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EXECUTIVE SUMMARY

The lowa Association of Municipal Utilities (IAMUWgtained the Energy Center of Wisconsin (Energy
Center) to conduct an empirical assessment of gradfigiency and demand response potential in IAMU
member service territory. The Energy Center drewherexpertise of our co-consultants on this pitpjec
GDS Associates. One hundred and fifty four IAMU niiems elected to participate in this study. The
study does not include energy efficiency poteritidhe service territories of the 17 non-particiipgt

IAMU member utilities.

METHODOLOGY

The Energy Center’'s Microsoft Excel®-based modesd wsed to conduct cost-effectiveness screening
and evaluate over 500 unique energy efficiencyderdand response measures across three sectors:
residential, commercial, and industrial. We emptbgicbottom-up approach for estimating energy
efficiency potential in the residential sector, @ggting savings potential associated with indialdu

types of energy-using equipment found in lowa hariés employed a top-down approach for assessing
energy efficiency potential in the commercial andListrial sectors, disaggregating savings estimates
based on an assumed distribution of energy usénwadth market segment.

Though we evaluated technical and economic effagigrotential, our analysis focused on estimating
achievableenergy efficiency potential, or the annsakings that could be achieved by utility programs
a given year. Achievable potential estimates cargidst-effectiveness as well as key time-relatet] a
program-related constraints, so they are geneamadise useful to decision-makers than estimates of
technical or economic potential. For 2012 we priojdtat could be achieved under a modelayel of
program effort, and for 2018 we project what cduddachieved under an aggresdasel of program
effort. We also conducted a sensitivity analysisgttimate energy efficiency and demand reduction
potential under a scenario where carbon pricegaser avoided costs by 35 to 70 percent.

As a supplement to base estimates of energy efigiand demand response potential, the Energy Cente
conducted additional analyses of demand reductibential from dynamic energy pricing; estimated
energy efficiency potential associated with improeats to utility distribution systems; and presdnte
information on innovative energy efficiency programdels that are well-suited for deployment in
municipal utility service territories.

RESULTS

Under moderate levels of energy efficiency progedfort, we estimate that by 2012 IAMU members
could save 58.5 gigawatt hours (GWh) of electriergy per year, reduce peak electric demand by 14.5
megawatts (MW), and save 869,000 therms of natiasfipropane per yediExpressed as a percentage
of projected baseline energy sales for 2012, thesadts are equivalent to 1.1 percent of proje2@tP
electricity sales, 1.2 percent of projected peaktek demand, and 1.0 percent of projected natural

! Under the carbon scenario, on-peak avoided caats increased by around 35 percent, and off-peaiklest costs
were increased by around 70 percent.

2 Throughout this study, references to natural gaigs potential include natural gas amdpane savings resulting
from installation of energy-efficient technologies.

Energy Center of Wisconsin v
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gas/propane sales. Achieving these results wodlgceegreenhouse gas emissions by approximately
51,000 tons per year.

By 2018, IAMU members could save 69.4 GWh of eleanergy per year, reduce peak electric demand
by 23.5 MW, and save 1.5 million therms of natgad/propane per year. These results are equivalent
1.2 percent of projected 2018 electricity saleB,pkrcent of peak electricity demand, and 1.8 perok
natural gas sales. Achieving these results woudae greenhouse gas emissions by approximately
63,000 tons per year.

It is important to note that in the residentialteecnatural gas savings estimates are particutahgitive

to input assumptions for a few key energy effickemeasures—specifically, geothermal (ground source)
heat pumps and whole-home weatherization and divstzll initiatives. These measures are closédo t
cost-effectiveness threshold, however, and sligahges to input assumptions have a significantieffe

on savings potential estimates. Our analysis fggathermal heat pumps to be a cost-effective measur
for natural gas utilities, but the benefit/costads between 1.02 and 1.04. Similarly, our analysiund
weatherization/direct install efforts for multifagirental housing (1-4 units) to be cost-effective
(benefit/cost ratio of 1.01-1.14), but weatheriaatdirect install for single family homes was stigh

below the cost-effectiveness screen (benefit/@ii of 0.81-0.92).

Depending on local market conditions and cost-&ffeness screening assumptions, geothermal heat
pumps may not represent an attractive opportuaitgdme utilities. Conversely, a single family home
weatherization/direct install effort could be aidasle program offering for some utilities. Estirasiof
2012 residential natural gas savings potentialedram 105,000 therms to 560,000 therms, depending
on whether these measures are included in the modelt. Estimating energy efficiency potential
involves assessment of a broad range of technalogiel there is a range of uncertainty around efch
the parameters used in evaluating cost-effective(@eg, incremental costs, measure lifetime, savings,
etc.). When it comes to measures with significaigtrgy savings potential, such uncertainty can laave
significant effect on overall results. The devel@mtnof an effective energy efficiency portfolio uigs
comprehensive planning at the local level, takiongal policy objectives and market conditions into
account.

We also conducted a sensitivity analysis to asbessffect of a carbon price on energy efficiencg a
demand reduction potential. We used a price off&3Gon of carbon dioxide (GPemitted, which
increased utility avoided costs by around 35 pdrfrron-peak power and 70 percent for off-peak
power, and around 20 percent for natural gas. YMighcarbon price in effect, electricity savingsegudial
is approximately 11 percent higher in 2012 and di@ent higher in 2018. Peak demand reduction
potential is around eight percent higher in 2012 mine percent higher in 2018. Natural gas savings
potential is approximately 17 percent higher in2@hd 25 percent higher in 2018.

Our analysis of the demand reduction potentialdated with dynamic pricing estimates that resigdént
time of use pricing could reduce projected 201X mkamand by 0.4 percent. Critical peak pricinghie t

residential market is estimated to reduce 2012 peakand by between 0.8 percent and 1.3 percent.

Critical peak rates in the commercial sector atieneded to reduce 2012 peak demand by around 0.5
percent.

The Energy Center's assessment of energy efficioppprtunities on the utility distribution system
focused on two technologies: energy efficient tfamsers and low-loss surge arresters. We estirhate t

Energy Center of Wisconsin Vi
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these technologies could reduce distribution sysdtsses by between 1,400 and 2,700 MWh each year,
which is equivalent to 0.03 percent to 0.06 peroémbtal IAMU electricity sales.

Innovative energy efficiency program models that\aell-suited for deployment in municipal utility
service territories include community energy ititias that conduct targeted energy efficiency adhe

at the community level; neighborhood-based dimestiaill and retrofit initiatives; behavior-based
programs such as home energy audits targeting typyties to reduce household plug load, and social
marketing initiatives that provide feedback on reh@d energy usage; and programs offering upstream
incentives to retailers, equipment suppliers, beptnarket actors to reward increased sales ofgner
efficient products.

Energy Center of Wisconsin vii
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INTRODUCTION

STUDY SCOPE

On behalf of IAMU, the Energy Center has develogstimates of energy savings and peak demand
reduction that could be achieved in IAMU membevwigerterritories by the end of 2012 (in four years)
Our analysis also includes a longer-range foresfashergy savings and peak demand reduction that
could be achieved in IAMU member service territofy the end of 2018 (in ten years). It is impdrtan
note that 2012 and 2018 are intended as geneeakrefe points rather than absolute deadlines. Dasis
about how quickly energy efficiency program actestshould be ramped up from current levels to
achieve projected levels of energy savings potentialve policy, resource allocation, and program
design considerations that must be evaluated Hyiedovidual utility.

In general, we place greater emphasis on the 2§tirfAades of energy efficiency potential, given ltingh
level of uncertainty associated with a ten-yeajgmtion. Energy prices, technology costs, technplog
development, the state of the economy, and fedbnahte policy are all factors that will have a rhatic
effect on energy efficiency potential in the comiderade. In the current economic downturn these
factors are more difficult to predict than ever.Aany of the policies and technologies that coaldeha
significant impact in four years are at least \isin the horizon today, the four-year forecasaiént
lower degree of uncertainty than the ten-year fasec

Energy efficiency potential can be assessed atadesels’

» Technical potential: A measurement of the theoretical maximum levedaiential energy
savings, assuming immediateplementation of all technologically feasible emeefficient
technologies regardless of cost-effectiveness.

» Economic potential: A subset of technical potential, assuming immidraplementation of the
most cost-effective energy efficient technologydary given application.

» Achievable potential: A measurement of the level of savings that coed#distically be achieved
by energy efficiency programs within a specifieddihorizon given limiting factors such as
cost-effectiveness, capital constraints, the udégétime of existing installed equipment,
program ramp-up time, and other barriers that afidoption of energy efficiency measures.

As achievable potential estimates take cost-effeniss as well as key time-related and progranteckla
constraints into account, they are generally mseful to decision-makers than estimates of techoica
economic potential. For the purposes of this stuwdyfocus on achievable potential results, but igiev
context by summarizing technical and economic ga@kn

It is also important to distinguish betweamual potential andcumulative potential. Annual potential
represents the first-year savings attributablenrgy efficiency measures installed in a given year
Cumulative potential addresses a specified time@eand represents aggregate savings associated wi

% National Action Plan for Energy Efficiency (200@Quide for Conducting Energy Efficiency Potentialdbés
Prepared by Mosenthal and Jeffrey Loiter, Optintadrgy, Inc. Available atvww.epa.gov/eeactionplan

Energy Center of Wisconsin 1
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measures installed within that time period, factgiin the useful lifetime of installed equipmentiu®y
results are reported in terms_of annpatential, unless otherwise indicated.

Efficiency potential estimates do not include timpacts of naturally-occurring efficiency improverhen
as such effects are not attributable to energgieffcy program activity. Naturally-occurring efficicy
includes energy savings that result from changésderal equipment efficiency standards, as enacted
through statutes such as the Energy Policy ACO6B62ZEPAct 2005) and the Energy Independence and
Security Act of 2007 (EISA 2007). Naturally-occugiefficiency can also arise from established siate
local codes and standards, such as energy-relatiglihly codes. The efficiency improvements asseciat
with current and known future changes to codesstamadards are included in the baseline, and tlaus ar
not part of the efficiency potential estimateshiis tstudy.

Potential estimates include the effects of meaisiieeaction, where installation of an energy efficcy
measure that has a primary effect on one end ush és lighting) produces a corresponding secondary
effect on another end use (such as heating orrgolinteractive effects can cause an increase or
decrease in the energy consumption associatedhethecondary end use. The majority of interactive
effects considered in the analysis are associaitdduel switching measures (e.g., switching from a
electric water heater to a natural gas water hedteating penalties and cooling benefits assatiaith
installation of energy efficient lighting and equipnt, and insulation/air sealing measures that save
electricity used for cooling and natural gas usech&ating. This approach provides accuracy beyoad
level achieved by many potential studies, whichsaer the fuels separately. Failing to account for
measure interaction has a significant impact oratiwairacy of potential study results.

METHODOLOGY

Energy Efficiency Potential Model

The Energy Center developed an Excel-based modelnduct cost-effectiveness screening and develop
energy efficiency potential estimates. This strigiward analytic tool was used to evaluate ove 50
unique energy efficiency and demand response mesmsagross three sectors: residential, commercial,
and industrial. A list of global modeling assumpsids provided in Appendix A.

Key inputs in the energy efficiency potential moitelude: base energy consumption, disaggregated by
market segment and end use; market saturationidiedard efficiency equipment and energy efficient
equipment; a technical feasibility factbprimary fuel savings; demand reduction for eleiisaving
measures; secondary fuel impacts caused by measenactions: measure costs (including incremental
equipment costs, installation costs, and annuaiatipes and maintenance costs); and measure ldsfim

* The technical feasibility factor was only usedstimating technical and economic potential. Esmaf
achievable potential used an “achievable factoritiincorporates the effect of three key factoi3: (
technical/engineering convertibility; (2) the shafeéhe market that is not yet energy efficienini®imes referred
to as a “remaining factor”); and (3) the degreeiifience an energy efficiency program is expedtteldave on
market penetration of the technology.

® As noted above, the primary measure interactifexef considered in the analysis are associatetfug
switching, heating penalties and cooling benefitieved through installation of energy efficiemghting, and
insulation/air sealing measures that save elegtiided for cooling and natural gas used for hgatin

Energy Center of Wisconsin 2
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both for the energy efficient technology and ttendard efficiency equipment it is replacing. Each
technology is also assigned an “achievable factenjth quantifies the expected impact an energy
efficiency program could have on the market petietneof that technology in a given year. This
achievable factor is broader than the achievaltfalefinition typically used in potential studi¢tere

it accounts for convertibility (the technical/engéring feasibility of converting equipment to a mor
energy efficient alternative) and the amount ofipapent that has not already been converted to & mor
energy efficient technology (sometimes referredd@ “remaining factor”), in addition to accountfiog

a program’s ability to influence market penetratiodrihe technology. (For additional information tbie
Energy Center's approach for developing achievigators, see the “Survey of Experts” section below)

There are two primary analytical approaches to ninglenergy efficiency potential: bottom-up and-top
down. The bottom-up approach begins at the medsueé multiplying the costs and savings associated
with deploying each energy efficient measure byrthmber of units of each measure expected to be
installed during the study period, and aggregaitiegresults. The top-down approach begins with a
forecast of energy sales over the study period disabgregates this forecast within each sector by
market segment and end use. Each energy effiéehhology reduces the base forecast by a certain
percentage, and the difference between the baseafstrand the efficiency forecast represents effai
potential® As end use energy consumption is relatively homegas within the residential sector, the
Energy Center was able to use a bottom-up approathe residential market. The commercial and
industrial (C&I) sectors require a top-down appioagiven the variability in energy end use and
technology installations across market segmentdamility types.

In estimating energy efficiency potential, the magses electricity and natural gas sales data ttpiseas
reported in the U.S. Department of Energy’s Enénfgrmation Administration (EIA) reports 861 and
176. As the most recent available sales data wene 2006, energy efficiency potential estimatesewer
scaled up to projected 2012 and 2018 sales leselg sector-specific annual sales growth ratesibl/ f
Annual sales growth rates by fuel and by sectotisted in Appendix AGlobal Modeling Assumptions

This analysis focused on developing estimates ofialenergy efficiency potential for 2012 and 2018.
These years were selected as general referends pmiepresent shorter-term and longer-term pranni
horizons, rather than definitive deadlines. We dseeloped rough estimates of cumulative energy
savings through 2018. Cumulative potential estisatere developed by aggregating estimated annual
savings through 2018, based on an assumed ramprinclurrent energy efficiency program savings
levels through projected annual savings level9it?2and 2018. IAMU provided data for each
participating utility, showing annual electricitp@or natural gas savings resulting from energy
efficiency programs in 2006Annual savings were ramped up from 2006 levefsrégected 2012 and

® National Action Plan for Energy Efficiency (200BQuide for Conducting Energy Efficiency Potentialdes
Prepared byosenthal and Jeffrey Loiter, Optimal Energy, lAgailable at:www.epa.gov/eeactionplan

" As sales forecasts for IAMU member utilities want available, we used average annual sales gratgh by
sector and by fuel as forecast by lowa investorenutilities (IOUs). These sales forecasts arertegan: Quantec
(2008).Assessment of Energy and Capacity Savings Potémtialva Prepared for the lowa Utility Association in
collaboration with Summit Blue Consulting, Nexanmi;., A-TEC Energy Corporation, and Britt/Makelad@p.

8 In 2006, IAMU members reported average electrit matural gas savings of 0.2 percent of baselites sBor the
most part, reported savings results were not deiiveough an independent third party evaluatiorthedEnergy
Center applied an assumed net-to-gross (NTG) cétdo7, resulting in estimated net savings of (bécent of

Energy Center of Wisconsin 3



Energy Efficiency and Demand Response Potentidbfea Municipal Utilities June 2009

2018 levels using by assuming a constant annualtgnate from 2006 through 2012, and from 2012
through 2018.

As previously noted, the model accounts for thea# of measure interaction, where installatioarof
energy efficiency measure affects multiple eneryy @ses. In some cases, measure interaction also
affects multiple fuels. For example, installatidragorogrammable thermostat saves electricity fised
cooling and natural gas used for heating. Howether]AMU members participating in this study inctud
single fuel utilities (providing either electric natural gas service) as well as dual fuel utdifroviding
electric and natural gas service). For that reasgrpndary fuel effects have been subtracted frmrad
potential if they occur within the service terrigaf single-fuel utility. In the case of the programable
thermostat example described above, natural gasfmitestimates are reduced to account for savings
that would occur in areas where an IAMU member dmdgprovide natural gas service.

Cost-Effectiveness Screening

Cost-effectiveness screening was conducted usegidtal Resource Cost (TRC) test, which compares
the net present value of benefits achieved ovelifttame of the measure with the costs incurredhsy
program and the participahMeasures with a benefit/cost ratio of 1.0 or ggeptiss the TRC test and
are cost-effective.

For the purposes of this analysis, quantified benigfclude the avoided cost of conserved energyaem
externality factor that accounts for the additiosatietal benefits associated with avoided energy
consumption and demand reducti8ithe benefits of secondary fuel savings are alsidied in the
TRC, since these savings are realized at the cestlmvel, regardless of whether the utility is $nfyiel
or dual fuel.

Costs include all expenses associated with measstadlation, including equipment and labor coass,
well as program administrative costs. Since incestare essentially a transfer payment from progeam
participant, they represent a portion of the measost and are not disaggregated for the purpdsbe o
TRC test.

Survey of Experts

The Energy Center used two key data sources ina@ag achievable factors for the energy efficiency
measures addressed in this study: a survey of Wsst@nergy efficiency experts (with results maatifi
for lowa-specific attributes), and IAMU member seys.

electricity and natural gas sales, respectively2f6. The assumed NTG ratio is consistent witttfplio-level
NTG ratios achieved by programs in other states.

° The societal test referenced in lowa Administe@ode (199 IAC 25) is typically described as datam of the
TRC test. The key difference is that the societsi includes externality effects (avoided pollutiett.), while the
TRC typically does not. However, the version of THeC test used in this analysis includes the eatiayrfactors
specified in lowa Administrative Code, so it apprioes the societal test quite closely. Detailedrimfition on
economic screening methodology is available inGh&fornia Standard Practice Manual, available at:
http://drrc.Ibl.gov/pubs/CA-SPManual-7-02.pdf

9 The Energy Center used externality factors spetifi thelowa Administrative CodéSec. 199—35.9(476) and
199—35.10(476)): a 10% adder for electricity, arti®®o adder for natural gas.

Energy Center of Wisconsin 4
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In the fall of 2008, the Energy Center surveyedartban 30 Wisconsin-based energy efficiency experts
to obtain their estimates of future market penigtnafior a range of energy efficient technologies.
Participants were asked to specify the level ofketgpenetration that could be achieved through
moderate and aggressive energy efficiency progffortg as compared with a “no program” scenario.
This survey provided a rich source of data on etquefuture trends for a wide array of energy ediiti
technologies. Supporting the application of Wis@ossirvey data to the lowa study, the two stateg ha
many similarities in terms of climate, demographarsd energy efficient technology markets. At the
same time, there are important differences in terfispecific technology markets—for example, ground
source heat pumps are more prevalent in lowa, fere is wider use of central air conditioning. In
addition, the energy efficiency program landscapdifferent. In Wisconsin, statewide energy efficig
programs have been in place since 2000, while |Afkinbers have varying degrees of experience with
program implementation. In addition, assessingiefficy potential for a geographically dispersedigro

of municipal utilities requires a different apprbaban assessing statewide potential.

For these reasons, it was important to obtain IAiM&mber input on what they expect energy efficiency
programs can achieve in their communities. Oneegyrsent to all IAMU members participating in the
study, solicited member input on reasonable lewkfgogram expenditures and energy savings for thei
service territory, and asked them to identify legito promoting greater levels of energy efficieimc

their community. We also developed a targeted sutivat was sent to 16 municipal utilities with dixig
energy efficiency programs to obtain their inputexpected market penetrations for key technoldgies
2012, based on a comparison with Wisconsin suresylts. Survey instruments are provided in
Appendix G.

The Energy Center used results from these surasysgll as information on typical results achietagd
best practice energy efficiency programs, to dqgvéle achievable factors used in the IAMU potential
study. Achievable factors were developed for 20i@ 2018. As some IAMU members do not have
energy efficiency programs in place or are in thdyestages of program planning, the 2012 achievabl
factors are based on an expectation of what caulachieved under a moder#tgel of program effort,
and the 2018 achievable factors are based on @&ttjon of what could be achieved under an
agaressiveevel of program effort.

It is important to note that a number of IAMU memalready have well-established and successful
energy efficiency programs in place. These utliteuld be able to achieve the aggressive levels of
energy efficiency projected for 2018 sooner tharséhutilities that do not yet have programs in@lac

Allocation of Potential and Program Costs to IAMU Member Service Territory

The Energy Center conducted a high-level allocatioachievable energy efficiency potential and
program costs to individual IAMU member serviceiteries using utility-specific data on base energy
sales by sector (residential, commercial, and imils EIA reports 861 and 176 were used to deileem
electricity and natural gas sales by sector fohedidity participating in the study. Energy effécicy
potential was allocated to individual utilities multiplying total savings potential across all papating
utilities by each utility’s individual share of aggate sales. Potential was further disaggregateadtor,
based on each utility’s relative share of resiggntiommercial, and industrial sales. A similar raggh
was used to estimate sector-level shares of erdfigiency program expenditures for each utilithi§
allocation process was conducted for the 2012 gahle potential and program cost estimates only.
Allocation estimates are presented in Appendix F.
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Sensitivity Analysis

As discussed above, the base analysis includestamality factor to account for the additional isbal
benefits associated with avoided energy consumpitichdemand reduction—a 10 percent increase to
avoided costs for electricity, and a 7.5 perceatdgase to avoided costs for natural gas. Howelvesgt
externality costs are low compared with potentimits associated with carbon emissions, shoulddéeder
legislation regulating carbon emissions be enadibdrefore, we conducted a sensitivity analysis to
estimate energy efficiency and demand reductioariai under a carbon cost scenario. We reliechen t
2008 levelized carbon cost estimate reported bys® Energy Economics under its medium-range
forecast, which equates to $30 per ton o, @@itted™ Using lowa emissions factotsthis carbon price
equates to $0.0235/kWh and $0.18/therm, on tomeé lavoided costs. This carbon price is between
three and seven times higher than the base anaktsimality factor for electricity, and over twaes
higher than the base analysis externality facton&tural gas. (See Appendix A for a summary of
avoided costs, externality factors, and carboregrigsed in this analysis).

Supplementary Analyses

In addition to the primary analysis of energy eficy and demand response potential which relied on
the Excel-based model discussed above, the EnengieCconducted three supplementary analyses: (1)
an assessment of demand reduction potential frorardic energy pricing; (2) an assessment of energy
efficiency opportunities resulting from improvemei utility distribution systems; and (3) desdops

of innovative energy efficiency program models et well-suited for deployment in municipal ugjlit
service territories.

As depth pricing-based forecasting was beyond ¢bpesof this study, we developed a first-order
estimate of the demand reduction potential assmtiaith dynamic pricing structures by applying
general assumptions reported in the demand resgentien of the lowa investor-owned utilities’ (I6)J
2008 potential study? This approach was used to evaluate the demandtiedpotential associated with
time of use rates for residential customers, aititarpeak pricing for residential and commercial
customers.

To evaluate energy efficiency improvements on tiléyudistribution system, we considered two key
opportunities: transformers and surge arresforée conducted research into the potential savings
associated with supply-side and demand-side tremsfs, and evaluated the effect that new federal
standards for transformer efficiency are likelyhtove on energy savings potential. We conductedasimi
research and analysis for surge arrestors, a ssf#yimprovement opportunity.

Lastly, we conducted research on energy efficiggrogram best practices to identify a number of
innovative program models that are well-suiteddeployment in municipal utility service territory.

1 Synapse Energy Economics, Inc. (20@8)napse 2008 GPrice Forecasts

12 Center for Climate Strategies (200Bjnal lowa Greenhouse Gas Inventory and Refererase®rojections
1990-2025

13 Quantec (2008)Assessment of Energy and Capacity Savings Potémtialva. Prepared for the lowa Utility
Association in collaboration with Summit Blue Coltgig, Nexant, Inc., A-TEC Energy Corporation, and
Britt/Makela Group.

14 Cooper Power Systems provided information onithistion system energy efficiency opportunities whigas
integral to this analysis. For additional inforneauj please visitwww.cooperpower.com

Energy Center of Wisconsin 6
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RESULTS

ENERGY EFFICIENCY

Combined Resource Potential: Technical, Economic, and Achievable

As discussed above, technical potential assumesltitachnologically feasible energy efficient
technologies are deployed immediately, regardlésssi-effectiveness. The Energy Center estimates
that the technical energy efficiency potential AMU member service territory is equivalent to 33
percent of baseline electricity consumption, 5Zeet reduction of peak electricity demand, and 28
percent of natural gas consumption. Economic pialertvhich assumes immediate deployment of all
cost-effective energy efficient technologies—isigglent to 22 percent of baseline electricity
consumption, 39 percent reduction of peak eletyrilémand, and 21 percent of natural gas consumptio

Achievable potential is the more meaningful mefvicthe purposes of establishing energy savingssgoa
and energy efficiency program planning, as thisrese takes into account the myriad factors thigicaf
adoption of energy efficiency measures, includiagt®ffectiveness, capital constraints, the useful
lifetime of existing installed equipment, and praxgrramp-up time. The Energy Center developed
achievable potential estimates for 2012 and 20di8nating the annuanergy savings that IAMU
member programs could achieve in those years.18,2ihder moderatevels of energy efficiency
program investment, achievable potential is eqeivialo 1.1 percent of baseline electricity consuompt
1.2 percent of peak electricity demand, and 1.0e#rof natural gas consumption. In 2018, under
agaressiveevels of energy efficiency program investmenhiaegable potential is equivalent to 1.2
percent of baseline electricity consumption, 1.&eet reduction of peak electricity demand, and 1.8
percent of natural gas consumption.

Figures 1 through 3 compare technical and econpotiential with 2012 and 2018 annual achievable
potential in IAMU member service territory for efléc efficiency, peak demand reduction, and natural
gas efficiency, respectively.

35%

Technical Potential

30% +

25%

Economic Potential

20% -

15% o

10% -

5% -

2012 Achievable Potential 2018 Achievable Potential

[

Percent reduction in baseline electricity consumption

0% -

Figure 1. Comparison of Technical, Economic, and Achievable Potential for Electric Efficiency
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Figure 2: Comparison of Technical, Economic, and Achievable Potential for Peak Demand Reduction
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Figure 3: Comparison of Technical, Economic, and Achievable Potential for Natural Gas Efficiency

The annual achievable potential results preseriedeawould produce a cumulativeduction in baseline
electricity consumption of 4.3 percent by 2012 atcercent by 2018, and a cumulatieduction in
baseline natural gas consumption of 4.1 perce@0i and 13 percent by 20¥8The cumulative

energy savings potential trend is shown in Figure 4

15 As discussed previously, cumulative potential @spnts the aggregate savings from each year ofbsanings
as energy efficiency programs ramp up from curnevgls to 2012 levels of moderate investment, &iB2evels
of aggressive investment.
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energy consumption
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Figure 4: Cumulative Electricity and Natural Gas Achievable Potential through 2018

Costs and Benefits of Projected Energy Savings

The cost of achieving projected energy savingsi$es@n be evaluated from a total resource cost
perspective or from a program cost perspective.tdta resource perspective considers the cost to
consumers and businesses making the energy efficiemestments, as well as the cost of adminisgerin
utility-funded energy efficiency programs. In theay 2012, the total resource cost of achievingegtef
levels of energy efficiency is $16 million. (Noteat this estimate reflects the estimated costgiediby
programs and participants a single yearlf similar results were achieved the followingayean
additional $16 million in costs would be incurregdgrogram administrators and participants.)

The program perspective considers only those aostisred by the utility—namely, incentives paid to
program participants as well as the administrativets associated with energy efficiency program
delivery. (Administrative costs include all prograwstsexceptincentives: program planning and design
costs, marketing costs, implementation costs, €fte)Energy Center estimates that by 2012, annual
energy efficiency program investments of betweed $8illion and $13 million would be necessary to
achieve the results projected in this analyssnnual energy efficiency program investments would
ramp up from current funding levels to achieve @ctgd funding levels in 2012. To achieve similar
results the following year, and additional $9.41@ million program investment would be necessary.

Allocating estimated program costs by sector, axiprately 52 percent of costs are for the residéntia
market, approximately 33 percent are for the coraiaemarket, and approximately 15 percent are for

1 The low end of this range assumes that program$op&0 percent of the incremental cost of enasfiigiency
measures, and the high end assumes that progranfier@b percent of the incremental cost.
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the industrial market. Allocating estimated progremsts by fuel, approximately 70 percent are for
measures that primarily save electricity, and axpnately 30 percent are for measures that primarily
save natural gas.

Achieving projected 2012 levels of energy efficigmmould produceaggregate net benefitf $39

million. In other words, the lifecycle savings agsted with energy efficiency measures installed0da2
would exceed the total resource cost by $39 milllamequivalent investment in the following year
would produce an additional $39 million in aggregaet benefits. Achieving projected 2012 levels of
energy efficiency would reduce greenhouse gas @nsdy 51,000 tons per year. Achieving projected
2018 levels of energy efficiency would reduce gremrse gas emissions by 63,000 tons per year.

Energy Savings Potential by Sector

Figure 5 presents each sector’s contribution tarahachievable efficiency potential in 2012. The
residential sector represents approximately hatfiefelectricity savings potential and half of ttegural
gas savings potential, while the commercial andsitrihl sectors represent approximately 56 percent
the demand reduction potential. Table 1 preseetsetdata in percentage terms.

100% -
90% -

80% -
70% A
60% -
50% -
40% A
30% A
20% -
10% -

Percent of 2012 achievable potential

0% -
Electricity Demand Natural Gas

B Residential O Commercial B Industrial

Figure 5: Sector Contributionsto 2012 Achievable Potential
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TABLE 1. SECTOR CONTRIBUTIONS TO 2012 ACHIEVABLE POTENTIAL

Electricity Savings
Potential
(% of Total)

Demand Reduction
Potential
(% of Total)

Natural Gas Savings
Potential
(% of Total)

Residential
Commercial
Industrial

48%
32%
20%

44%
45%
12%

50%
55%
19%

June 2009

Figures 6 and 7 present 2012 and 2018 annual adileelectricity and natural gas efficiency potnti
by sector, expressed as a percentage of basekngyesales.
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Figure 6: Achievable Electricity Savings Potential by Sector, Expressed as a Per centage of Baseline Sales
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Figure7: Achievable Natural Gas Savings Potential by Sector, Expressed as a Per centage of Baseline Sales

Figures 8 through 10 present annual achievablérigiég savings, demand reduction, and natural gas
savings potential in absolute terms. Table 2 ptesesummary of sector results in table format.
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Figure8: Achievable Electricity Savings Potential by Sector, 2012 and 2018
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Figure 9: Achievable Demand Reduction Potential by Sector, 2012 and 2018
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Figure 10: Achievable Natural Gas Savings Potential by Sector, 2012 and 2018
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TABLE 2. 2012 AND 2018 ACHIEVABLE POTENTIAL BY SECTOR

Electricity Savings Demand Reduction Natural Gas Savings
Potential in 2012 Potential in 2012 Potential in 2012
(Annual GWh) (MW) (1000 therms)
2012 2018 2012 2018 2012 2018
Residential 28 15 6.4 10 430 760
Commercial 19 29 6.5 9.7 240 380
Industrial 12 25 1.7 3.6 200 400
TOTAL 59 69 15 23 870 1,500

Interpretation of Sector Results

There are several issues worth noting to aid inééaion of sector-level results. The data preskiméhe
previous section show a substantial decrease ihergal electricity savings potential from 20122018,
and a substantial increase in natural gas saviotgntial. These trends are primarily the resuhief/
federal efficiency standards for light bulbs whiime into effect over the perid8Once high efficiency
bulbs become mandated by law they are no longéimtihe purview of energy efficiency programs, and
thus are no longer considered part of achievatltiengial (see the discussion of “naturally occurring
efficiency in theMethodologysection of this report). The estimated achievabtential for purchased
replacement CFL bulbs in 2012 is approximately 22HGbut we project no savings for this technology
in 2018. It is likely that emerging technologieslsas LED lighting will develop to the point whatey
can begin to offset the effect that these new fddgandards will have on residential lighting .
However, given the uncertainties associated wighpidice of technological development, it was not
possible to account for such offsetting effectthia analysis.

The trend for residential natural gas potentighésflip side of the same coin, as there is a figanit
heating penalty associated with installation ofrgpeefficient lighting. More energy efficient bullggve

off less heat, causing a corresponding increasatural gas consumption. The magnitude of thisimgat
penalty is approximately 80,000 therms in 2012 .htlie phase-out of incandescent bulbs from 2012 to
2018 the magnitude of this interactive effect dases, and we see the substantial increase in hgéisra
savings potential noted above.

" These standards were enacted through the Enellgpéndence and Security Act of 2007 (EISA). Betn2gd?
and 2014, the energy efficiency of residential gehgurpose light bulbs will need to be 25 to 3@cpat better than
today’s incandescent bulbs. The phase-in starts 1@0-Watt bulbs in 2012 and ends with 40-Watt butb2014.
By 2020, residential general purpose light bulbstie 60 more efficient than today’s incandescemtshreshold
that CFL bulbs already meet.
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Energy Efficiency and Demand Response Potentidbfea Municipal Utilities June 2009

It is also important to discuss the sensitivityedidential natural gas savings estimates to input
assumptions for a relatively small number of measuGeothermal heat pumps and whole-home
weatherization and direct install initiatives offégnificant opportunities for natural gas saviirgghe
residential sector. Yet relatively minor changesfut assumptions for these measures—uwithin the
reasonable range of uncertainty—produce significhahges in estimated savings potential.

Of the fuel switching measures evaluated in ourehagkothermal heat pumps represent the largest
savings opportunity—approximately 74 percent oidkesstial natural gas savings potentfaThough our
base analysis finds that geothermal heat pumpsdimaib cost-effective energy efficiency measure for
natural gas utilities, the benefit/cost ratio isyaslightly above 1.0. Conversely, weatherizatidrsiogle
family homes fell slightly below the cost-effecthess screen (benefit/cost ratio of 0.81-0.92), ghou
weatherization of multifamily rental housing (1-dits) was found to be cost-effective (benefit/aasio

of 1.01-1.04). Depending on local market conditjiansomprehensive weatherization/direct install
program could represent an attractive energy sawipgortunity for a natural gas utility.

Modifying input assumptions to include all applicat of geothermal heat pumps and
weatherization/direct install efforts leads to mcréase in residential natural gas savings poteitz0
percent. Leaving both technologies out of the mddeleases residential natural gas savings pdtbgtia
75 percent. Including all weatherization measurgskcluding geothermal heat pumps reduces
residential natural gas savings potential by 42 ¢t

Energy Savings Potential by End Use

Figures 11 through 19 disaggregate 2012 sectoggrdiiciency potential by end use and by fuel type
showing which end use categories represent thedafgnd smallest) components of energy efficiency
potential for each sector and each fuel. Some seshmw negative savings potential within the “all
other” category, which is the result of measurerattions wherein an electricity- or natural gagrsa
measure causes a corresponding increase in corisaropthe other fuel.

18 Geothermal heat pumps represent a smaller, Higigtificant, energy savings opportunity in thevamercial
market: approximately 18 percent of natural gasnggvpotential.
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Residential Achievable Potential 2012 (GWh)
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Figure 11: Achievable Residential Electric Efficiency Potential by End Use, 2012
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Figure 12: Achievable Residential Demand Reduction Potential by End Use, 2012
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Residential Achievable Potential 2012 (1000 therms)
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Figure 13: Achievable Residential Natural Gas Efficiency Potential by End Use, 2012*°

June 2009

In the residential sector, electricity-savings ptitd is dominated by lighting, where peak demand
reduction potential is more evenly distributed asrspace cooling, lighting, and space heating messu
(e.g., furnace motors). Space heating represeatatfest opportunity for natural gas savings.

Commercial Achievable Potential 2012 (GWh)
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Figure 14: Achievable Commercial Electric Efficiency Potential by End Use, 2012

19 Negative potential in the “all other” category fesidential natural gas consumption is primarilg do heating

penalties associated with installation of enerdigieit lighting.
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June 2009
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Figure 15: Achievable Commercial Demand Reduction Potential by End Use, 2012
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Figure 16: Achievable Commercial Natural Gas Efficiency Potential by End Use, 2012%°

In the commercial market, lighting, refrigeratiamd heating, ventilation, and air conditioning (H@}
represent the major opportunities for electricayings and peak demand reduction, while heating and
water heating dominate natural gas savings potentia

20 Negative potential in the “all other” category farmmercial natural gas consumption is primarilg ttu heating
penalties associated with installation of enerdigieit lighting and computer equipment.

Energy Center of Wisconsin
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Industrial Achievable Potential 2012 (GWh)

- 1.0 20 3.0 4.0

5.0

Motors

Lighting

Process Cooling
HVAC

Air Compression

Process Heating

Figure 17: Achievable Industrial Electric Efficiency Potential by End Use, 2012

June 2009
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Figure 18: Achievable Industrial Demand Reduction Potential by End Use, 2012
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Industrial Achievable Potential 2012 (1000 therms)
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Figure 19: Achievable Industrial Natural Gas Efficiency Potential by End Use, 2012%

In the industrial sector, lighting and motors reggre the major opportunities for electricity sawramd
peak demand reduction, while process heating aarssystems dominate natural gas savings potential.

Figures 20 through 28 show the largest energy-gaeichnology markets by sector. A definition of the
measures included in each technology market isigeedvin Appendix B.

Residential Achievable Potential 2012 (GWh)
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Lighting - In Unit

High Efficiency Heating Equipment 1.4
Lighting - Common Areas 1.0
Exterior Lighting Sensors & Controls 0.8

High Efficiency Cooling Equipment 0.6

Figure 20: Top Residential Technology Markets: Electric Efficiency

21 Negative potential in the “all other” category fodustrial natural gas consumption is due to hegienalties
associated with installation of energy efficieghliing and motors.
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Residential Achievable Potential 2012 (MW)
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Figure21: Top Residential Technology Markets: Electric Demand Reduction

Residential Achievable Potential 2012 (1000 therms)
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High Efficiency Space Heating Equipment 340
High Efficiency Water Heating 50
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Figure 22: Top Residential Technology Markets: Natural Gas Efficiency
21
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Commercial Achievable Potential 2012 (GWh)
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Figure 23: Top Commercial Technology Markets: Electric Efficiency

Commercial Achievable Potential 2012 (MW)
- 0.5 1.0 15 2.0 2.5 3.0

3.5

HVAC Controls & RCx
Cooling Equipment
Lighting Controls & Design
Lighting Equipment

Refrig Controls & RCx

Shell Improvement

Figure 24: Top Commercial Technology Markets. Electric Demand Reduction
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Commercial Achievable Potential 2012 (1000 therms)
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HVAC Controls & RCx 370
Water Heating Improvements 150
Cooling Equipment 140
Faucets/Nozzles 41
Gas Heating Equipment 39
Shell Improvement 36
Figure 25: Top Commercial Technology Markets: Natural Gas Efficiency
Industrial Achievable Potential 2012 (GWh)
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Figure 26: Top Industrial Technology M arkets: Electric Efficiency
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Industrial Achievable Potential 2012 (MW)
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Figure27: Top Industrial Technology M arkets: Electric Demand Reduction
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Figure28: Top Industrial Technology M arkets: Natural Gas Efficiency

Energy Savings Potential in Key Segments of the Commercial Market

Given the diverse array of facility types withiretbommercial sector, we provide additional details
energy-saving opportunities for key segments ottiramercial market. Figures 29 and 30 compare
electricity savings potential and natural gas sgwipotential by commercial market segment. Appekdix
includes detailed data tables showing energy saydotential within commercial market segments.
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Commercial Sector Efficiency Potential by Segment:
Electricity Savings 2012
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Figure 29: Top Commercial Market Segments: Electric Savings Potential

Commercial Sector Efficiency Potential by Segment:
Natural Gas Savings 2012
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Figure 30: Top Commercial Market Segments. Natural Gas Savings Potential
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As shown in the above figures, the largest areadeatricity savings potential are within officeildings
(16 percent of commercial sector savings potentia¢ycantile/retail establishments (13 percent of
potential), and lodging facilities (11 percent otgntial). The largest areas of natural gas savings
potential are within lodging facilities (19 percefitcommercial sector savings potential), officddings
(15 percent of potential), and educational faeiit{12 percent of potential).

Figure 31 compares the top electricity-saving tetbgies by commercial market segment.

Top Electricity-Saving Technology Markets by Commercial Segment
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Figure 31: Top Electricity-Saving Technology M arkets by Commercial Segment

Lighting measures are the largest component ofralié¢ savings potential in most sectors, except f
warehouse/storage facilities, food sales (grocemyl, food service (restaurants), where refrigenatio
measures comprise a more significant portion optitential. Control systems and retrocommissioning
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(RCx) for existing HVAC systems, as well as newrggeefficient cooling equipment, are other key area
of opportunity across multiple segments of the cemmial market.

Figure 32 compares the top natural gas-saving téobies by commercial market segment.

Top Gas-Saving Technology Markets by Commercial Segment
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Figure 32: Top Natural Gas-Saving Technology M arkets by Commercial Segment

Across all commercial segments, control systemsR(xd for existing HVAC systems represent the
largest opportunities, followed by water heatingteyn improvements. The large potential associated
with cooling equipment is due to geothermal heaps; which save significant amounts of naturaligas
addition to reducing electricity consumption footing.
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DEMAND RESPONSE

The Energy Center evaluated two types of demamqmbnse technologies within the energy efficiency
potential model: (1) thermal energy storage fogdaC&I applications; and (2) direct load controlL (D)

for residential and commercial applications. Resfitim our assessment of demand reduction potential
from dynamic pricing are also included in this g@tt

Direct Load Control and Thermal Energy Storage

Quantitative estimates of demand response potdrdial DLC and thermal storage devices are part of
(not additional to) the demand reduction estimptesented in the previous section. Thermal energy
storage systems produce ice during off-peak pesiddsh is then used to cool the building during the
day. Large C&l facilities may pursue thermal enestprage as a strategy for reducing the costs
associated with peak demand charges. However, tineldlISO-based avoided costs used in the Energy
Center's model, thermal energy storage systems mareost-effective, so economic and achievable
potential estimates do not include demand reduetsociated with these measures.

DLC programs are the most common type of demarmbrese strategy. To reduce electricity demand
during times of peak system load, utilities useatswitches to interrupt or cycle energy-using
equipment at the customer’'s home or business, giyneiith little or no advance notice to the custm
Participation is voluntary, and customers receivamanual incentive or bill discount for participegi

DLC programs typically address central air conditig loads, but may also include water heater loads
Load control devices have grown increasingly sdj@ited in recent years. Where radio-controlled
switches were used in early DLC programs, todagogiams use digital paging networks that allow for
independent control of individual pieces of equiptifé Some utilities are even deploying “smart
thermostats” which allow remote adjustments to terafure settings.

The Energy Center’s analysis included DLC for calraiir conditioners and water heaters in the
residential and commercial markets. Results argeptted in Table 1.

TABLE 1. DEMAND REDUCTION POTENTIAL FROM DIRECT LOAD CONTROL

Sector 2012 Achievable 2018 Achievable
Potential (MW) Potential (MW)
Commercial 0.14 0.14
Residential 0.43 1.00
TOTAL 0.57 1.14

In the residential sector, DLC represents arourndrs@ercent of achievable peak demand reduction
potential for 2012, and around ten percent of aettike peak demand reduction potential for 2018hén

2 Federal Energy Regulatory Commission (20@8sessment of Demand Response and Advanced Megiffg
Report. Docket No. AD-06-2-000.
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commercial sector, DLC represents around two pémfesichievable peak demand reduction potential for
2012, and around one percent of demand reductitemal for 2018.

Advanced Rate Design

The Energy Center also conducted a high-level assa# of the impact that advanced rate design could
have on peak electricity demand. The term “advamatxdesign” refers to utility rate structuresttha
employ dynamic pricing, where the retail cost @otticity varies according to electric demand. Tieest
common dynamic rate structures incldde:

« Timeof Use (TOU) Rates. Rate structures that employ standard differesigtrices for
electricity consumed during on-peak and off-peataggis, which are consistent
throughout the year. In some cases TOU rates athade seasonal price differentiation.

 Real TimePricing (RTP): Rate structures that vary continuously accordinpe
wholesale price of electric power.

» Critical Peak Pricing (CPP): Rate structures that employ a high price that cdantes
effect during “critical peak” periods of high eldctdemand, typically with some
advance notice to the customer (as much as onaldsd or in some cases only a few
hours ahead).

Though some studies show energy savings impactkingsfrom dynamic rate offerings, historicallyeth
primary objective of these rate structures has beguncing peak electric demand. A recent survey of
historical impacts resulting from dynamic pricingggrams in the residential market concluded that:

* Introducing time-of-use rates witlroadly-definecon-peak and off-peak periods can
reduce peak demand by three to six percent.

* Introducing time-of-use rates withore-specific critical periogricing can reduce peak
demand by 13 to 20 percent.

» Introducing time-of-use rates withore-specific critical periogricing along with
providing consumers with advanced technologig¢hat they can react to those prices,
can reduce peak demand by 27 to 44 percent.

In depth pricing-based forecasting was beyond tbees of this study, but we developed a first-order
estimate of the demand reduction potential assmtiaith dynamic pricing structures by applying
general assumptions reported in the 2008 potesttidly for lowa I0U$®

We considered four dynamic pricing strategies:T(@)J rates for residential customers; (2) CPP rates
without enabling technologies for residential custos; (3) CPP with enabling technologies for
residential customets and (4) CPP rates with no enabling technologiesémmercial customers.

% U.S. Department of Energy and the U.S. Environaigpiotection AgencyNational Action Plan for Energy
Efficiency(2006) Available atwww.epa.gov/eeactionplan

24 A, Faruqui and S. Sergici (November 20a8yusehold Response to Dynamic Pricing of Electrick Survey of
Seventeen Pricing Experimentshe Brattle Group.

% Quantec (2008)Assessment of Energy and Capacity Savings Potémtialva Prepared for the lowa Utility
Association in collaboration with Summit Blue Coltgig, Nexant, Inc., A-TEC Energy Corporation, and
Britt/Makela Group.
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The Energy Center used participation rates anchattid gross load reductions from each dynamic
pricing model as reported in the lowa IOU studythwhninor modifications under the two variants offFCP
pricing in the residential sector. The IOU studg dot specify whether enabling technologies were
included in their residential CPP model, but thitharts assumed a 27 percent reduction in custoradr lo
during critical peak events. The 2008 meta-studgysiamic pricing program impacts found that without
enabling technologies, residential peak demandctemuwas between 13 and 20 percent, and with
enabling technologies residential peak demand teduwas between 27 and 44 perc@rito be
conservative, we used the mid-point of the firsigefor non-technology-enabled CPP (16.5 percent
reduction in peak demand), and assumed a 27 pesminttion in peak demand from technology-enabled
CPP.

Results are presented in Table 2.

TABLE 2. DEMAND REDUCTION POTENTIAL FROM DYNAMIC PRICING

Eligible Program Event % of Gross 2012
Dynamic Rate Load 2012 Partic. Partic. L oad Potential
Offering Sector | (MW)® Rate Rate Reduced (MW)
TOU Rate Res 382 8% | N/A 5% 1.53
CPP No Tech Res 382 5% 95% 17% 3.03
CPP Tech-Enabled Res 382 5% 95% 27% 4.90
CPP No Tech Com 314 12% 56% 8% 1.69

The Energy Center estimates that peak demand WAl member service territory in 2012 will be
approximately 1180 MW. Residential TOU pricing simated to reduce this peak by 0.4 percent.
Critical peak pricing in the residential markeesimated to reduce this peak by around 0.8 percent
without enabling technologies, and by around 1r8¢x& with enabling technologies. CPP rates in the
commercial sector are estimated to reduce peakmtkimaaround 0.5 percent.

It is important to acknowledge that dynamic pricstgictures could potentially lead to increaseth@ar
emissions. Peaking plants that serve the mid-dayrsr loads are among the cleanest on the system as
they are typically fired with natural gas. The miajoof base load and intermediate load plantscagd-
fired. Thus, shifting demand from the peak perimthie shoulder period shifts generation resporitsibil

% Enabling technologies automate the responsetioatipeak prices. One example of an enabling telclyy is a
smart thermostat that increases temperature setsgairesponse to utility price signals.

27 A, Faruqui and S. Sergici (November 20a8yusehold Response to Dynamic Pricing of Electrick Survey of
Seventeen Pricing Experimenthe Brattle Group.

% ]AMU did not have sector-level data on peak eleatemand in member service territories. As a firster
approximation, we used the average allocation ekglemand by sector for MidAmerican Energy andahi
Energy, as reported in the 2008 lowa |IOU potestiadly (32 percent residential, 27 percent commigial 41
percent industrial).
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from the natural gas-fired plants to the coal-fivmits. While combustion of either natural gas @alc
leads to C@Qemissions, coal-fired plants produce greater @amsghan are natural gas plants.

DISTRIBUTION SYSTEM EFFICIENCY OPPORTUNITIES

The Energy Center examined several key technoldgigacreasing energy efficiency on the utility
distribution system: energy efficient transformansl low-loss surge arresters. The former represents
capital-intensive opportunity with potentially l@ger-unit savings for utilities and their custosadihe
latter offers the opportunity for significant sagethrough adoption of high-efficiency versions of
common or highly “commoditized” power distributiequipment.

These opportunities for energy savings and demeghaction are distinct from the demand-side
opportunities that are the primary focus of thigaré, as in many cases utilities can deploy energy
efficient supply-side technologies without requiriany action on the part of their customers. Howeve
there are also some demand-side opportunitiesaosfiormers.

The Energy Center estimates that the technologgesissed in this section could reduce losses by
between 1,400 and 2,700 MWh each year, which igzalpnt to 0.03 percent to 0.06 percent of total
IAMU electricity sales.

Transformers

Transformer efficiency improvements can be categdrinto two groups: demand-side and supply-side.
On the demand side, secondary distribution tramsfos owned by large C&I customers are typically
three-phase, low to medium voltage, dry-type tramsérs operating at between 35 and 50 percent of
nameplate load. Over the past several decadesfdrarers of this type were purchased on a first cos
basis, with relatively little emphasis on total @sship costs and efficiency ratingsA different trend

has typified supply-side transformers. Energy cameén the late 1970s and the early 1980s prompted
many utilities to adopt a “total ownership apprdaethere the cost of lifetime losses was incorpedat
into transformer purchasing decisions. Not sumpgli, this attitude translated into a steady nisthi
efficiency ratings of utility-owned liquid-immersesihgle and three-phase transformers. Some esmate
suggest that only about 25 percent of newly sojdidi-immersed transformers and as much as 90 gercen
of newly sold dry-type transformers remain belom\NETP-1 efficiency standard®.

Regardless of historical market trends, the ensagings stemming from newly enacted federal stalsdar
are likely to be significant. We estimate that emgiment of failed supply-side transformers with eiew
more efficient models could lead to annual lossicéidns on the order of 1,260 to 2,100 MWh (0.03 to
0.04 percent of total IAMU sale®) Demand-side savings could be significant as iapendent upon
assumed base saturation rates, standards pettnégetnand-side transformers could reduce the

2 Barnes et al. (1995)Determination Analysis of Energy Conservation Staddor Distribution Transformers
Oak Ridge National Laboratory, U.S. Department néfgy.

30 American Council for an Energy Efficient Econoray, al. (2004)Distribution Transformer Efficiency
Standards: What's At Stake?

%1 These estimates assume median useful lives 0&8@ yor existing transformers and a range of &rcent
for average efficiency gains between typical IAM&placement units and those meeting new federaliatds.
Efficiency gains could be appreciably higher, datieg upon the age and quality of existing transfensn
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electricity consumed by IAMU C&I customers by asahwas 145 to 580 MWh annually (0.003 percent
to 0.01 percent of total IAMU sales, or 0.004 t9Dpercent of IAMU C&l salesy

Recent federal standards will affect the abilityrafnicipalities to design and implement cost-effect
incentive programs that are relevant to the bultheftransformer market. The U.S. Department of
Energy’'s (DOE) final rule on distribution transfoens mandates that new transformers sold within the
United States meet minimum efficiency standardddnuary 1, 2010. These federal standards cover a
wide range of transformer sizes, types and appicat Both new and pre-existing standards willuatty
invalidate the potential for “replace on burnolRTB) incentive programs, because the existence of a
federal standard means that cost-effective, hifjhieficy replacement equipment will be consideied t
be “naturally occurring” efficiency within the mastplace, and thus utility programs could not regeiv
credit for associated savings. It is theoreticpbgsible that incentive programs could be desidoed
transformers exceeding the new federal standaadgever, DOE’s process for constructing its final
ruling used a rigorous benefit/cost ratio and ljifde cost assessment. Consequently, it is notylitkelt
devices exceeding the recently-enacted federatiatdn (at least for those devices demonstrating a
significant margin of savings) would pass an ecao@ureening process. In fact, the Energy Center’s
model suggests that TRC ratios for ‘super-premianTier Il dry-type transformers, to the extentttha
they may currently exist, are below 1.00 (~0.25).

Several studies have been completed on alternativibe traditional ROB program design. An
immediate retrofit of inefficient transformers witigh efficiency units has been found to be botst-co
prohibitive and impracticaf However, a study by Oak Ridge National Labora{@RNL) found that
foregoing the continued use of repaired or refimbisunits removed during routine maintenance inrfav
of new, high-efficiency models was found to be efftctive for transformers that have been in
operation for 22 years or moteln addition, the DOE’s recent ruling omits refistéed or
remanufactured devices from the new efficiencydaads. Although some distributors of remanufactured
devices claim that their products attain high ls\alefficiency, it may be the case that such devare
less efficient due to their age. There is alsopihesibility that damage incurred during removal eaqhir
could contribute to reductions in efficiency. Conebly, IAMU could convince member utilities or the
C&l customers to purchase new, high-efficiency medelieu of remanufactured devices. This small
niche market may provide some opportunity for paogmatic efforts; however, questions surrounding
verified savings and free-ridership could presdallenges for such efforts.

Surge Arresters

We also examined the savings that could accrualbgtang energy efficient alternatives for common,
‘commodity-type’ distribution system equipment. Gaeh technology is the low-loss surge arrester.
Surge arrestors are ubiquitous protective devitaisare found in a variety of locations and appilice
throughout municipal power distribution systems.provide their protective function, arresters are

32 This estimate assumes between 20 and 40 perdardtian rates (the percentage of C&l load thaspashrough
on-site, secondary distribution transformers) dfidiency gains between 0.75 and 1.5 percent.
% Barnes et al. found that such a strategy resulésB/C ratio close to 0.6. Interruption of servicel national
supply of suitable replacement units were offereddditional reasons as to why such a strategydnoell
impractical. Barnes et al., (1999he Feasibility of Replacing or Upgrading Utilityiglribution Transformers
3I,D4uring Routine Maintenanc®ak Ridge National Laboratory, U.S. DepartmenEnérgy.

Ibid.
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continuously energized, thus inefficient models aaoumulate non-negligible energy losses over time.
Individual savings for efficient arresters are dr{@h the order of 3.5 kWh per year for arrestawvisng
residential customers); however, their prevalenitkinvthe distribution grid can lead to significant
savings overall. We estimate that purchasing efficsurge arresters could lead to annual reductibns
27 MWh within IAMU’s residential customer base adnAs such, surge arresters demonstrate that
often-overlooked commoditized items can lead tbsepply-side energy savings.

% Assumptions based on information supplied by Co®msver Systems regarding the Evolution line ofjsur
arresters. Key assumptions include annual savihg$d kWh/arrester/year, 30 year useful life aatlisation
levels of 1.5 arresters per residential customaraderage incremental cost of $2-3/unit resulis TRC ratio
greater than 1.0.
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SENSITIVITY ANALYSIS

It is likely that federal legislation regulatingegmhouse gas (GHG) emissions will be enacted dthing
timeframe of this study. Therefore, we conductedmsitivity analysis to estimate energy efficieaog
demand reduction potential under a carbon costesitetWe relied on the 2008 levelized carbon cost
estimate reported by Synapse Energy Economics utsd@edium-range forecast, which equates to $30
per ton of carbon dioxide (G{emitted®® Using lowa emissions factotsthis carbon price equates to an
increase of $0.0235/kWh and $0.18/therm over avbadests used in the base analysis.

For comparison purposes, the increased avoided aestl in the carbon sensitivity scenario are withi
the range of estimated lowa energy cost increasgsgied in a recent analysis sponsored by Midwest
energy supplier® This analysis, completed in March 2009, analyzedreety of scenarios for GHG
allowance prices and carbon credit allocation meisnas. By 2030 under the Moderate GHG Price
scenario, lowa energy prices are projected to aserdy between 40 and 85 percent over 2005 energy
prices. Starting with our base scenario avoidets¢gsich an increase would equate to between
$0.09/kWh and $0.13/kWh for on-peak power, and $8\Wh and $0.7/kWh for off-peak power. At the
carbon price of $30/ton used in the sensitivitylggia, on-peak avoided costs are $0.09/kWh and off-
peak avoided costs are $0.6/kWh—consistent witlEthergy Policy Group’s lowa projections under the
Moderate GHG Price scenatrio.

Under the sensitivity scenario, electricity savinggease by 11 percent in 2012 and 18 percer?18,2
compared to the base scenario. Peak demand redpotiential increases by 8 percent in 2012 and nine
percent in 2018, and natural gas savings increadd Ipercent in 2012 and 25 percent in 2018. The
magnitude of avoided CG{&missions increases by around 11 percent in 20d2@ percent in 2018
under the sensitivity scenario.

Figure 33 compares 2012 and 2018 achievable patdatielectricity savings, demand reduction, and
natural gas savings under the base and sensiidyarios.

% Synapse Energy Economics, Inc. (20@)napse 2008 G®rice Forecasts

37 Center for Climate Strategies (200Bjnal lowa Greenhouse Gas Inventory and Refererase®rojections
1990-2025

3 Energy Policy Group, LLC (2009hnalysis of the Electricity Price Impacts of Altative Carbon Emission Cap-
and-Trade Programs in the Midwesgtrepared on behalf of Indiana Municipal Power ige Madison Gas and
Electric Company, Missouri Joint Municipal Electtiility Commission, Missouri River Energy Servi¢&outhern
Minnesota Municipal Power Agency, and WPPI Energy.
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Figure 33: Comparison of Base and Sensitivity Scenarios, 2012 and 2018 Achievable Potential

While there are clearly some differences betweerlo scenarios, the gap is not as wide as onetmigh
anticipate. A number of measures that are noteffsttive in the base scenario pass the TRC sdneen
the sensitivity scenario, but the aggregate efiicyepotential of these measures is not large. fdsslt
makes intuitive sense, as marginally cost-effedidatnologies that are associated with large saving
potential represent attractive opportunities faesrch and development, leading to technological
improvements that increase cost-effectiveness.
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INNOVATIVE PROGRAM MODELS

A number of innovative energy efficiency programdels are well-suited for deployment in municipal
utility service territories, and have the potenttabffer substantial increases in energy savingspared
with standard program approaches. We provide & tescription of these innovative program models in
the sections below.

Community Energy Initiatives

Community energy initiatives (CEIs) have recentyb launched by WPPI Energy (a regional power
company serving 50 municipal utilities in Wisconditichigan, and lowa) and Efficiency Vermont,
among otherd’ CEls seek to engage civic leaders in targetedygrefficiency outreach campaigns
administered at the community level, and are taddo meet the specific needs and opportunities of
given community. Such efforts often emphasize nmgagaaround global warming and energy
independence. CEls may involve establishing lonalgy savings targets, increasing the energy
efficiency of municipal facilities, raising awaresseof energy efficiency opportunities through media
outreach and local events, or leveraging localleztain energy efficient product promotions. CE#n

also target local businesses, offering intensiv@at management services to identify energy efficy
opportunities through energy audits, energy analysed feasibility studies. CEls may involve a dire
installation component for small businesses andgdloolds, distributing low-cost measures such assCFL
and low-flow devices. Community groups, schoolsl eollege/university campuses can be leveraged
through events, volunteer opportunities, or compnsive energy assessments of facilities and carapuse
One recent advancement in CEls is the introduaifaompetition, in which two communities set goals
(individually or together) and compete to reachsthgoals first (or push past the goals). This model
harnesses the natural inclination to outperformpmars, and has seen success particularly at thygusa
level

By nature, CEls are scalable, and can be succeasgiaidless of the size of the community. In f@g)’s
may be particularly well suited to small- to medigined municipalities such as those participatinthe
IAMU study, due to the greater sense of connedtiahmay exist within small communities.

Neighborhood Blitz

The “neighborhood blitz” uses a community-basedvdey approach to capture the substantial energy
efficiency potential found in the residential rdiranarket. All residences in a given neighborheoe
informed that an audit crew will be in their araaidg a given week, and residents can sign updeive
an audit. Audit crews conduct walk-throughs andydastic tests (e.g., blower door tests, infrarethsg
to identify opportunities for energy efficiency upges such as air sealing, increased wall anahgeili
insulation, and replacement of inefficient heatimgntilation, and air conditioning (HVAC) equipment
Crews also offer direct installation of low costamares such as low-flow showerheads, faucet asrator

39 For additional information on Efficiency VermontGmmmunity Energy Mobilization Pilot, please seédincy
Vermont's2009-2011 Annual Plagravailable at:
http://www.efficiencyvermont.org/stella/filelib/EV520Annual%20Plan%202009-2011.pdf

“? For information on the Minnesota Campus Energylléhge, please visitittp://www.teammn.org/mcec.html
For information on the Oberlin College Campus Reseonitoring System, please visit:
http://www.oberlin.edu/dormenergy/
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and CFL bulbs. Implementation crews will returrthe neighborhood at a specified time to implement
the higher-cost upgrades that residents choosctive. Similar to low income weatherization effort
the program covers a substantial portion of thdemgentation cost—between 60 and 90 percent. The
neighborhood blitz approach overcomes two baraesociated with retrofit opportunities. It addrasse
inertia barriers by coming to the customer androféea comprehensive array of services, from
identifying opportunities to implementing solutiofisaddresses capital constraints by paying the&di
share of the implementation cost. A neighborhodtd Bpproach could also be adapted for small
businesses. It could function as a stand-aloneranogor be deployed as part of a CEI.

Behavior-Based Programs

Behavior-based programs include a broad crossesectienergy efficiency initiatives that seek to
influence human choices affecting energy consumpfaich choices include purchasing decisions,
operational and maintenance practices, equipmetaliation practices, or building design practices.
Examples of behavior-based programs include inftional campaigns; professional education for home
builders, contractors, equipment suppliers, arctster engineers; feedback mechanisms that provide
real-time information on energy usage; and socelketing efforts. Two approaches that are partibula
well-suited for deployment in municipal utility séce territories, and complement some of the other
innovative program models discussed here includen@gme visits that provide information on energy-
savings opportunities, and (2) social marketintidtives that provide bill-based feedback and
information to households.

Program administrators have long used walk-thrauglits as a mechanism for providing information on
saving energy. With increasing recognition of thergy impacts of growing household plug load, home
visits can also be an effective mechanism for tiegchouseholds how to program thermostats and
change power-saving settings and brightness levet®mputers, televisions, and other home eleatsoni
Programs can train volunteers to go into their comity and deliver this type of information to
consumers as part of a CEl, as Efficiency Vermsiking through its Community Energy Mobilization
Pilot.

Social science research has demonstrated thatdndls often use the behavior of others as a gnide
their own decision-making processes, so norms-bagpaches to promoting energy efficiency
improvement can be a powerful strategy for progagministratoré* A number of utilities, including
Sacramento Municipal Utility District (SMUD) and et Sound Energy, have launched pilots that
provide customers with detailed information abdwtit household energy consumption and information
on how their usage compares with similar househaltiseir area. SMUD found that customers who
received a personalized energy report reduced ¢heirgy consumption by two percent, compared with
customers who received a standard“bilh addition to paper reports, some utilities asng web-based
tools that provide enhanced usage informationeg ttustomers. Reports should include information o
actions customers can take to reduce their bilish s energy savings tips and information on aluksl

“1 ACEEE (2008)Behavior, Energy, and Climate Change: Policy Difess, Program Innovations, and Research
Paths Report No. E087. Available dittp://aceee.org/pubs/e087.pdf?CFID=3548193&CFTOKENI66493

“2 eslie Kaufman (January 30, 2009). “Utilities Tufheir Customers Green, With EnviNew York Times
Available at:http://www.nytimes.com/2009/01/31/science/earthéBfpete.html?em

Energy Center of Wisconsin 38



Energy Efficiency and Demand Response Potentidbfea Municipal Utilities June 2009

rebates. It is also critical to provide regular afgs so that customers can monitor their performaner
time™

Upstream Strategies

Most energy efficiency programs employ a downstr@arantive strategy, offering consumer rebates to
offset the higher cost of purchasing an energyiefiit product as compared with a similar, standard
efficiency product. However, a growing number afgnams are pursuing upstream incentive strategies,
offering incentives to retailers, equipment supgli®r other market actors to reward increased sdle
energy efficient products.

Under an upstream approach, the equipment supptieives an incentive for every unit of energy
efficient equipment they sell, or for increasinggsaby a certain percentage over a specified eseli
Basing incentive payments on an increase overtableshed sales baseline is preferable, as thiapp
awards incremental increases in equipment saldgcirgy free ridership and conserving program
resources. All upstream approaches require thdistippillingness and ability to share sales daiti
the energy efficiency program manager; supplielstygically require confidentiality of such datkiti is
proprietary.

Municipal utilities may have limited ability to levage large national or regional retailers for easof
scale. Upstream approaches present challengesria té ensuring that incentive-eligible equipment i
installed within the municipal utility’s servicertéory, where customers of multiple utilities are
purchasing products from the same store. At theesame, local retailers are good candidates for
municipal utility programs, and could be leveragsdart of a CEl. Local equipment suppliers, sich a
HVAC contractors or electrical suppliers, also esggmt good candidates for partnership, and itSieea
for these market actors to provide documentatiowloere equipment is installed than it would bedor
mass market retailer.

3 ACEEE (2008)Behavior, Energy, and Climate Change: Policy Diieas, Program Innovations, and Research
Paths Report No. E087. Available dittp://aceee.org/pubs/e087.pdf?CFID=3548193&CFTOKENI66493

4 ACEEE'’s profile of the PG&E Motor and HVAC Distribor Program provides one example of a best peactic
upstream incentive program, availableldtp://aceee.org/pubs/u081/ci-motor-hvac.fdfis profile was published
in ACEEE’s 2008 reporiCompendium of Champions: Chronicling Exemplary ggegfficiency Programs from
Across the U.S
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