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EXECUTIVE SUMMARY

The economic receiss, climate change concerns and rising electricity costs have motivated
many states to embrace energy efficiency as a way to create new local jobs, lower engergy bills
and promote environmental sustainability. With this surge of interest in energyrefficie
policymakersare askindghow muchwastedenergy can be eliminated kyxpanding investments

in costeffectivetechnologiesand practices

This reportdescribes the results of primarydne pt h r esearch focused on t
energyefficiency resources and the types of policies that could convert this potential resource

into reality over the next 20 years. We limit the scope of our analysisetrgyefficiency

improvements in three sectors: residential and commercial buildings and i&RGtyyOur

rigorous modeling approaéhapplied uniformly across the muktate region and accompanied

by a detailed documentation of assumptions and methseégarates this study from many

previous assessments of enegffyciency potential.

The major findings are listed below.

1. Aggressive energyefficiency initiatives in the South could prevent energy
consumption in the RCI sectors from growing over the next twenty years.

The initiatives would involve actions at multiple levels (state and loagibnal,

utility, business, and personal). In the absence of such initiatives, energy consumption
in these three sectors is forecast to grow by approximagétytietween 2010 and

2030.

2. Fewer new power plants would be needed with a commitment to energy
efficiency.

Our analysis of nine illustrative policies shows the ability to retire almost 25 GW of
older power plants approximately 10 GW more than in the reference case. The nine
policies would also avoidver the next twenty yeatse need to constct49 GW of

new plants to meet a growing electricity demand from the RCI sectors.

3. Increased investments ircosteffectiveenergy efficiency would generate jobs and
cut utility bills.

The public and private investments stimulated by the nine ermdfigiency policies

would deliver rapid and substantial benefits to the region. In,20#6gy bills in the
Southwould be reducebly $41 billion, electricity rate increasemuld be moderated

380,000 new jobsould becreated and t he r evguidgrowdys$l.23c 0 n 0 my
billion.

The cost/benefit ratios for the modeled policies range from 4.6 to 0.3, with only two
showing costs greater than benefits. When the value of saved @Cluded, only

one policyis not cost effective, and it could be tailoredréduce the amount of
subsidy.
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4. Energy efficiency would result in significant water savings.

The electricity generation that could be avoided by the nine ewmdfigiency policies

in the South could in turn conserve significant quantities of freshwatsumed for
cooling. In the North American Electric Reliability Council (NERC) regions in the
South, 8.6 billion gallons of freshwater could be conserved in 2020 (56% of projected
growth in cooling water needs) and in 2030 this could grow to 20.1 bilibong of
conserved water (or 45% of projected growth).

Methodology and Background

The research team used a modified version of the National Energy Modeling System (NEMS) for
its analysis, whicNMEMS0 r(eSNUG eids tredstoBlEVMSAfSONU G h €
Users Group). By employing a -bhydr ameldoaningo p ac h
modeling features of SNUBEMS and Gl obal |l nsi ght s macr oecc
characterize a host of complicated interactive effects that are enpdsut often overlooked

consequences of energy and climate policies. These include:

¢ the interaction of multiple energy efficiency policies on one another and their effect on
the final demand for energy;

¢ the interaction of demanrside policies on supplgide trends;

e the feedback of energy efficiency policies on energy prices, and the subsequent (i.e.,
secondorder) effect of prices on energy demand; and

e the interaction of energgfficiency policies with the implementation of a carbon
constrained futwe that puts a price on carbon.

We do not examine the impact of eneggficiency investments on peak demand reductions.

While clipping system peaks is critical to improving electric system performance, we treat this as
an ancillary benefit of energy éffency. Nor do we examine the role of demaesponse or
load-management programs aimed strictly at shiftingpeak consumption to efieak hours.

The geographic scope covered by tieigorti s def i ned by the U.S. Cens
the Southcomposed of the District of Columbia and 16 States stretching from Delaware down

the Appalachian Mountains, includitige Southern Atlantic seaboaadd spanning the Gulf

Coast to Texas. The South is the largest and fastest growing regmenUmited $ates, with

36% of the nationbés popul attihcen naand oan 6cso ntsoitdadr
consumption (44%) and supp8%) . It produces a | arge portion
the vast majority of the energy it consumes is derfvat fossilresources

Relative to the rest of the country, the South consumes a particularly large share of industrial

energy, accounting for 51% o flnatdhie, theaegionthasdés t o
ahigherthanaverage per capienergy consumption for each of thieduse sectors covered in
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this report: the South consumes 43% of the na
in residences, and 38% of the energy used in commercial buildings. This-entergye
lifestyle may be influenced by a range of factors including:
e the Southdéds historically |l ow electricity r
e the significant heating and cooling loads that characterize many southern states,
¢ its relatively weak energy conservation ethic (based on public opinits),pol

¢ its low market penetration of energfficient products (based gourchase behaviognd

¢ its lower than average expenditures on en&ffjgiency programs.

If the South could achieve the substantial enaffjgiency improvements that have alreadeb
proven effective in other regions and other nations, carbon emissions across the South would
decline, air quality would improve, and plans for building new power plants to meet growing
electricity demand could be downsized and postponed, while satgmayers money.

Magnitude of the Energy-Efficiency Resource inthe South

The U.S. Energy Information Administration projects energy consumption in the RCI sectors of
the Southa increas@verthe next 20 yearexpanding from approximately 30,000 TBw2010
to more than 35,000 TBtu in 2030 (Figure BS.1

37,000
35,000
- 33,000 #%/g;eéiuction
E 31,000 //m !
£ 29,000 e —
27,000
25,000
2010 2015 2020 2025 2030

- Reference ====EE Policies

Figure ES.1Primary Energy ConsumptionProjections (RCI Sectors)in the South

With the nine energgfficiency policiesenergy consumptiodoes not grow over the next 20
years. This flat consumph trajectory represents a 16% reduction in energy consumption in
2030 relative to the reference forecast, or a savings of 5,600 trillion Btu (that is, 5.6 quads) in
that year.
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Energy-Efficiency Potential, by EndUse SectorAmong the three energy damd sectors in the
South, the potential for improved energy efficiency is greatest in the commercial building sector
in terms of percent energy reductions (Figure ES.2), while industrial sector has the largest
absolute energy saving.

20%

18%

15%

10%

5%

0%
2020 2030
B Residential ™ Commercial ™ Industrial

Figure ES.2Energy-Efficiency Potential by Sector, in 2020 and 2030

Energy-Efficiency Potential, by Policy. Figure ES.3 portrays the energfficiency potential of
each of the nine policies evatad in his study.



(*The range of energgfficiency potential shown for each sector reflects differences from summing individual
policy estimates, SNUBIEMS modeling of specific sectors, and econemige modeling estimates.)

Industry

u Procass
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Upgradas
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Improvements

= Plant Utility

Industry
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Fasidential Buildings
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Figure ES.3Energy-Efficiency Potential by Sector andPolicy, in 2030

Of the nine policies, commerciappliance standards are estimated to have the greatest
energysavings potential in both 2020 and 2030. Commercial retrofit incentives account

for additional coskeffective energy savings potential.

In the industrial sector, process improvements could Signdicant quantities of natural

gas and other fossil fuels. Significant industrial savings are also possible through policies
that promote plant utility upgrades and incentives for combined heat and power systems.
In the residential sector, retrofitcentives combined with equipment standards for

heating, cooling, and water heating, is the dominant policy in terms of estimated-energy
savings potential. It accounts for more than the other three residential policies combined

(building codes, applianctandards, and expanded weatherization).




Impact on Power Plant Construction

By 2030, the Reference Scenario forecasts the need for an increase of 49 GW of electricity
capacity in the southern National Electricity Reliability Council (NERC) regions aheve

capacity in operation in 2010 (Figure ES.4). This growing demand is expected to be met
primarily by the addition of new combined cycle natural gas plants and new combined natural
gas/diesel plants, along with some additional nuclear power, coal,@adtsenewable power
generation. Some oil and natural gas steam plants are retired during this period, as well. This is
represented by the part of the bar in Figure ES.4 that is below the zero axis.

80
49 GW new capacity net

= Renewables

® Nuclear Power
® Comb Turbine/Diesel

= Combined Cycle
E Qil & NG Steam
E Coal

Reference with EE Policies

Less 19 GW newcapacity net

-40

Figure ES.4Incremental Generating Capacity in 2030
Beyond 2010-- Southern NERC Regions

In contrast, implementation of vigorous enegfficiency policies could eliminate the need to
expand overall capacity between 2010 and 2030; in fact, the electricity capacity in the Southern
NERC regions could deease over the 2@ear period by 19 GW. While new plants are needed,
their capacity is more than offset by plant retirements. In addition to retiring more than 20 GW of
oil and natural gas steam plants and some natural gas capacity, theeffieiggcy pdicies

eliminate the need for all but 7 GW of new capacity, most of which is expected to be nuclear and
natural gas powered, based on the SNUEMS model. Very little new renewable capacity is

added in this Energgfficiency scenario because the additidmew capacity of any type is
minimized, and most renewable power options exceed the cost of power production by new
combined cycle natural gas plants.
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Economic Impacts

The public and private investments stimulated by the eneffgyrency policies outhed in this

study could reduce energy bills in the South, moderate electricity rate increases, create new

empl oyment opportunities, and expand the regi
Regional Product) (Table ES.1).

Table ES.1 Economic and Enployment Impacts of
Energy-Efficiency Policiesin the South

2020 2030
Annual Energy Savings
(billion $2007) $40.9 $71.0
Annual Public and Private Investmen $15.8 $22.4

(billion $2007)

Annual Increased Employment (From
PrOQUctlvg Inves.tment and Engrg 380,000 520,000
Savings) (in fultime-equivalents)

Impact on Gross Regional Product
(GRP) (billion $2007) $1.23 $2.12

Energy Bill Savings Consumers in the South could save $41 billion in reduced energy bills in
the year 2020 as a result of thetfmio of nine energyefficiency policies. Thesenergy bill
savings increase to $hlllion in 2030.For example, a typical household in the South would
save $26 on its monthly electricity bill in 2020, and would save $50 each month in 2030. In
addition b directly benefiting the consumers who make enefffigiency investments, these
policies benefit all consumers because the reduction in overall energy consumption causes
energy prices to rise more moderately than would otherwise occur.

Electricity Rate Impacts. The portfolio of nineenergyefficiency policiesmodeled together

would leadto a moderation of the energy price escalation that is otherwise forecast to occur over
the next two decades (Table ES.2). For example, residential electricity rat@9iw@ald be

17% lower in the Energifficiency scenario than in the Reference Scenario. The reduced prices
resulting from improved energy efficiency océar bothelectricity and natural gasdacross

all sectors The moderating impact on electricityeatgrows over time as electricity consumption
declines relative to the Reference case.
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Table ES.2 The Effect of EnergyEfficiency Policies on
Expected Southern Electricity Rates
2015 2020 2025 2030
Residential -3% -8% -11% -17%
Commercial -1% -6% -8% -13%
Industrial -3% -8% -11% -16%

Employment Impacts. The public and private investments stimulated by the ereffgyrency

policies outlined in this study will have a positive impact on employment in the South. The
electric utility and the naturalag sectors directly and indirectly emoplabout 5.6d 8.4jobs,
respectively, for every $1 million of spendiimgthe SouthBut, sectors vital to energgfficiency
improvements, like construction and manufacturgeyerate 16./mbs per $1 million of

spending® (All of the remaining sectors in the South have an average employment coefficient of
13.9 jobs per million dollars of spendin®y diverting expenditures away from néabor

intensive sectors, energyficiency policies can positively impact eloyment growth.

The results shown in Table ES.1 are based on
investment costs from implementing nine eneefficiency policies, (2) national, regional, and

state inpuoutput coefficients provided by the Miasota IMPLAN Group for 2008, and (3)

calculators developed by the American Council for an Energy Efficient Economy, the Center for
American Progress, and the Presidentodos Counci

Policies that drive a higher level of efficiency intraents can create new jobs quickly, and can
sustain a favorable employment balance because of the utility bill savings that fosteriong
growth in other productive sectors of the economy. The combination of direct and indirect job
growth attributed tdéhe energyefficiency policy scenario is estimated to be 380,000 in 2020 and
520,000 in 2030. In comparison, there were 5.4 million unemployed residents in the South at the
end of 2009.

Impact on Gross Regional Product (GRP)A vigorous commitment to engy efficiency

would have a small, positive impact on the level of economic activity of the South. Specifically,

the GRP of the South would increase by $1.23 billion in 2020 and by $2.12 billion in 2030.
These changes ar e s ma trilionecenomaytini200d. t o the Sout h

! These estimates are based on 2008 IMPLAN data.

2 Bureau of Labor Statistics. (2010) Civilian &alforce and unemployment by state and selected area, seasonally
adjusted (Last modified: January 22, 2010, Accessed: March 9, 20tH0)www.bls.gov/news.release/laus.t03.htm
% Bureau of Econmic Analysis. (2008). GDP by State.
http://www.bea.gov/newsreleases/regional/gdp_state/gsp_newsrelease.htm
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Cost-Effectiveness of the Portfolio of EnergyEfficiency Policies

As Table ES.3hows, theortfolio of nineenergyefficiency policies is coseffective.The two
policies addressing commercial buildings have the highedbioech ratio of benefits to costs
using the fAtot al I e s/@aupEriode andnvestrinentto$s1t5 bifon Ov e r
would generate energy bill savings of $126 billion. Energy bill savings would begin immediately
in 2010, would grow through 2038nd would then taper off until 2050 when the useful life of

the improved technologies is expected to end. The result is a benefit/cost (B/C) ratio of 4.0 for
the commercial sector. That is, for every dollar invested by the government and the private
secbr, four dollars of benefit is received. The industrial and residential sector policies are
similarly cost effective with B/C ratios of 3.4 and 1.3.

The savings from the greater efficiency stimulated by these nine policies would total
approximately $448ithion in present value to the U.S. economy. It would require an investment
over the 2@year planning horizon of approximately $200 billion in present value terms. These
costs include both public program implementation costs as well as ps@t@ invesnents in
improved technologies and practices.

Among the nine individual policies, only two have benefit/cost ratios of less than one

indicating that they are not cesffective. These include appliance incentives and standards (with
a B/C ratio of 0.3and combined heat and power incentives (with a B/C ratio of 0.7). When
clothes washers and refrigerators are removed from the suite of appliance standards with
incentives, the B/C ratio rises to 0.7. When carbon dioxide emission reductions are valued at a
range of $15 per metric ton in 2010 rising to $51 in 2030), both of these policies approach or
exceed the breakeven B/C ratio of 1.

According to the total resource cost test, the mostefésttive policy is tighter commercial
appliance standards (withB/C ratio of 4.6) followed by B/C ratios of 4.5 for industrial plant
utility upgrades and 4.1 for residential building codes with thady verification. These high
B/C ratios combined with the fact that we examined an incomplete set of policies and
technologies suggests that greater levels of investment could generate additioedfle cipa
energy savings.

*1n 2007 dollars, using a 7% discount rate.
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Table ES.3Total Resource Cost Tests by &tor (Million $2007)

Residential Sector Policies

NPV Cost NPV Benefit B/C Ratio
Building Codes with
Third-Party $10,000 $41,400 4.1
Verification
Appliance Incentives
and Standards $25,500 $7,060 0.3
Expanded
Weatherization $5,840 $6,420 1.1
Assistance Program
Residential Retrofit
and Equipment $86,600 $119,000 1.4
Standards
Combined Policies $115,000 $143,000 1.3
Commercial Sector Policies
NPV Cost NPV Benefit B/C Ratio
Tighter Commercial $26,300 $109,000 4.6
Appliance Standards
Commercial Retrofit $8,540 $20,900 24
Incentives
Combined Policies $31,500 $126,000 4.0
Industrial Sector Policies
NPV Cost NPV Benefit B/C Ratio
Industrial Plant
Utility Upgrades $10,800 $48,400 4.5
Industrial Process $36,000 $128,811 3.6
Improvement Policy
Combined Heat and $16,900 $11,400 0.67
Power Incentives $17,600 1.04
Combined Policies $53,200 $179,000 3.4

Water Conservation from Energy Efficiency

* Includes the environmental benefits fro 8O, emissions avoided by CHP systems
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Water conservation is an importantloenefit of policies that promote the efficiarge of

electricity. Based on a water calculator developed for this project, the freshwater consumed in
the process of cooling conventional and nuclear thermoelectric power plants in the Southern
NERC regions is forecast to grow to 334 billion gallons ia®and 381 billion gallons in 2030.

Implementation of the nine Energyficiency policies examined here could avoid generation that
in turn would save southern NERC regions 8.6 billion gallons of freshwater in 2020 and 20.1
billion gallons in 2030. On percentage basis, this represents 56% of the projected growth in
water consumption over the next decade, and 43% of the projected growth for the following




decade. These savings in 2030 represent abotguaréer of the current total water needs of the
City of Atlanta.

Policy Supply Curves for Energy Efficiency in the South

Energyefficiency supply curves have typically focused on individual technologies. Since the
emphasis of this report is on enegfficiency potential that is achievable with polioytiatives,

we have developed policy supply curves. The magnitude of energy demand resources that can be
achieved by launching aggressive enegfficiency policies is shown along the horizontal axis,

and the vertical axis presents the levelized coselering these energy demand resources. The
policies are ordered from the lowest to the highest levelized cost. Only the electricity supply

curve is presented here, in Figure ES.5. Chapter 6 also presentse&ffiergiycy supply curves

for total energy avings and natural gas. In all cases, we focus on the year 2020.

The electricityefficiencysupply curve for the Souflirigure ES.5)llustrates how more than

2,000 TBtuof electricitysavingscould be realizefrom implementing eight energgfficiency
pdlicies. (The combined heat and power policy could not be assigned a levelized cost value.)
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Figure ES.5 SupplyCurve for Electricity Efficiency Resources in the South in 2020
(RCI Sectors)

The supply curve alsighlights the large, loveost potentiabf industrial efficiency
opportunitieswhich together could save more than 500 TBtu of electricity for a levelized cost
that is significantly lower than the price of electricity for industrial consumers (6.2 cents/kWh)
The next most costffective effidency option is the commercial standards policy, followed by
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building codes, bringing the cumulative savings for these four policies to nearly 900 TBtu. When
the retrofit incentives and equipment standards are added, a large additional savings can be
achieved. The three remaining policies do not save as much electricity and are more costly.

The natural gas sppy curve distributes approximately 1,4%8tu of savings across the eight
efficiency policiesCommercial standards and residential building cadtes particularly low
cost but somewhat limited natural gas savingslustrial plant utility upgrades and process
improvementson the other hanaffer low-costand largescale opportunities foratural gas
savingsin the South

Carbon Constrained Sersitivity Analysis

An analysis of the sensitivity of our studyos
undertaken to ensure the analyséfs capturesome of the uncertainties associated with SNUG

NEMS forecasting. Thisemsitivity is called the Cadm-Constraired Future(CCF). It was

chosen becaugbke national regulation of greenhouse gaapgears possiblend will affecthow
energyefficiency policies are perceived and implementéde scenario is modeled by assuming

a $15/tCQ price on carbomi 2010, increasing linearly to $51/tg@®@ 2030.

Given our interest in how energfficiency policies interact with other suppbnd demandide
initiatives, we evaluated the CCF constraint both on its own and in the presemazgyf
efficiency police. In this combined set up of CCF + enesgfficiency policies, the effect of
efficiency policies on consumption under the assumption of a Carbon Constrained Future
appears to be additive. That is, the efficiency policies reduce consumption by approxineatel
same increment when added to either the Reference scenario or the CCF.

However, this is not to say that there is no interactive effect at all. Rather, the interaction is
apparent when examining the reduction in,@@issionsEmission reductions dm energy
efficiency policies result from the consumption of less energy, while the reductions from the
CarbonConstrained Future result primarily from switching to cleaner fuels. When these two
policy scenarios are imposed simultaneously, the interackhietween them grow over time, as
the cleaner fuels predicted in a CCF scenario become the fuels not consumed as the result of
energyefficiency investments. This effect is noticeable in Figure ES.6 starting around 2025.
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Figure ES.6 Carbon Dioxde Emissions with EnergyEfficiency Policies

Conclusions

If the Southcould achieve the substantial enegfficiency improvements that haaéready been
shown effective in other regions and natiozerbon emissions across ®euth would decline
air quality would improve andplans for building new power plants could be downsized or
postponed, all while saving ratepayers money.

While we examined nine policies, others exist that would lead to additional efficiency.

However, these nine were chosenaiese they were all deemed likely to be axfétctive,

significant, large, realistic, and quantifiabM/e do not examine the impact of eneggficiency
investments opeak demand reductions. While clipping system peadstisal to electric power
plamers we treat this as an ancillary benefit of improved energy efficigdoydo we examine

the role of demandesponse or loathanagement programs aimed strictly at shiftingpeak
consumption to ofpeak hoursTh es e ar e al s 6s ivdaeboucaskbasenerii d e ma n d
further assessment.

The energyefficiency licies described in this reporbald set the South on a course toward a
moresustainabl@nd prosperous energy future. If utilized effectivegre g i cubgiastial
erergy-efficiency resotces could reverse the lotgrm trend of expanding energy consumption.
With a concerted effort to use energy more wisely, the South could grow its economy, create
new jobs, and improve theealthof its citizens and ecosystems

Without new supporting pigies, this potential for energgfficiency improvement will not be

realized. Bergyefficiency upgrades require consumer and business investment and they
compete withother priorities. With so many demands on financial and human capisal,
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effectiveenergy-efficiency improvementare easily ignoredlhrough a combination of

information dissemination and education, financial assistance, regulations, and capacity building,
consumergan be encouraged itovest in energefficiency. In addition, expandedsearch and
development and pubgrivate partnerships areeded to innovate and deploy transformational
technologies thatnlargethe efficiency potentiabver the long run

The ability toconvert this vision inteeality will depend on the willingnes ofconsumer,
business and government leaders to champion the kinds of policies modeled here.
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1. INTRODUCTION

For the past several years, U.S. House and Senate committees have debated the pros and cons of
alterrative energy and climate legislation. Emerging from this dialogue is a consensus that

energy efficiency should play a key role in transitioning the nation to a clean energy future.

Energy efficiency is generally seen as a large, affordable, and enviraiiyatttactive energy
resourcelnvestments in energy efficiency can save consumers and busimesssswhile

reducing pollution, mitigatingreenhouse gas (GHG) emissipasd conserving water

In the electricity sectogvidence has shown that enegdficiencycan be as reliable as the
construction of new power plants and the purchasdegotricityvia longterm contracts or spot
markets(Vine, Kushler, and York, 2007Energy efficiency is also a lowost contributor to

system adequadythe ability of the electric system to supply the aggregate energy demand at all
times. In addition to environmental benefits, energy efficiency often comesraadd with
productivity gains and job growth.

At the same time, energy efficiency typically requireseased utility and government

incentives, regulations, information, and other polittesvercome barriers artdansform

markets As a result, specific estimates of the size of eneffjgiency resources are highly

variable. The supply of cosfffective energyefficiency varies according to assumptions made
about future policies, future energy prices, rates of economic growth, and a host of other factors.

Energy Efficiency in the Souéixamines these factors in the design of its detailed primaryand
depth research on the size of eeffective energiefficiency potential in the South.

1.1 GOALS AND ORGANIZATION OF THE REPORT

By implementing new policy approaches that tackle key barriers, create new incentives, set
minimum standards, and enableage, how much energy efficiency can be stimulated? Which
technologies hold the greatest potential and what policies and programs can most effectively
translate that potential into reality? These are the essenti&lansaddressed by this study.

Enemy Efficiency in the Souik organized int@ix chapters followed by references and
numerous appendices. The chapters can be groupdtiieésections:

Introduction(Chapter 3} and Methodology (Chapter 2Jhe remainder of this chapter sets the
context for the empirical analysis, describing energy production and consumption in the South
and characterizing current efforts to tap demsidl@ energy resources. Chapter@vies a

broad overview of the methodology used in the policy analysis and eeffiggncy resource
assessments. Thikapter also outlines the portfolio of polick®deled in the analysis and
describes the alternative future scenarios that could shape their influence.

EnergyEfficiency Reources, by Sector (ChapterHB These chagers estimatéhe potential for
costeffective efficiencypoliciesin each ofthe Regin 6 s maj or sector s: resi
commercial buildings and industry (the RCI sectofflese assessments begin with a description



of energy consumption in ti&outhandthe energye f f i ci ency | e vRefereancea s s u me ¢
Scenari oo forecast . eadhlofghenengy efficiencygpolitiekhen descr i b
methodology used to analyze them, and the estimates of e@@iggsand costs. The chapters

then estimat¢he costeffeciveness of each policy, compare their results with other studies, and
describe the limitations including needs for further research

Integrated Analysis (Chaptel):6This chapter describes the integra¢edineering and economic
resultsof our assessment of energfficiency potential in the Soutln addition to presenting the
economywide costeffectiveness tests, this chapter characterizes the emplognnt
macroeconomi@mpacts of each scenayias well as the water conservation beseditthe
energyefficiency policiesIn addition to theReference Scenarforecastwe examine a Carbon
Constrained Future Scenario for a measure of sensitivity analygshapterconcludeswith a
discussionof he st udyfidds\gspr i nci pal

These bapters are supplemented by detailed appendices that provide ad#itickgriound on

the current federal policy environment that operates as a backdrop for the proposed new and
expanded policy initiatives, description of our assumptions and methodolagies), a few

cases, a more detailed description of our findings.

e Appendix A describes the hundreds of federal policies and measures that are currently in
place, which seek to promote investments in ereffigient buildings and industry.

e AppendixBprov des suppl emental information about
approach.

e Appendices Ghrough E provide additionahformation about the methodologiesed to
analyze each sector

e Appendix F provides further information on the basehnalysis iad the use of the use
of the ACEEE employment calculat@s well as the methodology used to evaluate water
conservation benefits of the Enefgificiency Policy Scenario.

e Appendix G contains short{& 10page) profiles of the findings for each of ti& 1
states in the South, along with the District of Columbia. These profiles are posted on the
website of the Southeast Energy Efficiency Alliantip//www.seealliance.oryy/



1.2 OVERVIEW OF THE SOUTH CENSUS REGION

The South census region is compriséthe District of Columbia and 16 States, covering two of
the most populous states in the couiitifyexas and Florida. The U.S. Census Bureau divides the
Southinto three divisions. Th8outh Atlantic includeseightstates and the District of

Columbia; al but West Virginiasit along theeastern seaboard. TRast South Centralregion
includesAlabama and threstates with western borders that touch the Mississippi River.

West South Centralregion also includefour stateswhich all lie west of the Mssissippi River.

The South as defined by the U.S. Census Bureau is almost identical to the Region served by the
Sout hern Gover no r’dtis slighfydaogerithantthie ddtate (e@oB seyved by
the Southeast Energy Efficiency Alliante.

The South Census Region with Three Divisions

N

East South

Central South
Atlantic

West South L
Central

0 50 100 200 300
) Miles

[ West South Central [l East South Central [__] South Atlantic

Figure 1.1 The SouthCensus Regiomwith Three Divisions’

°All of the SGA menber states except for Missouri are located inSbath;Missouri isin the West North Central
region. In the South Atlantic region, all states except for DC and DE are member states &&GAso includes

the U.S. Virgin Islandand Puerto Rico.

® Theregion as defined by SEEA includes the 11 states from Kentucky and Virginia south, and from Arkansas and

Louisiana east seewww.seea.us
"Map and definition from U.S. Census Bureau document on Regions and Divisitwesldrited States

www.census.gov/geo/www/us_regdiv.pdf

4


http://www.seea.us/

With 36.4%0ft he countryo0s,tpedputhlisahe mastrpopulous o tAedfdur

census regions of the United StafgsS. Bureau of the Census, 200Bhe South region leads

the natiomot only in population but also in-imigration and population growthAs t he nat i o
largest and fastest growing region, the South has experiencéd gop@ilation growth over the

past decade, drthis rapid expansiois expected to continue.

1.3 ENERGY SUPPLY IN THE SOUTH

The South produces significant portionsa@dthnat i on 6 s f oteesagibn shipplied s . I n
48%of the nationds energy resources, proportio
renewable energy resources. Specificdhe region accounts for the followipgrcenages of

the nationbés energy production, by fuel (EI A,

56% of conventional oll

65% of natural gas marketed production
38% of coal production

43% ofnuclear power

28% of renewable energy production.

With a fuel mixfor generating electricityhat is 76 derived from nonrenewable fossil fuels

(EIA, 2009c),achieving the substantial energy efficiency improvements experienced in many
other parts of the United States would postpone the need for new jplewes to meet growing
demand and could improve air quality and reduce carbon emissions across the region. In 12 of
the 16 states in the South, coal is the primary source of power production.

In part because of its heavy reliance on coal and petnodeul it small production (and
consumption) of renewable energy, the South accounts for 41% of U.S. carbon emissions.

1.4 ENERGY USE IN THE SOUTH

The South accounted for4%6% f t he nati onés total energy con
more thanits har e of t he cob36% tsrhighertharaverpge pea dapitaemergy
consumption is true for each of the major-eise setors: residential buildings (39),

commercial buildings @), industry (3%), andtransportation (41%), arfdr electic power

(43%).

® The South has the highestririgration and population growth in persons, but the West leads the nation in growth
rate ona percentage basiBor the period from 2000 to 2008, population growth fonthele U.S. was estimated at
7.8% with growth for the South at 11.1% and the West at%1dver the same time, the average annual population
growth rate for the whole U.S. was 0%A4with average annual population gith rates for the South at 1 @2and

West at 1.3% (U.S. Bureau of the Census, 2008).



1.4.1 Energy Consumption by Source

As is the case nationwide, coal is forecast to increase its share of energy use in the Region

between 2015 and 2030, in the absence of restrictions ge1@iGsionsFigure 12). However,

the market shre of western coal is expected to increase, while Appalachian coal production is
forecast by EIA to decline slighthelA statesi Al t hough producers in Cen:
well situated to supply coal to new generating capacity in the Southeagptian of the

Appalachian basin has been mined extexg] and production costs halieen increasing mer

rapidly than in other Regions ( E1 A, 2 With&&6ofp .t h&4)hati onds jobs
coal industry supporting only $&of U.S. coal produain, Appalachia has significantly lower

levels of labor productivity and therefore higher costs. In contrast, the Powder River Basin has

vast remaining surfaeminable reserves that can be reached by large-sating equipment

with significant benefitsrbm economies of scale.
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Figure 1.2 Energy Consumption Projection for the South, by Source, 2002030
(including transportation, EIA, 2009c)

Availability of reasonably priced and reliable energy has been a value to business in the South
andhashelgt t o drive the regionbés economic develop
enjoyed an average populatiareighted residntial electricity price of 10.¢ents pekWh,

compared with a natiohaverage of 10.6ents(EIA, 2009d) Within the South, electity rates

are lowest in the East South Central Division and highest in the West South Central Division,
although there is variation between and within states accounticlifferent service providers.

Despite its generous endowment of energy resoutoesegion is economically chahged. It
accountsforonly33% f t he nationds gross domestic produ
proportion of households living in poverty, of all the Census regions.

As Table 1.1 shows, coal dominates eledirigeneration in the South, accounting for 54% in
2008, which is slightly higher than the U.S. average of 51%. In contrast, hydropower in the
South, at 2% of generation, is considerably smaller than the 8% national aVéra&auth
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depends less on rendvla sources of electricity than any other region. As a result of this heavy
reliance on fossil fuels, the South accounts fén4f U.S. carbon emissionshese regional
averages mask a great deal of statestate diversity. Three states in the South peigarily on
natural gas for power production, and one state (South Carolina) relies primarily on nuclear
power.

Table 1.1 Energy Consumption for Electric Power in the South and the U.S.

Coal Renewables| Fuel Oil FETEIE | N Nuclear Imports
Coke Gas
u.S. 51.3% 8.7% 1.2% 0.4% 17.3% 209% 0.3%
South 53.8% 2.%% 1.2% 0.7 20.8% 20.3% 0.0%

http://www.eia.doe.gov/emeu/states/sep_sum/html/pdf/sum_btu_eu.pdf

EIA forecasts that fuel consumption in the future wilirespond to the total energy somption
projections EIA forecastghat the South will increase its share of coal consumption for
electricity generation between 2020 and 288&hown irFigure1.3.

25

2
m
5 = Fuel Oil
= ® Renewable
& 10 -
8, = Nuclear Power

5 Natural Gas

= Coal
0
2010 2015 2020 2025 2030

Figure 1.3 Energy Consumption for Electric Power Generation in the South2007#2030
(EIA, 2008a)

Statedn other regions afhe nation are meeting one to twercentof their electricity

consumption each year with energy efficiency at a cost of approximately $0.03 per kiloumatt
(kwh) compared with projected costs of $0.05 to $0€7kpVh of electricity from coal, gas
combined cycle, wind or nuclear plants (Brown and Chandler, 2008; Kushler, York and Witte,
2004). California, New York, Vermont, and other stdtageshown that energy efficiencgan
represent low-cost, lowrisk enegy strategy.

California, in part due to aggressive and sustained eredfigiency measures, has kept per
capita electricity use flat over recent decades (National Academy of Sciences, 2008). This is in
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direct contrast to national trends over the lasy&&rs, where U.S. per capita electricity use as a
whole has risen about %) Rufo and Coito (2002) have shown that the potential for further
energyefficiency improvements in California remains strong. A similar potential for aggressive

and sustained ergy-efficiency programs has been demonstrated in Vermont and other states,
where electricity consumption per capita has
grown significantly. Thus, these states have shown that energy demand growth can be
significantly reduced without compromising economic growth. The challenge is to move these
energye f f i ci ency fAbeesuth practiceso to the

14.2 Energy Consumption by Sector

In 2007 theSouthconsumed 16.6 quads of enemgyheindustrial sector, moréhan any other

sector in the South and proportionately more than the industrial sector in the United States as a
whole (Figure 1.4). This high industrial energy consumption reflects the strong industrial base of
this region, and the heavy representatioaredrgyintensive industries in the South.

Consequently, @mpared with the nation as a whdlee Southconsumes slightliessof its

energy orbuildingsandtransportation The industrial share is projected to decline over time but
the industrial energwill still be the largest portion by far in 2030 (Table 1.2).

40%
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Figure 1.4Energy Consumption Shares in the U.S. and the South
by End-Use Sectorsin 2007



Table 1.2 Energy Consumption Forecast for the South
(quadrillion Btu)
RCI | Residentid | Commercial
Year - - Industry
Total | Buildings Buildings
2007 | 31.7 8.3 6.8 16.6
2020 | 31.6 8.9 7.9 14.9
2030 | 33.2 9.8 8.9 14.5

(EIA, 2009cAnnual Energy OutlooR

The energy consumption of each sector is forecast to increase over the next.2&gegvared

to 2007 consumptiorexpandsn 2030 t09.8 quads of energy (18% the residential sectoand

8.9 quads (31%) in the commercial sector. In contrast, energy consumption in industry declines
by 13% to 14.5 quads in the year 2030.

1.4.3 Energy Prices

Energy inthe Souths relatively cheap, and EIA forecasts that this comparative advantage will
cortinue through 2030. Table 1.3 compares U.S. and Southern prices.

Analysis by the Center for Business and Economic Research (2#0@®&)lectric Power Research
institute (EPRI), and othersuggests that residential and commercial consumers are fairly
insensitive in the shorun to increases in the price of electricity. If this price insensitivity
applies across all energy sources, which is likélgnstrong policyinterventions will be needed
to promote energgfficient purchases and practicémtwithstanding shotterm price
insensitivity, smart policies can accelerate investments in energy effi¢i@rayn, et al, 2001;
Geller et al., 2006)t is this perspedte that we actively explore in the analysis that follows.

Table 1.3 Average Energy Prices to All Users in the South and
the United States
(in 2006 dollars per million Btu)
Fuel Type United States The South
2007 2020 2030 2007 2020 2030
Distillate Fuel Oil | $19.5 $25.9 $27.9 $19.5 $25.6 $27.4
Natural Gas $11 $10.9 $11.9 $8.2 $8.3 $9.7
Electricity $44.2 $38.6 $41.5 $25.0 $26.4 $29.1
(EIA, 2009c)



1.4.4 Carbon Footprint

When the greater intensity of energy consumptiahénSouths compoundedyits lowerthan
average use oknewablefuels t he Regi onbés carbon footprint e
average. A recent study by Brow®outhworth and Sarzynski (200&stimated the per capita

carbon footprint of t haeareasmeasuredsernis die mgegist 100
tons of carbon emissions per capita from the consumption of residential elecegdgntial

energy andight dutyvehicleandfreight trucks fuelsEleven of the20 metrgolitanareaswith

the largest carbofootprintsare located ithe South(Figure 15). Thus, from a climate policy
perspectivewhile the Southmay bemore vulnerable to the costs associated with any national

climate policy it could perhaps gain the most by capitalizing on opportunitigarieform its

energy systencompared wittotherareas of the country.

Honolula, HI: Lowest quintile

[ Lowest quintile [ | Middle quintile ] Highest quintile
[0 ] Second-lowest quintile [777] Second-highest quintile

Figure 1.5Carbon Footprints of Metropolitan Areas in the South, 2005
(Map drawn from data published in Brown, Southworth, and Sarzynski, 2009)

1.5 ENERGY-EFFICIENCY PROGRAMS AND PRACTICES IN THE SOUTH

1.51 |lllustrative Energy-Efficient Technologies and Policies

A large potential for improved efficiency exists in numerous ereagyguming equipment and
practices. For instance, higjuality adjustablespeed electronic motor drivesnce exotic and
costly, are now magsroduced in Asia and are widely used because of their protective and soft
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start circuits. Higkefficiency compact fluorescent lamps sell for a fifth of their 1983 price, now
that a billion are made yearly. Real pritewe fallen several fold in 15 years for electronic
lighting ballasts and heagflecting window coatings. The economic potential for energy
efficiency continues to grow (Lovins, 2007).

Layers of energy inefficiency exist throughout thé&. economy. Foexample, converting coal

at the power plant into useable light given off by incandescent lamps isnanbercentefficient
(National Academy of Sciences, 2008). By simply replacing incandescent bullsomigiact
fluorescentsa fourfold improvementn efficiency can be achievet@ihe payback period can be

quite short in this case for compact fluorescent light (CFL) bulbs, less thaamoy as little as

a month, depnding on how may hours each day the CFL is used. However, as with many (but

not all) energyefficiency improvements, consumers need to purchase a more expensive device

in order to generate the energy savings. How can reluctant consumers be persuaded to pay more
up front to save money in the future when they often do not understand thgnsesncomplex
economic analysis that goes into such a purchasing decision?

Energyefficiency policy mechanisms are numerous and are implemented at all levels of
government from the local jurisdiction and state to the regional and national scale. To make
matters more complicated, energfficiency measures and incentives can be delivered by a
multiplicity of actors and agents, including independent organizationsyomarnment

statewide organizations, fully integrated independently owned utilities,jiltatatf distribution
companies, as well as government agencies (Harrington and Murray, 2003). In this report, we
use the typology developed the Committee on Climate Change Science and Technology
Integration (2009to inventory existing policies and t@usider alternatives (see Appendix A).

Together, energy efficiency and demand response can delay or completely avoid the need for
expensive new generation and transmission investments, thus keeping the future cost of
electricity affordable and freeing @mergy dollars to be spent on other resources to expand the
Re gi on 0 s Agreatemsban yf.the dollars invested in energy efficiency goes to local
companies that create new jobs compared with conventional electricity resources where much of

the mong flows out of the Region to equipment manufacturers and fuel suppliers.
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1.5.2 Energy-Efficiency Practices in the South

TheDigest of Climate Change and Energy Initiatives in the S(GBEEB, 2009) provides an
overview of the climate change and enegpglicy initiatives currently underway in the South. It
catalogues a large number of energy efficiency programs currently operating throughout the
region. In summarizing the nature of these initiatives, it concludes the following about the
approach of the &ith:

ARat her than attempting to craft regional

specific technologies, Southern states are focusing on incentives for building

energy efficiency, fostering a bioeconomy through industry, supporting research

and developmnt of <c¢cl ean energy technologies and
policies for state governments. o (SSEB, 20

Other assessment of energy policies have notegénaiapita spending on electric utility energy

efficiency programs in the Southeasjust onefifth the national averagglliott et al.,2003

Elliott and Shipley, 2005). n 2003 and 2005, ten southern stal
current policies and environment (the lowest grade given to any state). Texas was the only state
intheSout h to receive an MfAAO0. F dhegrades distrioted, of t h
were A (12), B (12), C (8), and D (16).

As illustrated in Table 1.4, States in the South are comparable to the nation as a whole in terms
of their adoption of 2006or more recent) International Energy Conservation Codes for
residential and commercial buildings. On the other hand, their adoption of Leadership for
Environment and Energy Design (LEED) standards for State buildings is much lower than the
national averge, as is the market penetration of Energy Star Homes.

In terms of utility policies that support energfficiency investments, southern States also lag
behind the rest of the nation. Only 71% of the States in the South have adopted net metering
policies.Net meteringallows customers with small generating facilities to use a single meter to
measure both power drawn from the grid and power fed back into the grid freite on
generationThis enablesustomers to receive retail prices for the excess alitgtiiney
generatewhich can be critical to the economic viability of industrial combined heat and power
systems as well as egite renewable generation.

Only a few States in the South have adopted provisions to decouple profits from sales of either
ele¢ ricity or natur al gas, to provide a fl evel
of utility revenues and profitsan be achieved eith#rough periodic and frequetrtie-ups of

projected sales or by other mechanisms that provide utilitidsstiviely cost recovery and

earnings opportunities for operating enedfffciency programs (Brown, et al., 2009). Similarly,

only four southern states have undergone active electric utility restructuring, three are part of
regional carbon cap and tradegrams, and only two have promulgated state appliance or
equipment standards that exceed federal requirements.
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Table 1.4. Energy Efficiency Policies Implemented by States in the South

IECC 2006 Building Code LEED Market Net
Census or Better Standard or | Penetration Meterin
o State Equivalent of Energy 9
Division . . . State
Commercial | Residential | for State | Star Homes Policy
Buildings > 20%
South
\tlantic Delaware V
D.C. \ \ V
Florida V V V V
Georgia \ \ Vv
Maryland Vv Vv Vv \
North Carolina V V V
South Carolina V V V
Virginia Vv Vv \Y Vv
West Virginia \
Fa?; Alabama
bOU
Central Kentucky V V V V V
Mississippi
Tennessee
\West
Eouth Arkansas V
pentral Louisiana V V V
Oklahoma V V V
Texas V
South Total 9/17 9/17 6/17 3/17 12/17
U.S. Total 29/51 27/51 24/51 13/51 44/51
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Table 1.4. Energy Efficiency Policies Implemented by States in the Souftont.)

Decoupling Active Regional | Appliance
Census Electricity Carbon and
L State ; i
Division Natural . Restructuring | Cap and | Equipment
Gas Electricity by State Trade Standards
South
Atlantic | Delaware Vv Vv \
D.C. \4 \4 \4
Florida
Georgia
Maryland V Vv V V V
North Carolina Vv
South Carolina
Virginia V
West Virginia
East Alabama
South
Central | Kentucky
Mississippi
Tennessee
West
South Arkansas Vv
Central Louisiana
Oklahoma
Texas \
South Total 4/17 2/17 4/17 3/17 2/17
U.S. Total 18/51 6/51 15/51 33/51 13/51

Sales data suggest a low market penetration of ergdfigiency products in the SouthRor

Energy Star appliances with sales data that ackegchby EPA, th&outh has the lowest rates of
marketpenetration (McNary, 2009)This purchase behavior is undoubtedly a function of the
historically low electricity rates that the South has enjoyed. It would also appear to reflect a
relatively weak engy conservation ethic. Evidence of this is provided by the results of a poll
conducted in January 2009 by Public Agenda.

The poll suggests that Americans are divided geographically in terms of their views on energy
conservation and regulating energyg @d prices versus exploring, mining, drilling and
construction of new power pigs. Yuliya Chernovaa reporter in New York for Clean

Technology Insight, a Dow Jones & Co. newslettetes that conservation is supported by a
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large majority nationwide,dwever, it is close to even with exploration and drilling in the South,
48% to 45%, (Figure 1.6).

On the other hand, utilities in the South have embraced desid@dnanagement as a means of
reducingthe peak power requirements their largest customeraccording to Goldman (2006),
there were 2,700 commercial and industrial customers enrolled in TOU programs in 2003,
representing 11,000 MW. Thredility programs in the Southeast (TVA, Duke Power, and
Georgia Power) account for 80% of these participants, and they primaghgdarge energy

users.

1.5.3 Previous Estimates of Energfficiency Potential in the South

Many studies have examined the potential for deploying greater energy efficieheySouth.

t hese wer er erveiceewnot |byy eCkhaammi dnl eedr
These studies contain more than 250 estimates of the energy efficiency potential for different
fuels (electricity, natural gas, and other fuels), sectotiseoéconomy (residential buildings,
commercial buildings, and industry), and types of potential (technical, economic, maximum

N i

net een

of

Conserve or Drill?

Americans are somewhat divided by region
on whether US. energy palicy should favor
conserving and regulating energy use or
exploration, drilling and construction of
new power plants, according to a January
2009 poll by Public Agenda, though
conservation was supported by a large
majarity.

B Expanding exploration, mining and drilling,
and the construction of mew power plants

Northeast ... ....ccuuvisansnanaaaans 5%
Midwest . ... .. i i aaaa 30
L1 1 1 PN 45
1 L0 31
Natiomwide Total ... ... ... aaas 37
B More energy conservation and regulation on
enargy use and prices

Northeast ... .. it 5%
Midwest . ... . i 62
1T (FeAAGG0 000000000 A000000000 00a60 48
L), — SRR Asna nao00a06a 0000a00000 0oa00 &0
Natiomwide Tetal ... ... ... aaas H6

Figure 1.6 Public Agenda Poll
(Chernova, 2009)

achievable, and moderate achievable).

The metareview concludes that a reservoir of eeffective energy savings exists iretBouth.
The full deployment of these nearly pollutitnree opportunities could largely offset the growth
in energy consumption forecast for the region over the next decade. Such deployment would
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reduce capacityelated costs associated with the expansfalectricity and natural gas
infrastructure and supply. The full deployment of enezfficient technologies could bring

energy consumption in 2020 down 9 percent below projected levels, which would bring future
consumption to slightly less than preskenviels, as shown in Figure 1.7. This would entirely
offset the need to expand electricity generation capacity in the South through the year 2020.

Quads
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27

26

2006 2008 2010 2012 2014 2016 2018 2020

Achievable Max

Achievable Mod =----AED 2009

Figure 1.7 Achievable Energy Eficiency Potential in the South:

Resul ts
(Chandler and Biwn, 2009)

By dAfull

projected

depl oyment o
is also coseffective. The metaeview concludes that the South has the technical potential to

reduce its energy consumption over the next deca@epeycent per year, but some of this

potential is not costffective at current energy prices. The region has the economic potential to
reduce its energy consumption by 1.5 percent per year, but some of this potential is not

achievable with feasible poliggterventions. With vigorous policies, it is possible to reduce

energy consumption in the South by 1 percent per year, which would more than eliminate the
energy demand in the regi
econonic energy savings potential that can be achieved with such public policies.

g

rowt h in

of a AMeta Reviewo

the report means the max

More recently,McKinsey Global Energy and Markets (20@fjblished an assessment of
economic potential for energy efficiency improvements in the RCI sectors of the U.S.

Specifia | | vy,

t

focused

on -presestv @alppeorpoani tiesot dmad

should be considered to be economically attractive. Their estimates do not discount economic
potentials to reflect the difficulty of realizing these opportunitiesugh policy or other

interventions.
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The McKinsey study concluded that the South has the largest energy efficiency resource of any
region of the country (see Figure 1.8). In combination, the Southeast and Southwest account for
41% of the national potentitor economic energy efficiency improvements. Almost half of this
demandside resource is estimated to be available in the electricity sector, and the commercial
sector has the potential to reduce its consumption by more than any other sector on ageercent
basis, with a savings opportunity of 29% by 2020.

Trillion BTUs in 2020* Savings (Percent)
Reduction Share of
Electricity Gas 0il Other from BAU  US total
450 350 |2,600 22 29
22 12
Southwest
Bhv
i 300 (200| 2,350 23 26
Midwest
sy
s 1,650 23 18
West
,..'_L'.’
- 350 100 1,400 24 15
Northeast

Figure 1.8 Energy Efficiency Opportunities by Region of the U.S.
(Ostrowski, 2009)

I n sum, a | arge body of evi-ahecabmintensivggest s t ha
lifestyles could be madeare efficient and affordable through the judicious investment in

technologies currently available in the marketplace. Other regions of the country have motivated
such investments with strong policy initiatives. Our report looks at the public policiepthdt

transform markets for energy efficiency in the South.

17



2. METHODOLOGY

Many different approaches have been used to assess the potential for improved energy efficiency
in the United States. Theyumd eodowritvdepsed assi f i
hybrid approach that combines the strengths of both. Specifically, by using a version of the

National Energy Modeling System (a muitigional general equilibrium model) supplemented

by spreadsheet analysis our approach produces technéiogiqalicit and behaviorally realistic
results typiupal apfpra atthot Bymeval uating these
including the Global Insight macroeconomic module, we are able to account for the economy

wide macroeconomic feedback ¢ ect s, whi ch adewhbeappreaghbéso

This chapteprovides an overview dhe methodologywe developedo estimate costffective

and achievablenergyefficiency improvemerstin the SouthThe general approach and
methodology is sumarized in a flow chart showing eight interrelated steps (see Figurd Bel)
policy-specific methodologies are summarized in each chapter and detailed in Appendices B
through EWe do not examine the transportation sector.

The first step involves ideifiging a set of policies that could effectively transform markets for
energy efficiency in residential and commercial buildings and industrg RCI sectorgbox

1).° The Energy Efficiency Policies were then evaluated based on the published litendture a
spreadsheet analysis (box 2). Simultaneously, we consideretbmadel thesgoliciesin
SNUG-NEMS!" (box 3). Teshg andmodelingthese policiesn SNUGNEMS was an iterative
process. Often a preliminary policy design was-tuneed as results wergauated (box 4). For
example, modeling the extension of tax incentives for industrial CHP systems was found to have
only a minor impact in the absence of expanded R&D to deliver superior technologies over the
20-year period; as a result, the fiscal poless enhanced with an increased R&D effort.

Eventually wherthe modelingof individual policies delivered the types of effects consistent

with the literatureSNUGNEMS( i ncl udi ng G| o-ecanomid module tplerisdies ma c r
systemside adjustments)sed to calculate changes in enecgpsumptiorand rates, capacity

and generatiorgs well as utility bills (box b

The resultingndicators werghenused to perfornthree different analyses. Firstomomic

analyss using total resource cost test; &ach of the policies (box 6). Second, reswkse
transfomed into state level values so that our key results could be presented at a level of
geographic granularity that exceeds the NEMS outputs. GRP impacts were estimated with the

° Supply curves of energy savings and carbon mitigation opportunities are an example of a bottom up approach.

They provide a means of identifying le&stst technology investments (McKinsey, 2009); howevay do not

fully accountforcross ect or i nfl uences aned opmnioc ea pfpereodabcahceks eufsfee cmasc.r
models to identify the response of markets to changes in energy prices. They typically do not offer the degree of
technology specificit needed to understand how markets are responding.

®These policies are implemented in the same manner for both the RefBoemegidforecast that does not assume
the creation of a price on greenhouse gasesfaaradCarbonConstrained Futurecenario forecast that assumes the
promulgation of a generic carbon cap and trade or another carbon constrained system. The specifics of the CCF
scenaricare described in Section 2.5.

“SNUGNEMS is Southeast NEMS Us e r,dé&scribed ipbectiom2.2.er si on of EI |
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ACEEE calculator tdo(box 7). Regional results are provided in the main report, while state
level results can be found in Appendix G. Third, anliof spreadsheet was developed to
analyze the SNUGIEMS output on electricity plants in the South to estimate the impace of th
EnergyEfficiency Policy Scenario on water consumption (box 8).

|
Preliminary Selection of
RCI Energy Efficiency
Policies and Scenarios

e

£

: — Aszsessment of Ways to
Evaluation of Policy Impact -

Model Policies

4
Testing and Modeling

Energv Efficiency Results

6 7 8

Economic Macroeconomic Analysis Analysis of Impact
Analysi (GSP and Tobs) on Water Use

Figure 2.1 Flow Diagram of Studyods Me!

The advantage of using an integrated energy model for this type of analysis, one that evaluates a
range of policy options both sepatgtand together, is that such a model captaresde array

of associated costbenefits and interactive effectas well agobust feedback. An integrated

model ca capture second order effeqtsice interactions (unlike spreadsheet modelsupply

curvey, the impacts ofegional actionsn individual statesand norparticipant economic

effects. In additional, sensitivity analysis requii@serassumptions, and layering policies one
on top of another ilativelyeasy.
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2.1 PORTFOLIO OF ENERGY -EFFICIENCY POLICIES

Hundreds of policies have been promulgated by local, state and federal agencies to promote the
more efficient use of energy in the United States. According to a recent DOE inventory,
approximately 125 Federal policies, programs, and measuie currently in place to encourage
more efficient use of energy in buildings, and 72 federal policies and measures promote more
efficient use of energy in industry (CCCSTI, 2009; see Appendix A). An even larger array of
policies has been implementeg $tate and local agencies. For example, more than 200 policies
promote energy efficiency in the 13 states that comprises Appalachia (Brown, et al., 2009): 91
percent of them operate at the state level and 9 percent are local policies. These paodicies diff
widely in scope, intent, and level of support, and the evidence of their effectiveness is highly
uneven. Because of the large commitment of resources, many Federal policies have been
extensively evaluated, providing a basis for judging whether or nbefunvestment might be
justified.

Energy policies can be organized into 12 distinct categories as described by Geller (2002),
ranging from capacity building, market reforms, and procurement policies to pricing, financial
incentives, regulations, andiammation dissemination and training. Based on a review of the
literature, we selected a portfolio of nine aggressive energy polideEgio toassess the

magnitude of costffective, energaefficiency improvements in the South. These policies are
assumd to be adopted throughout the South beginning in 2010. They include a combination of
federal and state energy codes and standards, financial incentives to rethoce i@gchnology
costs, and R&D expenditures that improve the performance and reducstloé energy

efficient technologies.

Table 2.1 ists the portfolio of nine policies by sect@ur goal was to identify a set of policies

that address many of the largest barriers to energy efficiency investments in the South. In some
cases, the policigavolve expanding current programs that are seen to have significant potential
for greater impact (e.g., the lewwcome weatherization program and industrial energy
assessments). In other cases, existing policy interventions are strengthened as with build
energy codes and appliance standards. These policies are made more effective by the
presumption of greater enforcement and the availability of improved technologies made possible
by expanded publiprivate R&D partnerships. The nine policies modelethis study are not
comprehensive; additional policies could be layered on top of this portfolio in order to expand
the energy efficiency improvements. Each of the three sector chapters describes some of the
policies that could enhance our portfolibhe existence of multiple policy options illustrates the
robustness of owstudy Rather than proscribing specific policies that are to be administered by
specificagencieswe emphasize that the efficiency improvements modeled here could be
brought about by any different policy interventions. The nine policies listed in Table 2.1

provide the structure for modeling impacts, but in fact many policies could be implemented with
a similar resultThe sector assessments (ClkapB5) describe thegeolicies in moe detail.
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Table 2.1 Portfolio of EnergyEfficiency Policies

Residential Commercial

Buildings Buildings Industry
Appliance Incentives and| Aggressive Commercial Process Improvement
Standards Appliance Standards Policy
Residential Retrofit and | Commercial Retrofit Assessments of Plant
Equipment Standards Incentives Utility Upgrades
Expanded Weatherizatior Combined Heat and Powe
Assistance Program Incentives
Building Codes with
Third-Party Verification

2.2 NATIONAL ENERGY MODELING SYSTEM (NEMS)

NEMS models U.S. energy markets and is the principal modeling tool used by EIA and DOE. It
consists of four suppigide modules, four demasside modules, two conversion modules, two
exogenous modules, and one integrating module (Figure 2.2). NEMS i$ theenwost credible
national modeling systems used to forecast the impacts of energy, economic, and environmental
policies on the supply and demand of energy sourcesandend s ect or s . l'ts fAr e
forecasts are based on federal, state, andlwaland regulations in affect at the time of the
prediction. The baseline projections developed by NEMS are published anndla#éyAinnual

Energy Outlookwhich is regarded as a reliable reference in the field of energy and climate
policy. It is also videly utilized to conduct the sensitivity analyses of alternative energy policies
and to validate research findings conducted by other government agencies including the
Environmental Protection Agency, Lawrence Berkeley National Laboratory, Oak Ridgealatio
Laboratory and the Pacific Northwest National Laboratory.
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Figure 2.2 National Energy Modeling System (NEMS)

(EIA, 2008)

The version of NEMS used for this modelingiUG-NEMS, which is short for Southeast
NEMS Users Group Duke and Georgia Thdave calibrate8NUGNEMS to the stimulus

release of NEMS, in Marc
attributes

of

h 2009. Any referesiceo

ANEMSO in t
E 1l A0 SSNuGeNE&EMS is.that wiiile i uses allthe same t i

hi

S

initial data as NEMSSNUG-NEMS incorporates changes specified for this studydoabnot

run on EI AO6s

system.

2.2.1 The Baseline Forecast

The starting pointor baselinefor any analysis that is measuring avoided energy consumption or
avoided expenses in the future, i.e. sonngtlthat does not happen that otherwise might have, is
critical to the results. Our baseline foreqastinceforth called Reference Scenacdbgnergy
consumption for the South, its three Census Divisions, the 16 individual states and the District of
Columbia are derived for this study from thedatedAnnual Energy Outlook 2009 (AEO2089)

reference projections. ThissRerenceScenaridorecast takes into account the Economic

Stimulus Package 2009 (EIA, 2009a).

E | AAnsual Energy Outlook 20Q&ovides eergy consumption for the nation, its four census
regions, and its nine census divisions, including the three that are in the South (South Atlantic,
East South Central, and West South Central). Energy production projections are provided by

2The AEO 20009

was released three

ti mes.

discussed as the basis for the Baseline Scenario throughout this document.
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NERC region. Th difference between NERC regions and census divisions is illusinate
Figure 2.3.The lines represent census divisions and the colors the NERC regions.

This Reference Scenario portraiie Southin 203Q much as it is todaylt assumes thaiver tre

next 20 years, the nation remains uncommitted to climate policy, and coal continues to be an
economically competitive energy resource. As such, energy efficiency is expected to carry the
external benefits of reduced greenhouse gas emissions and impnaerggl security. Many
energyefficiency investments are more casfective than many supplside options, but

numerous barriers including the policy environment often hinder erggfigiency investments
(Prindle, 2007; Brown and Chandler, 2008).

Regions
ECAR
2 | ERCOT
3 | MAAC
4 | MAIN
5 | MAPP
6
7
8
9

NPCC/NY
NPCC/NE
FRCC
SERC

10 [ SPP

11 | WSCC/NWP
12 | WSCC/RA
13 | WSCC/CNV

Figure 2.3 Overlapping Census and NERC Regions
(Fritze, 2009)

Becausehe AEO 2009 includes several strong efficiency policies promulgated in the Energy
Independence and Security Act of 2007 (EISA, 2007) anditherican Recovery and
Reinvestment Act of 200ARRA,2009),i t i ncl udes more fA-naturally
efficiency i mpr ovemeAEORO00T. maddition;, hAEOR@Y wsesa st i n
higher energy prices and a slower GDP growth rate.

2.3 DEFINITION OF PROGRAM ACHIEVABLE POTENTIAL

Whenevaluating the potential for any energy alternative to be deployed in futuresemars|

types of estimates are generally used (Rufo and Coito, 2002; NYSERDA, 2003; Eldridge, Elliott,
Neubauer, 2008) echnical potentiatefers to the complete penetaatiof all energyefficient
applications that are technologically feasible, regardless of economieffaagtvenesswe do

not quantify this potential because it would involve assessing many other policies and some that
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are not costompetitive. Economigpotentialis defined as that portion of the technical potential
that is judged coseffective.While this is a useful way to frame the current potential, it includes
investments that will not occur because decist@akers cannot be assumed to make optimal
decisions every time a technology or practice is seleBregyramachievable potentiak

defined as the amount of casffective (economic) potential that would occur in response to
specific policies such as subsidies and information disseminéitr@aognizes that the full
economic potential is difficult to achieve, but that effective policies and programs can cause
much of the coseffective potential to be realized. As such, program achievable potential is the
focus of our analysis. Of course, thegram achievable potential identified in this study is not a
maximum program achievable, as time and modeling constraints kept us from evaluating a wider
range of coseffect policies.

2.3.1 CostEffectiveness Tests

A number of economic approaches haeen used to measure the esi$ectivenes®f energy
efficiency investments. The most common approaches look at different actors and their
perspective of costffectiveness: only program participants, only utilities, society as a whole,
and more narrowlyegional utility and customers (NAPEE, 2007b).

We focus onthe total resource coffRC)test to evaluate the cestfectiveness of each of the
modeled energy policieQriginally developed to evaluate utility demaside management

programs (OTA, 1993the TRC test concludes thapalicy or programss considered cost

effective if the net present value of benefits is greater than the net present value of costs. Itis a
measure of the total net benefits of a program from the point of view of the aniditits

ratepayers as a whole. sum, gpolicy or program is cosgffective if it does not increase the
total costs of meeting the customersd servi
the total resource cost test (Office of ManagementBandd g et 6 s C4i94pc8).1l ar No.

According to NAPEE (2007b) the total resource cost test includes the following potential
benefits: avoided supply costs (production, transmission, and distribution) based on net energy
and load reductions, as well aber benefits that do not affect a utility such as fuel oil savings
and water savings. Energy efficiency costs include program administration costs and net
participant costs.

Numerous types of ebenefits tend to be excluded from TRC tests, such as vegoomfort

and saéty, reducedbperation and maintenance costereased worker productivithigher

resale value associated with enedfffcient building upgradegreenhouse gas emission
reductionsand improved air qualityThese benefits are ofteiffatult to monetize.For example,

Nno consensus exists today to place a value on avoiding the emission of a ton of carbon dioxide
(Tol, 2005).Numerous cecosts also tend to be excluded because they, too, tend to be difficult to
monetize, such agathetiassues (e.g., associateith compact fluorescent bulbs) anmttieased
maintenance costs due to unfamiliarity with new en&ffjgient equipment.

The reason that the TRé€stis well matched foENUG-NEMS is the same reason tratother
approachthe participant cost tesis less so.SNUGNEMS integrates the effects of the policies

24

ce
A



throughout the modeling, so it captures begseind costs to all customers $eparately
calculate the investments and benefits solely to participants is more difficult.

2.3.2 MeasuringEnergy SavingsDelivered and Primary

Resolving which energy is to be measured when determining potential energy savings is a non

trivial point. After all, energy is required to extract, process, and bring an end user consumable
enggy. The energy required to produce a un4t of f
usero can be | arge relative to the energy con
Energy is required to mine coal and drill for petroleum; eneygyged to create the compressed

air that drives natural gas pipelines; fuels are used to propel the trains and barges that ship coal;

and energy is lost in the transmission of electricity from the power plant to the consumer. Energy

is also embodied irhe power plants, trucks, trains, and other equipment that comprises the
energy production and delivery supply chain.
augment the energy contained in the delivered fuel or electricity to account fod tife fwicle

of energy consumed. As explained below, we use an electricity adder in this study, but we do not
use adders for other fuels.

In the case of electricityye assume th&.159million Btu are lost in the electric generation,
transmission andistribution steps that deliver 1 million Btu to the consumer in the form of
delivered energy. That is, 688bthe energy embodied in the fuel used to generate electricity in
the United States in 2007 is lost principally in the form of waste heat (EIAc2U@8le A2).

These electricityelated losses do not include the energy required to mine the coal or the energy
embodied in the various supply chain equipment. However, this addés8ifa typical factor

used to more completely account for the enasayed when less energy is used by the consumer.
This adder is also justifiable because most electrreligted losses from electricity consumption

in the South occur within the South.

2.4 RESULTS
The four scenarios used for the integrated anailysiade the following:
e Reference Scenario:The baselinéorecastconsistentwittE |l A6s st i mul us dat

e Energy-Efficiency PoliciesScenario:Built on top of Reference Scenario data including
all changes described in Chapters 3 through 5 fonitieeenergy efficiency policies.

e Carbon-Constrained Future (CCF): Sensitivity of theReference ScenaricAdding a
carbonpriceas noted above to $15 per ton in 2012 groveinguallyat 7%. Allowances
are redistributed to load serving entities as descabese and there are no carbon
offsets
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e All Energy-Efficiency Policies anda Carbon Constraint: This sensitivitylayers all of
the energy efficiency policies on top of the C&ifenario

The SNUGNEMS analysis of the Energy Efficiency Policies lookadhe policies from

multiple directions. Policies were evaluated one at a time, together within a sector as well as all
nine policies together. The major results were estimates of reduictiensgy consumption by
sector (aka, energysgings), changa electricity and natural gas rates, energy efficiency,

change in electricity generation and new capacity, as well as energy bill ch@egpesased

water demand was evaluated in a spreadsheet, while jobs and gross regional paadact (m
economic indictors) are captured by the DEEPER model.

For the purposes of this study, energy savings is avoided energy consumption in the future due to
programachievablepotential from efficiency policies. Energy efficiency refers to the percent
reductionofonefuue year s projected energy consumpti o
in that year, as a result of the program potentalergy bill savings is a measure of reduced
expenditures associated with energy as a result of efficiency policies and anyselesnd

effects. Changes in future generation and capacity needs due to the policy bundle are reported

by NERC region as NEMS evaluates electricity supply and dispatch as such, while demand is
grouped by census regions (the mapping of census and NERCsreggghrown above in Figure

2.3).

As there is no direct mapping of supply and demand regions. Southern totals will have a bit of
uncertainty. Three NERC regions are almost entirely within the Southern census regions, while
two others contain large chun&bSouthern state's.

2.5 SENSITIVITY ANALYSIS CASE: CARBON CONSTRAINED FUTURE

The integrated analysis involved combining the residential, commercial, and industrigl energ
efficiency policies i4&tfdiaenenicy HoODdoWrT i &S 0t IBe e
This full policy analysisis done twice starting at two different points. The Refer&usmario

is the obvious starting point, while teensitivity casés a future with a carbon constrattie
ACar®momstrai ned Fut urBasednaurrenColficalaneemsirseems

prudent tcevaluatewhether theenergy Efficiency Policiehold up better, worse or similarly in

the eventhat a price will be placed on greenhouse gas emissions over the next 20 years.

We approximate the impaof acarbon constrairtty adjusting several parametersSNUG-
NEMS. First, after examining the allowance price projections estimated by the Energy
Information Administration (EIA), Congressional Budget Office (CBO), Environmental
Protection Agency (EPABNnd Natural Resource Bxmse Council (NRDC), we setcarbon

13 Some details of NERC regions mapping to census regioperdggure 2.3: FERC is part of South Atlantic,
ERCOT is part of WSC region, and SERC other than a piece of Missouri is a piece of all three Southern census
regions. Parts of SPP, including all of Oklahoma overlap with WSC and SA, while ECAR, pdytialllaf

Kentucky and West Virginia are within ESC and SA respectively. MAAC encompasses the tip of SA.
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price starting at $15 per ton of carbon dioxide (2005 dollars) in 2012, growing at 7% annually,
and reaching $51 per ton in 2030. We also implemented an allowance redistributiontsgstem
gives 34% of allowanceto local distribution companigsDCs) startingin 2013 this share

smoothly decreases to 26%ttil 2026. From 2020n, this share dropby 5% annually. In 2030,
which is the last year of our study horizon, the allowances allocated®@s &25%* The
allowances given to the LDC are assumed to be passed through to consumers and subdue the
increase in retail electricity prices. Table B.JAppendix B gives the annual share of allowances
that are given to LDC.

We do not model the impaof carbon offsets, but if they were to be included, the cost of the

CCF Scenario would be lower. The CCF Scenario did not include any modifications to the nine
policies, while more aggressive policies might be expected we wanted to compare the same exact
policies under two scenarios. Therefore, we must note that this CCF sensitivity measures the
modeling effect of combining efficiency with a carbon constraint, but does not capture increased
investment or public interest in efficiency measures that wokedlylaccompany a mandated
constraint on carbon emissions. This report avoids jumping into the complicated design of a
carbon constraint, including such issues as alternative systems for distributing carbon

allowances, and the role of domestic and intéonat offsets.

2.6 ESTIMATING GRP AND EMPLOYMENT IMPACTS

To calculate the impact of our policy scenarios on the Gross Regional Product (GRP) in the
South, we used the 2008 impact coefficients for the South Census Region and for individual
States andhie District of Columbia, derived from the Minnesota IMPLAN Group.

For estimating employment impacts of the residential, commercial and industrial policies
outlined in this report, we used three different published methodologies:

e The American Council foan EnergyEfficient Economy InpuDutput Calculator.

e A study of the Center for American Progress (Padtinal.,2008).

e A multiplier used to estimate the job impacts of programs of the American Recovery
Reinvestment Act including Weatherization, th&tate Energy Program and other
efficiency efforts (Council of Economic Advisors, 2009).

Additional methodological details are provided in Chapter 6 and Appendix F.

2.7 CALCULATING WATER CONSERVATION FROM ENERGY EFFICIENCY

Using the energefficiency poential outined in this study, we projethe decrease in freshwater
consumption for the cooling of conventional and nuclear thermoelectric yadares n three
NERC regionsSERC (Southeast), FRCC (Florida) and TRE (Texasew other NERC

14 This allowance allocation was suggested by EIA and is similar to their approach for current legislative analyses.
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regions inalide fractions of the South (as shown in Figure 2.3 above), but we chose to focus on
these three which are almost exclusively within the Sousing data fom the Electric Power
Researchristitute, weestimateaverage water consumption in gallons per megghour based

on plant and cooling system tyme¢Chapter 6 and Appendix F for further details).

Oneassunption made is thdtalf of current plants in use would have otiseough cooling

systems, but that all potential new generation would use réatirgi(closeloop) systems due to
permitting restrictions on opdnop systems. These assumptions are consistent with NETL and
EIA data. Finally, we assumed that the ratio of freshwater to saltwater from-ptamercooling
would remain consistent in @ad the NERC regions (See Table Bz USGS data on the

current freshwater and saltwater percentages)

2.8 METHOD FOR DERIVING STATE -SPECIFIC ESTIMATES

For Appendi x G,methoddiogwaspoe d itomi mrgwduce fAbusi nes
basdine forecasts for the 16 individual states and the District of Columbia, which comprise the
Censugdefined South. The forecasts are derived from the third versidnrafal Energy

Outlook 2009 (AEO2009%kference projections, which takes into account@omic Stimulus

Package 2009 (EIA, 2009a). The methodology is based on the approach used by Stan Hadley in

his study of the energy efficiency and renewable energy potential in North C&tdidizy,

2003)

E I AAnsual Energy Outlook 20Q&ovides enggy consumption and production projections for
the nation, its four census regions, and its nine census divisions, including the three that are in
the South\(VestSouth Central, anBHast South CentrandSouth Atlantic). To create state
estimates, we cobine the values for all states in each census division and calculate the share of
each state to the total. In addition to the method, we adjust the state specific proportions,
considering the variation and difference in population growth rates acrogatdee s

The Southern Energy Efficiency Center (SEEC) has developed measurement and verification
protocols to estimate the energy consumption of individual states. According to that study, the
energy use per capita of each southern state in each sedv@eha®latively constant over the

last decade. The SEEC study supports our assumption that the energy use by state increases
proportionally to the population growth.

The methodology used here involves four steps:

A First, we calcula@the Normalized Bergy Use per Capita (NEUC) from 2004 to 2006
with the historical energy consumption and
Energy Data System (SEDS) (EIA, 2009e).

A Second, we approximat¢he energy use by state with the fixed NEUC and population

projections from the U.S. Census Bureau.

Then, we derived the annual share of each state to the total division.

Finally, using the state specific percentages, we alldcatethe regional AEO

projections to each state.

T 3>
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3. ENERGY EFFICIENCY IN RESIDENTIAL BUILDINGS

3.1 INTRODUCTION TO THE RESIDENTIAL BUILDINGS IN THE SOUTH

In 2007, the total residential consumptionthre South Census Region was 8gp@drillion Btu.

This represented 19.5% of the total energy consumption ie¢gihen. Nationally, the residential
sector was 21.3% of total energy consumpti on.
consumption, the residential sector represent
that of the nation (EIA, 20093 able S1). Though the residential secsost smaller fractioof

the total energy consumed, per capita residential energy consumption is higher than the national
average. Il n 2007, the South had an estimated
resdential sector consumption was 39.5% of all U.S. residential consumption (EIA, 2009a;

Census, 2009a)This higher energy consumption points to a greater potential for residential

energy efficiency in the South than the rest of the nation.

T h e S o siderttia sectar elies more on electricity than the national average. Retalil
electricity sales composed 27% of residential consumption in the South compared to 22%
nationally (EIA, 2009b; Table S4). Since electricity generation in the South is mard i

coal, natural gas, and petroleum than the nation (EIA, 2009c; Table S8), the electricity consumed
in the South is more carbon intensarad is associated with higher electrical system losses.

Figure 3.1 compares residential fuel consumption betwe=B8outh and the United States.

Liquid

Natural Gas Fuels
Subtotal

5.8%

Liquid Fuels
Subtotal

South 2.6% 11% United States

Coal
.01%

Natural Gas

0,
Renewables 22%

2%
Coal
.03%

Electricity

27% Electricity.
Related

Losses
47%

Renewables
Electricity 3%
Related
Losses

58%

Electricity
22%

Figure 3.1Residential Sector Consumption in the Soutrand US, 2007 (EIA, 2009p

The historical and projected energy consumption bystloeu trdsidestial sectas shown in
Figure 3.2.Historical consumptiois shown from 1960 to 200(EIA, 2009]). The projected
consumption is shown from 2007 to 2030 @andxpected to increase 18% from 2010 to 2030
(EIA, 2009)
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Figure 3.2 Southern Residential SectoHistorical and Projected Energy Consumption
(EIA, 2009; EIA, 2009d)

The South has the newest stock of housing in comparison to the rest of the nation. In 2005, 32%
of Southern homes had been constructed in or after 1990. In the Northeast, Midwest, and West
Census Divisions, the newest homes composed 12%,#8%21% of the stock respectively

(US DOE, 2009c). In 2007, over 51% of new homes built in the U.S. were also located in the
South (US DOE, 2009a; Table 2.2.7). While new buildings may be more efficient than older
ones, the type of homes built shouldaabe examined.

3.2 BARRIERS TO RESIDENTIAL ENERGY EFICIENCY AND POLICY OPTIONS

3.2.1 Barriers to EnergyEfficient Homes in the South

Energy efficiency retrofits of older homes and improved home construction practices are often
seen as two of the mbcosteffective strategies for cutting energy costs and curbing carbon
emissions (McKinsey & Company, 2009, p. xii). However, numerous market failures and
barriers impede investments in these opportunities.

Thelarge, diverse, and fragmentathture ofthe buildings industry is the source of some of

these barriersThe numerous participants in the decisioaking process have distinct interests,
they impact the process at different points in design, construction and use, and they often act as
decisionmaking intermediaries who do not represent the-@nm interests of building owners

and occupants (CCCSTI, 2009; Brown et al., 2009 he involvement of intermediaries in the
purchase of energy technologies leads to an veaghasis on lifeycle costs As a result,
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homeowners cannot see beyondriativelyhigh initial costsof energyefficient appliances
andbuilding constructiorpractices.Similarly, many builders adopt green building practices
because they do not know if higherupnt expendiires will translate into increased sale
values.

Information barriers occur when decisieomakers do not possess enough usable information to
make investments that are in their own best inteil@stisumers have been found to be largely
unaware of the rationships between their lifestyles, energy consumptiontreehvironment
(Garrett and Koontz, 2008 Behaviorairelated studies have shown that individuals do not know
how much energy appliances or their homes use, do not know where energy comassuone,

new appliances are efficient, do not consider energy when they make purchasing decisions, and
focus on ugront costs (Lutzenhiser, 2009; DEFRA, 2007; McKeown, 20@0metimes

information barriers are compounded bipek of trusted, actionablenformation. While a

bounty of facts and data is available to consumers, the information is often presented in terms
that are not specific enough to the consumer to be useful or to drive change.

Outdated building codes and appliance standards repregetdtory barriersto energy

efficient residential buildingsFor example, seven states in the South either do not have
statewide residential building codes, or have outdated codes from 2003 or &uiliéing
standards can also be distortionanyspte of their numerous positive influenceBecause codes
and standards take a long time to adopt and modify, the best performing materials and
technologies are not readily deployed, thereby inhibiting innovation and encouraging obsolete
technology Brown, et al., 20089).

Even wherstatessurpas®lderbuilding codes, theicode compliance is often limitedhe

continuous updating of existing codes, adoption of new codes, and expansion of code programs
to improve compliance and achieve real energy anddiabsavings ppear to be difficult for

many sates because they lack consistent code enforcement and support proGagn2005;

Zing Communications, 2007, p.23Building code compliance is difficult to determine,

especially given performandemsed stndards, where information is not readily available and
determination of measures require unavailable resources that many times may be prohibitively
expensive (Smith and McCullough, 2001; Yang, 2005).

3.2.2 Policy Options

To address these barriergdan support energy efficiency in the residential sector, this study
models foumpolicy packages: residential building energy codes with third party verification,
expansion of the Weatherization Assistance Program, incentives for existing hafies reith
equipment standards, amdproved appliancetandards anishcentives

High initial costs, regulatory barriers, and code compliance are addressed by the modeled
policies. Incentives for retrofit equipment and appliances lower the relatively hiigih ¢coists

of energy efficient equipment and appliances. The residential building energy codes remove
regulatory barriers by implementing more efficient and updated codes, while third party
verification also improves building code complianédl standads and regulations algssist in
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overconingt he bui l ding industryds fragmented struc

impede voluntary consumer adoption.

The fourpolicy packages are only some of many policy alternatives that may improve residenti
energy efficiencyand address barrierJable 3.1ikts examples of policy actiomscluding those
that aremodeled which are presented in italics. Someta presentedolicies could be used as

substituesto the modeled packages, or as complenmgretions.

Table 3.1 Policy Actions that Support Residential Energy Efficiency

Residential

for Existing Buildings

Support for Energy
Efficiency Mortgages
(EEMs)

Retrofit Incentives o Appliances Expanded
. ) Building Codes : o
Actions and Equipment - . Incentives and Weatherization
with Third -Party .
Standards e Standards Assistance Program
Verification
Development of.new Support forR&D in Support for research Development of‘new
Research, insulation, heating, advanced buildin and development for]  insulation, heating,
Development, and and cooling g innovationin and cooling
; : processes and . .
Demonstration technologies for local . appliance technologies for local
: materials :
climates performance climates
Low or nainterest
L NoInt ‘ loans forincremental
ow or Nonteres cossof new Low or No-Interest
Loans for Incremental construction
Financing Cost of Improvements : Loans for ENERGY N/A
improvements STAR® Appliances

Financial Incentives

Retrofitsrebates

Tax credits for
efficient purchases

Incremental cost
rebates to builders for
hones that meet or
exceed building
energy code

Permit fee or pperty
tax reductions for

Efficient appliance
rebates

Tax credits for
efficient purchases

Appliance Buyback

Grants or publicly
funded provision of
retrofits

National efficiency
standards for retrofit
equipment

compliance inspectior

Energyefficiency
rating and labeling

National efficiency
standards for
appliances

. Programs
efficient homes
Pricing N/A N/A N/A N/A
Agreement between
Voluntary Agreements N/A major builders in the N/A N/A
area to meet or excee
code
. . - Broad appliance
AIIow_lng thl_rd party Model Building standards with tighte
compliance inspection Energy Code . )
. legisiation requirements National $andards on
Resale energy rating g - - <
. 9 . . Standby Efficiency | minimum efficiency
Regulations and labeling Allowing third party Standards for retrofit equipment

and appliances
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Table 3.1 Policy Actions that Support Residential Energy Efficiency

. . Residential .
Retrofit Incentives 1es dentia Appliances Expanded
: - Building Codes . o
Actions and Equipment - . Incentives and Weatherization
Standards NI Bart Standards Assistance Program
Verification 9
Training architects ang Traini ract
contractors Public Awareness raining contractors,
. : . weatherization
Public Awareness campaigns to inform officials. and
campaigns to inform | Training architects, consumers of the community ’providers
Information consumers of the | builders, contractors, benefits of )
Dissemination & benefits of and code enforcemer] ~ conservation and Public Aware_n(fess
Training conservation and officials efficiency measures| campaigns to Ttﬁrm
efficiency measures Advanced metering conbseunrzﬁtrz gf €
Advancedmetering (in_terior_, rea_Ltime, conservation and
(interior, realtime, with price signal)

. . i efficiency measures
with price signal)

Government efficient
Procurement N/A N/A appliarce lead by N/A
example programs

Enable Orbill

Financing for Retrofits, N/A N/A N/A

Market Reforms

Evaluation and
Planning Techniques N/A monitoring for N/A N/A
feedback

Centers for energy Centers for energy | Centers for energy | Centers for energy
efficiency to train next| efficiency to train next| efficiency to train | efficiency to train next

Capacity Building generation of generation of next generation of generation of
architeds, builders, architects, builders, | architects, builders,| architects, builders,
retrofitters retrofitters retrofitters retrofitters

Lighting efficiency policies were not included in this report. Such policies are typically
considered appliance efficiency standards, buSINEGNEMS logic handles it separately.

Most of the savingsgssible through eneregfficient lighting have already been accounted for in
the American Recovery and Reinvestment Act (ARRA) and ilstMegG-NEMS Reference
ScenarigPersonal Corgpondence with John Cymbalsky, October 1, 200%)e Energy
Independence and Security Act of 2007 (EISA) called for an increase in incandescent bulb
performance and required the Secretary of Energy to consider implementing a minimum standard
of 45 lumenger watt for general service lamps by 2QE4#SA 2007) This effectively phases

out incandescent budpwhich only prodae about 15 lumens per watt. The implementation of
the ARRA in NEMS was done by phasing out inefficient incandescent bulbs starting in 2012,
thereby leading to increased adoptiortampact fluorescent light bulb€FLs) andlight

emitting diodesl(EDs) for this bulb typgPersonal Correspondence with John Cymbalsky,
October 1, 2009) In addition to this measure, the American Clean Energy and Security Act
(ACESA) calls for the creson of lighting efficiency standards for outdoor light sockets in 2012
(ACESA, 2009)

The Department of Energy (DOE) has announced new lighting standards that address fluorescent
tubes and reassed can lighting fixtures, which contain reflector lamps (Mufson, 2009). The

more efficient T8 lamps will replace T12 lamps in fluorescent lamps, while both incandescent

and halogen bulbs in reflector lamps will be replaced by highly efficient halogeneidf
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reflector bulbs (ACEEE, 2009)\While the performance standards for general service
incandescent lamps required by the 2007 Energy Independence and Security Act (EISA) are
already accounted for in the 2009 baseline, the new standards will be imigdrngithe EIA in

the 2010 Annual Energy Outlook (AEO) (Personal communication with John Cymbalsky,
October 1, 2009). Therefore, the savings from the new lighting standards for the year 2010 are
an example of many small savings opportunities that wereapbtired in our report.

Lastly, if solid-state lighting (SSL) is successfully commercialized such that it achieves its price
and performance levels for fedpectrum white LEDSs, it could displace general illumination by
2027 while saving about 1.2 quadstiat year alone, which is equivalent to the annual output of
44 large power plant$EERE 2007) This is also one of the opportunities for energy savings that
has not been taken into account in this report.

3.3 ENERGY EFFICIENCY POLICIES IN RESIDENTIAL BUILDINGS

3.3.1 Residential Building Codes with ThirdParty Verification

Most states adopted residential energy codes in the 1970s but implementation and enforcement
are not consistent acrossbetweerstates, which is in parue to the fact that energy codes rank
below health and safety codes as a priority for enforcement ('280§). As a consequence, the
energy and cost savings potential fromlding codemplementation is ndully achieved.

Figure 3.3 shows a commerdjahvailable home with an airtight higR exterior insulation

finish system (EIFS) that is resistant to moisture and saves more energy than brick, concrete,
stucco, or fiber cement sidirfapsa, 2009)

Figure 3.3 Exerior Insulation Finish System (Lapsa, 2009)

DOE evaluates states that hate InternationaEnergy Conservation Code (IEC&)d the
ASHRAE Sandard or an equivalent code for residential buildings (U&E[XD09e). No state in
the South has adopted the IECC 2009 code, its equivalent or Bdtigda, the District of
Columbig Georgia, Kentucky, Louisiana, Maryland, North Carolina, South Carainth

Virginia have adopted the IECC 2006 code or betéekansas;Tennessee and West Virginia
have adopted the IECC 2003 code, while Texas has adopted the IEGCI®@0dode.
Meanwhile, Mississippi, Alabama and Oklahoma have adopted no statewide code (US DOE,
2009e). Figure 3.4 presents a map of residerislding code adoption in the South.
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Status of State Building Energy Codes: Residential

As of December 2009

I 1ECC 2009 equivalent or better IECC 2003 or equivalent [ ] Older or less stringent than IECC1988
[ ] IECC 2006 equivalent or better IECC 2001 - 1988 or equivalent [___| No Statewide Code

Figure 3.4 Residental Building Codes in the South as of December 2009

Policy Description and Modeling.The policy for reducing energy consumption through more
stringent building codes was modeled by providin@% 3ubsidy in the installation costs for
appliances that were covered by the most stringent building codes in NEMS nadimelmnost
stringen building codes are subsidizbg 30% of installation costs for building equipment.
Updated and improved buildirgpdes were assumed to be implemented every six pgars
eliminating the least stringent code and allowing only the more stringent ones to. I8egain
Appendix G2.1 for further details.

Technology Demand Shifts As shown in Table 3.2, more aggressivédding codes with

increased enforcement can cause a shift in the types of cooling, heating, and water heating
equipment that are bought. The building code policy results in the virtual elimination of new
purchases of room air conditioners and a sizeablease in the purchase of electric heat pumps
with their inherently high efficiencies. Similarly, electric radiators see a significant decline in
purchase with the building code policy, with electric heat pumps accounting for nearly half of
heating equipnm@ purchased in 2030. For water heating, the building code policy causes a shift
away from natural gas units and toward electric water heating.

Interestingly, the residential code upgrades do not create a large demand for geothermal heat

pumps or solar ater heating. Other types of policies (or revised building codes) are needed to
encourage a shift to these renewable alternatives.
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Table 3.2Technology Demand Shifts from Building Codes
with Third Party Verification Policy*

Efficiency Reference Policy
End Use Equipment Class 2020 2030 | 2020| 2030| 2020| 2030
Cooling Central A/C- SEER 14-23 1523 52% | 50% | 53% | 57%
Electric heat pumpsSEER 13-20 1321 18% | 22% | 43% | 41%
Geothermal heat pump€£ER 19-30 1931 0%| 0%| 2%| 2%
Room A/C- EER 11-13 11-13 31%| 28%| 1%| 1%
Heating Electric heat pumpsHSPF 8-11 8-11 27% | 33% | 44% | 49%
Electric radiators 33% | 29% | 20%| 7%
Geothermal heat pump<OP | 3.95.1 3.95.1 0%| 1%| 2%| 2%
LPG furnaces AFUE 81-96% 82-96% 5% | 5%| 5%| 6%
Natural gas furnacesAFUE 81-96% 82-96% 27% | 26% | 27% | 35%
Natural gas radiator 1% | 4% | 1% | 1%
Water
heating Electric water heatingEF 0.920.95 | 0.920.95 | 58% | 58% | 70% | 71%
LPG water heating EF 0.631.4 |0.861.4 2%| 2% | 4%| 4%
Natural gas water heatindeF 0.800.85 | 0.800.86 | 40% | 39% | 26% | 26%
Solar water heatingEF 0.84.8 0.84.8 0%| 0%| 0%| 0%

Energy Savings Figure 3.5 displays the percentage reduction of primary salijngensus

*These refer to the percentage of new appliances purchased in the reference case and in the policy scenario
in each year.
*SEER = Seasonal Energy Efficiency Ratio
*EER =Energy Efficiency Ratio
*HSPF = Heating Seasonal Performance Factor
*COP = Coefficient of Performance
*AFUE = Annual Fuel Utilization Efficiency
*EF = Energy Factor

region showing that the energy savings in 2020 and 2030 are greatest in the South Atlantic,
followed by the West South Central and East South Central divisions. The psawargs for
this program by censuBvision are shown in Tabl8.3 wherghe cumulative primary energy
savings in 2030 are also highest in the South Atlantic division, followed by the West South

Central and East South Centrehe SNUGNEMS output shows that from 2010 to 2030,

441,667 homes are affected by the policy, whigqusivalent to an incremental cost of about
$9,000 per home in public costs.

The building envelope improvements resulted in significant savings for heating, cooling, and
water heatingnduses
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Figure 3.5 Primary Energy Savings for ResidentialBuilding Codes

Table 3.3 Primary Energy Savings for Residential Building CodegTBtu)
WSC ESC SA Total
2020 56.2 22.8 104 183
2030 92.5 40.3 174 307
Cumulative ta2030 1,090 469 1,970 3,520

*Primary energy savings is the energy required to gemd¢hatavoided energy.
Energy Bill Savings. See Figure 3.6 for the percentage of energy bill savings from the

Residential Building Codes with Thifdarty Verification policy. Energy bill savings range from
about 4% in the West South Central to about 6%he South Atlantic Division in 2030.
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Figure 3.6 Energy Bill Savingsfor Residential Building Codes
with Third -Party Verification
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Economic Test. Energy bill savings measure the private household benefits, but the costs
associated with the resideaitbuilding codes policy include both public and private costs. The
policy is evaluated for a twenty year period beginning 2010. Investment costs occur during this
same duration, while energy bill savings continue beyond this period due to the lifethree o
measures installed in the latter years of the policy. The energy bill savings exceed the public and
private investment costs for much of the time, suggesting the policy is highlgftexsive

(Figure 3.7). Appendix C.3 summarizes the cost anthgs\calculations for the policy.

A AN
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== Energy Bill Saving ==Public Investment Private Investment

Figure 3.7 Cost andSavings fromResidential Building Codes
with Third -Party Verification Policy

Levelized Cost of Energy Efficiency.The levelizedtost reflects the cost to achieve a particular
amount of energy sings through the implemented policies. Table 3.4 presents the levelized
costs from th&kesidential Building Codes with Thifdarty Verificationpolicy.

Table 3.4 Levelized Cost of Energy Efficiencyirom Residential
Building Codeswith Third -Party Verif ication Policy in 2020

Energy Type Cost of Efficiency
Electricity (¢/kWh) 3.4
Natural Gas (¢/therm) 9.2
Total Energy ($/MMBtu) 10.8

Economic Test. Administratve costs ardoased on one administrator per state at a salary of
$150,000 per annum and amployee at $75,000 per annum. It also includes an additional
employee for the verification of every 100,000 homes in the state at $75,000 pgB€ar

report, 2009).The investment cost is calculated by subtracting the new investment in the policy
seenario from the new investment under the basic stimulus plan and then summing up this
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difference in investment from 2010 to 2030. The values are provided in the NEMS output files.
The savings are extrapolated to 2050 in order to account for the exirgssinat accrue through

the lifetime of the appliances adopted in 2080ices used in the calculation are frdme
SNUGNEMS price forecasts to 2030.

Table 3.5 displays some details of the total resource cost test for this policy. Thedmtefit
ratio is 5.6, which shows that the benefits from the policy are nearly six times as great as the
associated costs.

Table 3.5 Total Resource Test for Residential Building Codes with ThirdParty Verification *

(Million $2007)

Total Total
Public Costs Private Casts Discount Discount
Costs Savings | B/C
ATE Incgztl::ént (Invﬁr;?r:zlnt & Cumuilative Cumulative
Administration Cost pe— Other) Costs Savings
2020 3.85 201 769 5,740 11,600
2030 3.83 305 21 7,280 31,100 5.6
NPV 42 1,550 5,690 7,280 40,900

* Cumulative Costs and Savings beginning in PPV included savings post 2030

3.3.2 Appliance Incentives and Standards

Appliance efficiency standards require that certain appliances meet minimum energy efficiency
levels. They are cost effective, increase consumer bill savings, reduce air and water pollution
and improve electric system reliability by reducing peak denf@htidge, deLaki et al, 2006)

The first states begadoptingresidential appliance standards in the 19B0s as of October

2008, only the District of Columbiand Marylanchavepassed state appliance efficiency

standardsn the South Other state®llow nationd standard¢ASAP, 200%; DSIRE, 2009).

Federal standards for residential products such as refrigerators, freezers, clothes dryers, ranges
and ovens, dishwashers, and clothes washers exist. Many were implemented by the National
Appliance Energy Consenvah Act of 1987 (ASAR, 2009).

The American Cleainergy and Security Act of 20@@lls for the provision of financial
incentivestoretailers el | i ng | ar g ein-dausasnd iap pelsi aorfc efisbh essnd ma
improvements to the current standaedting process dhe Department of EnergyWaxman and

Markey, 2009) The electric heat pump clothes dryer is an example of an appliance that can

increase residential energy efficiency (See Fdli8 below). It can achieve a cumulative energy
reduction of 34 trillion Btu in the South from 2009 to 2030 (EPRI, 2009b).

39



Figure 38 Heat Pump Clothes Dryer(Pricelnspector, 2009)

Policy Description and Modeling.

Due to the long lead time in the development of new technologies, it is necessary to implement
policies to increase the adoption of more efficient technologies. Such policies alsssaddhe

slow rate of turnover for many of these appliances and helps generate significant long term
savinggPhilibert 2007)

This policyis defined as a 30% subsidy for ttepitalcost of the most efficient appliance
available. The subsidy focuses on the following equipment classes: dishwesbkirsg,
clothes washers, food refrigeratj@md food freezing.

In addition, aederal appliance standard, assumed to be adopted by all states as required by
federal rule, was also implementexd refrigerators, freezers, and clothes washers. The
standards are assuwad to be renewed every ten years, where more efficient appliances are
mandated The lowest efficiency appliance in each equipment class was renmotrexlyear that
the respective standard is assumed to come into .eff&de Appendik.2.3for additional

details.

A federalsubsidy for efficient appliancésms beemodeledby alteringan SNUG-NEMS
residential input file detailing appliance efficiencies and costs. Only equipment cléitsas
efficiency improvement during the study et received the subsidy for the highest efficiency
appliance within the class. For these appliances, a 30% reduction in their cost was given.

An additional sensitivityanalysisvas conducted to determine tiéect of clothes washers and
refrigerators a theappliancep ol i cyds savings and economics.
these two appliances cost the most per energy saved. The sensitivity run removed clothes
washers and refrigerators from both the appliance standards and the incentigesdloWwed a

rangeto be estimated for the appliance policy, given a varied policy design.

Technology Demand Shifts This policy causes a shift towards higher efficiency equipment, as
would be expected, for heating, cooling, and water heatingisesl Table 3.6 lists the

appliances, their efficiencies, and their percentage of use in the reference and policy scenarios for
a few examples. See Appendix C.2.3 for additional technologies. The numbers listed in the
efficiency column are derived from tBNUG-NEMS input file. Some numbers exceed one
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since they includes traditional efficiency numbers and efficiency as rated by ixagéo the
discrepancy othe efficiencynumbers ircNUG-NEMS presented as afiency and as rated by
usagein some casebe efficiencyincreases in numeric value with increased efficiency (like
LPG and natural gas stoves). In other cases, the effidgpecgsented as rated by usage and
decreases in numeric value with increased efficiency (like dishwashers).

Table 3.6Total Technology Demand Shifts fromAppliance Incentives and Standards Policy

L - Reference Policy

Description Efficiency 2020 2030 2020 2030

Dishwasher 0.65 52% 52% 0% 0%
0.35 0% 0% 100% 100%

LPG Stove 0.399 75% 74% 30% 0%
0.420 25% 26% 70% 100%

Natural Gas Stove 0.399 82% 82% 29% 0%
0.42¢ 2% 18% 71% 100%

*Theseare thehigh efficiency models

Energy Savings The primarysavings for thigolicy by census region are shown in TaBlé,
which indicates that the highest savings can be obtainée iBouth Atlantic, followed by the
West South Central, and then the East South Central division (Figure 3.9).

Table 3.7 Primary Energy Savings from
Appliance Incentives and Standards Policy (Btu)

WSC ESC SA Total

2020 13 7 32 53

2030 28 15 59 102
Cumulative to 2045 509 268 1,110 1,88

*Primary energy savings is the energy required to generate the avoided energy.
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Figure 3.9 Primary Energy Savings for Appliance Incentives and Standards

The sensitivityanalysisfound that theemoval of clobhes washers and refrigerators frtime
policy decreased total cumulative energy savingd3%. A total of 1,080 TBtu of energy
savings were realized cumulatively to 2045 in the sensitivity case.

Energy Bill Savings. Energy bills are reduced with tipelicy, varying from zero to about one
percent savings (Figure 3.10). The energy bill savings around 2022 dip significantly for all three
census divisions. During this time, the policy scenario prices increase above the reference
scenario prices.
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Figure 3.10Energy Bill Savings from Appliance Incentives and Standards

Levelized Cost of Energy Efficiency.The levelizedcost reflects the cost to achieve a particular
amount of energy savings through the implemented policies (Table 3.8).
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Table 3.8 Levelized Cost of Energy Efficiency from Appliance
Incentives and Standardsn 2020
Energy Type Cost of Efficiency
Electricity (¢/kwh) 15
Natural Gas (¢/therm) 60
Total Energy ($/MMBtu) 42

The levelized cost for electricity is above residential mgrkiees, while the levelized cost for
natural gas is below market prices. This may suggest that the policy may be either at or below
cost beneficial.

The sensitivityanalysissemoved clothes washers and refrigerators from the policy. These two
applianes were the most expensive per unit energy saved in the appliance policy. With their
removal, the levelized cost for total energy decreased to $14.5 per MMBtu. This decrease shows
that the levelized cost is variable, depending on the appliances thae retemdards and

incentives.

Economic Test.

Energy bill savings measure the private household benefits, but the costs associated with the
residential appliance policy include both public and private costs. The policy is evaluated for a
twenty year peod beginning 2010. Investment costs occur during this same duration, while
energy bill savings continue beyond this period to 2045 due to the lifetime of the measures
installed in the latter years of the policy.

In general, the public investment céat this policy is higher than the private investment costs

and energy bill savings. Energy bill savings decrease around 2022, likely due to the relative fuel
price increase projected for the policy scenario in comparison to the reference scenaate. Priv
investment costs are negative for the first four years (Figure 3.11). Along with possible free
rider issues, it is possible the policy may be providing too generous of a subsidy which is
inflating public investment costs and depressing private inwgtoost. Appendix C.3

summarizes the cost and savings calculations for the policy.
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Figure 3.11 Costs and Savings fromAppliance Incentives and Standard$olicy

Table 39 Total Resource Test for Appliance Incentives and Standards*
(Million $2007)
Total Total
Public Costs Private Costs | Discount| Discount
Costs | Savings e
Annual Annual Annual Cumulative| Cumulative
AdministrationCost | Investment Cos| (Investment & Other)|  Costs Savings
2020 6.86 2,360 348 14,500 2,100
2030 13.3 3,480 352 25,500 5350 | 0.3
NPV 63.8 22,900 2,590 25,500 7,060

* Cumulative Costs and Savings beginning in 24PV included savings post 2030

The beneficost ratio of the policy is 0.3, showing that the benefits actually less than thé cost o
the policy. This ratio is lower than expected. It is likely that the 30% subsidy for appliances is
too generous, which causes the public costs to be much higher than necessary for the estimated
energy efficiency potential. Also, due to the limitedesgbns of appliances BNUG-NEMS,

the most efficient technology that received the subsidy in some cases was also the only
technology available due to the implementation of the standards. This likely forced the public
cost to be highen these cases, duo a free rider effees consumers who were going to buy

the appliances regardless also collected the subsidy

The cost per energy savings varied for each appliance that was included in thelpdhey.

sensitivity case, the removal of the two mespensive appliances (clothes washers and
refrigerators) improved the benefit cost ratio. Total net present value costs reduced to $5,650
and total net present value benefits decreased to $4,080. This increased the benefit cost ratio to
0.7. Overallf he sensitivity runés cumul ative costs
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cumul ative cost. Il ts cumul ative benefits wer

Since some appliances may be more costly per energy savings, the appliancesilthatsive
incentives and other policy actions should be selected judiciouslyséaisigvity findings

suggest thaappliances includedithin the policy may significantly impact the cost benefit level.
Additional exploration into the effect of inddal appliances on the total economics must occur
for greater insight into their effects on the overall policy.

3.3.3 Expanded Lowincome Weatherization Assistance

The Weatherization Assistance Program (WAP) is a federal block grant program imptémente
50 states, the District of Columbia, Puerto Rico, and other U.S. territories (Kad®@ulsipher,
2004; US DOE, 2009%f The program increases the energy efficiency of homes occupied by low
income individuals to reduce energy expenditures and isele@alth and safety. The program
especially focuses on the elderly, the disabled, andigsmilith children (US DOE, 2009g
Households at or beloane and a half times tipoverty level are eligible.

By 2005, theWAP hadweatherized over 8 million low-incomehomessince inception (DOE,

2009). Improvements in energy savings from weatherization measuresbee@sedn the WAP
since its original inceptionThese additional savings wdeggely due to improved technologies in
determining infiltraton leakages, the use of energy audits, and better program design. Insulation
measuresverealso more commonly used in recent years (McCold et al, 2008).

In a study by Schweitzehe average cost for weatherizing a natural gas heated home wasif2,913
2003 dollars. The lifetime benefits associated with weatherizing a house was estimated to be $3,466
in 2003 dollars.This generated benefit to cost ratio of 1.34 for lifetime energy savingdenefit

to cost ratio of 2.58vas found wheiboth energ and norenergy benefitsrere included2005).

According to the Census, Southern states have a higher proportion than the national average of

individuals and families who qualify for WAP (See Table 3.10). This means it has a larger
population that cabenefit from the policy we call Expanded Weatherization Assistance Program.
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Table 3.10Below 150% Poverty by Southern State, 2008

(Census, 2009

% Individuals % Families
Nation 23 18
South Average 25 20
South Atlantic DC 26 23
DE 20 16
FL 23 18
GA 24 20
MD 16 13
NC 25 20
SC 26 22
VA 17 14
WV 25 20
East South Central AL 25 19
KY 27 21
MS 33 27
TN 28 24
West South Central AR 27 23
LA 30 24
OK 24 19
TX 28 24

The American Recovery and Reinvestment Act of 200RRA) provides $5 billion dollars to

the Weatherization Assistance Program, with a presidential goal of weatherizing 1 million homes
per year (DOE, 2009. Under theAmericanRecovery and Reinvestment Act of 2Q@&RRA),

the amount of funding fagach statvaries from a low of about $4 millidior Hawaiito $394

million for New York (DOE, 2009i) The southern state with the highest amount of funding is
Texas with over $326 million dollarevhile the lowest amount of fundingpes to thdistrict of
Columbg, about $8 million dollars (DOE, 2069 SeeFigure 3.12 showthe stimulus funding

for all the southerstates.
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Figure 3.12ARRA Weatherization Assistance Program Funding for Southern States

The ARRA revises several program statutes. Finsthausehold at or below 200% of poverty

is now eligible for the program. Second, the maximum that can be spent per dwelling was raised
to $6,500 from $2,500. Third, the Secretary may encourage states to prioritize certain activities,
such as attic insulationf he believes such changes would increase program effectiveness.
Fourth, up to 20% of total funds can be for training and technical assistance. Lastly, assistance
for previously weatherized dwellings are eligible for weatherization again if they were
weatherized before September 30, 1994, instead of September 30, 1979 (ARRA, 2009).

The Weatherization Assistance Program was touted as one of the best programs to create green
jobs and stimulate the economy during this economic downturn. Recentlypid@se the

focus of criticism. As of February 2010, only an estimated 8% of the five billion dollars
appropriated to the program was spent (Ling,
inhibiting a larger contribution to economic revitalizatiofss is true with all programs, the
Weatherization Assistance Program cannot be effective if the necessary funds are not received.
Though funding dispersal may have temporarily affected the number of homes weatherized by

the program, the Department ofdfgy is resolving the issue (Ling, 2010). It is unlikely that the
programbés effectiveness i nneedediunds areimhgandenaser gy e
been affected by the temporary funding setback.

Over the years, the Weatherization AssiseaRrogram has increased the cost effectiveness of
implemented measures due to advanced diagnostics, like bdimeeguided air sealing and
improved methods for weatherization measure selection (US DOE, 2009j). Other diagnostics
such as infrared cameresdetect heat loss and duct blowers to measure duct air leakage can
also be used (Energy Star, 2009a).

New innovations in retrofit technologies that not only improve energy efficiency, but also
decrease costs, will also improve the effectiveness ofxtparitled Weatherization Assistance
Program. For instance, cellulose insulation has a high insulation factor and low cost since it can
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be made from recycled content such as newspapers. Use of such insulation can also increase fire
safety. Cellulose insui@an was found to have the highest fire resistance when compared to rock
fiber and fiberglass insulation (Kodur and Sultan, 2006).

New developments, such as cellulose insulation with 20% phase change material (PCM), can

bring additional efficiency. TBinew generation dynamic insulation uses the PCM, a substance

like paraffin wax, to absorb thermal energy when hot and to release it when cold to better

regul ate the homebés temperature (Advanced Fib
for retrofitting and for new homes and is currently commercially available (Lapsa, 2009).

Application of the new insulation can use existing cellulose insulation technology (Advanced

Fiber Technology, nd; Lapsa, 2009). Figure 3.13 shows magnified picturesRsE khevithin

cellulose insulation and Figure 3.14 shows cellulose insulation with 20% PCM being applied.

Polymer
coating

Figure 3.14 Implementation of Dynamic Cellulose Insulation witiPhaseChange Material
(Lapsa, 2009)

Policy Description and Modeling.The expanded Low Income WA#sumesthatthe increase

in funding to the WAP from the ARRA will continue, but decline to a national budget allocation
of 1.7billion dollars per yea¢2007dollars) through 2030This policy only considers assistance
provided by DOE fundingA lifetime of 20 years is assumed for the weatherization measures.
During this time, the efficiency of the weatherization measures is assumed to decrease by 30%.
Single family, multifamily, and manufactured housing were all included within the policy
scenario. The $6,500 investment per home allowed by the ARRA is assumed to decline. The
investmentost per home in 20M0as assumed to [#2,600. Thereafter, it is ssumed to
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decrease by 1% per year due to improved technologies, diagnostics, and knowledge. From
20102030, an 18% increase in the number of home weatherized per year is achieved with these
assumptions with a cost of $2,127/home in 2030.

A table of newalueswas calculatedb replace the existingaluesin anSNUG-NEMS input file
(See Appendix €.2). Afterwards SNUG-NEMS was run to project the savings from the
expanded WAP alone. See Appendi2 @ for additional details on expanded WAPSNUG-
NEMS.

Energy Savings.The primary energy savings values vary from census division to census
division (Table 3.11) The energy savings are largest for the South Atlantic, followed by the
West South Central, and the East South Central census regions. Aé¢rgsesavings follow
population trends

Table 311 Primary Energy Savings from
Expanded Weatherization Assistance Program Policy (TBtu)

WSC ESC SA Total

2020 7.25 5.56 13.0 25.8

2030 8.45 6.01 8.66 23.1
Cumulative to 2050 227 167 312 707

*Primaryenergy savings is the energy required to gené¢hnatavoided energy

The primary energy savings by census division is small because the program participants are a
small fraction of all households (See Figure 3.11). The percentage reduction in energy
consumption from expanded WAP is greatest in the East South Central census division, which
hasalarger lowincome population.
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Figure 3.11 Rercentage Reduction of BEmary Energy from Expanded Weatherization
AssistanceProgram Policy
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From 2001 to 200&bout 97,900 households were weatherized annmalhe countryusing

DOE funds(WAPTAC, 2009). The expanded Weatherization Assistance Program policy
weatherizes about 4.35 million low income householdsver 217,000 per year in the South

from 20102030. This isabout sixtimes as many households that may normally be weatherized
in the Southhy DOE fundsper year The number of households served by the expanded

program is estimatedtobe 0:81. 6 5% of t hhouséoldptojedied byENVE a |

NEMS. Assuming the average percentage of households below 150% poverty remains at 2008
levels for all three census divisions, the policy serves abot.2%8 of the lowincome

households in the South.

The cumulative primary energy savings from thesesdolds are over 700 trillion BtuFrom
20102030, the average primary energy savings per household varied from 123, 160, and 130
million Btu in the South Atlantic, East South Central, and West South Central census divisions
respectively.

Energy Bill Savings.Figure 3.12 shows the percentage reduction of the energy bill savings from
the expanded program. As mentioned above, the percentage reduction is small because the
number of households weatherized per census division is small in comparisorotssahdids.

The energy bill savings around 2022 dip significantly for all three census divisions. In the South
Atlantic census division, the energy bills actually increase for about two years during that time.
These ardikely due to the increase in pemted energy prices for the policy scenario during this
period when compared to the reference scenario.
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Figure 3.12 Energy Bill Savings from Expanded Weatherization Assistance Program Policy

Levelized Cost of Energy Efficiency.The levelizeccost rdlects the cost to achieve a particular
amount of energy savings through the implemented policies (Table 3.12).
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Table 3.12 Levelized Cost of Energy Efficiencyfrom
Expanded Weatherization Asistance ProgramPolicy in 2020
(2007%)

Energy Type Cost of Eficiency
Electricity (¢/kwh) 8.6
Natural Gas (¢/therm) 230
Total Energy ($/MMBtu) 24

The electricity levelized cost for this policy is 8/Wh in 2007 dollars, which is lower than

most residential retail electricity prices seen in the South, whietaged 8.8.0.5¢/kWh by

census division in 2007 (EIA, 2009g). Since the levelized cost for electricity efficiency is lower
than most retail costs, the electricity efficiency potential from the Expanded Weatherization
Assistance Program policy can be agbkwith modest savings in most savings. In 2007, only
four states in the South had retail electricity prices that were lower than the levelized cost for
electricity efficiency. These states were: West Virginia (@kA\8h), Kentucky (7.34/kWh),
Tennesse (7.84/kWh), and Oklahoma (8.8&Wh) (EIA, 2009q).

The natural gas levelized cost for this policy is @8erm which is also higher than residential
retail natural gas prices seen in the South. In 2007, Southern residential retail prices varied fro
120-206¢/thermin the states and DC (EIA, 2009g). The levelized cost of natural gas efficiency
for the expanded Weatherization Assistance Program is higher than all of these prices,
suggesting that the natural gas measures implemented by the policyn@bbk cost effective
immediately.

As electricity efficiency comprises 886% of the total efficiency potential while natural gas
comprises 287%, the savings from implementing electricity efficiency measures will likely
offset the costs associatettlwnatural gas efficiency measures.

Economic Tests.The energy bill savings from the policy exceeds the public and private
investment costs associated with the program for the much of their duration (See Figure 3.13).
Due to the relative price increa of the policy scenario around 2022 in comparison to the
reference scenario, the energy bill savings decrease around that dutaip@emdix C.3

summarizes the cost and savings calculations for the policy.
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Figure 3.13 Costs and Savings from Expanded/eatherization AssistanceProgram Policy

The benefit cost ratio of the net present value benefits and costs is 1.1 for this test. For the
approximates.31 million low income households servaglithe Expanded Weatherization
Assistance Program, the averagel discounted cost per home vi#s340 while the total
discounted savings per home was about $1,60@side of the calculated savings and costs,
nonrenergy benefits also accrue from the program and are not included in this calculation.

Table 3.13Total Resource Test for Expanded Weatherization Assistance Program Policy

(Million $2007)
Total Total
Public Costs Private Costs | Discount | Discount
Costs Savings BiC
Annual Annual Annual Cumulative | Cumulative
Administration Cst | Investment Cos| (Investment & Other) ~ Costs Savings
2020 54 486 11.6 3,870 2,180
2030 54 486 12.8 5,840 4,560 1.1
NPV 572 5,150 121 5,840 6,420

* Cumulative Cots and Savings beginning in 2018PV included savings post 203® until 2050, when the
lifetime of weatherization measures installed in 2030 cease.

Somenon-energy benefitexperienced by weatherized households inchrdpeerty value

benefits andvater and sewage savings. There are also health, safety, and comfort benefits
accrued by residents. @thsocial, environmental, and economic benefits accrue to society in
general from the weatherization assistance progfon.instancethe reduction of bad debt
write-off, fewer service calls, reduction in electricity transmission and distribution lasges
other benefits that reduce utility costs amduld indirectly benefit rate payerSchweitzer and
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Tonn calculatedhte societal benefit cost ratio to be 3.7, vatrange fron2.0 and 52.5when
includinglow and high norenergy baefit estimate$20). Naturally, the benefit to cost ratio
would be even higher than 1.1 if these feorergy benefits weracluded

3.34 Residential Retrofit Incentive with Equipment Standards

A retrofitting policy canoffer greater savings than the weatherization &ssis progransince

all new homes are eligibhleThe Middle Class Task Force found that residential retrofitting may
reduce energy consumption by up to 40% per home (Recovery through Retrofit, 2009).
Residential standards exist for products pertainirthganodeled residential retrofit. These

include central air conditioners, room air conditioners, heat pumps, furnaces, boilers, and water
heaters. Standards for these products were implemented by the National Appliance Energy
Conservation Act of 1987 B@AP, 2009).

When households retrofit heating, cooling, or water heating equipment, they have the
opportunity to reduce their monthly costs by increasing their efficiency. New products emerging
on the market can provide greater energy savings witlagufising performance. For instance,

heat pump water heaters (Figure 3.14) available in late 2009 can cut annual energy costs for
water heating by over 50% (Energy Star, 2009b). These water heaters pull heat from the air to
heat the water. They can S&ndalone units, like the one shown in Figure 3.14, or they can be
added to existing conventional storage water heaters as a retrofit measure (DOE/EERE, 2009d).
The higher upfront costs for a standalone unit are estimated to be paid back by energyirsaving
about three years (Energy Star, 2009b).

Figure 3.14: Heat Pump Water Heater (Lapsa, 2009)

Policy Description and Modeling.This policy includes aetrofit progranfor heating, cooling,
and water heating, as well as standard$uioraces, hegtumps, akconditioners, and water
heaters The retrofit program includes incentive measure for 30%gazpitalcost for the most
efficient technologies available.
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The esidential subsidy for efficient retrofit applianeceasimplemented by making chges to a
residential input file rISNUG-NEMS detailing appliance efficiencies and costs. Only
equipment classes thatweaa projectee@fficiency improvement during the study period received
the subsidy for the highest efficiency equipment within thescl&or these, a 30% reduction in
their capitalcost was given.

A federalequipmenstandards assumed to be adopted by all states as required by federal rule
This standardvas implementeth SNUGNEMS in the same input file as the incentivé¥hen
astandard was implemented, the least efficient grouping of equipment was removed from the
market. Every ten years, the lowest efficiency equipment remaining was removed (See
Appendix G2.2 for additional information on standard implementation).

Table 3.4 lists the equipment affected by the incentives, standards, and the year of standard
implementation. See AppendixZ2 for additional information on the equipment incentives,
standards, and dates.

Table 3.14 Equipment Affected by
Residential Retrofit Incentives and Equipment Standard$

Equipment Classes 30% Incentive Equipment Standard
Implementation Year*

Electric Heat Pump Heat Pump 4 Heat Pump 1 & 2 (2014)
Natural Gas Furnace Furnace 5 Furnace 1, 2, & 3 (2014)
Natural Gas Radiator Radiator 3 Radiator 1 & 2 (2013)
Kerosene Furnace Furnace 3 Furnace 1 & 2 (2015)
LPG Furnace Furnace 5 Furnace 1, 2, & 3 (2015)
Distillate Furnace Furnace 3 Furnace 1 & 2 (2015)
Distillate Radiator Radiator 3 Radiator 1 & 2 (2013)
Geothermal Heat Pump Heat Pum® Heat Pump 1 (2014)
Natural Gas Heat Pump Heat Pump (2014)
Room Air Conditioner Room ACs 2 & 3* Room AC 1 (2006)*
Central Air Conditioner Central AC 4 Central AC 1 & 2 (2014)
Natural Gas Water Heater Water Heater 4 Water Heater 1 & 2 (2013)
Electic Water Heater Water Heater 5 Water Heater 1, 2, & 3 (2013
Distillate Water Heater Water Heater 3 Water Heater 1 &2 (2013)
LPG Water Heater Water Heater 4 Water Heater 1 & 2 (2013)

*See Appendix C.2.2 for additional details.

Technology Demand Shifs. The Residential Retrofit Incentives and Equipment Standards
Policy causes demand changes for energy efficient technologies. The policy causes a shift

towards higher efficiency equipment, as can be expected, in heating, cooling, and water heating
enduses. Table 3.15 lists examples of equipment, their efficiencies, and their percentage of use

in the reference and policy scenarios to show how technology demand has shifted. See
Appendix C.2.2 for additional technologies. The numbers listed in thésatficcolumn are
derived from th&sNUG-NEMS input file.
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Table 3.15 Total Technology Demand Shifts from
Residential Retrofit Incentives and Equipment Standards Policy
Sesaria Efficiency Reference Policy
2020 2030 2020 2030 2020 2030
Central Air 4.69 29% 33% 35% 0%
6.74 6% 7% 65% 100%
Natural Gas Furnace 0.90 0.9 40% 35% 41% 0%
0.96 0.96 12% 12% 59% 100%
Electric Water Heater 2.3 4% 10% 40% 0%
2.40 0% 0% 60% 100%

Energy Savings The policy saves over 26,800 trilliddtu of primary energy over the duration

of the implemented measures, which last until 20b&ble 3.16 shows the primary energy

savings in trillion Btu from the policy by census division. These values vary from division to
division, with the largest sawjs attributed to the South Atlantic census division, which includes
the most states. Retrofit measures are assumed to have a lifetime of 20 years, so even though
investsments discontinue after 2030, the savings from the investments persist until 2050.

Table 3.16 Primary Energy Savings from Residential Retrofit
Incentives & Equipment Standards Policy (TBtu)

WSC ESC SA Total
2020 211 107 421 739
2030 355 177 777 1,310
Cumulative to 2050| 7,38 3,720 15,700 26,800

*Primary energy savings is the egg required to generate the avoided energy.

Figure 315 showsthe percentage reduction of primagpergy savingattributed to the policy in
each census division in 2020 and 203be percentage reduction due to the policy increases
from over time. Fothe South Atlantic region, it rises from 8.56% in 2020 to 13.8% reduction in

2030.
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Figure 3.15Primary Energy Savings for Residential Retrofit Incentives
and Equipment Standards Policy

The SNUGNEMS modeling of this policy applies to both retrofitcthnew homes. Though the
policy is mostly applied to retrofits, about a quarter of the efficient equipment attributable to the
policy are not retrofit applications. The results presented here does not separate the savings
between retrofit and new appltcans. Because of this, the savings and costs attributed to the
Retrofit Incentives and Equipment Standards policy may be inflated.

Levelized Cost of Energy Efficiency.

The electricity levelized cost for this policy is 8MWh (noted in Table 3.17yvhich is lower

than the residential retail electricity prices seen in the South. In 2007, Southern residential retail
prices averaged 810.5¢/kWh by census division (EIA, 2009g). As the levelized cost for
electricity efficiency is much lower than thetail cost, the electricity efficiency potential from

the residential retrofit policy can likely be achieved economically.

Table 3.17 Levelized Cost of Energy Efficiencyfrom Residential
Retrofit Incentives and Equipment Standards Policyin 2020

Energy Type Cost of Efficiency
Electricity (¢/kWh) 3.4
Natural Gas (¢/therm) 110
Total Energy ($/MMBtu) 11

The natural gas levelized cost for this policy is il@erm which is also lower than residential
retail natural gas prices seen in the South. 072 Southern residential retail prices ranged from
120-206¢/thermby state (EIA, 2009g). This indicates that every therm of natural gas saved
through the efficiency measures from this policy is and will likely continue to be cheaper to
implement than aatinuing previous consumption habits by using that therm. In general, this
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policy can provide energy efficiency savings economically since natural gas and electricity
efficiency potential dominate the efficiency potential from the policy.

Energy Bill Savings. Figure 3.16 shows the percentage reduction in energy bill savings from
this retrofit policy. The percentage reduction increases over time, going from zero in 2010 to
about 1618% reduction in 2030, depending on the census division.
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Figure 3.16Energy Bill Savings from Residential Retrofit Incentives
and Equipment StandardsPolicy

Economic Tests.Energy bill savings due to this policy increase steadily over the duration of the
policy and are assumed to decrease linearly until 2050, afte® tyea? lifetime assumed for

retrofit measures. Figure 3.17 shows the public and private investment trends from retrofits,
which are similar up to about 202#enpublic costs thejump upwards Larger public subsidy

outlays for increased purchases oftftygefficient equipment occur around 2025, prompted by
equipment standards that remove cheaper, but less efficient models from the market. The energy
bill savings from the policy exceeds the public and private investrdgagendix C.3 details the

cost céculations for the policy.
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Figure 3.17 Costs and Savings fronResidential Retrofit and Equipment Standards Policy

The equipment implemented by the program is estimated to have a twenty year life. Therefore,
savings from the program continue to acanagél 2050 even though all costs cease in 2030. The
benefit cost ratio is 1.4, suggesting that benefits from this policy are 1.4 times greater than the
associated costs.

Table 3.18 Total Resource Test for Residential Retrofit and Equipment Standards Pmly*
(Million $2007)
Total Total
Public Costs Private Costs | Discount | Discount B/C
Costs Savings
Annual Annual Annual Cumulative | Cumulative
Administration Cost| Investment Cos{ (Investment & Other)] ~ COsts Savings
2020 1.43 5,360 4,350 46,700 26,100
2030 1.43 8,800 3,420 86,600 | 84,400 | 1.4
NPV 15.1 52,300 34,300 86,600 | 119,000

* Cumulative Cots and Savings beginning in 2011. Nii¢luded savings post 203® until 2050, when retrofit
measures implemented in 2030 reached the end ofsuereed 20 year life.

3.4 INTEGRATED RESIDENTI AL POLICIES

The remainder of this chapter describes the analysis of combining all the residential policies:
Residential Building Codes with Third Party Verification, Appliance Incentives and Standards,

Expancd Weatherization Assistance Program, and Residential Retrofit Incentives and
Equipment Standards. Due to the synergistic effecBN(JG-NEMS modeling, the integrated
results will not be the sum of the previous single policy results.
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Energy Savings Theresidential energy savings by policy in the integrated policieswase
estimated (See Figure 3.18)he percentages are calculated using the savings from each
individual policy run and is an estimate of the actual savings each policy provides in the
integrated residential policy package. The savings contribution from each policy may range
from 1-4% for expanded Weatherization Assistance Progra®dp Tor the Appliance Incentives

and Standards policy;4% for the Residential Codes and ThRdrty Veification policy, and 5

7% for the Residential Retrofit Incentives and Equipment Standards policy. Additional study is
needed to determine the contributions of each policy on the integrated residential policy savings.

Applianc Expanded
Policy WAP

4.9% 1.8%

Figure 3.18 Estimated Residenél Energy Savings by Policy

The results from the individual policy runs for the residential sector are summarized in Table 3.19, as
are the integrated policy run. The integrated residential policy bundle generates greater primary
energy savings than aoye policy alone.

Table 3.19 Residential Primary Energy Savings (TBtu)
Year WSC ESC SA Total
Building Codes with Third | 2020 56.2 22.8 104 183
Party Verification Policy 2030 093 40 174 307
Appliance Incentives and | 2020 13 7 32 53
Standards Policy 2030 28 15 59 102
Expanded Weatherization| 2020 7.25 5.96 13 258
Assistance Program 2030 8.45 6.01 8.66 23.1
Retrofit Incentives and 2020 211 107 421 739
Equipment Standards Polic| 2030 355 177 777 1,310
. 2020 271 134 509 914
Integrated Policy Bundle
2030 448 224 895 1,570
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The dotted lines in Figure 3.19 provide a sensitivity analysis for the integrated residential
policies to determine whether a generic carbon constraint, called the Carbon Constrained Future
(CCF), would dramatically affect theiffectiveness. From this analysis, it is seen that t

residential policies generate energy efficiency potential regardless of whether they are
implemented in the reference or the CCF case. Table 3.20 shows the primary energy savings
from the residentiatnergy efficiency policies by census division.
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Figure 3.19 Primary Energy Consumption in the South with Residential Policies

In terms of actual Btu avoided, the South Atlantic has the greatest savings in both 2020 and
2030, as it is shown in Table 3.20he percentage energy saving from the combined policies is
very similar to that from Residential Retrofit and Equipment Standards Policy, which is the main
contributor to energy savings. TBeuthAtlantic census division shovike lagest relative

savng of 10% in 2020 and 16% in 2030 (Figure 3.20

Table 3.20 Primary Energy Savings from Integrated- Residentid Policies(TBtu)
WSC ESC SA Total
2020 271 134 509 914
2030 448 224 895 1,570
Cumulative to 2050 9,480 4,760 18,90 32800
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Figure 3.20 Primary Energy Savings for Integrated Residential Policies Reference Scenario
Energy Bill Savings. The energy bill savings for the integrated residential policies are shown in

Figure 3.21. Energy bill savings from the combined residential psliaigge from 121%,
depending on census division.
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Figure 3.21 Energy Bill Savings for Integrated Residential Policies

Economic Tests.Energy bill savings increases steadily over the duration of the policy and are
assumed to decrease linearly untib@Qafter the 20 year lifetime assumed for measures. Even
though appliances were assumed to have 15 year lifetimes, a 20 year lifetime was assumed for
the integrated policies since all other policies assume a 20 year lifetime. Figure 3.22 shows the
public and private investment trends from all residential policies. The increase in public costs
around 2024 is likely due to the larger public subsidy outlays for increased purchases of highly
efficient equipment and appliances at that time, prompted byastésithat remove cheaper, but
less efficient models from the markéthe cost benefit ratio of the residential policy package is
1.3, indicating that the benefits exceed the costs associated with the program (Table 3.21).
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Figure 3.22Costs and Saving from the Integrated Residential Policies

Table 3.21Total Resource Test for Integrated Residential Policies*

(Million $2007)

Total Total

Public Costs Private Costs | Discount| Discount B/C

Costs | Savings

Annual Annual Annual Cumulative| Cumulative

Administration Cost| Investment Cos| (Investment & Other|  Costs Savings

2020 548 7,540 4,120 65,600 35,900
2030 648 12,100 2,870 115,000 ( 104,000 1.3

NPV 5,760 75,300 33,600 115,000 | 143,000

* Cumulative Cots and Savings beginning 2011. NPMincluded savings post 2030
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3.5 SUMMARY AND DISCUSSION OF RESULTS FOR THE RESIDENTIAL SECTOR

This analysis of residential efficiency potential suggests that the Southsemal®.7%of the
energy it is forecastito consimein the residatial sector in 202@nd 15% in 2030y
implementingthis collection offour policies Table 3.22 gives a summary of the net present
cost, benefit, and benefit cost ratio from the residential policies and integrated policy bundle.

Table 322 Total Resouce Cost Tests by Sector (Million 07$)
Residential Sector Policies
_— : Retrofit
Bundlng Appllances Expan.deo! Incentives Integrated
Codes with| Incentives | Weatherization ; .
; . & Residentia
Third-Party & Assistance . .
e Equipment Policies
Verification | Standards Program
Standards
NPV Cost $7,280 $25,500 $5,840 $86,600 $115,00
NPV Benefit $40,900 $7,060 $6420 $119,000 $143,000
B/C Ratio 5.6 0.3 1.1 1.4 1.3

3.5.1 Comparison with Other Studies

Over the past decadamerous state and regiosalidies have examinele potential for

energy efficiency improvements in the So(itie results of several key studies are summarized

in Figure 3.3). Based on a review df9 ofthese, focusing on estimates for 2020, Chandler and

Brown (2009) concluded th&0 TBtuof residemial energy (or 9% of the residential

consumption forecast for 2020) could be eef$ectivelyavoidedwith aggressive, but feasible

policies. Since that study was published, McKinsey and Company (2009) completed a national
anal ysi s -mo$itivapghtee mtNiPa/I f or energy efficiency, 0
for the South and individual sectorf.he esti mate of energy efficie
residential sector in 2020 from the McKinsey study is 26%.

Thisst udy 0 s e sdentiahefficiencyfpaentialiseessentially identical to the estimate

for Appalachia (Brown, et al., 2009), which included many of the Southern states and involved a
similar analytic approachOur result is comparable to the moderate scenario in the(RYMD)
study of the nation, but i s sub s tAsigrificaatl | vy |
portion of the residential savings from both the McKinsey and IWG studies are attributable to
improved lighting technologies (about 16% in the caddaKinsey). Yet lighting was excluded

from the residential estimate in this study because most of its potential savings have now been
legislated through lighting standards and have been subtracted from the baseline forecast of
future consumption. It iskely if lighting had been included in this study, the estimated energy
efficiency potential within the residential sector might have increasee?by. 1

es
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Figure 3.23 Comparison of ResidentialEnergy Savings Estimates Across Studies

EPRI (2009) prowdes an estimate of residential electricity efficiency potential for the South in
2030. The realistic potential for efficiency is estimated to be 5%, and the maximum potential is
larger at 8%. These estimates are considerably smaller because theyemtotakcount the
reduction in electricity consumption that could occur as the result of programs run by electric
utilities. As a result, they do not include the potential savings from building codes or appliance
standards (Personal Communication withrAnmarnath, Electric Power Research Institute,
December 10, 2009No comparison of overall estimates in 2030 was conducted due to the
limited number of studies that provided estimates for that year.

3.52 Limitations and Needs for Future Research

This analysis of energy efficiency potential in ttesidentialsectorin the South has several
limitationsthat require further analysis and research than was possible in this.project
Specifically, theanalysis coulde improved irseveral ways

A. Include more technology options, especially emerging technologige,better model
the energy efficiency potential. The technology profiles included in t8&UG-NEMS
input files are limited and in some cases do not reflect the most recent advancements.
For instane, integrated heat pump systems are not included in the residential
technologies, despite existing commercialization activities. This limits the technology
options available for incentives and standards. The residential retrofit policy only
incentivized13 technologies and only implemented standards for 18 technologies.
Greater technology options would allow for more realistic modeling of the energy
efficiency potential.

B. Account for household behavioral effects to identify a wider range of energy
efficiency potential. SNUGNEMS employs price elasticities of demand that result in
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limited demand sensitivity for some technologies. It employs a price elasticity of zero for
clothes washers, dish washers, stoves, refrigerators, and freezers. The proties|asti

the remaining residential technologies, such as TVs and computers, ar® <. af his

set of modeling assumptions may accurately reflect past consumer behavior in periods of
energy price volatility, but it might not accurately reflect consubehavior in the

present or future, should energy prices continue to rise in real terms. With the growing
appreciation of how energy consumption impacts environmental quality and national
security, future consuméehavior could further enlarge the says estimatas the

demand foenergy efficient technologiggows ThoughSNUG-NEMS does include a
rebound effect irstimating energy demand for heating and cooling,ntlesion of
additionalbehavioral effects would providemore precisefficiencypotentialestimate

. Internalize all cost analyses.The private and public costs for residential retrofit

incentives and equipment standards, appliance incentives and standards, and building
codes with third party verification policies were all obtaifredn SNUG-NEMS model

outputs. However, the costs for the expanded Weatherization Assistance Program and all
administrative costs were calculated-lifie sinceSNUG-NEMS does not report these

values. Future work could internalize these costs withiisiéG-NEMS model.

. Further sensitivity analyses would strengthen resultsFor instance, sensitivity on fuel

prices and discount rates could provide a range of efficiency estimates under various
scenarioswhich might better bracket the range of future en@ffjgiency potential

possibilities. More detailed sensitivity analysis could also be conducted on policies that
have been bundled, such as appliance incentives and standards, to examine the individual
effects of the components through integrated seatws. r This would allow an

understanding of the impact of incentives, separately from appliance standards.

. Benefits beyond the scope of this report should be acknowledgeihis study only

examined the benefits of the energy savings from the policieggyeefficiency not

only saves energy, but also can reduce environmental impacts and improve human health.
For example, greater energy efficiency can reduce water used for power generation. This
in turn can improve water quality and aquatic habitats. sbeestal benefits accrued

from the norenergy benefits of energy efficiency may be significant and worthy of
additional consideration.

. Other policies may expand the energy efficiency estimate for the Soutln addition

to the modeled residential policjexther policies exist that may have further increased
the efficiency potential. Due to time and modeling limitations, a lighting efficiency
policy was not included even though additional efficiency potential would be expected
from LEDs and recessed caghting.
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These limitations suggest the presented estimate of residential energy efficiency potential is
conservative because it does not inclodgainbehavioral effects, estimates for lighting, the full
range of technologies, environmental benefitsl, attner possible policies.

66



4. ENERGY EFFICIENCY IN THE COMMERCIAL SECTOR

4.1 INTRODUCTION TO COMMERCIAL BUILDINGS IN  THE SOUTH

Thecommercial sectan the Soutlrconsumed @00 Trillion Btusof primaryenergy in 200,

while the total nosrenewableenergy expenditures were neaBB2 billion. EIA projects that the

total energy consumption in the South will increase to 8,9 Trillion Btus by 2030, growing at an
annual rate of 1.2%EIA, 2009. According to ths forecast, energy consumptiontfire

commecial sector is increasing more rapidly than in any other sddtmstricity and electricity
related losses represent more than 80% of the priemrgyconsumption in this sectoand

natural gasccouns for another 1% (EIA, 2009. One natiorwide stuly indicates that a
deployment of all coseffective efficiency improvements in the commercial sector could achieve
a 29% energy consumption reduction by 2020 (McKinsey Global Energy and Materials, 2009).
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Figure 4.1 Primary Energy Consumption in the South

Compared to the rest of the country, the commercial sector in the South currently uses a larger
proportion of electricity (Figure 4.2) Commercial buildingsn the Southare newer compared to

the rest of the country. Hawver, in terms of both number of commercial buildings and

fl oorspace, the Southoés buil di ngalagepotehtiali s
for increasingenergyefficiency.
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Figure 4.2 Commercial Energy Source by Fuel in 2007 (EIAD9)

A number of commercial efficiency programs exist in the South. Maryland and Washington DC
haveadopted statgpecific commercial appliance standards for equipment that is not covered by
federal standasl Several states, such as Alabama, FloridatiNGarolina, and Virginia have
policies that promote energy efficiency in public buildings through retrofitting progidrs
Environmental Protection Agency 2008)jable 41 shows the number of commercial building

and floorspace that they representhia South.

Table 4.1 Commercial Buildings in the South by Building Type, 2003
Number of Buildings Total Floorspace
(thousandb) (million square feet)
Principal Building
Activity 156 3,983
Education 94 487
Food Sales 127 764
Food Service 48 1,277
Health Care 100 2,970
Lodging 295 5,094
Mercantile 545 8,877
Office 92 1,174
Public Assembly 15 373
Public Order and Safety 158 1,498
Religious Worship 198 1,358
Service 277 3,966
Warehouse and Storage 21 Q
Other 88 701

(CBECS 2003)
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4.2 BARRIERS TO COMMERCIAL ENERGY EFICIENCY AND POLICY OPTIONS

4.2.1 Barriers to EnergyEfficiency in CommercialBuildings

Energyefficientcommercial buildings are seen imanyexperts to be one of the most cost

effective strategies for cutting engrgosts and curbing carbon emissions (McKinsey &

Company, 2009, p. xiNational Academy of Sciencs, 200%owever, for a variety of reasons,
devel opers, building owners, andpdasintainMeso typi
improvements.

Thelarge, diverse, and fragmentedature of the buildings industhelps explain some tlis
underinvestment. Developers, architects, engineering firms, leasing agentgrarathers
influence the design and construction of commercial buildings, and theydoftest represent

the longterm interests of building owners and occupants (CCCSTI, 2009; Brown et al., 2009).
This market structure results in ameremphasisn minimizing first costs, meanirtat owners

and occupants are saddled withHagoperating cgts,includingenergy bills.

Once a commercial building muilt, thelandlord-tenant relationshipbecomes a disincentiver
energy upgrades (Murtishaw and Sathaye, 2006). When the tenants pay the energy bill, the
landlord is not incentivized to invest efficient equipment. The situation that favors the
purchase of efficient equipment (when the landlord pays the utility bill) leads to a disincentive
for the tenants to use enengisely (Ottinger and Williams, 20025ince 51% of
nongovernmenbwned comrarcial buildings are rented or leased (DOE, 2008, Table 1.3.8),
commercial buildings are particularly prone to this problem of misplaced incentives

In the buildings industry, there is alsevarkforce training gap Many architects, engineers,

builders ad tradespeople do not have access to sufficient training in new technologies, new
standards, new regulatiore)d best practices. Lowe and Oreszczyn (2008) describe this lack of
knowledge as a remnant of the shift of the construction industry from @ppnticeship to

one of labor, and thesuggesthat the industry will need to become a producer of human capital
in order to support a new generation of buildings. Local government authorities tend to face this
gapas well with building code officials wking without skills necessary to evaluate compliance
with building energy codes.

The result of thes@and many othemnarket barriers and obstacles is a large reservoir of lost
opportunities for improving the energy efficiency of UnBildings

422 Policy Options to Improve Energifficiency in the Commercial Sector

This studyevaluategwo policied® to improve energy efficiency in commercial buildings and
appliances irthe South AggressiveCommercial Appliance Standagdvhereén more stringent

15 Originally, there was a thdrpolicy, Commercial Building Codes, which has been advocated for in a number of
studies. However, after preliminary modeling, the energy efficiency gains from reduced heating were fully offset by
increased cooling. After discussing this with a numberxgierts (North Carolina State Energy Office, Oak Ridge
NationalLaboratory and Energy Information Agency), we determined that uSINY G-NEMS to model tighter
commercial building shells would not show efficiency improvements because of the increase heat gains

from lighting and electronic equipment that would require air conditioning.
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appliance standards are implemented; Bmo@ntivizing HVAC Retrofits where customers are
encouragedo upgradeheir current appliances with higher efficient ones. These polices, as with
most ofthose in other chapters, are envisioned as being more siggrésan existing programs
butare anticipated to b&o cost or low costFor the purposes of this study, these policies are
implemented across the South uniformly. Howeveway theseolicies would actually be
implemented may vary and woutdnformto the specific goal and capacityedchpolicy

making body(local, state, or federal)Table 4.2 shows some supporting actions and policies that
states may wish to pursue in conjunction with or instead of the policies described in this report.

The kelevance of this analysis should extend beyond the potential of implementing these
particular policies. Rather these policies geaeral enougthat arange of potential
implementationgould attairthe energy and economic effebtgreaching similar legls of
avoidedenergy consumption

Table 4.2 Policy Actions that Support Commercial Energy Efficiency

AggressiveCommercial Equipment

Action HVAC Retrofit Poli
ctions C Retrofit Policy Standards
Development of new insulation, Support for research and developmel
Research, Development, - . . X L .
. heathg, and cooling technologies for innovation in appliance
and Demonstration X
useful for the local climate performance

Low or nointerest loans for )
incremental cost of improvements for| Low or nointerest loans for ENERGY

Financing existing buildings STAR equipment
Efficiency Grants Enable performance contracting
Enableperformance contracting

Incremental cost incentives for efficie| Incentives to use efficiency features
retrofits and lower consumption

Tax credits for efficient purchases
Tax credits for efficient purchases Equipment buyback programs

Financial Incentives

Tighter office equipment standards
Regulations NA Tighter equipment standards
Standby efficiency standards

Training Architects, Buildrs,
Contractors, and Building Managers
Public awareness campaigns to infort Awareness campaigns to inform
. consumers of the benefits of . ;
Information . - executives of the benefits of

; o L conservation and efficiency measureg X L
Dissemination & Training conservation and efficiency measureg

Awareness campaigns to inform . .
executives of the benefits of efficienc Advanced metering and billing

measures
Advanced metering or billing mebds
Government lead by example Government lead by example
Procurement
procurement programs procurement programs
Centers for energy efficiency to train
Capacity Building next generation of architects, buildery N/A
retrofitters

This table describes policy actions available that could further the savings from the policy packages mod
this study. The policy actions shown italics are modeled in this study, while the others are not.
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There are many advanced technologies whose adoption would lead to higher efficiency in
commercial buildings. One example is centrifugal chillers. Centrifugal chillers are large chillers
that ue a centrifugal compressor (Figure 4.3). They produce water that is used in building space
cooling equipment. It is the most efficient chiller in the mechanical compression family, which
also includes reciprocating and screw chillers. High efficiency ibegat chillers are designed

to have enhanced controls, enlarged and improved condensers and high efficiency compressors
(FEMP, 2006).

Chiller efficiency is measured in electric use per ton of cooling (kW/t). The best available
centrifugal chillers hava full-load efficiency of 0.47 kW (DOE, 2004). A typical 500 ton
centrifugal chiller managed at full load can achieve an annual saving of 210MWh compared to a
base model with a full load efficiency of 0.68 kW/t. Assuming the electricity rate is $W06/k

one high efficiency centrifugal chiller can help reduce annual electricity bill by $12,600 per year.
Based on its estimated 23 years lifetime, lifetime energy cost savings could be as high as
$170,000 (DOE, 2004). Though the upfront cost is relatikiglg for high efficiency centrifugal
chillers, this technology provides promising economic benefits both through replacement and
retrofitting.

There is no federal standard for centrifugal chillers. Though it is not mandatory, 18 states in the
nation hae adopted the more stringent code of 0.58 KW/t in ASHRAE-20(4 standard. In
SNUG-NEMS, there are different vintages of centrifugal chiller and the highest efficiency level
reflects the best available technology.

HISRY

Figure .High '.ne Efficiency Centifugal Chiller

d

Lighting is the largest consumer of energy in commercial buildibighting technology has

been innovating a great deal in the past few decades making bulbs more energy efficient and
environmentally friendly. The 60 LED light bulb, for@xple uses only 6 Watts but has the
equivalent luminescence of a traditional 60 Watt incandescent bulb, which means it uses only
10% as much electricity. Currently, it is one of the most efficient bulbs, has a light output of 300

% Full load efficiency is measured in peak load condition described in ARI standard 558/590
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lumens and a warm lightrtgperature of 3000K. Though the upfront cost to replace regular

bulbs with this high efficiency one is relatively high, it has a long lifespan of 35,000 hours of
Pharox 60 (compared to an average of 1,000 hours of incandescent bulb), which may make the
payback attractive for some segments of consumers.

Figure 4.4High 7Energy Efficiency LED light Bulb
(Source: www.inhabitate.com/2009)
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4.3 MODELED ENERGY EFFICIENCY POLICIES FOR COMMERCIAL SECTOR

4.3.1 Commercial Appliance Standards

Minimum energy eftiency standards for many major appliances \iieseestablished by the

U.S. Congress in Part B of Title 11l of the Energy Policy and Conservation Act (EPCA), as
amended by the National Energy Conservation Policy Act, by the National Appliance Energy
Corservation Act, by the National Appliance Energy Conservation Amendments of 1988, by the
Energy Policy Act of 1992, by the Energy Policy of 2@D®E, 2009a) and by Energy
Independence and Security Act of 200Fese laws and regulations set energy conernva
standards for commercial heating, air conditioning, and water heater equipment (42 U.S.C.
6313(a)). Specifically, the statutes set standards for small, large, and very large commercial
package air conditioning and heating equipment, age#t terminaair conditioners, packaged
terminal heat pumpsvarmair furnaces, packaged boilers, storage water heaters, and unfired hot
water storage tanks. For these types of equipment, the laws and regulations esfaileshéd
energy conservation standards theterally correspond to the levels set in the American Society
of Heating, Refrigeration, and AConditioning Engineers (ASHRAE) Standard 9(DE,

2009b)

EPCA directdOE to consider amending the existifegeral energy efficiency standard for each
typeof equipment listed, each time ASHRAE Standard 90.1 is amended with respect to such
equipment (42 U.S.C. 6313(a)(6)(Apor each type of equipment, EPCA directs that DOE must
adopt amended standards at the new efficiency level in ASHRAE Standa{@®@E12009c).

The latest version of ASHRAE Standard is ASHRAE Standard2@0Y, and it was approved

for distribution and officially released to the public on January 10, Z8&f:ral energy

efficiency standargigenerally preempt state laws or regulationsegkin the case thddOE
grantsawaiver of Federal preemptidgOE, 2008)for a particular state lawAs of 2009 the

only state that has filed a petition is Califorriitowever, states are allowed to develop their own
commercial appliance standards &my equipment that is not covered under federal standards

Commercial Appliance Standards in theSouth. Required by federal rule, all states adopt
federal energy efficiency standar@alifornia has successfully petitioned to implement
standards that areare stringent than federal standard for five commercial applialmctse
South state standards are not as vigorous as in other regions such as New England.

Maryland andNVashington DC are the only southern entitigich have adopted their own
standardg$or commercial appliances. Maryland has stansitoxdReachIn Refrigerators and
Freezers, CommercialiAConditioner Commercial Clothes Wastse Unit Heaters, Hot Food
Holding Cabinets and Water Dispensers. Washington DC has its own commercial appliance
standard for Walk-In Refrigerators and Freezers, Hot Food Holding Cabinets and Water
DispensergASAP, 2009b). However, these standards have been superseded by or will be
superseded by federal standards that are scheduled to be put in phgceexfew years

Compared to residential appliance standards, federal standards for commercial appliances are
less well developed. As there is ample opportunities to achieve meaningful energy efficiency
savings through improving commercial appliances standéid study develops a set of
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stringent commercial appliance standard to covanycommercial end uses whdrere is no
existingfederal standard

AggressiveCommercial Appliance Standards.The definition of our standard policy is the
aggressive implemeation of cost effective commercial appliance standardsarsouth.
Previous studies of similar poigs though with different geographical focus, show significant
energy and energy bill savings and indicate the-effsttiveness of appliance standaMith a
national model of energy savismgsing appliance and equipment standards, Rosenquist et.al
identified 12000Trillion Btu nationwide of cumulative primary energy saving during the 2010
2030 period. They nothatpotential energy bill savings froomommercial sector standards have
agreater net present value ththose fronthe residential sectgRosenquist et.al., 2005).
Another analysisinergy Efficiency in Appalachiaentifiedan energy saving potential in 2030
of 143 trillion Btu inthe Appalachian regiofust fromimplementing commercial appliance
standard¢SEEA, 2009)

This appliance standard policy focuses on ten end gpace heating, space cooling, water
heating, ventilation, cooking, lightingefrigeration office equipment (PCspffice equipment
(nonPCs), and miscellaneaukable D.1.1 in Appendix D.1 lists about thirty technologies that
were identified as candidates or proxies for standards.

SNUG-NEMS Modeling. Aggressivestandard areimplemented through making changeshe t
commercial technology input file BNUGNEMS. This is done by eliminating the most

inefficient appliances and thereby accelerating the switch fegsefficient appliances tmore
efficient ones. There are nine for most appliance technoladjiéerent types become availabe

each decade (usually at least three). phigcy generally eliminates theastefficiency option

each decaddable 4.3 uses the example of water heaters to illustrate how this policy stimulates
the switch from lower efficiencgppliances to higher ones. In the reference forecast, most
businesses have purchased the lowest efficiency equipment installed. Appendix D.5 shows the
forecasted energy consumption changes for six commercial end uses.

Table 43 Energy Consumption Changes Due to Standards Policy
Technology | gricendy | Reference | gl

Factor 2020 | 2030 | 2020 | 2030
Gas Water Heater 8:;2 Zgzﬁ 2322 10%2//2 10%2//(;
Oil Water Heater — g A% 45| T00% | T00%

* These refer to the percentage of new appliances purchased in the reference case and in the
policy.

This policy alsoincludes a2% annual efficiency improvement ftirethree other end usest
included in the technology input fileffice equipPCs, office equimon PCsandall other
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uses’. This is done directlgs there are no technology choices for these end uses.-SNUG
NEMS has a separate input file whiobntains annual energy efficieneyprovement fothese
services Appendix D.2describes the changes made to SNNVEMS input files.

Thesethreeends es compromi se a significant share of
consumption. In thé&nnual Energy Outlook 200@ference case, it is fecasted that energy
consumption from these three sectors will grow from 6,900 to 11,000 Trillion Btu between 2006

and 2030. This growth increases their share from 38% to 47% of total commercial energy
consumption.

StandardsPolicy Results: Energy Savingsand Efficiency. In the Referencéuture, after

implementing standards, energgvings in the commercial sects®,790trillion Btu in 2030

(Figure 4.9, whichrepresentd 7% reduction in commercigrimaryenergy consumption

relative to the reference @a¥Vest South Central and South Atlantic regions have larger energy
savings than thEast South Centrah both 2020 and 2030 as is shown in Figure 4.6. They both

reach 12% energy saving in 2020 and 18% in 2030. Table 4.4 shows the primary energy savings
in Trillion Btubés from each of the three cens
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Figure 4.5Commercial Primary Energy Consumption in the South

7 Other uses includasiscellaneous uses, such as service statipipment, automated teller machines,
telecommunications equipment, medical equipment, pumps, emergency generators, combined heat and power in
commercial buildings, manufacturing performed in commercial buildings, and cooking (distillate), plus restiual
oil, liquefied petroleum gases, coal, motor gasoline, and kerosene.
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Figure 4.6 Energy Savings in 2020 and 2030 from Aggressive Standards

Table 4.4Primary Energy Savings from Aggressve Standards(TBtu)

WSC ESC SA Total
2020 320 140 560 1,020
2030 520 220 960 1,700
Cumulative to 2049 10,910 4,720 19,760 35,390

StandardsPolicy Results: Energy Bill Savings Aggressivestandards will reduce energy bills
in all three regioa compared to thReference cas@-igures 4.7) Energy bill saving in 2030 in
the three regions ranges from 17% (South Atlantic) to 20% (West South Central).
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Figure 4.7 Energy Bill Savingsfrom Aggressive Standards Policy

Standards Policy Resultsievelized Cost of Energy EfficiencyThe levelized cost reflects the
cost to achieve a particular amount of energy sawirmughcommercial energy efficiency
policies.Table 4.5 shows the levelized cost of electricity, natural gas and total energyeyficie

for the standards policy. Both the electricity and natural gas numbers are lower than the current
energy rates for commercial business in most southern states.

Table 4.5 Levelized Cost of Energy Efficiency from Standards Policy in 2020
Electricity Efficiency (¢//kWh) 3.1
Natural Gas Efficiency (¢/Therm) 3.1
Total Energy Efficiency ($/MMBtu) 9.3

Standards PolicyResults: EconomicTest. While energy bill savingmeasures commercial
benefits the cost of implementing standaragseboth the privée and pubt. Private parties
invest in the more expensive but higher efficient appliances wdleublic costs are those
associated witladministrators incur administratiand program

These standardse being evaluatddr 20 years startingn 2010 and the investments will occur
during the same periothe energy savings will continukeyond this period, for the lifetime of

the products installed through 203Bigure 48 illustrates the costs ending in 2030, and extended
benefits from the aggrese standard policy. The energy bill savings exceed the public and
private investments by many timesdicating that the policy is highly cestfective. An
AANnNnuUal Cost and Savingo table in Appendi X
policy as well as the HVAC retrofit policy and the commercial combined policy and it further
emphasizes the dynamic nature of cost and savings pattern and tbBemisteness of the

policy.
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Figure 4.8Costs and Savings from Aggressive Standard Policy

Table4.6 shows theregional public and private cost in 2020 and 2030 and net pneapt
calculated for the Total Resource T&3ie beneficost ratio is one measure of the cost
effectiveness of a program. A ratio greater than 1 indicates highditbdéiman costs.

Table 4.6 Total Resource Test for Aggressive Standard®olicy

(Million $2007)

Annual Public Costs Annual Private Costs Total Total Savings
Costs B/C
Administration | Investment Investmentand Cumulative Cumulative
Cost Cost Others** Costs Savings*?
2020 10 0 2,170 16,050 31,730
2030 10 0 3,620 26,270 81,320 4.6
NPV 80 0 26,220 26,300 109,400
*IA Tange of investment related to AOffice Equi pment

are estimated externgliTotal resource test used the mid range value, which is considered as the best estimate. For

more details, please reference to Appendix D.3
*2 NPV of cumulative savings includes post 2030 savings
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4.32 Commercial Building HVAC Retrofit

Background. New, high efficiencyenergy efficient heating and cooling technologies can reduce
an energy bill up to 25% (Farrel &t.2007)To be effective, a commercial buildift/AC

retrofit program should provide information and incentives for property ownerpléxedower
efficiencyHVAC systemswith newer, more efficient ones.

Retrofitting in the South Some soutrnstates and utilities have begun to implement programs
that encourage commercial buildirky AC systemefficiency upgrades. States can use Eyperg
Efficiency Resource Standarttsmotivate utilities to work with energy services companies to
upgrade performance of commercial building systems (Amann 08b). Thee energy
services compani es, can affercantragtingsevvicesth §narf€ifgO@ions
based on the payback period for the energy savings realized. Utildigscilitate this process

by offering incentives tied to reduction in energy demand.

Statesalsocan play an important role in encouraging energy efficieyapandating minimum
efficiency requirements in public buildings. According to the U.S. Environmental Protection
Agency, severatouthernstates, such as Alabama, Florida, North Carolina, and Virginia have
policies that promote energy efficiency in puldigildings EPA,2008) South Carolina requires
thatnewandrenovated public buildings attain LEED Silver certificationtr@equivalent. The
U.S. Green Building Council states that many local governments across the region require
energy and green bdihg certifications for public buildings (U.S. Green Building Council
2009). Statemay choose tavork closelywith utilities and local governments toore

effectively use available federal funding. Financial support could be in the form of efficiency
grants, low interest loans, tax credits, or rebates. Providing flexible and widely available
financial incentives can go a long way toward stimulating investment in high efficiency
commercial building upgrades (World Resources Insti269)

Commercial Building HVAC Retrofit Policy. The retrofitpolicy conceptualizedh this study

could bemade up of a set of teams whose task is to evaluate commercial building space within
their home state or regiomhese teams would distribute information about eneffigiency and

the eligibility requirements for available financial incentives. Each team would also provide
auditing services which identify potential energy savings achievable through individual
technology or whle building system retrofit©Oversight é these teams would be managed by a
program administrator.

SNUG-NEMS Modeling. The policyasmodeled in this study reduces the capital costs for
installationof nine higher efficiency technologies, each of which come from one of three end
uses: space ht¥ag, space cooling and ventilation. Seven technologies are incentivized by 30%.
A different incentive is applied to ventilation. The two ventilation technologies receive 9%
incentive® AppendixD.2 summarizeshe incentivized technologies.

HVAC Retrofi t Policy Results: Energy Efficiency.Primary energy consumption is reduced as
a result of this policy (Figure 4.9). The total reduction of primary energy in 2030 is 316 TBtu.

18 ventilation has a lower incentive rate because the relative costs are closer among technology vintage classes and a
larger incentive seemed to be more costly than necessary.
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Table 4.7 shows the primary energy savings from each region in 2020, 203Ceaitl dhe
West South Central has the largest relative saving in both 2020 and 2030 (Figures 4.10).
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Figure 4.9Change in Primary Energy Consumption inthe South
with the HVAC Retrofit Policy

Table 4.7Primary Energy Savingswith the HVAC Retrofit P olicy (TBtu)

WSC ESC SA Total
2020 63 28 98 189
2030 101 43 172 316
Cumulative to
2049 2,120 940 3,600 6,600
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Figure 4.10Primary Energy Savingsin 2020 and 203Qvith the HVAC Retrofit Policy
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HVAC Retrofit Policy Results: Energy Bill. The @mmercial[HVAC retrofit program modeled

in this study achieves a reduction in commercial energy billtof3% by the year 280 (Figure
4 .
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Figure 4.11Energy Bill Savingsfrom the HVAC Retrofit Policy
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HVAC Retrofit Policy Results: Levelized Cost.The natural gas efficiendggnprovement

modeled for thigolicy is smaller than 1% of the total energy efficiency from the same policy.
Therefore, only théevelized cat of electricity efficiency and total energy efficigrare

estimated. Compared with the standards policy, the HVAC retrofit policy is higher in cost (Table
4.8). However, the levelized cost of electricity is still lower than most of the commercial
electicity rates in the southern States.

Table 4.8Levelized Cost of Energy Efficiency fromthe HVAC Retrofit Policy
in 2020

Electricity Efficiency{¢//kWh) 4.2

Total Energy Efficiency ($/MMBtu) 12.3

EconomicTests. Theprivate investment cost to carout the HVAC retrofit policy is negative
meaning businessés pay | ess for the equi pment
less efficient equipment without incentives. Note that this negative cost is offset by the cost of

the subsidy, showas public investment (Figure 4.12). Energy bill savings exceeds the costs of

this program by almost 150%, which indicates the-effstictiveness of the HVAC retrofit policy

(Table 4.9). The annual savings and costs are shown in Appendix D.4.
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Figure 4.12 Cods and Savings fromHVAC Retrofit Policy
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Table 4.9 Total Resource Test for HVAC RetrofitPolicy
(Million $2007)
Annual Public Costs Annual Private Total Total
Costs Costs Savings B/C
Administration | Investment| Investmentand | Cumulative Cumulative
Cost Cost Others Costs Savings
2020 50 1,580 -540 4,550 6,390
2030 50 1,760 -620 8,540 14,000 2.4
NPV 570 11,050 -3,070 8,540 20,850

44 COMBINED COMMERCIAL POLICIES, RESULTS

The rest of this chapter describes the analysiswiining the aggressive standards and HVAC
retrofit policies. SNUGNEMS modeling effects can be overlapping and synergistic so results
will not add up to the sum of the previous results.

4.4.1 Energy Efficiency

By implementing theombined commercigolicies, theannualenergy efficiency gaim 2030

in the Souths 1,980trillion Btu in thereference scenario. This represen2®% reduction in

energy consumption compar the reference cas@igure 4.13 The dotted lines on this plot
represent sensitivity analysis for these policies. The sensitivity analysis was done to determine
whether modeling a generic carbon constraint, called the Carbon Constrained Futuré (CCF)
would dramatically reduce or increase the effectiveness of these @arpolities.
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2 20%
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§ 8,000 ﬂ
=
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Reference Commercial EE Policies Or
Carbon Constrained Future (CC CCF+Commercial EE Polic

Figure 4.13Primary Energy Consumption in South U.S. with Commercial Policies

9 CFFis explained in detail in section 6.3.2
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The percentage energy saving from the combined policies is very similar to that from aggressive
standards alone because 83% of the total commercial engrggsaome from the standard

policy. TheWest South Centrakgion showshe lagest relative saving of 14% in 2020 and 21%

in 2030 (Figure 4.14 In terms of actual Btu avoided, the South Atlantic has the greatest savings
in both 2020 and 2030, as it iscsvn in Table 4.10.

25%

20%

Percentage Reduction

2020 2030

HmWSCmESCm SA

Figure 4.14Energy Efficiency Potential in 2020 and 203@vith Commercial Policies
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Table 4.10Primary Energy Savings from Commercial Policies(TBtu)
WSC ESC SA
2020 360 150 620
2030 600 260 1,120
Cumulative to 2049 12,500 5,440 22,830

4.4.2 Energy Bill Savings

Commercial savings due to energy efficiency policies in all three regions exceed ten percent in
2020 and reach approximately 20% in 2030 (Table 4.11). Under the reference scenario,
commercial consumers would payestimated $11 billion less in energy bills in 2020 and $21
billion less in 2030. Figure 4.16 shows how bill savings change over time.

Table 4.11Energy Bill Savings (Billion 07%$)
2020 2030
WSC $3.5 16% $7.0 24%
ESC $1.3 12% $2.5 20%
SA $6.1 14% $11.7 22%
South Total $10.9 15% $212 22%
25%
20% —

o S

5% =
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Percentage Reduction

2010 2015 2020 2025 2030

WSC === ESC ===SA

Figure 4.16 Energy Bill Savings from Commercial Policies Reference Scenario
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4.4.3 Economic Test of Combined Commercial Pas

According to the total resource test, these commesebrpolicies arecosteffective (Table

4.12) Private investment on commercial energy efficiency measures drops by over 50% in 2020
while public investment is doubled in the same year (Figure 4.17). This is because most of the
retrofitting starts in 280 and the associated subsidies drive the changes in public and private

investment after that year. Private investment is increasing over time related to office equipment
and other end use purchases.

Table 4.12 Total Resource Test for CommercidPolicies
(Million $2007)
. Annual Total Total
AR 2olite CEsiE Private Costs Costs Savings B/C
Administration | Investment | Investment | Cumulative | Cumulative

Cost Cost & Other Costs Savings
2020 60 2,050 890 23,590 59,500
2030 60 2,350 2,180 31,530 94,100 4.0
NPV 680 15,230 15,660 31,530 126,300
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Figure 4.17Cogs and Savings fromCommercial PoliciesReference Scenario

4.5 SUMMARY AND DISCUSSION OF RESULTS FOR COMMERCIAL SECTOR

The commercial energy efficiency policy bundkeforecasted to helfhe South achieve a 14%
primary energy reductiom 2020(1,200 TBtusaving fromE | A6 s r ferécast) and & 20%
reduction in 2030 (400 TBtusavi ng compared to EI Ads projec
individually, coul d mergy cansumption &y aBnost 18%6Gns203p r i ma
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while commercialHVAC retrofit policy would reduce bynearly 3% in 203Q relative to the
reference scenarid-igure 4.18 shows most of the energy efficiency savings in commercial
sector is from standards policy whiHVAC retrofit policy is also significant. The levelized

costs of electricity and natural gas efficiency are low for both commercial policies, compared to
the energy rates that are currently charged in the South. Table 4.14 summarizes the energy
savingspotential by policy that has been discussed in this chapter.

Figure 4.18 Commercial Energy Savings by Policy in 2030

Table 4.14 Commercial Primary Energy Savings
- Reference Scenario (Trillion Btu)

2020 2030
WSC | ESC | SA | Total |[ WSC| ESC | SA | Total

Aggressive Equipment | s5q | 150 | 630 | 1.140 | 560 | 250 | 1,050 | 1,860

Standards
HAVC Retrofit 100 40 160 300 130 50 200 380
Policy Bundle 370 | 160 | 650 | 1,180 | 630 | 280 | 1,170 | 2,080

Thesepolicies could generate over $20 billiom energy bill saving in 2030While there are
costs to public and private entitiesgsecosts are relatively small compared to the bend3ibsh
policies arecosteffective as measurday thetotal resource test
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4.5.1 Comparison with Other Studies

A large number of studies have exandinepics related téhe energy efficiency potential in the
Southand the key results from some of them are summarized in Figurel@ A 8cent review,
Brown and Chandler (2009) examih26 energy efficiency potential studies publistoeer the

past 12 gars They concludethat the energy efficiency potential for the S@uommercial

sector in 2020 is, 400 TBtuwhich equals 14% of the e g i comnexialenergyconsumption
forecast. Brown and Chandl er &en thisetigdy(ll48o ands v e r
1,200 TBtu in 202Q)Another study Brown et al.(2009, coveringthe Appalachian region
showed somewhat a largeenergy efficiency potential dm the commercial sectorThey
estimated that the Appalachian region, which includes many of duh&n statescould
achieve 2% savings fromenergy efficiencyn the commercial sector in 2020. The discrepancy
between this study arttie Appalachia studynay be attributed to thdifferent policy coverage.

In this study, the estimated commercial egesgvings come from the policy bundle which
includes only two policies, commercial appliance standards policy and HVAC retrofit policy.
However, the Appalachia study also included building codes and commissioning of the existing
building as part of theiranmercial policy package and the energy savings associated with these
two polices are significant.

In the same year, McKinsey and Company (2009) released their estimatasooflenergy
efficiency pot ent-postie potensaefae @mg yt h e fapproathNégsy/c y o
report includes results for each individual sectdc Ki ns ey 6 s ecemyneffieiencyi a |
potential forthe South i82%in 202Q which means 3,000 TBtaf energy consumption could be
avoided in a cost effective way. Thastimate is more than twice as high as our résuklit least

three reasons. First, beyond commercial buildings and office equipvhafinseyidentified the

potential from community infrastructure, such as water purification treatment, water distributio
street and traffic lights, as 13% of the national total energy efficiency, and these savings are not
fully captured in our study. Second, McKinse&lentified certain cost effective measures to
improve energy efficiencyf buildings and office equipmentisat are not modeled in our study,

such as voluntary building standard for private commercial building and mandatory benchmarks

or standards for government buildings.i nal | vy, the McKinsey study
potential o and nld, Afekcihclevabkespoheontiagacount
realize all of the costffective energy savings.
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Figure 4.19Comparison of Estimates of Commercial Energy Efficiency Potential in 2020
from Other Key Studies

In summary, ar estimatefalls in the middle of the range, i higher than the Interlaboratary
Wor ki ng I&6)dMogeratsscefario estimate of 9.4% (equivalent to 1,700 TBtu avoided
consumption) while lower thatWG (2000) Advance scenario estimate of 19.1% (3,400 TBtu
avoided consmption Though the IWG analysis was a national level study, the gap between our
estimates and | WGO sdiosynsragss.orlathed asewitht tiielcKingeg and n a |
Appalachia (2009)studies,a significant portion ofthe commercial sector energy &fiency
potential estimated in IWG (2000) Advaukcis attributed tonew building througha building

codes policy. As discussed in the next section, a commefuidting codes policy wasexcluded

from this study.

EPRI (2009) offers an estimate of comnigr@lectricity efficiency from the utility point of

view.2% In 2020, thecommercial sectorealistic potential isestimated by EPRI to b8% and
maximum potential is 10%. Theare both lower in comparison to our results. Because EPRI
only considers thelectrictye f f i ci ency potential that can be
appliance standasdas well asother approaches thaare implemented by state and federal
government regulations are not consider&dis means thaE P R | efedricity efficiency

potential estimateoversonly a portion of the overall commercial sector potentthht other

studies estimate

4 5.2 Limitations and Needs for Future Research

This analysis of the energy efficiency potential in the South uses an integrated eadefjly m
(SNUGNEMS) with many strengths and advantages over alternative approaches. However, the
analysis could be strengthened in several ways.

2 TheEPRI estimate is not shown in Figure 4.19 because they estimate electricity not total energy efficiency
potential.
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. Include more technology options in both policies to identifynore energy efficiency
potential. The number of teaiologies modeled in this study is limited. There are 59
different types of technologies in the commercial technology input file. Thirty seven of
them were chosen to be subject to more stringent standards HW & retrofit policy,

nine types of technotpes are incentivized. Being selective in choosing technology
subjects, we limited the number of technologies modeled, therefore underestimating the
energy efficiency potential, especially for the retrofit palicy

. Account for real market behavioral shifting to identify a wider range of energy

efficiency potential. Due to the limitations ISNUG-NEMS, we assume there is no

shifting across classes of equipment due to our policies. For instance, even if the retrofit
incentives make the rooftop ABource HeaPumpsmore economically desirable than a
Rooftop Air Conditionefor heating consumers whbave aRooftop Air Conditioner

cannot switch to purchase a rooftop-Source Heat Pump. Instead, their purchase
decision is limited to alternatives within theixistingtechnology class. In practice,
however, this is not true because consumers have freedom to choose between different
types of technologies in a free market. Accounting for behavior shifting that is currently
limited by SNUG-NEMS, could identify moe energy efficiency potential.

. Internalize the cost estimatesMost of our analysis is conducted inside 88UG-

NEMS model so that we can fully capture the interplay between different factors. There
are only two exceptions. The administrative cost otwepolicies and the private
investment costs associated with the office PCs;R0roffice equipment and other
equipment are estimated externally bec&id&/GNEMS does not report these costs.
Appendix D.3 explains the method developed in this studgltulate the administrative
costs and investment costs associated with office equipmentsiscellaneougnd uses.
Future work that would refine this analysis includes internalizing the coStSUIG-

NEMS modeling process

. Additional sensitivity analysis could add more nuance ttohe results. For example,

with more time, a wider range of standards, standards customized-bg&nal more

retrofit policies could have been evaluated. That would allow us to explore greater energy
pot ent i al s commerctalsectorSloadditiorh sensitivity analyses on fuel

prices and discount rates would offer a range of energy efficiency potential under
different future scenarios.

. Certain benefits are beyond the scope of this report, but should be acknowledged.
Thesaving discussed here are primarépergy bill savings. However, in the real world,
energy efficiency could help achieve not only energy savings but also environmental and
public health benefits by reducing pollution such as,@x and NOx from beg

emitted. These benefitsayhave significant value to societyakingthe pursuit of

energy efficiency policies even more attractivablic health anénvironmentabenefits

are extremely hard to monetibat we would be remiss not to mention them.
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F. Other policy options also have the potential to expand the energy efficiency
potential in the South.For example, new buildings were not a focus of our policies but
are a fertile area to pursue energy efficiency. New building codes were initially thought
of as likely to be cost effectivehowever, due to the difficulties BNUG-NEMS
modeling, it was excluded from our analysisSNUG-NEMS, the relevant building
code input file considers only the wall and roof rather than a whole set of building
envelopewhich could also include windows and doors. In that case, a tighter building
code with new envelope standard/SNUG-NEMS leads to an increase in energy
consumption because the decrease in heating demand in the winter is offset by the
growing demand fromaoling in the summer. As a result of this counterintuitive
outcome, we did not include building codes as part of our commercial energy efficiency
policy bundle. Therefore, our policies are primarily focused on the existing commercial
buildings though theppliance standard policy applies to both existing buildings and new
constructions.
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5. ENERGY EFFICIENCY IN INDUSTRY

5.1 INTRODUCTION TO THE INDUSTRIAL SECTOR IN THE SOUTH

The industrial sector in the South consumed ati6.600Trillion Btu (or 16.5 quad) of energy

in 2007 (EIA, 2009), which comprises 50% of the total U.S. industrial energy consumption.
According to the EI A6s Annual Energy Outl ook
significant, but shows a demasing trend into the future. The reference forecast of industrial
energy consumption in the South region is illustrated in Figure 5.1-thwas of the industrial

energy consumption is normally used for production processes, while one third of theignergy
consumed as feedstock in several industries, such as chemicals, petroleum refining, and plastics
manufacturing. Industrial energy consumption in the South is expected to remain relatively
consistent at around 14,000 Trillion Btu through 2030 (EIA, 2009
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Figure 5.1 Energy Consumption Reference Forecast for Industry in the South (EIA, 2009)

Industrial energy users consume a wide variety of energy sources and use them to produce steam,
heat, and electricity for operating equipment. Figure 5.2 ilites¢rthe variety of fuels used by
southern industries. Electricity and its related losses account for 28 percent of usage, while liquid
fuels and natural gas respectively account for 36 and 24 percent.
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Figure 5.2 Industrial Energy Sources by Fuel, 2007EIA, 2009)

Although it accounts for more energy consumption than any other sector in the South, industry
has fewer unique users; therefore, education and information dissemination can occur more
rapidly and with less cost. Action at one industriak stan have more impact on energy
consumption than action at a single residence or commercial enterprise. On the other hand, as
industrial energyefficiency improvements are often process or plant specific, it can be difficult

to characterize technology sjiféc potential for energy savings in this sector. Nevertheless, some
policies can be discussed at a high level of aggregation.

In this study we have analyzed industrial energy efficiency policies from an energy savings
perspective. Three promising rega policies that could contribute to reducing energy
consumption in the future include: 1) expanded industrial assessment programs for plant utility
upgrades, 2) accelerated industrial process improvement, and 3) technological development in
combined heaand power (CHP) systems, combined with additional tax and subsidy programs
for accelerating CHP development.

5.2 POLICY OPTIONS FOR INDUSTRIAL ENERGY EFFICIENCY

5.2.1 Barriers to Industrial Energy Efficiency in the South

The potential for greater indusl efficiency in the South results from the existence of numerous
technical, corporate, regulatory, and workforce barriers to improvement. For example,
companies must consider ttezhnical risks of adopting a new industrial technology | n t oday 6
manugcturing environment with 24/7 operations, reliability and operational risks represent
major concerns for industry when adopting new technologies (National Academy of Sciences,
2009). Lack of specialized knowledges a related impediment. To make optimaleryy

efficiency decisions, plant managers must have working knowledge of a massive number of
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technologies (McKinseyand Company2008). Researching new technologies consumes time
and resources, especially for small firms, and many industries prefer émdexmuman and
financial capital on other investment priorities (Worrell and Biermans, 2005).

Relatively high initial costs for industrial energyefficiency improvements result in longer
payback periods thafor traditional equipment. Senior managers ofteelay investing in costly
refurbishments because they are uncertain about the longevity of their companies (MaKdthsey
Company 2008, p. 9). Plant closures and production downturns in the textile industry in North
Carolina and Georgia and in aluminunamafacturing in Kentucky and Tennessee illustrate that
these are real concerns, particularly during the economic recession that began in 2008. Projects
to improve energy efficiency have to compete for resources against projects that achieve other
company gals and against familiar technologies. A large share of capital goes toward meeting
government standards for health, safety, security, and emissions; the remaining discretionary
capital is then allocated to other goals such as product improvement, podagansion, and
(finally) cost savings such as energy efficiency. Taek of access to capitat one of the most
significant barriers to energy efficigpnamprovements in industry (CCCSTI, 2009

In the United States, existirfgscal policies are fien unfavorableto investments in industrial
efficiency. The current federal tax code discourages capital investments in general, as opposed to
direct expensing of energy costs. Furthermore, outdated tax depreciation rules require firms to
depreciate engy efficiency investments over a longer period of time than many other
investments (Brown and Chandler, 2008). Existregulations can also be unfavorableo
industrial energy efficiency. The threat of triggering a New Source Review has prevented many
upgades from occumg (Brown and Chandler, 2008)Significant utility company
interconnection fees, overly layered permitting processestharidck of netmetering policies

provide disincentives for manufacturing plants to capture waste energy for tbeatgem of
electricity in combined heat and power systefm. example, many states have low limits for
individual projects to receive net metering, such as 100 kW for commercial and industrial
projects in Georgia, 30 kW in Kentucky, and 25 kW in West Mieg (Figure 5.3).Finally,

policy uncertaintyabout the future cost of carbon emissions and the absence of an international
climate agreement are leading to competitiveness concerns and reduced cooperation across firms
(CCCSTI, 2@9).
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Figure 5.3 Geogaphic Variability of Net Metering (kW)

5.2.2 Policy Options

To address these barriers agbport the expansion of industrial assessments in the South,
several programs have been investigated. Three complementary policies were chosen to be
modeled forenergy efficiency potential. The first one is thdustrial Assessments of Plant

Utility Upgrades, with thexpansion of Industrial Assessment Centers (IACs), oriented to small
and medium industrial sites, and increasing the scope of the Save Energ@ &) (program

for large firms. These two programs of the DOE are oriented to monitoring the principal
equipment that uses energy, such as motor and drive systems, pumps, steam systems, process
heating and fans. This equipment requires regular mainteraeosure optimal performance.

The principal goal of these two programs is for specialists to visit the facilities and make
recommendations in order to guarantee the efficient use of energy in consumptive equipment and
identify replacements where needede Becond policy is to foster theceleration of industrial
process improvements. This policy ensures the implementation of most efficient technologies.
The third policy option explored involves the stimulation of the installation of CHP units at
industrid sites.

Table 5.1 lists complementary actions to these three policies. The policies and programs listed

could be used as substitutions to the ones that were modeled in this study. The form of policies
adopted in different parts of the South will dependvhich critical barriers and market failures
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inhibit the market uptake of energyficient technologies and practices. These barriers vary
across industries and census divisions of the South. The specific choice of policies will also
reflect the goalsral capacity of state and local agencies.

These three policies have the potential to reach nearly all southern industrial facilities by 2030.
Policy-makers would need to provide resources for advertising and information dissemination in
order to reach as mg small to mediunsized industrial locations as possible. In addition,

program personnel may need to travel to sites f@enrson visits to discuss the benefits of
industrial assessments. Once an industrial site requests an assessment, expert persohbel s
available to act. In order to increase the number of industrial assessments within the Region,
additional personnel should be added at current industrial assessment centers. The U.S.
Department of Energy could ask additional universities to fé@slto keep up with new

demand. This recommendation was taken into account in the last American Clean Energy
Leadeship Act of 2009

Table 5.1 Policy Actions that Support Industrial Energy Efficiency

Actions

Industrial Assessments
of Plant Utility
Upgrades

Policies to Accelerate
Industrial Process
Improvements

Industrial Combined Heat and
Power

Research, Development,
and Demonstration

Increased equipment ang
system performance;
reduced installed cost

Increased equipment and
system performance;
reducednstalled cost

Increased equipment and syste
performance; reduced installed
cost

Financing

Low or no interest loans
for capital improvements

Low or no interest loans
for capital improvements

Low or nainterest loans for
CHP equipment purchase

Financial Incentives

Assistance with energy
audit costsgrants and tax
credits

Grants and tax credits

Grants tax credits, and
subsidies

- Extend the duration of existing
Investment Tax Credit (ITC)

- Subsidize a certain percentag
of initial installation costs

Pricing

Time-of-use rates

Time-of-use rates

Reduced rates for natural gas fi
CHP users

Voluntary Agreements

N/A

N/A

N/A

Net metering and feeih tariffs;

Regulations Equipment standards Equipment standards equipment standards
Campaigns to infon
smallto mediurrsized Assessments to evaluate CHP
: industrial sites of feasibility at site;
Information

Dissemination & Training

potential for energy and
cost savings

Training for onsite

personnel during first

Campaign to inform industrial
sites of the potential for energy|
and cost savings
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Table 5.1 Policy Actions that Support Industrial Energy Efficiency

Actions

Industrial Assessments
of Plant Utility
Upgrades

Policies to Accelerate
Industrial Process
Improvements

Industrial Combined Heat and
Power

assessment;

Software tools to perform
Future assessments;

Campaign to inform largg
industrial sites othe
potential for energy and
cost savings

Procurement

Assistance with
equipment procurement
to lessen lead times

Assistancavith
equipment procurement t
lessen lead times

Assistance with equipment
procurement to lessen lead tim

Market Reforms

Public assistance fund

Public assistance fund

Public assistance fund

Planning Techniques

Outage management to
facilitate energy
efficiency upgrades;
zoning and land use
planning

Outage management to
facilitate energy
efficiency upgrades;
zoning and land use
planning

Outage management to facilita
energyefficiency upgrades;
zoning and land use planning

Capacity Building

Increase thaumber of
industrial assessment
universities and
personnel

Software development

Energy Service Company
(ESCO) Incubators

This table describes policy actions available that could further the savings from the policy packages modeled in t
The polcy actions shown iftalics are modeled in this study, while the others are not.

5.3 ENERGY EFFICIENCY POTENTIAL IN INDUSTRY IN THE SOUTH

This section describes the three policies evaluated to increasdtis&ialenergy efficiency
saving In orde to capture the potential energy saving of each industrial group, the authors
collected a spreadsheet of state level data from the IAGBNA programs which is presented
in the following section.

5.3.1 Spreadsheet Analys for Industrial Assessmentf Plant Utility Upgrades

This policy is designed to stimulate current growth in industrial assessments to improve the
plantés energy efficiency through the two
small and mediursized firms and SENAs aresigned for relatively larger energy consumers.
The information on energy use from these two programs had been analyzed below in order to
obtain the source of potential energy efficiency necessary to modify and run the unit energy
consumption in SNUNEMS.

DOE
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Currently, there are 26 DOE Industrial Assessment Centers (IACs) located throughout the U.S.
(DOE/EERE, 2009k), with 1B®cated in the South. These centers are univesisgd, and

include teams comprised of both faculty and students who perforoutffoenergy analyses at
small to mediurrsized industrial facilities within the local region. These assessments suggest
potential savings through improvements in energy efficiency, waste minimization, pollution
prevention, and productivity. Table E.1 iretappendix illustrates the activities of this program

in the South, including the number of assessments completed and the implementation rate of
recommendations.

In order to estimate the potential benefits of increasing IAC capacity, findings from recent
industrial assessments were evaluated. The resulting information was used with the state values
of shipment by industrial groups to determine potential energy savings. The details of this
spreadsheet analysis of IAC data are in Appendix E.1. The reSutiplementing increased

IAC capacity are shown in Tables 5.2 and 5.3. Details of the IAC modeling, including baseline
data, assumptions, and methodology are also detailed in Appendix E.1

The IAC Program is estimated to reduce industrial energy consamfpti small and medium
companies by: 0.2% in 2010, 1.0% in 2020, and 1.4% in 2030, with a total of 0.207 Quads of
savings in the South Region in 2030. The highest savings are expected to be in the West South
Central division, with 47% of the total savindsllowed by the South Atlantic and East South
Central, with 31% and 22% respectively. Electricity constitutes a majority of the savings (0.129
Quads), while natural gas accounts for only 0.079 Quads of savings in 2030.

Table 5.2 Energy Savings frommcreasinglAC Assessments and TrainingTBtu),
Spreadsheet Analysis
Electricity Savings Natural Gas Savings Total Energy Saved
Region
2010 | 2020 | 2030 | 2010 | 2020 | 2030 | 2010 | 2020 | 2030

WSC 18 42 61 3 24 36 22 66 97
ESC 3 24 35 1 8 12 4 31 46
SA 3 22 33 3 21 31 6 44 64
Total 45 88 129 7 54 79 32 141 208

(Source: DOE, IAC and Team Analysis)

These savings figures assume that IAC assessments are able to increase to completing
assessments of nearly all small to medsined facilities by 2030 through amcrease in the
workforce and the number of centers located in or near the region. IntB8G&outh was home

to 14,112 small and medium manufacturing firms-250 employees)rhe energy savings could
increase to 1.4 percent of the projected sector usehwepresents 0.207 Quads of savings. This
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represents only part of the enetgfficiency gains possible in the region and is additive to the
other industrial policy efficiency gains.

Table 5.3 Energy Use and Savings in 2030 Duelt@reasing
Industrial Assessment Center§lBtu)
: EE Percentage

Region REIEENEE Pl Savings Savingg
WSC 8,000 7,900 100 1.2%
ESC 2,910 2870 40 1.6%

SA 3,640 3,580 60 1.8%
Total 14,550 14,350 200 1.4%

Like IAC assessments, SENA provides plant and facility mearsawith the tools they need to

take control of their energy use, but these assessments take place at large industrial sites and only
assess one system at a time (e.g. compressed air or steam). The impact of energy savings
assessments on energy and ecan@avings has been documented by the SENA program. This
program started in 2006 with a total of 200 plant assessments, almost 40% of which were
conducted in the South Region. These assessments continued during the following years, as is
shown in Table E.8 the appendix.

Save Energy Now assessments conducted in 2006 included identificatragsofo reduce

natural gas andlectricity use in steam and process heat. The assessments also focused on the
onsite training of appropriate personnel to use theeEnergy Now software. In 2007
assessments included new areagh agxaminingcompressed air, fan, and pumping system.

Save Energy Now assessmentyeused to estimate the potential of energy savings for large
energy consumption companies in theithdRegion (see Appendix E for details). Eitectof
expanding SENA are presented in Tables 5.4 and 5.5. This policy is estimated to reduce
industrial energy consumption by: 1.1% in 2010, 3.6% in 2020, &3d | 2030, with a total of
860 TBtuof saving in the South Region in 2030. Natural gas constitutes a majority of savings
(560 TBtu), while electricity accounts fB00 TBtuof savings in 2030. Details of the SENA
program modeling, including data, assumptions, and methodology are shown in Appendix E.
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Table 5.4Spreadsheet Estimate oEnergy Savings from Increasing
Save Energy Now Assessmen{$Btu)

__ Electricity Savings Natural Gas Savings | Total Energy Saved

9N 1 2010 | 2020 | 2030 | 2010| 2020 | 2030 | 2010 | 2020 | 2030
WSC 12 40 64 47 150 250 59 190 310
ESC 27 90 145 | 18 60 97 46 150 242
SA 16 54 86 40 140 220 58 190 305
Total 55 184 | 300 | 110 | 350 570 | 163 | 530 857

Table 5.5 Energy Use and Savings in 2030 Due to Increasing Save Energy N
Assessmen{TBtu)

Region Reference Policy EE Savings FEICENERE
Saving

WSC 8,000 7,700 300 3.9%

ESC 2,910 2,670 240 8.3%

SA 3,640 3,330 310 8.4%

Total 14,550 13,700 850 5.9%

5.3.2 SNUGNEMS Modeling of Industrial Assessments of Plant Utility Upgrades

The information obtained from this spreadsheet mod&iag integrated into SNUGEMS by
Aunit energy
reductions’* The results are shown in Tables 5.6 and 5.7 for industrial assessments for plant
utility upgrades and for policies to imase the process improvement respectively. Because the
industrial assessments program only included information about electricity and natural gas, these
two energy sources were evaluated for this policy. The calculated energy savings for the IAC and
SENA policies modeled in SNGWEMS were a total of 800 TBtu for the South in 2030, which
include 450 TBtu of savings obtained from spreadsheet calculations for the oil refining industry,
because oil refining is not part of the NEMS Industrial Demand Modulepdteatial savings
for the refining industries were calculated based on information obtained from SENA
assessments and extrapolated to the South (These savings were estimated from a spreadsheet
analysis, for more details see Appendix Epre than 5% of thenergy efficiency gains are
expected in WSC and more than 3% in ESC and 2% in SA in 2030 (Figure 5.4).

charging

t he val

% The technology possibility curve is an exponential growth trend corresponding to a givegeaaenual growth

ues

of

t he

consu

rate, or technology possibility coefficient. The TPC defines the assumed average annual growth rate of the energy
intensity of a process step or an energy end use.
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Table 5.6 Total Energy Savings Industrial Assessment for
Plant Utility Upgrades (TBtu)

Year WSC ESC SA Total

2020 370 150 170 690

2030 430 170 200 800
Cumulative to 2050 10,500 4,400 5,000 19,900

6%

5%

5%

4% -

3% -

2% -

1% +

0% -

2020

5%

2030

EWSCmESCm SA
Figure 54 Primary Energy Savings for Plant Utility Upgrade Policy

The greatest electricity and natural gas savings in 2030 would occur in the chemical industry,
although as a percentagaluction the values are not the highest because of the large energy
budgets of this industry in 2010. The largest percentages of imtkiare in paper and cement
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Table 5.7 Results from the Industrial Assessment for Plant Utility Upgrades
in 2030(TBtu)
Industrial Electricity Savings Natural Gas Savings
Sector Reference| Policy % Reference| Policy %
Case Case | Difference Case Case | Difference
Chemicals 167 166 -0.4% 337 290 -14%
Paper 76 60 -20.7% 92 85 -8%
Cement 20 18 -4.0% 10 9 -8%
Oil and gas 91 81 -10.8% 226 165 -27%
mining
Metal and
other non- 39 35 -10.6% 14 10 -27%
metal mining

Utility Upgrade Policy Results: Levelized Cost of Energy EfficiencyThe levelized cost

reflects the cost to achieve a particular amount of energygshwough our industrial energy
efficiency policies. This study focuses on electricity efficiency potential, natural gas efficiency
potential and total energy efficiency potential from each individual policy.

Table 5.8 shows the levelized cost of gledl, natural gas and the total energy efficiency in the
Utility Upgrade policy. Both the electricity and natural gas numbers are lower than the energy
rates charged to industrial business in most of the southern states.

Table 5.8 Levelized Cost of Engy Efficiency from
Utility Upgrade Policy in 2020

Electricity Efficiency (¢//kWh) 0.9
Natural Gas Efficiency (¢/Therm) 15.7
Total Energy Efficiency ($/MMBtu) 1.1

Economic Tests.The costs and savings for this policy are shown in Table 5.9. Investoss

are calculated from the cost information contained in the IAC and SENA programs. Both
programs present detailed information about costs required to update plant utilities for increasing
energy efficiency. All the investment costs are assumed noaloie by the industry.

Nevertheless, polieynakers could consider a public subsidy as part of the investment scenario,
but that was not evaluated in this study. Administrative costs are assumed entirely by the public
sector, which represents less than paecent of the total costs. The government role is to
motivate industry to conduct energy efficiency assessments, through the creation of Champion
programs. Additionally the public sector could establish a program for the diffusion of best
practices in engy use for the 22 most significant industries, for small, medium and large firms
(for more details about the calculation see Appendix E section).
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Table 5.9Total Resource Test- Industrial Assessment for
Plant Utility Upgrades Policy*
(Million $ 2007)
Total Total
Public Costs Private Costs Discount | Discount
Costs Savings B/C
A dm/?rr:igltjrzltion Annual Annual Cumulative Cumu_lative
Year Cost Investment Cost | (Investment & Other) Costs Savings
2020 10.6 0 750 8,600 17,100
2030 9.3 0 590 10800 38,700
NPV 124 0 10,500 10,800 48,400 45

* Cumulative Costbeginning in 201@nd Savings beginning in 20INPV includes savings post 2030

Energy Bill Savings.This policy appears to be highly cestective. The energy bill savings
exceed the publiand private investant s by many ti mes. Thd s
expected to decreasapidly after 2030 since this is the last year when new assessments are
modeled

pol ic

Billion 07$
N
<

2010 2015 2020 2025 2030 2035 2040 2045 2050

=—=Energy Bill Saving
== Public Investment
Private Investment
Figure 55 Energy Bill Savings for Plant Utility Upgrade policy

5.3.3 Policies to Accelerate Industrial Process Improvements

Several studies have shown high energy savings potential in the highly-ariergve

industries. A recent study of the National Academies (2009) recompiled these studies for 5

i ndust ri erer@ysavimds é2G20: petroleam refining, iron and steel, cement,
chemicals manufacturingnd pulp and paper. These five industries represent 83% of the total
energy consumption in the South (EIA, 2006).
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The petrol eum ref i ni argprasantédirs3tstudies; the lewes esgmate s a v i
of 0.3 quads, which represent 5% of energy consumption in 2020 came from McKinsey and
Company (2008). The highest estimate is a range of 1.68 to 3.94 quads published in a DOE

(2006j) report, with a range @8-65% of reduction in consumption in 2020. The intermediate

range of saving, between 0.73 to 1.46 quads in 2020, was shown by the study of LBNL (2005),

with a range between 12 to 24%.

The iron and steel industry also presents an important opportunégpdogy savings. McKinsey
and Company (2008) identified 0.3 quads or 22% of energy consumption in 2020. The AlSI
study (2005) provided a higher level of energy savings at 0.79 quad, or 58% of energy use.

Three studies analyzed thencent industry, the logr estimation of energy savings is presented

by Brown M., et a{2001) with 0.08 or 19% quads of saving in 2020, followed by McKinsey and
Company with a 0.1 quads or 23%. The highest potential of savings is presented in the study of
Worrell (2004), with ®9 quads or 67% of energy saving in 2020.

The chemical manufacturing industry was analyzed by three studies: the lowest level of savings
is presented in the NREL (2002) report with only 0.19 quads or 3.1% of energy use in 2020. A
similar result was pres&sd in McKinsey with a potential for savings of 0.3 quads or 5% in

2020. The highest amount of savings was shown by Energetics Incorporated (US DOE 2007),
with a total of 1.1 quads or 18% of energy use in 2020.

Finally, the pulp and paper industry alspresents a potential of energy savings through its
process improvement, from 0.14 quads or 6.1% in the CEF study to 0.85 quads or 37% of energy
use, in the study of Jacobs and IPST (2006).

Among the most prominent industrial process improvement techeslage super boilers, which
present over 95 percent fuelsteam efficiency (Industrial Technology Program (ITP) DOE,

2008). This technology is able to improve heat transfer thanks to the use of advanced firetubes
with extended surfaces that help achiav@mpact design, reducing size, weight, and footprint.

The advanced heat recovery system combines compact economizers, a humidifying air heater,
and a patented transport membrane condenser. Many boilers used today are more than 40 years
old, suggesting lrge energasavings opportunity (Gemmer, 2007). This technology provides
compelling economic benefits to accelerate replacement of aging boilers (see Fpure 5.
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Figure 5.6 Gasfired Super Boiler (Sorc: ITP 2008)

Table5.10 lists each industry atdisinessasusual (Reference) projected energy use. The
different estimates for energpfficiency potential savings is shown by the two rightmost
columns.

Table 5.10 Estimated Energy Savings Due to Energffficiency From
Accelerated Industrial Proces Improvements(in TBtu)

Energy Use in the Reference | Savings Over the Reference
Case Case
Industry 2009 2020 2030 2020* 2030**
300
Petroleum Refining 4,950 5,640 6,720 610to 1,210 5,490
1,400 to 3,280
Iron & Steel 1,310 1,220 940 210 to 790 740
80
Cement 330 430 420 290 320
Chemicals 300
Manufacturing 5,540 5,280 4,490 190 to 1,100 1,150
140 to 600
Pulp & Paper 1,960 2,100 2,200 370 to 850 1,410

* Based on a review of studies for specific enenging industries.
*Based on average of energgngng of 2020 savings projected to 2030
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5.3.4 SNUGNEMS Modeling to Accelerate Industrial Process Improvements

This policy as modeled in SNUSEMS resulted in a total savings of 1.38 quads in 2020 and
1.57 quads in 2030. This represents savings obBénergy in 2020 and 10% in 2030. The
highest energy efficiencies are in the West South Central region with 89% of the total savings
(see Table 5.11). Figure 5.7 shosveergy efficiency gains by region, and WSC has the largest
potential.

Table 5.11Primary Energy Savings Industrial Process Improvements(TBtu)
Year WSC ESC SA Total
2020 1,230 90 60 1,380
2030 1,350 150 70 1,570
Cumulative to 2050 36,000 3,180 1,840 41,100
18% 7%

16% 15%
14% -

12% -

10% -

8% -
6% -
4% -

2% -

0% -

2020 2030
mWSC m ESCm SA

Figure 5.7 Primary Energy Saving in the Industrial Process Improvemen Policy

Table 5.12 shows the levelized cost of electricity, natural gas and the total energy efficiency
(including savings from liquid fuels with 344 TBtu in 2020) for this policy. Both the electricity
and natural gas numbers are lower than the enetgy charged to industrial business in most of
the southern states.
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Table 5.12 Levelized Cost of Energy Efficiency from Process Improvement

Policy in 2020
Electricity Efficiency (¢//kWh) 2.4
Natural Gas Efficiency (¢/Therm) 23.8
Total Energy Efficiacy ($/MMBtu) 3.6

Economic TestsThe costs and savings for the industrial policy to increase the process
improvementireshown in Table 5.13. The investment costs are calculated based an estimation
of the costs previously presented for the Plant Wtilipgrade policy. Considering that the

adoption of new technologies to improve energy efficiency is more costly, this study assumed
that the Plant Utility Upgrades policy represented 40% of the total investment cost of the Policy
to accelerate industriaF@cess improvements. All the investment costs are assumed to be made
by the privatesector industry. Nevertheless, polimakers could consider a public subsidy as

part of the investment scenario, but that was not evaluated in this study. Administrsitsvareo
assumed entirely by the public sector, which represents less than one percent of the total costs. It
is designed to motivate the industry to conduct process improvement, through the acquisition of
newest technologies. (See more details about thalaidons in Appendix E section)

Table 5.13Total Resource Cost Testor Process Improvement Policy
(Million $2007)
Total Total
Public Costs Private Costs Discount | Discount
Year Costs Savings | B/C
A dmAi\rTir;ltjrzltion Annual Annual Cumulative | Cumulative
Cost Investment Cost | (Investment & Other) Costs Savings
2020 6.5 0 1,700 20,000 57,300 -
2030 10.6 0 1,400 36,000 108,700 -
NPV 65.4 0 24,800 36,000 128,800 | 3.6

* Cumulative Costbeginning in 201@&nd Savings beginning in 20ANPVincluded savings post 2030

Energy Bill Savings The Process Improvement Policy appears to beeftesttive. The energy
bill savings exceed the public and private investments by many times (see REuEn&rgy
savings is expected to rapidly decrease retures 2030.
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Figure 5.8 Energy Bill Savings fromIndustrial Process Improvements

5.3.5 Supporting Industrial Combined Heat and Power (CHP) with Incentives

Cogeneratin, in other words combined heat armyer (CHP), is the use of a heat engine or a
powerstation to simultaneously produce both electricity and useful heat. The key technology in
CHP systems is the prime mover, which generates electricity from the exhaust heat and steam.
Theproliferation of the CHP system could contribute to future energngsiby recycling the

waste heat exhaustéwm other production procességcording torecentstudies, the nation

could produce about 1& 20 percent of U.S. electricity with heat that is currently wasted in
industrial processes (ORNL, 2008).

Figure 5.9 Heat Recovery Steam Generator

Previous studies aihe effectiveness of CHP also estimate that 15 to 20 percent of industrial
electricity demand could be met by CHP systems by 2030 (SEED®,Lemar, 2001). To
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determine the savings that industrial EBlystems could yield, one must establish the current
status of these systems in the South region. It is estimated that there is currently 41 GW of
installed CHP capacity at 598 sites within the South region (EEA, 2009). The gulf coast of
Louisiana and Teas has one of the largest concentrations of CHP capacity in the iain.
recovery steam generators (Figure 5.9) are one of the components that comprise such systems,
which can be quite capital intensive.
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Figure 5.10Installed CHP Capacity (MW) by state in the Southeast (EEA, 2009)
(Includes industrial and commercial CHP capacity)

Many states havegticiesthatsupport CHP equipent installations and R&Bctivities for new
technologies. Thpolicies listed in Table 5.1ihcludesgrants, loans, spetirates, tax credits,

and ease of interconnection with the national electrical grid. Arkansas and Delaware provide
additional emission credits based on the outputs from CHP systems. Some states, as well as the
federal WaxmasMarkey proposal, consider CHi2 a pranising energy efficiency optioio

meet the Reswable Portfolio Standard (RPhe WaxmarMarkey bill proposedncentives for
innovative waste heat recovery (for electricity or thermal use), of up to 25% of the projected
value of energy savingsifthe first 5 years. Grant programs are used to accelerate R&D
activities for enhancing overall efficiency, improving heatsaé@d reducing installation costs.
The U.S. Department of Energy (DOE) recently issuednalifig Opportunity Announcement

for upto $40 million in R&D and demonstration of CHP systems. DOE expects this grant
program could achieve effiaieies up to 80 percebetter compared to the roughly 45 percent
for conventional CHP production. Florida applies Renewable Energy Productiond@iktc

the amount of electricity generated from CHP ($0.01/kWh3um, these existing policies are
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designed to motivate plant owners to install new CHP systems and actively use their existing
equipment.

Table 5.14Summary of CHP-Supportive Policies n the South
. Applicability and Requirements and
Type of Policy State Amount Limits
OutputBased
AR, DE Regulations,
Environmental Combined heat and
Regulations power (CHP)
systems can receivg
emissions credits
Renewable Portfolio DC. MD, VA, WV
Standard
EPA small business
Grants for New innovation research
Technologies program (phase |
R&D funding by
$70,000, phase |l
$225,000)
DC, TX
Interconnection
Interconnection DC, TFXL’ '\[A)\I/EV KS, Standards, up to 10
’ MW, KS (5MW), FL
(2MW) and DE
(AMW)
Long-term Loans for
Customer-side $150 million
Distributed available
Generation
Renewable Energy $0.01/kWh of
Production Tax FL electricity produced
Credit and sold
35 % of the cost of
Renewable Energy NC renewable energy
Tax Credit systems bui
purchased, or lease
Energy Investment
Loan MS Program, interest rat
3%, max 7 years
$15,000 to $300,00(
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5.3.6  SNUGNEMS Modeling ofIndustrial CHP with Incentives

To motivate plant owners to install more CHP equipment, policy makers mussadeveral
technology barriers. Two key parameters that influence economic viability are operating costs
(driven by efficiency and fuel price) and capital costs (driven by initial installation costs)

(ORNL, 2008). We have developed a policy scenariatiess the two factors. To assess the
magnitude of costffectiveness and achievable enegfficiency improvements from CHP

proliferation, we have assumed adoption of a set of transformative energy policies: 1) extension
of the duration of existing tax edit programs and 2) acceleration of R&D activities.

The first part of the policy bundle was modeled in SNNEMS by extending the duration of

the current Investment Tax Credits (ITC) included in the Energy Improvement and Extension

Act of 2008. Congregsassed this law on October 3, 2008 and established a new ITC for CHP
systems. The credits began in 2008 and are currently scheduled to continue through 2016. In this

study, we assumed that policymakers would extend the duration of the ITC through 2030. In

addition, we implemented a 20% subsidy policy for accelerating additional installation of CHP
equipment. On balance, 30% of the total investment cost for new CHP systems would be
supported by government.

We also modeled grant programs that support R&fvities for improving the performance of
CHP systems. We assumed that the programs could increase the overall efficiency by 0.7%

annually and raise the average efficiency level up to 83% by 2030 without any additional
increase in installation cost. Tabl 5 .
reference case and those for our study. We approximated that the grant program would spend
$20 million annually to cost share the R&D of research entities. CHP system performance and
cost information from EIA were used to quantify energy savings and financial costs.
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Table 5.15 Overall Efficiency by CHP System (Size)

Reference Policy*
System Size 2020 2030 2020 2030
(kilowatts)

1 Engine 1,000 0.73 0.74 0.77 0.82

2 Engine 3,000 0.74 0.75 0.77 0.83

3 Gas Turbine 3,000 0.70 0.71 0.75 0.80
4 Gas Turbine 5,000 0.72 0.72 0.76 0.82
5 Gas Turbine 10,000 0.71 0.72 0.76 0.82
6 Gas Turbine 25,000 0.72 0.73 0.77 0.82

7 Gas Turbine 40,000 0.73 0.73 0.78 0.83
8 Combined Cycle 100,000 0.72 0.73 0.76 0.81

* I ndustrial CHP Technology Performance Data used

for

** \We increased the overall efficiency of each CHP system by 0.7% annually and raiséfittbecy level up to 8% by 2030.

When the CHP policy is implementetigtelectricity generation capacity would increase by

29.1% in the South, and the Region could produce 38.1 TWh of electricity and 122 TBtu of
useful steam additionally. In sum, the South could produce 147.9 TWh of electricity and 1.1
Quads of useful steafrom both existing (i.e. installed before the policy implementation) and
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newly installed CHP equipment in 2030 (Figurél5sand 512).
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Figure 5.11 Electricity Generation Capacity in the Industrial Sector
(*Only industrial CHP capacity counted)
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Figure 5.12 Energy Consumption and Production inIndustrial CHP Systems in the South in
2030
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The WSC shows the highest cumulative primary energy savings of 3,351 TBtu followed by the
SA with 1,478 TBtu and the ESC with 591 TBtu (Table 5.16).

Table 5.16Primary Energy Savings from CHP Policy (TBtu)
Year WSC ESC SA Total
2020 68 12 30 110
2030 178 32 78 289
Cumulative to 2050 3,350 590 1,480 5,420

We could expect more than 2% of the energy efficiency gains in the WSC and the SA in 2030
(Figure 5.B).

2.5%
2.3% 2.2%
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0.5%

Percentage of Reduction
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Figure 5.13 Primary Energy Savings from CHP policy
The impact of the policy would increase gradually throughout the study horizon. The total

installed CHP equipment in the South could reduce the total industrial energy consumption by
3.5% in 2020 and 2% in 2030(Table 5.17)

Table 5.17Energy Production and Consumption in Total CHP systems
Total Total Total Fuel | Net Primary
Year Electricity Steam Consumption | Fuel Saved | % of Energy
Production | Production (TBtu) (TBtu) Saved
(TWh) (TBtu)
2020 118 1,020 2,410 408 3.5%
2030 148 1,140 2,720 613 4.7%
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Compared to a reference scenario, additionally installed CHP systems through this policy could
save 288.5 TBtu of primary energy, which is equivalent to 2.19% of total projected industrial

energy consuntmn in 2030. Oil and gas mining, food, and the plastics industries would

sensitively respond to the policy and reduce 5% or more of their energy consumption in 2030; oil

and gas mining (6.3%); food (12%), and plastics (5.9%) (Table 5.18).

Table 518 Energy Savings from Supported CHP by Industry in 2030:
Estimated Changes and Savingé
Newly | additional | Additional | Additional | - O
Installed o Primary | % of
Fuel Electricity Steam
Industry CHP , : : Energy | Energy
C .| Consumption | Production | Production 3
apacity (TBu) (GWh) (TBw) Save Saved
(MW) (TBtu)
Chemicals 2,875 166 20,260 60 152 2.%%
Paper 3 0.03 65 0 05 0.03%
Cement 17 1 116 0.4 0.9 0.6%
Steel 138 8 977 3 7 1.8%
Oland gas | 474 29 3,231 12 25 | 6.3%
mining
Metal and
other non- 6 0.4 44 0.2 0.3 0.3%
metal mining
Food 680 42 4,641 17 36 12.0%
Plastics 144 9 989 4 8 5.9%
0]]
Refinery24 397 24 2,774 9 21 2 506
Others 722 45 4,976 18 38 0.9%
Total 5,453 323 38,070 122 289 2.2%

Energy Bill Savings Figure 5.4 shows the annual investments by private and peibiities

and the energy savings from supporting CHP. This policy bundle is supported by a large public
studyos
would gradually increase and reach $2.9 billion in investsnand $2.2 billion in bill savings for

costs har e

2030.

t hroughout

t he

ti

me

hori zon.

2 Al reported values in the Table 5.4& differentiations between th&RERENCE and Policy cases.

% (Energy savings) = (Source fuel saved by electricity generated from CHP) + (Source fuel saved by steam captured
by CHP)i (Fuel consumption for operagrCHP). We set 3.34 as a soutoesite ratio in order to convert electtigi

to source energy consumption; 1.45 to convert steam to source energy.
24 Because petroleum refining industry (NAICS 32411) is not ghetbin the NEMS industrial module, we
approximated the impact tife industry based on the current CHP capacity sbétke oil refinery industry to the
total industrial sector in the South.86% of the installed CHP capacity is used for the industry.
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Economic Tests Supporting CHP with incentives is catective, with a benefito-cost ratio of
about 1.01 for participants. It is not, however t@ective, with a ratio of 0.67 based on total
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Figure 5.14 Energy Bill saving in Industrial CHP Policy

2050

resource cost test. CHP systems are environmentally friendly equipment and they could
contribute to reducing C{emissions. The benefits expected from the €@issions reduction

are not included in the belfitecost ratio of this study. If we capture the environmental benefits
and include them in the calculation, the beredist ratio would be 1.04, assuming that a ton of

CQO;, increases in value from $15 to $51 over the study period.

Table 5.19 Total Resourc&est for CHP Policy

(Million $2007)

Total Total
Public Costs Private Costs | Discounted | Discounted
Costs Savings
B/C
Aniritel Annual Annual Cumulative | Cumulative
Administration | Investment | (Investment & Costs Savinas
Cost Cost Other) 9
2020 5 543 1,221 6,444 2,953
2030 5 1,276 2,932 16,930 7,826
NPV 56 5,214 11,68 16,930 11380 0.67
(17,570%%) | (1.04*%)

*Cumulative Costs beginning in 2010 and Savings beginning in 2011. NPV included savings post 2030
** |n case that environmental benefits fraD®, emissions avoided by CHP systems are counted
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5.4 COMBINED INDUSTRIAL ENERGY EFFICIENCY POLICIES

5.4.1 Energy Efficiency Results

The three combined industrial energy efficiency policies could reduce the total industrial energy
consumption by 8.8% under the no CarbaDonstrained Future (CCF) scenario and 16.5%

under a CCF in the South in 20@dgure 5.15)
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Figure 5.15 Industrial Energy Consumption Projections
The three policies are significant contributors to energy efficiency gaiesWHst South Central
division presents the highest savings of 14% in 2020 and 21% in 2030, followed by the East

South Central with 10% in 2020 and 15% in 2030. The South Atlantic shows the lowest energy
savings levels, indicating only 7% in 2020 and 992080.
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Figure 5.16 Percent Primary Energy Savings in Industry

5.4.2. Energy Price Results

The industrial energy efficiency policy bundle is expected to contribute to minimizing energy
price increases in the future. Compared to a reference scenapolithes lower electricity

prices by 3% on average. The electricity prices would reach $23 per million Btu in the WSC, $19
in the SA, and $17 in the ESC respectively in 2(B0ure 5.17)

24
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=——WSC =——ESC -——SA
Figure 5.17 Electricity Price Projections
On the other handatural gas prices would be about 2% lower thegferencescenario

especially in the first decade after the pelgcare implemented. In 2030, the natural gas price is
anticipated to be $10 per million Btu in the SA, $9 in the ESC, and $8 in the(lAgiCe 5.18)
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Figure 5.18 Natural Gas Price Projections

5.4.3 Energy Bill Savings

The three industrial energy efficiency policies would increase energy bill savings in all three
census divisionéFigure 5.19) The savings are much greater in the WestlSGentral states

than those in other census divisions. The percentage of reduction of the WSC starts at 7% in
2010, reaches a peak in 2017, remains constant until 2027, and then shows a slight drop in 2030.
The East South Central and South Atlantic sigoadual increases in bill savings.
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Figure 5.19 Percentage Change in Energy Bill Savings
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5.5 SUMMARY OF RESULTS FOR INDUSTRIAL ENERGY EFFICIENCY

Our analysis of industrial energy efficiency policies suggests that the South could expect 11% of
energ efficiency gains in 2020 and 16% in 2030 by implementing the three policy bundles.

Since the South accounts for 50% of the total U.S. industrial energy use, these savings represent
a significant reduction in national energy consumptfxtelerting proess improvements

could producéhe greatest energy savings among the three policies, generating a 11% reduction
in industrial energy consumption in 2030. Expanding assessments oftgignupgrades and
supporting CHP with incentives also reduce theg@nesquired in this sector by 6% and 2%

respectively

CHP with

Incentives
289 TBtu
(11%)

Figure 5.20 Industrial Energy Savings by Policy Packagén 2030

The South could save 2.1 quads of industrial energy in 20@0West South Centrabuld

expect the greatest energy efficiency gamong the three census divisions in South, followed
by the South Atlantic and the East South Central (Table 5.20). These estimated savings are
similar to other efficiency studies. They demonstrate that significant gains can be achieved by
implementing indstrial energy efficiency policies in the South.

Table 5.20Summary of Industrial Primary Energy Savings
by Policy and Census Division in 2020 and 2030 (TBtu)*
Policy Year WSC ESC SA Total
Plant Utility Upgrades 2020 370 150 170 690
2030 430 170 200 800
Process Improvements 2020 1,230 90 60 1,380
2030 1,350 150 70 1,570
CHP 2020 70 10 30 110
2030 180 30 80 290
, . 2020 1,040 250 290 1,580
Combined Policy Bundle 2030 1,380 370 200 2150
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The first two policies for Plant Utility Upgrades and Process Improvements are cost effective
with a ratio of 4.5 and 3.6 respectively. On the other hand, supporting CHP with incentives is
cost ineffective wan we consider only primary energy savings as benefits. However, the

benefitcost ratio would be 1.04 if we capture benefits from avoided CO2 emissions by newly
installed CHP systems.

Table 5.21Summary of Economic Testshy Policy (Million $2007)

Cumulative .
N NPV NPV B/C Savings to ﬁ]a‘z’g‘gg
y Cost Benefit Ratio 2050 (TBtu)
(TBtu)
Plant Utility Upgrades 10,800 48,400 4.5 16,900 800
Process Improvements | 36,000 | 129,000 3.6 41,000 1,570
11,400 0.67
CHP 16900 | (17500 | (L.04% 5,420 290
Combined Policy 53200 | 179,000 | 3.4 50,600 2 150
Bundle

* Environmental benefits frol@O, emissions avoided by CHP systems are included in this alternative set of

calculations.

5.5.1 Comparison with Other Studies

A large number oprevious studies have analyzbe potential for energy efficiency
improvements in the South over the past decade. Basethetageview ofmore than 250

estimates from 18f these, Chandler and Brown (2009) concluded3f@abf the industrial

energy consumptiofl.3 Quadsyould besaved with a set of agegsive, but feasible policiés

2020 Compared to the estimated energy efficiency of the previous studies, we could expect 2%
more energy savings with the policies suggested by this study. The improved efficiency can be
explained ly a set of policies for accelerating industrial process improvements of 5 energy
intensive industries such as petroleum refining, iron and steel, cement, chemicals manufacturing,

and pulp and paper.

McKinsey and Company (20083centlyreleased a nationaln a |l y s i s
potential for energy efficiayo providing results by region and sector. According to the results

for the industrial sector in the South, the estimate of energy efficiency poteniti&oin 2020,

which means 2.5 Quad of egg consumption could be avoided in a cost efficient.\&awilar

to our study, the McKinsey report took into account energy support systems, industrial processes,

and

CHP.
poenti al ; O

However

t hus,

t he

t assumes
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Figure 5.21 Comparison of Estimates of Industrial Energy Efficiency Pantial in 2020 from
Other Key Studies

The results of several key stadiare summarized in Figurbs. Our studyods esti m:
industrial efficiency potential i8% greater thathe estimate for Appalachia (Brown, et al.,

2009), which employed a simail analytical approadbut did not include process improvements

for energy intensive industriec€ompared to the estimates of the IWG (2000) studyresult is

located in betweethose ofthe malerate and advanced scenanbthe IWG Unlike our study,

the WG (2000) study includea set of aggressivenvironmental policies and indusi

standards in the poliagyoverageOn balance, the industrial energy efficiency potential estimated

in this study is comparable to other studies.

5.5.2 Limitations andhe Need for Further Research

In this study, we analyze industrial energy efficiency potential in the South using a
comprehensive energyarket model. However, there is still room for improvement by
addressing a range of additional issues such as folgpwi

e More of the analysis needs to be conducted insid8Mg@G-NEMS so that we can
evaluate how various policy factors interplay in the simulation system. The principal
variables and factors that can be adjusted in the Industrial Demand Module (IDM) are
the unit energy consumption by industry, technology possibility curves, and capital
cost functions. Because the NEMS treats supply and demand in the petroleum
refinery industry separately in the Petroleum Market Module (PMM), the energy
savings from petrolem manufacturingvere calculateth spreadsheets external to the
SNUGNEMS. In addition, investment costs for implementing Process Improvements
and accelerating Assessments of Plant Utility Upgrades are indirectly estimated with
external data sources. Bytérnalizing the abovenentioned components, we could
have a more realistic estimate of industrial energy efficiency potential.

121



e Further analysis of knowledge and technology transfer from large firms to small and
mediumsized firms could strengthen our résuln terms of scope, our industrial
policy analysis excludes small firms with less than 49 employees. Due to a difficulty
of handling diverse firms in size in a single policy framework, we implement
efficiency-assessment programs to relatively largagiand analyze the direct policy
impacts. However, we anticipate that spif benefits would occur to smadized
firms.

¢ A more comprehensive set of emerging technologies should be included in the
industrial technology bundles in tS8 UG NEMS. The techology profiles included
in the IDM input files are incomplete and in some cases do not reflect the most recent
advancements. For instance, the IDM uses unit energy consumption by industry and
technology possibility curves collected in 2002. Consideringahil technological
development in the energy field, more recent technology profiles should be used.

e If this study captured environmental benefits of the efficiency policies, the benefit to
cost (BC) ratios would be higher. This study regards only prjngaergy savings as
benefits, and does not include additional benefits that we could expect such as
avoiding greenhouse gas emissions. For exar@® systems are environmentally
friendly equipment and they could contribute to reducing @0issions. Hoever,
the benefits expected from the €émissions reduction are not included in th€ B
ratio of this study. This results in 0.7 of the(Bratio of the CHP policy. Were
environmental benefits include it in the calculation, th€ Batio would be greater.

e More policy options to motivate plant owners to recycle exhaust energy could be
analyzed. The industrial policy bundle in this study contains three policy options for
boosting the use of CHP. However, not only waste heat but also other types of
exhaust eargy such as compressed air and flared gas could be reused in the industrial
sector NEMS does not allow explicit modeling of such technology opportunities

e Further sensitivity analyses would strengthen our results. For instance, sensitivity on
fuel prices and discount rates could provide a range of efficiency estimates under
various scenarios, which might better bracket the range of future egifiggncy
potential possibilities.

In sum, these limitations lead us to conclude that our estimate of iatlasergy efficiency
potential is conservative because it does not include small firms, the full range of technologies,
and environmental policies.
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6. INTEGRATED ANALYSIS

6.1 INTRODUCTION

Bringing all of theEnergyEfficiency Policiedogethe is one of the most important parts of this

modeling analysis. The integrated analysis involved combining the residential, commercial, and
industrialEnergyE f f i ci ency Pol i-Ef €sci ehoyoR®&hNKeBnesgysc
more simplified apprach where each policy is evaluated unto it$edfjuently overlooking

secondorder effects, using tleNUG-NEMS model capturea host of complicated interactive

effects. By examining how multiple policies operate together as system, unanticipated, non

additive, and indirect outcomes can be illuminatedoarticular,four types ofinteractions will

be discusseth this chapter.

First is the interaction of Energyfficiency Policies on one another and their effect on the final
demand for energy. If palies tackle similar market barriers and target the same market
segments, the combined energy savings wilessthanthe sum of the individugdolicy effects
Alternatively, if policies are designed to target distinct barriers and markets, their tgy en
savings could in fact be greater than the sum of their individual policy effects. For example, the
development of a trained workforce to certify building code compliance, the benefits of this
improved workforce could spillover into other market areas.

Second is the interaction of demaside policies on supplgide trends. For example, how do
EnergyEfficiency Policies influence decisions about the timing, size, fuels and types of new
plant investments. Similarly, to what extent do Endgdfyciency Policies impact decisions to
retire, convert, or upgrade existing power plantsirdegrated modeling approach allows us to
evaluatamportant and even more complicatpaestions that might otherwise deerlooked.

For example,d there a counterintuitiveffect thatat some point, morenergy efficiency has
diminishing returns in that newanore efficient supply is delayed?

Third is the feedback of Energkgfficiency Policies on energy prices, and the seeanuigr

effect of prices on the subsequentndad for energy. If prices escalate as the result of power
plant construction prompted by a rising demand for energy, consumers will invest in
technologies, products, and practices to cut grergybill consumption In contrast, declining
energy pricegan precipitate an increase in energy use. In addition, an integrated modeling
approach will capture the effect ehergy efficiency in one sector lovirag electricity prices
noticeably for norparticipants in that sector or in other demand sectors

Finally, we examine the interaction of EnetBificiency Policies with the implementation of
some sort of carbon constraint. It is not intuitively obvious if the two policy effects will be
additive, synergistic, or duplicative.

This chapter will attempt tehed light on many of these questions and make clear Wieere
largest uncertainty lies related to achieving e r gy e fipfogrampotentiely 6 s
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6.2 ENERGY-EFFICIENCY POLICY SCENARIO RESULTS

6.2.1 EnergySavings andefficiency

In the Referene Scenariduture, energy consumption the Souths expected tgrow by 16%
over the next 20 years. However, EneEfficiency Roliciescould keep energy use essentially
flat or better. As modeled, the EnerB¥ficiency Policieskeeplong term energy ca@umption
hoveringclose to its current levgFigure 6.1) This represents a reduction of 5,600 trillion Btu in
2030, or cumulatively 75,300 trillion Btu by 208@umulative value is the area between the
lines). The reduction by 2020 reaches the levetiijsted by Chandler and Brown (as discussed
in Chapter 1).

37,000

—

35,000
33,000 mptinn
31,000 1')Unrt:rillr‘firw‘l¢

Trillion Btu

29,000

27,000

25,000
2010 2015 2020 2025 2030

= Reference =—EE Policies

Figure 6.1Primary Energy Consumption (RCI Sectors) inthe South

Table 6.1 compares the energy efficiency potentials when evaluated three different ways. The
first row shows the sum of ttsavings for the nine policies each evaluated independently. The
second row has the sum of savings when the nine policies are combined into three groups by
sector and the fourth row shows the savings from integrating all nine policies into one-Energy
Efficiency Policy scenario. The potential is lower as policies are combined because of possible
redundancies between policies. Also, due to

backo effect. | nt egr at ed mcen efthésa igteractionsaRowsr e a t

three and five show how much enegfficiency savings are reduced by these interactions.
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Table 6.1Energy Efficiency and Interactions(TBtu)

2020 2030
Summing up Individual Policies 4,100 6,120
Sum of Three Sectes Combined (RCI) 3,610 5,690
% Change Attributed to Policy Interactions -12% -7%
Energy-Efficiency Policies(Integrated) 3,340 5,340

% Additional Change Attributed to Sector Interactions

-7%

-6%

Theintegrated energy savings are showrrdgionrelaive to the Reference ScenaioFigure

6.2. The West South Central regibias the largest energy efficiency potenfldde potential for
large industrial energy savings gives the WSC the highest esavyygs potential for the RCI
sectors as a whole, thimore than half of its efficiency potential coming from the industrial
sector Across all three regions, the estimated -@fctive energy efficiency improvements

continue to rise from 2020 to 2030. The efficiency gains seem to be stronger edhnker in
modeling forecast, perhaps because the available technology advances in the second decade is

more limited within SNUGNEMS.
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Figure 6.2 Energy Efficiency by Region in 2020 and 2030
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17%

2030

In this studythecommercial sector has the largest energy efficy potentiain percentage
terms while the industrial sector possesses the largest efficiency potential in real energy terms as
Table 6.2 relates. In 2020, the South could-eff&ctively reduce its commercial energy use by

almost 12%, and by 2030, ibas | d

expand

t hi

S

to

an

18%

reduct

recent assessment of opportunities (Granade, et al., 2009), the industrial potential is similar
(Figure 5.21 above), while the building sectors show a little more than half of what McKinsey
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identfied (Figure 4.19 above). The main reasons for this difference in energy efficiency
potentials are due to the number of policies analyzed, and the definition of what is considered as
potential.

Table 6.2 Energy Efficiency Potential by Sector(TBtu)
2020 2030
Residential 910 9% 1570 13%
Commercial 1,120 12% 1,980 18%
Industrial 1,580 11% 2,140 16%
Total 3,610 5,690

6.2.2 Electricity Capacity

SNUGNEMS forecastelectricitygeneratiorand capacityas well as power plant retirements

and onstruction. These results are characterized by North American Electricity Reliability
Council (NERC) region and by fuel and type of power plant. Because of the lack ci@ame
correspondence between these NERC regions and the South Census Relgave, @ected to
characterize capacity in the South by summarizing the results for the three NERC regions that
are located entirely, or almost entirely, within thestéte Census region (Figure 2.3 in Chapter 2
shows how NERC and Census regions correspdid$ is an incomplete approach as this leaves
out at least three states.

One natural and anticipated outcomenafeased energy efficienéythe construction dewer
newpower plantswhile a few older plants also end up retiriRggure 6.3showshow the
growth in newelectricitygeneratingcapacitychanges as a result of Enefigfficiency Policies.

By 2030, the Reference Scenario forecasts that the growing demand for electricity in the
Southern NERC regions will result in an increase of 49 G\letftricity capacity above the
capacity in operation in 2010. Growing demand is expected to be met primarily by new natural
gas plants and new combined natural gas/diesel plants, along with some additional nuclear
power, coal plants, and renewables.

However, if EnergyEfficiency Policies were in place, the need to expand combined cycle
capacity between 2010 and 2030 is eliminated; and as a result, electricity capacity in the South
decreases over the-3@ar period by 19 GW. Energgfficiency Policies elinate the need for

all but 7 GW of new capacity, in order to replace retiring capacity. The avoided new capacity is
mostly nuclear and natural gas.
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Figure 6.3Southern NERC Incremental Generating Capacity in 2030 Beyond 2010

Most notable of aJlthe EnergyEfficiency Policies not only lead to fewer new power plants
being built, but after retirements, in 2030 less capacity should exist than in 2010. Table 6.3
shows how the policies would affect the number and type of plants not built and rdtied
related effect on freshwater consumption is discussed in section 6.4.

Table 6.3 Energy-Efficiency PoliciesEffect on Electricity Plants in The South
Avoided Retired Plants not Additional Plants
Generation Type (GW) (GW) Built* Retired*
Coal 6 - 9 -
Combustion 25 4 124 22
Turbine
Combined Cycle 16 - 64 -
Nuclear 7 - 7 -
Renewable 5 - 94 -
Oil and Natural
Gas Steam i S i 18

* Note: Plant numbers are approximate based on simplified average plant sizes. Using NEMS sizes as guidanaé. New
plants 600 MW, Combustion Turbines 200 MW, Combined Cycle 250 MW, Nuclear 1 GW, Renewable S (
predominates)and existing Steam 300 MW
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As energy efficiency leads to fewer new clean plants and does not result in the retirement of any
cod plants, the average generation in the future would be less polluting without the policies.
However, energy efficiency measures more than make up for this average effect by reducing
overall consumption to an extent that exceeds the incremental risa\fevage generation.

6.2.3 Rate Impact

The most obvious measure of the economic effects of the EBdfigiency Policies is how
customer sO6 r at es miEffjdency Pokciedeanpt@acntodedhtion of thener gy
energy price escalation thatatherwise forecast to occur in the future. Table 6.4 illustrates how
the EnergyEfficiency Policies are expected to affect electricity rates in the three sectors.

Table 64 Change Projected to Southern Electricity Rate due to
Energy-Efficiency Policies
2015 2020 2025 2030
Residential -3% -8% -11% -17%
Commercial -1% -6% -8% -13%
Industrial -3% -8% -11% -16%

6.2.4 Energy Bill Savings

On a regional basis, the economic effeahef EnergyEfficiency Policiess shown below in

Figure 64. Consuners shoulcexpecta dollar savingsigher tharthe regional energy savings.

After all bill savings are the result of both lower energy consumption and lower fuel prices

across the board relative to the Reference Scerfaltie6.5showsthatthe total enegy bill

savings inthe Souttin 2020 isnearly $41 billion (14%), while in 2030 savings amounts to $71

billion (21%). The East South Central division saves the least in percentage and absolute terms in
both years.

Table 6.5Energy Bill Savingsfrom Energy Efficiency Polices(Billion 07%)
2020 2030

WSC $19.3 15% $29.1 20%

ESC $ 51 12% $ 95 19%

SA $16.5 13% $324 22%

Total $40.9 14% $71.0 21%

128



25%

o
0,
S
3 /
2 15%
(O] //
g
c 10%
(O]
o
s //
O 5% [
=
0%
2010 2015 2020 2025 2030

== \WSC ===ESC SA

Figure 64 Annual Energy Bill Reduction by Region

6.25 Economic Test and Supply Curves

This sectionsums up results for all policies across multiple sectors but is not from integrated
modeling. The following results show economic measures for multiple policies that were evaluated
independently. These numbers come from chaptétsTBiey givean overall view of how policies
interact within sectors and their caffectivenesS. Table 6.6 provides information about the eost
effectiveness of each policy and how policies from the same sector interact. For each policy and
each sector, thieenefit/cost (B/C) ratio was determined using the total resource cost test.

As Table 6.6hows, theportfolio of nineenergyefficiency policies is coseffective.The two
policies addressing commercial buildings have the highest combined ratio of benefits.to cos
Over the 20year period, an investment of $31.5 bilfi®would generate energy bill savings of
$126 billion. Energy bill savings would begin immediately in 2010, would grow through 2030,
and would then taper off until 2050 when the useful life of tmgroved technologies is expected
to end. The result is a B/C ratio of 4.0 for the commercial sector. That is, for every dollar
invested by the government and the private sector, four dollars of benefit is received. The
industrial and residential sector mdks are similarly cost effective with B/C ratios of 3.4 and
1.3.

The savings from the greater efficiency stimulated by these nine policies would total
approximately $448 billion in present value to the U.S. economy. It would require an investment
over he 20year planning horizon of approximately $200 billion in present value terms. These
costs include both public program implementation costs as well as gsaettE investments in
improved technologies and practices.

% The interaction between sectors was addressed in Section 6.2.1, Energy Savings and Efficiency. There were a
number é reasons that integrated results are not used for this section. First, the economic test makes most sense on
a policyby-policy basis. Second, these analyses are very time consumimgeesmbt expected to provide

significant new insights.

%n 2007 dollars, using a 7% discount rate.
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Table 6.6 Total Resource Cost Tsts by Sector (Million 07$)

Residential Sector Policies
NPV Cost NPV Benefit B/C Ratio
Building Codes with
Third-Party $10,000 $41,400 4.1
Verification
Appliance Incentives
and Standards $25,500 $7,060 0.3
Expanded
Weatherization $5,840 $6,420 1.1
Assistance Rigram
Residential Retrofit
and Equipment $86,600 $119,000 1.4
Standards
Combined Policies $115,000 $143,000 1.3
Commercial Sector Policies
NPV Cost NPV Benefit B/C Ratio
Tighter Commercial $26,300 $109,000 4.6
Appliance Standards
Commercial Retrofit $8,540 $20,900 24
Incentives
Combined Policies $31,500 $126,000 4.0
Industrial Sector Policies
NPV Cost NPV Benefit B/C Ratio
Industrial Plant
Utility Upgrades $10,800 $48,400 4.5
Industrial Process $36,000 $128,811 3.6
Improvement Policy
Combined Heat and $16,900 $11,400 0.67
Power Incentives $17,600 1.04
Combined Policies $53,200 $179,000 3.4

* Includes the environmental benefits fro 80, emissions avoided by CHP systems

Thefindingsof McKinseys "Unlocking Energy Efficiency in the U.S. Economy" are quite
consistent withhese estimates for the South, despite the factthibatanalyticapproach is quite
different(Granade, et al., 2009)hey conclude that by 2020, the United States could cost
effectively reduce its annual energy consumption by 23 percent from a beessnessal

projection, saving 9.1 quads of enge energy. Further, these savings would be worth
approximately $1.2 trillion in present value to the U.S. economy, and wouldeeguinitial

upfront investment of about $520 billion. Public costs associated with implementing the policies
needed to achieve these savings are not included in this estimate.

Among the nine individual policies, only two have benefit/cost ratios othessond

indicating that they are not cesftfective. These include appliance incentives and standards (with
a B/C ratio of 0.3) and combined heat and power incentives (with a B/C ratio of 0.7). When
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clothes washers and refrigerators are removed fremsuhe of appliance standards with

incentives, the B/C ratio rises to 0.7. When carbon dioxide emission reductions are valued (at a
range of $15 per metric ton in 2010 rising to $51 in 2030), both of these policies approach or
exceed the breakeven B/Cicadf 1.

According to the total resource cost test, the mostefésttive policy is tighter commercial
appliance standards (with a B/C ratio of 4.6), followed by B/C ratios of 4.5 for industrial plant
utility upgrades and 4.1 for residential buildingdes with third party verification. These high
B/C ratios combined with the fact that we examined an incomplete set of policies and
technologies, suggests that greater levels of investment could generate additiceéiecibat
energy savings.

Energyefficiency supply curves have typically focused on individual technologies. Since the
emphasis of this report is on program achievable energy efficiency potential, we have developed
policy supply curves. The magnitude of energy demand resources thataandwed by

launching aggressive energy efficiency programs is shown along the horizontal axis, and they are
ordered from the lowest to the highest levelized cost.

The energy supply curve for the®h in 2020 (Figure 6.5) illustratéew over4,300 TBu of

costeffective opportunities for energy efficiency could be realized through policy

implementaton n 2020. McKinseyob6s 2009 st udffigieneyst i mat e
opportunity in 2020 3,650 TBtu (Ostrowski, 2009).
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Figure 6.5Supply Curve Energy-Efficiency Policies in the South in 202QRCI Sectors)
The leastcost savings can be achieved in the industrial sector, where over 50% of the potential
would be realized. On the other hand, Residential Retrofit Incentives with Equipmentr&anda
achieve very little energy efficiency for a much higher price.
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The electricityefficiency supply curve for the Soutlfrigure 6.6)llustrates how more than 2,100
TBtu of electricitysavingscould be realizefrom implementing eight eneregfficiencypolicies.

(The combined heat and power policy could not be assigned a levelized cost value.) The supply
curve alsdighlights the large, loveost potential of industrial efficiency opportunitiegich

together could save more than 500 TBtu of electrioitya levelized cost that is significantly

lower than the price of electricity for industrial consumers (6.2 cents/KWWle)next most cost
effective efficiency option is the commercial standards policy, followed by building codes,
bringing the cumulativeavings for these four policies to nearly 900 TBtu. When the retrofit
incentives and equipment standards are added, a large additional savings can be achieved. The
three remaining policies do not save as much electricity, including appliance incentives and
standards, which produce electricity savings at a levelized cost that exceeds the residential price
of electricity (10.5 cents/kWh).
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Figure 6.6 Supply Curve for Electricity Efficiency Resources in the South in 2020
(RCI Sectors)

The natural gasupply curve (Figure 6.7) distributes approximately 1,483u of savings across
the eight efficiency policies. While commercial standards and residential building codeb®ffer
leastcost natural gas savings, the magnitude of impact of these two pditraged. Industrial
plant utility upgrades and process improvementaks@ow-cost, and they offer largescale
opportunities for coseffectivenatural gasavingsin the South
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6.2.6 Macroeconomic and Job Impacts

To evaluate how the nine energificiency policies might impact levels of employment and

economic activity in the Southye usean InputOutput Calculator developed by the American

Council for anEnergyEfficient Economy (ACEEEjor evaluating macroeconomic and job

impacts of investments in energy efficiency (Laitner and Knight, 2008¢ most important
component of the calculatorareh e Sout h Census Regionds i mpact
provided by IMPLAN (IMpact Analysis for PLANing). IMPLAN is an econometric modeling

system developed by applied economists at the University of Minnesota and the U.S. Forest
Service Currently in use by more than 500 organizations, IMPLAN models the trade flow
relationships between businesses and between businesses and final coffsumers.

Methodology. The critical statistics for estimating employment impacts are the jobs coefficients,
which represent the number of jobs generated by an investment of $1 millipariticalar

industry. These coefficients indicate that an investment of $1 million in the construction and
energyefficient product manufacturing sectors (which includes both new building and

retrofitting) generated 16.45 jobs in 2008. For the electraity natural gas sectors, $1 million
generated only 5.63 and 8.43 jobs, respectively. All other sectors of the economy had an average
impact coefficient of 13.86 jobs per million dollars in 2008 (Figure 6.8). The higher labor

intensity indicated by the lge jobs coefficient for construction and enegffycient

manufacturing is one of the indicators that investing in energy efficiency is an engine for job
creation.

" hitp://lwww.massachusetts.edu/econimpact/methodology.html
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Figure 6.8 GSP, Jobs, and Regional Purchase Coefficients of Economic Sectorshia South

Jobs calculations going forward in time use the same coefficients, but also accounts for an annual
1.9% increase in labor productivity, based on Bureau of Labor Statistics (2009a) estimates.

Also important for estimating regional employmenpamnts are the Regional Purchase
Coefficients (RPCs). An RPC is the proportion of the total demand for commodities by all users
in the region that is supplied by producers located within the region. Of the four sectors
examined here, the RPC in the Southighest for electricity (0.96) followed by construction

and energefficiency product manufacturing (0.86), other sectors (0.75), and natural gas (0.72).
Thus, 86% of the demand for construction and eneffigiency product manufacturing in the
South issupplied by producers located in the South, while 14% of the demand is satisfied by
import®l nvest ment in goods with significant #fl oc:
local job creation. Local job growth is particularly large when a hiB EEoefficient is

combined with a high Job Coefficient, as in the case of construction and -efigcgncy
manufacturing.

The critical statistics for estimating impacts on economic activity are the GRP Coefficients,
which represent the value addedte economy per dollar of investment. In 2008 the IMPLAN
GRP coefficients for the South Census Region were 1.09 for construction and effierggt
product manufacturing, 1.08 for electricity, 0.98 for natural gas and 1.10 for all other sectors.
(See Tal# F.3.1 in Appendix F for the aggregation scheme of the sectors in the ACEEE
calculator).

% These coefficients tend to be smaller and more variable as the size of the regiori sugnkis the analysis of
State impacts.
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Results The ACEEEcalculator indicates that 12D0 jobs could immediately be added to the
Southern economy, with 38M0 jobs added by 2020 and as many as@@®&y 2030 (See
Table 6.7).

The calculator estimates thditect investmentassociated with theine energy-efficiency

policiesin 2020 could create 22MO jobs, whilethat number could rise to 2480 a decade

later. One limitation with the direct insgnent method is that it is not clear what employment
these dollars have forgone to invest in efficiency. The remainder of the job increases will be
growth in employment created from homeowners and businesses shifting spending away from
utility expenditure into more productive sectors.

The calculator also estimates that tivee energy-efficiency policiescouldimprove the GRP by
$1.2 billion in 202Qising to$2.1 billionin 2030 based on changing spending patterns away
from electricity and natural ga&xpenditure$See Appendix F for a Stabg-State Summary of

estimated GSP impacts in Table F.3.5)

Table 6.7 ACEEE Calculator, Inputs from SNUG-NEMS Leading
to Job and GRP Effects
2020 2030
Inputs :

(in Millions of mgg&rgﬂfc‘”e $16,800 $22,400

2007 Dollars)
Change in -$48,500 -$83,100
Electricity Demand
Change in Natural -$7,710 -$9,940
Gas Demand

Effects Overall Increased 380,000 520,000
Employment
Increased 246,000 243,000
Employment from
Direct Investments
Additional Gross
Regional Product $1,230 $2,120
(in Millions of 2007
Dollars)

ACEEEOGs calculator indicates a higher rate

estimating the employment impacts of energy efficiency in the United States. A foenter
American Progress (CAP) study (Polénh al.,2008) estimated that $100 billion in clean energy
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investment could create 2 million additional jobs. For programs of the American Recovery
Reinvestment Act including Weatherization, the State Energgd?am and other efficiency

effortsit he Presidentdés Counci l of Economic Advi sc
spending would generate 1 job. Table 6.8 compares these ratios to theutguitmethods

Table 6.8Increased EmploymentResulting from the Energy-
Efficiency Polices Using ThreeDifferent Methods
2020 2030
ACEEE Input -Output 380,000 520,100
Calculator
Center for American
Progress(CAP) Ratio | 5,7 55 461,000
(2 million jobs per
$100 billion)
Council of Economic
Advisors (CEA) 119,000 251,000
($92,000for 1 job)

Note: In our calculations for the Center for American Progress Ratio and the Council of Economic Advisors, we
includeboth total productive investmeas well amorrincentive administrative costs, which were $17.35 billion in
2020 and $23.05 billion in 2030.

The most notable reason why the ACEEE IrPutput Calculator estimates higher job growth is
that the saved expenditures utility bills for electricity and natural gas customers fosterdong
term growth in other produet sectors of the economy. Both the CAP Ratio and the Council of
Economic Advisors (CEA) formula, rely exclusively on the direct investsnétusing on

shortterm impacts ofthe economic stimuluprovided by theéAmerican Recovery and
Reinvestment AtARRA). Meanwhile this report considers two decades of implementation.
The CEA job estimate 3ot a perfect comparison, as iderived fromall forms of spending,

not just cossaving energy efficiency improvements.

Figure 6.9 shows that the ACEEBDjtotal from direct investments falls within the range of the
other two formulas. For the first five years of the study, the ACEEE-@ptut calculator

returns a lower increase in employment than the ACEEE projected job total exclusively based on
dired investment. This is because the projected job creation from utility bill savings lags behind
the decline in revenue for electricity and natural gas businesses.

A more complete analysis of the renergy or productivity benefits of energy efficiency
investments would likely increase the overall GRP impacts. There is a growing liténature
documents severahtegories of "nomnergy" financial benefitsicludingreduced operating and
maintenance costs, improved process controls, increased aseniigner conveniences, water
savings and waste minimization, and direct and indirect economic benefits from downsizing or
elimination of other equipment (Laitner 200@prrell et al. 2003).
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Figure 6.9 Increased Employment Impacts fronEnergy-Efficiency Policiesfor the Region
*Includes jobs from direct investment and changes in electricity

Shifting revenues from the ndabor intensive energy production industries to more labor
intensive industries can create letegm job growth prospectparticulaly during periods of

high unemployment when labor is underutiliz&@tie seasonally adjusted unemployment rate in
the South Census Region was 9.6% in December 2009 (Bureau of Labor Statistics, 2009b).
While this is lower than the national rate of 10.0P, District of Columbia, Florida, North
Carolina, and South Carolina all had over 11% unemployment.

While energyefficiency policiesmay not be an instantaneous or compéetetion to the current
financial difficulties of theSouth our analysis suggesthatthe public and private investment
stimulated by the nine energjfficiency policieswill have a positive impact on employment and
macroeconomic growtbver the next two decades

6.3 SENSITIVITY ANALYSIS

We use sensitivity analysis to hedgpture uncertainty associated with SNNEMS
forecasting. Sensitivity analysis helps practitioners and policymakers understand the implications
of key assumptions, such as the future price of carbon or future technology breakthroughs.

The major topic kbosen for sensitivity analysis of temergyEfficiency Policiesvas a case where

a price is placed on carbon emissions, starting at $15/t©@pesing to $51/tonne in 2030. This
sensitivity is called the Carbon Constrained Future (CCF). This sensitiz#t chosen because
regional and national regulation of greenhouse gases has been prominent and seems likely to
affect the marketplace for energfficient technologies and the response to energy policies. To
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evaluate the combined effect afiégyEfficiency Policiesvith a carbon constraint, we modeled
CCF alone and combined with teReergyEfficiency Policies As mentionedn Chapter 2 there
will be four scenarios compared in this section: Reference, ReferenceéneithyEfficiency
Policies CCF, and CF with EnergyEfficiency Policies

6.3.1 Elements of the CCF Sensitivity

The CCF parameters include a very basic modeling of limiting greenhouse emissions, because
this is not meant to be an analysis of any particular aspects of potential greegdgsuse

legislation, many others have done that. EPA (2009) conducted a holistic estimate of greenhouse
gas emissions and possible means of reduction in the U.S. McKinsey & Company (2008), from
an economics perspective, estimated the U.S. greenhouse gasrepossntial and some of the
associated costs. In addition, the Center for Climate Strategies (2009) examined the greenhouse
gas reduction strategies and potentials in the Sbutther, anajor report released by ACEEE

in 2008documents the large econimnalevelopment contribution of productive investments in

green technologies, which will likely be seen in a carbonstrained futur@_aitner, 2008)

Therefore, unlike anything being discussed in Congress, our CCF scenario is purposely
simplistic which las its limitations, but also serves the purpose of keeping the scenario
straightforward and simple. The main components and caveats include:

e Modeling a modest emissions reduction by p
(2009) range of allowance pss ($15 to $515°

¢ No international offsets, banking, or borrowing.

¢ Allowance revenues are not put into R & D or Energy Efficiency programs.

e A portion of revenues are distributed to Load Distribution Companies (LDCs) in order to
offset price increasesahconsumers would otherwise fatérhis has the sideffect of
reducing the market signal to consumers.

Figure 6.10 shows greenhouse gas emissions of CCF scenario relative to the Reference Scenario,
both in the absence of Energfficiency Policies, ledingto 26% less emissions in 2030 from

three demand sector€ompared to Figure 6.11 which presents the energy consumption in CCF
and Reference Scenarios, the energy savings from CQ&sarpronounced (4%) théme

emissions effect. The reason for tisighat carbon constraints will first lead to cleaner fuels

being used before reducing total consumption

2 Appendix F Figue F.2.1 illustrates the change of allowance price over years.

% Appendix B Table B.1 shows the annual allowance given to LDCs.

I'n the EI Ads analysis of ACESA, they project that in o
plantswill beretired by 2030, and that the capacity will be replaced by nuclear, renewable, and coal plants equipped

with CCS. It is projected that annual electricity demand growth will decline from @ ®64% between 2007 and

2030 (EIA, 2009i).
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Figure 6.11 Southern Energy Divergence for Sensitivity Analysis

Figure 6.12, which shows the forecast for new capacity in 2030 for the Reference Scenario
compared to the CCF. Most noticeable is that the CCF scenario has increased the nuclear
generating capacity by nearly 44 GW while lowering the combined cycle and caonbust
turbine/diesel by over 17 GW each. However, capacity is largely unchanged (marginally higher)
because the CCF effect on total demand is secondary to its effect on fuel type associated with
generation. In both scenarios, more than 15 GW of oil andigas generation are retired.

139



80

52 GW new Capacity net
49 GW new Capacity net
60 -
40 -
=
O]
20 -
0 .
-20
m Coal m Oil & NG Stearr m Combined Cycle
m Comb Turbine/Diesealt Nuclear Power m Renewables

Figure 6.12 Generating Capacity Installed in 2030 Beyond 2010
Comparing the Reference Scenario and CCF

The next section addresses the question of whether implementing the-Efferigncy Policies
under a carbon consined future leads to similar or different conclusions regarding efficiency
potential and economics than previously discussed in section 6.2.

6.3.2 Energy-Efficiency Policies and CCF

The main conclusion of the sensitivity analysis is BrargyEfficiency Policieseduce energy
consumption even in a carbon constrained future, when the higher price of fossil fuels has
already lowered the overall consumption. When combined; ikegyEfficiency Policiedower
energy consumption still further.

This section will attempt to point out how and why CCF &margyEfficiency Policiesnteract.

The energy interactions seem to be limited because at the chosen levels the CCF primarily leads
to lower emissions and higher energy rates, and these rate in@esabefow the threshold that

leads to significant consumer efficiency choices.

Energy Savings Figure 6.13 shows that the predominate driver of reduced consumption is
EnergyEfficiency Policies while this CCF adds only a few percent of further redast There
seems to be little synergy or redundant savings at these levels. Measuring the energy savings
from the nine policies added to either the CCF or Reference Scenario reveals a very similar
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pattern (Figure 6.13), both reach about a 15% reduofienergy consumption in 2030 and a
cumulative energy savings above 65,000 trillion Btu over 20 years.
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Figure 6.13 Primary Energy Consumption (RCI Sectors) inthe South

At this level of energy efficiency, adding this carbon constraint does notdeadah interactive
energy savings. However, digging deeper reveals interactions away from the primary focus of
energy efficiency potential. While it may be no surprise that the energy rate reductions and
energy bill savings effect from adding tBeergykEfficiency Policiesto a CCF scenario are

similar to the effect from adding tt&nergyEfficiency Policiesto the reference cagé; actually

the savings are a little smaller than the savings shown above in sections 6.2.3 and 6.2.4, and the
modeling economas point to the reason for these energy results.

Carbon Dioxide Emissions Emissions have value in the CCF scenario. Figure 6.13 shows the
emissions for the reference future (top line), the CCF future (top of red are&nengg

Efficiency Policies combined with CCF future (the line between the red and pink areas).
Therefore, the red area represents the additional emissions avoided byEasdgyfficiency

Policies The value of energy efficiency in the CCF scenario can be reflected notyamaleb
reduction, and bill savings, but also by emission revenues avoided. The red area in Figure 6.14
reflects an NPV of $28 Billion for the South. This cumulative savings in allowance costs are
calculated using the EPA (2009) price trajectory of $1%btb per tonne of carbon dioxide.

32 Details in Appenik F section F.2
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Figure 6.14 Emissions and Allowance Revenue with CCF

While energy savings are not interactive between the CCF and the policies, emissions reductions
are. Figure 6.15 shows that combining the emissions levels forthedenarios under

discussion. In the short term, through 2020, the CCReaprdyyEfficiency Policiesn and of
themselves, lead to similar emissions reductions and the combination of the two seems to reach
an additive level that might be expected withany interactions. After 2023 or so, CCF

emissions continue to decline, but when CCF EnergyEfficiency Policiesare combined the
emissions effect starts to diminish. At first, energy efficiency leads to less fossil generation, but
after a while, ermgy efficiency more and more leads to less clean generation (less nuclear and
renewable). This is reflected below as the dotted lines begin to converge after 2024.
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Figure 6.15 Carbon Dioxide Emissions withEnergy-Efficiency Policies
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Generating Capacty

Emissions limits, as discussed above, transform power plant fuels but do not lead to much energy
savings in and of it itselfNet capacity growth, beyond 2010, for the four scenarios is shown in
Figure 6.15. As noted regarding consumption, capacdiss about the same regardless of a

CCF, but the fuel mix is quite different when under the CCF scenarios.

In a CCF future, nuclear replaces the new combined cycle and coal plants and some of the
combustion turbines built in a Reference future.hmadbsence dnergyEfficiency Policies

over 50 GW of nuclear power would be built by 2030. ImplemeriEmaygyEfficiency Policies

in this CCF scenario, reduces by half the new nuclear power built. Some renewable plants are
also built to replace retimg generators, but the net capacity change is a reduction of 12 GW in
the Southern NERC regiorSnergyEfficiency Policiesnean 64 68 GW less capacity the

Southern NERCs by 2030
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Figure 6.15 Southern NERCincremental Generating Capacity in 203teyond 2010

The change in number of plants built and retired for CCF with and wikrargyEfficiency
Policiesis shown in Appendix Table F.2.2.
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6.4 WATER CONSERVATION THROUGH ENERGY EFFICIENCY

6.4.1 Water in Reference Future

Water onservabn is another potential benefit of energificiency measures; while we make no

effort to capture the economic value of water conservation, it is of growing interest in the South

and indeed worldwide. Water availability can constrain the siting of neverpolants, it can

limit the continued operation of plants with inefficient cooling technologies, it changes from year
to year, and it is subject to its own regulations and competing uses. This section discusses a

rough method for calculating freshwatenservation potential. This analysis only accounts for
consumption (water lost to evaporation in the energy production process), and-not non
consumptive withdrawal that returns water into the aquatic system.

The Southern forecast for freshwater constiia® cooling water in conventional and nuclear
thermoelectric power plants is shown in Table 6% or i dadés freshwater

particularly low because 95 percent of cooling water withdrawn in Florida is from saline sources.
For Texas and the resf the southeast, 74 percent and 70 percent of cooling water respectively

is from freshwater rivers, lakes, or streams. piogections (as explained in Appendix &)ow
that the three NERC regions will consume 334 billion gallons in 2020 and 381 lgidlitons in

2030 to produce electricity.

Table 6.10 Freshwater Consumption of Cooling Water in
Conventional and Nuclear Power Plants, Reference
(Billions of Gallons)
NERC Region 2020 2030
TRE 62 66
FRCC 12 15
SERC 260 300
Total 334 381

33 Water use is based on generation, which is, similar to the capacity results in section 6.2.2, based on the Southern

NERC regions, not the Southern Census Division. Figure 2.3 shows the overlap between the two regional
definitions. TREs most of Texas, FRCC is Florida, and SERC includes most of the rest of the Southern Census
Division, not including Oklahoma, Kentucky, West Virginia, as well as parts of other states.
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6.42 Water Conservation from th&nergy-Efficiency Policies

From the implementation @furwater calculator (more details in section 2.7 and Appendix F)
we found that energy efficiency could avoid the consumpifaignificant quantities of
freshwater a@ss the SouthT@ble 6.1). The nine energgfficiency policies alone, could avoid
generatiorthat in turn wouldsave the Sout8.6 billion gallons of water in 2020 arD.1billion
gallons in 2030

Table 6.11 Freshwater Saved with Energi¥fficiency Policies

In 2020 In 2030
8.6 20.1

Comparison

Billions of Gallons Saved

2009 to 2020 2020 to 2030

Projected Change in

0, 0,
Consumption (Reference 4.6% 12.2%
Case)
Cumulative Avoided 3% 7%
Increase from Policies
Cumulative Avoided 56% 43%

Marginal Increase from
Policies

On a percentage basis, the EneEdficiency Policies could reduce more than half of the

projected growth in cooling water needs for conventional and nuclear power from 2009 to 2020
and 43% of the projected growth for 2020 to 2030. Tableha®'s the new consumption
forecasts with energgfficiency policies for 2020 and 2030.

Table 6.12 Freshwater Consumption of Cooling Water in
Conventional and Nuclear Power Plants, Reference with
Energy-Efficiency Policies
(Billions of Gallons)

NERC Region 2020 2030
TRE 62 65
FRCC 12 14
SERC 252 282
Total 326 361
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6.4.3 Water Conservation in the Carbon Constrained Future

Table 6.13 shows the cooling water consumption forecast for the CCF scenario in the South.
More nuclear power in 2030 in th€2€ scenario accounts for an increase in cooling water
consumption beyond the reference forecast.

Table 6.13 Freshwater Consumption of Cooling Water in
Conventional and Nuclear Power Plants, CCF
(Billions of Gallons)

NERC Region 2020 2030

TRE 59 65

FRCC 13 17

SERC 245 322

TOTAL 317 404

ImplementingenergyEfficiency Policiesunder the carbon priced scenasiould reduce the

water consumption by 18.8 billion gallons in 2020 and@in gallons for the year 2030.

Under a carbowonstrained futre, there would be no projected growth in cooling water
consumption between 2009 and 2020, withEhergyEfficiency Policies From 2020 to 2030,
EnergyEfficiency Policiegprevent 79% of the marginal annual increase. These savings in 2030
represent ahd four times the current total water needs of the City of Atlanta. Table 6.15 shows
the new consumption forecasts with EneEfficiency Policies for 2020 and 2030 in the Carbon
Constrained Future.

Table 6.14Projected Reduction of Marginal Increase fom
Energy-Efficiency Policies, Relative to CCF

Scenario In 2020 In 2030
Billions of Gallons 18.8 90.0
Saved

2009 to 2020 2020 to 2030
Projected Change in -1% 22%
Consumption (CCF)
Cumulative Avoided 6% 22%

Increase from Policies
Cumulative Avoided
Marginal Increase from
Policies

No Increase 79%
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Table 6.15 Freshwater Consumption of Cooling Water in
Conventional and Nuclear Power Plants, CCF with Energy
Efficiency Policies
(Billions of Gallons)

NERC Region 2020 2030
TRE 54 48
FRCC 12 16
SERC 233 250
TOTAL 298 314

Table 6.16 provides a summary of the forecasts for the different scenarios. It shows clearly that
freshwater consumption of cooling water in conventional and nuclear power plants in the South
is lowest under a carbezonstraind scenario with energgfficiency policies Although fresh

water savingsis a percentage of reference case consumgténot as high as tipercent

energy savings, water conservation is a significant benefit of energy efficiency.

Table 6.16 FreshwaterConsumption of Cooling Water in
Conventional and Nuclear Power Plants, Summary of
Scenarios for the TRE, FRCC and SERC NERC Regions
(Billions of Gallons)

NERC Region 2020 2030
Reference Case 334 381
Reference Case

with EE Policies 326 361
CCF 317 404
CCF with EE 208 314
Policies

Further research and analysis is likely to show other water conservat@mefits from energy
efficiency.

e The weatherization and retrofit programs discussed in this report may include water
conservation components ($uas instillation of lowflow toilets) on top of the energy
saving measures.

e Powerplant water withdrawals would be reduced as the result of eméfigiency
policies, but this is difficult to characterize due to the high variability between power
plans in this area. Water withdrawals, even where used cooling water is returned to the
environment, can have a deleterious impact on freshwater ecosystems.

e Energy efficiency may also lead to reductions in mining and extraction, thereby
preventing degradatioof waterways from coahsh and other harmful materials.
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As noted in a recent Government Accountability Office report (2009), available data on power
plant water consumption is relatively incomplete. Pelitgkers and researchers have only
recently begn focusing on the energyater nexus regarding the significant benefit of water
conservation from energy efficiency, but it could be a useful tool for integrated resource
planning.

6.5 CONCLUSIONS

The EnergyEfficiency Policiesmodeled in this study sggst the potential for significant energy
savings in the Southeitherin areferencduture orin afuturewhere carbon emissions are
priced. In 2030, more than 5,600 trillion Btu could be saved, with or withfuttire carbon
constraint, and the cumtiige energy savings from 2010 to 2030 could be more tBz000
trillion Btu. These results are in line with estimates from other major studies.

Our analysis has documented tBatrgyEfficiency Policiesgenerallydamperenergy price
increasesRate redations coupled with energy savings leads to significant energy bill savings.
In 2030, the South could realize $68 billion energy bill savirntgé&CCF scenario and more than
$70 billion inthereferencecase which each represent more than 20% of totpkeses.

In addition,it is estimated that 49 GW of ngwower planitapacitywould not need to be built
the Southif aggressivé&nergyEfficiency Policiesvere implemented insteadit the same time,
EnergyEfficiency Policiescould conserve®billion gallons of water that would otherwise be
consumed in processes related to energy generation, in the year 2030.

Though ouiEnergyEfficiency Policiesresult in significant energy savings, it is conservative in

many respects, as is illustrated in Figareé7. On a percentage basis, the energy savings

estimated in this report are lower than those of many other studies of the South. In some cases
this is because webre comparing our estimates
positive estimates thab not account for shortfalls in implementation (McKinsey). In other

cases, the higher potential is produced in part by the assumption of major technology

improvements from largscale R&D investments (IWG).
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35

Percentage Energy Savings

Residential Commercial Industrial
B Energy Efficiency in the South (200¢ B WG (2000) Moderate
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= Beck et al. (2002) B McKinsey (2009)

Figure 6.17: Comparisions with Other Studes for 2020 Savings

Our analysis is also limited by a range of simplifying assumptions and omissions. A number of
these are described below.

e Limited assumptionaremade about the technologyprovements that could emerge
from expanded R&D investmentSreater resources could be committed to energy
efficiency R&D in the future if, for instance, a price were to be put on carbon, which is
also not fully explored in this study. While we do examine a simplified carbon
constrained future scenario, it does melude many policy dimensions currently under
debate such as the use of domestic and international carbon offsets and the creation of a
national trading program for carbon credits and energy efficiency certificates.

¢ Many aspects of consumer behaviortaeated inadequately. For example, we do not
consider the transformational influence of an increased public commitment to clean
energy as a means of addressing global climate change. Indeed, we do not consider the
impacts of a 2 degree Centigrade risglobal temperatures by mickntury, on
requirements for air conditioning and the availability of watemanding forms of
electricity generation including hydropower, coal, and nuclear plants.

e Several sectors and technologies are insufficiently addrésstading new construction
of commercial buildings, residential lighting technologies, and several forms of recycled
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energy in industry). More comprehensive coverage of these would increase our estimates
of energy efficiency potential.

e Transportation engy efficiency is omitted from our analysis, and yet it could have a
large impact on the operation of the three sectors we do address. For example, the
electrification of transportation in the U.S. could escalate power prices, creating greater
demand for eargy-saving devices. Several other synergies between policies are also not
fully elaborated such as workforce development issues including possible economies of
scale in training the future green workforce.

In the future, sensitivity analysis taking théaetors into account should further explore the

additional potential for energy efficiency under a range of assumptions about future carbon
policiesand climate conditions
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