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��Industrial Sector

Summary

This chapter finds that approximately 8 percent of electric industrial loads� could be saved cost-effectively by the year 2015 if sufficient financial and human resources are provided.  Assessing the potential savings and costs from the industrial sector presents a more difficult problem than in any other sector.  Not only are many of the industrial uses of electricity more diverse than in other sectors, but the conservation potential is also more site or process specific.  Savings could range from a low of 4 percent to a high of 18 percent, based on the information reviewed in this chapter.  In terms of the current forecast of electricity loads, this translates to 565 average megawatts in the medium forecast, with a range of 280 to 1,270 average megawatts.  These savings are available at a levelized cost of approximately 1.4 cents per kilowatt-hour.  

The savings estimates presented here are a composite of work already done in the region, including estimates from in-field audits and program experience.  Work is drawn from:  the Oregon Department of Energy, Bonneville Power Administration, the Energy Analysis and Diagnostic Center, Portland General Electric, Puget Power, Seattle City Light, B.C.  Hydro, and the American Council for an Energy Efficient Economy.  These sources used multiple methods to derive their savings, using program experience, audits, evaluations, and judgment from in-field staff combined with various modeling approaches.  The average savings percentage across these estimates by major industrial category appears in Figure G-36.  They range from 6 percent in the non-direct-service-industry metals to 11 percent in the paper industries.  The regionally weighted average across all types is 8 percent after historic savings have been removed.  

Figure G-36

Average Achievable Savings For Major Industrial Type�
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Estimating Long-run Costs and Savings

The Northwest Power Planning Council’s estimates of conservation are based on all the cost-effective conservation that all parties could accomplish over a 20-year horizon, including actions by government, consumers, manufacturers, trade allies and utilities.  Cost-effectiveness is determined by accounting for all the costs and savings of potential resources, including sales from the West Coast market, and then selecting all conservation measures that are less expensive.  If the conservation is actually developed, it will require significant resources, including money, developing a favorable environment, ensuring customer satisfaction, and potentially marketing many of the non-energy benefits of conservation actions.  

Cost-effective conservation was targeted in prior plans to be acquired through various mechanisms, but primary responsibility fell to utilities during periods when they were acquiring resources to meet load growth.  It was argued that utilities could pay up to the avoided cost to secure conservation, and it would still be cost-effective.  However, the historic role played by the utility is changing.  (See Volume 1 of this plan “The Changing Role of Utilities in Conservation Development.”)  Consumers have more options than ever to secure electricity resources, and many of these operations are available at lower costs than current retail rates.  In this world, utilities will have limited ability to raise one customer’s rates to secure conservation in another customer’s house or business.  How to secure all or part of the cost-effective conservation will still need to be determined.  This section simply tries to estimate the overall size of the resource potential.

The 8-percent savings were derived by averaging estimates made by regional parties for each industrial category, and then removing historic savings.  These achievable savings are based on values derived by Bonneville, Oregon Department of Energy, Puget Power Sound and Light, Portland General Electric, and Pacific Power and Light.  Although other estimates of technical potential were also consulted, the achievable estimates were some of the highest-quality and regionally oriented estimates.  Further description of the method to derive savings can be found in the “Summary and Use of Current Data” section below.

Estimates of Savings and Cost from Prior Power Plans

The Council has estimated savings from the industrial sector four times in the past.  As shown in Figure G-37, these estimates have been in the range of 6- to 10-percent savings off industrial loads.  Savings are normalized as a percentage of kilowatt-hour consumption because some earlier estimates covered existing industries only, and others covered new and existing industrial loads combined.  Table G-55 lists key features of prior estimates of conservation from the industrial sector.  The avoided costs in all prior estimates were fairly constant if brought to the same year’s dollars.  The avoided cost used in the this plan are much lower, but the effect of this is relatively minor, given current data.  



�Figure G-37

Comparison of Achievable Industrial Sector Estimates in Prior Plans�
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Table G-55

Comparison of Achievable Industrial Sector Estimates in Prior Plans

1983 Plan�1986 Plan�1989 Supplement�1991 Plan�1996 Draft Plan��550 average megawatts�500 average megawatts�260 average megawatts�740 aMW in high�;

490 in medium forecast�895 aMW in high,

565 in medium forecast��Savings = 9% of existing loads�Savings = 9% of existing loads�Savings = 6% of existing loads�Savings = 9% of total loads�Savings = 8% of total loads��Existing Industries Only�Existing Industries Only�Existing Industries Only�New and Existing�New and Existing��Includes DSIs�Includes DSIs�Excludes DSIs��Excludes DSIs�Excludes DSIs��Based on Self-Assessment�Survey�Survey�End-Use plus Audit Information�Analysis of Other’s Estimates��

The 1983 and 1986 Plans, and the 1989 Supplement all used estimates of savings that were based on industrial customers responding to a survey about how much efficiency was available in their plants.  The surveys were coordinated by industry trade associations, such as the Northwest Pulp and Paper Association and the Industrial Customers of Northwest Utilities.  Data from specific firms were masked by the associations to protect proprietary data.  Savings were estimated at about 500-550 average megawatts from existing industries only, or 9 percent off existing industrial loads in the 1983 and 1986 plans, including savings from the direct-service industries (primarily the aluminum companies).  This dropped to 320 average megawatts, or about 6 percent off existing industrial loads, in the 1989 Supplement because savings in aluminum company loads had already been accomplished through the Con-mod program.  None of these estimates included savings from new industrial loads, whether these were new plants built on new site or simply increased production at an existing plant.  All of these estimates were considered “achievable” because they were what plant managers identified as doable up to a certain cost.  

The 1991 Plan changed the basis on which overall industrial sector savings were estimated.  At that time, Bonneville had spent significant effort developing an end-use model that would estimate savings and costs for generic measures applied to various end-uses, such as motors and lights.  This model indicated savings of about 265 average megawatts for existing loads, and an additional 275 average megawatts for new and expanding loads.  These savings were technical potential, and represented about 6 percent savings off non-aluminum industrial use in the year 2010.  In contrast to prior estimates, this was for existing and new industrial loads.  Similar to the 1989 estimate, it did not include the aluminum industries.  

The advisory committee reviewing the model proposed for the 1991 Plan criticized it because it did not cover all end-uses and industries, and it missed recent information available from audits on the variety of applicable conservation measures.  For example, the 1991 model did not include savings from adjustable-speed drives.  As a result of this, the committee compared the results of the model to results from simple industrial conservation audits.  The audits showed savings on the order of 10 percent, which was higher than the model predicted.  In the 1991 Plan, the Council used 6 percent savings based on the model as the amount of savings from its “first block” of conservation.�  It then adopted an additional 4 percent savings, based on the audit results in its “second block” of conservation.  This second block of savings was assigned a cost that was twice as high as the first block.  However, because savings are so inexpensive from the industrial sector, this still resulted in cost-effective savings.  The first and second blocks of conservation, summing to a total of 10 percent technical conservation potential, were used as the conservation estimate from the plan.  This was reduced by 15 percent to estimate achievable potential.

The savings for the Draft Fourth Northwest Power Plan are based on the average of the achievable estimates presented below in the “Summary and Use of Current Data” section.  While the percentage savings are lower than in the 1991 Plan, the absolute average megawatt savings are larger because the forecasts of electricity use have increased significantly between the 1991 and 1996 Plans.  

New Information from Last Five Years of Programs

Since the development of the last power plan, utilities have more aggressively pursued industrial conservation than ever before.  The 1991 Plan described a region in deficit and called for significant acquisition of conservation resources.  Utilities took the initiative and started developing both conservation and generating resources.  Industrial sector conservation programs became much more common, well-managed and funded.  As a result of this action, we have better information on conservation programs in the industrial sector than in any prior plan.  The program that has acquired the most savings and developed the most experience is Bonneville’s Energy $avings Plan (E$P).  Another important program has been the Business Energy Tax Credit program, administered by the Oregon Department of Energy.  These are described next.  

Energy Savings Plan

The Energy $avings Plan (E$P) is a program offered by Bonneville to public utilities and industries, which can be used to acquire savings in industrial loads (except aluminum smelter load).  The Energy $avings Plan program data covers the period between October 1988 and January, 1995.  This includes data from 370 projects that saved just over 50 average megawatts.  Although the program was offered as early as 1988, in its early development it went through significant changes, and didn’t stabilize as a working program until about 1992.  Most of the projects in the data described here were post-1992.  

Bonneville conducted evaluations on about 30 of the 370 projects.  About 20 of these evaluations were conducted after the 1992 stabilization of the program.  As shown in Figure G-38, the verified savings for the evaluated projects differs from the post-installation report on a case-by-case basis, but on average, the verified savings are very similar to the savings expected before the measures were installed.  This is similar to the results from the pre-1992 data.  

Figure G-38

Audit vs.  Evaluated Savings Estimates from the Energy Savings Plan Program�
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The cost of savings from the E$P program were about 0.8 cents per kilowatt-hour to Bonneville, and about 1.4 cents per kilowatt-hour to the region if Bonneville, utility and customer costs are included.  �  These are very inexpensive savings compared to the 5.5 cents per kilowatt-hour avoided cost at the time of program operation, and remain inexpensive compared to the 2.6� cents per kilowatt-hour avoided cost today.  Figure G-39 shows that if all 370 E$P projects are graphed according to their levelized cost, most of the savings are less than the 2.6 cents per kilowatt-hour avoided cost for the industrial sector.  If all projects with more than a 2.6 cent per kilowatt-hour avoided cost are excluded, the total savings drop from 50 average megawatts to 44 average megawatts.  Eliminating measures that cost more than 2.6 cents per kilowatt-hour has very little impact on overall costs or savings amounts.   

Bonneville used the E$P data as the basis of an estimate of potential savings beyond measures installed in the program, discussed later.  

Figure G-39

Average Megawatts and Levelized Costs of Savings Secured by the

Energy Savings Plan Program�

�

Business Energy Tax Credit in Oregon

The Oregon Department of Energy (ODOE) administers a tax credit to commercial and industrial customers who install efficiency measures in their plants.  The Business Energy Tax Credit program (BETC) began in 1980 to encourage commercial and industrial businesses to recycle, use renewable energy, and recover waste heat.  Energy conservation was added in 1983.  Projects receive a 35-percent tax credit, taken over five years.  The Oregon Department of Energy may approve up to $40 million in project costs each year.  To qualify for the tax credit, energy projects must save at least 10 percent of the energy used by the systems to which the measure applies.  

The program is not specific to electricity savings.  Savings of any fuels can qualify for the tax credit.  Project paybacks must be greater than one year and less than the life of the equipment.  The maximum credit is $2 million per project for industrial measures.  To date the program has awarded over $345 million to over 4,100 completed projects.  This includes 863 projects for industrial conservation.  The 1995 Legislature extended the tax credit through 2001.  

Engineering estimates, similar to those used in Bonneville’s program, are used to determine if projects meet program standards and if estimated savings are credible.  Tax credits are awarded for energy-savings projects that also qualify for utility conservation programs.  Until the 1990s, there was little, if any, overlap between the Business Energy Tax Credit and utility industrial conservation programs.  Since the 1990s there likely has been more overlap since utility programs began gearing up efforts in this sector in the last few years.  Oregon Department of Energy staff estimates that since 1991 about 50-60 percent of the Business Energy Tax Credit projects receiving tax credits also received some form of utility conservation assistance including audits and/or financial incentives.  

The data from the business energy tax credit is used to cross-check the levelized cost of savings found in the Energy Savings Plan.  If only electricity savings are counted, and some outliers� are removed, there were approximately 206 projects totaling about 19 average megawatts.  This data represents projects that were installed mostly from 1987 to 1994.  The levelized cost of these projects to all parties is about 1.2 cents per kilowatt hour.�  This low cost is very similar to the results from the Energy Savings Plan.   

Current Data for Estimating Savings

A number of organizations, including many in the Northwest, have developed estimates of the amount of technical and/or achievable savings that are available from the industrial sector.  The sources referenced for the development of this plan were taken from the following organizations and data sources:  Oregon Department of Energy, Energy Analysis and Diagnostic Center, Bonneville Power Administration, Portland General Electric, PacifiCorp, Seattle City Light, Puget Power, B.C.  Hydro, and the American Council for an Energy Efficient Economy.  Almost all of these estimates encompass a mix of in-field work, program experience and informed judgment, and each has significant strengths and weaknesses.  These estimates are described next.

Some of these estimates reflect only technical� savings potential, others only achievable� savings potential, and some estimate both technical and achievable savings.  In addition, some of the estimates cover virtually all industrial plant types (such as wood products or primary metal plants), and others only cover selected plant types.  

Oregon Department of Energy’s Estimates

Oregon’s energy department estimated conservation potential in that state’s major industries:  paper, wood products, food processing, primary metals, chemicals and electronics.  These industries are also key to the region’s industrial loads.  The estimates were made from a series of studies from 1983 to 1989, and were last updated in 1991.  

The studies done in Oregon are a combination of plant energy audits to identify conservation measures, and industry wide surveys to establish baseline conditions, estimate the saturation of measures already in place, and potential penetration for measures that could be adopted.  These studies looked at potential savings in electricity, gas, oil, and biomass fuel, although only the electricity savings are reported here.  

Much of the work is based on more than 100 site visits by engineers to major industrial plants to estimate the amount and cost of conservation measures that could be installed.  During the visits, the engineers asked plant managers if they would consider installing various measures.  If the answer was no, then department engineers did not include those measures in the database.  The engineers classified the measures into those with less than a two-year payback, and those with between two and eight years payback.  A two-year payback is approximately equivalent to a levelized cost of 0.6 cents per kilowatt hour and an eight-year payback is approximately equivalent to 2.2 cents per kilowatt hour.�  These are below the avoided costs used in this plan.  To extrapolate the conservation measures that the engineers found in the field to the savings that could be secured in the future, the results from the audits and surveys were combined with plant-specific and industry-specific forecasts of production.  This resulted in the potential energy savings in each industry over time.  

As shown in Figure G-40, Oregon estimated achievable industrial sector savings from measures under a 2.2 cents per kilowatt hour threshold by the year 2010 to be between 9 to 18 percent, depending on industry type.  If these savings are weighted by the percent of load each industry represents to the total region, average savings is 11 percent.  

Figure G-40

Achievable Savings by Industrial Type Estimated by Oregon Department of Energy�
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Comments on ODOE estimate

This estimate is likely to overstate savings because some industrial conservation has occurred since about 1990.  No adjustment was made for this since the estimate likely understates available savings because it does not include the technological improvements and conservation measure price reductions that have occurred in the last five years, such as advancements in adjustable-speed drives.  

Two key strengths of this estimate are: 1) that it is based on a large sample of in-field industrial plants and 2) that managers of the industrial facilities were consulted during the estimation process and only measures they considered feasible were included.    

Bonneville Power Administration’s Estimate 

In helping guide the development of the industrial estimates for the power plan, Bonneville used a mix of the results from its industrial program (Energy $avings Plan, or E$P), described above, with expertise from its field staff to estimate further potential savings.  Some of the descriptive text that follows is taken from Bonneville’s description of their project.�

Bonneville staff initially collected savings data for 370 projects from its E$P program database.  Bonneville staff were able to obtain load data for 83 industrial sites which had at least one E$P project.  These 83 plants had a total of 182 projects installed though the E$P program.  About one-third of the projects were in lighting, one-third in compressors, and one-third distributed across motors, electro-chemistry, energy management systems, variable-speed drives, pumps, and other.  

The load and savings data for these 83 plants were segmented into seven major industrial categories consistent with Bonneville’s load forecast.  Historical savings as a percentage of load were computed within major categories and then applied to the usage from Bonneville’s industrial load forecast for the year 2010 for each industrial category.  This yielded an estimate of almost 2-percent savings off forecasted loads, or approximately 49 average megawatts, after subtracting program savings to date.  These results did not represent technical potential because it was possible that more measures could be accomplished in this subset of E$P plants.  For example, about two-thirds of the plants had only one project installed and about 80 percent of the plants had savings from only one end-use addressed.  

Bonneville field staff assigned to E$P were asked to review the E$P data and make an estimate of additional savings that could be achieved.  Some of the field staff looked at individual plants, and others gave an estimate across the board.  Additional savings were added to 29 of the 83 plants.  Savings were then calculated again by 1) calculating savings as a percent of load within major industrial category, 2) applying these percentages to forecast industrial load, and 3) subtracting savings already achieved by E$P.  The result was 7 percent savings off forecast loads, equating to 179 average megawatts.  Before historical savings are removed, the result is 9 percent savings off load.  This value is used below to be comparable to other estimates described here and so as not to remove historical savings twice.�

Bonneville then estimated achievable potential by assigning a range of penetration rates, from 60 percent to 75 percent.  Technical savings, and the low and high achievable savings for each industrial category are depicted in Figure G-41, before historical savings are removed.  The weighted average savings for technical potential and low and high achievable potential are 9, 7 and 5 percent, respectively.  

�Figure G-41

Estimated Savings by Industrial Category from Bonneville Power Administration Estimates�
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Comments on Bonneville’s Estimate 

Bonneville’s paper indicates that their estimate overstates savings.  However, there appear to be factors on both sides, under and over estimating savings, as described next.

Savings from Bonneville’s method might be overstated because the full-percent savings that was estimated from existing industries was applied to new industrial loads as well, and the new facilities are likely to be more efficient to start with.  On the other hand, new facilities offer the potential for the more thorough application of efficient technologies throughout the whole process, not a retrofit situation that is more constrained by current plant configuration and operations.

Savings might also be overstated because there was no downward adjustment to reflect the potential for self-selection bias.  To the extent the industries in the sample, which are the first ones in the program, represented the industries with the biggest potential, there would be an upward bias in using these to represent the remaining industries.  

On the other hand, Bonneville’s estimate may understate savings because the E$P program largely tried to eliminate savings that were very economical to the industrial plant, even without a utility incentive.  This means that savings from projects that would be installed by industries on their own were not accounted for in Bonneville’s analysis and, therefore, would be in addition to their estimate.  

Savings might also be understated because the field staff did not take a comprehensive look at all measures that could be installed for some plants.  For example, field staff estimated additional savings beyond those already secured in E$P for only 35 percent of the plants in the sample, even though 80 percent of the plants had only one end-use (such as lights) addressed.  

Finally, technical and achievable savings potential were not defined in the same way as the terms are used here.  For example, some of the field staff tried to estimate savings without constraints that would correspond to an estimate of technical potential.  However, other field staff considered limitations in making their estimate of savings, such as what level of funding might be available from utilities.  In these cases, applying a reduction factor to reflect achievable is somewhat redundant.  

Nevertheless, Bonneville’s effort is noteworthy, and has been incorporated in the overall estimate made here.

Energy Analysis and Diagnostic Center Data  

This section describes two estimates of savings that are based on the Energy Analysis and Diagnostic Center audits of small- and medium-sized firms.  The first study, sponsored by Bonneville,� looked at the nationwide data collected by the Energy Analysis and Diagnostic Centers for operations and maintenance measures only applied to electrical equipment.  Because it covered only other measures, it is not included in the summary of estimates above.  The second study was an analysis done by Council staff looking at the data from the Oregon center only for all measures that save electricity, not just operations and maintenance measures.  The Energy Analysis and Diagnostic Center data is described first.  Much of the general description of EADC that follows is taken from the Bonneville-sponsored study.

EADC Data

The Energy Analysis and Diagnostic Center (EADC) is a program funded by the U.S.  Department of Energy.  The Energy Analysis and Diagnostic Center uses graduate and undergraduate engineering students under the direction of university faculty members to perform energy surveys of small- to medium-sized manufacturing plants.  The program began in 1976 with four universities acting as centers.  It has since expanded to 22 universities.  One of the early universities in the program was Oregon State University.  Greg Wheeler is director of the Oregon Energy Analysis and Diagnostic Center effort.  

To be accepted as an Energy Analysis and Diagnostic Center client, manufacturing plants must meet certain criteria, including:  1) annual energy bills less than $1.75 million, 2) annual gross sales less than $75 million at the plant site, 3) between 50 to 500 employees at the plant site, 4) no on-site energy manager, 5) located within 150 miles of an Energy Analysis and Diagnostic Center, and 6) a SIC code between 20 and 39.  

The audits generally consist of one- to two-day site visits by an Energy Analysis and Diagnostic Center team.  The team consists of a supervising faculty member and two to four engineering students.  The report they generate contains a detailed plant or process description, a list identifying the major energy consuming equipment, an historical survey of plant energy consumption, and a detailed analysis of cost-effective energy conservation opportunities.  

Primarily inexpensive and simple measures are identified by the student teams.  Figure G-42 indicates the percent of Energy Analysis and Diagnostic Center savings that are estimated at each payback level.  Almost 50 percent of the savings are less than a one-year payback, and 90 percent of the savings have less than a five-year payback.  (A five-year payback measure is equivalent to a levelized cost of 1.2 cents per kilowatt-hour.)�  Approximately one year after the report is complete, the client is contacted to participate in an implementation survey.  All this information is then collected in the Energy Analysis and Diagnostic Center database.  

Figure G-42

Percent of all EADC Savings by Payback Level�

�



The program does not offer incentives, but the reports generated by Oregon State University typically include an incentive analysis to aid the facility in pursuing potential incentives from other parties.  To date, the overall program has resulted in more than 4,500 assessments nationwide and over 30,000 conservation recommendations.

The Energy Analysis and Diagnostic Center contacts customers about one year after the audit to see if any measures have been installed or will be installed.  About 66 percent of the total Energy Analysis and Diagnostic Center savings have been or will be installed according to the survey, representing about 5-percent savings off these loads.  Seventy-five percent of these savings are reported to be installed without incentives or rebates from an additional party.

Pacific Northwest Laboratory (PNL) Analysis of EADC for Operations and Maintenance

The PNL work� was done for Bonneville Power Administration in 1993, and at that time the Energy Analysis and Diagnostic Center database contained 2,400 audits.  From these audits, Pacific Northwest Laboratory, in consultation with an advisory committee, pulled those measures that qualified as “operation and maintenance.”�  Under their definition, some of the measures they selected might be considered capital improvement items, which would result in a higher savings than just operation and maintenance measures.  The selected measures were then sorted by industry-type (SIC classification).  

The contractor then determined how often each measure was recommended (the frequency) in a facility and how much each measure saved (as a percentage of total use).  These were multiplied and summed for all measures to get potential savings.  The example given in the report is:  if a specific energy measure saves an average 8 percent of a plant’s energy consumption within a specific industry type, and is only applicable 25 percent of the time (1 in 4 plants within that industry category), then the overall potential savings to that industry category is 2 percent (8 percent x 25 percent = 2 percent).  

The results of this analysis by industrial category are shown in Figure G-43.  If these savings are weighted together by their representation in the electricity load forecast, the average savings are 13 percent.  

Figure G-43

Estimated Savings from Operations and Maintenance Measures in the EADC Database �
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Comments on PNL EADC Analysis 

In addition to the comments below on the general EADC data base, there are some important considerations to think about in looking at the operations and maintenance estimate derived by PNL from the EADC analysis.

Operations and maintenance measures do not reflect all the savings that could be achieved from a comprehensive review of all measures at a given facility.  Operations and maintenance measures are likely to reflect the lower end of potential savings that could be attained.  

However, these measures are likely to have a much shorter lifetime than savings from capital improvements, and have not been the focus of extensive measurement in an industrial plant.

The data base has some entries that are up to 15 years old.  This means that some of the data probably reflect lower efficiency levels than one would find from more recent audits.  Unfortunately, the report did not indicate the audit dates, and how many were from earlier times.  

Council Staff Analysis of EADC data from Oregon Program

In an effort to estimate all the savings identified by an EADC audit, not just savings from operation and maintenance measures, Council staff analyzed the EADC data base for Oregon.

Staff received the data base of the program, which included 4,500 assessments nationwide.  This data base was then winnowed to reflect only those audits that were done in Oregon and only those measures that saved electricity.  Any measure that saved electricity by switching fuels, or that was part of cogeneration was excluded.  The data were limited to Oregon to ensure that the industries represented plants in the Northwest.  (Oregon is the only Northwest state with an Energy Analysis and Diagnostic Center.)

The result of this winnowed-down data base was over 180 audits and 780 recommended measures specific to Northwest industries.  The audits started in 1987.  The energy savings recommended in the audit were divided by the electricity use of the plants to determine the savings off loads from these audits.  Figure G-44 shows the amount of savings by industrial type that were identified by on-site audits by the Energy Analysis and Diagnostic Center team of engineering students.  The overall savings are 6 to 7 percent if the plants are simply averaged.  However, the overall savings in the Energy Analysis and Diagnostic Center audits were 4 percent off usage, when weighted by forecasted loads for each industrial type.  It is important to note that the Energy Analysis and Diagnostic Center does not go into the largest plants, and therefore its audits don’t fairly represent the savings potential from these large customers.  For example, both of the highest savings and some of the lowest savings come from estimates that have only one or two audits for that industrial type even though these industries represent a significant portion of regional electricity consumption.  These industries are marked with an asterisk.  However, even if these are removed, savings remain at 4 percent.

Figure G-44

Savings by Industrial Type from the Oregon Energy Analysis and Diagnostic Center Audits�

�

General comments about the EADC Database  

The EADC data will introduce some error if its results are applied to the entire industrial sector because the data itself comes from audits on small- to medium-sized firms.  Large firms represent a significant share of electricity use and are hypothesized to be more likely to have their own energy managers, which might leave less conservation still to acquire.  On the other hand, some think that there is generically a higher-percent savings available from larger firms than from smaller ones, which would indicate that the Energy Analysis and Diagnostic Center data would have a bias to the low side.�

The Energy Analysis and Diagnostic Center data likely understate overall savings even in small- to medium-sized plants because major process improvements are generally outside the program scope; the audit is typically an overview of the most simple measures that can be identified in a short period of time.  This is illustrated by the fact that 50 percent of the identified savings fall below a one-year payback.

Finally, a strength of the Energy Analysis and Diagnostic Center data is that it is based on on-site evaluations of industrial plants.  In addition, all recommendations are discussed with plant engineers and/or management before leaving the plant to ensure that the recommendations are feasible.  On the other hand, the energy savings in the data base are based on engineering estimates, not metered data.  

The savings of 13 percent derived from Bonneville’s analysis of operations and maintenance measures in Energy Analysis and Diagnostic Center are incongruous with the savings of 4 percent found in the analysis of all measures in the Oregon portion of the Energy Analysis and Diagnostic Center data base.  The general hypothesis would be that operation and maintenance savings should be less than savings from all measures.  Because the analysis that includes all measures is specific to the Northwest, and is based on a more updated version of the Energy Analysis and Diagnostic Center data base, it is used to represent the size of savings from Energy Analysis and Diagnostic Center audits.

Portland General Electric’s Estimate

Recently, Portland General Electric (PGE) developed new estimates of industrial savings potential for its 1995 least cost plan.  This estimate incorporated two separate approaches: one that was fairly simple for standard measures -- lighting, motors, and variable-speed drives -- in all the industrial categories, and one that took a much deeper look at those industries with the largest loads in their service territories, particularly the paper and wood products industries.  

The estimate for lights, motors and adjustable-speed drives was derived by estimating the proportion of forecasted loads that were in these end-use categories, by industrial type.  Savings and costs for these end-uses were then estimated by looking at measures that would be applicable to the types of customers in Portland General Electric’s service territory.  This was done by a consulting company with national experience in the industrial sector.  Results were calibrated to Portland General Electric’s historical activity, including historic costs, penetration rates and applicability of measures.  The contractor relied on national data in the case of motors where  Portland General Electric’s historic activity was limited.

For the larger customers in Portland General Electric’s service territory, Portland General Electric investigated the potential for process efficiency improvements, including more extensive motor-system changes, by using information from field staff combined with the expertise of an engineer experienced in these industrial types.  The savings estimates were developed through both on-site information and survey work.  Categories of potential efficiency gains included: motors, controls, ducting and piping, process/layout, lighting, and liquid heating.  The engineer originally was hired to investigate these industries to assess whether there were sufficient efficiency gains possible to justify a process-oriented program in the industrial sector, especially focusing on lumber and wood, paper, and high technology industries.  This estimate was the most comprehensive study undertaken by Portland General Electric to date.  

Technical savings derived from this two-part process were reduced to reflect only those savings that were “economic” or cost-effective.  This was then reduced about 26 percent to further reflect an estimate of the economic savings that were achievable.  Historic savings from Portland General Electric’s programs were also taken out of  Portland General Electric’s estimate.�  The resulting achievable savings are presented in Figure G-45.

Figure G-45

Achievable Savings Estimates from Portland General Electric�

�

Puget Power’s Estimate 

Puget’s estimate of industrial conservation potential was developed in 1994 as part of its integrated resource planning process.  These estimates were made when long-term avoided costs were based on the cost of a gas-fired combustion turbine and relatively high fuel costs.  The methodology and assumptions used to generate these estimates were reviewed on a regular basis by members of the Technical Advisory Committee, including representatives from the Washington State Energy Office, Industrial Customers of Northwest Utilities, and the Power Planning Council.  

Puget used a model developed by Bonneville, called Industrial Supply Curve 2 (ISC2) to estimate its industrial conservation potential, which is the updated version of the model used in Puget’s 1992-93 Plan.  This is a model that was used by Bonneville and the Council in the past.  The model divides forecasted loads into end-uses and then applies specific conservation measures to the applicable loads.  Some modifications were made by Puget to facilitate integration with its industrial load forecasting model.  In addition during the development of the inputs for the model, Puget’s industrial energy management engineers spent considerable time reviewing measure cost and savings estimates.  As a result of this review and some new work that had been done by Washington State Energy Office and ADM associates, additional changes were made to the model.  Upon the recommendation of the technical advisory group, Puget re-estimated the 20-year industrial conservation potential in early 1994 using the updated version of the conservation model.

Technical and achievable savings estimates, which are based on 1994 avoided costs, are shown by industry in Figure G-46.  This shows an average 20-year achievable savings potential of about 19 percent off industrial sector load,� at an average cost of less than 2 cents per kilowatt-hour.

Figure G-46

Estimated Percent Savings from Puget Power �

�

Comments on Puget Power’s Estimate

As this estimate is updated to reflect lower avoided costs, the savings projected by Puget would be reduced.  However, given the information from the E$P program and from other programs, lowering the avoided cost within this range has fairly small effects on the size of the resource.  

Puget is using a modified version of a model originally developed by Bonneville.  Bonneville felt uncomfortable with the model for use in this power plan.  Puget used the model after revising it to reflect concerns that its advisory committee raised, including incorporating reviews by Puget engineers, as described above.  

If the savings derived by Puget for its service territory were spread evenly over the 20-year forecast period, it would represent 0.8 percent of the total forecasted load in its territory per year.  Puget thinks that this is a reasonable size because over the three-year period from 1992 to 1994, when Puget was ramping-up its industrial conservation programs, it acquired an average of 0.6 percent of its total forecasted industrial load per year.

Seattle City Light’s Estimate

Seattle City Light (SCL) has spent the last eight years researching industrial electricity savings in its service territory.  The first step in the overall research was to develop a comprehensive end-use database for the Seattle service area.  This data base covered 83 percent of Seattle’s total industrial loads.  A key piece of the data base was information collected through a major research project, called the Industrial Research and Demonstration Project (IRD).  IRD was implemented to (a) develop overall goals for industrial conservation (b) construct data bases on end-use loads, energy savings and conservation opportunities (c) estimate conservation potential, and (d) define program targets for industrial conservation.

To obtain first-hand data, Seattle City Light recruited industrial customers to install energy improvements and provide detailed information on costs, benefits and energy-use performance of these measures.  This information was supplemented with survey and performance data from previous Seattle City Light studies, national data bases such as those available from the Electric Power Research Institute, and technical documents published by industry specialists.  This data base was then further supplemented by information from the Energy Analysis and Diagnostic Center (EADC, described above) for industries in  Seattle City Light’s service territory.  

Seattle City Light’s goal was to identify all efficiency opportunities that could lead directly or indirectly to energy savings if they were implemented by industrial customers.  The IRD Project found that, while industrial customers were interested in energy efficiency, they were often even more interested in efficiencies such as decreasing process time or lowering production costs.  Because Seattle was interested in following up on the technical estimate of savings with programs to acquire the savings, they were also interested in identifying the reasons industrial customers might adopt energy saving measures.  As a consequence, Seattle looked at the energy saving measures and divided them into key categories:  those that simply had energy savings but not other consequential benefits, and those that also caused key benefits such as decreasing process time.  These were called direct and indirect efficiency gains.  They concluded that very significant electricity savings were available from both the direct and indirect efficiency measures.  

The final data base on energy-use efficiencies produced by Seattle City Light is depicted by industry type in Figure G-47.  It shows how much electrical energy can be potentially saved if all the improvements identified in Seattle City Light’s data base are put in place in each of the industry types listed in the figure.  This represents an estimate of technical savings.  If these savings are weighted by the representation of each industry in the Northwest, the savings are an average of 34 percent.  The estimates of savings presented here from Seattle City Light do not include savings from fuel switching or cogeneration.  

Figure G-47

Seattle City Light’s Technical Potential Savings Estimate�

�

Comments on Seattle City Light’s Estimate

Because Seattle City Light included indirect as well as direct savings in its estimates of conservation potential, its estimates are more comprehensive than many of the others described here.  Indirect savings were identified as those measures that would save electricity, but would likely be desired by an industrial customer because they had significant non-energy benefits, not necessarily because they saved electricity.  In addition, Seattle City Light based much of the analysis on data collected in industrial plants in its service territory.

On the other hand, the definition of technical potential used by Seattle City Light included more comprehensive change-outs of equipment than envisioned in some other studies.  An example is taken from a Seattle letter:� Suppose a customer has five identical furnaces, and replaces one of them with an efficient furnace.  Suppose the new furnace consumes 20 percent less electricity per pound of production than the furnace it replaced.  Seattle would count the savings as 20 percent, because only one-fifth of the total furnace load was targeted.  Seattle then used the 20-percent savings and multiplied by all use in the furnace end-use.  Most other conventional methods (for example, the general Energy Analysis and Diagnostic Center database) would use the total furnace load as the denominator and report a 5 percent savings for the furnace end-use instead of 20 percent.  Seattle’s method allows easier comparison with technical specifications, and was recommended to them by their engineers, but it does not account for variation in furnace designs, uses, and physical constraints, which might limit the application of the efficient furnace.  This basic difference would mean that Seattle’s estimates are higher than most of the estimates presented in this paper.  However, because the Council used achievable estimates of savings as the basis for the regional estimate, this did not effect the number adopted in this Plan.  

The particular industries in Seattle’s service territory do not represent a major portion of regional industrial loads.  

B.C.  Hydro’s Estimate  

In 1992 and with further work in 1994, B.C.  Hydro published a detailed analysis of the technical and achievable electricity savings that could be developed in their service territory.�  The technical estimates are based on a model called the Intra-Sectoral Technology Use Model (ISTUM), which is used by B.C.  Hydro to do both load forecasting in the industrial sector, and conservation savings estimates.  It was developed by Battelle Pacific Northwest Laboratories and Simon Fraser University.  The model simulates technological change as a function of changes in physical output, retirement of old equipment, and capital and operating costs of new technologies.  

The overall analysis consisted essentially of the following five steps:

1.	Construct detailed process models of electricity-intensive industries.  A process flow model disaggregates an industry’s production process into several key steps.  An example of process steps in pulp and paper would be 1) pulp digesting, 2) pulp bleaching, 3) paper forming, and 4) paper drying.

2.	Dissagregate electricity demand in each process step by end-use

3.	Calibrate the process models to current product mixes and consumption levels.

4.	Collect and estimate base stock, efficiency and cost data on key electricity end-use technologies in each industry.  This included data collection and consulting with key engineers involved in specific industrial processes.  

5.	Conduct a number of model runs to estimate the amount of savings that would be possible under different scenarios.  



Technical savings by industrial type are shown in Figure G-48.  If these savings are weighted by their representation in the Northwest region, average technical savings at a 6 cents (Canadian) per kilowatt-hour cutoff (B.C.  Hydro’s avoided cost) are about 36 percent.  This estimate however, includes savings from motor efficiencies that are now adopted into federal legislation in this country.  A guesstimate of how much the savings would be reduced was taken from the report by subtracting the savings attributed to the Power Smart program, which is primarily operating a motor efficiency program that is capturing a large percentage of the market.  This reduced the overall potential to about 30 percent.  This reduction was checked with one of the authors of the study, who indicated that it was reasonable to expect that a small portion of the savings they identified came from the motors themselves.  The equipment driven by the motor, such as pumps and fans, and process changes were much more important drivers of the savings estimate.  

Figure G-48

B.C.  Hydro’s Technical Savings Estimates by Industrial Category�

�

One of the authors of the analysis was asked how much the technical savings would be reduced if the 6 cents per kilowatt-hour cutoff were reduced to the 3-cent range.  The author indicated that while no analysis was done at that cutoff, his opinion was that a very significant portion of their savings were much cheaper than 3 cents per kilowatt-hour.  

Comments on B.C.  Hydro’s estimate

The study is noteworthy because B.C.  Hydro worked closely with engineers in the field to develop the process-flow models and searched widely to develop the data set on efficiency and cost of measures.  In addition, it is one of the first studies to take a close look at the entire motor system, not just the motor and its controls.  

American Council for an Energy Efficient Economy’s (ACEEE) Estimate 

In 1994 ACEEE published a report on the electric savings potential from the manufacturing sector.  �  This report estimates electricity end-use in all the manufacturing industry types, with the six most electricity-intensive industry types (chemical, pulp and paper, food, metals fabrication, industrial machinery, and transportation equipment) addressed separately and in greater detail.  

The report breaks electricity use in each industry type into three broad end-use categories:  process, motor, and lighting loads.  Motor systems represent about 70 percent of all end-uses, with process and lighting comprising 23 and 7 percent respectively.  From these end-uses, a range of conservation estimates is made.  If weighted by the representation of industries in the Northwest, the study estimates that 10 to 40 percent of total electricity consumption can be saved through an orderly change-out of equipment at the time of equipment failure, process modernization or new construction.  According to ACEEE, this estimate is conservative, since the study does not consider process optimization or redesign that would significantly increase the conservation potential.  

Figure G-49 shows the savings by industry type.  If they are weighted to reflect the industries’ representation to Northwest loads, the overall savings are between 10 and 40 percent.

Figure G-49

High and Low Technical Savings Estimates from ACEEE�
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The report only considers end-use consumption of electricity.  Neither cogeneration or fuel shifting are included.  

Comments on ACEEE’s Estimate

Its strength lies in the fact that multiple sources of information were consulted and brought to bear on the analysis.  Its weakness is that is an overview of others’ materials, and it is not necessarily all empirically based.  It is also from a national perspective, although the average of industries represented in this document reflects the mix of industries in the Northwest.  

Summary and Use of Current Data

This section summarizes the results of the estimates reviewed in the previous sections.  It also discusses how those estimates were used in deriving total costs and savings from the non-direct-service industrial sector for this power plan.  

Savings

Figure G-50 shows the average technical and achievable savings estimated by the parties discussed in the previous section.  Some parties only estimated achievable potential, and others only estimated technical potential.  Technical savings, weighted by the representation of industrial loads in the Northwest, range from 4� to 34 percent, and achievable savings range from 6 to 19 percent before historic savings are removed.  As described in the prior section, each of these estimates has particular strengths and weaknesses.  However, most of them have tried to rely on field data as the key basis for their estimate, and then use informed judgment or end-use models to extend the field data to further applications.



Figure G-50

Average Technical and Achievable Savings Estimates from Various Parties �

�



Most of the sources only looked at selected industries, usually those with the largest loads for a particular service territory.  Figure G-51 shows the estimates of technical savings potential made by various parties for each industrial type.  Figure G-52 shows the same information for achievable savings.  

�Figure G-51

Technical Savings Estimated by Various Parties by Industrial Type �

�

Figure G-52

Achievable Savings Estimated by Various Parties by Industrial Type �

�

�The savings used in this draft plan are based on the average of the savings for each industrial type across the multiple estimates.  First, the percent savings for each industrial category were averaged for those parties who made an estimate.  Second, the average savings for each category were then multiplied by that category’s consumption in the load forecast to derive a savings estimate for each category.  These were summed to reflect savings from all non-direct service industry loads.  The information is presented in Table G-56 for technical estimates and Table G-57 for achievable estimates.  This resulted in an average overall savings for the industrial sector of 17 percent for technical potential, and 9 percent for achievable potential.  The average achievable savings for the largest industrial categories (accounting for 75 percent of loads), appear in Figure G-53, before historic accomplishments are removed.  This figure differs from Figure G-36 because historic loads have been revised from Figure G-36.

Table G-56

Technical Savings by Industrial Category Estimated by Various Parties 

��������2015 Loads�Savings���ACEEE Avg.�BC Hydro�Puget�EADC, Or�SCL�BPA �Avg.  Tech�aMW�aMW��20 Food�33%��16%�5%�27%�14%�19%�435�83��22 Textiles�������24%�13�3��23 Apparel�������24%�9�2��24 Wood Products�26%�19%�22%�8%��7%�17%�421�69��25 Furniture�������24%�7�2��26 Paper�30%�42%�23%�2%��10%�21%�2040�436��27 Printing�25%���3%���14%�136�19��28 Chemicals�20%�23%�25%�1%��6%�15%�806�123��29 Petroleum�35%�61%�18%�20%���34%�203�68��30 Rubber & Plastics�23%���1%���12%�362�43��32 Stone, Clay, Glass�23%���1%�23%��16%�281�44��33, Non-DSI  primary metal������6%�6%�609�37��34 Fabricated Metal�13%���4%�50%��22%�86�19��35 Industrial Machinery�17%���5%���11%�558�61��36 Electrical Equipment�25%���3%���14%�729�102��37 Transportation Equipment�20%��17%�16%�20%��18%�228�41��38 Instruments�20%���3%���11%�61�7��39 Miscellaneous Manufacturing�20%�39%�13%��41%�7%�24%�67�16��Average / Sum�25%�30%�22%�4%�34%�9%�17%�7051�1176��

�Table G-57

Achievable Savings by Industrial Category Estimated by Various Parties

�������2015 Loads�Savings���BPA �ODOE �Puget �PGE�PP&L �Average�aMW�aMW��20 Food�9%�11%�13%�9%�9%�10%�435�45��22 Textiles������7%�13�1��23 Apparel������7%�9�1��24 Wood Products�5%�12%�19%�12%�9%�11%�421�47��25 Furniture������7%�7�1��26 Paper�7%�10%�20%�16%�10%�12%�2040�250��27 Printing������7%�136�9��28 Chemicals�4%�9%�22%�1%�7%�9%�806�69��29 Petroleum���16%��14%�15%�203�30��30 Rubber & Plastics������7%�362�25��32 Stone, Clay, Glass������7%�281�20��33, Non-DSI metal�4%���8%�10%�7%�609�44��34 Fabricated Metal������7%�86�6��35 Industrial Machinery����3%��3%�558�14��36 Electrical Equipment��18%��3%��11%�729�77��37 Transportation Equipment���14%�4%��9%�228�21��38 Instruments������7%�61�4��39 Miscellaneous Manufacturing�4%��11%�4%�9%�7%�67�5��Region-Wt Average�6%�11%�19%�8%�9%�9%�7051�668��

Some sources did not show an explicit estimate for various industrial categories because that particular category represented such a small portion of loads or because the sample size for that industrial category was too small.  Typically, these industrial categories were grouped into the “miscellaneous manufacturing” category at the time the original estimate was made by the various parties.

�Figure G-53

Average Achievable Savings for Largest Industrial Categories before Historic Savings are Removed�

�

Finally, historic savings, as reported in NuTrak, which are about 100 average megawatts, were then subtracted from the achievable potential, resulting in 8 percent� for achievable savings.  This is lower than the 10 percent discussed in the Conservation Resources Advisory Committee forum.  Given the current load forecast of electricity use at 7,051 average megawatts, achievable savings are approximately 565 average megawatts without line losses in the medium forecast.  

The Council has historically used an 85 percent penetration rate to translate technical potential into achievable potential.  Using 85 percent penetration, applied to the 17 percent technical potential from Table G-56, and removing historic savings, results in an achievable potential of about 13 percent.  However, the sources of estimates for achievable potential were judged to be some of the highest quality and regionally oriented estimates.  As a result, instead of adjusting the technical estimate and combining it with the achievable estimates, this plan is based only on the 8-percent savings potential derived only from the sources that had already estimated achievable potential.  

The average value used here is a composite of the work already done in the region, including many estimates from in-field audits and program experience.  It is comparable in size to estimates derived in previous power plans.  While the avoided cost is lower in this plan than in previous years, this has not had a large effect on the amount of savings because most of the savings in the industrial sector are quite inexpensive, according to program experience.  In addition, technologies that were emerging or in the demonstration stage in prior plans, but which have significant conservation potential, such as adjustable-speed drives, are now becoming much more available and understood, and this increases the potential savings.  

�There is uncertainty in this estimate of potential achievable savings over 20 years.  If the lowest value found in the achievable estimates were used instead of the average, the savings would equal 4 percent off loads.  If the highest achievable value were used, the savings would be 18 percent.  A range of 4 to 18 percent would result in a range of 280 to 1,270 average megawatts, instead of the 565 that is used in this plan.

Levelized Costs

Levelized costs were taken from the Energy $avings Plan and Business Energy Tax Credit Experience discussed above.  These were adjusted for the Council’s adopted discount rate (4.75 percent real), line losses (7.5 percent), and administrative costs.  

Yearly Acquisition Levels

Another key feature of the Council’s analysis of conservation resources is how much of the conservation resource can be developed in a particular year.  If a particular conservation resource is integrated into the construction of a new building or a new appliance being purchased, then the savings are modeled to track the yearly additions of new buildings and appliance purchases.  If a particular conservation resource can be developed from buildings and industries that already exist, then the amount developed in any given year must be paced -- not all of it can be developed at once.  

This plan split the savings between new and existing industrial facilities based on the growth in the load forecast.  In the medium forecast, 64 percent of loads in the year 2015 come from existing plants, and 36 percent of the loads are from new or expanding facilities.  The timing of new loads dictates the timing of savings associated with those loads.  However, the timing of savings in existing loads had to be scheduled.  This was done based on historic experience.  

In the past, the Council looked at those utilities with the most experience in developing the industrial conservation resource, and estimated what percent of their achievable savings they were acquiring per year.  This became the maximum amount of yearly conservation that could be acquired from existing facilities.  This value was about 30 average megawatts per year in the 1991 Power Plan.  Zero was considered the minimum amount of yearly conservation that would be acquired.  Zero acquisition levels would occur if the region were in a surplus and the industrial resource was more costly than short-term market prices.  It would not be feasible to step in one year from zero to maximum amounts, and so a ramp-up was established that required three years to step from zero to a maximum level.  Similar arguments are made for stepping down, because industrial projects have a long lead time and many in process this year might not show up as savings for a year or more.  

The region has more experience with industrial conservation acquisition today than ever before.  Figure G-54 indicates the amount of industrial conservation that was acquired by utilities over the last 11 years from the NuTrak database�.  Alongside the utility accomplishments are the annual levels of acquisition for the industrial sector that were implied in the 1991 Power Plan if the 1,500 average megawatt target across all conservation resources were to be met by the year 2000.  The level in the power plan represented savings from all sources -- by industries on their own, by government actions, and by utilities.  For example, the Oregon Department of Energy’s Business Energy Tax Credit savings would add to the utility savings to the extent they are not already counted in the utility estimate.�  Clearly, the region’s utilities exceeded the estimate of yearly savings that was anticipated to be developed by all parties in the 1991 Plan.  Utility conservation savings from the industrial sector topped 33 average megawatts in 1994.  �

Figure G-54

Historic Utility Industrial Savings and 1991 Plan Estimates�

�

Based on this historic information, staff proposes to use 30 average megawatts per year as the maximum amount of conservation that could be acquired in any year.  This does not imply that utilities are the delivery mechanism for these savings or that near-term levels might not be much less.  It simply means that we think we could duplicate the level of effort that was expended over the last few years to develop industrial conservation if sufficient resources are provided.�  It is not clear that utilities will be the primary mechanism for this development in the future.  This issue is closely tied to the discussion of utility roles for conservation in a restructured industry, which is being developed in a different forum.  Clearly rate impacts, stranded investments,� and customer service are all issues that will significantly impact the role a utility could potentially play in the development of this resource.

Minimum levels of industrial conservation development are still considered to be zero, and four years was estimated as the time it would take to step up or down between the minimum or maximum level.  

Additional Issues

The above discussion of industrial sector conservation is by necessity simplified.  There are extremely complex and interactive issues that play into the discussion of industrial conservation which have not been discussed here.  However, in an attempt to at least briefly discuss additional issues, they are raised in the following sections.

Electrification and Fuel Choice/Switching  

Over the next twenty years, there will likely be an increased competition between electricity and gas providers, and even among electricity providers.  Some predict that switching either to gas or to electricity will occur.  Certainly, many utilities will engage in load-building and load-retention activities.  In addition, some have argued that emerging electric technologies might result in significant electrification.  This will result in some cases in increased electricity use.  In turn, it has been argued that these types of activities could entirely negate the conservation savings estimated in this sector.  

The industrial sector estimate considered here is basically one that looks at total regional loads, regardless of who serves those loads.  In that sense, it is independent of competition among electricity providers.  This estimate is also based on the Council’s forecast of industrial loads.  These forecasts cannot consider all possibilities, and the future is uncertain.  For these reasons, a high, medium-high, medium, medium-low and low forecast are all developed.  While one of these in isolation does not capture the types of electrification and electric fuel retention scenarios that could develop, the aggregate of them probably does encompass the levels of activities that could occur in fuel choice in the industrial sector.  Because the conservation estimates track the forecasts, they also encompass a range that allows for the types of activities that might occur among the electricity/gas fuel competition.  The conservation estimates here are made independent of the load-retention or fuel-switching changes -- in essence the conservation is estimated after whatever level of load retention or fuel switching activity occurs.    

Administrative Costs

Seven of the 19 evaluations done on Bonneville’s Energy Savings Plan industrial program recorded administrative costs, including the cost of evaluating the program.  These costs ranged from 7 to 20 percent of the full cost (both utility and customer) of the conservation measures.  The average administrative cost of the seven case studies was 10 percent.  Historically, the Council has used a 20-percent administrative cost adder for conservation.  However, given the further information provided by these evaluations, this plan uses 10 percent.  

Lifetimes

The value used historically by the Council and Bonneville is an average of 15 years for median lifetimes across all measures.  In all sectors, measure lifetime is the point in time when 50 percent of the measures have been removed permanently from use.  If there is a second-owner life, then the years of service for the second or subsequent owners are also included in the lifetime.  If there are replacement or operation and maintenance costs incurred over the average lifetime, these costs are factored into the levelized costs of the measure.  

There is very little empirical data to estimate the lifetime of most of the industrial measures considered in the conservation assessment.  Most data has come through engineering and audit estimates of typical equipment lifetimes, combined with some judgment on remodeling and equipment replacement.  Some end-use models, such as the Industrial Supply Curve Model 2, use measure-specific lifetimes, and the average lifetime across all the measures would be reflected in the avoided costs.  However, this model is not used as the basis for developing the estimates in this plan, and it was decided to continue with the historic use of an average 15-year measure life.  
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� This does not include savings from the direct-service industries, served by Bonneville.  

�In prior estimates, savings were estimated from existing stock only, and so they were independent from assumptions about load growth.  In 1991 Plan, part of the savings were a function of load growth, and the medium-forecast and high-forecast savings are given here.  

� The overall savings estimate in the 1989 Supplement was the same as prior power plans, except that the conservation modernization (con/mod) program for the direct-service industries was accomplished between the 1986 Plan and the 1989 Supplement.  As a result, the 220 average megawatts of savings expected from con/mod was subtracted from the prior estimate of potential savings.  

�The 1991 Plan had two blocks of conservation.  The first block was the amount of conservation measures that cost up to the avoided cost (11 cents per kilowatt hour in nominal dollars, 5.5 cents per kilowatt hour in real or constant dollars).  The second block included those resources that were either more expensive, or more uncertain (between 11 and 13 cents per kilowatt hour nominal, 5.5 and 6.5 cents per kilowatt hour real).  

�These costs include administration to both Bonneville and the utilities, and line loss credits.  Levelized costs are based on an average 15-year measure life and a 4.75 percent discount rate.

�This is the approximate avoided cost for a 15-year resource developed today based on updated gas prices, combustion turbine costs and market prices, including the 10-percent credit from the Act and 7.5-percent line loss credit.  

�Outliers were defined as projects where the calculated electricity rate is less than 2 cents per kilowatt hour or greater than 7 cents per kilowatt hour, and reported paybacks are greater than 20 years.  

�This is calculated using a 15-year average lifetime and a 4.75 percent real discount rate.

� Technical savings are the amount available if all electricity uses that could be made efficient were made efficient.

� Achievable savings are the amount available if cost-effective technical potential savings are reduced to reflect the amount of savings that are possible to be accomplished over the 20-year planning horizon.  

�This calculation uses a 4.75 percent discount rate, 3 cents per kilowatt hour electricity price, and 15-year measure life.

� Bonneville Power Administration, “An Empirically Based Analysis of Industrial Conservation Potential in BPA’s Service Territory”, November 22, 1995.

� The analysis in this chapter averages the savings estimate for each industrial category and then subtracts historical achievements.  If historical achievements were already removed from the Bonneville estimates, they would end-up being removed twice.

� S.A.  Parker, K.L.  Gaustad, R.f.  Szydlowski and D.W.  Winiarski, Pacific Northwest Laboratory, “Industrial Operations and maintenance Demand-Side Management Resource Development:  Literature and Data Review”, January 1994, for Bonneville Power Administration, PNL-9023/UC-350.  Much of the text that follows describing the EADC data and Bonneville anaysis is taken from this document.  

� This calculation assumes a 2.5 cents/kWh electricity rate to the industrial customers.  

�.Parker, et al, ibid.  

� The report used the following criteria to define operation and maintenance actions:

An activity that is financed as an expense rather than capital

A low-cost item that can be installed or performed by the O&M staff, although it may be contracted; an activitiy or item that is considered a routine capability

An item or activity that has a simple payback of less than one year

Any item or activity that will bring the equipment back to its original design specification; e.g.  repair

A repetitive activity; e.g.  preventive and predictable maintenance

Any activity affecting the operation of the equipment, e.g.  control settings, set points, schedules, and procedures.  

� For example, Bonneville presented information at the Conservation Resources Advisory Committee that indicated a rough estimate of savings would show 10 percent savings in large plants and 7 percent savings in small plants, based on one field staff’s judgment.  

� This was not known in time to adjust the overall savings presented at the end of this section; the end of this section also removes historic savings.  As a result, Portland General Electric’s historic savings are removed twice.  

� If Puget’s estimates for each SIC are weighted by the respresentation of those SICs in Puget’s forecast, the achievable savings are 15 percent.

� Letter to ZoAnne Arrington, Bonneville Power Administration from Deb K.  Das, Seattle City Light, page 3, April 17, 1995.

�B.C.  Hydro, prepared by M.K.  Jaccard and Associates, “1991-1994 Electricity Conservation Potential Review: the British Columbia Industrial Sector”, Volumes 1 and 2, February 1992 and 

B.C.  Hydro, prepared by SRC, “Achievable Conservation Potential in British Columbia through Technological and Operating Change,” July 1994.  

�American Council for and Energy-Efficient Economy, R.  Neal Elliott, "Electricity consumption and the Potential for Eelctric Energy Savings in the Manufacturing Sector, April 1994.  

� It should be noted that this estimate comes from the EADC data base, which represents simple measures in small industries.  

� There is some double-counting of the removal of historic savings because some of the investor-owned utilities had already subtracted historic savings before they reported their percentage savings estimates.  If corrected, this would act to raise the savings reported here.

�1994 values are preliminary.  

�After 1990, as utility programs expanded, an estimated 50-60 percent of BETC projects got both the Energy Tax Credit and a utility incentive.  None of the BETC savings is displayed in the table.   

� It should be noted that the 33 average megawatts was accomplished in the industrial sector in 1994 even when one of the larger utilities in the region was not developing much industrial conservation.  With their contribution, the level would be even higher.  

�The term is used loosely here and could mean that a utility invests money in a facility that then leaves the utility’s system, or it could mean that industrial customers are asked to repay conservation investments made on their behalf by utilities as they leave the system.  
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