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EXECUTIVE SUMMARY

Under the Clean Air Act Amendments (CAAA) of 1990, utilities must substantially reduce
their S02 emissions. These requirements particularly affect a band of utilities in the
midwest and mid-Atlantic regions stretching from West Virginia to Illinois. PSI Energy, the
largest electric utility in Indiana, is an example of a heavily impacted utility; by 2000, PSI
must reduce S02 emissions by approximately 50 percent of forecast levels or acquire
emission allowances in lieu of these reductions.. PSI already has an extensive set of DSM
programs 0

For this project, PSI worked with ACEEE to develop an enhanced set of DSM programs and
to explore how these enhanced programs affect PSI's CAAA compliance plans.. Results of
the analysis indicate that the suggested program enhancements increase energy savings by
between 45 and 104 percent relative to projected savings from PSI's current DSM programs..
These ongoing and enhanced DSM programs can contribute about seven to twelve percent of
the sulfur dioxide (S02) emissions reductions that PSI needs in 2000 and nine to nineteen
percent of the 502 emissions reductions PSI needs in 2010q> Given the large emission
reduction PSI needs to make, DSM has only a modest impact on PSI's compliance plan$
DSM does provide added flexibility for meeting CAAA requirements and DSM does help to
reduce the customer bill impacts of CAAA complianceG Also, factoring avoided CAAA costs
into DSM cost/benefit calculations can have a significant impact on the cost-effectiveness of
some DSM programs@

INTRODUCTION

PSI Energ~

PSI Energy (formerly Public Service of Indiana) is the largest electric utility in the State of
Indiana and serves over 610,000 homes, farms, and businesses including approximately 1~9

Jl.JtAJLJl.JIi.LVA.& people in north central, central and southern Indiana. Its service area spans 22,000
square miles and includes portions of 69 of the State's 92 counties@
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PSI Energy is a summer-peaking electric utility. The 1993 summer peak load was 5,110
MW. The winter of 1994 peak load was 4,937 MW, which occurred during the coldest
weather recorded in the state. Installed resources are 6,100 MW with 94 percent being coal
fired. Load growth, after a period of stagnation throughout the 1980s, has increased
significantly in the 1990s. Load forecasts are presently assuming two and a half to three
percent annual growth over the next ten years.

The availability of low-cost, high-sulfur coal has kept rate levels low 9 The average price per
kilowatt-hour was $O.0457/kWh in 1992 (EEl 1993). However, new power plant
construction and environmental compliance costs associated with the Clean Air Act
Amendments could require PSI to invest $1.5 billion over the next ten years. This upward
cost pressure has driven PSI Energy to look seriously at all viable options to minimize this
expense.

PSI Energy is currently working with The Cincinnati Gas & Electric company to form a new
company, CINergy~ CINergy will serve approximately 1&3 million electric customers and
400,000 gas customers in a 25,000 square mile area spanning three stateSe Based on owned
generating capacity of 11,000 megawatts, CINergy will be the thirteenth largest investor­
owned electric utility in the United Statess

Clean Air Act Amendments

The Clean Air Act Amendments of 1990 (CAAA) included several provisions that promote
the continued development and implementation of DSM programs, but by far the most
important of these are the Title IV Acid Rain Provisions. These provisions call for major
reductions of 502 emissions from fossil-powered utility boilers in two phases: Phase I,
which covers the 110 plants with the highest 502 emissions, and Phase II, which covers
most remaining plants& For the first time a market-based approach is being used.

S02 emission allowances were established with each allowance representing the right to emit
one ton of 502 in the year in which it occurs or any year after <& Factored on a historical
baseline, utilities are allocated emission allowances, and each affected utility is required to .
develop compliance plans to reduce their S02 emissions to match the allowances they receive
from the Environmental Protection Agency (EPA), or buy allowances from utilities that over­
comply and have an excess of allowances to sellon the open market)

order to promote energy efficiency, Congress also established a pool of conservation bonus
allowances available to utilities with sources that could qualify by reduction of generation
during the period from 1992 until the utility has an affected unit -- 1995 for Phase I utilities
and 2000 for Phase 11&

.A recent report by the Center for Clean Air Policy (Helme and Gille 1993) provides further
details on the CAAA and how energy conservation can be used to lower the compliance costs
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of meeting Acid Rain Law requirements.

The Clean Air Act and Coal Belt Utilities

The Clean Air Act Amendments affect nearly all utilities throughout the country, but have a
particularly strong impact on "coal belt" utilities in the midwest and mid-Atlantic regions. Of
the 110 plants regulated under Phase I, approximately two thirds come from the states of
Illinois, Indiana, Kentucky, Ohio, Missouri, Pennsylvania, Tennessee, and West Virginia.
Phase II requirements also have a strong impact on these states; out of the S02 reductions
scheduled under Phase II, approximately 80 percent will come from these eight states. As a
result, utilities in this region have been scrambling since the bill t S passage to develop plans to
bring their generating plants into compliance. Nationwide, expenditures of approximately $20
billion or more have been projected for the period 1995 through 2005, of which
approximately half will come from this eight state region (Soloman 1994).

PSI's Present Phase I & II CAAA Compliance Plans

Under requirements of the CAAA, PSI Energy will be required to reduce S02 emissions by
approximately 50 percent from forecast levels for each year from 2000 through 2010, or
acquire allowances in lieu of those reductions" Based on PSI's current load forecast, to
achieve these reductions will require emissions reductions of 138,000 tons of S02 in 2000
and 156,000 tons in 20100 As compared to the 1990 502 emissions level (approximately
500,000 tons), CAAA requires PSI to reduce emissions levels by 38 percent by 1995 and 70
percent by 2000"

For compliance on its four Phase I plants, which contain 15 generating units, PSI Energy has
planned to use an array of compliance optionsl& One of its largest units will retrofit a
scrubber which will remove 92 percent of the S02 from that unit" The company will also
reduce the sulfur content in the coal burned at all of the other Phase I units to the extent that
can be accomplished with existing particulate control equipment0 These steps are by far the
greatest portion of PSI Energy's compliance plans..

To comply with Phase II 502 requirements, compliance alternatives within the PSI system
could include additional scrubbers, use of western and midwestern coal blends, and
installation of precipitators and flue-gas conditioning equipment. The company is evaluating
these alternatives in order to provide the most cost-effective strategy for meeting Phase II
S02 requirements while maintaining optimal flexibility to meet potentially significant new
environmental demandse In order to delay or eliminate compliance alternatives within the PSI
system, which could be significantly more costly, the company intends to utilize offsetting
emission allowances to the extent a viable emission allowance market is available.
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The ACEEE Acid Rain and Electricity Conservation Study

During the debate leading to the passage of the Clean Air Act Amendments, ACEEE
condu~ted a study on the potential role of energy-efficiency measures in helping to address
sulfur dioxide emissions in the midwest. The study concluded that accelerated energy
conservation efforts could directly reduce electric-utility sulfur dioxide emissions by five to
six percent of forecast emissions levels in 2000. More importantly, the study found that an
accelerated conservation program could reduce regional expenditures for sulfur dioxide
control by 25 percent or more (because the last ten percent or so of emissions reductions was
particularly expensive), and that savings in consumer bills from energy conservation (resulting
from reduced energy use and reduced need for new power plants) would more than offset bill
increases associated with emissions reductions (Geller, et ale 1987)9 However, this study was
based on mid-1980s data for the entire region, which are not necessarily representative of
utility-specific situations in the 1990s. To address these limitations, in 1991, ACEEE
proposed to PSI that the two organizations work together to assess the potential role of
demand-side management programs in helping PSI to meet its Clean Air Act obligations, an
offer which PSI accepted.

The PSI/ACEEE Study

The PSI/ACEEE study was designed to build upon PSI's existing demand-side management
(DSM) and Clean Air Act implementation plans. For the study, PSI's existing programs and
plans were used as a base. ACEEE, with extensive PSI input, then worked to develop new
or enhanced DSM programs that complemented PSI's existing programs and resulted in
additional cost-effective energy savings. The emissions impacts of these programs were then
analyzed based on year-by-year emissions factors developed from a load dispatch analysis on
PSI's system. Finally, the financial implications of these two scenarios were assessed from
the utility and consumer perspectives. The methodology and results for each of these steps
are discussed in subsequent sections of this reportG

DSM AT PSI

Current Programs

As part of a DSM settlement agreement between PSI and groups representing PSI Energy's
customers, PSI Energy has been implementing twelve DSM programs. The agreement
provides for the recovery of implementation costs, the recovery of lost revenues, and a
shareholder incentive to encourage performance. The result is a set of energy-efficiency
programs that put PSI Energy at the forefront of Midwest utilities in DSM.

DSM programs are considered important not only for the cost savings to the utility, but also
for the value created for customers through reduced bills and the environmental benefits that
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accrue through reduced electricity use. The environmental benefits of DSM are particularly
important considering the impact that the Clean Air Act Amendments are expected to have on
PSI's capital investment requirements. As a result, PSI's DSM programs include a significant
focus on energy savings because energy savings allow PSI to reduce the amount of coal
burned in its power plants.

Table 1 lists PSI's current DSM programs. This set of programs is very diverse, offering a
range of energy-efficiency services to residential, commercial and industrial customers.

Table 2 provides a comparison of the expected demand and energy impacts and the cost
effectiveness of the programs from different perspectiveso The programs are expected to
produce 260 megawatts of summer peak demand reduction and 1,232 gigawatt-hours of
energy reduction in 2000. Further details on PSI's current DSM programs can be found in
PSI's most recent Demand-Side Implementation Update (pSI 1993)e

Possible Expanded DSM Offerings

In developing recommendations for expanded DSM programs for PSI, four general concepts
were followed: (1) influence purchases that are already happening in the market, thereby
addressing lost opportunity resources; (2) promote market transformation where possible; (3)
address major efficiency opportunities and customer segments not addressed by PSI's current
programs; and (4) limit retrofit programs primarily to customer segments that might be
underserved by other programse Each of these concepts, and the programs they lead to, are
discussed in the paragraphs below 0 The programs that emerged from this process are
summarized in Table 3&

During periods of new construction, remodeling and equipment replacement, customers are
spending substantial amounts of money to purchase energy-consuming equipment& By
providing incentives to help cover the incremental cost difference between standard-efficiency
equipment and high-efficiency equipment, utilities can encourage customers to save energy at
modest cost~ If efficient equipment is not purchased at this time, windows of opportunity are
lost because it will often be technically or financially difficult to upgrade equipment later on a
retrofit basis!> an effort to take advantage of these market-driven opportunities to improve
equipment and facilities, new or enhanced programs were developed for residential new
construction, commercial new construction, industrial new construction, commercial
remodeling, commercial planned HVAC change-outs, residential water heaters and residential
clothes washers$

Some utilities are developing long-term strategies to transform the market so that efficient
equipment or practices are the norm and .utility incentives are no longer needed. These
strategies often use utility programs to help leverage government actions, such as adoption of
improved building codes or equipment efficiency standardso A market-transformation
approach has the potential to increase participation rates (because once a market is
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Table 1: Summary of Current PSI Energy DSM Programs

Residential Water Heating

Residential Smart Saver Home

Residential Storage Water Heater

Residential Appliance Cycling

Residential Seal-Up

Residential Low Income

Commercial Custom Energy Audits

Small Commercial Direct Lighting

Industrial Customized Audit

C&I Time of Use Rates

C&I Curtailable Rates

Planergy Water Link Cooperative

A direct installation program for electric water heating customers that
promotes installation of energy efficient water heating measures.
Participants are also eligible for reduced price compact fluorescent
lights.

An efficiency program targeted toward the new construction and
existing home markets. The program promotes high efficiency
building construction and the installation of high efficiency air
conditioners and heat pumps.

Encourages customers to install oversized water heaters with lock-out
devices to shift usage from peak to off-peak periods.

Provides bill credits to customers who allow PSI to cycle air
conditioners and water heaters.

Provides the same measures as· the water heating program and also
includes blower door tests to detect leakage sites and the installation
of caulking, weather-stripping, outlet gaskets and door sweeps to
reduce leaka2e.
Designed to enhance delivery of government supported low-income
weatherization through the addition of measures found in other PSI
Energy residential programs.

Provides a comprehensive energy audit that identifies cost effective.
energy efficiency measures" Incentives are offered to partially offset
installation cost. Also provides incentives for more efficient
equipment in new construction..

A direct installation program for small commercial customers.
Measures include: T8 lamps, electric ballasts, exit signs and compact
fluorescent lights.

PSI Energy provides a comprehensive energy audit. Incentives are
offered to partially offset the installation cost.

A rate program that encourages customers to shift use from high-cost
on peak periods to lower cost off-peak periods. Current design is a
three season, three period rate.

Participants are provided bill credits based upon a mutually agreed
upon level of interrupted load. Credit varies with notification period
and seasonso

A five megawatt load shed cooperative comprised of water and waste
water treatment plants.
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Table 2: PSI Energy Demand-Side l\.fanagernent
Project Impacts of Existing Programs

Program Total Peak
Resource Demand

Utility Cost Cost MW Annual Energy
Ratio l Ratio Reduction GWh Reduction'

(2010) (2010)

Residential Water Heating 1.49 1.34 3..5 51..0
Residential Smart Saver 1330 1.25 50.5 510.7
Residential Storage Water Heater 1.27 0.88 13.9 17.7
Residential Appliance Cycling 1.15 1.. 86 7.2 2.1
Residential Seal-Up 1.. 37 1..28 3.9 88.6
Residential Low Income 1.32 1.35 0.7 11.1

Commercial Custom Energy Audits 1..52 1.. 11 82.. 7 326.5
Small Commercial Direct Lighting 1.48 2..52 13 .. 1 80..9

Industrial Customized Audit 2.93 1..50 l00~7 730.0
C&I Time of Use Rates 1.12 1..67 10.4 4..3
C&I Curtailable Rates 1.13 3.84 21 ..2 7..5

Total 1..54 1..31 307.. 8 MW 1830.40Wh

Forecast Retail Load without DSM 4,939MW 38,751GWh
DSM as % of Forecast 6..2% 4..7%
LeveIized Rate Impact (twenty year) .. 75 mills

1Benefit cost ratio using the revenue requirements or utility cost (Ue) test evaluated over twenty years.
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Table 3: Summary of Proposed NewlEnhanced DSM Programs

Residential Sector
Second refrigerator Encourages customers to tum in under-used second refrigerators and includes
tum-in environmentallv-safe disPOsal.
Compact Fluorescent Promotes availability of affordable CFLs in local retail stores by providing
Lamp Manufacturers' cost credits direct to manufacturers.
Cost Credits
Heat Pump water heater Seeks to establish local market for HPWH through use of incentives and work

with trade allies - targets new construction and equipment replacement
markets.

Clothes washers Provides incentives for purchase of horizontal-axis and high-spin speed
clothes washers.

Farm efficiency Provides technical assistance and incentives to farmers to improve lighting,
heatmsz, ventilation" 2'f8.in drying, watering, food handling, and food storage.

Enhanced Smart Adds duct sealing to new construction program..
Saver

Commercial Sector
Equipment replacement Works with trade allies to provide incentives for purchase of high-efficiency

ballasts, motors, HVAC and refrigeration systems.
HVAC retirement Encourages building owners with HVAC systems that are about to fail to

install new, efficient systems and at the same time improve lighting systems
so that HVAC systems can be downsized.

Remodeling Encourages efficient lighting designs at time of tenant build-out or tenant
chan2es.

Enhanced new Adds technical assistance, a systems perspective, and expanded marketing to
construction existing PSI pr02ram.

Industrial Sector
New construction Encourages factory and process-line designers to improve the efficiency of

their desi2'D throu2h expert technical assistance and incentives.
Small Industrial Extension of existing small commercial program into the industrial market,

with an emphasis on the high-and-Iow-bay lighting systems common in the
industrial sector.

Enhanced efficiency Expansion of existing retrofit program .. includes expert technical assistance
improvement and addition of prescriptive components for fans, pumps, air compressors and

ASD's.
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transformed, participation rates are near 100 percent) while reducing costs per kWh saved
(because once transformation is complete, incentives are no longer needed) (Nadel and Geller
1994). Several of the proposed PSI programs seek to advance market transformation
including the residential, commercial, and industrial new construction programs, equipment
replacement programs for clothes washers, water heaters, ballasts, and commercial HVAC
equipment, and the retailer-based compact fluorescent lamp programlt

As noted in the previous section, PSI has an extensive array of DSM programs. However,
some efficiency measures and customer segments are not fully covered by PSI's existing
programs. For example, existing residential programs do not address residential appliances,
some new construction efficiency measures (e.g., sealing ducts), and efficiency measures
unique to farmsG Existing commercial programs do not cover equipment replacement, design
of new buildings and remodeling of existing buildings. Existing industrial programs do not
fully address process efficiency improvements or small facilities, and do not provide
prescriptive incentives for customers who want to avoid the complications of applying for
customized incentives. To address each of these limitations, new or enhanced programs were
developede

Finally, because previous studies have found that retrofit installations are often more
expensive than efficiency improvements in new construction or building rehabilitation (see,
for example, Katz et alg 1989), proposals for new or expanded retrofit programs were
primarily limited to customer segments that might be underserved by other programso
Serving all customer segments is important because DSM programs often lead to modest rate
increases but significant bill reductions for participating customers due to lower energy usee
By offering programs for all customer segments, everyone has an opportunity to reduce their
billsg Programs that serve potentially underserved customer segments are programs for
residential and farm customers and small commercial and industrial customers. The one
exception to this guideline is that enhanced retrofit programs are proposed for the industrial
sector, in part because there is a chance this customer segment may be underserved by
existing programs and in part because industrial retrofit programs generally have low costs
per kWh saved, making them highly cost-effective (Jordan and Nadel 1993)g

Detailed descriptions of each of the expanded DSM programs are provided in Appendix A,
including narrative descriptions, cost data and a s~t of tables describing the assumptions used

estimate the costs, savings, and other impacts of each program$

In addition to the programs summarized in Table 3, ACEEE also developed descriptions and
input assumptions for seven additional programs that were subsequently dropped from the
analysis including three programs that were found to be not cost-effective or of uncertain cost
effectiveness (refrigerator rebates, home insulation retrofits, and industrial fans and pumps),
and four programs that were subsequently incorporated into PSI's plans for its existing DSM
programs (industrial compressed-air-system retrofits, and enhanced residential central air
conditioner, residential hot-water retrofit, and small commercial lighting retrofit programs)$
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In developing input assumptions for the particular programs, there was substantial discussion
between PSI and ACEEE about the specific assumptions to use. In most cases the two
organizations agreed to a single set of common assumptions. For four programs there was a
difference in opinion as to the participation level that could ultimately be achieved. For these
four programs, two scenarios were run -- an optimistic and a conservative scenario. As a
result of these differences, energy savings from the more optimistic package of programs are
approximately 21 percent higher than energy savings for the more conservative package of
programs in 2000 and more than 40 percent higher in 2010.

For three of the programs, the differences were relatively minor and stem largely from the
fact that PSI caps incentives at 60 percent of measure cost while in some cases ACEEE
believes higher incentives are justified. For one of the programs, the HVAC retirement
program, differences were more substantial. PSI program staff believe that most of the
savings that can be achieved from existing commercial buildings are captured by PSI's current
audit and incentive program and hence they project very little additional savings from the
HVAC retirement program. ACEEE, on the other hand, believes that savings from PSI's
audit and incentive program are relatively modest (participating customers reduce their energy
use by about five percent) and that substantial savings are available in the long-term through a
program that emphasizes HVAC system optimization at the time of HVAC equipment
replacement and also includes comprehensive lighting retrofits that allow the new HVAC
system to be downsized substantially. Approximately 75 percent of the difference between
the conservative and optimistic scenarios is due to different assumptions regarding this one
program * Details of the assumptions used to model the conservative scenario are provided in
Appendix B9

The three new/expanded DSM programs that promise the greatest energy and demand savings
are the Commercial HVAC Retirement/Upgrade program, the Industrial New Construction
program, and the Enhanced Industrial Efficiency program~

The Commercial HVAC Retirement/Upgrade Program will target commercial HVAC systems
that are about to be replacecL The program will provide participants with a package of
lighting and shell improvements which will reduce the size of an HVAC system simultaneous
to installation of a high-efficiency HVAC system with energy-saving controls4 The two key
features of this program are (1) it increases savings by combining equipment-efficiency
improvements with uipment downsizing made possible by overall building-load reductions;
and (2) it spreads the participation and costs of a full-scale effort over many years.. Under
the Optimistic scenario, this program is projected to save approximately 211 MW and 845
GWh/year by 2010*

The Industrial New Construction Program is intended to capture the cost-effective lost
conservation opportunities in the new plant and new process line market. Limited data
indicate that the typical industrial process line is changed every ten to fifteen years (although
many lines are changed on slower or more rapid schedules). This renovation rate implies that
approximately eight percent of industrial process lines are renovated every years By working
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with this renovation cycle, utilities can capture significant energy savings without the plant
downtime required for retrofit projects. Under the Optimistic scenario, this program is
projected to save approximately 39 MW and 291 GWh/year by 2010~

The Enhanced Industrial Efficiency Improvement Program is designed to complement the
existing I-I program, which focuses on lighting, motors, and other auxiliary system measures.
The pilot program will address improved energy efficiency in the industrial processes within a
participant's facility and should target the approximately 240 PSI customers over 1 MW in
size. Under both the Optimistic and Conservative scenarios, this program is projected to save
approximately 39 MW and 296 GWh/year by 2010.

While Tables 1 and 3 show a total of 25 programs, in actual operation many of these
programs are or will be offered as part of a package of DSM services targeted to particular
customer segmentsit Thus, to most individual customers and trade allies, it will appear that
PSI offers a single program that contains several program components.

The combined impacts of the new/expanded DSM programs listed in Table 3 are substantial.
As shown in Table 4, by 2010, the peak year of the DSM impacts, these additional DSM
programs are estimated to save 832 GWh in the conservative case and 1,906 GWh in the
optimistic case. This represents a 45 percent increase for the conservative case and a 104
percent increase for the optimistic case over projected savings from PSI's current DSM
programs 0 The new programs also substantially reduce peak demand, savings 132-386 MW
in 2010, a 43 .. 125 percent increase over projected savings from PSI's current programs.
The benefit/cost ratios for the new programs vary from 1.3 to 3.4 using the Utility Cost test.
These results are summarized in Table 40 Additional results of the analysis are provided in
Appendix C&

EMISSION IMPACTS OF EXPANDED DSM

Methodology

PSI Energy uses detailed production dispatch models to determine the amount of fuel burned,
and hence S02 production, by its power plants~ Emission impacts of DSM are determined by
runnlng these models with and without the DSM programso Emission levels and production
costs are determined for each DSM case by the difference between base case (no DSM) and
each of the three DSM caseso The emission levels are converted to emission allowances and
applied to a forecast of allowance pricese

e forecasted emission allowance prices are quite uncertaine Initial forecasts made in 1992
were s stantially higher than forecasts used at the present time. The most recent forecasted
emission allowance prices (the values used in this analysis) range from a 1995 level of $155
per ton of 502 avoided rising at a 608 percent rate over the next ten years.
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Table 4: PSI Energv Demand-Side Management
Projected Impacts of ACEEE Programs

Optimistic Assumptions Conservative Assumptions

Utility Cost

Ratio

Total
Resource

Cost Ratio

Peak
Demand

MW Annual Energy
Reduction GWh Reduction

(2010) (20101
Utility Cost

Ratio

Total
Resource

Cost Ratio

Peak
Demand

MW Annual Energy
Reduction GWh Reduction

(2010) (2010)
PrograM

2ND refrig. Turn-in 1.28 1.28 0.00 0.00 1.28 1.28 0.00 0.00
CF Coupon Program 2.13 1.63 0.07 7.. 2 2.13 1.63 0.07 7.. 2
Heat PumplWater Heater 1.61 1.19 6.82 89.1 1.67 1.19 6.80 89.1
CIQthes Washer Rebate 1.71 1.53 1.40 9.3 1.71 1.53 1.40 9.3
'a~m Efficiency 1.30 0.98 0.01 0.08 1.18 0.89 0.01 0.04
'nhanced 5 $ - Duct Seal 3.27 2.70 1.94 14.3 3.21 2.10 1.94 14.3
Commercial Equipment Replacement 1.48 1.60 28.58 114.5 2.30 1.52 19.49 78.1

.....,. Commercial HVAC Retir~ment Upgrade 2.93 2.44 210.84 844.8 2.60 2.18 10.54 42.2
N

Commercial RemQdeling - Lighting 2.74 2.31 37.46 150.1 2.91 2.01 1.36 29.5
Commercial NewCons(ruction 3.44 3.86 19.51 78.2 3.44 3.86 19.52 78.2
Ifldustr'al New Construction · 1.71 1.71 38.68 290.5 2.43 1.81 23.44 116.1
Small Industrial Direct 'nstallation' 1.93 1.62 1.61 12.1 1.93 1.62 1.61 12.1
Enhanced Industrial EffICiency 2.99 9.10 39.40 296 3.01 8.81 39.40 296 .

Total ACEEE Programs 3.01 2.33 386.30 1906.00 2.55 2.55 131.59 832.10

Forecast load without IXCEEE 4,939 MW 38,751 GWh 4,939 MW 38,751 GWh
ACEEE as % of Forecast 7.80% 4.92% 2.66°k 2.15%
levelized Rate Impact (twenty year) 2.0 Mills 1.1 Mills



For each of the three DSM cases reviewed -- PSI Energy's Current, ACEEE Conservative,
and ACEEE Optimistic cases -- the production dispatch models were applied to determine the
level of S02 emissions. The base case used to determine the environmental benefit from
these DSM programs did not contain any environmental compliance options beyond PSI's
Phase I plan. As compliance options are finalized and implemented, however, DSM
programs may impact cleaner units on average, thereby reducing the S02 impacts from the
efficiency improvements. Thus, the emissions reductions attributed to DSM programs should
be viewed as an upper bound.

These avoided-emission-allowance benefits are included in the cost-effectiveness tests used by
PSI Energy to screen and evaluate the cost effectiveness of its DSM programs. The cost­
effectiveness tests reflect the standards in the California Standar~ Practice manual and include
the utility cost (UC), total resource cost (TRC) and rate impact measure tests (RIM). All
benefit/cost ratios presented in this paper include the estimated value of avoided emissions,
based on the projected emission allowance prices.

Results

PSI Energy's base case DSM programs reduce S02 emissions by approximately 10,000 tons
in 2000, peaking at 14,100 tons in 2010 before gradually declining to 12,400 tons in 2013 as
DSM measures wear out (see Figure 1). The enhanced programs developed by ACEEE
increase S02 emissions reductions by approximately 3,200 - 6,000 tons in 2000 (the range
captures the difference between the conservative and optimistic scenarios); incremental 502
emissions reductions from ACEEE enhanced programs rise to 5,900 - 12,700 in 2005 and
5,500 - 15,000 tons in 2010&

Combining PSI's existing programs with ACEEE's conservative scenario, total S02
reductions in 2000 are 13,100 tons, which represents more than nine percent of PSI's total
required emissions reductions expected in that year ~ Emissions reductions due to conservation
programs increase to 19,600 tons by 2010 in this case -- approximately 13 percent of the
emissions reductions PSI expects to need in that year (see Tables 5 and 6)~

Combining PSI's existing programs with ACEEE's optimistic scenario, total 502 reductions
2 are 15,800 tons, which represents more than 11 percent of PSI's total required

emissions reductions expected in that year $ Total emissions reductions due to conservation
programs increase to 29, 100 tons by 2010 in thi~ case -- more than 18 percent of the
emissions reductions PSI expects to need in that year (see Tables 5 and 6).

terms of energy savings, under the conservative scenario, the total package of programs is
projected to save 2,664 GWh in 2010$ This represents nearly nine percent of PSI's load
forecast for 2010 before accounting for the effects of PSI's DSM programs (see Table 5)$

optimistic scenario, the total package of programs is projected to save 3,738 GWh
2010, which represents more than 12 percent of PSI's load forecast for 2010 before

accounting for the effects of PSI's DSM programs~
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Table S. Impact Summary for Three Scenarios Analyzed

502 Reductions
Current Conservative Enhanced Optimistic Enhanced

Year Tons (000)
% of Total
Required Tons (000)

% of Total
Required Tons (000)

% of Total
Required

1995
2000
2005
2010

3.3 4.8% 3.6 5.3% 3.6 5.3%
9.9 7.2% 13.1 9.5% 15.8 11.5%

13.2 7.9% 19.1 11.4% 25.9 15.5%
14.1 9.0% 19.6 12.6% 29.1 18.6%

C02 Reductions
Current Conservative Enhanced Optimistic Enhanced

Year Tons (000) % ofTotaJ Tons (000) % of Total Tons (000) % of Total

1995
2000
2005
2010

430.3
1,259.7
1,704.2
1,896.4

1.9%
5.2%
6.1%
6.1%

465.3
1,663.1
2,459.9
2,155.5

2.1%
6.9%
8.9%
8.9%

471.5
2,007.8
3,340.2
3,881.4

2.1%
8.3%

12.0%
12.5%

Current Conservative Enhanced Optimistic Enhanced

Year Tons (000) % of Total Tons (000) % of Total Tons (000) % of Total

1995
2000
2005
2010

0.9
2.7
3.7
4.1

1.4%
3.9%
4.6%
4.6%

1.0
3.6
5.3
6.0

1.6%
5.1 %
6.7%
6.7%

1.0
4.4
7.3
6.4

1.6%
6.3%
9.1 %
7.2%

Year Current
Annual GWh Reductions
Conservative Enhanced Optimistic Enhanced

GWh % of Total GWh % of Total GWh % of Total
Qll:aQ;aWll'llDllIil!lJllilIltlllilll«il!ail'll!liJQ;;,iQlI 4'!9Gl11l.-Cli5elPQlK>__Gll'_...«f8"el'JIQ!illitQal!ifll!ttfillS

qggUll!lf'l$l'tllR0'~q.aff;!;ll(M>....IMlt.. ~Qll':-e:ll"ll\lIlotQlilloaus"'el\IJlll!lll8llil!l1i1"IfiNII!Iile""""4illilt ..1Illlt... C'IiBIIJ......._ ......... 1iilIil'll......CiIllGlD..ftlal ..GllIlIfillo...C'll'a'.._ ....dlllo
GI».._ ......___......

1995 414.1 1~9% 447.8 2.1 % 453.6 2.1%
2000 1,232~O 5.2% It626~8 6.9% 1,964.0 8.3%
2005 1,642.2 6.1 % 2,370.0 8.9% 3,219.0 12.0%
2010 1,830.5 6.1% 2,663.7 8.8% 3,738.0 12.4%

Average Bill Reductions (Averaf!e of Participants and Nonparticipants)
Current Conservative Enhanced Optimistic Enhanced

$ % $ % $ %

1995
2000
2005
2010

$29 1.4% $31 1.6% $31 1.6%
$101 4.0% $133 5.3% $162 6.4%
$142 4.8% $210 6.9% $297 9.4%
$168 4.8% $260 6.9% $385 9.8%
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Table 6: PSI Energy 502 Emissions Forecast

Pre-CAAA
EPA Forecast Surplus/

Allotment Emissions* (Deficit)
Year (tons) (tons) (tons)

1995 311,679 243,152 68,527
1996 311,679 216,713 94,966
1997 311,679 228,352 83,327
1998 311,679 228,477 83,202
1999 311,679 236,268 75,411
2000 145,918 283,571 (137,653)
2001 145,918 283,082 (137,164)
2002 145,918 297,414 (151,496)
2003 145,918 302,256 (156,338)
2004 145,918 293,942 (148,024)
2005 145,918 313,128 (167,210)
2006 145,918 319,575 (173,657)
2007 145,918 318,847 (172,929)
2008 145,918 320,715 (174,797)
2009 145,918 311,865 (165,947)
2010 145,918 302,018 (156,100)

:$ assumes no DSM or Environmental Compliance Options
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In all three scenarios, emissions reductions, on a percentage basis, are less than energy
reductions, as shown in Table 7. These results are due to end-use efficiency improvements
impacting power plants that are slightly below average in terms of their S02 emissions rates.
In other words, DSM primarily displaces peaking and intermediate power plants with below­
average emissions. The coal-fired baseload plants are only moderately affected by DSM.
However, as one moves from the current PSI programs to the ACEEE conservative case and
then to the ACEEE optimistic case, emissions reductions per kWh saved increase as these
additional programs have a greater impact on the baseload coal plants.

Table 7. Emissions and Energy Reductions as a Percent of Forecast in 2010e

PSI Base Case
Conservative Enhanced Case

1l"l""\..,.'II ......... "II.~ ...'\I,.. Enhanced Case

GWh Reduction
as % GWh Sales

6.1%
8.8%

12.4%

502 Reduction
as % S02 Emissions

PSI is presently developing a new optimized CAAA compliance plan -- results of this analysis
are not yet availablee However, a range of possible financial impacts can be estimated by
assuming that DSM either defers emissions allowance purchases (which provides a low-end
estimate of cost savings) or scrubbers (which provides a high-end estimate of cost savings)e
In all likelihood, the correct answer lies between these two extremese

If only emissions allowance purchases are deferred, based on forecasted emissions allowance
prices developed for PSI by a contractor, PSI's current DSM programs over a 20-year period
will save approximately $69 million (1994$) in emissions allowances$ The ACEEE programs
will save an additional $27 ... 62 millione These emissions allowance savings represent 27
percent of the total projected benefits of DSMe These results suggest that emissions
allowance benefits can substantially alter the cost effectiveness and hence the level of DSM
programs a utility affected by the CAAA may cost effectively undertake0 For example, the
Farm Efficiency Program, with a Utility Cost ratio of 1e 18 under the conservative case,
would not pass this cost test without counting avoided emission reduction costSe These
emissions allowance benefi ,however, represent only a small portion of PSI's CAAA
compliance costs, which are project to be $086 - 1.2 billione Thus, PSI's CAAA
compliance costs could decline by approximately 8 to 16 percent based on the conservative
DSM scenario and approximately 11 to 22 percent based on the optimistic DSM scenarioe

If only scrub'bers are deferred, based on an average scrubber cost of $400 per ton of 502
removed annually, PSI's current DSM programs will reduce CAAA compliance costs by
approximately $108 million over 20 years, and the ACEEE programs will save an additional
$42 - 94 million. Such a scenario accounts for a much more significant share (25...34 percent)
of PSI's estimated CAAA compliance costs~
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Another advantage of DSM is that it helps ameliorate the bill impacts of CAAA compliance*

PSI estimates that in 2000, CAAA will cost a typical customer $180 annually. DSM
programs, by reducing energy use and hence energy bills for the average customer, reduce
these impacts by $133 under the conservative DSM scenario and $162 under the optimistic
DSM scenario (i.e., DSM reduces CAAA bill impacts to $47/year under the conservative
scenario and $18/year under the optimistic scenario).

CONCLUSIONS

There are many reasons for utilities to undertake energy efficiency programse This analysis
suggests that complying with the CAAA is one of them. Incorporating these benefits into the
DSM screening process can increase the number and extent of cost effective DSM programs.
It also suggests that as a stand-alone strategy, DSM programs are insufficient to meet
compliance. However, DSM does provide some non~trivial emissions reductions -­
approximately 12 - 18 percent of total 502 reductions that PSI Energy is required to make in
Phase II of the Clean Air Act Amendment. In addition, DSM programs help reduce the
customer bill impacts of overall CAAA compliance.

PSI is a leader in the Midwest with respect to DSM, spending approximately two and a half
percent of revenues on DSM. Our study, however, shows that much more can be done that
would be cost effective and help meet future environmental regulations~ Because of the
economic and environmental benefits that expanded-DSM programs can provide to PSI
Energy and its customers, we recommend that other Midwestern states and utilities closely
examine DSM as a least-cost environmental compliance option~
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APPENDIX A

DESCRIPTIONS OF PROPOSED NEW PSI DSM PROGRAMS
INCLUDING DETAILED ANALYTIC ASSUMPTIONS



SECOND REFRIGERATOR TURN-IN PROGRAM (Revised 6/27/94)

More than 18 % of PSI's residential customers, or roughly 97,000 customers, own more than one
refrigerator 6 The second refrigerator turn-in program would offer residential customers who
operate more than one refrigerator in their residence free refrigerator pick-up and appliance
recycling.

Experience from other utilities appears to indicate that a financial incentive is not necessarily
required during the first few years of the program, since some participants during this time are
simply "cleaning out their basements" (Barbian 1993) .. However, after the first two years, we
recommend that PSI offer a $25 rebate to participating customers to encourage participation from
the rest of the eligible market~

A number of utilities offer refrigerator/freezer turn-in programs, including Consolidated Edison,
WEPCo, Northeast Utilities, Pacific Gas & Electric, NEES, SMUD, Northern States Power,
and Otter Tail Power ~

Cartage contractors should be hired to pick up and haul refrigerators and freezers either to a
dismantling facility or to a combination dismantling/recycling site. The recycling sites would
recover metal parts, dispose of PCBs found in the capacitors of some refrigerators, and recycle
CFCs found in the refrigerants. The costs of refrigerator pick-up and recycling for two programs
averaged $88 per unit (Barbian 1993, Viccarro 1993).. More recently, PSI has received
indications from one vendor that pick~up and recycling might cost approximately $105. PSI
could contract with appliance stores or furniture movers to pick-up and deliver second
refrigerator/freezers to the recycling sites.. At least one utility noted that hiring appliance stores
to do pick-up led to problems when the dealers tried to sell participants a new second refrigerator
(Nelson 1993) ..

PSI could possibly contract with the Minnesota-based Appliance Recycling Centers of America
(AReA) for pick-up and recycling of the refrigerators.. Services offered by AReA include
program design, marketing assistance, data collection and analysis, appliance collection, and
environmentally-sound appliance processing and recycling.. There are presently seven ARCA
centers in the U .. S. and Canada. There are other pick-up and recycling outfits which PSI could
consider hiring, such as Planergy based in Austin, Texas 0

Not only does a second refrigerator turn-in and recycling program help get generally old and
inefficient refrigerators off the system, but the program also has environmental benefits. Ozone­
damaging CFCs are captured in the recycling process and prevented from being released to the
atmospheree Due to these benefits, programs of this type typically provide positive public
relations benefits for the sponsoring utility $

on data from two utilities, savings per refrigerator is estimated at 1,030 kWh per year ..
This includes estimates of the percent of refrigerators that are used year-round and the percent
of refrigerators which are frost-free versus manual defrost (Johnson 1993, Otter Tail Power
1993)& Based on experience with NU, WEPCo, and Be Hydro, 25% of the participants are
assumed to be free riders (The Results Center 1992: Be Hydro, The Results Center 1992:



WEPCo; Viccarro, 1993). During the four years of the program, we assume participation rates
are si~ilar to those achieved by appliance recycling programs, offered by Northeast Utilities and
WEPCo (Johnson 1993, The Results Center 1992: WEPCo) $

In the past, CFC-ll found in foam insulation of refrigerators has not been recovered during
appliance recycling, with· the exception of the recently-adopted process at Northeast Utilities.
At the moment, available technologies for recovering CFC-l1 are available but generally
expensive. However, according to one experienced appliance recycling program administrator,
the technology. is rapidly becoming more cost-effective and viable (Barbian 1993). Therefore,
we recommend that PSI follow closely the developments of technologies for recovering CFC-l1
and consider adding this component to the program.



SECOND REFRIGERATOR TURN-IN PROGRAM: revised 6/9/94

VARIABLE ASSUMPTION NOTES

Start year
End year

---- ------------ ---------------------------
1995
1999

Program type

TECHNOLOGY:
Technology description

Rebate and refrigerator pick-up/recycling program.

Approximately 20% of single-family and 8 % of multi-family dwellings have at least 2 refrigerators.

Incremental equip. cost

Incremental install. cost

Incremental annual O&M

Annual kWh savings

Coincident kW deferred

Measure life

Replacement rate

Load shape

PARTICIPATION:
II eligible in 1991

nla

$105 per unit

nla

1,029 per unit

0.13 per unit

8 years

n/a

Residential refrigeration

96,997

There are no incremental equipment costs.

PSI estimate based on discussions with recycling vendors.

There are no additional O&M costs.

ACEEE estimate. Based on surveys done by NU and Otter Tail Power. An
Otter Tail ~urvey indicated that second refrigerators consume approx. 950 kWh.
NU metering showed approx 1,565 kWh usage for frost-free refrigerators
and 649 kWh usage for manual defrost refrigerators. NU survey showed 43 %
of the 2nd refrigerators are frost-free, and 57% are manual defrost. Our estimate
for PSI assumes that the ratio of frost-free to manual is 1: 1 (Johnson 1993, Otter
Tail 1993). We calculate savings 8S follows: (950+«1565+649)/2»/2) = 1,029.

Based on mul~iplyingkWh savings times the ratio of summer peak kW to annual
electricity use as determined by a Massachusetts end-use metering study
(Applied Energy Group 1989).

BC Hydro staff noted that they use an estimated 10-year measure life for their
program based on a preliminary customer survey performed in their pilot
program (Scotland 1993). Northeast Utilities estimates an 8-year measure life
based on past participant surveys (Viccarro 1993). To be conservative, ACEEE
assumes an 8-year measure life.

Not applicable here.

(527,160 resid. customers in 1991) * (18.5% ofresid. customers have 2 or
more refrig.). From PSI 1991 Appliance Saturation Survey and PSI 1992
Forecast Data Book.

Annual participation rate 10,15, 20, 25% ACEEE estimate. First year is based on NU data, next three years are
based on WEPCo experience (The Results Center 1992: WEPCo, Johnson 1993).
These estimates are as a percent of customers with second refrigerators.

Annual growth rate

Free rider proportion

6.3%

25%

ACEEE estimate: 1/19 + (0.99% residential new construction growth rate),
where 1/19 is proportion of refrigerators replaced each year assuming an average
refrigerator lifetime of 19 years. Growth rate derived from PSI 1992 Forecast
Data Book.

ACEEE estimate. Based on taking midpoint of estimates made for WEPCo'sand
BC Hydro's programs, and 2/3 the estimate from a NU survey (The Results
Center 1992: BC Hydro, The Results Center 1992: WEPCo; Vicaro 1993).

Rebate/unit $0 per unit for 1st 2 yrs. During the 1st two years, we recommend that PSI not offer a financial incentive.
$25 per unit thereafter However, after 2 years, we recommend that an incentive of $25 be offered.

Administrative costs

Staff - number

$44 per unit

1 FT (plus 1 hauler/region,
recycling outfit)

ACEEE estimate. Based on results from BC Hydro's program (The Results
Center 1992: BC Hydro). This includes all costs except costs for hauler/recycler
& rebate costs. This is probably conservatively high, since it based on the pilot
stage ofBC Hydro's program. WEPCo's administrative costs weren't available,
but are reportedly very small, and significantly less than their other incentive
program administrative costs (The Results Center 1992: WEPCo).

ACEEE estimate. Based on information on WEPCo's program.
Costs for the 1 FT employee are included in the administrative costs above.



COMPACT FLUORESCENT COUPON PROGRAM (Revised 6/27/94)

Compact fluorescent lamps (CFLs) are an energy-saving substitute for incandescent lamps~

Relative to a standard incandescent lamp, compact fluorescent lamps use 60-75 % less energy for
equivalent lumen output. For example, 60, 75, and 90 Watt incandescent lamps are commonly
replaced with 15, 18, and 23 Watt compact fluorescent lamps respectively. Compact fluorescent
lamps come in many sizes, shapes, and colors (e.g. ranging from the "warm" color of standard
incandescent lamps to the much "cooler" colors of typical office fluorescent lamps). New
products which have recently entered the market will fit in most, but not all incandescent
fixtures. Compact fluorescent lamps also last about ten times longer than the typical incandescent
lamp. Compact fluorescent lamps are becoming increasingly common in commercial buildings,
but due to their high initial cost ($10-25/bulb) they have made limited inroads into the residential
marketplace. In fact, most retail stores that sell light bulbs do not stock compact fluorescent
lamps and thus even consumers who want to purchase compact fluorescent lamps may not be able
to find them.

This program will seek to address these problems by providing cost credits to manufacturers who
sell CFLs through local retailers at a discount$ This program approach has been used by
Southern California Edison (SCE) and other California utilities~ In the SeE program, the utility
periodically issues a request for proposals to CFL manufacturers asking them to compete against
each other for utility incentives paid direct to the manufacturer. Manufacturer bids are ranked
using a multi-faceted scoring system and each manufacturer is allocated a portion of SCE's
incentive dollars -- the higher each manufacturer's score, the more bulb rebates it is allocated~

SeE then pays manufacturers for each CFL shipped to retail stores in the SeE service area.
Incentives have averaged $5 per bulb. As a result of the manufacturer-direct incentive,
distributor and retailer mark-up amounts are reduced because the price distributors and retailers
pay for CFLs is reduced by the incentive paid to the manufacturer$ Also, competition between
manufacturers prompted many manufacturers to match a portion of the SeE incentive with an
additional discount to their normal wholesale price. As a result, CFL costs were reduced
substantially, with typical retail CFL prices of only $3-12 per bulb,; In the first 12 months of the
program, 950,000 lamps were sold. Assuming five bulbs per participant (based on Nadel et al.
1994), this amounts to 5% ofSCE's 306 million residential customers (SeE 1993; Grimm 1993).

Based on the success of the SeE program, the Consortium for Energy Efficiency is organizing
a group utilities who will offer CFL programs along this line$ Details on this program can
be found in the program description (eEE 1994a)$ PSI has been an active participant in these
discussions; we recommend that PSI offer this program once it is finalized.

Keys to the success of this type of program are structuring a good request for proposals that
elicits good and credible manufacturer responses. Also, the bid program should include a
"dynamic incentive share reallocation scheme" in which a series of interim targets for CFL sales
are set for each winning manufacturer; if any manufacturer falls short of their target, the unused
portion of the manufacturer incentive money is reallocated to winning manufacturers who met

targets 9 In this manner, manufacturers have the most incentive to make bids they can
successfully implement, and to pay careful attention to the successful implementation of their
bids~ In addition, PSI should not rely fully on manufacturers to enlist local dealers to participate



in the program and to encourage residential customers to purchase CFLs. Instead, PSI should
supplement manufacturer efforts by working on its own to enlist dealer support for and
participation in the program and to encourage customers to purchase CFLs. Among the steps
PSI should consider are personal contacts with store managers, meetings with corporate
management of chains, providing in-store education and marketing materials, and bill inserts and
other direct-mail informational materials.

Given the fact that IPALCo and many municipal utility territories are totally surrounded by PSI's
territory, the costs of rebates to non-PSI customers could be quite high. To address this
problem, we recommend that PSI encourage other utilities to participate in the program and/or
encourage the State of Indiana to sponsor the program statewide, with support from PSI and other
utilities"

The ultimate participation rate in this type of program can be estimated from the results of other
utility CFL programs. The Burlington Electric Department has achieved a 42 %participation rate
with its Smartlight CFL program in which customers lease CFLs from the utility. Wisconsin
Public Service has achieved a 28 % participation rate in only two and a quarter years with a mail
order based program (Nadel et at. 1994). Based on these successes, we estimate an ultimate
participation rate of nearly 50% after seven years of program operations~

A coupon program promotes sales of bulbs but does not ensure that bulbs will be installed and
used. Impact evaluations on CFL programs have been conducted by CMP (Michelson and
Lonergan 1992), NEES (Granda 1992), and PG&E (1992). Based on these studies we estimate
the average compact fluorescent bulb will save about 52 kWh/year. This figure incorporates such
factors as bulbs that are not used, bulbs that are used for only limited hours each day, free
riders, and watts saved/bulb.

Based on our review of compact fluorescent programs, several other program features are
recommended as follows:

*

*

*

Structure the RFP to encourage manufacturers to make a wide range of CFLs
available. No single product will meet the needs of all consumers and all
applications -- the wider the array of products, the more consumers and
applications that can be satisfied.

Consider requiring product quality testing for products to be tested.. While many
compact fluorescent bulbs are high quality products, some lower quality equipment
is also on the market~ Also, even some of the better quality products do not put
out as many lumens of light as manufacturers claim. A product quality testing
program, can help avoid these problems. For example, NEBS has conducted
product tests for their 1993 program (Granda 1992).. One option is for PSI to
work with other utilities on a joint product testing program.

Since most consumers are not familiar with compact fluorescent products,
educational materials should be provided to consumers~ Among the points to
cover are the different sizes and colors of bulbs· available (some companies have



even provided full-size paper cutouts of different bulbs so consumers can assess
their fixtures for proper fit), how to ensure that adequate light levels are provided,
and how to fit bulbs into fixtures (e.g. selection of properly shaped bulbs as well
as use of socket and harp extenders).



COMPACT FLUORESCENT COUPON PROGRAM: revised 5/31/94

VARIABLE

Start year
Eodyear

ASSUMPTION

1995
2000

NOTES

Program type

TECHNOLOGY:

Coupons distributed thru the mail and thru retail stores allow consumers to purchase compact
fluorescent bulbs at a discount.

Technology description Compact fluorescent lamps use 60-75 % less energy than incandescent bulbs with similar light
outpuL

Incremental equip. cost

Incremental install. cost

Incremental annual O&M

Annual kWh savings

Peak kW savings

Measure life

Replacement rate

Load shape

PARTICIPATION:

II eligible in 1992

Annual growth rate

$50 per participant

$0

($4) per participant

218 per participant

0.033 per participant

8 years

50%

Residential lighting

527.160

0.99%

4 bulbs/paricipant@ $12.50 each. Based on SeE program which provides
manufacturer cost credits (Grimm 1993).

Homeowners install lamps.

4 lamps/participant air 1-2 incandescent lamps are displaced each
year/socket @ an avg. cost of -SO.75/lamp.

4 lamps/participant III 59 W saved/lamp (from PG&E 1992) * 85 %
installed and not removed (based on PG&E 1992, NEES 1993) II< 1087
hours/yr (based on NEES end-use metering)

Average savings during the day in the summer ee based on survey
reported in Goett et a1. 1992.

9000 hours avg lamp life / 1087 operating hrs/yr. 9000 is an ACEEE
estimate and is based on the low end of manufacturer estimates of ge l0,OOO
hour lives. 1087 is from NEES 1993.

ACEEE estimate.

Number of residential customers from PSI Energy Forecast Databook 1992.

PSI Forecast Databook 1992.

Annual participation rate 6.12.17.22.27.32,
37,42,47%

6% is based on PEPCo's 1st yr results (Simpson 1993). 12% is based
on MG&E's results for Ist yr of coupon within their small territory (Nadel et al.
1993). Latter year figures are ACEEE estimates.

Free rider proportion

UTIUTY COSTS:
Rebate costs

Admininstrative costs

Staff ee_ number

5%

$20 per participant

$2.10 per participant

2Ff

From NEBS 1993.

4 bulbs/participant * $5/bulb. Based on SeE program which provides
manufacturer cost credits.

PSI and ACEEE estimate based roughly on vendor price quotes given to PSI.

PEPCo bas 2 Ff (Simpson 1992). Staff costs included under
administrative costs. Does not include coupon processing which is
typically handled by a contractor and is included in administrative
costs.



RESIDENTIAL HEAT PUMP WATER HEATER PROGRAM (Revised 6/27/94)

The heat pump water heater (HPWH) uses a heat pump to supply heat, rather than an electric
resistance coile Through the use ofa vapor compression cycle, the heat pump removes low-grade
energy from a heat source (usually ambient air) and uses it to heat potable water. Residential
HPWHs typically provide 50%energy savings over conventional electric heaters. Until recently,
HPWH cost roughly three to four times as much as conventional heaters. However, in late 1993
EPRI and E-Tech announced development of a new HPWH that costs hundreds of dollars less
than previously available models (EPRI 1993).

The Consortium for Energy Efficiency is now developing two model programs for promoting
heat pump water heaters -- one to add HPWH to utility new construction programs, and another
to promote HPWH in the water heater replacement market (CEE 1994b)" We recommend that
PSI offer both programs beginning with the new construction program in 1995 and following with
the equipment replacement program one to two years later.

For the new construction program, PSI should make the HPWH an optional feature of Smart
Saver homes. In the initial years builders should be offered incentives that cover the full
incremental cost of a HPWH installation, including time to learn about proper HPWH
installation. Over time, as builders become more familiar and comfortable with the technology,
incentives can be reduced. In the first few years, PSI should actively reach out to builders who
are willing to innovate, and get them to try HPWH. PSI should provide technical assistance to
assist builders with these installations. PSI should also monitor these installations and provide
publicity on homes built with this new enhanced feature $

For the equipment replacement program, PSI should encourage customers whose existing electric
water heaters fail, to purchase a new HPWH. We recommend that PSI advertise to these
households, perhaps through bill inserts and directed mailings, indicating that when the customer
is ready to replace their water heater with a new heater, they should contact the utility, who will
in turn install a heat pump water heater. As part of the installation package, PSI should offer
to finance the HPWH, with monthly loan payments included on the customer's electric bill"
Payments should be structured so that monthly payments are less than the monthly savings
attributable to the HPWHo Units should be installed by local contractors selected by PSI through
a RFP processo We recommend that PSI buy HPWHs in quantity, perhaps in coordination with
other utilities involved in the CEE program~ As quantities increase over time, prices should
come down; in fact, the largest HPWH manufacturer is on public record that as soon as
production reaches 10,000 units annually, the price will be reduced by one-third (EPRI 1993)0
For the analysis of the equipment replacement program, we assume PSI provides financing for
the full HPWH cost (including the cost of a conventional electric resistance water heater) with

. a ten year loan at a zero percent interest rate.

The target market for the program is single- and multi-family dwellings with electric hot water
heating and three or more household members (smaller households do not use enough hot water
to easily justify the extra expense of a heat pump water heater). Based on this market, estimated
annual savings per installed HPWH are approximately 2,400 kWh~ Participation rates for the
first two years -- 1% and 4% -- are taken from one existing pilot HPWH program, and we make



estimates for participation rates in following years since no data is available (Anker 1993). Due
to lack of consumer familiarity with HPWHs, it will take several years for participation rates to
gather momentum. Hence, we estimate that by the fifth year of the program, a 13 % participation
rate will be achievede



HEAT PUMP WATER HEATER PROGRAM: revised 5/31/94

VARIABLE

Start year
End years

ASSUMPTION

1995
1997
2010

NOTES

For new construction
For replacement water heaters

TECHNOLOGY:
Program type Direct installation program for replacement water heaters; rebates for new contruction.

Technology description The heat pump water heater is a water heater which uses a heat pump to supply heat and not an electric
resistance coil. Through the use of a vapor compression cycle, the heat pump removes low-grade energy
from a heat source (usually ambient air) and uses it to heat potable water.

Incremental equip. cost $650 per unit for 1st 2 yrs. $600 is current price of E-Tech unit; they have stated price will drop to $400 once
$450 per unit thereafter production reaches 10,000 units/year. To these costs we add $50 for accessories.

Incremental install. cost $200 per unit for 1st 2 yrs. $100 COBt from DOE 1993 which assumes experienced installers. We assume
$100 per unit thereafter twice as much in early years.

Incremental annual O&M $18 per unit

Annual kWh savings/unit 2,400 per unit

Coincident kW deferred 0.21 per unit

Measure life 15 years

Replacement rate 50% after program ends

Units require annual oiling and occasional vacuuming (Mittelstaedt
1993). These are no-cost measures which can be done by the homeowner.
Most likely problems wlHPWHs are freezing-up of the compressor,
circulator pumps, and/or air circulating fans (Johnson 1993). Since HPWHs
are more complex than standard water heaters, an extra service estimated at
$100 per unit halfway through the water heater life is likely (U.S. DOE 1990).
This is modeled as an annual $8/yr maintenance cost. In addition, when the water
storage tank fails after approximately 10 years, a $250 charge for a replacement
tank is incurred (U.S. DOE 1993), half of which is chargeable to this program
(because) the replacement tank will last 10 years but only half of this period falls
within the measure life for the program). The $125 replacement tank is modeled
88 a $10 annual maintenance charge.

Assume 50% savings (BC Hydro 1988; Mittelstaedt 1993; Johnson 1993).
Based on PSI analysis of average electricity consumption for 3 + person
households with electric water heaters.

Based on multiplying kWh savings times the ratio of summer peak kW to annual
electricity use as detennined by a Massachusetts end-use metering study
(Applied Energy Group 1989).

This life is for the heat pump unit. The tank typically has a 10 year life and thus
the maintenance costs include a replacement tank in year 10.

ACEEE estimate.

Load shape

PARTICIPATION:
II eligible in 1991

Annual growth rate

Residential water heating

969 for new construction
9,793 for equipment

replacement

-1 %

«(527,160 reside customers in 1991 * 48 % resid. customers w/electric water heat) I
10 year avg. water heater life) + (527,160 customers * 0.99% new construction
rate*48 % customers have electric water heat»*38.7 % residential customers have
3 or more residents). PSI 1990 Appliance Saturation Survey, PSI 1992 Energy
Forecast Data Book). ACEEE's preliminary cost-effectiveness screening
indicates that the program is cost-effective for households with three or more
people. Includes both single and mutifamily dwellings.

PSI estimate.

Annual participation rate 1,4,7,10,13,
17,22,27,32,37,
40% ~>end

ACEEE and PSI estimate. Participation in first two years is similar to partici­
pation in Ist 2 years of pilot BPA program which combined high promotion
and high rebates (Major and Cody 1987). Participation beyond the 1st
few years has not been demonstrated.

Free rider proportion 0% Due to the high cost of the teelmology without an incentive, free riders
are assumed to be zero.

UTIUTY COSTS:
Rebate/Wlit - new

construction

Incentive/unit ..
replacement

Admin.ist.rlB.tive coots

$850 per unit in 1st 2 ym. 100% of incremental equipment and installation costs. After third year of the
$550 per unit thereafter program, PSI should be able to incrementally reduce the incentive by about

by about $25 per year.

$510 per unit in 1st 2 yrs. Asswnes replacement water heaters fmanced with a 10 year zero-interest loan.
$370 per unit thereafter $510 and $370 are the present value of the interest rate subsidy assuming PSI's

cost of capital is J0 %.

$160 per unit for new ACEEE estimate, based on staff costs plus an additional 50 % (new construction)
construction or 100% (equipment replacement) for marketing and other non-staff administrative

$220 per unit for equipme costs. These are preliminary estimates and need further research. The
replacement equipment replacement figure includes some allowance for loan defaults.

4FT ACEEE estimate. Includes two in central office, and 1/2 person in each of the 4
regions. In early years, staff emphasizes marketing. In later years, more effort is
devoted to handling rebate and fmancing requests.



CLOTHES WASHER REBATE PROGRAM (Revised 6/27/94)

Research by the U.S. Department of Energy (U.S. DOE 1990), National Institute for Standards
and Testing (Lovett 1981), American Council for an Energy-Efficient Economy (Nadel et ala
1993), Washington State Energy Office (Pope and Slavin 1992), and others have found that large
energy savings can be achieved by improving the energy performance of clothes washers. At
least three types of energy savings are possible.. First, use of a horizontal-axis clothes washer
can reduce hot water use by 50% or more. Hot water accounts for the vast majority of clothes
washer energy use. Second, use of higher spin speeds can remove more water from clothes,
reducing dryer energy use by 25-45 %.. Third, automatic controls and "bubble-action" can reduce
water and energy use by 20-30%.

More than 95 % of clothes washers in the U.. S.. are top-loading units that spin on a vertical axis~

To wash clothes, the wash tub must be filled so that all clothes are covered. In Europe the
dominant type of washer is the horizontal-axis machine.. Horizontal-axis machines reduce hot
water use because the washtub is only partially filled. With each rotation of the tub, clothes are
dipped in the water at the bottom of the half-filled tub. Many horizontal-axis units are front­
loading machines, but some units sold in Europe are top-loading; consisting of a conventional top
loading door and a second door in the rotating metal drum. In addition to saving energy,
horizontal-axis machines offer several other potential advantagese First, water use is reduced by
approximately 40%, a major plus in areas with limited water supplies* Second, by eliminating
the agitator, these units may create less wear and tear on clothes (however, some manufacturers
dispute these claims). Third, they are not as prone to load imbalance problems that can plague
some vertical axis machines (Lebot et al .. 1990). Fourth, they do a better job cleaning clothes
than a vertical axis unit. One recent study conducted by Ontario Hydro compared the washing
performance ofa popular North American vertical axis machine to a popular European horizontal
axis machine.. The washing performance was consistently and significantly better for the
European model (Edwards and Lithgow 1991)* Presently, one major u~s. manufacturer
produces horizontal-axis washers, and all are front-loading units. This manufacturer has
indicated it is developing an entirely redesigned model that may be introduced to the U.S. market
as soon as late 1994 (HFD 1993)<; A small U0S<; firm has developed an American-sized top­
loading horizontal-axis unit and plans to bring it to market in 1994 (DSTR 1994)<; In addition,
EPRI has indicated that it is working with a major American manufacturer to develop a
horizontal-axis washer (Kesselring 1993). Other UoS. manufacturers are reportedly also
conducting research on horizontal-axis models0

The spin cycle in standard American clothes washers is at a speed of approximately 550 rpm and
this cycle reduces the moisture content of the load by 25-45 %, depending on the fabric. A study
'by the National Institute of Science and Technology -- NIST -- found that increasing spin speed
to 850 rpm can reduce dryer energy use by 25-40%, also depending on the fabric (Lovett 1981).
High-spin-speed units are common in Europe0 Several of the horizontal-axis washers discussed
above that are now in development will include higher spin speeds $

volume of water needed to wash and rinse clothes varies depending on the size of the load,
the type of clothes, and how dirty the clothes are. In a typical washer, water quantities,
temperature, and fabric type are selected by the user from a limited number of possible settings ..
Substantial energy and water could be saved if this choice was left to an automatic control system



which uses sensors to assess the amount of clothes in a loade Laboratory tests of automatic fill
systems in the U.S. and Europe show 20% reductions in motor electricity and hot water use.
Adding wash-water turbidity sensors may increase the savings substantially (Shepard et ale 1990).
Automatic control systems are being examined by several American manufacturers. Energy and
water savings in vertical-axis washers can possibly be increased even further by replacing the
agitator with nozzles that generate horizontal and vertical bubble swirls within the wash water.
A machine of this type is now sold in Japan and is claimed to reduce water usage by 30% per
wash cycle while getting clothes cleaner than a conventional washer (Levene 1993).
If all residential washing machines in the U.S. were replaced with high-spin-speed horizontal-axis
units (or advanced vertical-axis units with similar performance), annual nationwide energy
savings would amount to approximately 0.51 Quadrillion Btu of energy, which represents about
2.8 % of residential sector energy use (Nadel 1993).. Given these large potential savings, a
nationwide consortium of utilities -- the Consortium for Energy Efficiency -- has developed a
multi-utility coordinated incentive program for high efficiency clothes washers. PSI should join
this consortium.

Under this program, utilities have developed recommended eligibility levels for clothes washer
incentives, but individual utilities will set incentive amounts and other program parameters such
as who receives the rebate (consumers, dealers or manufacturers). A central administrative
mechanism is being put in place so that manufacturers can obtain up-to-date lists of participating
utilities and utilities can obtain up-to-date lists of eligible models~ Under this program,
equipment eligibility in terms of three parameters: energy factor, remaining moisture content,
and water use factor e For the program, threshold EF and WF values are established that
horizontal-axis washers can meet but presently available vertical-axis machines cannot (although
new technologies could allow very efficient vertical-axis machines to also qualify for incentives) 0

Threshold RMC values are set that are significantly below those of present washers. The
coordinated utility program began nominally in 1994, but full-scale implementation is not planned
until 1995 when more horizontal-axis washers are on the markete The program is scheduled to
run through 19980 In 1999 new federal efficiency standards will be seto In fact, this program
could have a significant impact on the standard level that is seto

The data analysis for this program assumes that PSI runs the program as a consumer rebate
program 0 Incentives should cover the majority of the incremental costs of the more efficient
equipment. One level of incentive should be paid to the approximately 48 % of PSI customers
with both electric water heaters and electric dryers (because most of the energy savings are due
to reduced hot water use and to a reduced need for moisture removal in the clothes dryer) and
a second, lower incentive level set for the 23 % of PSI customers with only electric dryers.
Local gas and water utilities should also be approached to see if they are willing to pay incentives
for consumers with gas water heaters or dryers" If local gas and water utilities do not
participate, an alternative approach would be for PSI to pay rebates to all customers, regardless
of the type of water heater or dryer they had, but to reduce incentives so that the program is
cost-effective on the basis of electricity savings alone.. This approach should be used only if a
go mechanism cannot be found to identify electric water heat and dryer customerso Regardless
of how incentives are structured, dealers should be extensively involved in the planning and
marketing of the program. In addition, a consumer education program should be planned
because most consumers are unaware of the many benefits of high efficiency clothes washers.



CI.D1HES WASHER REBATES - revised 5/31/94

VARIABLE

Start year
End year

ASSUMPTION

1995
1998

NOTES

Program ends when 1999 Federal efficiency standards take effect.
However. the program's impact on the 1999 Federal standards will
result in additional benefits accruing in 1999 and beyond.

Program type

TECHNOLOGY:

Consumer rebate program for worn-out equipment that is being replaced.

Technology description Improved efficiency clothes washers including horizontal axis washers (which cut hot water
use by more than 50%). washers with improved controls. and/or higher spin speeds (which can
reduce dryer energy use by up to 50%).

Incremental equip. cost

Incremental install. cost

$225 for customers wI
elcc. dryers &
water heat

$90 for customers
with elcctric
dryers & non­
elcc. water heat

$0 per participant

1st figure assumes horizontal axis washer and high spin speed. 2nd
figure assumes only high spin speed. Figures based on Nadel et aI.
1993.

Same as standard washers.

Incremental annual O&M negative Reductions in water bills of about $10 (Lebot et al. 1990). For
customers with gas water heat. will save approximately 21 thenns due
to reduction in hot water used for clothes washing (Nadel et a1. 1993).

Annual kWh savings

Peak kW savings

Measure life

Replacement rate

Load shape

725 for customers wI
elcc. dryers &
water heat

313 for customers
with electric
dryers & non­
elec. water heat

0.097 for customers wI
elcc. dryers &
water heat

0.042 for customers
with electric
dryers & non­
elec. water heat

14 years

100%

Residential dryers

Savings in hot water use of 412 kWh due to horizontal axis washer.
Savings in dryer use of 313 kWh due to high spin speed (Nadel et aI.
1993).

Based on multiplying kWh savings times the ratio of summer peak
demand to annual kWh as determined for clothes dryers by a
Massachusetts end-use metering study (Applied Energy Group 1989).

From U.S. DOE 1990.

Due to effect of future efficiency standards, when rebated units are
replaced. the efficiency of the new units will at least equal the
efficiency of the worn-out units.

To our knowledge, clothes washer load shapes are not available.
Clothes dryer load shapes will provide a reasonable approximation.



PARTICIPATION:

/I eligible in 1992

Annual growth rate

17,286 washers wi ele<:.
water heaters &
ele<:. dryers

8,283 additional
washers wi
electric dryers
but non-ele<:.
water heaters

0.99%

[(527,160 residential customers * 84 % wi washers I 14
year average washer life) + (527,160 existing customers $ 0.99
annual growth rate III 84% wi washers) III 48% wi ele<:. water heaters].
[(527,160 residential customers * 84% wI washers 114
year average washer life) + (527,160 existing customers III 0.99
annual growth rate * 84 % wi washers) III (71 % wI ele<:. dryers· 48 % wi
ele<:. water heaters)]. Implicit in these calculations is the
assumption that customers with electric water heaters will not have
gas dryers. Data on existing customers and growth rate from PSI
Forecast Databook 1992. Data on appliance saturations from PSI 1990
Customer Appliance Saturation Survey.

From PSI Forecast Databook 1992.

Annual participation rate 1,4,10,20,30% ACEEE "guesstimate-. No real world experience is available.

Free rider proportion

unuTY COSTS:

25 % in 1st yr sloping
down to 8 % in 5th yr.

ACEEE estimate based on approximate current market share of
horizontal axis washers (2 %). Incorporated into these figures is a
3% allowance for participation by customers from adjoining service
areas (ACEEE estimate).

Rebate costs

Admininstmtive costs

Staff ••• number

$150 for customers wi ACEEE estimate·- covers approximately 2/3'8 of incremental cost.
ele<:. water heat
& dryers

$75 for customers wI
ele<:. dryers but
non-ele<:. water heat

$40 per participant Bued on staff costs plus a nearly equivalent amount for marketing
and other administmtive costs. This is approximately 50 % more than
the administrative costs in PG&E's appliance rebate programs (Mah
and Cuentini 1993).

2 ACEEE estimate •• includes central office and parttime staff in
regional offices.



FARM EFFICIENCY PROGRAM (Revised 10/7/93)

There are approximately 7,500 agricultural operations in PSI's service territory. In the state of
Indiana, feed crops such as corn and hay account for 27% of the state's farm income, hog and
cattle account for 23 %, soybeans account for 20 %, and poultry and eggs account for 12% of the
farm income. During the 1980s, the number of farms in Indiana decreased by roughly 10%,
while the size of the farms increased by approximately the same amount (Office of the
Commissioner of Agriculture 1992).

PSI is in the process of distributing a farm customer end-use saturation survey, and results are
not available yet. This survey should provide important information on PSI's farm customers
and is likely to result in some modifications to the preliminary program design discussed here.

Based on existing information from PSI and other utilities already offering agricultural DSM
programs, we recommend that PSI initially offer a package farm-efficiency program targeting
"three-phase" farms which includes farm energy analyses, energy-saving rebates, and stray
voltage analyses upon request. We estimate that there are approximately 1,000 PSI customers
having the 3-phase farm designation, based on data in PSI 1990 Load Characteristicse

Stray voltage "is a low-level voltage that may be present from metal objects on the farm, such as
water cups or feeder trays. Electrical codes require bonding of these objects to the electrical
system for safety reasons. This voltage can cause electrical currents to flow through livestock
when they are physically in contact with these objects and can lead to production problems, as
has occurred on some Wisconsin dairy farms (Spang 1993, Wiedemeier 1993). Upgrading
existing wiring and/or installing electronic grounding systems (EGS) are two ways to help
eliminate stray voltage problems (WEPCo 1992)0 Most likely, PSI farm customers participating
in this program will not have significant stray voltage problems, since all parti~ipants will be
three-phase, and stray voltage is largely a one-phase farm problem (Wiedemeier 1993)e If such
is the case, PSI may decide to phase-out the stray voltage analyses under this program~

In the mid-1980s, the Office of the Commissioner of Agriculture in Indiana performed a series
of studies of energy use on Indiana farms. Otto Doring, the manager of the studies and an
agricultural engineer at Purdue University, is awaiting a call from PSI requesting the results of
these studies (31 - 94-4226)0 The motors which run the fans in grain-drying facilities and
livestock confinement building heating and ventilation equipment appear to consume the bulk of
electricity used in Indiana t s farm operations 0 New motors will be covered separately in PSI's
motors program, but improvements to motor systems will be covered through this program&

Some of the measures for which prescriptive rebates may prove useful are: (1) energy-efficient
exhaust and circulator fans, variable speed fans, and ventilation maintenance measures in
livestock confinement housing (such as cleaning of air filters and ventilation fan louvers); (2)
energy-free and energy-efficient stock waterers; (3) low-wattage brooder lamps in poultry and
hog confinement housing; and (4) energy-efficient indoor and outdoor lighting, such as compact
fluorescent (CPs) and high-pressure sodium (HPS) lamps& In addition, custom rebates should be
available to agricultural customers to encourage farmers to submit their own ideas on energy­
efficient projects~



A few utilities offering agricultural conservation programs have found it useful to leave most of
the marketing of the program up to the farm equipment suppliers (Spang 1993, Turcotte 1993)G
These suppliers generally know the farmer's needs and behavior patterns better than utilities do.
PSI may find it useful to offer a dealer incentive as well as a customer incentive.

Lacking further information, estimates of the overall potential energy savings per participant from
farm efficiency program are based on results from two Wisconsin utilities, adjusting down 50%
to account for the fact that there are greater opportunities for improved efficiency on Wisconsin
dairy farms. than on Indiana's crop and livestock farms (Doring 1993, Spang 1993) (I The PSI
survey of farm customers (discussed above) should provide information that will allow these
estimates to be refined. Based on the Wisconsin data, we estimate annual savings of 4, 140 kWh
per participant, which is roughly 15 % of electricity use on the average 3-phase farm in PSI's
service territory. This appears reasonable based on experience at two Wisconsin utilities and
Otto Doring's experience in Indiana. The two Wisconsin utilities noted that savings on small
dairy farms (consuming roughly 30,000 kWh/year) are typically 25-30%, savings on poultry
farms are typically 15%, and savings on swine farms are typically 10% (Spang 1993,
Wiedemeier 1993). Otto Doring estimated that crop and livestock farmers can cost-effectively
save 20% of their electricity use and crop-only farmers approximately 5-10%; he noted that more
farmers within PSI's territory will be crop-only farmers rather than crop and livestock farmers
(Doring 1993)&

We suggest that PSI offer free energy audits to customers, and that incentives for recommended
measures cover 50% of the measure and installation costs .. Based on results from two Wisconsin
utilities, we estimate that such an approach will lead to an average rebate of approximately $450
per participant, additional audit costs of roughly $100 per participant, and administrative costs
of $240 per participant (Spang 1993, Wiedemeier 1993)0

As understanding of PSI's farm customers' needs increases, additional program options should
be considered, particularly for the large number of farms with single-phase service &



PARM EPPICIENCY PROORAM: revised 6/9/94

Paclc.age program.: energy audits, education, custom and prescriptive rebates.

Energy audits of farm operatico.a. Prescriptive rebates for grain-dryiDg measures, livestock confmement
housing and livestock feeding measul'C8, and lighting measures. Custom rebates. Stray voltage education
and assistance.

Annual participation mte 10, 25,45,60,75%

VARIABLE

Start year
End year

Program type

TECHNOLOGY:
Technology description

Incremental equip. cost

Incremental install. cost

Incremental annual O&M

Annual kWh savings

Coincident leW deferred

Measure life

Replacement rate

Load shape

PARTICIPATION:
II eligible in 199i

Annual growth rate

Free rider proportion

UTILITY COSTS:
Rebate/unit

Audit costs

Administrative costs

ASSUMPTION

1995
2000

$570 per participant

$325 per participant

$0

4,140 per participant

0.00 per participant

10 yean

60%

Farm (LR data)

700

0.99%

20%

$448 per participant

$100 per participant

$245 per participant

1/2 FT + contractor

NOTES

ACBEE estimate.

We assume equip. &. installatioo costs will be 1/2 of the equipment &. installation
costs ofWiscoasin Electric's (WBPCo) and Wiaeoosin Public Service's programs
plus lighting costs (WiscODsin data did not include lighting). The large
dairy farms targeted in these programs have higher costs and savings per
participant (roughly estimated at twice that at smaller noo-dairy farms).
The average unadjusted WiscOll8in coats are $6OO/participant. Lighting costs per
participant are calculated as fonows: 2 HPS bulbs @ $75 ea. & 8 CP bulbs @
$15 ea. (600 * 1/2) + (2 '" 75) + (8·15) =$670 (Spang 1993, Wiedemeier 1993).

ACEEE estimate, based on 1121he average WBPCo installation costs (Spang
1993). Niagara Mohawk noted that incremental installatioo costs are close to $0
for most ventilation and lighting measures under their program (Sweetland 1993).

Incremental maintenance costs roughly same as that of conventional equipment.

Based on adjusted savings/participant data from WEPCo and Wisconsin Power
&. Light, adding in lamp savings. Wisconsin savings are 3,350 kWh/yr on average.
We conservatively estimate PSI can achieve 1/2 these savings due to the large
number of heat- recovery &. milk precooling measures performed in the dairy
industry, the sum of which roughly save twice that of other measures (Spang
1993, Wiedemeier 1993, WEPCo 1992). CF savings: switch 75 watt bulb with 15
watt CF bulb (brs use/year=2,000); savings = ( (75-15)*2000) = 120 kWh/lamp.
HPS savings based 00 assumption of replacing 300 watts of incandescent bulbs
w/50 W bulb (brs use/yr=3,OOO); savings = «250-50)*3000) =750 kWh/lamp.
Overall savings are: «(750*2)+(120*8)+(3,350*112»=4,142 kWh/participant per yr.

(Annual kWh savings) $ (peak leW/annual kWh consumed) for 3-phase farms,
using the weekday 4 pm September 1990 peak (1990 PSI Load Characteristics,
Section 6).

ACEEE estimate. Typical lifetime for CF (5 years), HPS (roughly 15 years),
livestock waterers (15 years), and ventilation fan (10 years). (Nadel and Tress
1990, WEPCo 1992.)

Based on WEPCo data (Spang 1993).

Number of large farms - estimate by Steve Hoeppner, PSI based 00 preliminary
results from survey of farm customers.

ACEEE estimate, partly based 00 WBPCo's and Wisconsin Public Setvice's
experience that a measure's saturation is typically reached at 85 % participation
(Spang 1993, Wiedemeier 1993).

PSI estimate.

ACEEE estimate. Based on WEPCo and Wisc. P&L program experience
with non-lighting measures (25% FR on average), and 5% PR assumption for
lighting measures (Carls 1993, Spang 1993).

50% of incremental equipment and installation cost. Niagara Mohawk, and
most of the Wisconsin utilities, pay for 100% of the incremental equipment and
installation costs.

ACEEE estimate. (4 hours) &) (1 person) * ($25/hour).

Based 00 WEPCo's and Wisconsin Public Service Corporation's
program (includes stray voltage and farm safety education, publications,
mailings, " other administrative costs). Staffmg coots, as well as costs for
hiring outside service providers, are included here. Audit costs are not
inclUded, since this is outlined above.

ACBEB estimate. Based on staffmg at WBPCo, and assumption that
outside service providers will be hired to conduct energy audits. Equipment
suppliers can help in the m.arketing of the program. Included as part of
administrative costs listed above.



ENHANCED SMART SAVER RESIDENTIAL NEW CONSTRUCTION PROGRAM
(revised 6/27/94)

The Smart Saver program is an established new construction program that provides technical
assistance, incentives, comfort guarantees and discounted electric rates to builders and buyers of
efficient homes. Under the program homes must exceed the state building code in several
respects including higher attic insulation, reduced infiltration, and increased heat pump efficiency..
The current program is serving an estimated 42 % of new construction in the service area
including over 90% of electrically -heated homes.. A small part of the program also promotes
ground source heat pumps, although these presently represent only a small proportion ofprogram
participants (PSI 1992). In 1995, PSI will improve upon the existing program by adding low-e
windows as a mandatory part of the program (all Smart Saver homes must have low-e windows)
and by increasing the minimum SEER for the program from 11 to 12.. Both off these changes
had previously been recommended by ACEEE..

The Enhanced Smart Saver program will build upon PSI's 1995 program by adding one
additional measure -- duct sealing. Recent research has found that leaky ducts can account for
approximately 30% of energy used for space conditioning and that this energy waste can be
reduced by 50% or more by properly sealing ducts (Proctor 1991). Under the present program
PSI addresses this problem by encouraging builders to locate ducts within the conditioned space
(when ducts are in the conditioned space, any conditioned air that ducts out is helping to satisfy
the conditioning needs of the space). However, many ducts are not located in the living space,
and even when ducts are located in the living space, duct leaks can result in air distribution
problems which can increase energy use. Builders should be required to seal ducts with mastic ­
.. a low cost measure that is a much more effective duct sealant than duct tape. We estimate this
measure will reduce space conditioning energy use by 15 % based on modeling work done as part
of an analysis of building code options for the State of Illinois (Smith and Nadel 1993).

When this change is made to the Smart Saver Program, a builder training program will be needed
to familiarize builders with duct sealing practices" This change will increase the energy saved
in each Smart Saver home" This measure will sometimes also increase occupant comfort. Given
the attractiveness of PSI's Smart Saver rate, this change can probably be introduced without
increasing incentive payments. However, PSI may want to provide some additional incentive in
order to encourage builders to try the new standards" We recommend an incentive' of $185 in
the first two years (100% of the incremental costs discussed above), $140 in the next two years
(75 % of incremental cost), and $100 thereafter (about 50% of incremental costs) 0 Once builders
learn how modest the changes are, they are likely to stick with the program in the future, even
with lower incentives"

purposes modeling this enhanced program, we only include costs and savings relative to
the existing program, under the assumption that costs and savings for the existing program are
fully reflected in PSI's plans"

addition to these changes, we also recommend that PSI consider making ground source heat
pumps a mandatory part of the Smart Saver program as of the turn-of-the-century 10 According
to a recent study by the UIOSIO Environmental Protection Agency (EPA 1993), presently marketed



ground-source heat pumps can reduce energy use in Chicago and Atlanta (the two nearest cities
to Indiana analyzed by EPA) by approximately 30% relative toa standard air-source heat pump.
Advanced products now under development can raise these savings to approximately 50% ..
However, ground source heat pumps presently carry a price premium of approximately $2500
for a typical home, including the heat pump and the ground loop. Efforts are underway at PSI
and elsewhere to find ways to reduce these costs. EPA estimates that products now being
developed will reduce these costs to approximately $2200 for an advanced system with better
performance (e.g. 50% savings) than today's systems. We would expect that by the turn-of-the­
century these efforts will be successful and ground source heat pumps could be required for
electrically-heated Smart Saver homes (for gas-heated homes, a condensing furnace combined
with a high-efficiency air-source air conditioner will roughly achieve similar performance
according to the EPA study). This additional program enhancement is not included in our
analysis as costs and savings are too speculative at this time.



ENHANCED SMART SAVER (RESIDENTIAL NEW CONSTRUCTION) - revised 5/31/94

VARIABLE

Start year
End year

ASSUMPTION

1995
1999

NOTES

Assume building code upgraded to smart saver level by 2000.

Program type

TECHNOLOGY:

Discount electric rate for bomes that meet expanded Smart Saver standards. Also training.
technical assistance. and fmancial incentives.

Technology description Quct sealing added to planned 1995 version of Smart Saver program.

Incremental equip. cost

Incremental install. cost

Incremental annual O&M

$185 per participant

$0 per participant

$0 per participant

From Smith & Nadel 1993.

Labor costs for duct sealing included in row above.

Same as standard measures.

Annual kWh savings

Peak kW savings

1.146 per participant in 15% of space conditioning energy use -- from Smith and Nadel 1993.
single-family homes Baseline energy use of 1995 smart saver homes from PSI. Smart Saver

Impacts, 10/22/93.
523 per participant in

multi-family homes

0.23 per participant in Based on 15 % of difference in coincident peak load between May and
single-family homes August for PSI's R060 customer class. Peak demand data from PSI Load

0.10 per participant in Characteristics 1990.
multi-family homes

Measure life

Replacement rate

Load shape

PARTICIPATION:

II eligible in 1992

Annual growth rate

20 years

100%

Residential heat pumps

2,040

0.99%

ACEEE estimate.

Due to effect of future building codes and equipment efficiency
standards, when rebated units are replaced, the efficiency of the
new units will at least equal the efficiency of the worn-out units.

Average number of new electric heating custometB projected over
1992-2005 period (from PSI 1992 Forecast Data Book).

From PSI Forecast Databook 1992.

Annual participation rate 50,75,90 = > end ACEEE estimate. Current Smart Saver program is achieving a 90 %
participation rate among electric heat customers.

Free rider proportion

UTIUTY COSTS:

Rebate costs

Admininstmtive costs

5%

$185 per participant in
1st two years

$140 per participant in
next two years

$100 per participant
thereafter

$0 per participant

o

ACEEE estimate.

100 % of incremental cost. Assume cost of rate discount already
reflected in analysis of current program.
-75 % of incremental cost.

- 50 % of incremental cost.

These program changes should not increase administrative costs above
present levels for the program.

These program changes should not increase staffmg above present
levels for the program.



COlVlMERCIAL EQUIPMENT REPLACEMENT PROGRAM (Revised 6/27/94)

A major opportunity to save energy at moderate cost is to encourage building operators to
purchase efficient equipment when existing equipment needs replacement. When equipment
needs replacement, the cost of the efficiency improvement is only the cost difference between
standard and high efficiency equipment. If efficiency measures are installed on a retrofit basis,
the cost of the efficiency improvement is the full cost of the high efficiency equipment. This full
cost can be many times higher than the incremental cost relative to standard equipment. Thus,
if efficient equipment is not installed when equipment is being replaced, it may be prohibitively
expensive to upgrade the equipment later on a retrofit basis. For this reason, equipment
replacement measures are often referred to as "lost opportunity" measures -- if high efficiency
equipment is not installed during a narrow window of opportunity, the opportunity for efficiency
upgrades will be lost.

To address these situations, PSI should offer an equipment replacement program that provides
incentives to equipment purchasers based on the price difference between standard and high
efficiency equipment. The program should be promoted primarily through equipment dealers and
contractors who sell replacement equipment, although additional promotion to customers will also
be useful including printed materials as well as personal contacts between customers and PSI field
representatives. Few utilities have tried to s,pecifically target equipment replacement situations
but a few examples exist& For example, Wisconsin Electric has targeted some of the marketing
of its conventional rebate program towards the replacement market. Likewise, Green Mountain
Power has recently begun an equipment replacement program which is still in the start-up stagee

As a start, we recommend that a PSI program include fluorescent ballasts, motors, packaged
HVAC equipment, chillers, and refrigeration equipment (e.g~ multideck systems used in
supermarkets). For each type of equipment, detailed planning work will be needed to select
eligibility and incentive levels for each size and type of equipmento As a first step in this process
the attached data sheet provides information on a single average sized unit for each product
category 0 Data is provided both for equipment that exceeds current federal standards and
national building codes, and for equipment that is likely to exceed new standards and codes that
will take effect in the 1996-98 period (esgo federal efficiency standards on ballasts, motors and
packaged HVAC equipment and a new ASHRAE building standard on chillers and other
equipment)~ The data on current equipment are fairly well determined~ The data on equipment
for the 1990 i s are very preliminary and likely to change as further data become availables

PSI has already begun work to develop a program of this type. Motor incentives are presently
included as part of PSI's industrial retrofit program, although incentives, and hence participation
rates are likely to be lower than shown here 0 In addition, in 1993 PSI included incentives for
HVAC equipment and lighting fixtures in its commercial new construction programD These
incentives were extended to the retrofit market in 1994~ All of these programs should be
marketed as a package to commercial and industrial customerSe In addition, we recommend that

complement these incentives with incentives for ballasts and refrigeration equipment. For
refrigeration particular, extensive research will be needed to identify prescriptive measures and
estimate costs and savings0 EPRI has done extensive work in this area and should be consulted~

In addition, some refrigeration system measures will need to be done on a customized basis, in
which customers submit engineering analyses documenting savings estimates.



COMMERCIAL EQUIPMENT REPLACEMENT PROGRAM - revised 6/9/94

VARIABLE

Start year
Eodyear

ASSUMPTION

1995
2003

NOTES

In approximately 2003 federal and ASHRAE standards will again be
revised. At this time opportunities for additional savings beyond
the standards shoukl be assessed.

TECHNOLOGY:
Program type

Technology description

Incremental equip. cost

Replacement. Rebate program to encourage customers to purchase efficient equipment when existing
equipment needs replacement. Customers receiving incentives from new construction and remodeling
programs cannot receive rebates for the same equipment through this program. Program eligibility levels
will be revised in 1998 after 1997 Federal efficiency standards and new ASHRAE 90.1 takes effect.

Will include efficient ballasts, motors, HVAC and refrigeration equipment. Specific measures
summarized on attached worksheet.

Varies by type of equipment. See attached worksheet.

Incremental install. cost

Incremental annual O&M

$0

$0

Generally the same as conventional equipment.

Generally the same as conventional equipment.

Annual kWh savings

Peak kW savings

Measure life

Replacement rate

Load shape

PARTICIPATION:
II eligible

Varies by type of equipment. See attached worksheet.

Varies by type of equipment. See attached worksheet.

15 years for ballasts, From Nadel and Tress 1990.
motors, pkgd HVAC,
refrigeration

20 years for chillers

50%

Commericiallighting
Commercial HVAC
Commercial refrigeration
Industrial (for motors)

Varies by type of equipment. See attached worksheet. From the figures in this worksheet, number eligible is
reduced by 10% for packaged HVAC and motors (to eliminate overlap with commercial new construction and
existing industrial retrofit programs, respectively) and by 50% for ballasts and chillers (to eliminate overlap with
commercial remodeling, HVAC retirement. and new construction).

Annual growth rate 0.91% Based on projected growth in commercial customers from PSI 1992 Forecast

Annual participation rate 3,10,20,3 for motors
30,50%->end

3,10,20, for other equip­
30% - >en ment types

ACEEE estimate. First year based on SCE motor program offered several
yeam ago. Maximum participation for motors based in large part on BC Hydro
motom program which bas served 60 % of hp sold after approximately
five years of program operation (Jordan and Nadel 1993). Participation rate
doesn't increase in year five because this is the first year of new standards.
Maximum participation rate is lower for non-motor equipment because much of
the new equipment market will be served by the new construction and remodeling
programs. leaving harder to convince customers to be served by this program.

Free rider proportion 10% ACEEE estimate. Free rider levels should be fairly low as long as
eligibility levels are kept fairly high as proposed here.

unUlY COSTS:
Rebate costs Full incremental costs -- see attached worksheet.

Admininstnative costs

Staff _.- number

100% of incentive costs
in 1st year, 50 % in 2nd
year, 25 % thereafter

6FT

Based on Berry 1989.

ACEEE estimate -- includes 2 in central office and 1 in each of four regions.



CO:MlVlERCIAL HVAC RETIREMENT/UPGRADE PROGRAM

This program will target commercial HVAC systems that are about to be replaced~ The program
will provide participants with a package of lighting and shell improvements which will reduce
the size of an HVAC system simultaneous to installation of a high-efficiency HVAC system with
energy-saving controls. The two key features of this program are (1) it increases savings by
combining equipment efficiency improvements with equipment downsizing made possible by
overall building load reductions; and (2) it spreads the participation and costs of a full-scale effort
over many years.

A number of utilities -- including Commonwealth Edison, Boston Edison, PEPCo, Northeast
Utilities, and NEBS -- have either already decided to offer a commercial HVAC retirement pilot
later this year or are currently studying the possibility. The program design and marketing
approach are described below, as well as the estimated savings, participation, and costs.

For unitary HVAC systems, buildings should be identified whose HVAC units have compressors
nearing the retirement point. Cost-effective building cooling load reduction measures should be
performed in an eligible customer's building simultaneous to an HVAC equipment efficiency
upgrade, focusing on lighting measures but also giving attention to other measures as well. The
cooling load measures can allow for significant HVAC size reduction&

For built-up chiller systems, there are generally three customer investment decision points: (a)
customer decides to replace old chiller; (b) customer decides to replace or rebuild compressor;
or (c) customer decides to rebuild the system to accept an alternative refrigerant. This final
decision point will be very common in the 1990's as CFC's 11 and 12 are phased out~ As with
packaged HVAC systems, cooling load reduction measures should be performed simultaneous
to HVAC equipment efficiency upgrades~

The utility incentive will basically cover the ttincremental" costs of the projectso The building
owner will pay what would have been the compressor replacement costs. One report states that
emergency compressor replacement can cost $1200 to $1500 for a five ton unit (Jones, et al"
1993)& addition, in large buildings, the participant should contribute an amount equal to the
first year's energy savings ..

should target equipment compressors having less than two years of mean life to failure~

One source estimates the mean compressor life to be approximately 10 years for unitary
equipment compressors and 12 years for centrifugal compressors used in chiller systems (Stouppe
and Lau 1988)" It is worthwhile to keep in mind that compressors typically fail during the
summer and generally must be replaced within 1-2 days (Jones, et alo 1993). Thus, PSI should
anticipate which units may fail and complete such work before the summer cooling season
begins" should utilize HVAC contractors (who should be trained and certified for this
program) to help identify eligible buildings, and equipment wholesalers to help market the
program to the HVAC contractors0

Initial estimates indicate that each participating building can experience energy savings of 40-55 %
relative to pre-program building energy consumption (Jones, et alo 1993)~ Since this is based on



projections and not actual program experience, we conservatively estimate that energy savings
of 28% and 43% can be achieved in small and large office buildings, respectively. Taking the
average of these two figures, a savings of 35 % of baseline building electricity consumption is
assumed. On average, we estimate annual savings of 875 MWh per participant. Based on
projections made for PEPCQ's HVAC retirement program, we estimate that the energy saving
improvements will cost, on average, approximately $221,000 per participant more than a
compressor replacement alone. We recommend that PSI pay 75 % of these costs based on the
premise that the average job will have a four-year simple payback (derived from Jones, et al.
1993) and the customer should be willing to pay for a one year simple payback.



CO:l\4lvfERCIAL HVAC RETIRmvIENT/UPGRADE PROGRAM: revised 6/10/94

VARIABLE

Start year
End year

ASSUMPTION

1995
2008

NOTES

Program type

TECHNOLOGY:
Technology description

The program targets commercial HVAC systems that have compressors needing replacement. A package of
lighting and shell improvements are offered to reduce the HVAC system size simultaneous to installing a high­
efficiency HVAC system with energy-saving controls. Financial incentives covering 75 % of the incremental equipment
and installation costs are offered to participants. The program should target commercial customers not eligible
for the Small C&I program, or commercial customers with demand over 100 kW.

Buildings should be targeted whose HVAC units have compressors nearing the retirement point. Building cooling
load reduction measures (primarily lighting measures) will be performed simultaneous to HVAC equipment efficiency
upgrades, including bigh-efficiency equipment and improved controls.

Incremental equip. + $199,263 per participant
installation costs

Annual kWh savings 787,500 per participant

Coincident kW deferred 215 per participant

Measure life 21 yean

Replacement rate 50%

Based on equipment and installation cost estimates for PEPCQ's Commercial
HVAC Retirement Program (Stein 1993). The average of the cost per 1st year
kWh savings for the 2 building types represented in PEPCO's computer modeling
equals $0.25/1st year kWh savings. Therefore, ($0.25) * (875,000 kWh savings
[see below]) = $221,400.

The average annual kWh for eligible customers is approximately 2500 MWh
per year (Neal 1993). Based on computer modeling done for PEPCO's program,
a typical small building is estimated to save 40% and a large building 55%.
ACEEE adjusted the savings estimated for small buildings down 33 % and the
estimates for large buildings down 25 % to be conservative. An average of the
revised savings estimates for the two building types gives a 35% savings
relative to baseline building electricity consumption. Therefore,
(2,500 MWh) Its 35% • 90% = 787,SOO kWh savings per participant on average.

(Annual kWh savings) Itt (peak kW/annual kWh consumed) for Gen ***$$**
customers using the weekday 4 pm September 1990 peak (1990 PSI Load
Characteristics, Section 6).

ACEEE estimate, based on taking the average of ASHRAE estimates of the
average lifetime of commercial HVAC equipment, IS years, and the experience
of program designers for other utility commercial HVAC replacement
programs, 27 years (Jones, et aI. 1993).

ACEEE estimate.

Load shape

PARTICIPATION:
1/ eligible in 1992

Commercial

2,800 There are approximately 2,800 commercial customers with demand over 100 kW.

Annual participation rate years 1...10: 0.5, 1.2, 205,
3.7, 5% -> end

years 11-14: 4.5, 3.8,
2.5, 1.3%

Yean 1 through 5 were based on experience in POkE and NU's commercial new
construction programs, dividing participation rates by 10 to compensate for the
average lo-year HVAC compressor life (The Results Center: NU Energy
Conscious CODstroction, 1992; The Results Center: POkE Commercial New
Construction, 1992; Wajcs, 1990). In years 11-14, it is assumed that eligible
buildings that did Dot participate in the first "cycle" of the program participate in
these yean.

Annual growth rate

Free rider proportion

mILrry COSTS:
Rebate/participant

Administrative costs

Staff - number

approx.0.99%

5%

$149,391 per participant

$31,349 per participant

1 Pr, 2 PI' -> end

PSI forecast for increase in commercial customers (pSI 1992 Forecast Databook).

ACEEE estimate.

The utility rebate equals 75% of the incremental equipment and installation costs
of the project, and the customer pays the avoided operation and maintenance
costa.

ACEEB estimate. Administrtive costs for this program type are not well­
determined. We assume administrative costs are 25 % of incremental equipment
and installation costs1 based on Berry 1989.

ACEBE estimate.



COl\fMERCIAL REMODELING PROGRAM

A relatively inexpensive way to acquire DSM savings is to take advantage of situations -when
building owners are making changes to their buildings using standard efficiency equipment, but
with the proper incentive (i~ee payment of a significant portion of the cost difference between
standard and high efficiency equipment), building owners can be persuaded to use high efficiency
equipment instead. Two classic examples of this situation are during new construction and when
existing equipment breaks down and must be replaced. A third example is building remodeling ­
- situations where interior partitions are moved and decor is changed, but the building exterior
and whole-building systems are not changed. Building remodeling generally takes place when
tenants in rental property change, or when owner-occupants need to reconfigure their space.
Lighting systems are often changed during remodeling, which provides an ideal opportunity to
install high efficiency lighting equipment and to utilize good, energy-conserving lighting design.
During remodeling, HVAC systems are sometimes modified as well, but these changes occur less
often. Similar DSM opportunities occur during tenant build-outs. Tenant build-outs occur as
space is rented and is customized for individual tenant needs. At this point walls are often
installed/moved and lights are installed.

According to a study on building remodeling practices in the Pacific Northwest, approximately
7% of commercial buildings are renovated each year (Skumatz et al& 1991)~ This implies that
105% of commercial buildings will be modeled over the 15 year program period. For purposes
of estimating the eligible population, we assume that 75 % of buildings are remodeled over the
I5-year period, an average of 5%/year. The difference between 5% and 7% is attributable to
buildings that are remodeled more than once during the program period, a factor which is
reflected in the estimated average measure life)~

In order to capture the potential energy savings available when space is remodeled, PSI should
offer a building remodeling program& Initially the program should target lighting improvements,
but over time additional components can be added. Such a program should include an aggressive
marketing effort, technical assistance on lighting design and equipment specification issues as
well as incentives& An aggressive marketing effort is needed to identify spaces that are about to
be remodeled and to convince decision-makers to participate. In marketing the program it will
be necessary to make extensive personal contacts with people involved in the remodeling process
including rental agents, facility managers, electrical contractors, interior designers, and architects
who specialize in remodeling~ Technical assistance is needed because during remodeling, lighting
layouts are generally done by electrical contractors who have limited expertise in the area of
energy-saving lighting designo Incentives are needed to pay a large portion of the incremental
cost of the lighting upgrade~ The entire marketing/technical assistance/incentive need to be
closely coordinated so that services can be delivered quickly and efficiently. The window of
opportunity to influence remodeling decisions is very narrow -- often only a month or two elapses
between the decision to remodel and the completion of the work.

Utilities are just beginning to offer commercial remodeling programs.. Programs have recently
been started by Green Mountain Power and Boston Edison* Both programs are still in their start­

phases; neither program has been heavily marketed9



Savings and equipment costs for this program were estimated based on an analysis prepared by
an ASHRAE subcommittee which found that lighting energy use can typically be reduced to 1.0­
1.1 W/sq.ft. at modest cost (Nadel 1992). Assuming a baseline energy use of 1.65 W/sq.ft.
(estimated from PSI's commercial new construction baseline study -- SRC 1992), the average
participant should reduce their lighting energy use by 35 %. PSI's incentive structure for the
commercial new construction program can be used in this program as well.



COMMERCIAL REMODEUNG PROGRAM - UGHTING - revised 6/9/94

VARIABLE

Start year
End year

ASSUMPTION

1995
2010

NOTES

Program type

TECHNOLOGY:
Technology description

Technical 88sistance and incentives for upgrading lighting systems when buildings are being remodeled.

A wide array of lighting measures such as improved fixtures. lamps. ballasts. controls and
lighting system layouts.

Incremental equip. cost

Incremental install. cost

Incremental annual O&M

Annual kWh savings

Peak savings

Measure life

Replacement rate

Load shape

PARTICIPATION:
# eligible in 1992

Annual growth rate

$0.50 per sq.ft.

$0 per sq.ft.

$0 per sq. ft.

1.86 per sq.ft.

0.33 W/sq.ft.

15 years

50%

Commercial lighting

8.10 million sq. ft.

2.30%

Approximate cost of upgrading office and retail lighting systems
from about 1.6 W/sq.ft. to 1.1 W/sq.ft. (from Nadel 1992).

Included in above.

O&M costs are likely to decline somewhat due to reduced bulb and labor
costs from using compact fluorescent lamps instead of incandescent
lamps. Howevert to be conservative we ignore these cost savings.

6.2 kWhlaq.ft. for lighting in PSI comm'l bldgs (derived from Xenergy 1991) $

30% savings (based on change from -1.6 to - 1.1 W/aq.ft.).

Based on ratio of annual kWh for lighting to peak kW for lighting
(August peak) 88 derived from Xenergy 1991.

ACEEE estimate based on data in Skwnatz et al. 1991.

ACEEE estimate.

162 million sq.ft. total PSI commercial floor area (derived from
Xenergy 1991) $ 5% renovated each year (derived from Skumatz et al. 1991).

Based on PSI forecast data (PSI 1993).

Annual participation rate 5.12,25,37.50 %= =>end. Based on participation rates achieved and targeted by PG&E and NU
new construction programs (The Results Center 1992 -- reports on NU
and PG&E comm'l new construction programs).

Free rider proportion

UTIUTY COSTS:
Rebate costs

Admi.ninstrative costs

Staff --- number

10%

$0.40 per sq. ft.

$0.18 per sq.ft.

4

ACEEE estimate.

80% of incremental costs.

Based on staff costs plus 50 % for marketing and other non-staff
administrative costs. Also based on PG&E and NU new construction
programs plus an additional 50% allowance for the fact that
remodeling jobs are generally smaller than new construction jobs
(The Results Center 1992 -- reports on NU and PG&E comm' I new
construction programs). These costs include technical consultants and staff.

ACEEE estimate.



C01\11\1ERCIAL NEW CONSTRUCTION PROGRAM

The Commercial New Construction Program is a new PSI program 0 Thus far the program
consists of prescriptive rebates for efficient lighting and HVAC systems.

The current program appears to be a short-term interim program that is being used to build a
bridge to a long-term, more comprehensive effort. In planning this long-term effort, we
recommend that two "big picture" issues be kept in mind.

First, the PSI program does not occur in a vacuum -- there are other complementary processes
that influence commercial building efficiency including building codes and architect/engineer
education. These other processes can be harnessed to increase the amount of energy that is
saved. In particular, since the State of Indiana has just adopted the ASHRAE 90.1 standard as
part of the State Building Code, PSI should work closely with the state on offering joint training
sessions on code and PSI program issues and using PSI incentives as a bridge to encourage
architects and engineers to experiment with new technologies in order to lay the foundation for
future code updates. In this way long-term savings can be maximized while reducing costs to
PSI. To the extent possible, other Indiana utilities should also be involved in this effort.

Second, each customer and building is different, and no one program approach will work for all
buildings~ The current program approach features ease of participation and a limited list of
measures.. This approach is fine for many customers. But for large, owner-occupied structures,
substantial amounts of additional energy can be saved by working with the design team to
develop an integrated package of efficiency measures. Such a process is time consuming, and
involves extensive computer modeling and technical assistance, but as shown by programs offered
by the Bonneville Power Administration and Northeast Utilities, this approach can reduce
building energy use by 30% or more (Wacjs 1990). A critical element is achieving these savings
is the active involvement of the architects and engineers who are designing these buildings. In
order to design a more efficient building generally requires more time than an inefficient
building. PSI should provide incentives to architects and engineers to compensate them for this
additional time.

The present PSI program features limited measures and limited technical assistancee For some
buildings, more extensive technical assistance including brainstorming design options, assisting
with measure analysis, reviewing plans and specifications, and offering advice on working with
contractors. While some of these services could be provided by PSI field representatives, most
of these services will require PSI to engage on retainer architects and engineers with extensive
practical experience in implementing state-of-the-art energy efficiency measures.

This program should be closely coordinated with related proposed PSI programs including the
Commercial Remodeling Program and the Industrial New Construction Program.. As tenant
build-outs occur in new buildings, referrals will need to be made to the remodeling program ..
Similarly, some industrial customers may be building new offices as well as new production
facilities & The commercial and industrial programs will need to work closely on these jobso In
fact, it may make sense to combine these programs into a single program, but with separate
marketing efforts and services directed at the commercial new construction, commercial



remodeling, and industrial new construction/remodeling markets.

Our understanding is that the current measure list is just a starting point. Among the measures
we would suggest adding are building shell measures such as improved glazing (low U and SC
values) and insulation; speed control for fans and pumps; high efficiency cooling towers,
condensers and terminal units; controls besides energy management systems; storage cooling
systems; high-efficiency motors; and high efficiency refrigeration systems. For ideas on
measures to include it would be useful to examine program brochures from other leading
commercial new construction programs including programs offered by PG&E, SeE, LADWP,
BPA, WEPCo, NEES, and NU. In addition to adding measures, we recommend that PSI
increase the present incentives for lighting controls. Lighting controls such as occupancy
sensors, daylight dimming, task tuning, and lumen maintenance are not well established in the
field. In order to help establish these technologies, we recommend that PSI pay 80% of measure
costs until the technologies become established and incentives can be lowered.

To our knowledge, PSI does not presently have overall savings and participation goals for this
program. Based on experience with United Illuminating's (UI) Energy Blueprint program,
supplemented with data from Pacific Gas & Electric's (PG&E) and Northeast Utilities» (NU)
commercial new construction programs, we recommend that PSI target a participation rate by
year three of 25 % (i.e. 25 % of new commercial space built in the third year is covered by the
program) and 50% in year five. Based on the experience of these utilities, average savings of
3 kWh/ft2 should be achievable, which represents approximately 15 % of the energy use of a
typical commercial building in the PSI service area (Xenergy 1991).



COMMERCIAL NEW CONSTRUCTION PROGRAM - revised 6/9/94

VARIABLE

Start year
End year

ASSUMPTION

1995
2010

NOTES

Program type Technical assistance and incentives for upgrading all energy-related features when buildings are being built.

TECHNOLOGY:
Technology description A wide array of measures including lighting, HVAC, control. and sheU improvements.

Incremental equip. cost

Incremental install. coat

Incremental annual O&M

Annual kWh savings

Peak savings

Measure life

Replacement rate

Load shape

PARTICIPATION:
# eligible

Annual growth rate

$0.78 per sq.ft.

$0 per sq. ft.

$0 per sq.ft.

3.3 kWh/sq.ft.

0.67 W/sq.ft.

15 years for lighting
measures

18 years for other
measures

50%

General commercial

3.978 million sq. ft.

0%

Based on PSI's early program experience (PSI 1994).

Included in above.

Will generally be similar to those for conventional buildings.

Based on The Results Center 1993: UI Energy Blueprint program.

Based on ratio of annual kWh to peak kW for PSI commercial buildings
(August peak) as derived from Xeoergy 1991.

PSI standard estimates. By way of comparison, the weighted average measure
life for all commercial new construction, as detennined separately by UI and NU,
is 18 years. (The Results Center 1992: NU, The Results Center 1993: UI).

ACEEE estimate.

PSI forecast for 1994-95 (PSI 1994).

Incorporated into above.

Annual participation rate 5,12,25,37,50% == == >end.

Free rider proportion 20%

UTIUTY COSTS:
Rebate costs $0.62 per sq. ft.

Admininstrative costs $0.16 per sq. ft.

Staff --- number 4

Based on participation rates achieved and targeted by ill, PG&E and NV
new construction programs (The Results Center 1992: NU and PG&E,
The Results Center 1993: VI).

ACEEE estimate based on limited interviews conducted with
participants in VI's program (The Results Center 1993: UI).

80 % of incremental costs.

Average costs for VI's program including administration, training,
labor, and marketing (The Results Center 1993: VI).

Based on VI program which serves approximately same floor area each
year as PSI expects to serve. Of the UI staff, approximately 2/3's
handle commercial projects and are listed here. The remaining 1/3
handle industrial and are listed under the Industrial New Construction program.
Staff costs are included under 8dministrative costs in the line above.



INDUSTRIAL NEW CONSTRUCTION PROGRAM (Revised 10/7/93)

ACEEE proposes that PSI offer an Industrial New Construction Program to begin to capture the
cost-effective lost conservation opportunities in the new plant and new process line market.
Limited data indicate that the typical industrial process line is changed every 10-15 years
(although many lines are changed on slower or more rapid schedules).. This renovation rate
implies that approximately 8 % of industrial process lines are renovated every year 0 By working
with this renovation cycle, utilities can capture significant energy savings without the plant
downtime required for retrofit projects.

Currently, there are few utilities offering stand alone industrial new construction programs (e.g.
Be Hydro), there are a number of utilities who have targeted industrial new construction projects
within a broader-based DSM program (e.g., C&I new construction programs).. Such utilities
include Bonneville Power Administration (BPA) , NEBS, and United Illuminating (UI) ..

To encourage the consideration of energy-efficient equipment and processes in plant and process
design, PSI should offer design assistance and design grants to architects and design engineers
of new industrial facilities or existing facilities undergoing major renovations3 In addition to
design assistance, PSI should offer custom incentives for the installation of energy-efficient
measures 0 One possible incentive structure is to offer 80% of the incremental equipment and
installation costs, or the value of the energy savings, whichever is less3 One utility offering an
industrial new construction program has design engineers and plant owners sign an "Energy­
Efficiency Agreement" in which the participants agree to consider energy efficiency when
selecting equipment and designing processes. In addition, this utility offers 50% of the costs of
studying alternative, energy-efficient processes or equipment, up to a maximum of $10,000 per
participant (Fleming 1993)0

PSI must set the baseline for each facility (i.eo the estimated electricity consumption of the new
or expanding facility jf the customer hadn't participated in the program). Process and other
efficiency measures which bring consumption below the baseline should be considered for an
incentive& Two utilities noted that properly setting the baseline requires the ability to accurately
detect customer "bluffs" ("bluffing" occurs when the customer would have performed certain
"efficiency" measures anyway, but states otherwise) $ PSI should hire consultants with experience
in particular industries to determine baselines and to offer design assistance.

Staff at one utility offering an industrial new construction program, Be Hydro, noted that
industrial firms who are undergoing facility expansion or new facility construction generally have
a two- to three-year time lag between final upper management approval of the financing of the
project and actual commissioning of the facility.. Therefore, industrial participants often must
know, for example, 1995 rebates and other program information in 1993. Staff at Be Hydro
also indicated that it is important to understand the budget cycles of predominant industries in a
utility's service territory; participation in an industrial new construction program can fluctuate
significantly in different years depending on these cycles (Fleming 1993) ..

We estimate that the above program design would lead to electricity savings of 20%of the
baseline, based on experience at BPA, Be Hydro, and UI (Balinskas 1993, Fleming 1993,



Schimmels 1993). This would translate into annual savings of 250 MWh per facility 0 The
incentive for such a project would equal approximately $30,000, based on 80% of the
incremental equipment and installation costs. Typical equipment and installation costs were
derived from BPA and DI informationo Design assistance and design grants are estimated at
$5,000 per participant, based on UI's programo



INDUSTRIAL NEW CONSTRUCTION PROGRAM: revised 6/9/94

VARIABLE

Start year
End year

ASSUMPTION

1995
2010

NOTES

Program type

TECHNOLOGY:
Technology description

Technical assistance and incentives to increase the energy-efficiency of new industrial facilities as well
as existing facilities undergoing major renovations. Design assistance, equipment selection assistance,
design grants to architects and engineers. Custom incentives offered (possible structure: incentive covers 80 %
of the incremental installation and equipment costs up to the value of the energy savings to the utility).

PSI must determine the "baseline" projected kWh consumption for each participant's facility (perhaps hire
experienced consultant). Process and other efficiency measures that reduce consumption below this baseline
will be eligible for incentives.

Incremental equip. + $40,000 per participant
installation costs

Incremental annual O&M $0 per participant

Annual kWh savings 200,000 per participant

Coincident kW deferred 34.9 per participant

Measure life 13

Replacement rate 50 %

PSI estimate -- $0.20/lst yr. kWh saved. Based on bids received for PSI's
large customer/national account program (Dave MuJdner, PSI). UI's Energy
Blueprint program bas also bad avemge equipment and installation costsl1st year
kWh savings for industrial new construction projects of $0.20 (Scbimmels 1993).
Does not include design assistance costs.

O&M costs will vary from facility to facility but on average O&M costs are not
likely to deviate significantly from baseline levels.

Assume 20 % of projected baseline kWh use is saved/participant on average,
based on taking the average ofUI's estimate (25%), the midpoint of results from 3
industrial new construction projects under BPA's ESP program (25 %), and
the midpoint ofBC Hydro's estimated range of 10-15% (Balinskas 1993,
Fleming 1993, Schimmels 1993). Assume typical participant and will be larger
than the average industrial facility -- 250 kW. Based on rough ACEEE
calculations, we estimate (20%) 11< (250 kW baseline new facility) * (4000
operating hours/yr) =200 MWh saved.

(Annual kWh savings) * (peak kW/annual kWh consumed), using the weekday
4 pm September 1990 peak (1990 PSI Load Characteristics, Section 6).

Based on number eligible -- see below. By way of comparison BPA staff
estimate is an average lifetime of 15 years for measures installed in their
industrial new construction projects (Schimmels 1993).

ACEEE estimate.

Load shape

PARTICIPATION:
1/ eligible in 1992

Industrial

236 ACEEE estimate. PSI had 2,960 industrial customers in 1992. Assume 8 % of
existing customers expand/add facilities each year. based on estimate that
there are process changes every 10-15 years.

Annual participation rate 3, 10, 25, 40,
50% -> end

ACEEE estimate. VI estimates that in their third year of the program, they have
achieved at least a 60 % participation for industrial new construction projects
(Balinskas 1993).

Annual growth rate

Free rider proportion

UTIUTY COSTS:
Rebate

Design Assistance

Administrative costs

0.34%

5%

$32,000 per participant

$5,000 per participant

$8.440 per participant

Derived from PSI 1992 Forecast Databook.

PSI estimate, based on process evaluation of PSI's current industrial programs.

Based on a utility payment of 80 % of the total project cost or the value of the
energy savings, whichever is less. Calculation here WJ8umes 80 % of incremental
costs.

Based on VI I S experience with costs of design assistance and grants per
industrial participant (Balinskas 1993).

VI's design assistance + administrative costs for the industrial portion of their
program are 42 % of rebate costs (Balinskas 1993). Subtracting out design costs,
we are left with figure shown here.

Staffmg requirements 4 Fr staff + contractors who ar ACEEE estimate, based loosely on UI staffmg. making allowances for the relative
experts in particular industries size of UI and PSI. These costs are included in administrative costs above.



SMALL INDUSTRIAL DIRECT INSTALLATION PROGRAM (Revised 6/27/94)

Small industrial customers require different treatment than larger industrial customers for a
number of reasons. Some of the unique aspects of smaller firms include: lack of capital for
energy-efficiency improvements, absence of staff with time or expertise to oversee the
implementation of energy-efficiency projects, and, in many cases, use of relatively simple
processes.

At the present time, PSI offers limited DSM services to industrial customers under 1 MW in
size. These customers generally receive information on how to improve their efficiency and how
to identify projects. According to PSI's 1992 DSM Implementation Update, these smaller
customers qualify of free audits for lighting, building shell, and HVAC systems under the
Commercial Audit program. In addition, a few small industrial customers have been served on
a pilot basis through PSI's Small Commercial program.

More is needed to address the conservation opportunities in small industrial facilities. One way
to begin addressing these needs is to offer a Small Industrial Direct Installation program for
customers less than 250 kW in size. Such a program would be a nice complement to the present
Small Commercial direct installation program and could be structured as an expansion of the
Small Commercial program..

Under the Small Industrial program, free audits of lighting, and water heating systems would be
offered to eligible customers$ Based on audit results, free retrofits of these systems would be
available .. If PSI wants to reduce utility costs, participating customers could be required to make
a payment based on the expected value of annual energy savings (e.go one' year payback to
participating customers) 0 Such payments would probably reduce customer participation rates
below the values shown hereo Alternatively, a one year payback requirement could be levied for
several years, and once the market was saturated at the one year payback level, utility incentives
could be increased to cover all costs.. However, if the customer wants to increase lighting levels
due to having a substandard existing lighting system, the customer should be expected to pay
100% of the additional costs& The Portland Energy Conservation Inc .. /Bonneville Power
Administration (PECI/BPA) Industrial Lighting program offered in the late 1980s found that the
need for increases was common, but that there were still significant electricity savings.

Another option which is more difficult but provides lower utility program costs is to buydown
the customerfs project payback to one year & However, one utility offering a similar retrofit
program at no cost to small commercial and industrial customers noted that in their experience,
when you require small industrial customers to pay any costs, it actually may increase utility
costs, because marketing efforts will need to be increased greatly (Horton 1993).. This was
affirmed one lighting expert at Lawrence Berkeley Laboratory (Krause 1993).

Lighting measures to be assessed could include HID upgrades (this measure will predominate),
electronic ballasts, T8 lamps, compact fluorescent lamps and fixtures, specular reflectors,
occupancy sensors, as well as other cost-effective lighting technologies. Water heating measures,
such as thermostats, time clocks, and hot water heater tank wraps, should also be assessed$



The estimated savings and cost per participant are based on. the results of several pilot
installations done by PSI. These savings are slightly greater and the costs slightly less than the
savings and costs in the PECI/BPA program. Participation rates are expected to gradually ramp
up to 50% in year ten, partially based on participation rates in NEBS' Small C&I Direct
Installation Program.

The program will require a full-time PSI staff person as well as labor and product vendors to
assist in the program marketing, customer audits, and equipment installations.. Energy audits and
equipment installations could be performed by the same contractors, who should be experienced
lighting designers for industrial facilitieso

PSI should monitor industrial customers in the 250 kW to 500 kW range in other programs
available to these customers to determine the degree ofparticipation from this class of customers,"
The utility may want to expand the eligibility of this program to customers under 500 kW or to
introduce a new medium-sized industrial conservation program for customers between 250 and
1000 kWe



SMAll.. INDUSTRIAL DIRECT INSTAllATION PROGRAM: revised 6/9/94

VARIABLE

Start year
End year

ASSUMPTION

1995
2000

NOTES

Program type

TECHNOLOGY:
Technology description

For industrial customers less than 250 kW in size. Free audit of lighting and water heating systems. Free
retrofit based on results of audiL

Facilities will be assessed for the following measures: HID upgrades and refixturing, electronic ballasts,
T8 lamps, compact fluorescent lamps and fixtures, specular reflectors, occupancy sensors, as well as other
cost-effective lighting technologies. In addition, cer1ain HVAC and water heating measures will be assessed,
such as thermostat controls, time clocks, economizer air cooling systems, and water heater tank wraps.

Incremental equip., audit $3,078 per participant
& installation coats

Incremental annual O&M $0 per participant

Annual kWh savings 12,312 per participant

Coincident kW deferred 5.°per participant

Measure life 15 years

Replacement rate 50 %

Based on the total audit, equipment, and installation costs for BPA's Industrial
lighting Program: $0.25/1st year kWh saved. (Wolfe and McAllister 1989).

Vanable, but probably negative in most cases.

Based on results from a limited number of industrial jobs bandied by PSI's small
commercial program.

Based on results from a limited number of industrial jobs handled by PSI's small
commercial program.

Same assumption as made in BECo and NEES Small C&I programs (The
Results Center 1992: BECo, The Results Center 1992: NEES).

ACEEE estimate.

Load shape

PARTICIPATION:
II eligible in 1992

Industrial

2,000 Estimate by Steve Hoeppner. PSI.

Annual participation rate 5, 10, 14, 17, 20, 25,
30,35,40, 50%

PSI estimate.

Annual growth rate

Free rider proportion

UTIUTY COSTS:
Rebate costs

Administrative costs

Staffmg requirements

0.34%

5%

$2,309 per participant

$739 per participant

1 FT + labor and
product vendors

Derived from PSI forecast in PSI 1992 Forecast Databook.

ACEEE estimate. Uttle activity will occur with smaller customers unless services
and rebates are offered. NEES estimates a free-ridership of 5 %, BECo a free­
ridership of 12 % (The Results Center 1992: BECo, The Results Center 1992:
NEES. Vandini 1993). We assume free-ridership for industrial customers is lower
than it is for C&I combined.

Based on results from a limited number of industrial jobs handled by PSI's small
commercial program.

ACEEE estimate. Based on experience of BPA's Industrial Lighting Program,
where marketing, evaluation, planning & development, administration, PCB
research. coordination, and dispossl.and staffmg cost $O.06/lst yr kWh saved.

ACEEE estimate. This is an add-on to the small commercial program.
These costs are included under administrative costs in the line above.



ENHANCED INDUSTRIAL EFFICIENCY IMPROVEMENT PROGRAM

We suggest that PSI offer an Enhanced Industrial Efficiency Improvement Pilot Program to
complement the existing I-I program, which focuses on lighting, motors, and other auxiliary
system measures. The pilot program will address improved energy efficiency in the industrial
processes within a participant's facility and should target the approximately 240 PSI customers
over 1 MW in sizeo

A number of utilities already offer successful industrial efficiency programs with a process
component, including Wisconsin Electric, Puget Power, Be Hydro, Carolina Power & Light,
and BPA. All of these utilities hire experienced engineering consultants to perform process­
oriented audits of participants' facilities. Rebates often cover at least 50 % of a detailed energy
analysis (along the lines of PSI's current incentives for Detailed Measure Analyses [DMA]) and
a significant portion of the incremental equipment and installation costs of a project.

Wisconsin Electric (WEPCo) generally focuses on a few key processes within an industrial
facility which have been noted by auditors as having high conservation potentials. Be Hydro
negotiates process-oriented project incentives with their customers on a case-by-case basis,
including in the calculation the benefits of increased production, improved worker safety, and
reduced operation and maintenance where applicableo Carolina Power & Light has a crew of in­
house employees that are highly experienced industrial engineers who perform in-depth industrial
audits, with attention given to electricity, gas, and water efficiency improvements~ There is
significant variance in the design and marketing approach of these programs (Jordan and Nadel
1993)0

In order to address the site-specific process efficiency improvements in targeted industries, it is
important to hire engineering consultants with direct experience in pertinent industrial processes
to conduct process-oriented audits0 Industrial participants may bring in their own auditor,
pending PSI approval. An initial survey of a facility's processes should be performed~ After
the initial process audit is performed, PSI should collaborate with the auditor and the customer
and choose a few specific areas to target for efficiency improvements.. If necessary, an in-depth
survey can then be performed for these areas to indicate the cost-effective efficiency
improvement opportunities~ As with the DMA's, PSI should pay for 50% of this in-depth audit.
Two utilities noted that targeting a few areas within industrial processes saves much time and
money compared to scoping out numerous energy-efficiency opportunities in industrial processes
(Hawley 1993, Ingram 1993)~ Incentives should be offered to cover a significant proportion of
the incremental equipment and installation costs for the measures. PSI could keep the existing
incentive structure offered under the I-I program, adding into the incentive calculation the
multiple customer benefits of a project (ioeo production improvements, reduction in labor costs,
improved worker safety, etco)$

Since upureu process changes are generally expensive and can rarely be performed for the
energy-efficiency gains alone (unless very large financial incentives are offered), it is important
to have close customer relations in order to understand what the customer is interested in doing
and when the customer expects to perform process changes anyway ~ For example, according to
a few experienced utilities, process changes are generally driven by environmental and safety



regulations and it is therefore important to inform customers of the potential benefits from
performing efficiency measures at this time (Banister 1992, Ingram 1993). It should be noted
that two utilities said process changes require more involvement from more people within an
industrial facility and require more downtime than lighting or motor-related projects (Ingram
1993, Rogers 1993). In addition, projects require a significantly longer time frame from initial
customer contact to final project completion.

A number of utilities noted that the in-depth process-oriented surveys cost more than in-depth
HVAC, lighting, or motor surveys, generally due to the expertise required in performing the
audits. However, all the utilities offering the successful programs have noted that the cost­
effective savings associated with auditing processes outweigh the increased program costs
(Hawley 1993, Hesson 1993, Stolarski 1993, Ingram 1993).

Due to the many variables involved, any estimate of the increased costs and savings due to
adding a process component will be highly circumspect. One utility noted that, on average,
experienced engineering consultants understanding the process at hand often charge fees that are
roughly 30% higher than the run-of-the-mill lighting or HVAC auditor (Stolarski 1993). Another
utility estimated that, in their program, the average process-oriented survey costs roughly two
to three times more than the average motor, HVAC, and lighting systems audit (Hawley 1993).
We estimate that an in-depth process-oriented audit costs roughly $20,000 per participant on
average, based on conversations with staff at Puget Power and WEPCo.

Puget Power has roughly estimated that the typical participant saves 20% of their pre-program
electricity use, with 80% of these saving~ coming from process-related measures. However,
motor system measures are included under "process" (Stolarski 1993)~ One pilot project at a
food processing facility at one northeastern utility led to 33 % electricity savings relative to pre­
program electricity consumption, with only 4% of this coming from motors, lighting, and HVAC
measures and the remaining savings coming from process changes (Robertson 1993). However,
it must be noted that this was an old facility and the utility put great effort into this one pilot
project. Conversations with these and other utilities, as well as with an industrial energy analyst,
has led to an estimated savings per participant for PSI's pilot of roughly 10% of the participant's
pre-program electricity consumption in addition to savings from lighting, motor, and auxiliary
measures (Elliott 1993, Hawley 1993).

Using data derived from PSI's 1992 DSM Implementation Update, we estimate that the typical
participant will save approximately 3,818 MWh per year$ Using the average rebate level
estimated for PSI's I-I program, we calculate an average incentive of $339,000 per participant$
Administrative costs are estimated at approximately $115,000 per participante

It should be emphasized that our estimates of costs, savings, and participation are highly
approximate and need to be tested by offering this program on a pilot basis.



ENHANCED INDUSTRIAL EFFlCIENCY IMPROVEMENT PROGRAM: revised 6/9/94

VARIABLE

Start year
End year

ASSUMPTION

1995
2010

NOTES

Continue until the market is saturated -- if the pilot is not successful. it will be
ended earlier.

Program type Initial energy surveys are perfonned. on the processes within an industrial participant's facilities. Target areas
are chosen. In-depth industrial process audits are performed for these areas by engineering consultants
having experience in these particular processes. PSI pays for 50 % of the costs of the in-depth survey. Custom
rebates should be offered for qualifying energy-efficiency measures. with calculations made on the multiple
customer benefits of the project (production improvements. labor, safety, etc.). This pilot will complement
the existing 1-1 program and will initially target PSI's largest 236 customers.

TECHNOLOGY:
Incremental audit costs $20,000 per participant

Annual kWh savings ******** per participant

Coincident kW deferred 677 per participant

Measure life 10 years

ACEEE estimate. based on "middle-of-the-road" estimates by staff at Puget
Power'8 Industrial Conservation program and WEPCo's Smart Money program
(Hawley 1993, Stolarski 1993), and infonnation on PSI's 1-1 program (PSI DSM
Implementation Update 1992). Using rough estimates made, by staff at Puget
Power, we assume that fees for consultants having particular expertise with
relevant industrial processes are approximately twice that of typical non-
procca auditors (Stolarski 1993). Assuming a lighting, HVAC, and motor audit
costs roughly $10,000, incremental costs =(2 * $10,000) =$20,000.

Bued on conversation with 1 industrial energy-efficiency analyst and 3 utility staff­
persona at BC Hydro, BPA. and Puget Power. we roughly estimate that the
savings from this program are roughly 10% of the industrial customer's pre­
program electricity consumption. in addition to savings from lighting, motor. and
auxiliary measures (Elliott 1993, Hesson 1993. Schimmels 1993, Stolarski 1993).
Using information in PSI's 1992 DSM Implementation Update (p.47). we estimate
that the typical eligible customer consumes 38,176 MWh/yr on average. (38,176
MWh) * 10% = 3.817.600 kWh savings per participant.

(Annual kWh savings) * (peak kW/annual kWh consumed), using the weekday
4 pm September 1990 peak (1990 PSI Load Characteristics. Section 6).

From Jordan and Nadel 1993. Industrial equipment is often removed before its
useful life during changes to production processes.

Load shape

PARTICIPATION:
/I eligible in 1992

Industrial

236 Of PSI's 2.960 industrial customers, 236 were targeted for the 1-1 program in
1992 (PSI DSM Implementation Update 1992). Without further information, we
assume that there are 236 customers in the 1 MW+ size range.

Annual participation rate 1.4. 8, 10. 13, 17,22.25, 28, ACEEE and PSI estimate; the first two years are based partially on early
32, 35. 38.41. 45. 48. 50% experience in WEPCo's Smart Money program (Jordan and Nadel 1993).

Free rider proportion

UTIUTY COSTS:
Rebate/participant

Administrative costs

Staff G __ number

10%

$338,600 per participant

$114,600 per participant

4Ff + engineering
consultants

Based on conversations with staff at Puget Power and WEPCo (Hawley 1993.
Stolarski 1993).

We BUggest that PSI continue to use the 1-1 program rebate structure while
still taking into accoWlt the multiple customer benefits (production
improvements. reduced labor costs, etc.) when calculating each incentive. In
PSI's 1992 DSM Implementation Update, the average incentive level is estimated
at $500/kW deferred. Therefore (S5001kW) lit (677 kW deferred/participant) =
$338,621.

This estimate includes the utility's audit. marketing. staffmg, and other
administrative costs. Under WEPCo's and Puget Power's programs. the
administrative costs are 30 % of the rebate and audit costs (Jordan and Nadel
1993). Using this information, we estimate that the total non-audit administrative
costs are [30%*(audit + rebate costs)] = $114,586. The utility contribution to
audit costs adds an additional $10.000 per participant.

ACEEE estimate. These costs are included in the line above.



PSI Energy Demand-Side Management Programs
Annual Program Costs ($000)
Existing Programs

R-l Wtr Ht WHlAC R-9 Smart $aver R-2 Res~ Cl/C2 Co C3 Sm Co 11/12 Ind. Peak Time-of
Year Wrap-up R-8 Seal-u Cycling Income Conservatio Lighting Audits & I Lighting Efficiency Reductio Use Planergy Total

1994 539 1,188 6,361 1,915 6,991 4,752 7,454 1,234 178 157 $31,811
1995 407 766 843 7,292 469 5,310 3,687 5,720 1,172 287 75 $26,221
1996 406 769 681 200 8,009 201 4,183 4,074 5,745 1,172 255 0 $25,695
1997 411 771 603 208 8,577 203 4,368 4,074 5,877 1,172 265 167 $26,696
1998 430 813 186 217 9,056 206 4,568 4,074 6,017 1,172 276 167 $27,182
1999 437 821 195 226 9,639 209 4,782 4,074 6,167 1,172 287 167 $28,116
2000 443 830 203 236 10,304 212 5,012 0 6,330 1,172 299 167 $25,208
2001 446 833 227 246 11,061 0 5,258 0 6,505 1,172 344 167 $26,259
2002 453 842 235 257 11,880 0 6,022 0 6,691 1,172 420 167 $28,139
2003 460 852 248 269 12,804 0 6,319 0 6,886 1,172 567 167 $29,744
2004 478 901 253 281 13,757 0 6,625 0 7,085 1,172 658 167 $31,377
2005 486 912 266 294 14,680 0 6,942 0 7,294 1,172 757 0 $32,803
2006 494 923 275 307 15,631 0 7,278 0 7,512 1,172 426 0 $34,018
2007 514 977 288 321 16,583 0 7,635 0 7,744 1,172 445 0 $35,679
2008 523 989 305 337 17,484 0 8,358 0 7,993 1,172 465 0 $37,626
2009 533 1,002 314 352 18,164 0 8,768 0 8,253 1,172 487 0 $39,045
2010 555 1,060 327 369 18,770 0 9,205 0 8,526 1,172 509 0 $40,493
2011 551 1,031 336 386 19,438 ,0 9,649 0 8,805 1,172 532 0 $41,900
2012 561 1,046 244 405 18,811 0 10,152 0 9,123 1,172 842 0 $42,356
2013 585 1,109 258 425 0 0 10,677 0 9,456 1,172 584 0 $24,266
2014 597 1,125 267 0 0 0 11,236 0 9,821 1,172 924 0 $25,142
2015 609 1,142 184 0 0 0 11,812 0 10,174 1,172 968 0 $26,061



PSI Energy Demand-Side Management Programs
Annual Program Costs ($000)
ACEEE Proposed Programs

Enhance C.HVA
2nd Refrig. ResG Clothes Smart $a COffi$ Equip Retiremn Commercia Com. New Ind. New Indo Dire Enhance

Year Tum-In Water Rtr Washr Re Duct Sea Replacement /Upgrade Remodelin Constructio Constructio Install Ind. Eff Total

1994 0 0 0 0 0 0 0 0 0 0 0 $0
1995 0 0 253 682 563 67 98 437 301 0 $2,411
1996 0 39 0 205 935 1,324 168 239 884 306 0 $4,100
1997 1,019 119 0 1 1,087 1,909 257 503 1,343 248 906 $7,522
1998 627 349 42 1 1,877 1,638 313 755 1,814 188 3,201 $10,935
1999 889 490 173 88 2,728 1,168 389 1,032 2,297 193 4,616 $14,063
2000 1,021 690 440 88 3,049 885 449 1,045 2,328 327 2,330 $12,652
2001 0 900 896 88 3,084 496 456 1,058 2,360 327 3,294 $12,959
2002 0 1,170 1,371 88 125 301 464 1,072 2,393 336 4,278 $14,598
2003 0 1,506 0 88 3,157 304 472 1,086 2,468 340 5,763 $15,184
2004 0 1,839 0 88 3,175 410 481 1,101 2,504 346 3,398 $13,342
2005 0 2,215 0 88 0 311 489 1,116 2,541 353 3,435 $10,548
2006 0 2,522 0 88 0 315 498 1,132 2,580 0 4,962 $12,097
2007 0 2,654 0 88 0 318 507 1,148 2,620 0 3,513 $10,848
2008 0 2,671 0 88 0 322 517 1,166 2,705 0 3,554 $11,023
2009 0 2,687 0 88 0 0 527 1,183 2,749 0 3,597 $10,831
2010 0 2,705 0 88 0 0 537 1,202 2,794 0 4,681 $12,007
2011 0 0 0 88 0 0 548 1,220 2,842 0 3,686 $8,384
2012 0 0 0 88 0 0 0 0 0 0 2,667 $2,755
2013 0 0 0 88 0 0 0 0 0 0 0 $88
2014 0 0 0 0 0 0 0 0 0 0 0 $0
2015 0 0 0 0 0 0 0 0 0 0 0 $0
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APPENDIX B

DIFFERENCES IN ANALYTIC ASSUMPTIONS BETWEEN
OPTIMISTIC AND CONSERVATIVE ENHANCED PROGRAM CASES



ACEEE Proposed DSM Programs
Assumption Differences for the Conservative Scenario

Farm Efficiency Program

Penetration Rates Eligible in 1994 - 700

Year
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004

ACEEE
10%
25%
45%
60%
75%
75%
75%
75%
75%
75%

PSI
10%
20%
25%
30%
35%
35%
35%
35%
35%
35%

Industrial New Construction

Free Riders ACEEE 20% PSI 5%

Incentives ACEEE 80% of incremental costs
PSI 60% of incremental costs

Penetration Rates Eligible in 1994 - 236

Year
1995
1996
1997
1998
1999

2010

ACEEE
3%
10%
25%
40%
50%

500/0

PSI
5%
10%
15%
20%
25%

25%



ACEEE Proposed DSM Programs
Assumption Differences for the Conservative Scenario

Commercial Remodeling Program

Incentives ACEEE $0.50 per sq. ft.
PSI $0.25 per sq. ft.

Penetration Rates Eligible in 1994 - 236

Year ACEEE PSI
1995 5% 4%
1996 12% 10%
1997 25% 15%
1998 37% 18%
1999 50% 22%
2000 50% 25%

2011 50% 25%

Commercial Equipment Replacement Program

Incentives ACEEE 100% of incremental costs
PSI 50% of incremental costs

Penetration Rates

Motors

Year ACEEE PSI
1995 5% 3%
1996 10% 6%
1997 20% 9%
1998 30% 13%
1999 40% 22%
2000 50% 25%

2004 500/0 25%



ACEEE Proposed DSM Programs
Differences in Assumptions between PSI and ACEEE

Commercial Equipment Replacement Program cont.

Penetration Rates

Fl. Ballasts

Year ACEEE PSI
1995 5% 1%
1996 10% 3%
1997 20% 5%
1998 30% 7%
1999 30% 9%
2000 30% 10%

2004 30% 10%

Chillers

Year ACEEE PSI
1995 5% 3%
1996 10% 5%
1997 200/0 8%
1998 30% 130/0
1999 30% 17%
2000 30% 20%
2001 30% 230/0
2002 30% 25%
2003 30% 25%
2004 30% 25%

Refrigeration

Year ACEEE PSI
1995 5% 3%
1996 10% 6%
1997 20% 9%
1998 30% 13%
1999 30% 22%
2000 30% 25%
2001 300/0 25%
2002 30% 25%
2003 30% 25%
2004 30% 25%



ACEEE Proposed DSM Programs
Differences in Assumptions between PSI and ACEEE

Commercial HVAC RetirementfUpgrade Program

Penetration Rates

Year
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007

ACEEE
.5%
1.2%
2.5%
3.7%
5.0%
5.0%
5.0%
5.0%
5.0%
4.5%
3.8%
2.5%
1.3%

PSI
.2%
.5%
.7%
.6%
.4%
.30/0
.2%
.1%
.1%
.1%
.1%
.1%
.1%

Energy Savings ACEEE 35% of annual kWh - 525,000 kWh/part.
PSI 25% of annual kWh - 375,000 kWh/part

Measure Life ACEEE 21 years
PSI 16 years

The incremental equip. and installation costs, rebate/participant and admin. cost change due to the
difference in kWh savings.

incremental equip. cost

rebate/participant

Admin. costs

ACEEE
$131,250

$98,437

$32,812

PSI
$93,750

$70,312

$23,437
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APPENDIX C

DETAILED TABLES SUMMARIZING ENERGY, DEMAND, EMISSIONS,
AND SAVINGS RESULTS



ACEEE Proposed Programs Analysis

Benefit/Cost Ratios - a End Effects
PSI Conservative Scenario

Program
2ND refrig. Turn-in
CF Coupon Program
Heat Pump/Water Heater
Clothes Washer Rebate
Farm Efficiency
Enhanced S$ - Duct Seal
Commercial Equipment R.eptacement
Commercial HVAC Retirement Upgrade
Commercial Remodeling - Lighting
Com,mercial New Construction
Industrial New Construction
Small Industrial Direct Installation
Enhanced Industrial Efficiency

Total ACEEE Programs

UC

1.2.8
2.13
1.67
1.71
1.18
3.27
2.30
2.60
2.91
3.44
2.43
1.93
3~01

2.55

TRC
1.40
1.63
1.19
1.53
0,.89
2.70
1.52
2 .. 18
2.07
3.86
1.81
1.62
8.81

2.55

PARTICIPANT
info

4.01
2.88
3.69
2.84
4.57
2.45
3.64
3.44
7.29
3.01
2.81

96.92

5.10
,jB

RIM
0.35
0.40
0.51
0.50
0.40
0.59'
0.72
0.72
0.80
0.84
0.76
0.67
0.77

0.70

6113/94
ACEEECSV.XL.S



ACEEE Proposed Programs Analysis

Benefit/Cost Ratios .,. 0 End Effects
ACEEE Optimistic Scenario

Program

2ND refrig. Turn-in
CF Coupon Program
Heat Pump/Water Heater
Clothes Washer Rebate
Farm Efficiency
Enhanced S$ - Duct Seal
Commercial Equipment Replacement
Commercial HVAC Retirement Upgrade
Commercial Remodeling - Lighting
Commercial New Construction
Industrial New Construction
Small Industrial Direct Installation
Enhanced Industrial Efficiency

Total ACEEE Programs

UC
1.2"8
2.13
1.67
1.71
1.30
3.27
1.48
2 .. 74
2.40
3.44
1.71
1.93
3.01

2.39

TRC
1.40
1.63
1.19
1.53
Oe98
2.70
1.60
2.31
2.06
3.86
1.71
1.62
8.81

2.33

PARTICIPANT
info

4.01
2.88
3.69
3.07
4.57
3.14
3.64
3.62
7.29
3.38
2.81

96.92

4.20

RIM
0.35
0.40
0.51
0.50
0.42
0.59
0.61
0.78
0.77
0.84
0.67
0.67
0.77

0.72

6113194
ACEEEOSV.XlS



ACEEE Proposed Programs Analysis
Annual Energy (GWh) impacts

PSI Conservative Scenario

2nd Refrig. He;lt Pump ct. Washer Farm Enhanced S~ Com. EQ. Com. HVAC Com. Com. New Ind. New Sma" Ind. Enhanced lod. Tota' ACEEE

Year Turn-in Cf Coupon Water Heater Rebates Efficiency Duct Seal Replacement Ret. Upgrade Remodeling Construction Construction Direct Insta" Efficiency Programs

1994 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1995 8.433 7.395 0.027 0.151 0.262 1.242 1.406 2.414 0.348 0.575 2.518 1.292 7.590 33.653
1998 13.461 14.936 0.130 0.760 0.528 2.250 4.346 8.046 1.215 1.959 7.555 2.597 34.156 91.939
1991 19.019 21.369 0.574 2.297 0.666 3.110 8.920 16.091 2.515 4.835 15.111 3.643 72.108 170.318
1998 25.351 27.921 1.862 5.402 0.808 3.969 15.579 22.930 4.076 9.098 25.184 4.431 91.083 231.700
1999 25.351 34.614 3.982 10.106 0.954 4.828 24.678 27.757 5.986 14.855 31.776 5.232 117.649 313.768
2000 25.351 41.430 6.937 10 .106 0.962 5.687 35.395 31.378 8.155 20.614 50.369 6.576 151.805 394.765
2001 25.351 48.318 10.141 10.106 0.973 6.546 46.231 33.389 10.325 26.371 62.961 7.901 197.347 486.626
2002 25.351 55.459 15.623 10.106 0.980 7.405 57.193 34.596 12.494 32.130 75.553 9.263 223.913 560.066
2003 16.909 55.281 21.830 10.108 0.992 8.264 68.266 35.803 14.664 37.887 88.355 10.620 250.479 619.456
2004 11.890 47.740 29.311 10.106 1.003 9.123 79.405 37.412 16.834 43.646 101.157 11.989 288.430 688.046
2005 6.212 41.307 38.208 10.108 0.141 9.983 79.405 38.619 19.003 49.402 113.959 13.372 307.406 727.783
2006 0.000 34.748 48.210 10.106 0.415 10.842 79.405 39.825 21.173 55.162 126.761 13.372 307.406 747.485
2001 0.000 28.062 58.581 10.106 0.337 11.701 79.405 41.032 23.342 60.918 139.563 13.372 296.021 782.440
2008 0.000 21.246 68.852 10.106 0.195 12.560 79.405 42.239 25.512 66.678 152.515 13.372 311.201 803.941
2009 0.000 14.298 19.019 9.955 0.049 13.419 79.405 42.239 27.682 72.434 165.587 13.372 311.201 828.660
2010 0.000 7.217 89.058 9.346 0.041 14.278 78.076 42.239 29.503 78.194 176.080 12.080 296.021 832.133
2011 0.000 0.000 88.955 7.809 0.030 15.137 75.317 39.825 30.806 83.950 184.055 10.775 250.479 787.138
2012 0.000 0.000 88.512 4.104 0.022 15.997 70.883 34.193 29.505 83.950 176.500 9.728 223.913 737.907
2013 0.000 0.000 87.223 0.000 0.011 16.856 64.391 26.148 27.944 83.375 166.426 8.940 197.347 676.667

Aa:fEOWUU
"HIM



ACEEE Proposed Prograrns Analysis
Annual Energv (GWh) Impacts

ACEEE Optimistic Scenario

2nd Rer,ig. Heat Pump CI. Washer Farm Enhanced S$ Com. Eq. Com. HVAC Com. Com. New Ind. New Sman Ind. Enhanced Ind. Total ACEEE

Year Turn-in CF Coupon Water Heater Rebates Efffciency Duct Seal Replacement Ret. Upgrade Remodeling Construction Construction Direct Install Efficiency Programs

1994 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1995 8.433 1.395 0.021 0.151 0.262 1.242 2.692 7.885 0.910 0.575 1.237 1.292 7.590 39.691
1996 13,461 14.936 0.130 0.160 0.662 2.250 8.128 27.033 3.142 1.959 5.479 2.597 34.156 114.693
1997 19.079 21.369 ~.514 2.297 1.201 3.110 19.094 67.019 1.901 4.835 15.906 3.643 12.108 238.136
1998 25.351 27.927 1.862 5.402 1.620 3.969 35.674 127.280 15.109 9.098 32.695 4.431 91.083 381.501
1999 25.351 34.614 3.982 10.106 2.043 4.828 45.342 209.505 25.070 14.855 53.903 5.232 111.649 552.480
2000 25.35' 41.430 6.931 10.106 2.065 5.687 59.398 292.294 35.262 20.614 75.111 6.576 151.805 732.636
2001 25.351 48.318 10.741 10.106 2.084 6.546 13.577 316.209 45.688 26.371 96.319 1.901 197.347 926.624
2002 25.351 55.459 15.623 10.106 2.103 7.405 87.880 460.687 56.354 32.130 111.703 9.263 223.913 1103.911
2003 16.909 55.281 21.830 10.106 2.125 8.264 102.318 545.728 67.265 37.887 139.088 10.620 250.479 1267.900
2004 11.890 41.140 29.311 10.106 2.148 9.123 116.881 631.895 78.427 43.646 160.649 11.989 288.430 1442.235
2005 6.272 41.307 38.208 10.106 1.886 9.983 116.881 710.178 89.846 49.402 182.210 13.372 307.406 1511.051
2008 0.000 34.148 48.210 10.106 1.486 10.842 116.881 771.198 101.527 55.162 203.112 13.312 307.406 1680.110
2001 0.000 28.062 58.581 10.106 0.941 11.101 116.881 821.689 113.475 60.918 225.510 13.372 296.021 1751.263
2008 0.000 21.248 68.852 10.106 0.528 12.560 116.881 644.780 125.700 66.678 247.248 13.372 311.201 1839.152
2009 0.000 14.298 79.019 9.955 0.105 13.419 116.881 844.780 138.208 72.434 269.162 13.312 311.201 1882.834
2010 0.000 1.211 89.058 9.348 0.082 14.278 114.524 844.780 150.092 18.194 290.541 12.080 296.021 1906.219
2011 0.000 0.000 88.955 7.809 0.064 15.137 109.156 844.180 160.946 83.950 310.341 10.175 250.479 1882.992
2012 0.000 0.000 88.512 4.704 0.045 15.991 100.146 844.780 156.187 83.950 299.914 9.128 223.913 1821.876
2013 0.000 0.000 87.223 0.000 0.022 16.856 85.620 844.780 148.980 83.375 283.124 8.940 197.347 1756.261
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ACEEE Proposed Programs Analysis
Peak Demand (MW) Impacts

PSI Conservative Scenario

2nd Refrig. Heal Puf1lJ.l ct. Washer Fttrm Enhanced SS Com. EQ. Com. HVAC Ret. Com. Com. New Ind. New Small Ind. Enhanced Ind. Total ACEEE
Y@or Turn·'n CF Coupon Water Heater Rebates Efficiency Duct Sea! Replacement Upgrade Remodeling Construction Construction Direct Install Efficiency Programs

1994 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1995 0.422 0.076 0.002 0.023 0.034 0.168 0.350 0.602 0.081 0.144 0.335 0.112 1.010 3.425
1996 0.613 0.154 0.010 0.114 0.068 0.305 1.084 2.006 0.303 0.488 1.006 0.346 4.547 11.104
1991 0.954 0.220 0.044 0.343 0.085 0.421 2.224 4.013 0.621 1.206 2.011 0.485 9.599 22.232
1998 1.261 0.288 0.142 0.806 0.104 0.538 3.886 5.723 1.017 2.269 3.353 0.590 12.125 32.108
1999 1.261 0.356 0.305 1.509 0.123 0.654 6.159 6.927 1.494 3.108 5.029 0.696 15.661 43.888
2000 L261 0.427 0.531 1.609 0.124 0.771 8.835 7.825 2.035 5.145 6.705 0.875 20.208 56.257
2001 1.261 0.499 0.823 1.509 0.125 0.887 11.530 8.327 2.575 6.577 8.381 1.053 26.270 69.823
2002 1.281 0.511 1.197 1.509 0.126 1.004 14.264 8.628 3.116 8.013 10.057 1.233 29.801 80.792
2003 0.845 0.570 1.672 1.509 0.127 1.120 17.024 8.936 3.657 9.448 11.161 1.414 33.343 91.426
2004 0.594 0.492 2.246 1.509 0.129 1.237 19.817 9.337 4.201 10.893 13.466 1.596 38.395 103.912
2005 0.313 0.426 2.927 1.509 0.095 1.353 19.811 9.638 4.743 12.330 15.170 1.780 40.921 111.022
2006 0.000 0.358 3.695 1.509 0.061 1.410 19.817 9.932 5.284 13.767 18.874 1.780 40.921 115.468
2001 0.000 0.289 4.489 1.509 0.043 1.586 19.803 10.233 5.821 15.192 18.578 1.780 39.405 118.728
2008 0.000 0.219 5.218 1.509 0.025 1.703 19.802 10.534 8.362 16.628 20.310 1.780 41,426 125.514
2009 0.000 0.141 6.055 1.487 0.006 1.819 19.802 10.542 6.903 18.064 22.042 1.180 41.426 130.073
2010 0.000 0.014 8.825 1.396 0.005 1.936 19.488 10.542 1.363 19.515 23.439 1.608 39.405 131.594
2011 0.000 0.000 6.811 1.168 0.004 2.052 18.797 9.932 7.688 20.952 24.500 1.434 33.343 126.685
2012 0.000 0.000 6.183 0.703 0.003 2.168 17.678 8.527 1.358 20.936 23.495 1.295 29.601 118.753
2013 0.000 0.000 6.684 0.000 0.001 2.285 16.060 6.521 8.969 20.192 22.154 1.190 26.270 108.926
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ACEEE Proposed Programs Analysis
Peak Demand (MW) Impacts
ACEee Optimistic Scenario

2nd Refrig. Heat Pump Cf. Washer Farm Enhanced S$ Com. EQ. Com. HVAC Ret. Com. Com. New Ind. New Small Ind. Enhanced Ind. Total ACEEe
Y0ar Turn·'n CF COuPon Water Heater Rebates Efficiency Duct Seal Replacement Upgrade Remodeling Construction Construction Direct Install Efficiency Programs
1994 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1995 0.422 0.076 0.002 0.023 0.034 0.168 0.612 1.966 0.221 0.144 0.165 0.112 1.010 5.081
1998 0.613 0.154 0.010 0.114 0.085 0.305 2.021 6.142 0.184 0.488 0.729 0.346 4.541 11.004
1997 0.954 0.220 0.044 0.343 0.154 0.421 4.162 16.114 1.911 1.206 2.111 0.485 9.599 38.990
1998 1.261 0.288 0.142 0.806 0.208 0.538 8.891 31.166 3.768 2.269 4.352 0.590 12.125 67.016
1999 1.261 0.356 0.305 1.509 0.262 0.654- 11.316 52.288 6.257 3.708 7.175 0.696 15.661 101.454
2000 1.267 0.421 0.531 1.509 0.265 0.771 14.824 72.894 8.800 5.145 9.999 0.815 20.208 137.515
2001 1.267 0.499 0.823 1.509 0.267 0.887 18.349 93.821 11.394 6.571 12.822 1.053 26.270 175.538
2002 1.281 0.571 1.191 1.509 0.270 1.004 21.916 114.889 14.054 8.013 15.668 1.233 29.807 211.398
2003 0.845 0.510 1.672 1.509 0.273 1.120 25.516 136.200 16.775 9.448 18.515 1.414 33.343 241.200
2004 0.594 0.492 2.246 1.509 0.216 1.237 29.171 151.706 19.573 10.893 21.385 1.596 38.395 285.073
2005 0.313 0.426 2.921 1.509 0.242 1.353 29.111 117.243 22.423 12.330 24.255 1.780 40.921 314.893
2006 0.000 0.358 3.695 1.509 0.191 1.470 29.171 193.822 25.339 13.761 21.125 1.780 40.921 339.148
2001 0.000 0.289 4.489 1.509 0.122 1.586 29.148 204.918 28.299 15.192 30.019 1.180 39.405 356.756
2008 0.000 0.219 5.216 1.509 0.068 1.103 29.148 210.676 31.348 16.628 32.913 1.180 41.426 372.694
2009 0.000 0.141 6.055 1..481 0.014 1.819 29.148 210.836 34.467 18.064 35.830 1.780 41.426 381.013
2010 0.000 0.074 6.825 1.396 0.011 1.936 28.583 210.836 31.459 19.515 38.616 1.608 39.405 386.324
2011 0.000 0.000 6.817 1.166 0.008 2.052 21.393 210.616 40.168 20.952 41.312 1.434 33.343 385.321
2012 0.000 0.000 6.183 0.703 0.006 2.168 24.915 210.616 38.951 20.936 39.923 1.295 29.801 316.223
2013 0.000 0.000 8.684 0.000 0.003 2.285 21.354 210.616 37.153 .20.792 37.688 1.190 26.210 364.095
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Energy and ACEEE DSM Programs Analysis

Annual Energy (GWh) Impacts

Current
PSI PSI + PSI +

Current Programs ACEEE ACEEE ACEEE ACEEE CAC
PSI less Optimistic Conservative Opt. Con. CINergy PSI CAC

Year Programs overlap Scenario Scenario Scenario Scenario Target Target
1994 259.399 259.232 0.000 0.000 259.232 259.399 289.2
1995 414.145 413.941 39.691 33.653 453.632 447.798 612.000 519.2

I

1996 582.313 582.197 114.693 91.939 696.890 674.312 1062.000 749.2
1991 797.399 759.451 238.136 170.318 997.587 967.717 1516.000 981.2
1998 975.627 899.925 381.501 237.700 1281.426 1213.327 1917.000 1217.2
1999 1125.227 1011.740 552.480 313.768 1564.220 1438.995 2445.000 1457.2
2000 1232.031 1080.764 732.636 394.765 1813.400 1626.796
2001 1327.418 1138.377 926.624 486.626 2065.001 1814.044
2002 1414.474 1239.304 1103.977 560.066 2343.281 2034.540
2003 1530.712 1280.917 1267.900 619.456 2548.817 2150.168
2004 1585.594 1321.173 1442.235 688.046 2763.408 2273.640
2005 1642.234 1363.297 1577.057 727.783 2940.354 2370.017
2006 1693.278 1399.934 1680.710 747.485 3080.644 2440.763
2007 1743.007 1441.471 1757.263 762.440 3198.734 2505.447
2008 1771.224 1467.600 1839.152 803.941 3306.7522581.165
2009 1804.714 1487.105 1882.834 828.660 3369.939 2633.374
2010 1830.527 1504.940 1906.219 832.133 3411.159 2662.660
2011 1856.333 1522.833 1882.992 787.138 3405.825 2643.471
2012 1817.415 1536.791 1827.876 737.907 3364.667 2615.322
2013 1749.713 1455.961 1756.267 678.667 3212.228 2428.380
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Energy ACEEE DSM Programs Analysis

Peak Demand {MW} impacts

Current
PSi PSI + PSI +

Current Programs ACEEE ACEEE ACEEE ACEEE CAC

PSI less Optimistic Conservative Opt. Con. CINergy PSI CAC

Year Programs overlap Scenario Acenario Scenario Scenario Target Target

1994 88.768 81.309 0.000 0.000 81.309 88.768 83
1995 ~ 117.969 110.510 5.081 3.425 115.591 121.394 222.000 122
1996 149.103 141.644 17.004 11 .104 158.648 160.207 305.000 162
1997 179.642 162.595 38.990 22.232 201.585 201.874 389.000 202
1998 201.746 1B1.168 67.016 32.108 248.184 239.854 474.000 242
1999 230.074 193.938 101.454 43.888' 295.392 273.962 560.000 282
2000 244.486 198.671 137.515 56.257 336.192 300.743
2001 257.501 202.106 175.538 69.823 377.644 327.324
2002 273.901 206.803 211.398 80.792 418.201 354.693
2003 263.311 192.691 247.200 91.426 439.891 354.737
2004 270.582 196.265 285.073 103.912 481.338 374.494
2005 278.882 200.869 314.893 111.022 515.762 389.904
2006 285.993 204.064 339.148 115.468 543.212 401.461
2007 292.317 208.275 356.756 118.728 565.031 411.045
2008 297.659 211.503 372.694 125.574 584.197 423.233
2009 302.740 214.706 381.073 130.073 595.779 432.813
2010 307.882 217.739 386.324 131.594 604.063 439.476
2011 313.393 220.894 385.321 116.685 606.215 440.078
2012 318.441 224.099 376.223 118.753 600.322 437.200
2013 294.971 212.325 364.095 108.926 576.420 403.897
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lost Revenue Analysis with ACEEE Optimistic Scenario

Energy Sales
Current PSI Energy Sales Net of Current Revenue loss Fuel Savings Revenue loss Fuel Savings lost

System Energy DSM Impacts ACEEE DSM Net of Current DSM and with PSI DSM with PSI DSM with ACEEE with ACEEE Total lost Revenue

Year Sales IGWh) (GWh) Impacts (GWh) DSM (GWh) ACEEE(GWh) ($000) ($000) DSM ($000) DSM ($000) Revenue $/kWh
1994 21387 259 0 27127.768 211.27.768 $10,419 $3,510 $0 $0 $6,909,000 0.00025
1995 27184 414- 40 27370.059 27330.368 $17,853 $6,703 $1,161 $633 $12,284,000 0.00045
1996 28179 582 115 27596.803 27482.11 $26,796 $8,813 $5,179 $1,806 $21,356,000 0.00078
1997 28726 159 238 27966.549 27128.413 $35,530 $13,061 $11,014 $4,045 $29,498,000 0.00106
1998 29411 900 382 28571.075 28189.574 $44,728 $11,145 $18,218 $6,905 $38,896,000 0.00138
1999 30162 ,1012 552 29150.26 28597.78 $54,561 $21,474 $28,199 $11,015 $50,271,000 0.00176
2000 30578 1081 733 29497.236 28764.6 $66,521 $26,869 $41,659 $16,539 $64,712,000 0.00225
2001 31126 1138 927 29987.623 29060.999 $75,137 $31,377 $56,212 $22,752 $77,820,000 0.00268
2002 31798 1239 1104 30558.696 29454.719 $82,135 $37,515 $69,893 $29,055 $85,458,000 0.00290
2003 32576 1281 1268 31295.083 30027.183 $87,588 $41,764 $82,183 $35,209 $92,798,000 0.00309
2004 33586 1321 1442 32264.827 30822.592 $92,394 $49,865 $96,218 $46,067 $92,680,000 0.00301
2005 34514 1363 1577 33150.703 31573.646 $98,505 $58,395 $109,584 $56,752 $9 2,942,000 0.00294
2006 35628 1400 1681 34228.066 32547.356 $102,330 $37,238 $119,959 $32,567 $152,484,000 0.00468
2007 36495 1441 1757 35053.529 33296.266 $109,228 $40,544 $131,212 $34,893 $165,003,000 0.00496
2008 37372 1468 1839 35904.4 34065.248 $113~511 $44,967 $142,358 $41,403 $169,499,000 0.00498
2009 38024 1487 1883 36536.895 34654.061 $120.349 $48,373 $153,295 $43,402 $181,869,000 0.00525
2010 38751 1505 1906 37246.06 35339.841 $122,448 $53,002 $163,305 $49,574 $1 83, 177,000 0.00518
2011 39560 1523 1883 38031.167 36154.175 $133,054 $56,643 $169,762 $49.595 $196,518,000 0.00544
2012 40372 1537 1828 38835.209 37007.333 $139,334 $61,422 $172,300 $54,662 $195,550,000 0.00528
2013 41183 1456 1156 39721.039 31910.712 $134,083 $74,345 $172,370 $69,111 $162,997,000 0.00429 .

PV 422969 14068 12653 408901 396248 $536,034 $229,650 $549,635 $191,643 $658,376,000 0.00166
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lost Revenue Analysis with ACEEE Conservative Scenario

Energy Sales
Current PSI Energy Sates Net of Current Revenue loss Fuel Savings Revenue loss Fuel Savings lost

System Energy OSM Impacts ACEEE DSM Net of Current DSM and with PSI DSM with PSI DSM with ACEEE with ACEEE Total lost Revenue

Year Sales (GWh) (GWh) Impacts (GWh) DSM (GWh) ACEEE(GWhl ($000) ($000) DSM ($000) DSM ($000) Revenue $/kWh

1994 21381 259 0 21127.168 21121.168 $10,419 $3,510 $0 $0 $6,909,000 0.00025

1995 27184- 414 34 21310.059 27336.406 $17,853 $6,703 $1,467 $532 $12,085,000 0.00044

1996 28179 582 92 27596.803 27504.864 $26,796 $8,813 $4,025 $1,454 $20,554,000 0.00075

1997 28726 759 170 27966.549 27796.231 $35,530 $13,061 $7,618 $2,855 $27,232,000 0.00098

1998 29411 900 238 28571.075 28333.375 $44,728 $17,145 $10,980 $4,217 $34,286,000 0.00121
1999 30162 1012 314 29150.26 28836.492 $54,561 $21,414 $15,174 $6,174 $42,087,000 0.00146
2000 30578 1081 395 29497.236 29102.471 $66,521 $26,869 $20,875 $8,869 $51,658,000 0.00178
2001 31126 1138 487 29987.623 29500.991 $75,737 $31,377 $27,650 $11,696 $60,314,000 0.00204
2002 31198 1239 560 30558.696 29998.63 $82,135 $37,515 $33,480 $14,576 $63,524,000 0.00212
2003 32576 1281 619 31295.083 30675.627 $87,588 $41,764 $37,796 $17,001 $66,619,000 0.00217
2004 33586 1321 688 32264.827 31576.781 $92,394 $49,865 $42,901 $21,782 $63,648,000 0.00202
2005 34514- 1363 728 33150.703 32422.92 $98,505 $58,395 $46,935 $26,007 $61,038,000 0.00188
2006 35628 1400 747 34228.066 33480.581 $102,330 $31,238 $49,728 $16,000 $98,820,000 0.00295
2007 36495 1441 162 35053.529 34291.089 $109,228 $40,544 $52,699 $17,110 $104,273,000 0.00304
2008 31312 1468 804 35904.4 35100.459 $113,511 $44,967 $57,860 $19,630 $106,774,000 0.00304
2009 38024 1481 829 36536.895 35708.235 $120,349 $48,373 $62,478 $21,173 $ 11 3,28 1,000 0.00317
2010 38751 1505 832 37246.06 36413.927 $122,448 $53,002 $66,314 $23,225 $112,535,000 0.00309
2011 39560 1523 787 38037.167 31250.029 $133,054 $56,643 $66,134 $22,599 $119,946,000 0.00322
2012 40312 1531 738 38835.209 38097.302 $139,334 $61,422 $64,966 $23,655 $119,223,000 0.00313
2013 41183 1456 679 39727.039 39048.372 $134,083 $74,345 $61,847 $31,964 $89,621 ,000 0.00230

PV 422969 14068 5942 408901 402959 $536,034 $229,650 $240,664 $97,110 $449,938,000 0.00112
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lost Revenue Analysis - Optimistic Scenario
1994-2013 Present Value

System Sales Lost

Net of Revenue Fuel Total lost Revenue

impacts Impacts Loss Savings Revenue Levelized

(GWh) (GWh) ($000) ($000) ($000) $/kWh

2ND refrig. Turn-in 150.574 422818.426 $7,201 $2,394 $4,807 0.00001
CF Coupon Program 333.571 422635.429 $16,192 $5,760 $10,432 0.00002
Heat Pump/Water Heater 372.322 422596.678 $18,304 $6,478 $11,826 0.00003
Clothes Washer Rebate 85.973 422883.027 $4,188 $1,483 $2,705 0.00001
Farm Efficiency 14.485 422954.515 $699 $249 $450 0.00000
Enhanced S$ - Duct Seal 96.06 422872.94 $4,675 $1,609 $3,066 0.00001
Commercial Equipment Replacement 875.064 422093.936 $41,060 $14,288 $26,772 0.00006
Commercial HVAC Retirement Upgrade 5519.943 417449.057 $259,755 $86,433 $173,322 0.00042
Commercial Remodeling - lighting 805.205 422163.795 $37,965 $12,644 $25,321 0.00006
CommerciaJ New Construction 439.82 422529.18 $20,731 $6,974 $13,757 0.00003
Industrial New Construction 1603.717 421365.283 $56,525 $26,211 $30,314 0.00007
Small Industrial Direct Installation 99.401 422869.599 $3,464 $1,643 $1,821 0.00000
Enhanced Industrial Efficiency 2257.128 420711.872 $78,876 $37,169 $41,707 0.00010

Total ACEEE Programs 12653.263 410315.731 549635 197643 $351,992 0.00086
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lost Revenue Analysis ... Conservative Scenario
1994-2013 Present Value

System Sales Lost

Net of Revenue Fuel Total lost Revenue

Impacts Impacts loss Savings Revenue levelized
(GWh) (GWh) ($000) ($000) ($OOO) $/kWh

2ND refrig. Turn-in 150.574 422818.426 $7,201 $2,394 $4,807 0.00001

CF Coupon Program 333.571 422635.429 $16,192 $5,760 $10,432 0.00002

Heat Pump/Water Heater 372.322 422596.678 $18,304 $6,478 $11,826 0.00003
Clothes Washer Rebate 85.973 422883.027 $4,188 $1,483 $2,705 0.00001
Farm Efficiency 6.433 422962.567 $309 $108 $201 . 0.00000

Enhanced S$ - Duct Seal 96.06 422872.94 $4,675 $1,609 $3,066 0.00001
Commercial Equipment Replacement 575.43 422393.57 $27,046 $9,412 $17,634 0.00004
Commercial HVAC Retirement Upgrade 351.408 422617.592 $16,398 $5,718 $10,680 0.00003
Commercial Remodeling - lighting 167.307 422801.693 $7,877 $2,(;>64 $5,213 0.00001
Commercial New Construction 439.82 422529.18 $20,731 $6,974 $13,757 0.00003
Industrial New Construction 1006.49 421962.51 $35,404 $16,460 $18,944 0.00004
Small Industrial Direct Installation 99.401 422869.599 $3,464 $1,643 $1 ,821 0.00000
Enhanced Industrial Efficiency 2257.128 420711.872 $78,876 $37,169 $41,707 0.00010

Total ACEEE Programs 5941.917 417027.083 240665 $97,110 $143,555 0.00034
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Energy Demand-Side Management Programs
Peak Demand (MW) Impacts

Base Year 1993

Cl/C2

Com. C3 Sm. 1992
R-l Water R-5 Storage WHIAC R-9low Smart $aver Audits 1St Com. 11112 Ind. Peak Time-of- Historical

Year HeaterWrap-up R-a Seal-up WH Cycling Income Conservation Inc. lighting Efficiency Reduction Use Planergy , DSM Total
1994 1.053 1.224 0.000 0.000 0.175 13.118 14.118 4.233 9.992 21.214 0.187 5.641 17.213 88.768
1995 1.546 1.775 0.110 i.400 0.243 16.715 23.483 5.875 19.983 21.214 1.771 5.641 17.213 117.969
1996 2.230 2.214 0.330 4.199 0.310 19.703 33.070 7.690 32.130 21.214 2.559 5.641 17.213 149.103
1991 2.915 2.420 0.169 7.200 0.378 22.499 42.658 9.504 43.885 21.214 3.346 5.641 17.213 179.642
1998 4.452 2.627 1.648 7.200 0.445 25.298 52.092 11.319 54.464 21.214 4.133 5.641 17.213 207.746
1999 6.020 2.833 2.548 7.200 0.512 28.097 57.854 13.133 62.889 21.214 4.920 5.641 17.213 230.074
2000 1.618 3.040 3.469 7.200 0.580 30.946 59.958 13.133 68.766 21.214 5.708 5.641 17.213 244.486
2001 9.026 3.246 4.413 7.200 0.648 33.836 61.772 13.133 73.664 21.214 6.495 5.641 17.213 257.501
2002 9.789 3.685 5.380 7.200 0.716 36.645 65.481 13.133 80.325 21.214 7.479 5.641 17.213 273.901
2003 10.012 3.685 6.370 1.200 0.675 39.408 67.921 13.133 84.831 21.214 8.856 0.000 0.000 263.311
2004 10.083 3.806 7.383 7.200 0.675 41.991 70.035 13.133 85.418 21.214 9.644 0.000 0.000 210.582
2005 9.590 3.927 8.420 7.200 0.675 44.184 72.143 13.133 87.965 21.214 10.431 0.000 0.000 278.882
2006 8.906 ;3.927 9.483 7.200 0.772 45.945 74.470 13.133 90.512 21.214 10.431 0.000 0.000 285.993
2001 8.221 3.927 10.511 1.200 0.675 47.303 76.583 13.133 93.059 21.214 10.431 0.000 0.000 292.317
2008 6.684 3.927 11.685 7.200 0.675 48.407 78.697 13.133 95.606 21.214 10.431 0.000 0.000 297.659
2009 5.116 3.921 12.827 7.200 0.675 49.489 80.575 13.133 98.153 21.214 10.431 0.000 0.000 302.740
2010 3.518 3.927 13.885 7.200 0.615 50.515 82.684 13.133 100.700 21.214 10.431 0.000 0.000 307.882
2011 2.110 3.927 14.862 1.200 0.675 51.554 85.040 13.133 103.247 21.214 10.431 0.000 0.000 313.393
2012 1.347 3.921 15.648 7.200 0.675 51.796 86.B89 13.133 105.793 21.214 10.825 0.000 0.000 318.447
2013 1.341 3.254 14.769 7.200 0.60B 51.796 75.187 11.017 99.132 21.214 9.447 0.000 0.000 294.971
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PSI Energy Demand-Side Management Programs
Annual Energy (GWh) Impacts

Base Year 1993

Cl/C2
Com. C3 Sm. 1992

R-1 Water R-5 Storage WH/AC R-9low Smart $aver Audits & Com. '1/12 Ind. Peak Time-of- Historical
Year Heater Wrap-up R-a Seal-up WH Cycling income Conservation Inc. lighting Efficiency Reduction Use Planergy DSM Total
1994 15.269 27.621 0.000 0.000 2.815 35.221 55.588 26.081 72.435 0.859 0.323 0.609 22.518 259.399
1995 22.411 40.066 0.140 0.087 3.927 48.526 92.464 36.198 144.871 1.222 0.726 0.929 22.578 414.145
1996 32.337 49.912 0.419 0.136 5.039 58.582 130.214 47.377 232.930 1.004 1.051 0.734 22.578 582.373
1991 42.263 54.629 0.978 0.228 6.151 122.673 167.965 58.557 318.148 1.077 1.312 0.780 22.578 797.399
1998 64.556 59.286 2.097 0.230 7.263 145.792 205.715 69.736 394.844 1.073 1.695 0.762 22.578 975.627
1999 87.285 63.943 3.241 0.278 8.375 169.944 228.466 80.915 455.911 1.313 2.018 0.954 22.578 1125.227
2000 110.457 68.600 4.415 0.312 9.481 195.792 236.013 80.915 498.526 1.460 2.345 1.071 22.518 1232.031
2001 130.866 73.257 5.615 0.359 10.599 220.373 243.214 80.915 534.034 1.683 2.663 1.262 22.578 1327.418
2002 141.936 83.165 6.844 0.483 11.710 279.636 257.807 80.915 582.324 2.231 3.067 1.778 22.578 1474.474
2003 145.165 83.165 8.104 0.575 11.119 312.196 268.221 80.915 614.991 2.629 3.632 0.000 0.000 1530.712
2004 146.197 85.895 9.395 0.850 11.119 347.741 276.547 80.915 619.252 3.721 3.962 0.000 0.000 1585.594
2005 139.055 88.625 10.113 1.153 11.119 379.131 284.872 80.915 637.716 4.658 4.217 0.000 0.000 1642.234
2006 129.129 88.625 12.065 1.389 11.119 410.736 293.198 80.915 656.180 5.645 4.217 0.000 0.000 1693.278
2007 119.203 88.625 13.449 1.584 12.503 440.172 301.523 80.915 674.644 6.112 4.277 0.000 0.000 1143.001
2008 96.910 88.625 14.870 1.738 11.119 469.116 309.849 80.915 693.108 6.689 4.285 0.000 0.000 1717.224
2009 14.181 88.625 16.318 1.944 11.119 490.395 318.175 80.915 711.572 7.193 4.271 0.000 0.000 1804.714
2010 51.009 88.625 17.665 2.095 11.119 510.137 326.500 80.915 730.036 7.549 4.271 0.000 0.000 1830.527
2011 30.600 88.625 18.908 2.270 11.119 528.460 334.826 80.915 748.500 7.833 4.277 0.000 0.000 1856.333
2012 19.530 88.625 19.912 2.355 11.119 533.527 342.107 80.915 766.964 7.914 4.447 0.000 0.000 1877.415
2013 19.530 73.450 18.790 2.571 10.007 530.771 296.031 67.875 718.673 8.141 3.874 0.000 0.000 1749.713
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PSI Energy and ACEEE DSM Program Analysis
Environ mental Ben afits S02

"81 Energy 'PSI Energy 1'SI Energy "PSI Energy
Plus ACEEE IiPSI Energy Plus ACEEE Plus ACEEE "SI Energy Plus ACEEE

IOJrrenti iCurrentli iOJ rrentrlJ Conservative' 'ACEEE Plus ACEEE ConservativeS Optimistic· lfACEEE Plus ACEEE Optimistic·
S021mpacts PSI Energy 802 Savings 802 impacts ConservativeS Conservativell! 802 Impacts 802 Impacts Optimistic· Optimistic· S02 Impacts

Year (Lbs/MWh) (G'Nh) (fons) (lbs/MWh) (GWh) (GWh) (Tons) (Lbs/MWh) (GWh) (GWh) (Tons)

1995 16.01 414 3,313 16.01 34 448 3,583 16.01 40 454 3,632
1996 12.63 582 3,677 12.63 92 614 4,255 12.62 115 697 4,398
1997 12.54 191 4,999 12.53 170 968 6,061 12.52 238 1,035 6,483
1998 13.01 975 6,347 13.00 238 1,213 7,886 13.00 382 1,357 8,818
1999 12.84 1,125 7,222 12.84 314 1,439 9,237 12.83 553 1,678 10,764
2000 16.11 1,232 9,921 16.11 395 1,621 13,098 16.08 733 1,964 15,791
2001 16.29 1,327 10,808 16.26 487 1,814 14,747 16.26 927 2,254 18,317
2002 16.35 1,474 12,047 16.31 560 2,034 16,589 16.29 1,104 2,578 20,999
2003 16.41 1,530 12,554 16.37 620 2,150 17,599 16.35 1,268 2,798 22,870
2004 16.37 1,585 12,972 16.32 688 2,273 18,554 16.30 1,442 3,027 24,676
2005 16.14 1,642 13,250 16.13 728 2,370 19,114 16.10 1,577 3,219 25,916
2006 16.43 1,693 13,905 16.41 748 2,441 20,019 16.40 1,681 3,374 27,670
2007 16.01 1,143 13,949 15.98 762 2,505 20,022 15.98 1,757 3,500 27,962
2008 15.89 1,777 14,121 15.90 804 2,581 20,517 15.88 1,839 3,617 28,719
2009 15.65 1,805 14,126 15.13 829 2,634 20,711 15.72 1,883 3,688 28,987
2010 15.42 1,831 14,11 a 14.74 832 2,664 19,631 15.55 1,906 3,738 29,058
2011 14.25 1,858 13,231 14.31 787 2,645 18,918 14.31 1,883 3,741 26,768
2012 14.43 1,879 13,553 14.50 738 2,611 18,972 14.51 1,828 3,707 26,895
2013 14.12 1,752 12,310 13.55 679 2,431 16,468 13.53 1,756 3,508 23,732



PSI Energy and ACeeE DSM Program AnalysIs
Environmental Benefits CO2

~Sl Energy 'PSI Energy epSI Energy 'PSI Energy
Plus ACEEE -PSI Energy Plus ACEEE Plus ACEEE -PSI Energy Plus ACEEE

IlIOJrrent' !tOJrrentll leu rrentil Conservativefi! IACEEe Plus ACEEE Conservative' Optimistic' GACEEE Plus ACEEE Optimistic·
Heat Rate PSI Energy C02 Savings Heat Rate Conservative; Conservative lil C02 Impacts Heat Rate Optimistic' Optimistic· C02 Impacts

Year (btu/kWh) (GWh) (Tons) (btuIkWh) (GWh) (GWh) (Tons) (btuJ1<Wh) (GWh) (GWh) (Tons)

1995 10,034 414 430,258 10,034 34 448 465,290 10,034 40 454 471,527
1996 10,036 582 605,331 10,036 92 674 100,882 10,036 115 691 724,588
1997 9,928 797 819,953 9,928 170 968 995,113 9,925 238 1,035 1,064,527
1998 9,981 975 1,008,594 9,983 238 1,213 1,254,635 9,983 382 1,357 1,403,359
1999 10,006 1,125 1,166,199 9,988 314 1,439 1,488,808 9,989 553 1,678 1,735,978
2000 9,871 1,232 1,259,683 9,869 395 1,627 1,663,082 9,866 733 1,964 2,007,848
2001 9,884 1,327 1,358,927 9,882 487 1,814 1,856,821 9,882 927 2,254 2,307,282
2002 9,894 1,474 1,510,980 9,891 560 2,034 2,084,460 9,890 1,104 2,578 2,641,532
2003 10,048 1,530 1,593,001 10,050 620 2,150 2,238,329 10,050 1,268 2,798 2.913,430
2004 10,033 1,585 1,647.681 10,033 688 2.273 2,362,807 10,034 1,442 3,027 3.147,050
2005 10,019 1,642 1,704,240 10,020 728 2,370 2,459.919 10,016 1,577 3.219 3,340,220
2006 10,023 1,693 1,758,086 10,014 748 2,441 2,532,001 10,014 1,681 3,374 3.500.150
2007 10,027 1.743 1,810,624 10,021 762 2,505 2.601,045 10,021 1,757 3,500 3,633,926
2008 10,024 1,777 1,845,806 10,023 804 2.581 2,680,378 10,018' 1,839 3,617 3,753.542
2009 10,013 1,805 1,872,722 10,034 829 2,634 2,738,102 10,030 1,883 3,688 3,832,334
2010 9,995 1,831 1,896,382 9,986 832 2,664 2,755,523 10,024 1,906 3,738 3,881,447
2011 9,975 1,858 1,919,766 9,998 787 2,645 2,739,465 9,995 1,883 3,741 3,873,428
2012 9,976 1,879 1,941,869 9,997 738 2,617 2,710,191 9,994 1,828 3,707 3,837,941
2013 9,946 1,752 1,805,271 9,967 679 2,431 2,509.895 9,964 1,756 3,508 3,621,514



PSi Energy and ACEEE DSM Program Analysis
Environmental Benefits NOx

~Sl Energy §lPSI Energy ·PSI Energy OPSI Energy
Plus ACEEE ~Sl Energy Pius ACEEE Plus ACEEE 'PSI Energy Plus ACEEE

IIOJrrentil e!OJrrent9 $iQj rrent* Conservativell! 9ACEEE Plus ACEEE Conservativell Optimisticlll IIACEEE PluaACEEE Optimistic'
Heat Rate PSI Energy NOx Savings Heat Rate Conservatlveli ConservatlveO NOx Impacts Heat Rate Optimistic· Optimistic· NOx Impacts

Year (btuJkWh) (GVVh) (Tons) (btuIkWh) (GVVh) (G\tVh) (Tons) (bbJIkWh) (GWh) (GWh) (Tons)

1995 10,034 414 934 10,034 34 448 1,011 10,034 40 454 1,024
1996 10,036 582 1j 315 10,036 92 614 1,522 10,036 115 697 1,574
1991 9,928 797 1,781 9,928 170 968 2,161 9,925 238 1,035 2,312
1998 9,981 975 2,190 9,983 238 1,213 2,725 9,983 382 1,357 3,048
1999 10,006 1,125 2,533 9,988 314 1,439 3,233 9,989 553 1,678 3,770
2000 9,871 1,232 2,736 9,869 395 1,627 3,612 9,866 733 1,964 4,361
2001 9,884 1,327 2,951 9,882 481 1,814 4,033 9,882 927 2,254 5,011
2002 9,894 1,474 3,282 9,891 560 2,034 4,527 9,890 1,104 2,578 5,737
2003 10,048 1,530 3,460 10,050 620 2,150 4,861 10,050 1,268 2,798 6,327
2004 10,033 1,585 3,578 10,033 688 2,273 5,132 10,034 1,442 3,027 6,835
2005 10,019 1,642 3,701 10,020 728 2,370 5,342 10,016 1,577 3,219 7,254
2006 10,023 1,693 3,818 10,014 748 2,441 5,499 10,014 1,681 3,374 7,602
2007 10,027 1,743 3,932 10,021 762 2,505 5,649 10,021 1,757 3,500 7,892
2008 10,024 1,777 4,009 10,023 804 2,581 5,821 10,018 1,839 3,617 8,152
2009 10,013 1,805 4,067 10,034 829 2,634 5,947 10,030 1,883 3,688 8,323
2010 9,995 1,831 4,119 9,986 832 2,664 5,984 10,024 1,906 3,738 8,430
2011 9,975 1,858 4,169 9,998 787 2,645 5,950 9,995 1,883 3,741 8,412
2012 9,976 1,879 4,217 9,997 738 2,617 5,886 9,994 1,828 3,707 8,335
2013 9,946 1,752 3,921 9,967 679 2,431 5,451 9,964 1,756 3,508 7,865


