency measures for applicability given current practice and suggested revisions, or in some cases new measures as appropriate.  These new measures were then modeled and applied to the prototypes, which provided relative energy use impacts by end-use and forwarded to the regional forecast model.


1991 Plan Measure Updates


The measures in the 1991 Plan that were derived from the original UIC/SBW Studies, were screened for those measures that were no longer viable under the new codes in Oregon and Washington or EPAct.  For new construction, all of the measures included in the bundle titled “MCS Package” were deleted and replaced by the Oregon and Washington Code baseline.  Although each of the codes contains requirements that are different from each other and from the MCS, in almost all cases, the new code requirements together met or exceeded the performance of the MCS.  Because the new codes were designed to provide equivalency with EPAct, the effects are subsumed in the new code baseline.


For existing buildings, the analysis of EPAct measures required an examination of individual efficiency measures to see whether or not the EPAct requirements would apply.  The primary places where this effect is in place are seen in the following:


Lighting


The EPAct effectively outlaws sales of 40-watt T-12 Cool white phosphor lamps and 150-watt PAR incandescent lamps.  The lighting savings for retrofits were adjusted to assume 34-watt, T-12, energy-saving lamps with magnetic ballasts as baseline for fluorescent lamps and 90-watt halogen PAR incandescents for incandescent lamps.


Heating Ventilation and Air Conditioning


The EPAct sets minimum requirements for smaller HVAC equipment to be the same as ASHRAE 90.1-1989.  These standards were incorporated as the baseline for equipment replacements in the existing stock and for any retrofit measures.


Motors


The EPAct directs DOE to develop electric motor efficiency standards to be in effect at the earliest in 1998.  There were no motor efficiency measures in the analysis so they were not impacted directly.  For replacements, both Oregon and Washington codes have motor efficiency requirements in place that are equivalent to the EPAct standards.  


After screening for measures that were no longer applicable, the remaining measures were reviewed for accuracy given current market conditions.  To start with, the costs of all measures were escalated using a gross domestic product deflator of 1.15 to account for the impacts of inflation from 1989 dollars to 1995 dollars.  The remaining changes necessary were measure-specific and are treated below.


New Information Developments Since the 1991 Plan 


Since the 1991 Plan, a number of new information sources have appeared on the cost and performance of efficiency measures in this sector.  For purposes of this analysis they fall into four different categories based on the type of information they provide.


Utility Evaluations


Since the 1991 Plan was published, several evaluations of major utility programs have been completed.  The most significant of these is the collaborative effort that covered programs by Bonneville Power, Puget Power, Seattle City Light, Tacoma Public Utilities, and Idaho Power�.  Additional information was provided from evaluations of programs by Portland General Electric,� Pacific Power and Light� and the Northwest Power Planning Council’s publication 94-17.�  In general, these evaluations yield important information on their specific programs and their operation but were not focused specifically on technology assessments, thus often making it difficult to translate the results into measure characterizations.  However, some general trends were apparent:


Lighting measures generally provided solid savings performance as long as the base case was appropriately defined.  In particular, many retrofit programs incorrectly assumed poor performance in the existing system and thus overpredicted savings.  Evaluated savings were also reduced in many cases because owners often took the opportunity of the retrofit to increase their amenity levels (increased illumination levels) while improving their efficiency.  In fact, if the owner desired that level of illumination, then the efficiency measures actually delivered higher savings than predicted.


Heating, Ventilation, and Cooling system (HVAC) measures were a mixed bag.  Chiller upgrades generally met the efficiency performance specified.  Savings were acquired as expected ,providing the base case was appropriately specified.  Many codes do not require efficiency levels near the current practice for large chillers and thus savings determined using code as baseline are overstated.  Adjustable speed drives appeared to be the most unpredictable in their performance.  Most of the performance problems could be traced to incorrect application e.g., incorrectly assuming a variable-speed operation for constant-speed equipment, or not properly commissioning of the adjustable-speed drive controls within the overall HVAC systems.


Envelope systems appear to provide the appropriate savings, although the evaluation techniques are often not sensitive enough to accurately sort out the savings from these measures due to the size of the envelope loads in comparison to the internal loads of the buildings.  In at least one study, it was discovered that assuming that the energy code was an appropriate baseline turned out to be quite inadequate in the wrong direction.  Local building practices and market forces apparently had more impact on baseline insulation levels than did the state codes.


Programs that included building commissioning as part of the program fared better than others.  PacifiCorp’s FinAnswer program was the only one of the group that required commissioning as a part of program participation.  The FinAnswer program also acquired the highest level of achieved savings per unit of any of the programs.  Evaluating the program was also much less contentious since each measure had already been well-documented and tested.


Building Commissioning


At the time the 1991 Plan was being developed, information was being developed that indicated that energy efficiency measures may not be performing in the field because they were not being correctly tested as part of the greater building comfort systems.  This led to the realization that not just energy efficiency measures but entire building systems were not installed and tested to ensure performance.  Following this, a series of national conferences were held on what eventually came to be known as building commissioning.  The proceedings of these conferences� were extremely useful in setting the context for commissioning as a resource, but there was not a good summary of the current state of the information base surrounding this resource.  The Council sponsored PECI to summarize this understanding to use specifically for the purpose of analyzing the resource potential of commissioning in new� and existing�.  These reports formed the basis for the estimates of savings potential for this plan.  The primary source for cost data for this analysis came from a study jointly funded by Bonneville and PacifiCorp that examined the costs and savings of commissioning within PacifiCorp’s FinAnswer program.�


Measure Life


As utility programs began to reach significant portions of the commercial sector, it became apparent that certain types of commercial buildings are undergoing cosmetic and physical changes at a fairly high rate of frequency.  This rate of change raised questions about the longevity of the efficiency measures installed in these buildings.  In order to more fully explore this issue, Bonneville commissioned a study� that surveyed industry professionals regarding the number of changes annually to energy consuming equipment and the potential impacts on to efficiency measures.  This first study raised a number of issues that were explored more fully in a second, field-oriented study� that attempted to determine the effective vintage of actual equipment in a statistical sample of buildings.  This second study was used to revise the measure lifetimes for this analysis.  It is important to note that the perspective taken in this analysis looks at measures from the perspective of the longest component of the measure (e.g., lighting fixtures)  and then computes replacement costs for shorter-lived components (e.g., lamps and ballasts) of the measure.  This is consistent with the methodology used in the second measure study.


Other Sources


A variety of other data sources were reviewed and used in evaluation of individual measure performance.  These include the reference series from E-Source� and the Demand-Side Energy Evaluation Resource from the California Energy Commission.�


Efficiency Measure Descriptions


The efficiency measures analyzed for inclusion in this plan should be grouped into general categories as listed below.  However, it is important to note that generally these measures are intended to represent a broader class of efficiency improvements, which cannot be modeled in the same level of detail as they will need to be in actual application.


Lighting Measures


The lighting measures included in this analysis tended to fall into two categories, the first being what would be considered traditional utility-type rebate programs.  These measures include:


High-Efficiency Overhead Lighting - modeled by replacing 34-watt, T-12 ES lamps and magnetic ballasts with 32-watt, T-8 tri-phosphor lamps and electronic ballasts in new or existing fixtures.  Includes some high-efficiency fixture replacements in retrofit applications to use open parabolic reflective fixtures.     


High-Efficiency Secondary Lighting - modeled by replacing 100-watt incandescent fixtures in wall sconces with 27- or 34-watt compact fluorescent hard-wired fixtures.


High-Efficiency Display Lighting - modeled by replacing 90-watt halogen PAR lamps with 60-watt halogen, infrared-reflecting lamps.


High-Efficiency Exit Signs - modeled by replacing 20- to 40-watt incandescent signs with LED or electroluminescent technology using between 1 and 4 watts.  


The other group of measures can be considered as much design solution as hardware replacements and therefore involve changing the infrastructure of the lighting industry, not just the equipment.  These measures include:


Ambient/Task Lighting Design - this measure represents the design practice of providing differentiated light levels depending on the task required; typically resulting in a lower level of ambient lighting and a higher level of lighting on task surfaces.  This measure is modeled by lowering the overall lighting provided by the ceiling-mounted fixtures to around 30 foot candles and then providing a fluorescent task lamp on each worker’s desk.  There are in fact many ways to achieve comparable lighting designs, including concentrating the overhead lighting over the task areas and using spillover to light the traffic areas, etc.


Daylighting Design - this measure represents the potential of using daylighting extensively to supplant artificial lighting.  The actual practice of this measure includes everything from simple daylight control of perimeter fixtures to full integration of light shelves and other features to ensure daylight penetration to every work area in the building.  This measure is modeled using dimming electronic ballasts and light-sensing controls on the perimeter of the work areas of the building to proportionately vary the artificial light to balance the natural daylight.


Occupancy Sensor Controls - this measure might be considered to be a traditional utility rebate measure but in practice has been found to provide less than satisfactory results when applied without appropriate design considerations.  In addition, there are more and better control technologies that allow broader application of this technology than just the replacement of wall switches.  This measure is modeled assuming occupancy sensing and control of normally unoccupied areas such as filing, storage, and conference rooms, and the potential is proportionate to the share of floorspace consisting of such uses.


Heating Ventilation and Air Conditioning Measures


In keeping with the discussion under lighting, there are mechanical system measures that have been traditionally delivered through utility programs and are best described as hardware upgrades.  These include:


Heat Pump Conversions - modeled as the substitution of a heat pump in place of a standard air-conditioning system with electric resistance heat.  This primarily applies to small packaged rooftop systems on small buildings where electric baseboard heat is possible.  This does not include heat pump conversions of gas-fired equipment.


Variable-Speed Drives - modeled as an add-on device to fans and pumping systems with significant varying flow.


Economizer/Outside Air controls - modeled as add-on controls primarily for retrofit to manage reset of outdoor air during cold conditions and increase outdoor air to provide natural cooling when appropriate.





The group of measures that requires design and infrastructure changes includes:


Constant Volume System Retrofit - modeled as a full replacement of the terminal units and central fan system in an existing large building.


Evaporative Cooling - modeled as a central chilled water system replacement.


Radiant Heating - modeled as replacement for forced air delivery in storage zones or shipping areas.


Heat Recovery Exhaust/Supply Air Tempering - modeled as a redesign and retrofit of existing buildings where variable air volume is not possible.





Envelope Measures


All of the measures in this category could be considered to be traditional utility program-delivered measures.  They include: 


Wall insulation - modeled as an add-on increment to the existing required level from code (e.g.  R-5 exterior foam) or as a retrofit of small wood-framed structures.


Roof Insulation - modeled as increments above R-19 to either R-25 or R-30 


Window Upgrades - modeled as an incremental level of efficiency to include low-emissivity coatings and a thermally broken frame typically resulting in a change in window U-value from 0.60 to 0.45.


Other Measures


The remaining measures modeled include a variety of both traditional utility program delivered measures and others delivered through unconventional means.  They include:


Building Commissioning/ Re-Commissioning - this measure is designed to represent the potential from  full commissioning services from pre-design through start-up in new buildings and for full evaluation and overhaul of existing buildings.  This measure was modeled in both new and existing buildings as saving 10 percent of the energy used for heating, ventilating and air-conditioning.  This results in a typical savings on the whole building use of around 5 percent or toward the low end of the 5- to 40-percent range documented in the PECI report.  This measure was deliberately forced in as the first measure in the stack in order to ensure that the full performance from the other measures was achieved in practice.  


Refrigeration System Improvements - this includes a variety of measures aimed at improving the efficiency of process refrigeration systems at new installation or complete replacement for applications in groceries, warehouses and other refrigerated building applications.  The measures in this group include floating head pressure, hot gas defrost, anti-sweat timers and covers on refrigerated cases, mechanical subcooling and liquid amplification.


Domestic Hot Water - there were measures affecting domestic hot water modeled as insulation and time control retrofits.





Measure Interaction


Analysis of efficiency measures in the commercial sector is complicated by the fact that a change in the efficiency of one end-use can indirectly impact other end-uses.  For example, reducing the energy use of lighting reduces the amount of internal heat gain and requires more heat to be supplied from the auxiliary heating system during the winter.  On the other hand, that same reduction in internal heat gain reduces the cooling load in the summer and the consequent need for energy for the cooling system.  An improvement in the heating system efficiency, say by installation of a heat pump, reduces the winter-time heating penalty from lowered lighting power.  


Further complicating the issue is the fact that interactions for space heating and cooling are fuel-dependent; i.e., interactions that affect space heating only count for purposes of this analysis if they affect an electrically driven system.  


The sum of these factors are applied to each measure and are cumulative as each measure is added.  This process may cause a measure that would have been cost-effective had it been applied first to be non-cost-effective after a prior measure is installed; or just the opposite may occur.  This requires the analysis to be an iterative process, installing the measures sequentially, sorting according to cost-effectiveness, taking the most cost-effective measure as given and then reapplying the other measures and re-running the analysis.


In order to facilitate this iterative process, these interaction factors are developed using the DOE 2.1 engineering model for each prototype with the base level of efficiency and then applied off-line in a spreadsheet tool that applies the appropriate factors for each of three space conditioning systems: electric resistance, heat pump, and gas-fired.  Figure G-27 shows the net fraction of savings resulting from the application of lighting measures after the heating and cooling interactions are applied.


Figure G-27


Net HVAC Interaction Fractions for New and Existing Commercial Buildings 


�


Additional interactions occur when an improvement in heating or cooling system efficiency is put in place.  For example, when an electric resistance heating system is replaced by a heat pump measure, the savings resulting from envelope measures applied thereafter is discounted by the net efficiency of the heat pump over the electric resistance system.  This requires that the cost-effectiveness analysis be iterative in nature; re-ordering the application of measures in order to appropriately account for these interactive effects.


Cost-Effectiveness Analysis


The measures were applied to the appropriate prototypes using a modeling tool developed for this analysis by the Council.  This tool, entitled “ProCost,” is explained in more detail in Appendix B-7.  In brief, it computes the present value of all of the pertinent cash flows for both the costs and benefits of each measure.  A variety of indices are computed from these present values including a benefit-to-cost ratio, a levelized cost equivalent and a simple payback value.  For the commercial sector, there were specific modifications to the basic ProCost module in order to handle the complex set of interactions between measures.


Calculation of Benefits


In ProCost, power system benefits are computed using a set of marginal system costs for four load segments (peak, shoulder, off-peak, and weekend) for each month of the period from 1996 to 2015.  For the life of the building remaining beyond 2015, the marginal system costs are accumulated assuming escalation at the rate of inflation; i.e.  zero real price escalation.  This marginal cost structure is described in more detail in Appendix B-6.  For the commercial sector, rather than shaping the energy savings  to the appropriate load segments, individual load shapes were developed to distribute the annual energy consumption for a specific end-use for both a baseline condition and an efficient condition for each of five end-uses (heat, ventilation, cooling, lighting, other), three separate base fuel conditions (electric resistance, heat pump, gas fired), and two different types of efficiency measures (lighting or comprehensive) for each prototype.  Energy consumption for each load segment for the two cases, baseline and efficient, are subtracted to compute the actual energy in each load segment to multiply by the corresponding marginal cost value.  The various fuel cases are weighted proportionately to their fuel share, and then all the end uses are summed across each load segment to derive the overall load shape for that measure in that prototype.


Calculation of Costs


Because many of the measures in the commercial sector have significant operations and maintenance cost differences between measures and baseline, a fairly detailed model of  the various fixed and variable cost streams was necessary.  The ProCost model was modified to provide for an initial purchase cost, an annual operation and maintenance expense, and up to three separate equipment replacement costs to be repeated within the life of the measure.  The measure costs themselves are repeated as appropriate for the life of the building.


For example, consider a high-efficiency lighting measure in the new grocery sector.  As a new building, the store structure is expected to last a mean lifetime of 45 years based on the life of the building.  The lighting measure to replace standard fluorescent overhead fixtures with energy efficient T-8 lamps and electronic ballasts is given a lifetime of  21 years based on the life of the fixture.  There is an incremental cost incurred to buy the more expensive lamps and ballasts initially at the time of construction.  Over the life of the fixture, the lamps will be replaced every three years incurring an incremental cost with each replacement  In addition, the ballasts will be replaced every 15 years with a corresponding incremental cost.  These replacement costs are repeated for the life of the fixture, six times for the lamps and once for the ballasts.  These costs are brought back to present value and added to the initial incremental cost.  When the fixture’s life is over at 21 years, the life-cycle costing model buys the entire measure over again and repeats the stream of replacement costs until the building is assumed to be taken out of service at 45 years.  This provides a consistent stream of both costs and benefits over the life of the building.


Table G-52 lists the output of the cost-effectiveness analysis for all the measures ranked by benefit cost ratio for new buildings.  Table G-53 lists the output of the cost-effectiveness analysis for all measures ranked by benefit cost ratio for existing buildings.  It is important to note that the annual savings given in these tables is from the prototypes and does not necessarily represent the actual savings predicted by the load forecasting model for the same level of improvement.  The annual savings, first cost and PV columns are all normalized per square foot of floor area of the building.  The PV Cost column represents the present value of all of the costs including financing costs.  The levelized cost column shows the present value costs levelized over the life of the building using a 4.5 percent real discount rate divided by the annual savings.  The B/C Ratio lists the ratio of the present value of benefits calculated as previously described divided by the present value of costs.  The simple payback column lists the simple payback of the measure in years defined as the measure’s first cost divided by the first year savings computed at a nominal rate of 2.5 cents per kWh�.  The cumulative weighted savings column is the cumulative sum of the annual savings weighted by the amount of the total commercial floor space represented by that prototype.  


Measure Ranking


The measures are then sorted according to benefit/cost ratio.  Because of the interactive effects of the measures, this process is iterated until a stable rank-ordering from best to worst benefit/cost ratio is achieved.  The measures are then bundled for all measures with a benefit cost ratio of 1.0 or greater.  This group of measures forms the basis for the characteristics of the resource used by the integrated systems acquisition analysis model (ISAAC).  


Table G-52


Cost-Effectiveness Summary Output for New Commercial Buildings


PROTO-TYPE�
END-USE�
MEASURE DESCRIPTION�
ANNUAL SAVINGS kWh/ft2�
FIRST COST $/ft2�
PV COST $/ft2�
LEVEL-IZED COST mills /kWh�
B/C RATIO�
SIMPLE PAYBACK years�
CUMUL.  WEIGHTED SAVINGS  kWh /ft2�
�
FASTF�
LGT�
Efficient Exit Signs�
0.19�
0.05�
0.00�
2�
-114.3�
9.6�
0.02�
�
SMOFF�
LGT�
Efficient Exit Signs�
0.17�
0.04�
0.00�
2�
-40.9�
8.7�
0.04�
�
WAREH�
LGT�
Efficient Exit Signs�
0.09�
0.02�
0.00�
2�
-39.1�
8.8�
0.04�
�
GROCR�
LGT�
Efficient Exit Signs�
0.09�
0.02�
0.00�
2�
-31.7�
9.0�
0.05�
�
SMRET�
LGT�
Efficient Exit Signs�
0.07�
0.02�
0.00�
2�
-30.1�
10.1�
0.05�
�
LGRET�
LGT�
Efficient Exit Signs�
0.09�
0.02�
0.00�
1�
-25.7�
8.5�
0.06�
�
LGOFF�
LGT�
Efficient Exit Signs�
0.13�
0.04�
0.00�
2�
-23.0�
12.0�
0.08�
�
SCHOL�
LGT�
Efficient Exit Signs�
0.12�
0.04�
0.00�
2�
-19.6�
13.4�
0.09�
�
HOTEL�
LGT�
Compact Fluorescents�
0.92�
0.07�
-0.07�
-3�
-6.8�
3.2�
0.18�
�
GROCR�
REF�
Floating Head Press�
3.06�
-0.30�
-0.82�
-16�
-1.9�
-3.9�
0.27�
�
HOTEL�
LGT�
Efficient Exit Signs�
0.15�
0.04�
0.00�
3�
211.8�
11.0�
0.28�
�
SMOFF�
HVC�
Heat Pump�
0.53�
0.05�
0.04�
5�
20.8�
3.7�
0.34�
�
FASTF�
HVC�
Heat Pump�
1.50�
0.13�
0.12�
5�
18.7�
3.4�
0.47�
�
GROCR�
REF�
Anti-Sweat Timer�
4.73�
0.10�
0.15�
2�
16.1�
0.8�
0.60�
�
WAREH�
HVC�
Heat Pump�
0.85�
0.04�
0.03�
2�
15.5�
1.8�
0.66�
�
HOSPT�
ALL�
Building Commissioning�
3.18�
0.29�
0.13�
3�
12.2�
3.6�
1.17�
�
GROCR�
REF�
Hot Gas defrost�
2.59�
0.07�
0.12�
3�
11.2�
1.1�
1.24�
�
HOSPT�
LGT�
Efficient Exit Signs�
0.07�
0.04�
0.01�
10�
5.6�
22.0�
1.25�
�
FASTF�
ALL�
Building Commissioning�
2.60�
0.29�
0.33�
8�
5.3�
4.4�
1.47�
�
SMRET�
LGT�
Daylight Dimming�
0.76�
0.08�
0.09�
8�
4.2�
4.1�
1.54�
�
HOTEL�
ENV�
R-11 Wall Insul.�
0.23�
0.05�
0.04�
11�
3.3�
8.5�
1.56�
�
WAREH�
LGT�
Occupancy Sensors�
0.61�
0.05�
0.10�
10�
3.1�
3.2�
1.60�
�
SMOFF�
ALL�
Building Commissioning�
0.71�
0.29�
0.25�
23�
2.2�
16.2�
1.69�
�
LGRET�
ALL�
Building Commissioning�
2.73�
0.29�
0.27�
7�
2.1�
4.2�
1.86�
�
HOTEL�
ALL�
Building Commissioning�
1.04�
0.29�
0.25�
16�
2.1�
11.1�
1.96�
�
SCHOL�
ALL�
Building Commissioning�
1.05�
0.29�
0.27�
17�
2.0�
10.9�
2.13�
�
HOTEL�
HVC�
Variable Speed Drives�
0.17�
0.03�
0.04�
16�
2.0�
6.9�
2.14�
�
GROCR�
REF�
Effic.  Evap Fans�
2.08�
0.27�
0.54�
15�
1.9�
5.1�
2.20�
�
LGOFF�
ALL�
Building Commissioning�
1.10�
0.29�
0.29�
17�
1.9�
10.5�
2.34�
�
HOSPT�
ENV�
Add R-5 Wall Insul.�
0.31�
0.11�
0.10�
21�
1.6�
14.5�
2.39�
�
HOSPT�
ENV�
Windows U-0.60 to U-0.45�
0.67�
0.24�
0.22�
22�
1.6�
14.7�
2.50�
�
LGOFF�
LGT�
Occupancy Sensors�
1.20�
0.26�
0.39�
20�
1.5�
8.6�
2.65�
�
GROCR�
REF�
Mech.  Subcooling�
0.74�
0.12�
0.24�
20�
1.5�
6.4�
2.67�
�
GROCR�
REF�
Ref.  Case Covers�
1.58�
0.28�
0.53�
20�
1.5�
7.1�
2.72�
�
GROCR�
ALL�
Building Commissioning�
0.89�
0.29�
0.30�
22�
1.5�
12.9�
2.74�
�
SMRET�
ALL�
Building Commissioning�
0.69�
0.29�
0.27�
25�
1.3�
16.6�
2.81�
�
LGRET�
LGT�
T12EEM to T8Elect.�
1.58�
0.23�
0.60�
22�
1.3�
5.8�
2.91�
�
WAREH�
LGT�
Daylight Dimming�
0.20�
0.06�
0.08�
24�
1.3�
12.1�
2.93�
�
SMRET�
LGT�
90W Halogen to 60WHIR�
0.85�
0.01�
0.34�
22�
1.3�
0.5�
3.01�
�
SMRET�
HVC�
Heat Pump�
0.56�
0.12�
0.23�
25�
1.2�
8.6�
3.06�
�
LGOFF�
LGT�
Ambient/Task Design�
1.41�
0.38�
0.58�
25�
1.2�
10.7�
3.25�
�
Table G-52: Continued


Cost-Effectiveness Summary Output for New Commercial Buildings


PROTO-TYPE�
END-USE�
MEASURE DESCRIPTION�
ANNUAL SAVINGS kWh/ft2�
FIRST COST $/ft2�
PV COST $/ft2�
LEVEL-IZED COST mills /kWh�
B/C RATIO�
SIMPLE PAYBACK years�
CUMUL.  WEIGHTED SAVINGS  kWh /ft2�
�
SMOFF�
LGT�
Ambient/Task Design�
1.41�
0.41�
0.54�
24�
1.2�
11.7�
3.42�
�
WAREH�
LGT�
Ambient/Task Design�
0.19�
0.08�
0.08�
28�
1.2�
16.2�
3.43�
�
SMRET�
LGT�
T12EEM to T8Elect.�
1.85�
0.49�
1.06�
34�
0.9�
10.6�
3.61�
�
SCHOL�
ENV�
R-19 to R-25 Roof/Ceil.�
0.20�
0.12�
0.12�
39�
0.9�
24.1�
3.64�
�
SMOFF�
LGT�
Daylight Dimming�
1.17�
0.52�
0.65�
35�
0.8�
17.8�
3.79�
�
SCHOL�
ENV�
Windows U-0.60 to U-0.45�
0.24�
0.15�
0.15�
43�
0.8�
26.1�
3.83�
�
SCHOL�
ENV�
R-19 Wall Insul.�
0.40�
0.28�
0.29�
47�
0.7�
28.7�
3.89�
�
WAREH�
ENV�
Add R-5 Wall Insul.�
0.34�
0.26�
0.25�
49�
0.7�
30.6�
3.91�
�
HOSPT�
LGT�
Ambient/Task Design�
0.14�
0.06�
0.09�
40�
0.7�
17.5�
3.93�
�
LGOFF�
ENV�
Windows U-0.60 to U-0.45�
0.74�
0.54�
0.55�
48�
0.7�
29.3�
4.03�
�
WAREH�
ALL�
Building Commissioning�
0.35�
0.29�
0.27�
51�
0.7�
32.8�
4.05�
�
SCHOL�
ENV�
Add R-5 Wall Insul.�
0.30�
0.23�
0.23�
50�
0.7�
30.5�
4.10�
�
GROCR�
LGT�
T12EEM to T8Elect.�
2.04�
0.62�
1.54�
44�
0.7�
12.2�
4.16�
�
LGRET�
LGT�
90W Halogen to 60WHIR�
1.95�
0.05�
1.55�
43�
0.6�
1.0�
4.28�
�
SCHOL�
HVC�
Variable Speed Drives�
0.20�
0.11�
0.16�
50�
0.6�
21.3�
4.32�
�
SCHOL�
ENV�
R-25 to R-30 Roof/Ceil.�
0.12�
0.10�
0.10�
55�
0.6�
33.4�
4.33�
�
HOTEL�
ENV�
Windows U-0.60 to U-0.45�
0.56�
0.37�
0.49�
54�
0.6�
26.7�
4.39�
�
LGOFF�
HVC�
Variable Speed Drives�
0.10�
0.05�
0.08�
51�
0.6�
21.8�
4.40�
�
SMOFF�
ENV�
Add R-5 Wall Insul.�
0.26�
0.44�
0.44�
112�
0.6�
68.6�
4.43�
�
FASTF�
LGT�
T12EEM to T8Elect.�
1.54�
0.45�
1.15�
44�
0.6�
11.8�
4.56�
�
GROCR�
LGT�
90W Halogen to 60WHIR�
0.45�
0.01�
0.46�
56�
0.5�
0.8�
4.57�
�
HOSPT�
LGT�
90W Halogen to 60WHIR�
0.06�
0.00�
0.06�
56�
0.4�
2.2�
4.58�
�
WAREH�
ENV�
R-19 to R-25 Roof/Ceil.�
0.08�
0.10�
0.10�
82�
0.4�
50.4�
4.58�
�
SCHOL�
ENV�
R-30 to R-38 Roof/Ceil.�
0.13�
0.16�
0.16�
83�
0.4�
49.7�
4.60�
�
HOSPT�
LGT�
Daylight Dimming�
0.10�
0.09�
0.11�
71�
0.4�
36.5�
4.62�
�
SMOFF�
ENV�
R-19 to R-25 Roof/Ceil.�
0.03�
0.07�
0.07�
171�
0.4�
103.6�
4.62�
�
SMOFF�
HVC�
Economizer�
0.60�
0.49�
0.96�
97�
0.3�
33.0�
4.70�
�
HOSPT�
LGT�
T12EEM to T8Elect.�
0.31�
0.23�
0.48�
92�
0.3�
29.3�
4.75�
�
SMOFF�
ENV�
R-25 to R-30 Roof/Ceil.�
0.01�
0.06�
0.06�
270�
0.2�
162.0�
4.75�
�
SMOFF�
ENV�
Windows U-0.60 to U-0.45�
0.16�
0.80�
0.83�
331�
0.2�
197.8�
4.77�
�
SMOFF�
ENV�
R-30 to R-38 Roof/Ceil.�
0.02�
0.09�
0.09�
359�
0.2�
214.7�
4.77�
�
HOSPT�
LGT�
Occupancy Sensors�
0.09�
0.13�
0.28�
192�
0.1�
59.4�
4.78�
�
LGOFF�
LGT�
Daylight Dimming�
0.11�
0.32�
0.40�
224�
0.1�
112.8�
4.80�
�
GROCR�
REF�
Liq.  Press.  Amp.�
0.64�
1.09�
2.31�
216�
0.1�
68.6�
4.82�
�
LGOFF�
HVC�
Evaporative Cooling�
0.17�
0.65�
1.02�
360�
0.1�
150.1�
4.84�
�
LGRET�
HVC�
Evaporative Cooling�
0.20�
0.80�
1.25�
391�
0.1�
163.0�
4.85�
�
Table G-53:


Cost-Effectiveness Summary Output for Existing Commercial Buildings


PROTO-TYPE�
END-USE�
MEASURE DESCRIPTION�
ANNUAL SAVINGS kWh/ft2�
FIRST COST $/ft2�
PV COST $/ft2�
LEVEL-IZED COST mills /kWh�
B/C RATIO�
SIMPLE PAYBACK years�
CUMUL.  WEIGHTED SAVINGS  kWh /ft2�
�
SMOFF�
HVC�
Reduce Min.  Outside Air�
1.53�
0.02�
0.00�
0�
-151.2�
0.6�
0.42�
�
LGOFF�
LGT�
100W Incand.  to 34W Fluor.�
0.50�
0.24�
-0.12�
-9�
-1.7�
19.0�
0.56�
�
LGOFF�
HVC�
Temp Reset, Multi Zone�
1.46�
0.02�
0.00�
0�
1524.3�
0.5�
0.56�
�
SMOFF�
LGT�
Incand.  to 34W Fluor.�
0.39�
0.35�
0.02�
14�
8.7�
35.8�
0.66�
�
LGOFF�
HVC�
Roof Insulation R-6 to R-19�
0.23�
0.03�
0.02�
9�
4.0�
5.7�
0.80�
�
LGRT�
HVC�
Reduce Min.  Out.  Air�
1.21�
0.08�
0.14�
8�
3.7�
2.8�
0.80�
�
LGRT�
LGT�
Efficient Incand.�
3.88�
0.33�
0.25�
5�
3.4�
3.4�
0.90�
�
LGRT�
ENV�
Roof Insulation�
1.88�
0.36�
0.27�
12�
3.0�
7.5�
1.11�
�
SMOFF�
ALL�
Re-Commissioning�
1.53�
0.23�
0.27�
13�
2.4�
6.0�
1.18�
�
SMRT�
ENV�
Roof Insul.  (Sales)�
3.41�
0.66�
0.50�
12�
2.2�
7.8�
1.86�
�
SMOFF�
ENV�
Roof Insulation�
1.13�
0.39�
0.32�
22�
1.5�
13.8�
2.11�
�
LGRT�
DHW�
Tank Insulation�
0.02�
0.00�
0.00�
20�
1.5�
6.4�
2.32�
�
LGRT�
ALL�
Re-Commissioning�
0.96�
0.23�
0.28�
21�
1.5�
9.6�
2.35�
�
SMRT�
DHW�
Tank Insulation�
0.03�
0.01�
0.01�
20�
1.5�
6.6�
2.86�
�
SMOFF�
DHW�
DHW Tank Insulation�
0.09�
0.02�
0.03�
21�
1.4�
6.8�
3.21�
�
SMRT�
ALL�
Re-Commissioning�
0.86�
0.23�
0.28�
24�
1.3�
10.7�
3.30�
�
SMRT�
LGT�
Efficient Incand.�
0.82�
0.26�
0.29�
26�
1.2�
12.9�
3.30�
�
LGOFF�
LGT�
T-8 EEM Bal & Parab.  Fixt�
3.95�
1.61�
1.42�
28�
1.2�
16.3�
3.51�
�
SMRT�
LGT�
T-8 Elect.  (Sales)�
1.94�
0.68�
0.92�
35�
0.9�
14.0�
5.86�
�
LGRT�
LGT�
T-8 Elect.  (Storage)�
0.43�
0.15�
0.22�
36�
0.8�
13.9�
6.14�
�
SMRT�
LGT�
2T T-8 Elect.(Stor)�
0.15�
0.04�
0.07�
35�
0.8�
10.2�
7.26�
�
LGRT�
LGT�
T-8 Elec.  (Sales)�
6.26�
2.40�
3.20�
37�
0.8�
15.3�
7.30�
�
SMRT�
HVC�
Heat Pump (Repl)�
1.05�
0.48�
0.60�
42w�
0.8�
18.2�
7.37�
�
LGOFF�
HVC�
Variable Air Volume�
8.32�
2.99�
4.86�
41�
0.7�
14.4�
7.89�
�
LGOFF�
LGT�
T-8 Add Electronic Ballasts�
0.74�
0.34�
0.45�
44�
0.7�
18.4�
9.01�
�
LGRT�
ENV�
Caulking & Weather.�
0.01�
0.00�
0.01�
50�
0.6�
16.3�
9.22�
�
LGOFF�
LGT�
Daylight Dimming�
0.32�
0.17�
0.22�
51�
0.6�
20.9�
9.45�
�
SMOFF�
LGT�
T-8 & Elect.  Ballast�
1.28�
0.87�
0.89�
53�
0.6�
27.3�
9.48�
�
SMOFF�
ENV�
Low-e Glass�
1.87�
1.71�
1.49�
62�
1�
36.6�
9.49�
�
SMRT�
ENV�
Roof Insul.(Storage)�
0.12�
0.12�
0.10�
64�
0.5�
38.2�
9.66�
�
SMOFF�
HVC�
Optimum Start timer�
0.75�
0.49�
0.65�
63�
0�
26.3�
9.66�
�
SMOFF�
HVC�
Economizer�
0.95�
0.73�
0.98�
75�
0.4�
30.8�
9.97�
�
SMOFF�
HVC�
Heat Pump @ AC repl.�
2.50�
2.05�
2.70�
79�
0.4�
32.8�
10.88�
�
SMOFF�
LGT�
Daylight Dimming�
0.26�
0.24�
0.32�
91�
0.3�
37.0�
11.29�
�
LGRT�
ENV�
Wall Insulation�
1.14�
1.81�
1.60�
109�
0.3�
63.8�
11.63�
�
SMRT�
ENV�
Low-E Wind.  (Sales)�
0.38�
0.68�
0.59�
122�
0.3�
71.6�
12.32�
�
SMOFF�
DHW�
DHW Cock Timer�
0.01�
0.02�
0.02�
114�
0.3�
46.8�
12.53�
�
SMOFF�
LGT�
3 Tube Parabolic Fixtures�
0.49�
1.20�
1.01�
160�
0.2�
97.0�
12.60�
�
SMRT�
HVC�
Heat Recov.  Exhaust�
0.38�
0.76�
1.06�
202�
0.2�
80.0�
12.71�
�
LGRT�
HVC�
Radiant Heaters�
0.03�
0.04�
0.08�
209�
0.1�
66.0�
13.12�
�



Step 3.  Regional Load Forecast Impacts


In order to determine the regional resource technical potential, it is necessary to take the efficiency changes in the prototypes and apply them to the various sectors in the regional load forecast.  The first step in this process is to develop a table of energy use for each end-use in each prototype that contains the use with all cost-effective efficiency measures applied as a fraction of 1979 stock use.  These relative efficiencies are applied in the load forecast for each of the five load growth cases.  For comparison purposes, an identical set of load growth scenarios is run assuming that efficiency is frozen at 1996 levels.  In the case of new buildings, these relative efficiencies are applied after the latest building codes and standards are put in place; i.e., included in the frozen efficiency baseline.  Both new codes in Oregon and Washington and the EPAct standards are included in this baseline.


Figure G-28 shows the relative changes in energy use for selected end uses relative to the 1996 baseline.  Because these are relative values, some of these changes that appear large are in fact quite small in absolute terms.  For example, the largest of these, a 57-percent reduction in cooling use in warehouses, is actually only a change from 0.2 kWh per square foot to 0.1 kWh per square foot.  It is also important to note that these factors are post application of interaction between measures and therefore do not represent specific change in efficiency alone for a given end-use.  For example, although there is no relaxation of efficiency in space heat in offices, space heat actually increases because the decrease in lighting power increases the need for additional space heat.


Figure G-28


Efficiency Change Inputs to the Load Forecast For New Buildings for Selected End-Uses


�





Figures G-29 and G-30 show the resulting load changes in the medium forecast in the year 2015 by sectors after the relative efficiency changes are applied to the appropriate end-uses.  Figures G-31 and G-32 show the resulting distribution of savings by end-use from the medium forecast in the year 2015.





Figure G-29


New Commercial Building Loads by Sector in 2015


�


Figure G-30


Existing Commercial Building Loads by Sector in 2015


�


�
Figure G-31


Distribution of Load Savings By End-Use in New Buildings in 2015 - Medium Forecast


�





Figure G-32


Distribution of Load Savings By End-Use in Existing Buildings in 2015 - Medium Forecast


�


The resource available from major renovations is computed separately from new or existing buildings by running the load forecast assuming that all existing buildings are retrofitted to the same level of efficiency as new buildings.  The difference between this forecast and the normal retrofit case represents the potential available if all of the existing buildings underwent this level of renovation.  This is not the case, however, since the average building lasts 45 years in the forecast.  In order to compensate for this fact, the renovation resource is adjusted by the ratio of the years of program operation (20) to the average building lifetime (45).


Step 4.  Modeling Efficiency Programs


The technical resource potential from each of the load forecast cases must be translated into achievable resource potential for use by the system acquisition model.  This requires shaping the savings into a real-world efficiency measure program.  There are many different ways to approach this problem.  In this analysis, several different ways of approaching this problem are used.  The first of these is the traditional approach of taking all the measures that are cost-effective to the region and modeling a program that would assume full regional support and financing to acquire these measures.  The second approach attempts to estimate what fraction of each of the measures will be developed by existing or future utility programs without regional intervention and what individual consumers will do on their own without intervention from either the utilities or any other regional effort.


All Cost-Effective Measures Program


There are two primary adjustments to the results from the load forecast to simulate this program.  The first reduces the potential to account for the real-world limitations of physical constraints not modeled by the prototypes or load forecast.  For example, it is not realistic to assume 100 percent compliance with a building code, even though a building code is probably the most comprehensive delivery mechanism for the resource.  Traditionally, the Council has held the view that 85 percent of the technical potential is achievable given all of the resources available under the Northwest Power Act to acquire the efficiency measures.  This view is still supported in this plan, and is reinforced by analyzing the measures with building commissioning forced to be the first measure in the stack of cost-effective measures.  For new buildings, this is further reduced by an estimate of how long it will take the effort to acquire new measures to “ramp up” assuming a unified regional effort to acquire all cost-effective measures.  Figure G-33 shows the ramp assumed in this analysis.  The slight dip in the penetration ramp is intended to reflect an expected near-term ramp-down in program activity.


Figure G-33


New Building Measure Penetration Ramps
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Existing building potential is reduced by the 85-percent achievable factor and then further reduced by subtracting the estimated conservation acquired over the last five years.  Using data from NUTrak, this amount was estimated at � LINK Excel.Sheet.5 "C:\\96PLAN\\COMMSEC.XLS" "NEW_RETRO!R9C28" \t \* MERGEFORMAT �98� average megawatts for the period 1991 through 1995.


The second major adjustment to the technical potential is shaping the energy represented by the measure bundle appropriately into each of the load segments for each month.  This is accomplished by summing the energy savings in each load segment across all measures and then normalizing by dividing the total energy across all segments into each segment.  The resulting normalized set of load segments is used by ISAAC to shape the resource.  Unlike the other conservation resources, which are shaped by a fixed savings shape, the commercial sector load will vary depending on which measures are determined to be cost-effective.


Figures G-34 and G-35 show the percent of annual savings mapped to each load segment for new and existing buildings, respectively.  Figures G-34 and G-35 indicate that both new and existing commercial buildings represent winter peaking resources with the existing sector accumulating slightly more in the winter than new buildings.  And in both sectors, the majority of the savings come from the peak and secondary load segments.


Figure G-34


Distribution of Annual Energy Savings for New Commercial Buildings by Load Segment
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Figure G-35


Distribution of Annual Energy Savings for New Commercial Buildings by Load Segment
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� For simplification purposes, this analysis examines the impacts on new and existing buildings only and does not include renovation/remodel effects.


� The 1991 Plan included 627 average megawatts for existing and 443 average megawatts for new in the medium case totaling 1,070 Average megawatts.  During this analysis an error in the original load forecast input file was found and corrected, reducing the amount to 1,051 average megawatts.


� Although revisions to DOE 2.1 (version 2.1e in various releases) were available in the fall of 1994, due to time constraints and debugging (release 56 of 2.1e was released in the fall of 1995) this analysis relied upon DOE 2.1d numbers.
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