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Preface

In 2007, during research on ways to abate greenhouse gas emissions in the United
States,' weencountered the puzzle of energy efficiency: Howisit that so many energy-
saving opportunities worth morethan $130 billion annually to the U.S. economycan go
unrealized, despite decades of public awareness campaigns, federal and state programs,
and targeted action by individual companies, non-governmental organizations, and
privateindividuals?

Greaterenergy efficiency will almost certainly be an important componentin
comprehensive national — and global — strategies formanaging energy resourcesand
climate change in the future. For thisreason, welaunched an effortin 2008 toinvestigate
opportunities for greater efficiency in the stationary (non-transportation) uses of energy
inthe U.S. economy. This research confirms what many others have found ~ that the
opportunity issignificant, Thefocus of our effort, however, hasbeen toidentify what has
prevented attractive efficiency opportunities from being captured in the pastand evaluate
potential measures to overcome these barriers. Ourgoalisto identify ways to unlock the
efficieney potential for more productive uses in the future, Thisreportisthe product of
thatwork.

We hope this report will provide business leaders, policymakers, and other interested
individuals a comprehensive fact base for the discussion to come on howto best pursue
additional gains in energy efficiency within the U.S. economy.

Qur research hasbeen encouraged and challenged by contributions from many
participants with many points of view and sometimes differing opinions. They have
generously helped our team access data, testemerging findings and potential sohutions,
and prepare for the release of this report. We especially acknowledge our governmental,
non-governmental, and corporate sponsors for sharing their expertise and co-sponsoring
thisreport:
% Austin Energy
# Departmentof Energy

— Office of Electricity Delivery and Energy Reliability

- Office of Energy Efficiency and Renewable Energy
= DTEEnergy
# Energy Foundation
# Environmental Protection Agency
# Exelon Corporation
# Natural Resources Defense Council
# PG&E Corporation

#  Sempra Energy

1 Reducing U.8. Greenhouse Gas Emissions: How Much ot What Cost?, McKinsey & Company, 2007,



# SeaChange Foundation
2  Southern Company
# (1S, Green Building Council

As partofthis work, the team conducted several hundred interviews with representatives
of government agencies, public and private companies, academic institutions and research
foundations, and a number of independent experts. Though too marny to mention by name,
these individuals deserve oursincerest thanks for having shared their time and expertise
sowillingly.

While the work presented in “Unlocking Energy Efficiencyin the U.S, Economy” has
benefited greatly from these diverse contributions, the views this report expresses are
solely the responsibility of McKinsey & Company and do not necessarily reflect the views
of our sponsors orany other contributors,
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Executive summary

The efficient use of energy hasbeen the goal of many initiatives within the United States
over the past several decades. While the success of specific efforts hasvaried, the trend is
clear: the U.S. econommy has steadily improved its ability to produce more with less energy.
Yet these improvements have emerged unevenly and incompletely within the economy.
Agaresult, netefficiency gains fall short of their full NPV-positive potential. Concerns
about energy affordability, energy security, and greenhouse gas (GHG) emissions have
heightened interest in the potential for energy efficiency to help address these important
issues.

Despite numerousstudies on energy efficiency two issues remain unclear: the
magnitude ofthe NPV-positive opportunity, and the practical steps necessary to unlock
itsfull potential. What appears needed isan integrated analysis of energy efficiency
opportunities that simultaneously identifies the barriers and reviews possible solution
strategies. Such an analysis would ideally link efficiency opportunities and their barriers
with practical and comprehensive approaches for capturing the billions of dollars of
savings potential that exist across the economy.

Starting in 2008, a research team from McKinsey & Company has worked withleading
companies, industry experts, government agencies, and environmental NGOs to address
this gap. It reexamined in detail the potential for greaterefficiency in non-transportation
uses of energy,? assessing the barriers to achievement of that potential, and surveying
possible solutions. This reportisthe product of that effort.

The central conclusion of our work: Energy efficiency offers avast, low-cost
energy resource for the U.S. economy — but only if the nation can craft a comprehensive
and innovative approach to unlock it, Significant and persistent barrierswill needto

be addressed at multiple levels to stimulate demand for energy efficiency and manage

its delivery across more than 100 million buildings and literally billions of devices. If
executed at scale, a holistic approach would yield gross energy savings worthmore than
$1.2 trillion, well above the $520 billion needed through 2020 for upfront investment
inefficiency measures (not including program costs). Suchaprogramisestimatedto
reduce end-use energy consumption in 2020 by 9.1 quadrillion BTUs, roughly 23 percent
of projected demand, potentially abating up to 1.1 gigatons of greenhouse gases annually.

Tive observations are relevant to a national debate about how best to pursue energy
efficiency opportunities of the magnitude identified and within the timeframe considered
inthisreport. Specifically, an overarching strategy would need to:

1. Recognizeenergy efficiencyas an important energy resource thatcan help meet
future energy needs while the nation concurrently develops new no- and low-carbon
energy SOurces

2.  Formulate andlaunch atboth national and regionallevels an integrated portfolioof
proven, piloted, and emerging approachesto unlock the full potential of energy efficiency

3. Identify methodsto provide the significant upfront funding required by any plan to
capture energy efficiency

2 Non-transportation uses of energy exclude fuel used by passenger vehicles, trucks, trains, airplanes, and
ships, as well as transport energy used in agriculture, mining, and constructien operations. For simplicity
of expression, we sometimes refer to the energy covered by our analyses as “stationary energy.”
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4. Forgegreateralignment between utilities, regulators, government agencies,
manufacturers, and energy consumers

5. Fosterinnovation in the development and deployment of next-generation energy
efficiency technologies to ensure ongoing productivity gains.

Inthe bodyof the report, we discuss the compelling benefits of energy efficiency and
why this energy resource warrants being a national priority. Wethen identify and “map”
in detail the complex and persistent set of barriers that have impeded capture of energy
efficiency at the level ofindividual opportunities. We alsoidentify solution strategies,
including those proven, piloted, or recently emerged, that could playa role in overcoming
thesebarriers. Finally, we elaborate on the five observations noted above to cutline
important considerations for the development of a holistic implementation strategy to
captureenergy efficiency at scale.

Wehope that our research and this report will help in the understanding and pursuit
of approaches to unlock the benefits of energy efficiency, as the United States seeks to
improve energy affordability, energy security, and greenhouse gas reduction.

OOMPELLING NATIONWIDE OPPORTUNITY

Ourresearch indicates that by 2020, the United States could reduce annual energy
consumption by 23 percent from & business-as-usual (BAU)? projection by deploying an
array of NPV-positive efficiency measures, saving 9.1 quadrillion BTUs of end-use?
energy (18.4 quadrillion BTUs in primary energy). This potential exists because
significant barriers impede the deployment of energy efficient practices and technologies.
Itwill be helpful to begin by clarifying the size and nature of this opportunity; then
wewill describe the case for taking action to address the barriers and unlock the energy
efficiency potential.

The residential sector accounts for 35 percent of the end-use efficiency potential (33 percent
of primary energy potential), the industrial sector 40 percent {32 percent in primary energy),
and the commercial sector 25 percent (35 percentin primaryenergy). Thedifferences
between primary and end-use potentials are attributable to conversion, transmission,
distribution, and transportlosses. We present both numbers throughout aseach isrelevant
tospecificissues considered. Capturingthe full potential over the next decade would
decrease the end-use energy consumption analyzed from 36.9 quadrillion end-use BT Us

in 2008 t0 30.8 quadrillion end-use BTUs in 2020 (Exhibit A), with potentially profound
implications forexisting energy provider business modelss

This change represents an absclute decline of 6.1 quadrillion end-use BTUs from 2008
levels and an even greater reduction of 9.1 quadrillion end-use BTUs from the projected
level of what consumption otherwise would have reached in 2020. Construction of new
power plants, gas pipelines, and other energy infrastructure will stillbe required to
address regions of growth, retirement ofeconormically or environmentally obsolete

3 The Energy Information Administration’s Annual Energy Outlook, 2008 represents our business-as-
usual projection; our analysis focused on the B1 percent of non-transportation energy with end-uses that
we were able to attribute.

4 End-use, or “site,” energy refers to energy consumed in industrial, business, and residentiai settings,
e.g., providing light, heating and cooling spaces, running motors and electronic devices, and powering
industrial processes, By eontrast, primary, or “source,” energy represents energy in the form it is first
accounted (e.g., BTUs of coal, oil, natural gas) before transformation to secondary or tertiary forms (e.g.,
electricity), From the end-use viewpoint primary energy is lost during transformation to other forms and
in transmission, distribution, and transpert to end-users; these losses are an important energy-saving
opportunity but one that is outside the scope of this report. Unless explicitly defined as primary energy,
energy usage and savings values in this report refer to end-use energy.

5 We examine implications for energy provider business models in Chapter 5 of the full report.



Unlecking Energy Efficiency in the U.S. Economy
Exeeutive stamary Y

energy infrastructure, and introduction of unaccounted-for consumption, such as electric
vehicles. However, energy efficiency could measurably reduce the total newinfrastructure
investment required during this timeframe,

Beyond the economics, efficiency represents an emissions-free energy resource. If
captured at full potential, energy efficiency would abate approximately 1.1 gigatons CO.e of -
greenhouse gas emissions peryear in 2020 relative to BAU projections, and could serve as
animportantbridge to a future era of advanced low-carbon supply-side energy options.

Exhibil Al Energy efficiency polential in the U.S. sconomy
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In modeling the national potential for greater energy efficiency, we focused our analysis
onidentifying what we call the “NPV-positive” potential for energy efficiency. We defined
“NPV-positive™ to include direct energy, operating, and maintenance cost savings over
the eguipment’s useful life, net of equipment and installation costs, regardless of who
invests in the efficlency measure or receives the benefits. We used industrial retail rates
as aproxy for the value of energy savings in our calculations;? applied a 7-percent discount
factor as the costof capital, and assumed no price on carbon. This methodology provides
arepresentation ofthe potential for net-present-value-positive (NPV-positive) energy
efficiency from the perspective of policymakers and business leaders who must make
decisionsinthebread interests of society. Thisisin contrast to some studies that reporton
“technical” potential, which applies the most efficient technology regardless of cost, and
differs from reports that project “achievable” potential given historical performance and
animplied set of constraints.

We acknowledge, however, that there are different views of future scenarios, societal
discountrates, and what constitutes “NPV-positive” from the perspective of individual

6 See Appendix B of the full report for more details on this caleulation methodology,

7  Industrial retaii rates represent an epproximate value of the energy saved as they include generation,
transmission, capacity, and distribution costs in regulated and restructared markets. The buik of the rate
is composed of generation cost, with minor contribution from transmission and capacity, and negligible
contribution from distribution costs. Though load factor in these rates underestimates the national
average, and thus this rate represents a slightly conservative estimate of the value of the energy savings,
the other components are closer to the likely savings if significant energy efficiency were to be realized.

‘We computed the avoided cost of gas also using an industrial retail rate, which lkewise is close to the
wholesale cost of gas plis a small amount of transport cost. A more detailed discussion of the avoided cost
of energy is available in Appendix B of the full report,
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actors. Thus we tested the resiliency of the NPV-positive opportunities by adjusting the
discount rate (expected payback period), the value of energy savings {(customer-specific
retail prices), and possible carbon price ($0, $15, $30, and $50 perton CO,€). We found
the potential remains quite significant across all of these sensitivity tests (Exhibit B).
Introducing a carbon price as high as $50 per ton CO.e fromthe national perspective
increasesthe potential by 13 percent, A more moderate price of $30 per ton CO.e increases
the potential by 8 percent. Applyinga discount rate of 40 percent, using customer-class~
specific retail rates, and assurning no future cost of carbon, reduces the NPV-positive
potential from 9.1 quadrillion to 5.2 quadrillion BTUs - a reduced but still significant
potential that would more than offset projected increases in BAU energy consumption
through 2020.

Exchibil B: Sensitivity of NPV-positive energy efficlency polential - 2020

Quadrifion BTUs, end-use energy

Base case Time-value of savings Savihgs with carbon price
10.3
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Discount factor ’
Percant 7 4 20 40 7 ¥ 7
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Soures: EI AEO 2008, Mainzey anslyslis

Ourmethodology is based on detailed examination of the economics of efficiency potential
and thebarriersto captureof it. Usingthe Energy Information Administration’s National
Energy Modeling System (NEMS) and Annual Energy Outlook 2008 (AEQ 2008) asa
foundation, for each Census division and building type, we developed asetof “business-
as-usual” choices for end-use technology through 2020. Then, to identify meaningful
opportunities atthislevel of detail, we modeled deployment of 675 energy-saving measures
toselect those with the lowest total cost of ownership, replacing existing equipmentand
building stock over time whenever doing so was “NPV-positive.” Wedisaggregated national
data on energy consumption tsing some 60 demographic and usageattributes, creating
roughly 20,000 consumption micro-segments across which we could analyze potential.

By linking our models with usage surveys and research on user-related barriers, we were
able to re-aggregate the micro-segments as clusters of efficiency potential according to sets
of shared barriers and usage characteristics. The resulting clustersasshown in ExhibitC
are sufficiently homogeneous to suggest a set of targeted solutions.

8  We modeled the energy-savings potential of combined heat and power installations in the commercial and
industrial sectors separately from these replacement measures,
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Exhibit C: Clusters of efficlency potential in stationary uses of energy — 2020

Percent, 100% = 2,100 trillien BTUs of end-use energy
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Sourca: EIA AEO 2008, McKinsay analysis

‘While not all actions that decrease the consumption of energyrepresent NPV-positive
investments relative to alternatives, by definition in our methodology, all the energy
efficiency actions included in this report represent atiractive investments. Therequired
investment of these NPV-positive efficiency measures ranges upward from $o.40 per
MMBTU saved, averaging $4.40 per MMBTU of end-use energy saved (not including
program costs). This average is 68 percent belowthe AEO 2008 business-as-ugual
forecastprice of saved energyin 2020, $13.80 per MMBTU weighted average across all
fueltypes {Exhibit D), and 24 percent below the projected lowest delivered natural gas
priceinthe United States in 2020, $5.76 per MMBTU, Furthermore, theenergy and
operational savings from greater efficiency total some $1.2 trillionin present value to
the U.S. economy: unlocking this value would require an initial upfront investment of
approximately $520hillion (notincluding program eosts).? Even the most expensive
opportunities selected in this study are NPV-positive over the lifetime of the measure and
represent the least expensive way to provide for future energy requirements.

9 The net present value of this investment therefore wouid be $1,2 trillion minus $520 biliion,
or $680 hillion.

MR ARIRE
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Exhibit O U.S. energy efficiency supply curve - 2020
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SIGNIFICANT BARRIERS TO OVERCOME

The highly compelling nature of energy efficiency raises the question of why the economy has
notalready captured this potential, since itisso large and attractive. In fact, much progress
hasheen madeover the past fewdecades throughout the U.S., with even greater resultsin
select regions and applications. Since 1980, energy consumption perunit of floor space has
decreased 11 percent in residential and 21 percent in commercial sectors, while industrial
energy consumption per real dollar of GDP output has decreased 41 percent. Though these
numbers do notadjust for structural changes, many studies indicate efficiency playsa role
inthese reductions. Asanindicator ofthis success, recent BAU forecasts have incorporated
expectations of greater energy efficiency. For example, the EIA's 20-year consumption
forecast shows a 5-percent improvementin commercial energy intensity and 1o-percent
improvement in residential energy intensity compared to their projections of 4 yearsago.©

Asimpressive asthe gains have been, however, an even greater potential remains due

to multiple and persistent barriers present at both the individual opportunitylevel and
overall system level. By their nature, energy efficiency measures typically requirea
substantial upfrontinvestment in exchange for savings that acerue over the lifetime of the
deployed measures. Additionally, efficiency potential is highly fragmented, spread across
more than 100 million locations and billions of devices used in residential, commercial,
and industrial settings. This dispersion ensures that efficiency is the highest priority for
virtnally no one. Finally, measuringand verifying energy not consumed is by its nature
difficult. Fundamentally, these attributes of energy efficiency give rise to opportunity-
specific barriers that require opportunity-specific solution strategies and suggest
components ofan overarching strategy (Exhibit E).

10 AEQ 2004 and 2008,
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Exhibit B Multiple challenges associated with pursuing anergy efficlency
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Our research suggeststhat unlocking the full potential of any given opportunity requires
addressingall barriersin aholisticrather than piecemeal fashion. To simplify the
discussion, we have grouped individual opportunitybarriers into three broad categories:
structural, behavioral, and availability. Structuralbarriers prevent an end-user from
having the choice to capture what would otherwise be an attractive efficiency option;

for example, a tenant in an apartment customarily has little choice about the efficiency

of the HVAC system, even though the tenant pays the utility bills." This type of agency
barrier affects some g percent of the end-use energyefficiency potential. Behavioral
barriers include situations wherelack of awareness or end-user inertia block pursuit of an
opportunity; for example, a facility manager might replace a broken pump with amodel
having the lowest upfront costrather than a more energy efficient model with lower total
ownership cost, given a lack of awareness of the consumption differences. Availability
barriers inclunde situations when an end-user interested in and willing to pursue ameasure
cannot access it in an acceptable form; for example, a lack of access to capital might prevent
the upgradetoanewheating system, or the bundling of premium features with energy
efficiency measuresin a dishwasher might dissnade an end-user from purchasing a more
efficient model.

11 Werefer to space conditioning systems generically as HVAC systems (heating, ventilation, and air
conditioning}, whether a building has a heating system, a ceoling system, an air exchanger or all
three systems,



SOLUTIONS AVAILABLE TO ADDRESS THE BARRIERS

Experience over the past several decades has generated alarge array oftools for addressing
thebarriers that impede capture of attractive efficiency potential, some of which have been

- proven at a national scale, some have been “piloted” in select geographies or atcertain times
at acity-scale, and others are emerging and merit trial but are not yet thoroughly tested.
Thearray of proven, piloted, and emerging solutions falls into four broad categories:

# Informationand education. Increasing awareness of energy useand knowledge
‘ about specific energy-saving opportunities would enable end-users to act more swiftly
in their own financial interest, Options include providing more information on
| utility bills or use of in-building displays, voluntary standards, additional device- and
building-labeling schemes, audits and assessments, and awareness campaigns.

=  Incentives and financing. Given thelarge upfront investment needed to capture
efficiency potential, various approaches could reduce financial hurdles thatend-
users face, Options include traditional and creative financing vehicles (such ason-hill
financing), monetaryincentives and/or grants, including tax and cash incentives, and
price signals, including tiered pricing and externality pricing (e.g., carbon price).

% Codesandstandards. Insome clusters of efficiency potential, some form of
mandate may be warranted to expedite the process of capturing the potential,
particularly where end-user or manufacturer awareness and attention arelow.
Options include mandatory audits and/or assessments, equipment standards, and
building codes, including improving code enforcement.

# Third-partyinvolvement. A private comparny, utility, government agency, or non-
governmental organization could supporta “do-it-for-me” approach by purchasingand
installing energy efficiency improvements directly for the end-user, thereby essentially
addressing most non-capital barriers. When coupled with monetary incentives, this
solution strategy could address the majority of barriers, though some number of end-
users might decline the opportunity to receive the efficiency upgrade, preventing
capture of the full potential.

For most opportunities, a comprehensive approach will require multiple solutions to
address the entire set of barriers facing a cluster of efficiency potential. Through an
extensive review of the literature on energy efficiency and interviews with expertsin this
and related fields, we have attempted to define solutions that can address the various
barriers under avariety of conditions. Exhibit F illustrates how we mapped alternative
solutions against the barriersfora cluster.

Wedo not believe it is possible to empirically prove that a particular combination of
measures will unlock the full potentialin any cluster, because the level of impact being
considered has never previously been attained. However, we do believe that a holistic
combination of solutions thataddress the full-range of barriers and system-level issues
is a prerequisite for attaining energy-productivity gains anywhere near those identified
in our analysis.




Unlocking Energy Efficiency in the U.S. Economy
Evecutive suninary

Exhiolt I Addresaing barrers in existing non-low-income homes

Manitustation of barrier Potential approach Sclulion sirategles
. 1 Landlondlonant lssues Impact 4% of oy I gy EUERTH Gidsia on: . §P
. { potantial [ b Homb o i [ #natfg¥ consumplion IS
Pesoarch, nd o ¢ :n_a:::l._r:":n"?‘,._ . o Praméta valunaiy - a
tima and fifeslyle mpaol B K [ stinddraabeltag .
Estatiich 3
pHcig signals =

B Qivrionslp -, - | Limita peyback ko tine ownar fives i home:
e tranlar faatien | impscts 46% of potentiat

Innauativa
Hnanelizyg Vehleles'

e

& [ieteten avallabllity
of {indnclig vehiclac

i 8 u of aRergy usp and
and laformistion | reozcuies to reduce

Custom
and habk

GEY Eisvated Cogritively shortonad expodtad payack of 545
HES hurdls rate - 2.5 pears, 40% discount favier ?“

Brovld Incatives. ;.
* inceiitivis- h ‘lﬂ‘ﬂrl!'ih.:' |

oo Belayelorals 2o

A : Rl

Raqudred ipg bry -
odea + siandards

£ f— b et point of walutrant.

Bl capital . " | Compating usen for captal from 2 T
EER ocnatrsinte | consimained budget

-l Product

3 e :._ Limitad avafabilty of comlragtors
24 instalfaiion . | improper nstafiatlon of measuras; impranor ] - Devéloji cottified :': |

usa of programmable temmostats “contractor marial ;-

aaippoi iy
T Inetallation 4

* Represenis 4 minor barrier
Bource: Mciinsey analysis

ELEMENTS OF AHOUSTIC IMPLEMENTATION STRATEGY

Capturing the full efficiency potential identified in this report would require an additional
investment of $50 billion peryear (in present value terms), four- to five-times 2008 levels
ofinvestment, sustained over a decade. Even the fastest-movingtechnologies of the past
century that achieved widespread adoption, such as cellular telephones, microwaves,
orradio, took 1010 15 years to achieve similar rates of scale-up. Withoutan increasein
national commitment, it will remain challenging to unlock the full potential of energy
efficiency. As noted previously, there are five important aspects to incorporateinto

the nation’s approach to scale-up and capture the full potential of energy efficiency. An
overarching strategy would need to:

1. Recognize energy efficiency as animportant energyresourcethatcan
help meetfuture energyneeds, while the nation concurrently develops
newno- and low-carbon energy sources. Energy efficiencyis an important
resource thatis critical in the overall portfolic of energy solutions, Likewise, as
indicated in our prior greenhouse gas abatement work, new sources of no- and low-
carbon generation are alsoimportant components of the portfolio, While it may
seem counterintuitive initially given the magnitude of the energy efficiency potential
available over the next decade, there areimportant reasons for continuing to develop
newno-and Jow-carbon options for energy supply. First, as described in our original
report on U.8. greenhouse gas abatement (Exhibit G}, energy efficiency in stationary
uses of energy represents less than half of the potential abatement available tomeet
anyfuturereduction targets. Inaddition, some areas of the countrywill continue
to experience growth, and some may need toretire and replace aging existing
assets. The uncertain growth of electric vehicles could further complicate these
requirements, Finally, pursuing energy efficiency at this scale will present aset of
risksrelated tothe timing and magnitude of potential capture. Consequently, there
remains a strong rationale to diversify risk across supply and demand resources.

xi
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Exhibit Gr LS. mid-range greenhouse gas abatement curve ~ 2030
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2.  Formulate andlaunch athethnational and regional levels an integrated
portfolio of proven, piloted, and emerging approaches tounlock thefull
potential of energy efficiency. There are multiple combinations of approaches
the nation could take to support the scaled-up captare of energy efficiency. In
addition toseeking the impact of national efforts, this portfolio should effectively and
fairly reflect regional differencesin energy efficiency potential. Anyapproach would
need to make the following three determinations:

— Theextent to which government should mandate energy efficiency through the
expansion and enforcement of codesand standards

— Beyond codes and standards, theextent to which government {or other publicly
Tunded third parties) should directly deploy energy efficiency measures

— Thebest methods by which to further stimulate demand and enable capture of
the remaining energy efficiency potential.

Exhibit H illustrates one example of a portfolio of solution strategies focusing on the
most proven solution strategies deployed to date. Such a tool facilitates evaluation of
a portfolio againstthe relevant parameters of cost, risk (i.e., experience), and return
(i.e., size of potential).

3. Identifymethods toprovide thesignificantupfront funding requiredby
any plan to capture energy efficiency. End-userfundingforenergy efficiency by
consumers has proved difficult. Partial monetary incentivesand supportivecodesand
standardsincreasedirect funding by end-users: theformerby reducinginitial cutlays
and raising awareness, the latter by essentially requiring participation. Enhanced
performance contracting orloan guarantees are relatively untested but could facilitate
end-user funding. Alternatively, the entire national upfront investinent of $520 billion
{notincluding program costs) could be recovered through a system-benefit charge on
energy on the order of $0.0059 cents perkKWh of electricity and $1.12 per MMBTU of
other fuels over 10 years. Thiswould represent an increase in average customer energy
costs of 8 percent, which would be more than offset by the eventual average bill savings
of 24 percent. Differentsolution strategies and policies would result in different
administrative coststructures. Forexample, codes and standardshave beenshown to
typically incur program costs below 10 percent, whereas low-income weatherization
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programs have averaged between 20 and 30 percent.’* Federal energy legislation
under discussion at the time of this report will likely offer flexibility asto the level of
energy efficiency each state and energy provider chooses to pursue. It willtherefore
beincumbent on statesand local energy providers to undertakearigorons analysisto
assess therole of efficiencyin the context of their overall regional energy strategy.

4. Forgegreater alignment acrossutilities, regulators, government
agencies, manufacturers, and energy consumers, Designing and executing
ascaled-up national energy efficiency program will require collaboration among
many stakeholders. Threetasksin particular will need tobe addressed to achieve
the necessarylevel of collaboration. First, aligning utility regulation with the goal
of greater energy efficiency is a prerequisite for utilities to fully support the pursuit
of efficiency opporhenities while continuing to meet the demands of their public
orprivate owners. Second, setting customer expectations that energy efficiency
will reduce energy bills, but not necessarily rates, will beimportant to securing
their support, Finally, measuring energy efficiency requires effective evaluation,
measurement, and verification to provide agsurance to stakeholders that programs
and projects are achieving the savings claimed for them. Rather than attempting to
provide “perfeet” information, such programs can provide “sufficient” assurance by
focusing on consistency, simplicity of design, and addressing both inputs and impact.

5. Fosterinnovation inthe development and deployment of next-generation
energy efficiency technologies to ensure ongoing productivity gains.
Finally, having launched a significant national campaign to pursue energy efficiency,
partofthe national strategy must address sustaining the innovation required to
ensure future productivity gains can be realized. By design, given the near-term
foeus of this report, technology development plays a minor role in the potential
identified in this report. However, we expect that innovative and cost-effective
energy-saving technology will continue to emerge, Ongeing funding and support of
energy efficiencyresearch and development can help keep the U.S. on a trajectory
toward even greater preductivity gains than those presented in thisreport.

12 Further discussion of program costs is included in Chapter 5 of the full report.
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In the nation’s pursuit of energy affordability, climate change mitigation, and energy
security, energy efficiency stands out as perhaps the single most promising resource. In
the course of this work, we have highlighted the significant barriers that exist and must
be overcomie, and we have provided evidence that none are insurmountable. We hope the
information in thisreport further enriches the national debate and gives policymakers
and business executives the added confidence and courage needed to take bold steps to
formulate constructive ways to unlock the full potential of energy efficiency.
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Introduction

Energy has reemerged as an issue of national concern as the United States confronts the
challengesof economic recovery, energy affordability, climate change, and energy security.
In November 2007, McKinsey & Company published a reportentitled “Reducing U.S.
Greenhouse Gas Emissions: How Much at What Cost?” and produced what hasbecome
awell-recognized abatement curve illustrating the sources, potential magnitudes, and
incremental costs of options to abate greenhouse gases (Exhibit 1).
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The colored bars in this exhibit identify the potential impact of greater efficiency in
stationaryuses (i.¢., non-transportation-related) of energy, the focus of this veport, Tt

is important to note that to achieve the aggressive goalsbeing discussed nationally for
greenhouse gas reduction (i.e., on the order of 3.5 to 5.2 gigatons CO,e by 2030), the nation
will need a portfolio of options that includes and goes well beyond energy efficiency.
While this report focuses on what has been referred to as the “left-side” of the abatement
curve, no oneshould view energy efficiency as a complete substitute for the “right-side™




sources of renewable energy, such as wind, solar, biomass, geothermal and hydroelectric
energy, ot low-carbon options like nuclear power and commercialization of carbon capture
and storage. Ttwould also be important to consider the transportation sector in detail,
including the potential value of electric vehicles and alternatives for conventional motor
fuels (gasoline, diesel) such as cellulosic biofuels, as a substitute for less carbon-efficient
options. To achieve the nation’s goals of energy affordability, climate change mitigation,
and energy security, we will need a combination of these energy initiatives.

The reasons to focus on energy efficiency are as simple as the questionsare puzzling: If

the economies of energy efficiency are so compelling and the technologyis available and
proven, why hasthe U.S. economy not captured more of the energy efficiency available to

it, particularly given the progression of efforts at federal and state levels, by government
and non-government entities alike, over the pastthree decades? In other words, by what
means could the United States realize a much greater portion of the energy efficiency
availableto it? A numberof organizations asked usto examine thisissue and consider what
actions would enable greater success.

Working with arange of major U.8. based companies and government organizations,
industry experts, foundations, and environmental NGOs we designed our analytical
approach with this problem in mind. Our methedology identifies important clusters

of energy efficiency potential in non-transportation settings, drawing on knowledge of
barriers that have impeded capture of this potentialin the past. To make our assumptions
and modeling more transparent, we relied heavily on publicly available sources of data.
Using the Energy Information Administration’s National Energy Modeling System and
Annual Energy Outlook 2008 (AEQ) as a foundation, we developed a set of “business-as-
usual” (BAU) choices for end-use technology through 2020 inline with the ARQO foreach
Census division and building type. Then, toidentify meaningful efficiency opportunities
atthislevel of detail, we modeled deployment of more than 675 energy-saving measures
to select those with the lowest total cost of ownership, replacing existing stock over time
whenever doing sowas “NPV-positive.t We then disaggregated national data on energy
consumption using some 60 demographic and usage attributes, creating more than
20,000 micro-segments of consumption to further granulate our findings. Bylinking
our models with usage surveys and research on user-related barriers, we were able to
re-aggregate the micro-segments as clusters of efficiency potential according to sets of
shared barriers and usage characteristics. The resulting clusters (14 inall, fiveeach in
the residential and commercial sectors, threein the industrial sector, and combined heat
and power (CHP) systems in hoth commercial and industrial settings) ave sufficiently
homogeneous tosuggest a set of targeted solutions.

We focused our exploration of barriers and solutions on 2020 in order to identify near-
term opportunities relatively unatfected by technological uncertainty. Gur modeling is
based on a 2008 baseline, but we recognize that mobilizing to pursue energy efficiency on
anational scale will likely take time. Therefore, references throughout thisreportto 2020
represent the possible outcome of a decade of effort focused on energy efficiency, which
would in reality depend on when significant initiatives arelaunched.

1 By*NPV-positive” we mean the present value of energy, operation, and maintenance cost savings that
accrue over the life time of the measure are egual to or greater than the upfront investment to deploy that
measure when discounted at an appropriate discount rate. We varied assumptions about the value of
energy saved and discount rate to reflect differant perapectives on the potential.
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In defining opportunities within this near-term horizon, we use a stock-and-flow
approach and allow accelerated deployment of energy efficiency measures, represented
for example by substitation of building shell improvements or lighting priorto end-
of-life for the existing stock, whenever the measure minimizes total lifetime cost. By
“minimizes total lifetime cost,” we mean the full cost of adopting a measure, be it
improving a building or replacing an energy-consuming device before the normal end of
its useful life, is more than offset by the associated savings over the measure’s lifetime.®
By contrast, the portfolio of opportunities mostly contains measures that generate
onlyenough savings to offset their incremental cost relative to a business-as-usual
alternative. These “end-of-life” NPV-positive oppottunities represent the majority of
the efficiency potential identified in the residential {50 percent) and commercial (70
percent) sectors, In this way, our modeling uses both “accelerated” replacement and
standard stock-and-flow “end-of-life” replacement to maximize the net present value of
the total cost of energy consumption. This concept is not as applicable in the industrial
sector, where we have assumed upgrades coincide with other needed maintenance
schedules or deployment of new equipment or processes.

Ourcentral resultfor energy efficiency potential used a 7 percent real discount rateand
regionalindustrial energy prices tovalue theenergy savings of reduced consumption. In this
regard, theefficiency potential identified in this reportis a variant of the “economic” potential
described in the preexisting literature on energy efficlency and uses a costtest similarto but
notthe same asthe Total Resource Cost test.2 We have not evaluated a “technical” potential,
which would derive from existing technology regardless of incremental technology cost

and yield a higher potential, Nor have we identified an “achievable” potential, which would
discount the amount of economie potential captured based on demographic, market, and
regulatory factors used to approximate thebehavior of various economic agents and estimate
what could be realistically expected using current approaches.

Using existing literature, primary interviews, our modeling, the underlying data, and
judgment, we synthesized and steuctured the barriers that impede deployment of energy
efficiency measures, attributing to each cluster the most significant barriers. We then
gathered available information on existing and past programs targeting energy efficiency
in these clusters and evaluated their ability to overcome the associated barriers. Finally,
we explored the system-level actions the nation would need to take to drive broad demand
for and adoption of energy efficiency, analyzing the proposed trade-offs in various policies
and market mechanismes.

2 Ouranalysis assigns no residual value to an existing energy-consuming device that is replaced prior to
the end of its life. Aless conservative calculation might subtract the residual (ie., undepreciated) value
of the existing device frem the total cost of the accelerated device, As this requires resale of a piece of
equipment that is not cost effective to use, we have taken the more conservative approach of assnming
such egunipment cannot be resold and assigned it zero residual value.

4 Our analysis does not include program administration costs, incentives paid to program administrators,
costs or henefits of other resourees (e.g., water), or non-resource costs or benefits (e.g., productivity) as are
sometimes included in the Total Resource Cost test.




Importantly, there are aspects that differentiate this research from other reportson
energy efficiency. We have focused on understanding how to pursue energy efficiency on
a national scale by connecting the related activities of estimating potential, identifying
barriers, reviewing solutions, and discussing policy implications in a single report.
Specifically, we:

#  Focused on end-uset energy to facilitate the conversation among businessleadersand
policymakers, while noting the importance of primary energy, its technical matchto
efficiency topics, and making such numbers available where appropriate

# Included only those energy efficiency initiatives that could be “hard-wired,”
asopposed torelying on sustained behavioral change among end-users{e.g.,
conservation efforts, such as turning off unnecessary lights)

#  Assumed nomaterial change in consumer utilitys orlifestyle preferences

»  Leveraged existing technologies and did not attempt to forecast future technology
innovations orincorporate the most “extreme” forms of whole-building redesign,
which can further reduce consumption. Accordingly, we have not presented a
“technical” potential

#  Attempted to identify the most significant barriers and solutions, but not necessarily
be exhaustive of all possibilities

#  Applied data wherever possible, but recognized that we could not quantitatively map
solutionsto everybarrier in every cluster

= Avoided the temptation to predict how much of the available “economic” potential
could or would be realized by adopting new, scaled-up approaches. Nowherein this
reportdowe caleulate an “achievable” potential asis typically done using top-down
estimates from an “economic” potential.

Ourresearch suggests the net cost of achieving these levels of energy efficiency would
produce energy savings that approximately double the upfront investment on an economy-
widebasis. Although these savings are even more attractive for most participating
consumers, issues of timing and allocation would likely lead various stakeholders to
perceive the costs differently. Itislikely that notall energy consumers would benefit
equally from pursuit and capture of greater energy efficiency on a national scale. One
outcome we discuss in this report is the inverse relationship between energy billsand
electricrates: bills and total energy costs would decline, but the per-unit price (i.e., rate)
would likely rise from current levels. The impact relative to business-as-usual isless
certain, since in absence of energy efficiency investiment, rates may rise due to other
factors. Details of thiseffect on rates will vary throughout the country.

4  End-use, or “site,” energy refers to energy consumed in industrial, business, and residential settings,
e.g., providing light, heating and cooling spaces, running motors and electronic deviees, and powering
industrial processes. By contrast, primary, or “source,” energy represents energy in the form it is first
accounted {e.g., BTUs of coal, oil, natural gas) before transformation to secondary or tertiary forms (e.g.,
electricity). From the end-use viewpoint primary energy is lost during transformation to other forms and
in transmission, distribution, and transport to end-users; these Josses are an important energy-saving
opportunity but one that is outside the scope of this report. In addition, we focus on non-transportation
uses of energy, excluding fuel used by passenger vehicles, trucks, trains, airplanes, and ships; in line
with this focus, we have also excluded transport energy used in agriculture, mining, and construction
operations. For simpiicity of expression, we sometimes refer to the energy covered by our analyses as
"stationary energy.”

5 By “consumer atility” we mean functionality or usefulness for end-users, including fevel of comfort; in this
context, holding consumer utility constant would imply, for example no change in thermostat settings or
appliance use; no downsizing of homes or commercial floor space. In a strict economic sense, maintaining
constant consumer utility assumes a constant economic surpius for the consumer while delivering against
a common benefit. ' We have not attempted to calculate potential changes in consumer utility that might
result from energy price changes associated with pursuing the options outlined in our report.
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The intention of this report is not to recommend particular policy solutions; rather, our
hopeisthatthis regearch will aid in the understanding and farther pursuit of economically
sensible and effective approaches to unlocking the potential of energy efficiency. This
report presents the findings of our work in five chapters:

4.
5.

A compelling nationwide opportunity

Approachesto greater efficiency in the residential sector
Approachesto greater efficiency in the commercial sector
Approaches to greater efficiency in the industrial sector

Developing a holistic implementation strategy.

The reportalso contains boxed areas with brieftreatments of a number of topics related

to energy efficiency but notincluded directly in our analyses. Additional supporting
material, covering technical terms and methodology, as well as works cited and consulted,
arelocated in the appendices. '






1. Acompelling nationwide
opportunity

The United States faces an important opportunity to transform how it uses energyinits
residential, commercial, and industrial sectors. Capturing energy savings across the U.S.
economy, however, will be a daunting challenge for two reasons: first, each opportunity

¥ has meaningful and persistentbarriers that have prevented it from being captured in the

! past, and second, a number of complex Issues will have to be addressed at thelevel of local

and regional energy markets — as well asat the national level — if the United Statesis to
realize the full potential ofits energy efficiency opportunity.

This chapter describes the NPV-positive efficiency potential the nation can pursueinan
accelerated mannerin the relative nearterm (through 2020} and explores the multi-level
challenge presented by this attractive opportunity.

SIGNIFICANT POTENTIAL AVAL ABLE INTHE NEAM TERM

The opportunity for greater efficiency in stationary energy useis substantial. Itisless
sensitive to discount factors, participant costs of capital, and carbon prices —and could be
pursued more quickly — than istypically acknowledged, but only ifthe United Statescan
find ways to address the associated barriers and unlock the potential.

Business-as-usual (BAU) projections for 2020 suggest U.S. end-use energy consumption
addressedin thisreports will growby 0.7 percent per year from 2008, reaching 39.9 quadrillion
BTUJsin 2020, Hthe nation can overcome the barriers and capture the full NPV-positive
efficiency potential in 2020, the U.S. conld consume some 23 percent less energy per

vear, saving more than 9.1 quadrillion BTUs of end-use energy (including 1,080 billion
kwh of electricity) relative to the BAU forecast (Exhibit 2). This reduction would require
an upfront investment of approximately $520 billion” and would yield present-value
savings of roughly $1,200 billion. Ifdeployed over 10 years, thisannual spend of roughly

& Appendix B discusses the methodology of this report including the scope of energy uses addressed,

v This amount includes $56 billion of upfront investment associated with deploying 50 GW of combined
heat and power generation.
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$50 billion would represent a four- to five fold increase over current levels of spending on
energy efficiency® with corresponding annual energy savings valued at $130 billion.s

Measuared in primary energy, savings would total 18.4 quadrillion BTUs, or 26 percent
relative toa BAU baseline. Ifatiained in its entirety, this efficiency potential would
reduce annual U.S. GHG emissions in 2020 by 1.1 gigatons CO,e, some 15 percent of 2005
greenhouse gas emissions and equivalent to 26 percent of non-transportation GHG
emissions in the sectors that we modeled.

Exhibit 2: Significant energy efficlency potertial in the U.S. econony
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Ifthe U.S. economy could realize the NPV-positive efficiency potential identified in
thisreport, it would more than fully offsetexpected consumption growth, leadingtoan
absolute decline in energy use over this period. The nation would see stationary energy

use decline equivalent to a rate of 1.5 percent per year, decreasing from 36.9 quadrillion
BTUs in 2008 to30.8 quadrillion BTUsin 2020, This change represents an absolute
decline of 6.1 quadrillion end-use BTUs fromn 2008 levels and an even greater reduction

of 9.1 quadrillion end-use BTUs over the projected level of what consumption otherwise
would have reached in 2020. This magnitude of change could have profound implications
on existing energy provider business models.” Construction of new power plants, gas
pipelines, and other energy infrastructure will still be required to address selected pockets

8  Annual efficiency spend of $10 billion to $12 billion includes spending or utility programs {$2.5 billion),
ESCO efficiency ($3.5 billion), and incremental investment in insulation and devices ($4—6 billion),
but excludes business-as-usual insulation spend ($8—%$10 billion} to satisfy building codes and
standard practices.

9 Annual energy savings in 2020 wonid consist of 3.7 quadrillion end-use BTUs of electricity at
$18.72 per MMBTU, 3.0 quadrillion end-use BTUs of gas at $6.88 per MMBTUY, 1.5 quadriliion end-use
BTUs of oil savings at $20,00 per MMBTU, and 0.9 end-use quads of other energy at $6.35 per MMBTU.
The resulting total, g.1 quadrillion end-use BTUs, has an average savings of $13.80 per MMBTU. CHP
offers an additional $7.9 billion per year of energy savings. The total annual energy savings in 2020 of
$133 billion kas been rounded to $130 billion throughout this report.

10 Primary energy consumption savings for electricity have been calculated by converting end-use BTUs to
primary BTs at a multiple of 3.1, which includes conversion, transmission, and distribution loss. We
convert end use gas consumption to primary use gas consumption by multiplying by 1.039 to include pump
energy to move gas through pipelines, and storage and fransportation leaks. Data for transport energy of
other fuelsis not readily available; therefore we use the same as end-use and primary use consumption

. though some small adjustment would likely be required.

11 We examine implications for energy provider business models in Chapter 5 of the full report.
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of growth, retirement of economically or environmentally obsolete energy infrastructure,
and introduction of unaccounted-for consurmption such as electric vehicles. However,
energy efficiency could measurably reduce the total required investment for additional
assets during thistimeframe, .

Theefficlency poteniial remains significant across scenarios

In modeling the national potential for greater energy efficiency, we calculated netlifecyele

| benefits less costs, regardless of who invests in measures or receives benefits. Forour

| central result, we used industrial retail rates to value the energy savings and applied a

i 7 percent discount factor as the cost of capital; we assumed thete was no price on carbon.
‘Wetested the sensitivity of the NPV-positive opportunities by adjusting the discount
rate (expected payback period), value of energy saved (sector-specific retail rates versus
industrial retail rates)', and possible carbon price ($0, $15, $30,and $50 per ton CO.e).
Exhibit 3 shows the resulting NPV-positive potential beyond business-as-usnal levels
exploring sensitivity to these three factors;

% Theperspective used to view costs and benefits. Thetotal potentialfroma
“participant” perspective (i.e., taking the perspective of an end-user with retail energy
prices and a 20 pereent discount rate)? is 7.2 quadrillion BTUs, 21 percent lessthan
potential from the national perspective (using industrial energy pricesand a 7 percent
discount rate tovalue the energy savings), indicating significant potential from either
perspective.

]

Time-value of savings. Residential customers’ expectation ofa 2 to 3 year payback
period for household investiments is an often-cited barrier to energy efficiency.

This expectation of rapid payback limits potential, but still provides considerable
opportunities across all sectors. A 40 percent discount rate across sectors with retail
power prices reduces potential by 43 percent, but an economy-wide potential of

5.2 quadrillion BTUsremains. By contrast, decreasing thereal discountratefroma
national perspective from 7 percent to 4 percent increases the potential 10 percent to
10.0quadrillion BTUs,

% Vahre ofenergysavingsthroughacarbonprice. Introducingacarbon priceas
high as $50 perton CO,e from the national perspective increases the potential by
13 percent. Aprice of $30 perton CO,e would increase the potential by 8 percent. The
direct impact of carbon pricing, namely the mictoeconomicexpectation thatincreasing
energy price should reduce energy consumption, is outside the scope of this report,

12 Industrial retail rates represent an approximate value of the energy saved as they include generation,
transmission, capacity, and distribution costs in regulated and restructured markets. The bulk of the
rate is composed of generation cost, with minor contribution from transmission, capacity, and negligible
contribution from distribution costs. Though load factor in these rates underestimates the nationat
average, and thus this rate represents a slightly conservative estimate of the value of the encrgy savings,
the other components are closer to the likely savings if significant energy efficiency were to be realized.
We computed the avoided cost of gas also using an industrial retail rate, which likewise is close to the
wholesale cost of gas plus a small ameunt of transport. A more detailed discussion of the avoided cost of
energy ig available in Appendix B of the full report.

13 Twenty pereent approximates the marginal cost of capital for many unsecured financing sources; though
home equity lines or revelving credit lines are available at lower rates, they may be more diffieult to obtain.
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Exhibit 2 Sensitivity of NPV-positive energy efficiency potential
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Opportanities distributed throughout the economy

Because efficiency potential is present in nearly all energy-consuming devicesand
Pprocesses, itis highly fragmented with substantial opportunities in the residential,
commercial, and industrial sectors.

# Residential sector. The residential sector accounts for 29 percent of 2020 BAU
end-use consumption and offers a slightly disproportionate 35 percent of theend-
use efficiency potential. The residential opportunityis extremely fragmented, asit
isspread across conditioning the space of 129 million households and energizing the
dozens of appliances and devicesin each household.*

# Industrial sector. The industrial sector offers the reverse proportion: the sector
accounts for 51 percent of 2020 BAU end-use consumption but only 40 percentofend-
use efficiency potential. The opportunity is, however, more concentrated: halfofthe
potentialis concentrated in 10,000 facilities, with the remainder distributed among
320,000 small and medium-sized enterprises. The relatively smaller proportion of
savings potential is likely driven by the sector’s historically greater focus {than the
residential sector) on capturing energy efficiency opportunities.

# Commercial sector. The commercial sector consumes 20 percent of the 2020
BAU end-use energy and offers 25 percent of the efficiency potential across 87 billion
square feet of floor space, supporting functions as diverse as retail, education, and
warehousing. Electricity representsalarger share of consumption in thissector; as
such it offers the largest primary energy opportunity at 35 percent of the total when
incleding commercial CHP opportunities.

Opportunities are indeed scattered across a range of climates, users, end-uses, and fuels.
Appliances, building shells, industrial processes, and a wide range of other end-uses effer
substantial potential.

14 The number of homes, 129 million, is based on EIA's number of occupied homes. In 2020, there will he
an additional 10 million to 15 million unoccupied homes counted by the Census. Our analysis, and most
products of the EIA, use only the 126 million oceupied homes, because unoccupied homes consume little
energy and present little, if any, NPV-paositive efficiency potential.
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Finally, while the nature of efficiency opportunities changes across geographies;
substantial potentialis present in all areas. Each Census region has efficiency potential
equivalent to at least 20 percent of its total energy consumption (Exhibit 4). The South
Census region offers the largest absolute potential, more than twice the Northeast Census
region, though relative to total consumption its proportion of potential ishelowthe
nationalaverage. The greatest efficiency potential relative tototal consumptionis inthe
Northeast, dueto high potential especially in the residential sector. .

Exhibit 4: Energy efficlency end-use potential across Census regions

Trilien BTUs in 2020*

Savings
Paycent

Resl- Comm- Indus

Electricity Gas G Other Total dentlal erclal irlal
EY 22 26 23 17
South
& &
et 23 28 23 19
Midwest

23 25 28 18

24 3z 28 18

Northeast

* Numbers rounded to 50 brilion BTUs
Source: EIA AEO 2008, McKinsey analysls

Clusters of opportunitypresentthemselves

In order to accurately represent the potential in these fragments of consumption

our modeling uses these characteristics to analyze potential in “micro-segments” of
consumption. Aggregating these micro-segments based on common characteristics
reveals 14 addressable clusters: five each in residential and commercial sectors, three
inthe industrial sector, and combined heat and power {CHP) systems across both
commercial and industrial settings.

Each cluster represents a sizable and actionable opportunity and is sufficiently
homogenous with similar barriers and potential responsiveness to solution strategies.
Themost relevant characteristics that define these clusters include home owner income,
building age (i.e., newversus retrofit buildings), specific end-uses or opportunities

{e.g., electrical devices, community infrastructure, waste heat recovery), private versus
government ownership structure, and energyintensity. Exhibit 5 showsthese clustersand
their end-use and primary energy efficiency potential.

Newhomes, in residential, and new private buildings, in commercial, share similarities both
inthe barriers that impede the opportunity and the types of solution strategies that address
thebarriers. Electrical dévices and small appliances, in residential, and office and non-
commercial devices, in commercial, also exhibit similarities. The combined heat and power
cluster, discussed in Chapter 4, differs from other clusters asit offers savings in primary
energy but not necessarilyin end-use energy, though itis a site-based energy source,
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Exhibit 5 Clusters of efficlency potential in stationary uses of ensrgy -~ 2020
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Exhibit 8: Upfront cost of snergy efficiency corresponding to $1.2 #ilion savings
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Depluoyingenergy efficiency measures onanational scalewillvequirea
significant capital outlay

Deploying NPV-positive energy-saving technologies on a scale commensurate with the
savings potential identified in this report, while generating benefits of $1.2 trillion, would
requireinitial, upfront investments totaling $520 billion in present value terms through
2020 (Exhibit 6), representing an investment of $50 billion peryear (in present-value
terms) for

10years. Some observersestimate that the U.S. invests $20 billion to $35 billion peryear
in energy consuming devices and building insulation to supporta price “premium” to
fund improved efficiency.’s To compare these investments to the incremental efficiency
investments described in this report we subtracted the business-as-usual level purchases
of building insulation to meet present building codes and the base cost of less efficient
devices to obtain a market size of $10 billion to $12 billion.* Thisimplies that capturing
the full efficiency potential identified in this report would require a sustained four- to five-
fold increase in spending for efficiency improvements beyond today's levels. Overhead and
administration costs would be in addition to this amount and would vary by the policy or
market mechanism used to capture the potential. Those costs are discassed in Chapter 5.

The costof the energy efficiency measures, expressed in dollars per million BTUs (MMBTU)
saved over theirlifetime, varies greatly, Exhibit 7 arraysthe mosteconomically attractive
solation strategies in each of 49 energy efficiency measures in curcentral result fromleast to
highest cost per MMBTU of end-use energy saved. The height ofeach barshows the average

' cost per MMBTU saved; its width corresponds to how much energy in trillion BT Us could

besaved annually with that strategy for its corresponding end-use in 2020. Thischart
highlightsthe diversity of end-uses that would provide savings, but demonstratesthat there
are fewlarge and simple opportunities to pursue: capturing 80 percent ofthe opportunity
would require deploying 58 percent of the upfront investment.”

15 Karen Ehrhardt-Martinez and John A, Laitner, The Size of the U.5. Energy Efficiency Market:
Generating a More Complete Picture, ACEEE, May 2008, Expert interviews.

16 Anmuial efficiency spend of $10 billion to $12 hillion includes spending on utility programs {$2.5 billion),
ESCO efficiency ($3.5 billion), and incremental investment in insulation and devices ($4-6 billion},
but excludes business-as-nsnal insulation spend ($8-$10 billion) to satisfy building codes and
standard practices.

17 Alternatively, 35 percent of the investrent would correspond to 60 percent of the energy
efficiency potential.
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Financial value of energy savings outwelgh s cost

Whilenotall actiong that decrease the consumption of energy represent an NPV-positive
investment relative to alternatives, by definition of our methodology ali the energy efficiency
actionsincludedin this reportrepresent NPVepositive investments. The upfront deployment
cost of these NPV-positive efficiency measures ranges upward from $0.40 per MMBTU
saved, and averages $4.40 per MMBTU saved (not including program costs). This “price”
forefficiency is 68 percent below the forecasted price of energyin 2020, $13.80 per MMBTU
{Exhibit 7}, and 24 percent belowthe lowest delivered natural gas priceinthe United Statesin
2020, $5.76 per MMBTU. Putanother way, even the most expensive opportunities selected
inthis study are attractive over the lifetime of the measure and represent the least expensive
way to provide for future energy requirements. '

The difference between the average cost of efficiency measures and value of the energy
savings represents a conservative view of the financial benefits of energy efficiency
because it includes only direct energy savings.'®

Exhibit 7. US. energy efficiency supply curve - 2020
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PREVIOUS EFFOATS HAVE IMPROVED ENERGY EFFICIENT

Over the past 35 years, national interest in energy efficiency hasrisen and fallen
following changes in energy prices (Exhibit 8). The global cil crises of the 19705 catalyzed
substantial action at the federal and statelevels: efficiency standards for appliances

and buildings, tax credits for investment in efficiency measures, and the creation of the
Department of Energy and special-purpose state entities.

18  Additional financial benefits include lowered commodity risk, impact on the cost of fue} and improved
efficiency of electricity generation, job ereation, and health improvements. These benefits are desceribed
as special topics in the report where appropriate, but are not included in the calenlation of the
efficiency poterdtial,
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Exhibit & Milestones in the pursult of energy efficiency

fetalt powet pHoes
2008 canlafWh

1z
11
o
a
8
7
&

Activily

Fassil {ual prices
2008 SIMMBTU

Ve

5
4
kS
2
1

970 1972 1974 1076 1678 1DBD 1062 10Bd 1966 1080 1050 IBE2 1964 10D6 16968 2006 Z062 2004 2008 2004

Supply

wvents

Fadarsl
#nd slata
leglelation

A
Surgain
it supply

A
Frst off
ciisls

Second
alfcrists

A A
Eraray Polioy Trostion of low-  Navlonal
Erergy Conssivation  @lan (lo be WAP}  Gonservallon Act
and Production Acl
Matlohel Energy Ast
Graation of tha DOE

and Congervalion Act Incame assislence Appilance Energy  Polley Act

20 slales resiructure
relall ralos; craate SBCs
10 fund EE programs

F Y
Fnargy Toxss adophs

16 stalas foow

A
Wastam
oRorgYy
cligh

st EERS {10%);

A
Erarqy
Pofiay

Energy

Indspendencal

and Sacutly
Act

ther
ralavan]
avanls

A A
Efficienny  Enargy Trusl
Wermont  of Cragon
crented  created

A A
EPA LEED
Intraduces cartif-
ENERGY  cation
STAR bogan

A
CA sdopls firsl
ullity revavise
dacoupling

A
NYSERDA
etlublished

Sourco: DOE, ERA and Alllatice te Save Energy; McKinsey analysls

Asurgein the global oil supply in the mid-1980s, however, brought a sharpdeclinein oil
and power prices, with relatively stable or declining fossil fuel and power prices following
for more than adecade. In this environment, sustaining momentum at the national

level for efforts to improve energy efficiency became increasingly difficult.'? At the same
time, national energy policy shifted toward greater reliance on marketsto betterbalance
supply and demand of energy resources, Overthe past 10 years, however, with anenergy
crisisin western states, supply disruptions from events overseas and natural disasters
domestically, and rising concerns about the effects of climate change, interestina -
coordinated approach to capturing energy efficiency has reemerged.

In this period, various government agencies and contractors, non-government agencies,
and academics have explored the potential for energy efficiency and the reasons itso often
remainsan untapped resource. Asearlyasthelate 1970s, academicsand advocatesbegan
identifying the available efficiency potentialand the barriersto the capture of that potential.
Within the pastdecade, fourefforts stand out at the national level, with more than 20 others
atthe regional or state level, that generally align with the methodology suggested inthe
“Guidelines for Conducting Energy Efficiency Potential Studies” published by the EPA.
These studies report some subset of technical, economic, or achievable potential, with seven
economic potential findings ranging from 10 to 30 percent, presenting an average (and
median) value of 21 percent, broadly in line with the results of this report. Thisreportisalso
in agreement with thefinding of our previous work on greenhouse gasabateinent in the
United States, which identified “mid-range” efficiency savings of1,284 TWhofelectricity
and 1,424 trillion BTUs of gas in 2030 with an estimated upfront cutlay of $280 billion.>
Differencesin baseline, timing, and nature{i.e., “mid-range” focuson GHG emissions versus
focus on NPV-positive energy efficiency) of the reportsaccount for the difference between

19 Robert Bamberger, Energy Policy: Conceptual Framework and Continuing Issues, Congressional
Research Service, March 2007,

20 Noteworthy differences between the reports, expressed as the figures to add to the greenhouse gas
teport’s 2030 resilt to obtain this reports 2020 result include the foliowing: haseline (-$27 billion,
-264 TWh, -1,638 end-use TBTUs of gas), timing (-475 billion, -249 TWh, -303 end-use TBTUs of gas),
and methodology, including accelerated retirement (add $2oe billion, 235 TWh, and 1,320 end-use

TBTUs of gas) and penetration ($150 billien, 74 TWh, 2,210 end-use TETUs of gas).
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the earlier findings and the 1,080 TWh of electricity, 3,010 trillion BTUs of gas savings, and
$520 billion inupfrant investment in 2020 that s identified inthis report.

Fifivieney has improved amlis expected to acealerate

Energy intensity, expressed as the energy consumption per unit of floor space or per
dollar of GDP, has decreased steadily over the past 25 years through 2005 especiallyin
the industrial sector (Exhibit9). Increased energy efficiency is partly responsible for
this decreasein energyintensity. However, decades-long trends toward faster economic
growth, national migration toward warmer regions of the country (which require more

. use of air conditioning), increasing home size, and greater use of electrical appliances and

. devices in inost homes and businesses complicate this picture. The contemporaneous

decline inindustrial-sector energy intensity derives in large measure from improvements
inprocess efficiency, as well as the shift of some energy-intensive manufacturing activity
overseas. Thus one cannot attribute the entire increase in energy productivity to efficiency
improvements, though various estimates indicate it plays a significant role in this trend.

Exhibtt @ Change in energy irtensity in the ULS, economy ~ 1980-20085
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Further, comparing the 20-year intensity forecast from Anoual Energy Outlook (ARO) 2004
to AEO 2008 shows accelerating improvementsin energy intensity. The ARQ 2004 forecasts
a 20-year intensity improvement in the residential sector of -5.5 percent whilethe AEQ 2008
forecasts an improvement of-15.7 percent; this changerepresents a 10 percentage point
Improvementin energyintensity. Similarly commercial intensity shows a 5 percentage point
improvementin intensity asthe forecastimproved from a7.4 percent inereasetoa

2.2 percent increase. Industrialintensity improvements remainhigh with an expected

23 percent improvement in both forecasts.* These facts mayindicateboth recent progress
indriving energy efficiency and renewed nationalinterest in stewardship of our national
resources, an observation supported by earlier comments highlighting the annual spend on
energy efficiency, which, for example, increased from $1.3 billion in 2003 to $2.1 billionin
2006 intheutility sector.

21 We use 20-year expected intensity expressed in primary BTUs per square foot in residential and
commercial and primary BTUs per dollar of output for industrial.
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Bome suceess stories highlight what e possible

Economic actors as diverse as utilities, government agencies, special purpose entities,

and the private sector have driven equally diverse programs targeted at improving energy
efficiency. These programs include appliance standards, building codes, financial
incentives, financing, and direct installation, to name a few. Several examples of varying
scope warrant discussion, as they represent the significant, documented impact ofa subset
of approaches, namely national mandatory standards, a state’s concerted effort, a national
labeling program, and a special purpose entity:

Federal Equipment Efficiency Standards. Since 1987, when President Ronald
Reagansigned the National Appliance Energy Conservation Act, mandatory national
efficiency standards have been an accepted and effective manner for the government to help
consumers reduce theirenergy consumption in a range ofhousehold appliances. According
toanalyses done by the DOE and ACEEE, standards reduced U.S. electricityuse by 88 TWh
annuallyand total energy use by 1.2 quadrillion primary BTUsannually in 2000. These
savingsrepresent 2.5 percent and 1.3 percent reduction of total electricity and energy use
respectively, From 1987 through 2000 appliance standards saved consumers approximately
$50 billion inreduced energy bills atan incremental appliance cost of $15 billion. These
savings areexpected to grow to 250 TWhin 2010 as standards have become more strict since
data werelastavailable.*

State of California. From 1977 through 2007, per-capita electricity consumption in
California remained nearly flat, growing at 0.07 percent annually, compared to

L3 percentin the nation overall. Adjusting for such structural differencesas climate,
demographics, and industry and commercial business mix, and incorporating
measurement uncertainty,* reveals that California consumes approximately

111019 percent® less energy per capita than the U.S. average. One notable structural
difference is that California’s ighter industry mix accounts for 38 percentage points of
anapparent 60 percent lower per capita industrial consumption. The state’sstrategy

for energy resources has emphasized utility-led energy efficiency programs, significant
building code and appliance standard initiatives, and a range of other innovative efforts.
Some observers have identified benefits of this energy efficiency, including gross state
product of approximately $1,000 per capita and reduced energy burden on the low-income
population.?s It is worth noting that electricity pricesin California are 35 percent higher
than the national average, partly due tothe public-benefit charge of $0.0054 per kWh

(6 percentage points of the difference) to fund energy efficiency. This price difference
may play a role in decreasing demand through microeconomic supply-demand dynamics,
especially in the industrial sector.

ENERGY STAR®. The United States Department of Energy (DOE) and Environmental
Protection Agency (EPA) jointly operate this nationwide voluntary standards and labeling

program. Sinceitsinceptionin1gg2, ENERGY STAR hasbecome aleading international

brand forenergy efficient products. It covers more than 60 product categoriesacross

nine broad productclasses, including major appliances, office equipment, and consumer
electronics. Italso addresses new home construction, residential retrofit, and commercial
and industrial energy management. Through 2007, the program has helped save

1,790 trillion BT Us of primary energy (159 TWh). There is substantial opportunity,

22 “Appliance and Equipment Efficiency Standards: One of America’s Most Effective Energy-Saving Policies,”
ACELE, 2009.

23 Anant Sudarshan and James Sweeney, Deconstructing the Rosenfeld Curve: Understanding California’s
Low Per Capita Electricity Consumption, Stanford University, September 30, 2008,

24 At first glance the relative per capita consumption of 11,900 kWh per capita for the 1.8, vs. 6,400 KWh for
California shown in this report and the “Rosenfeld Curve” suggests California consumes approximately
40 percent less energy per capita than the U.S. average.

25 Mark Bernstein, et al., The Public Benefit of California’s lmvestments in Energy Efficiency, RAND
Corporation, March 2000,
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however, with some new productsadded to the program, such ascommercial food service,
while manyappliances and devices remain nnaddressed. Furthermore, the program
isonlyin the early stages of deploying program models to addresssizeable needs in the
commercial and residential retrofit segments.

Efficiency Vermont. The statelegislature and Vermont Public Service Board created
Efficiency Vermont in 2000 to helpstate residents save energy, reduce energy costs, and
protectthe state'senvironment. Efficiency Vermont is the nation’s first state-wide “energy
efficiency” utility. Itisfunded by a surcharge on customer electricity billsand is operated
byan independent, non-profit organization under contract to the Public Service Board. In
Efficiency Vermont’s first 8 years of operation, businesses and homeowners whoworked
with the organization saved approximately 308 GWh of electricity. In 2007, Efficiency
Vermont’s energy savings were approximately g4 GWh, or 1.6 percent of the state’s

5,865 GWh of retail sales, completely offsetting business-as-usual electric load growth
forecasts in the state.?® Load-serving entities and other special-purpose and government
entities have made similar efforts, notably, but not exclusively, in New England, New York,
New Jersey, and the West Coast states.

26 Year 2007 Annual Report, Efficiency Vermont, October 2008,
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THE CHALLENGE OF CAPTURING ENERGY FFFICIENG

Although the U.S. economy has captured measurable and important amounts of energy
efficiency since the oil crises of the 1970s, many attractive opportunities remain available.
The fundamental challenge for the nation is, therefore, how tobring programs like these to
scale and capture the full NPV-positive potential that exists today.

Both the nature of energy efficieney and atteibutes of consumer behavior
present challenges to efficiencycapture

The nation’s mixed success in improving energy efficiency sterns in part fromthe
significantbarriers that surronnd every cluster of potential and in part from system-

level challenges associated with pursuing energy efficiency opportunities at scale in our
economy. Four fundamental attributes of energy efficiency, some of them the legacy of how
we have approached the opportunity over time, make the task of capturing these savings
trulychallenging:

% Initial outlay. Energy efficiency measures will require upfront investment of
capital with savings that will acerue over sometimes lengthy periods. Despite the
NPV-positive nature of the investments identified in this report, behavioral barriers
to upfront capital outlays and historically low savings rates have prevented consumers
from capturing substantial amounts of efficiency, Issues of capital allocationand
risk of business termination have challenged the commereial and industrial sectors.
Accesstocapital remains an issuein all sectors.

# TFragmentation. Asmentionedbefore, energy efficiency opportunities are scattered
acrossthe economy: nosingle industry, building type, population cluster, climate
region, orend-use alone can unlock the opportunity nationwide. The dispersion
means that while the NPV-positive energy efficiency potentialis collectivelylarge,
individually each efficiency opportunity is of relatively low priority. Thelevel of
penetration needed to capture something approaching the full potential hasrarely
been achieved by any technological advancement in society, and even less frequently in
asshortatime frame asadecade.

®  Lowawareness and attention. Improving energyefliciency is rarely the primary
focus or responsibility of any major agent in the economy: businesses have otherareas
of strategic focus, energy providers focus on reliability, and residential end-users
typicallyface competing needs for their funds and attention. Fewbusinessestargeting
these opportunities have existed before, apart from the energy services company
(ESCOs) industry which represent a small part of the energy industry. Additionally,
energy efficiency is often a lower priority in the selection of energy-consuming devices
than functionality, form, or reliability.

# Difficulttomeasure. Reduced energy consumption is nota physical product
and frequently difficult to measure. Given the diverse factorsthataffectenergy
consumption, including weather, economic activity, and consumer hehavior, energy
savingsrequire measurement and verification methods mere challenging than the meter
reading required to accurately measure consumption. Furthermore, savingenergyisa
more abstract concept than consutming energy, because it expresses a difference relative
towhat would have happened had consamers made different choices.

Since thelate 1970s economists have tried to understand why consumers diverge from
classical economicdecision criteria through a better understanding of behavioral
economics. Several heuristics have emerged which may explain fromabehavioral
standpoint how these attributes arise or why some of the barriers they present persist.
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Given the volume of decisions consumers make daily and the time it would take to rationally
analyze each and every one, consumers default to avoiding action on lessinteresting
opportunities. This behavior {termed status quo bias) manifests asconsumers hesitating to
upset theircurrent situation. Forexample, a study revealed mostinvestors do not adjust the
asset allocation of their retirement funds even in the face of significant market fluctuations.*”
Inasimilar manner, consumers are unwilling to invest money in energy efficiency upgrades
thatare financially beneficial as it disruptstheir current finances.

‘When consumers do think ahout the economics of a decision though, there are other
apparently “irrational” components to their decision making. Many consumers are

prone tovalue current or short-term value much higher than longer-term value, and thus
attach a higher disconnt rate to investments that pay back more slowly (lermed hyperbolic
discounting).*® Thisis likely one reason the slower payback of energy efficiency manifests
asa high discount factor in customerbehavior, In addition the context inwhich consumers
make decisions {(termed framing) can influence those decisions, Studies haveshownthat
people are much more likely to act when confronted with a potential loss rather than a
potential savings.® Currently efficiency investments are typically framed as a savings
and are thus prone tothiseffect. Representing them asavoiding aloss may make them
more appealing.

Studies have also shown that when consumers must incur aloss to receive a potential gain,
that gain must significantly outweigh theloss (termed loss aversion), For example, when
placing a bet with even odds most gamblers demand a $200 reward to place awager of
$100.3° Thus, even if an energy efficiency measure is strongly NPV-positive, consumers
may require the reward of future savings to more than double the upfront investment
“wager” (i.e., a cost tobenefit ratio of 2 or higher). However, this aversiontoinvesting
decreases when consumers have already decided to spend money. Consumers become
rmich Jess sensitive to ineremental costs as they become a smaller percentage of the total
cost (diminishing sensitivity).3* Theincremental cost of an efficient air conditioner, for
example, appears more palatable to consumers when compared to the price of a new home
than when compared to the price of an alternative air conditioner.

Thenature of energy efficiency and attributes of consumer behavior combine to createa
series of opportunity-specific barriers that the market must overcome to unlock energy
efficiency on a national scale {Exhibit 10). These barriers require comprehensive,
opportunity-specific solution strategies to unlock the potential, as well as system-level
actionsto address regulatory barriersand enable broader market impact.

27 ‘William Samuelson and Richard Zeckhauser, “Status Quo Bias in Decision Making,” Journal of Risk and
Uncertainty, 1988,

28 George Ainslie, “Specious Reward: A Behavioral Theory of Impulsiveness and Imptlse Control,”
Psycholpgical Bulletin, 1075,

26 Amos Tversky and Daniel Kahnieman, “The Framing of Decisions and the Psychology of Choice,”
Science, 1981, )

30 Amos Tversky and Daniel Kahreman, “Advances in Prospect Theory: Cumulative Representation of
Uncertainty,” Journal of Risk and Uncerfainty, 1092,

31 Danie} Kahneman and Amos Tversky, “Prospect Theory: An Analysis of Decision Under Risk,”
Econometrica, 1979.
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Exhibit 10 Mulliple chaliences agsociated with pursuing energy efficiency
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Opportunity-specific bavriers posesignificant hurdles o capturing clusiers
of energy ef ficlency notential

Achieving meaningful energy savings will require a variety of approaches tailored to

the specificbarriers that have inhibited eapture of individual efficiency opportunities.
Identifying and understanding these barriers has been a focus of energy efficiency
research for decades; our investigation drew upon the considerable body of workon

the topic. Mostsources referto a consistent set of barriers and pointto the need fora
comprehensive mix of policies, due to the presence of multiple, sometimes overlapping
barriers. Qur research additionally suggests that unlocking the potential of a given
cluster requires addressing all major barriers that affect that eluster. Many traditional
approaches (e.g., monetary incentives or awareness campaigns) have focused on removing
the most significant or most addressable barriers, but have often fallen short of a holistic
solution that comprehensively addresses all barriers.

Barriersto greater efficiency, Tosimplify thediscussion, we have grouped well-
knownbarriers into the following three categories:

% Structural. Thesebarriersarise when the market or environment makes investing in
energy efficiency less possible or beneficial, preventing a measure that would be NPV-
positive from being attractive to an end-user:

- Agency issues (splitincentives), in which energybills and capital rights are
misaligned between economic actors, primarily between landlord and tenant

— Ownershiptransferissues, in which the current owner cannot capture the
full duration of benefits, thus requiring assurance they can capturea portion of the
future value upon transfer sufficient to justify upfront investment; this issue also
affectsbuildersand buyers
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— “Transaction” barriers, asetofhidden “costs” that are not generally
monetizable,?* associated with energy efficiency investment; for example, the
investment of time to research and implement a new measure

— Pricing distortions, including regulatorybarriers that prevent savings from
materializing for users of energy-savings devices,

= Behavioral. Thesebarriersexplain why an end-user who isstructurally able to
capturea financialbenefit still decides not to:

— Riskanduncertainty overthe certainty and durability of measures
and their savings generates an unfamiliar level of concern for the decision maker

— Lack of awareness, orlow attention, on the part of end-users and decision-
makersin firms regarding detaills of current energy consumption patterns,
potential savings, and measures to capture those savings

— Custom and habit, which can create an inertia of “default choices” that must
beovercome

~— Elevated hurdle rates, which translates into end-users seeking rapid pay back
of investments —typically within 2 to 3 years, Thisexpectation equatestoa
discountrate of 40 percent for investments in energy efficiency, inconsistent with
the 7-percent discount rate they implicitly use when purchasing electricity (as
embodied by the energy provider’s cost of capital). Itisbeyond the scope ofthis
report toevaluate the appropriate risk-adjusted hurdle rate for specific end-users,
though it seems clear that the hurdie rates of energy delivery and energyefficiency
aresignificantly different.

#  Availability. Thesebarriers prevent adoption even for end-users who would choose
to capture energy efficiency opportunities ifthey could:

— Adverse bundling or “gold plating,” situations in which the energy efficient
characteristic of a measure is bundled with prerpium features, oris not available in
devices with desirable features ofhigher priority, and is therefore not selected

— Capital contraints and access to capital, both access to eredit for consumers
and firmsand (in industry and commerce) competition for resources internally
within balance-sheet constraints

— Product (andservice) availability in the supply chain; energyefficient
devices may not be widely stocked or available through customary purchasing
channels, orskilled service personnel may not be available in a particular market

~ Installation and useissues, where improper deployment or use
eliminates savings.

In practice, nearly all clusters reflect a mix of barriers, with “awareness and information”
and “access to capital” the most frequently observed. In fact, 10 of our 14 clusters face both
ofthesebarriers. “Productor service availability” is the third-most common, with all three
of these barriets impacting six of our 14 clusters. The relativeimportance of these barriers
isbroadly in agreement with other work.? The mixture of barriers complicates the energy
efficiencylandscape enormously, We can draw several general conclusions fromour
analyses:

=  Unlocking the full potential of energy efficiencyrequires a holistic
approach. Such an approach would addressall barriers within a given cluster. None of

32 We haveincluded direct transaction costs in our caleulation of the NPV-positive potential where present
and calculable (e.p., the cost of running a new connection to a gas pipeline, if a user switches from electric
to gas heating and piping is not in place at that address).

33 Steve Sorrell, et al,, The Economics of Energy Efficiency: Barriers ta Cost Effective Investment, Edward
Klgar, 2004.
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the14 clusters offersa simple one-stepapproach asall clustersface at least two barriers,
11 clusters face three or more barriers, and eight clusters face four or tnore barriers.

#  Agencyissues, inthe sense oflandlord-tenantissues, arenotas
widespread as often thought. Theindustrial sector faces thisbarrier relatively
little. Its effect is only somewhat prevalent in the residential sectors, with 8 percent of
residential potential affected. Impactvaries in the commercial sector, with roughly
5to 25 percent of the potential impacted in most commercial subsectors. However,
agency isstes are concentrated in a few commercial subsectors, with the retail, office,
and food service subsectors having upto 75 percent of their energy efficiency potential
affected. Intotal, approximately 9 percent of potential across all sectors is affected by
this type of agency issue.

=2  Ownershiptransferissues, sometimes considered a variant of agency
issues, pose a more significant challenge. Though the benefits of energy
efficiency measures in residential homes have an averagelifetime of 17yearsand
pay backwithin 7years, 40 percent of households will have moved in that time. This
issueisless significant for commercial buildings that have Jonger tenancy periods,
though in some commercial buildings, such as retail or food service, tenancies tend
tobe significantly shorter than the 15 year average lifetime of commercial-sector
energy efficiency measures, Thus currentownersarelikely to capture onlya portion
of available savings; for many investments to make financial sense however, owners
must be confident they can capture enough of the value of future savings at the time of
building sale to warrant the upfront investment.

% Accessto capital and elevated hurdlerates affect 43 percent of the NPV-
positive efficiency potential. These issuestend to cover different segmentsand
technologies than principal-agent issues. IThurdle rates are decreased fromthe
40 percent typical of residential end-users {(equivalent to a 2- to 3-year payback) to
7 percent, 3.9 quadrillion end-use BTUs become NPV-positive. However, even the
5.2quadrillion end-use BTUsthat remain available at a 40-percent discount factor
represent an attractive and unseized opportunity.

Opportunity-specifie solutlon strategies ean overcome these barriers

Our review of previous and proposed programs designed to encourage greater energy
efficiency suggest that four categories of measurescan aid in unlocking the clusters

of efficiency potential in the residential, commercial, and industrial sectors. To fully
overcome the barriers that affect a single cluster of potential, a combination of solution
strategies will likely be needed, though in some clusters a single targeted solution strategy
may be sufficient.

# Information and education, Increasing awareness of energy use and knowledge
about specific energy-saving opportunities would enable end-users to act more swiftly
in their own financial interest. Options include providing more information on utility
bills or through the use of in-building displays, voluntary standards, labeling schemes,
audits, assessments, and awareness campaigns. Such solutions will likely prove
insufficient to drive broad adoption on their own, but they represent a necessary part of
most holistic solutions.

#  Incentives and financing. Given thelarge upfront investment needed to capture
efficiency potential, various approaches could reduce the financial hurdles that
end-users face. Optionsinclude traditional and creative financing vehicles (such as
energy efficiency mortgages), monetary incentives or grants, including tax and cash
incentives, and price signals, including tieved pricing and pricing of externalities
{e.g., carbon prices).

# Codesand standards. Inseveral clusters, some form of mandate maybe
warranted to expedite the processof capturing potential, particularly where end-
user or manufacturer awareness and attention are particularlylow. Optionsinclude
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equipment standards, building codes (including improving code enforcement), and
mandatory audits or assessments. Such mandates can often yield high “adoption”
because they bypass the consumer decision-making process, but they can facea
challenging political process and mustbe keptupio date to capture the full potential.

# Third-partyinvolvement. Aprivate company, utility, government agency, or non-
governmental organization could support a “do-it-for-me” approach by purchasingand
installing energy efficient improvements directly for the end user, thereby essentially
addressing all non-capital barriers. When coupled with monetary incentives covering
potentially the full cost, this solution strategy could address all barriers and unlock
almost the entire potential, though some portion of end-users might opt out of such a
program, thereby preventing full capture.

Thechallenge with every cluster of efficiency potential is to identify appropriate solution
strategies that will address existing barriers with sufficient force tounlock the savings.
Through an extensive review of the literature on energy efficiency and interviews with
experts in this and related fields, we have attempted to identify which solution strategies
address which barriers within each cluster. Some solution strategiesare “proven” to work
at the national level; some have been “piloted” at the scale of large cities, counties, or even
states butlikely need further refinement before being scaled to a national effort; and
others are “emerging” and seem plausible enough towarrant a trial ox may have been tried
onasub-metropolitan scale. We categorize each of the 47 solution strategies by these three
levels of historical experience relative to a nationally scaled deployment: proven, piloted,
and emerging,. :

In addition, continzed progress againstthe full potential would reguire careful monitoring
of strategies to identify unaddressed barriers, refining the approach to address those
barriers, and determining when to discontinue astrategy once the NPV-positive potential
isexhausted oris on a self-propelling trajectory to full capture.

Our ohjective isto expose a promising range of solution strategies that could contribute

to a more aggressive scaled-up pursuit of the national efficiency potential. In Chapters
2through 4 we will describe the potential in each cluster based on its distinguishing
characteristics, outline the important barriers that challenge the capture of that potential,
and map possible solutions against those barriers. We have attempted to quantify the
impact of various measures wherever possible; however, that has not been feasible in
every case, often due to the qualitative nature of persistent barriers (e.g., information). In
Chapter 5 we discuss the importance of developing a holistic implementation strategy that
incorporates five ohservations from this research.

oono

Ifthe U.5. were to progress through 2020 in line with the E1A's projections forenergy
consumption — the nation would have expanded substantially the energy infrastructure,
captured a relatively lowlevel of energy efficiency above and beyond thatlegislated in the
Energy Independence and Security Act of 2007, and constructed many more inefficient
commercial and residential buildings and appliances. Ifthis wereto oceur, the U.S. will
have foregone a significant opportunity o improve its energy productivity and, thus, its
international competitiveness.
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2. Approaches to greater energy
efficiency in the residential sector

The residential sector will consume 29 percent of the
baseline energy in the United States in 2020, accounting
for11.4 quadrillion BTUs of end-use energy {Table 1).

Energy Bavings
use  energy use <ue {o EE

These tables, present at the introduction to each sector ~ 2008 -2000 - 2020
and cluster, showthe end-use and primary energy END-USE ENERGY 10880 THAH 4,180 26
consumption in 2008 and 2020 and potential savingsin Teffion BYUs
2020, each split outby fuel, Weprovidethesamemetrics ~ # Flechicity Twh LA 1810 490 26
for GHG emissions and abatement. Finally, theboxesat # Natural gas 4,960 £.200 1,460
the bottom show the financial impact: the presentvalueof  * Uther fusls® 1130 1060 470
the investment, the present value of the savings, and the PRIMARY ENERGY 21190 AR 6620
annual savings. With an annual growth rate of 0.4 percent, Fiion BUs _
.. . & Elochiciy 14,910 18,10 4,13
consumption is forecast to reach 11.4 quadrillion end-use & Natural gas 5,150 5,400 1,890
BTUsin 2020, driven by population growth, larger homes, BBEONS Py 1,950 60 P

and more electronic devices in each household 24 Relative

- to the business-as-usual forecast, deploying all NP V-
positive energy efficiency improvements in the residential
sector would reduce its energy eonsumption in 2020 by
28 percent, saving the U.S. economy an estimated s B
$41 billion in annual energy costs and avoiding some Sourcs: Bl AR
360 million tons of CO,e emissions in that year, Exhibit 11
illustrates energy efficiency measures ofa typical household, ranging from improvements
in the house’s building shell to upgrading to more energy efficient electrical devices. The
upfront investment associated with thislevel of improvement - involving efficiency
upgrades for 120 million hormes, their appliances and HVAC systems,? and 2.5 billion
electronic devices — would necessitate some $229 billion in incremental investment and
provide present value savings of $395 billion.

Megaions (GO,

eargy 18 approximated as ecubvalent 1o primaey energy
108, McKingay analysis

Considering the dominant barriers to energy efficiency and selected attributes of energy
consumption, we organized the efficiency potential in the residential sector into five
clusters (Exhibit 12}. Some 71 percent of the end-use potential (53 percent of primary

14 AEQ 2008, NEMS.

35 We referto home heating and cooling systems generically as HVAC systems (heating, ventilation, and
air conditioning), whether a home has a heating system, a cooling system, an air exchanger or all three
systems. We group changes to building shell and HVAC systems together because they worlk in tandem to
determine the conditioning of the living space.
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energy potential) resides in improving the building shell and heating and cooling
equipment, mostly in existing homes. The remaining 29 percent of end-use potential
(47 percent of primary energy potential) is split between electrical devicesand small
appliances, and lighting and appliances.

Exhibit 11: Potential energy efficiency measure for alypicat home
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For each cluster, we will outline the energy efficiency potential, describe the barriers that
have prevented its capture in the past, and explore possible solution strategies.

1.  Existingnon-low-incomehomes (1,300 trillion end-use BT'Us): Low
conswmer awareness and demand, fast payback requirements, ownership transfer
issues, high transaction costs, and inconsistent installation practices pose the most
formidable and persistent barriers. Possible solution strategies toaddressthese
barriers include home energy assessments, creative financing solutions, monetary
incentives, and mandatory upgrades.

2. Existinglow-incomehomes (610 trillion end-use BTUSs): This clusterin
particular suffers from capital constraints, though the barriers thatapply tothe
previous cluster apply here as well. Low-income weatherization programs scaled up

* fromtoday’s levels are a potentially powerful measure to address all barriersin this
cluster, including the capital constraint,

3. Newhomes (320 trillion end-use BTUs): Potential in this cluster reflects the
lack of incentives for builders to construct high-efficiency homes. Solution strategies
to secure this potential include greater penetration of voluntary building labeling,
incentives to bailders or home buyers, and improved, standardized, and enforced
building codes.

4. Electricaldevices and small appliances {590 trillion end-use BTUs):
Potentialis highly fragmented across 2.5 billion consumer electronics devicesand
small appliances {e.g., computers, televisions, coffee makers, battery chargers). For
mostdevice classes, energy efficiency has received little attention from consumers
and manufacturers. Promising solution strategies include voluntary labeling and
mandatory standards addressing both active and standby consumption.
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5. Lighting and major appliances? (340 trillion end-use BT'Us): Lighting
domirates the potential in this cluster, with lack of consumer information and quality
trade-offsrepresenting the most significant barriers. Solutions invelve voluntary
standards and labeling, monetary incentives, and mandatory standards.

Exhibit 12: Clusters of energy efficiency potential in the residential sector
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Source: EIA AEQ 2308, McKinsay analysis

36 Appliances include water heater, dishwashers, clothes washers, clothes dryers, refrigerators, {reezers, and
cooking equipment,
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1, EXISTING NON-LOW-INCOME HOMES

Heating and cooling the 55 million single family, 12 million nmlti family and 3 million
manufactured existing non-low-income homes in the U.S. consumes 3.3 quadrillion
end-use BT Us of energy in the 2020 reference case. This cluster offers the largest savings
petential in the residential sector, accounting for 41 percent {1,300 trillion BTUs) of total
residential end-use potential in 2020 (Table 2). Thebarriersin thisclusterareamong
the most intractable in the residential sector, and the relevant solution sirategies asa set
are relatively untested at scale, suggesting that the cluster requires further development
of solution strategies. Assuming solutionsto the barriers are putin place, captoring this
potentialwould require $153 billion of incremental capital and provide present value
savings of $167 billion.
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Shell improvements can be either low- or
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Exhibit 1% Efficiency oppartunitiss In exdsting non-low-incorme homes
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Sourca: Metinsey analysls, EIA AEO 2009, RECS, Home Energy Saver madef

Barriersto relrofitting building shells and HVAC systens inmosthomes

This cluster exhibits the most intractable set of barriers in the residential sector, because
itis deeply involved with homeowners’ decision-making processes, To organize the
discussion, we have divided the process into five stages: awareness, agency and ownership,
decision to pursue, ability to pursue, and savings capture:

37 The impact and cost of measures were developed and scaled natienally through Lawrence Berkeley
National Laboratory’s Home Energy Saver, EIA’s RECS 2005, RSMeans, U,S. Census, and other
publicly available data. These savings and cost estimates represent the average across all houscholds,
and savings opportunities vary significantly by household, requiring a personal energy assessment to
identify specific opportunities.

38 Some older homes have been upgraded previously; therefore, opportunities will need to be identified on
a per-home basis prior to deployment; these statistics draw on RECS and our modeling of potential as
described in Appendix A.
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Awareness. Homeowners typically do not understand theirhome’s energy
consumption and are unaware of energy-saving measures. Halfofhomeowners
consider recycling and energyefficient appliances asways to reduce GHG emissions,
though only 15 percentindicated that improving insulation would be a preferred
means.® Peaple also tend to underestimate retrofit savings. A recent survey asked
how much consumers expectto save from projects such as adding insulation, caulking
and sealing their homes. Although these measures provide savings of 10 to 25 percent
nearly three-fourths of respondents underestimated their potential utility bill
savings at 10 percent or less.* Similarly, fewer than 2 percent of homes in the United
States have had an energy efficiency rating or energy assessment to identify savings
opportunities in their homes.

Agency and ownership. Both the principal-agent problem in the sense of landiord-
tenant issues, and the ownership transfer problem, affect this cluster. Ownership-
transfer arises when the payback period on an improvement islonger than the fiture
period of home ownership, as the current owner will not capture savings commensurate
with the upfront cost and would be unsure about the increase in home value fromthe
measuresimplemented. Thisaffects 40 percentof retrofit potential (520 trillion end-
use BTUs).# Thelandlord-tenant issue, which arises where renters pay the utility bills,
affects 4 percent (50 trillion end-use RTUs) of potential in this cluster. s

Decision topursuesavings, Twoissues affect the decision itself:

— Competing uses for capital in homeowner budgets inhibit allocation of money
to energy-saving investments, Core spending accountsforapproximately
90 percent® of the average household’s budget, forcing retrofit spending to compete
for the remaining 10 percent with other categories, including sometimes more
appealing optionslike entertainment and more visible home improvements,* such as
kitchen and bathroom remodeling.+ A “typical” residential energy efficiency retrofit
costs $1,500 forthe average non-low-income single family household, representing
approximately 27 percent of their annual discretionary spend (based on a median
.5, houschold income of $50,740).

— Rapidpayback,i.e., inconsistent discount rates, arise from elevated expectations
on the use of personal funds. Empirical research suggests U.S. consumers typically
expect payback within 2,5 vears.* This expectation affects 60 percent (780 trillion
end-use BTUs) of the potential in this cluster.

Ability to pursue savings. Assuming homeowners decide to pursue the savings,
two issues emerge that affect their ability to proceed. High transactionbarriers
arise as consumers incar significant time “costs” in researching, identifving, and

2007 Busitiess i Socfety Survey, MeKinsey & Compary, 2007, Number of respondents: 2,002,

“As Energy Costs Rise, Survey Finds Oklahoma Homeowners Are Concerned about Home Energy
Efficiency — and Many Are Taking Action to Reduce Heating and Cooling Bills,” Johns Manville, Company
News web gite, October 7, 2008. ’

Inhibited potentiai includes that not NPV-positive for a home owner's expected stay in their home. Thisis
calculated for each year of expected stay ther summed while weighting by the number of people who move
after each duration of occupancy {as calculated by the National Association of Home Builders using data
from the American Housing Survey) to find the total potential affected.

RECS 2001, NEMS,

Includes food, housing, transportation, health, appare}, education, and insurance (see Consumer
Expenditure Survey 2007, Bureau of Labor Statistics, Table 2, “Income hefore taxes: Average annual
expenditures and characteristics”).

Electrical equipment, kitchen equipment, hardware, painting and flooring provides 78 percent of Home
Depot sales, implying that less than 22 percent of sales derive from insulation, “Heme Depot 2009 Annual
Report.” kttp://www.sec.gov/Archives/edgar/dta/354950/0000585014409002874 /x17422¢10vi htm#102.
“Special Remodeling Report,” NAHB, January 2007,

Energy Savings Potential of Solid State Lighting in General Hlumination Applications: Final Report,
Office of Energy Efficiency and Renewable Energy, Department of Energy, December 2006,
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procuring efficiency upgrades, as well as preparing for, and enduring lifestyle
disruption during the improvement process.” In addition, the availability of
credible, whole house contractors remains limited. Most contractors do not
train in holistic building science, rather they specialize in a single construction
procedure (e.g., HVAC or windows). Furthermore, the contractor market is highly
fragmented; industry annual revenue of $75 billion is scattered across more than
40,000 businesses consisting mostly of privately held companies with less than
$2 million in annual revenue, making it difficult for homeowners to identify which
contractors perform relatively well compared to othersand have the capabilities to
complete the full retrofit.+

% Savings eapture. Evenafter committing to pursue the savings, challenges remain.
Inconsistent quality of installation and infrequent retro-commissioning of
equipment can increase space conditioning costs by 20 to 3o percent.® Experts
estimate that contractors install some 90 percent of HVAC equipment and insulation
sub-optimally, reducing efficiency by 20 to 30 percent.s° Improper useof
programmable thermostats, such as overriding their programming to hold a constant
temperature, can reduce or eliminate their savings that, in total, represent 12 percent
of retrofit potential,

Sehution strategiesto urdock potential

Most solutions in this cluster remain unproven; with the exception of financial incentives
that have proven suecessful through tax credits. Thissuggests the need for more thorough
pilots of innovative approaches including labeling, on-bill or property-tax linked
financing, retrofit mandates, and whole building contractor training. Exhibit 14 depicts
how each of these solution strategies addresses the barriers each cluster faces. Reading
fromleft to right, the first column, “barriers”, depicts all barriers discussed in Chapter
1with the dominant barriers colored and bolded. The nextcolumn, “manifestation of
barrier”, briefly describes how that barrier prevents capture of potential in this cluster.
Next, reading right to left, the rightmost column, “solution strategies” depicts all general
types of solution strategies discussed in Chapter 1. The boxes shaded andinbold are those
most relevant to this cluster, The nextcolumm tothe left, “potential approach” describes
briefly how to apply that solution strategy to this cluster. Finally, the colored lines connect
each potential approach to the barriers it can overcome.

47 Quantifiable transaction cests including those for refinishing walls after insulation or adding distributien
piping for naturai gas lines are explicitly included in our efficiency potential caleulations.

48 “HVAC and Plambing Contractors,” First Research, April 2009, <www.firstresearch.com/Industry-
Research/HVAC-and-Plumbing-Contractors.html>,

49 ‘thisis mostly in addition to the potential identified in this report; aside from 4 percent savings from
retro-commissioning of heating and cooling units our analysis assumes installation continues to proceed
as customary practice today.

50 *“A Guide to Heating and Cooling Efficiently,” ENERGY STAR web site. <www.energystar.gov>,
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Public awareness, homelabeling, and voluntary standards (piloted). Rating -

systems and labeling programs (e.g., Home Energy Rating System (HERS), ENERGY
STAR, LEED)}, combined with broad public awareness campaigns, or campaigns
targeted at realtors, could increase transparency of home energy use and catalyze
action to capture efficiency opportunities. Labeling and voluntary standards have
proven effective in the newhome market and may be promising for the existing home
market, though full penetration of the market will take years. Fewerthan 2 percent
of existing U.S. homes have ratings,® because most homes are evaluated and rated
only at time of construetion,® Therefore we expect share to increase through the

new homes marketwhere, for example, ENERGY STAR captured 17 percent of new
construction in 2008 and is expected to growto 25 percent in 2009, With sufficient
penetration through broad market adoption or mandates, this measure overcomes
many barriers, with the notable exceptions of capital constraints, rapid payback, and
product availability. In addition toincreasing awareness, reducing some transaction
costs, and instructing in the proper use of thermostats, this measure could address
the ownership-transfer barrier: some evidence suggests greenhome owners expect
amarket premium, as 74 percent of green homeownerss report their expectation of a
higher resale value was an important factor during their purchase process.

Innovative financing (piloted). Newforms of financing can reduce capital
constraints and agencyissues by tyingloan payments tothe property or utility
meter, instead of the homeowner, and by assuring cash flow from the investment is
always positive to the home owner (i.e., monthly energy savings are greaterthan the
loan payment). Mechanisms such as Pay As You Save {PAYS),54 other utility on-bill

ENERGY STAR from Environmental Protection Agency and Department of Energy, LEED from U.S.

Green Building Council, HERS Index from Residential Energy Services Network.

ENERGY STAR and LEED lzbeling for new homes have not penetrated the existing home market.
However, ENERGY STAR has a program called “Home Performance with ENERGY STAR” to address the
market for existing homes, which is discussed later in this chapter.

The Green Homeowner: Attitudes and Preferences for Remodeling and Buying Green Homes, McGraw
Hill Construetion, 2007,

PAYS program is a type of on-bill utility finaneing that ties the loar payment te the home instead of the
komeowner and alse ensures that loan payments are less than energy savings from month to month,
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financing, orloans tied to property taxes, such as Long Island Green Homesin
Babylon, New York or BerkeleyFIRST in Berkeley, California could overcomeboth

the principal-agent and ownership-transfer barriers, high discount rate, and capital
constraints. Despite promising local pilots, these mechanisins have notyet achieved
high penetration rates or been broadly applied. Conventional forms of financing, such
as energy efficient mortgages or hotne equity lines can also provide funding, however
they do not address agency barriers and have not penetrated the market to a significant
degree, despite 30 years of availability.

Rebates and incentives (proven). Monetary incentives for energy assessments
and upgrades to residential customers historically have come through tax incentives
or utility-sponsored programs. Under the American Recoveryand Reinvestment Act
{ARRA), 2009, homeowners can access upto $1,500 ~but no more than 3o percent of
thetotal installed cost — in tax credits for energyefficient home improvements, covering
awidearray of efficiency measures. Ifincentiveand rebate programs were tobe
expanded dramatically to reach all homes on a national level and buy down all NPV-
positive measures toa 2.5-year payback, the outlay would total approximately

$105 billion. Anotherapproach involves programs offered by utilities or other
organizations to providelow-costor no-cost energy assessments. These programs,
however, havetended to be on a small scale, providing only gradual impact, dueto low
fundinglevels, measurement and verification challenges, and low participation rates.

Building mandates (emerging). Mandates can capturea large percentage of the
potential, effectively removing all barriers; however, they would be a more significant
intervention inthe market. Authorities could require prescriptive or performance-
based improvements at the point of sale, during a major renovation, or over a specified
interval. The City of Berkeley, California’s Residential Energy Conservation Ordinance
(RECO) mandates minimum energy efficiency upgrades at the point of saleand

major renovation. RECO has been in existence since the 1980sand leads toupgrades
inapproximately 500 homes annually at a typical cost of $400 to $1,300, which is
borne by the home seller.5s Because of changing ownership and inhabitant behavior,
performance measurement and enforcement is challenging.

Asimilar, but milder mandate would require home assessments, ratherthan
improvements. The City of Austin, Texas, among others, is in the processof
implementing such a mandatory assessment program. Such a program should
recommend upgradesand provide referrals to approved contractors to address

the service availability barrier; however, itwould not guarantee savings. In fact,

the success ofthe program would depend entirely on the rate at which participants
choose to make the upgrades, because the amount of energy savings mustjustify

the assessment cost, which typically runsbetween $300 and $600, given current
operational scale, in addition to the cost of the energy efficiency measures themselves.
In addition, about half of homes would not be covered by a point-of-sale audit by 2020
because they will not have changed ownership® Covering all homes undersucha -
program would likely require an additional mandated inspection within a specified
time period. One important design aspect for a mandatory assessment program
wotild be that it provide recommendations, not exact prescriptions, to minimize the
possibility that differences in recommendations and savings estimates could cause a
homeowner to defer or cancel the upgrade.5?

Expert interviews. City of Berkeley, California website. <www.ci.berkeley.ca.us>.

Paul Emrath, “How Long Buyers Remain in Their Homes,” NAHB, February 12, 2009,
<www.housingeconomics.com> }

Interviews with contractors revealed that homes that have heen already rated before an assessment
by a contractor have alower chance of being upgraded, likely due to homeowners' eonfusion from
conflicting assessments,
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# Larger market of homeperformance contractors (emerging). Thissolution
strategy would overcome existing workforce constraints. Giventhe current pace
of roughly 200,000 retrofits annually,s® capturing the full efficiency potential
of 70 million homes within ten years would require a 30-to 40-fold increasein
certified contractors, from approximately 40,000 to 1.5 million. To overcome the
barrier of homeowner risk and nncertainty, contractors would likely need training
and certification, in building science, potentially combined with certification and
facilitated through governmeni~funded training programs. Home Performance with
ENERGY STAR (HPwES), where regional managers connect consumers with qualified
Building Performance Institute {(BPI)-certified contractors,’® completed 50,000
upgrades from 2001 through 2008 and could serve as a potential model. Arecent
: DOE summit recommended using HPwES as the preferred mechanism to deploy BPI
certified contractors using RESNET certifications. Thisis a significantsteptoward
deploying this sohition strategy.

2. EXISTING LOW-INCOME HOMES
‘With 24 million single family, 16 million multifamily, and
5 million manufactured homes, low-income homes (building

.E'ﬂ'ergy Ball  Savings  Savings

shells and HVAC) account for1,540 trillion end-use BTUs use energy use dusto BE  Pemsst
ofenergy consumption in the 2020 reference case (Table3), - 2008 - 2020~ 2020

Capital constraints and a historyof government and policy END-USE ENERGY 17T 1,540 510 40
solutions distinguish this cluster,® which represents1g Trition BTUs

percent of theresidential energy savings potential in 2020 & Elsctricity TWh e 20 40 H
{610 trillion end~use BTUs).5 Some 92 percent of the ® Natural gas 1t 870 390 40
opportunity consists of shell upgrades, with the remaining # Other fuels’ 820 260 i 41
8 percentin the HVAC system. Capital required to achieve PRIMARY ENERGY 2530 2240 870 w8
this potential could total an estimated $46 billion and provide T‘rﬂ?m‘ F’TU’ L e - o -
present value savings of $80 billion, Sixty-eight percent of : ;‘;: ?rr:i;iq ':é y ;0; (308 ,:
the potential isin single family homes, with 23 percentin EMISAIONS 5 P = e
multifamily and g percent in manufactured homes. Megatons COye

Persquare foot, low-income homes have a higher
consumption (29,000 end-use XBTUs persq. {t) and higher
potentiat (9 end-use kBT Us per sq. ft) than otherhomes

(25 end-use kBTUspersq. ftand yend-use kBTUspersq. it souce:
respectively). They arealso on average smaller: 1,480 square

feet compared to 2,462 square feet for the average non-low-income home, driving lower
per house consumption. '

use energy I apnresdmated a3 efguivalent io primg
AED 2008, MoKinsey analysis

58 Expert interviews.

59 The Building Performance Institute (BPI) certifies holistic home performanece contractors.
<www.bpi.org>.

60 "ENERGY STAR Overview of 2008 Achievements,” EPA Climate Protection Partnerships Division,
March 2009,

61 Inthis report, low-income households are defined as hensekolds with less than $36,000 in annual income.

62 Public housing accounts for approximately 3 percent of all low-income homes and 3 percent of the low-
income energy savings potential. There are approximately 1 million public homes in the United States,
making up less than 1 percent of total U,5. housing,
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Barriers togreater energy efficiency

Thebarriers to improving the efficiency of low-income homes are similar to these in other
residential retrofits, though capital concerns are far more pronounced. Allocatingcapital
toatypicalshell retrofit, which would cost $ 910 for theaverage low-income home

($1,820 for the average low-income single family home), would require spending roughly half
ofa household’s annual non-core budget,® making funding through cash savings extremely
challenging, Additionally, this cost compares poorly tothe value of some older, poorly
maintained homes® and the savings expected from shortened occupancy. Debtfinancing,
whileavailable, isoften at higher interest rates, especially for lower-income households.
Financinga retrofit through credit cards, if those were even avaialble to this segment, with
an average interest rate of 18 percent,**would reduce the NPV-positive energyefficiency
potential by 110 trillion end-use BTUs.

Sohtion strategiesto unlock petential
Solutions suitable for the previous cluster (i.e., non-low-income homesywould also be
relevant in the low-income retrofit cluster, given the consistency among most of the barriers.

Exhibit 18 Addressing barders in exigting low-Incoms homes
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The success of the government-sponsored Weatherization Assistance Program (WAF),
however, warrants specific attention (Exhbiit 15). Traditionally, WAP has prioritized the
lowestincome homes with energy-savings potential: 66 percent of homes weatherized
have annual household incomes below $8,000, with 9o percent having less than $15,000,
but the program could be extended to focus on energy savings more broadly and address
higher-income homes. WAP fully funds and deploys energy-saving measures in low-
income houses, effectively bypassing all barriers. These programs have weatherized more
than 6.2 million homes over the past 32 years, generating annual savings of approximately
100 trillion end-use BTUs. These retrofits typically reduce heating and cooling billsby

63 Core expenses include housing, food, apparel, transportation, health eare, education, insurance and
pensions. Non-core expenses include entertainment, alcohol, tobaceo, and miscellaneous expenses
(Bureau of Labor Statistics website, <www.bls, gov/cex/2007/Standard/income. pdf>).

64 In particularly troubled areas housing values can be highly depressed: cutrently there are severai hundred
homes available in Detroit for under $2,000 total cost,

65 “Historical Monthly Credit Card Tables,” Carddata Financial Surveiliance, 2009,



Urlocking Energy Efficiency in the 1.5, Economy
w2 Approaches to greater energy efficiency in the residentisj sector 41

32 percent and carrya fully loaded cost of approximately $3,200,% which includes
measures addressing appliance and lighting potential, Aswith retrofits forother
residential buildings, large-scale WAP deployment is constrained by the availability of
resources: capturing all cost-effective potential from 45 million homes by 2020 would
require increasing the annual output — currently 100,000 homes —bya factor of almost 40.
Under the ARRA, 2009, the plan is toweatherize 1 million homes per year — 10 times the
current pace — but, even if sustained, this would not be enough to reach all homes by 2020.

3. NEW HOMES
Newbuildings (i.e., constructed after 2009) are expected to o

consume 970 trillion end-use BTUs in 2020, representing
10 percent (320 trillion end-use BTUs) of total residential

Energy BalU  Savings

use  anergy use dueto £E
potential (Table 4). Theincremental capital associated with ~ 2008 ~ 002G - 202D
thislevel of improvement would total $16 billion through 2020.  END-USE ENERGY nfa o7 300 53
Teition BTUs
New regidential buildings representa modest portion of the v Elgctricity TWh nia 70 L
2020 potential for two reasons: the 21.6 million new homes ® Natural gas i/ 650 21
added tothe national stock through 2020 are forecast to e Other fuels” /e B0 30 3
aceount for a relatively small share (17 percent) of all homes PRIMARY ENERGY n/a 1510 480 3
in 2020, and homes built after 2009 are expected tobemore  Fifon BlUs
efficient, consuming only 19.7end-use kBTUs persq. ft, - ® Elactricity ia '”“_)U A
25 percentlower than the average (26.2 end-use kBTUs per > Naturad gas ne ae0 ?1 f
EMISSIONS s G0 30

sq. ft) for existing homes. Despite its moderate size in 2020,
thiscluster isimportant fortwo reasons. First, its share of
potential grows with time: from 2020 to 2030, the share of
homes builtafter 2009 would grow from 17 to 28 percent

of 1.5, homes®” and the NPV-positive reduction potential
offered correspondinglyincreases from 320 to 520 trillion
end-use BTUs. Second, upgradesinstalled whenahome
isbeing built save energy at $4.30 per MMBTU, less than half the price of the $8.80 per
MMBTU average for retrofit upgrades. This difference existsbecauseall new-build
potential comes at an incremental, rather than full deployment cost, unlike costs for many
retrofit measures.

rMegatons GO

Souree

Barrierstocapturing efficiency poténtial in new butldings
The newbuilding cluster faces three noteworthy barriers:

#  Ownership transfer concerns between builders and future owners.
Builders are often unsure about their ability to earn a return on efficiency investments,
Because builders do not typically benefit from future energy savings, they must cover
their incremental costs through a price premium on the efficient home. Homebuilders
perceive high costs®® as the mostimportant obstacle to building energy efficient homes.

=z  Low consideration attime of purchase. Customers aretypicallyunaware ofthe
savings energy efficient homes offer and value other home attributes, such aslocation,
school district, or home size, above energy efficiency, and # is unclear whetheralarge
population of home buyers will consistently pay a premium for more efficienthomes.

66 Theamount of $3,200 includes approximately $2,500 of installation costs and $700 of administrative
costs. Martin Schweitzer, Estimating the National Effects of the U.S. Department of Energy’s
Weatherization Assistance Program with State-Level Data: A Metaevaluation Using Studies from 1993
to 2005, Oak Ridge National Laboratory, U.8, Department of Energy, September 2005; 2005 dollars
converted to 200¢ dollars,

67 AEQ 2008, NEMS,

68 Some industry experts indicate that if a builder redesigns his/her business model he or she could
constract efficient homes at no additional cost.
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= Inconsistentinstallation quality. Thisissue applies as much to the newbuilding
clusterasitdoesto the existing residential homes cluster. Problems with installation
quality stem from incorrect sizing, improper duct sealing and refrigerant charge, and
low compliance with building codes, partly due to lowcode enforcement.

— Sizing: Properly sizing HVAC equipment for a home involves a trade-offbetween
sufficient size to maintain the home at desired temperatures when facing climate
extremes (ie., the hottest and coldest days of the year) and energy savings that
comewith operating an appropriately sized system. A unitlarge enough to meet
cooling needs in even the most extreme climates will repeatedly cycle on and off
on more temperate days significantly reducing efficiency. Furthermore, larger
air conditioners tend to be more expensive, more prone to maintenance problems,
noisier, and less effective at removing humidity. Reducing airconditioner over-
sizing beyond maximum-efficient operation could yield 20-percent savings.®
The Air Conditioning Contractors of America and the Air Conditioning and
Refrigeration Institute have jointly developed guidelines to help contractors
properly size air conditioners and heat pumps.

— Ductsealingand refrigerant charge: Asmanyas 90 percentofair
conditioning units have incorrectly sized and /or sealed ducts, and 70 percent
of homes have inadequate airflow. Over-orundercharging refrigerantcan
also reduce equipment efficiency: halfto three-quarters ofair conditioners are
estimated to have improper charges” Improper air flow and refrigerant charge
together can reduce efficiency by 12 to 32 percent.

— Code compliance and enforcement: Code compliance varies significantly
by type of measure, with full compliance ranging by state from 40 percent
to 60 percent” Many consumer-advocates report that builders havelimited
incentive to ensure proper installation, and inspectors maylack proper training
to evaluate energy efficiency, becanse their primary focusis on health and safety.
Furthermore, building officials are typically paid less than the market rate for
skilled efficiency assessors, making recruitment of the required skill set difficult.

Other barriers affecting this potential include risk and unceriainty about the quality of
construction, adverse bundling of efficiency features with uneconomic “green” measures,
such as more expensive insulation products with a lower lifecycle carbon content or
claims of auxiliary benefits, and unavailability of green homes, Sixty-three percentof
homebuyers report that green homes are not available in areas they want to live.”

Selution strategies o unlock potential

Three principal solution strategies appear suitable for the new building cluster.
Developing and adopting higher performance standardsin building energy and HVAC
codes on a national scale would raise the floor for energy efficiencyin new buildings
(Exhibit 16). Voluntary specifications, such as ENERGY STAR and LEED, enable
developers to differentiate buildings that exceed the code. However, ithas notbeen

fully proven that customers will pay the commensurate price premium necessary to
increase builder confidence in the ability to earn a return on the incremental investment,
Incentives for builders and HVAC manufacturers or prospective home buyers could
stimulate the market for these higher-efficiency buildings.

69 Chris Neme, et al, “National Energy Savings Potential from Addressing Residential HVAC Installation
Problems,” ACEEE, February, 1999,

70 “Energy Savings Impact of Improving the Installation of Residential Central Air Conditioners,” Cadmus
Group, 2005.

71 Expert interviews.

72 “The Green Homeowner: Attitudes and Preferences for Remodeling and Buying Green Homes,” McGraw
Hil Construetion, 2007.
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Exhibit 16 Addressing barriers in new homes
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Given the relatively lower cost of capturing energy efficiency in the design and
construction of buildings — and the perishability of these options — this cluster merits
moreimmediate attention than its share of 2020 potential suggests.

e

73

Mandatory building codes (proven). State andlocal residential building codes
are often based on the International Energy Conservation Code (IECC)model code,
whichis evaluated by the DOE to determine energy savings. Ifthe DOEmakes a
positive determination, states are required to consider adopting the new code; they are
not, however, obligated to adoptit. Codes typically contain prescriptive {i.e., specific
measures toinclude in ahome) and performance (i.e., minimum efficiencylevels that
builders must verify, regardless of measures employed) options. Prescriptive codes
may be easier for builders to implement because they provide explicit stipulations.
Performance codes allow builders to trade-off between measures, allowing for
innovation and lowest-cost compliance, but are more complicated, because arange

of measures are possible and savings would need tobe quantified, Most analysis
indicates that building codes have demonstrated savings over time, though some
critics raise concerns about the code-writing process, unintended consequences

on builders, and the proper trade-off between regionality and uniformity. Our
research suggests sohrtion strategies to capture potentialthrough codesinvolve three
complementary actions: 1} spreading high-efficiency codes to all states, 2) raising
efficiencylevels in existing codes, and 3) improving code compliance.

— Spreadinghigh-efficiency codesto all states: Since IECCmodel codesarenot
mandatory, states and municipalities are free toadopt or not adopt updated codes. As
of early 2009, 21 states had adopted the 2006 or 2009 IECC codes or the equivalent;
13 had adopted IECC 1998 or 2003, and 16 had not adopted codes asstringent as IECC
1998 (Exhibit 17). Ifall states adopted the 2009 IECC code starting in 2009, annual
energy savings in 2020 would be approximately 130 trillion end-use BT Us, with
cumulative savings through 2020 reaching 850 trillion end-use BFUs™

Expert interviews,

43
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Exhibit 17 consistency of residential bullding codes
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Two interesting options conldbe used to drivelarger code adoption. The first
focuseson education for state officials and building departments, e.g., through such
mechanisms asthe Building Codes Assistance Project (BCAPY™ or utility-funded
codeassistance projects. The second method would employincentivestoencotirage
adoption, such as having the federal government makethe accessibility of certain
funds contingent on building code stringency. Thisapproach hasworked in the past
in othercontexts: when changing thelegal drinking age to 21, the federal government
linked highway funding to adoption of that limit, and all fifty states complied within
three years 5 The federal government enacted a similar measure in the February
2009 American Recoveryand Reinvestment Actunder the State Energy Program; it
provides $3.1 billion in grants for state energy efficiency programs on the condition
that the state plans to adopt residential and commercial codes that meetor exceed the
2009 IECCand ASHRAE Standard 90.1-2007and comply with these codesin

90 percentof new and renovated residential and commercial buildings within
8yearsss

— Raising efficiencylevels in current codes: Most ofthe recent improvements
inthe IECCcode — which isupdated every threeyears — have resulted in 1 fo 3 percent
improvements; from 1992 to 2006 code efficiency increased approximately
8 percent.”” However, the 2009 IECC code is estimated to provide a 120 16 percent
efficiency improvement compared to the 2006 IECC code.”® In addition, the DOE
and others areseeking to improve efficiencyin the 2012 IECC code a further

BCAP was established in 1094, as a joint initiative of the Alliance to Save Energy, ACEEE, and the Natural

Resources Defense Council, BCAP islargely funded by the DOE and the Energy Foundation.
“Sanctions are effective,” Advocates for Highway and Auto Safety, 2009. <http://www.saferoads.org/
sanctions-are-effective>.

“apog Recovery Act and State Funding,” EERE, DOE, 2c0g. <http://appsi.ecre.energy.gov/state_energy
program/recovery_act.cfm>.

“Energy Efficiency Trends in Residential and Commercial Buildings,” DOE, October 2008,

The 2009 prescriptive code is estimated to be 12.2 percent more efficient than the 2006 code, and the
performance code is estimated to be 15.7 percent more efficient. ICF analysis suggests 2009 IECC could
save roughly $235 in energy costs per household per year compared with IECC 2006. “Energy and Cost
Savings Analysis of 2009 IRCC Efficiency Improvements,” ICF International, September, 2008,
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15 percent beyond 2009 IECC. Thislevel is very close to the NPV-positive value for
new residential buildings calculated in this report.7 IfIECC 2000 were adopted
through 2011 and a 3o percent improved code were adopted in 2012, 250 trillion end-
use BTUs could besaved in2020.%

— Improving code compliance: Toincrease enforcement of building codes, states
and municipalities could consider four complementary measures: 1) managing
performance of building inspectors with third-party verifiers to spot-check
buildings;* 2) hiring more building officials; 3} increasing the pay of building
officialsand requiring training in building science to attract those with building
assessment skills; and 4) increasing the objectivity of performance-based code
compliance, particulacly for energy modeling.

The Building Codes Assistance Project estimates that improving code compliance
significantly above currentlevels would cost $210 million pervear: $75 million for
local building departments to hire and train bwilding officials and $135 million

for state governments to increase education and compliance.® Other experts

have estimated the cost required to increase building code compliance, for new
residential and commercial buildings, at a higher level of $1 billion peryear.®

This estimate includes hiring and training officials; adding equipment; creating an
inspected building database; training contractors, plumbers, and electricianson
code compliance and best practices; and re-inspecting 2 percent of buildings. Evenat
this higher annual cost, which (ifincurred for 1o years and divided equally between
commercial and residential sectors) adds $3.5 billion present value to the cost of
capturing the new building potential, the energy efficiency potential of the cluster
remainsover $21 billion NPV-posttive (in fact providing a roughly 20 percent rate of
return).

g  Voluntary building standards, homelabeling, and benchmarking
(proven). Labeling can address builder-buyer agencyissues by fostering a market
premium for energy efficiency due {o increased awareness of efficient buildings. If
installation quality receives continned attention, Jabeling could also circumvent the
installation and inspection challenges. While nolarge-scale study of price premiums
for efficient homes hasbeen conducted to date, a number of regional analyses suggest
that efficient homes are beginning to command a premiurm in some markets. In
Portland, Oregon and Seattle, Washington, for example, newhomes that were certified
to be energy efficient were selling at a 3- to 5-percent premium and 10-percent faster
rate.® (Note: this research was conducted prior to the recent collapse in the housing
market). Voluntary standardscould also drive buildertraining and increase use of
best practices, indirectly increasing energy efficiency. There are variouslabeling
mechanismsin use today that could address these concerns, if brought to scale:

~— Thecurrent ENERGY STAR specification covers total home energy use, including
space condiboning and appliances, and is 20 to 30 percent more efficient than

79 Tt should be noted that very few retrospective studies on the energy savings impact of building codes
exist and ones that do exist were conducted at the state orlocal level, Making the case for improving and
funding building codes will likely requsire retrospective studies measuring the energy savings impact on a
nationwide level.

80 Expert interviews,

B1 This could be through utility or federally led programs (such as Austin Energy’s), where funding is
contingent on documentation of a propet inspection.

82 “Code Enforcement Cost Estimates,” BCAP, 2009. Expert Interviews.

83 David Goldstein and Cliff Majersik, “NRDC/IMT Proposal for Improved Building Energy Code
Compliance through Enhanced Resourees and Third-Party Verification,” NRDC, 2009, $1 billion is across
Both residential homes and commercial buildings.

84 “Green Certified Homes Sell for More in Portland Real Estate Market,” Earth Advantage Institute and the
Green Building Value Initiative, May 6, 2008,
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the average new home.?s ENERGY STAR homes had a 17 percent share of the new
home market in 2008 and together save 2 TWh of electricity and 15 trillion BTUs of
natural gas peryear.®®

— TheU.8, Green Building Council developed the LEED building certification system
thattargets energysavings, water efficiency, greenhouse gasemissions reduction,
andimproved indoorenvironmental quality. The system allows trade-offbetween
these goalshut sets the minimum efficiency level for LEED certificationat 15 percent
more efficient than the latest IECC code.?”

— The Energy Efficient Codes Coalition is making its comprehensive package, called
“The 30 Percent Solution,” available to state and local governments asa code.®®

% Builderincentives (piloted). There arevarious tax incentives for builders written
intolaw, such as those in the Federal Energy Policy Actof 2005. Certain programs
runby utilities or other organizations can aceelerate adoption of these incentives.
Efficiency Vermont, forinstance, in its new residential housing program, provides
builder training and assistance in securing incentives. Fora total cost of $2.8 million
in 2007, this program helped 35 percent of alt homes qualify for ENERGY STAR rating,
double the national average.? Incentives tobuilders are more iikely to drive efficiency,
because they directly offset incremental costs without requiring buyer awareness.”®

4, ELEGTRICAL DEVICES AND SMALL AFFLUANCES
Electrical devicesand smallappliances,
sometimes loosely called “plugload,” consist
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85 “Methodology to Calculate Energy Savings for ENERGY STAR Qualified New Homes,”
ENERGY STAR, 2007.

86 “ENERGY STAR market share,” EPA, April 2009,

87 The energy efficiency portion of a LEED certification is based on ENERGY STAR, A new residential
building must earn an 85 or lower on the ENERGY STAR scale, which is indexed at 100 to the IECC 2006
code and each percent below 100 indicated 1 percent savings. LEED specifications foens en sustainability
of the hoine, including energy efficiency as well as water and sustainability, and it is therefore difficult to
determine the exact efficiency improvement of & LEED home compared to the average home,

88 "Energy and Cost Savings Analysis of 2009 IECC Efficiency Improvements,” ICF International, 2008,

89 Year zoo7 Annual Report, Efficiency Vermont, 2008,

90 One challenge brought on by the recent economic downturn is that tax credits are effective only if builders
have taxes to pay.

91 “Consumer electronics market research reports,” CEA, April 2006 and 2008.
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18 percent. The remaining 50 percent of consumption is divided acrosshundreds of other
electric devices (Exhibit 18).

Electrical devices and small appliances provide 590 trillion end-use BTUs of NPV-positive
potential, accounting for 19 percent of residential energy efficiency potential and 44 percent
of residential electricity potentialin 2020 {Table 5). Incremental capital required to capture
this potentialin 2020 would be approximately $3.4 billion,* and provide present value
savings of $65 billion, resulting in a per-MMBTU cost of $1.00. This potential is highly cost
effective — gopercent of this potential would have payback period of Jess than two years.

Exnibit 16 Energy consumption of eleatrical devices and small appliances — 2008

Percant of end-use energy, iotal = 1,696 trifion BTUs*
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Barriers to caphuring potential in phag-load devices

Energy efficiency of plug-load devices has historically received little attention from
consumers and manufacturers, giving rise toboth demand- and supply-side barriers:

# Lackofconsumer awareness and associated habit and transaction cost
barriers. Each plug-load device occupies an extremely small part of a consumer’s
electrichill or a device’s purchase price. Even TVs, the largest energy consumers in
the eluster, cost consumers an average of $40 per TV peryear ($100 on average per
house) — only 5 percent of theirtotal energybill. Furthermore, consumerstendto
underestimate plug-load consumption; residentsbelieve these devices drive
13 percent of electricbills, much lower than their actual 35 percent share.® Research
shows that many end-users do not know that devices consume electricity even when
not inuse.? Surveys also indicate that consumers tend to value other attributes,
inchiding price, features, device size, and warranty quality, above energy efficiency
and that only 10 percent of consumers rate energy savings as the mostimportant
feature when purchasing a device %

92 These costs reflect premiums of energy efficient consumer electronic devices currently in the market and
do not acconnt for mamefacturer retooling costs, discussed morein detail later,

g3 Based on results from Mellinsey / Burke market research; data represents weighted average of responses,

94 Brahmanand Mohanty, “Perspectives for Reduction of Standby Power Consumption in Electrical
Appliances,” United Nations Economic and Social Commission for Asia and the Pacifie. <www.unescap.
orgfead fenergy/pubiications/psec/guidebook-part-two-standby-power.hims,

95 “Going Green: An Examination of the Green Trend and What it Means to Consumers and the CF Industry,”
Consumer Electronics Association, 2008.
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#  Limited technologyavailability and low manufacturer mindshare. Lackof
demand for energy efficient devices and an absence of mandatory efficiency standards
for consumer electronics lead manufacturers to make efficiency improvements a low
priority during product development. Because consumerelectronics isa competitive
marketwith low margins, manufacturers generally choose to minimize costs over
developing features for which they are not sufficiently rewarded.

# Failureto useefficient settings. Many consumer devices, such as PCsand TVs,
have energy-saving features, for example, entering standby after a period of disuse.
Astudy in 2007 showed that only 15 percent of computers in home offices had power
management enabled, as manufacturers don’t necessarily enablesettings atthe
pointofsale, and consumers sometimes disable settings % Technologies for power
managementare improving, becoming more user-friendly and lesslikely to interfere
with congumer utility, thus helping to reduce the frequency at which people disable
the functions.

#  Agencyissuesinrented homes. Where the property owner paysa tenant’s
utility bill, the tenant has no incentive to choose energy efficient devices, which
impedescapture of 19 percent of this cluster’s potential.

Solution strategies to unlock potential

Particularly low attention to electrical device and smallerappliance energy consumption
among consumersand manufacturers points to solution strategies that either increase
consumer awareness of potential savings or by pass consumer and manufacturer
awareness and decision-making requirements (Exhibit 19).

Exhibit 190 Addressing barriers in electrical devices and amall appliances
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#» Mandatorystandards (proven). Mandatory standards would by pass consumer
and manufacturer decision-making, offering a high certainty of capture.

— Specific productstandards. Forthe largest categories, it may be feasible to
create specific standards (as there are for battery chargers and power adapters),
though other factorsincluding product differentiation and incremental cost are
important to consider. Asan example, setting mandatorystandards at the NPV-

a6 K. Rothand K. McKenney, “Residential consumer eleetronics elfectricity consumption in the United
States,” Buropean Council for an Energy Efficient Economy Summer Study, June 2007.
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positive level identified in this report for the five largest plug-load categories®”
would save 210 trillion end-use BTUs (36 percent of this cluster’s potential). To
go beyond the most energy-consuming categories and create standards for the
hundreds of remaining product classes would be difficult and costly.

Standby standard. A cross-cutting “standby” standard could capture alarge
portion of the potential across a range of devices, both high consumption devices
that have specific product standards and devices that have toolittle consumption
towarrant a specificstandard of their own. Standby power consumesan
estimated 6 to 8 percent of residential electricity,®® equivalent to

130to 170 TWh peryear. Standby power accounts for 10 to 9o percent of a deviee’s
total consumption, depending on the product.®® A standby standard could

reduce standby consumption by roughly two-thirds,°c yielding 9o to 110 TWhin
savings. Such astandard could produce an additional savings of 80 to 100 TWh
in commercial office equipment, which chapter 3 discusses further. Inaddition,
because the U.S. makes up 34 percent of the global consumer electronics
market,” a U.S. standby standard has the potential to stimulate significant
change in global electronics manufacturing, Finally, anecdotal evidence suggests
that reducing standby consumption may stimulate design changes that reduce
active mode energy consumption.®* The Federal Energy Management Program
(FEMP)is tasked to implement the “1-Watt Standby” plan requiring federal
agencies to select products with low-standby energy consumption and has
released the FEMP Standby Levels for agencies to follow. 2 While direct impact
of this mandate is difficult to measure, it did raise manufacturer awareness of
standby power. There are a number of examples from outside the U.S. of standby
standards that drive energy savings:

o Japan’s Top Runner program, which reduced annual per-household standby
consumption from 437 kWh in 2002 to 308 kWh in 2005.1%

0 Korea’s 1-Watt Program, which will progress from a voluntary programtoa
mandatorystandard in 2010. Average standby power per device is projected
to decline from 3.66 Watts in 2003 to 1.54 Watts in 2020, saving 6.8 TWh per
year {more than $70 million in electricity cost) by 2020.72%

o Australia’s standby power regulation, which covers a number of devices, is
expected to introduce cross-category regulations for all electric appliances
by 2012.

Standby standards do present some concerns:

o Manufacturers may opposeastandby standard, owing to the incremental
cost to their products. However, many plug-load devices could meet a standby
standard with little incremental cost, likely to be less than 50 cents per unit.*

The five largest electricity consuming categories in National Energy Modeling System are TVs, PCs,
microwaves, ceiling fans, and DVD players.

The majority of the 6 to 8 percent estimate for standby power consumption is from plug-load devices, but
it includes some from other appliances. Expert interviews.

“2006 ACEEE Summer Study on Energy Efficiency in Buildings,” ACEEF, 2006,

100 Expert interviews,

1 “Consumer Electronics Global Statistics,” Grewth from Kaowledge, 2008,

102 Beneit Lebot, et al,, “Global Implications of Standhy Power Use,” IEA, 2000, Expertinterviews.

103 “U.5, Executive Order 13221 - “1-Watt Standby’ Order,” Power Integrations, 2001,

<www,powerint.com/node/z201>.

104 Foakim Nordqvist, “Evaliation of Japan's Top Runner Prograinme,” Energy Intelligence for Enrope

Program, 2006,

105 “Korea's Market Transformation Plan,” Korea Energy Management Corperation, Octeber 2008,

106 Expert interviews.
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Atthatlevel, the cost of avoided power for all devices would be $2.10 per
MWh, 7

o Standards mustbalance energy savings with delivered functionality, often
maldng it difficultto crafta policy thatadequately captures savings while
preserving constitner appeal. As aresult, there willlikely need tobe multiple
standby standards, because certain devices require higher power levels than
others. Set-top boxes, for example, require greater functionality and energy use
while in standby and may require a higher minimumlevel than other products.

% Voluntarystandards and lfabeling (proven). Voluntarystandards can reduce
transaction “costs” associated with identifying efficient devices and raise awareness
of plug-load consumption. ENERGY STAR has created voluntary standards for nine
device categories that fall into residential electrical devices, among themT'Vs, DVDs,
and PCs, which saved 63 TWh of electricity in 2007.° Voluntary standards would
facilitate implementation of future mandatory standards by developing testing
procedures and building manufacturer relationships. Voluntary standards can
alsobe developed and updated faster than mandatory standards, allowing greater
flexibility in a rapidly changing marketplace.

# Education and awareness (piloted). Programs to educate the publicabout plug-
load consumption and how individualscan reduce it could overcome transaction
and usage barriers. Arepresentative campaign could 1) encourage people to unplug
unused devices and turn off devices when not in use, 2) increase awareness of
efficiency settings and passive controls, such as smart switches and power strips,
and 3) generate demand for efficient consumer electronic devices. Researchshows
that 22 percent of residential PC users leave their computers ranning at night'*® and
64 percent of office PCs run overnight;"® changing these behaviorsalone could
unlock significant savings.

5. LIGHTING AND MAJOR APPLIANCES

Lighting and major appliances, which include water heaters, refrigerators, freezers,
clothes washers, clothes dryers, dishwashers, stovesand ovens, constitute 30 percent
(3,420 trillion end-use BT Us ) of 2020 residential consumption (Table 6). Consumption is
expected to declineat 0.3 percent over the next ten years, which reflects provisions in EISA
2007 that addresslighting consumption, effectively phasing out today’s incandescent
bulbsin 2012 for more efficient lighting.

'Thelighting and majorappliances cluster accounts for 11 percent of total residential
potentialin 2020 (340 trillion end-use BTUs). Ninety-six percentofappliance potential are
from replacement purchases, with four percent driven by newappliance purchases. Total
incremental capital required to purchase higher-efficiency appliances between 2009 and
2020 wouldbe $11 billion and provide present value savings of $42 billion at an average per-
MMBTU costof $4.50 (Table 6).

107 Calcalated as $0.50 for each of 2.5 billion consumer electronic devices divided by the energy savings of
approximately 100 TWh over an average 8-year lifetime.

108 “Table 8, Consumer Electrenic, Residential & Commercial Office Equipment,” 2007 Annual Report,
ENERGY STAR, 2007. g

109 K. Roth and K. McKenney, “Residential consumer electronics electricity consumption in the United
States,” European Council for an Energy Efficient Economy Summer Study, June 2007.

110 Judy Roberson, et al,, “After-hours power status of office equipment and energy use of miscellaneous plug-
load equipment,” Lawrence Berkeley National Laboratory, EBNL-53729 Rev, May 2004,
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Lighting constitutes 15 percent of energy consumption
in this cluster but 82 percent of its savings potential,

Ensroy BAU Bavings Savings
representing 9 percent (80 TWh) oftotal residential use energy use duaio EE
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Exhibit 20; Efficiency opportunities in fighting and major appliances - 2020
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111 Assuming 30 light bulbs per house used 3 hours per day. (Susan Williams and Bill McNary, “Change 2
Light, Change the World 2007 Facts and Assumptions Sheet,” ENERGY S§TAR, 2007.) ’

112 Significant energy efficiency is already included in EIA business-as-usual projections for appliances
through inclusion of existing appliance standards as well as assumea penetration of high-efficiency
devices above the standard,
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Barriers to capburing appliance efficiency potential
Lighting and major appliance efficiency faces barriers common to both electrical devices
and new building potential. The most relevantbarriersare:

#  Lackofawareness and certainty of savings, Knowledge of efficient appliances
isrelatively high among consumers — 93 percent for lighting, 86 percent for kitchen
appliances, 84 percent for clothes washers and dryers, and 74 percent for water
heaters." However, consumers seem to be less clear about the potential monetary
savings., Forinstance, 75 percent of consumers believed that CFLs had longerthana
oneyvear payback or did not know what the payback was.

%  Qualitytrade-offs. End-users retain preconceived and often inaccurate ideas about
differences in functionality that limit the acceptance of certain products. Forty-two
percent of consumers, for example, believe that CFLs have significantly lower-quality
light than incandescent buibs."5 ‘

#  Supply chain availability. Sixty-eight percent of water heaters fail before they
atereplaced, and more than 50 percent are emergency replacements, leaving these
consumers dependent on the stock of water heaters available on contractors’ trucks.
When given purchasing options, however, constimers place the highest importance
on energy efficiency, followed by unit size; surprisingly, price ranks fifth of nine
possible responses. Thus, if given the time and selection often denied by emergency
replacement, consumers would likely select more efficient devices than they are
currently abletoselect,

Other minor barriersinclude allocation of capital for more costly appliances; adverse
bundling in some appliances, such as clothes washers where manufacturersbundie higher
efficiency with sophisticated options and cycle settings; ownership transfer issues as
home builders have unclearability to recover theirinvestment in efficient devices; and to
alesser extent transaction barriers associated with identifying efficient devices, which is
significantly mitigated by the prevalence oflabeling.

Solution strategies to unlock potential
Solutions to capture the energy efficiency potential in appliances include education,

voluntary standards and labeling, codes and standards, and incentives and grants
{Exhibit 21).

113 2007 Business in Society Survey, McKinsey & Company; Number of respondents: 2,002,
114 2007 Business in Soefety Survey, MeKinsey & Company; Number of respondents: g95.

115 Note that technologies with real, rather than perceived, quality differences are exeluded from substitution
in our analysis; we consider CFLs interchangeable for most lighting, as they have overcome most
challenges (e.g., slow start up). 2007 Business in Society Survey, MeKinsey & Company; Number of
respondents; 2,002,

116 “Residential Water Heater Market,” KEMA, July 2006,
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Exhitit 21 Addressing bamiers in lighting and major appliances
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Mandatory appliance standards (proven). Between 1990 and 2000, mandatory
appliance standards saved U.S. consumers roughly $50 billion in energy bills, with
consumer savings outpacing additional consumer expenditures byaratioof 2.5t0 .77
Taxpayer funds to support DOE's appliance standards program since 1987 total
$200 million to $250 million. Accordingto Lawreénce Berkeley National Laboratory,
appliance standards will reduce energy consumption in 2020 by 8 percent relative to
ascenario with no standards. 8 Refrigerators and clothes washers account for over
50 percent of this savings, followed by water heaters and central air conditioners
asthe next largest energy saving categories.™ Challenges to increasing mandatory
standards include passing legislation and the speed of implementation. Standards
typically take 3 years from inception to implementation.'*® Systematic, periodic
reviews to update the standards are essential to their success. Japan's Top Runner
pragram, which includ es mandatorylabeling, is a casein point. In 21 product
categories, the standard is set based on the most efficient model in the market; all
products must comply with that standard within 3 to 10 years, depending on the
product category. Thusthe program eliminates low-efficiency products from the
market and encourages manufacturers to develop models with higher efficiency. It
is estimated that by 2010, this program will annnally save 56 TWh of electricity in
Japan’s residential and commercial sectors.

Voluntary appliance standards and labeling (proven), Voluntary appliance
standards have had a significantimpact on energy savings in appliances. In 2008,
EPA reported savings of 150 TWh through its appliance standards (in both residential
and commercial), overa third of which is due to lighting, Tn 2008, 76 percent of
households were aware ofthe ENERGY STAR brand. ENERGY STAR continues

to raise its efficiency bar through a continual updating process. When settinga

“Appliance and Equipment Efficiency Standards: One of America’s Most Effective Energy-Saving Policies,”
ACEEE, 2p00.

Steve Meyers, et al.

Steve Meyers, et al.

'The standards process begins with a “Framework Workshop,” with an Advanced Notice of Proposed
Rulemaking (ANOPR) 18 months later, a Proposed Rule (NOPR) 12 months after that, and a Final Rule

an additional 6 months later. “DOF standards due between late 2008 and 2014: Key dates and energy
savings,” Applianee Standards Awareness Praject, 2008.
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specification, ENERGY STAR aims to set it to alevel that 25 percent of the products

on the market can meet, guaranteeing a high level of efficiency but also ensuring that
consumers have a variety of products from which to choose. While many factorsdrive
updatesin ENERGY STAR specifications, including technological innovation and
regulatory changes, having 40 to 50 percent of the market compliant with ENERGY
STARspecifications triggers an update of the specification. One factor driving success
of ENERGY STAR may be its simple messaging. Finally, voluntarystandardscan

be particularly cost effective: according to National Renewable Energy Laboratory,
ENERGY STAR hassaved energy at a cost of roughly $0.00 perend-use MMBTU. =

= Monetaryincentives and rebates (proven). While incentives to consumers
primarily address barriersin capital availability and ownership transfer (i.e.,
appliances in new buildings), incentives to suppliers can overcome the product
availability barrier aswell. Anumber of utilities and other organizations offer
rebates, or even free efficient appliances, and the government has offered tax
incentives. Many such programs have focused on lighting, due toits high energy-
savings potential. For example, the Hlinois Department of Commerce and Economic
Opportunity Residential ENERGY STAR Lighting Program (200310 2004)
partnered with over 140 retailers to provide 164,000 instant rebateson CFLsand
60,000 mail-in rebates on ceiling fans and CFLs in the 2 years of the program. In
Efficiency Vermont’s CFL buy-down program, consumers purchased 580,000
CFLsin 2007 - 74 percent of all CFLs sold in the state. The program reported a cost
of about $1.0 million, with savings of approximately 263 GWh, for a per-kWh cost
of $0.004."22 One consumer incentive includes refrigerator and freezer “swap out”
programs, where ntilities hear the cost of extracting old equipment and replacing
itwith a new unit, thus encouraging people to accelerate adoption of efficient
technology. Providing a financial rebate to contractors to stock efficient water
heaters can overcome the technology availability barrier for that appliance.

# Retailer’sroleinenergy efficiency (piloted). Retailers could play an important
rolein driving adoption of energy efficient appliances. A flagship example is Wal-
Mart’s focus on CFLs, with 100 million bulbs sold in 9 months, helping double CFL
penetration from 5 percent to 10 percent. ENERGY STAR has effectively partnered
with retailers toleverage their relationships with consumers, providing information
and advertising material for stores for ENERGY STAR products, as wellas promoting .
efficiency incentives. While still largely unproven, retailers’ strong position with
consumers make retailers a natural partner for this type of energy efficiency measure.

121 “Estimates of Administrative Costs for Energy Efficiency Policies and Programs,” NREL, 2000,
<www.nzel.gov/does/fyotosti/20379.pdf>. The ENERGY STAR 2007 Annual Report indicates even higher
cost effectiveness recently, with primary energy savings of $0.023 per MMBTLIL

122 Year 2007 Annual Report, Efficiency Vermont, 2008,



3. Approaches to greater energy
efficiency in the commercial sector

The commercial sector will consume 20 percent of the 2020
baseline end-use energy in the United States, equivalent

to 8.0 quadrillion BTUsof end-use energy (Table 7).
Consumption is forecast to grow by 1.5 percent peryear,
from abase of 6.7 quadrillion BTUs of end-use energy in
20068, driven by increases in commercial floor space and
consumption intensity of end-use energy per square foot.

Relative to thebusiness-as-usual baseline for 2020,
deploying all NPV-positive efficiency improvementsin
the commercial sectorwould reduce energy consumption
in 2020 by 29 percent, require $125 billion in upfront
investment, and provide present-value savings of

$290 billion in energy costs while avoiding some

360 million tons of GHG emissions thatyear.

Although mostof the efficiency potential exists in buildings
{87 percent, 2,010 trillion end-use BTUs), 13 percent

{290 trillion end-use BTUs}is in such community
infrastructure as water purification and treatment,

water distribution, street and traffic lighting, and
telecommunications. The opportunityin the commercial
sector is diverse, characterized by 10 types of buildings

(4.9 million in total), multiple ownership structures,
governmental and private tenants, and more than 100 end-
use applications (Exhibit 22),
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Toflion BTUs
# Slactricity TWh 1330 1,660 B0 at
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Source:  BIA AFG 2008,

bt

123 This exchudes natural gas and distillate fuel oil consumption (1,350 trillion BTUs in 2020} attributed to
miseellaneous load and unspecified sources in AEO 2008 due to lack of information about the sources of

consumption and the efficiency opportunities.

freay analysis
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Exhibit 22: Brficiency potentlal in commercial stibsectors - 2020
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catfoh care hly servlce house  safes

Baurce; FIA AFC 2008, MoKinsey analysis

We crganized the potential into five clusters, based on shared barriersand attributes
(Exhibit 23). Although specificbarriers manifest themselves within commercial sub-
sectors (e.g,, the relative importance of agency in the food service subsector), we have focused
on cross~cutting solutionsthat can apply with minor modification across subsectors,

For continuity, we will discuss clusters that involve the building shell and HIVAC systems,
which together provide habitable and conditioned space, then we will examine commercial
energy use inside and outside those spaces.

1. Existingprivate buildings (810 trillion end-use BTUs): Notablebarriers
include splitagency, expectations of short payback period, upfront capital
constraints, and lack of awareness orinformation. Solution strategiesto address
these barriers include requiring energy benchmarking for buildings, establishing
a public-private partnership through a government loan guarantee fund, enabling
creative financing solutions, and/or introducing mandatory assessments and
upgrades,

2, Governmentbuildings (360 trillion end-use BTUs): This cluster faces
barriers in access to capital, lack of awareness, and regulatory challenges. Possible
solution strategies include requiring energy benchmarking for buildings, setting
binding energy efficiency targets for state and localjurisdictions, and adjusting
regulations to expand access to performance contracting,

3. Newprivate buildings (270 trillion end-use BTUs): Barriers resemble those
in new residential buildings: lack of incentives for developers to construct high-
efficiency buildings, ineffective installation, and limited commissioning. Relevant
solution strategies also resemble those for new residential buildings: improving
efficiency levels in building codes and greater use of those standards, increasing
penetration of voluntary specifications, and linking incentives to developers or
buyers through voluntary specifications.

4. Office andnon-commercial devices (570 trillion end-use BT Us): Potential
is spread across a variety of electronic equipment and miscellaneous comumercial
load, for which energy efficiency has historically been of relatively little concern
among both users and manufacturers. Aswith residential plug-load, the primary
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measure appears tobe equipment-specific and category-level standards for active
and standby power consumption.

5. Communityinfrastructure (290 trillion end-use BTUs): This cluster suffers
from capiial constraints, low awareness, and risk aversion. Solution strategies for
government-owned facilities could include requiring energy benchmarking, setting
binding energy efficiencytargets for state and local jurisdictions, and enabling
effective performance contracting, Several additional solutions will apply to specific
end-usesinthis chister.

Exhibit 23 CGlusters of energy efficiency potential In the commercial sector

End-use energy, avoided consumption; fotal = 2,290 ¥illion BTUs
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1 EXISTING PRVATE COMMERCIAL BURLDINGS

Existing privately owned commercial
buildingsaccount for 2,860 trillion end-use

BTUs of energy consumption in the 2020 mejﬁi aner gﬁiﬁ df: : :;ﬂf}; &?\fﬁfi
reference case (Table 8). These buildings — 2008 ~2020 - 9020
coverarangeof types, includingeducational  ENOIUSE ENERGY 2560 2,560 310 56
facilities, office buildings, assembly, retail Triffion BTUs
and service facilities, warehouses, lodging,  ® Elsciicity Twn 560 450 140 e
healthcare, and other buildings. Floorspace = Naturai gas 1,520 1230 500 24
in this cluster totals approximately 57billion = Other fusls” 140 110 30 27
squarefeet. This cluster’s end-uses include PRIMARY ENERGY 7.630 6110 1840 50
heating, cooling, ventilation, lighting, and o BiUs
water heating, aswell asbuilding-related =~ Elooticty &2 dree ne0y
electrical devicesincluding elevatorsand 2 Natueal gag 1,580 1220 219 -
EMISSIONS 404 B70 G 30

124
transformers. Magatone GO0

This cluster offers NFV-positive energy
efficiency potential of 810 trillion end-

use BTUs, representing 35 percent ofthe
potentialin the commercial sector. Retail
and office buildings together constitute

44 percent of consumption in this cluster and
offer 48 percent of the efficiency potential. Capturingthe potential in this cluster would
require an investment of approximately $73 billion and provide present-value savings of
$104 billion. '

Barriers togreater energy efficiency
Capture of NPV-positive potential in existing private buildings is constrained by awide

range of barriers. While different barriers exert themselves to different degrees depending
on the context, we have identified several dominantbarriers whose removal is essential.

# Agencyissues. Agency issuesaffect approximately half (420 trillion end-use BTUs)
ofthe cluster’s potential. Inleased buildings, financialincentives for the ownerto
investinenergy efficiency are uncertain, because the owner will likely not capture the
energy savings. Owners may benefit from efficiency investments, iflower operating
costsincrease the rate of tenant renewals and /or cormmand a rental premium. s

# Elevatedhurdlerate, The average payback period expected by commercial
customers is 3.6 years.** This expectation creates a hurdle for deeper retrofits that
typically havelonger payback periods. This barrier affects an estimated 170 trillion
end-use BTUs or 21 percent of this cluster’s potential.

# Capital constraints. Capital constraintsexist for energy usersand their upstream
lenders. Forthe energy end-user, raising and allocating capital for efficiency projects
is often confounded by a desire not to increase debt, concern about the opportunity
cost of this capital against alternative uses (particularly projects that impact revenue
growth), and areluctance to outsource energy solutions to companies that roay charge
afinaneing premium. Upstream financiers may incur inereased credit risk when
providing capital to privately owned buildings compared tothe municipal-university-
school-hospital (MUSH) market, because of elevated default risk. Inall markets
they face difficulty in establishing collateral for the loan, as projects often involve

124 We diseuss the energy efficiency potential in lighting and appliances in the cluster consisting of new
privately owned buildings, though the solutions are equally applicabte for lighting and appliances in this
and the government buildings clusters.

125 Based on interviews with commercial building operators.

126 “Energy Efficiency Indicator, North America,” Johnson Controls, March 2008.

Enckuse energy 14 approdimsted as agquivalant o primary energy
Source;  ELAAEQ 2002, Mokingey analysis :
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specialized equipment, unrecoverable design and installation costs, and high retrieval
costs, all of which elevate the financier’s risk exposure pending default.>”

#  Lackofawareness orinformation. Many facility managers are unaware of
energy efficiency potential with the belief that the building is already energy efficient.
Furthermore, they often possess limited knowledge of energy efficiency measures and
ways to deploy them within their facilities, including the critical role that proper design
and installation playin capturing the savings.28

Otherbarriers affect this cluster to alesser degree: risk and uncertainty about the financial
health and longevity of customers is a barrier for ESCOs considering this market; risk may
also take the form of quality tradeoffs (e.z., unwillingness to incur perceived compromises
toconsumer experiences in retail or food service); and improperinstallation and
inconsistent maintenance of HVAC equipment ean lead to suboptimal performance and
incomplete realization of efficiency potential,

Sotution strategies tounlock potential

Anumber of solution strategies could help overcome the principal barriers while
addressing many of the additional barriers discussed above (Exhibit 24).

Exhinlt 24: Addressing barriers in existing private bulidings
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# Mandate efficiency attime of retrofit (emerging). Local, state, or federal
governments could require private buildings to meet an efficiency benchmarlk at point of
sale, major retrofit, or a specified time interval. Such mandates representasolution that
could address all barriers by circumventing the end-user. Creating such arequirement
could prove difficenlt to achieve politically, though recent actions in New York City suggest
itmaybe possible.” Results from these programs are as yetunclear as annual turnover
is relatively small (2.2 percent of building stock),*° limiting the speed of improvement.

127 Deueloping Financial Intermediation Mechanisms for EE Prafects in Brazil, China and India, Econoler
International, January 2006. < http:// 3countryee.org/public/angraworkshop.pdf>.

128 Sector Collaborative on Energy Efficiency Accomplishments and Next Steps, EPA, Jaly 2008,

129 The Power of Information to Motivate Change: Communicating the Energy Efficiency of Today's
Commercial Buildings, EPA, February 2009, The City of New Yorl’s PLANYC Initiative 5.
<www.nye.gov/html/planycaogos,

130 “US Commercial Building Ownership Tarnover,” CoStar Group, February 2008.
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In addition, point of sale standards do not create a natural opportunity for retrofits, as
change inbuilding ownership does notalways accompany turnover of tenants; further,
some stakeholdersare concerned that point of sale regulation could slow transactions.
Hence, variantsofthisapptoach that link enforcement to changesin tenaney (rather
than ownership) may prove more effective. Enforcement of the regulations presents
additional concern and would incur added costs.

#  Createvaluewithvoluntarystandards (emerging). Buildings meetingan efficiency
standard showa 6 percent premiumin effective rent and a 16 percent premium in valuation
oversimilar non-energy efficient buildings.* The benefits provided by adherencetoa
voluntary standard, applied to both buildings and comumercial equipment, could help
manage agency issues by offering financial returns forinvestments through increased rent
and raising awareness of the benefits of efficient buildings.

#  Finance through a public-private partnership (piloted). Interviews's suggest
that creating a credit-enhancement fund that, for a modest premium, sharesthe
risk of default with thelender could enable private capital to flow into the energy
efficiency market. Such an approach has proven successful in other markets,
namely student loans and mortgages. According to the Congressional Budget Office,
federal credit guarantees on student loans cost the government approximately 3 to
5 percent ofthecapital deployed. 53 At similar subsidy rates, it would cost $2 billion
to $4 billion to provide eredit guarantees for the $73 billion of capital needed for this
cluster. Furthermore, combining this approach with alternative financing solutions,
such as on-bill or tax-district financing, would also overcome agency barriersand
provide a vehicle for monetary incentives through tax cuts or offsets to the principal
amount, Load-serving entities and local distribution companies and utilities may
face challenges internally with billing systems and with regulatory involvement in bill
design, and it may not be appropriate in all service territories.

# Providemonetaryincentives (proven). Government and non-government
entities could provide monetary incentives to owners in several forms — tax credits,
tax deductions, rebates, or accelerated depreciation. The federal governmentoffersa
tax deduction of up to $1.80 persquare foot for new or renovated commereial buildings
thatare 50 percent more efficient than the ASHR AR, g0.1-2001 standard.’® Providing
tiered incentives — a greater percent of initial investment for deeper retrofits — would
help make the economics of deeper retrofits more attractive to building owners.
Incentives for commercial equipment should be easyto access contemporaneously
with building incentives given the connectedness of the decision process.

Incentives may be effective within an organization as well. Theretail chain
JCPenney hasbegun communicating each store’s energy performance rating across
the management chain, The company ranks each store and region by energy use,
sharing this information with store and regional managers, as well as corporate
managers. Thecompanyhasalso begun tolink management incentives o energy
performance.’3s

Anumber of additional solution strategies could supplement the approaches outlined
above but are not proven towork at scale in the market. Benchmarkingwounld increase
awareness by revealing relative performance of buildings of similar type, age, and

131 Program on Housing and Urban Policy, University of California, Berkeley, J anuarg} 2009,
132 Expert interviews,

133 “Subsidy Estimates for Guaranteed and Direct Student Loans,” Congressional Budget Office {CBO),
November 2005, “Estimating the Value of Subsidies for Federal Loans and Loan Guarantees,” CBO,
August 2004,

134 Energy Policy Act of 20085, stbsequent legislation in 2008 extended the tax deduction until 2013.

135 The Power of Information to Motivate Change: Communicating the Energy Effictency of Today'’s
Commercial Buildings, EPA, February 2009.
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geography, as well asindicating sources of energyloss. Tools exist that can provide
voluntaryor mandatory ratings with or without public disclosure. Forexample, the

EPA provides a free-of-charge benchmarking tool cafled the Portfolio Manager, which
allows building owners or managers to irack and benchmarlk several types of comimercial
buildings. Several utilities have also developed capabilities to directly upload building
energy consumption information into the Portfolio Manager to enable benchmarking. s
The District of Columbia and California currently require benchmarking and public
availability of the results.’»

Establishing policies or business models that encourage ESCOs to aggregate small
building retrofits (i.e., less than 5,000 square feef) could address a particularly
challenging to percent of overall commercial space. Commercial costs (e.g.,
administration, sales, EM&V) associated with performance contracting for small projects
can be high, asmuch as 20 to 3o percent of project costs. 3 Aggregating smallerbuildings
under asingle performance contract and /or verifying impact with random sampling
across a portfolio rather than directly measuring all improved buildings could reduce
these expensesto 51010 percent of project costs™ for MUSH-market or government
owners, Thisapproach might face additional challenges with small privately owned
buildings due to disparate ownership. Direct-install programs managed by utilities or
other third-party providers, for example, could provide a channel for this aggregation.

2. GOVERNMENT BUILDINGS

With 21.2 billion square feet of floor space, government © Emergy | BAU  Savings Savings
buildings account for 1,180 trillion end-use BTUs of energy. use snergy use dueloBE  Powent
consumption in the 2020 reference case (Table g). Offices and - 2008 ~ 2080 - 020
educational facilities together make up 63 percent of thespace  END-USE ENERGY 1980 1180 360
and 53 percent of total consamption in the cluster. Trifon BTUs

# Pleatricity Twh 150 gty 70 55
The incremental efficiency potential is greatestin local- & Metural gas 420 450 0
level government buildings (260 trillion end-use BTUs), ® Cther fuels” 79 [ 1
principally becanselocal government buildings, which PF?E_MN?Y ENERGY 2380 2580 880
s ; . o s . Trithion BTUs
include a subset of schools, libraries, and administrative » Electrichy . 0 050 730
offices, hold 62 percent of government floor space. State . Nat;n-a; uas ' 450 4!(\ 150
buildings contain 100 trillion end-use BTUs of efficiency EMISEONS An o 70

potential (Exhibit 25), Federal buildings, by contrast, offer
the least efficiency potential, because they are the smallest
in overall size and because the reference case includes
a 30 percent reduction in their energy consumption by
2020, as mandated for ail federal buildings by The Energy

Megatons OO0

* Erig-une CRorgy 18 eppoximated as sauivalent (o primany shergy
Independenceand Security Act (EISA, 2007).4° Unlocking Sourcer  EIA AED 2008, Moxinsey anatyals

the potential in local buildings would require $19 billion

of upfront investment and provide present value savings of $36 billion. Unlocking the

potentialin state buildings would require $7billion of upfront investment and provide

present value savings of $13 billion.

136 Utility Best Practices Guidance for Providing Business Custormners with Energy Use and Cost Data, EPA,
November 2008,

137 The State of California’s AB 1103, 2007 legislation: <www.info.nse.ca.gov>, District of Columbia’s Clean
and Affordable Energy Act of 2008: <www.decounciiwashington.de.us>,

138 Expert interviews,

139 Expert interviews; based on aggregating 100 buildings of 5,000 square feet each in one contraet,

140 Energy Independence and Security Act of 2007. Though several state and some local governments have
set energy efficiency targets, the reference case does not reflect those targets.
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Exhitdt 25: Energy potential in government bulldings - 2020
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Barriersto greater energy efficiensy
Though significant efficiency potential exists in state and local government buildings, a
few dominant barriers havelimited the achievement of this potential:

% Accessto capital. Publicfacilities often suffer from inadequate capital budgets
forinfrastructure improvements.'# In some cases, demand for capital from state
agencies can outweigh the ability of state governments to raise debt. 2 In other cases,
administrators refuse to access debt due to coneerns about debt ratings, because rating
agencies may not provide credit for the savings generated through energy efficiency
measures. 2 Towarrant such treatment rating agencies require assurance that
savings flowtothe credit market rather than increased spending.

#  Impediments to performance contracting. Many stateslimitthe useor
effectiveness of building retrofit solutions through performance contracting dueto
inconsistent regnlatory support. Challenges range from constraints on the financial
treatment of lifecycle benefits —which can inhibit capture of the full potential #4145
toaccounting rules that limit debt payments from operational savings, toinadequate
administrative support or expertise to evaluate or manage pursuit of the opportunity.

#  Lackofawareness. Many facility managers are unaware of current energy
consumption, because centralized departiments often pay utility bills. Furthermore,
they often possess limited knowledge of energy efficiency measures and ways to deploy
them within their facilities.:s¢

[

i

I

i 141 Nicole Hopper, et al., Public and Institutional Markets for ESCO Services: Comparing Programs,

: Performances and Praciices, LBNL, March 2005.

! 142 Ranjit Bharvirkar, et al,, Performance Contracting and Energy Efficiency in the State Gevernment
Murket, LBNL, November 2008,

143 Expert interviews,

144 Nicole Hopper, et al., Public and Institutional Markels for ESCO Services: Comparing Programs,
Performances and Practices, LBNL, March 2005,

i 145 Ranjit Bharvirkhar, et al,, Performance Contracting and Energy Efficiency in the State Government

Market, LBNL, November 2008. In a sample of 12 states, 8 had maximum contract pericds less than the
federal maximum allowed length of 25 years.

146 Ranjit Bharvirkar, et al.



Additional barriers include perceptions of risk or uncertainty associated with behavior
change or equipment substitution; pricing distortions due to the more favorable rates that
are enjoyed by schools and government buildings, making energy efficiencyless cost-
effective despiteits availability; and institutional, allocation, or bureaucratic challenges
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thatlimit the ability to act, even when a decision is made to move forward.

Solution strategies touniock potential

Addressing the major barriers within this cluster will require inereasing the focus on and
resources deployed toward energy efficiency at all Jevels of government, while partnering

with the private sector to assistin its capture (Exhibit 26).

Exhiblt 26: Addressing barriers In government bulldings
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#  Mandate benchmarks orstandards (piloted). Benchmarking performance and

setting mandatory standards are a means to increase institutional focus on efficiency
capture. To date, twenty-eight state governments have mandated efficiency
targets for state government buildings that targetup to a 35 percent reduction in
energy use over the next decade in an attempt to “lead by example.” Drawing on
energy performance benchmarking, for example, Council Rock 8chool Districtin
Pennsylvania was able toimprove its average EPA energy performance rating froma

16 (fourth quartile} to 55 (second guartile) within 2 years.*8 The District of Columbia

hasbegun requiring that commereial buildings rate their energy performance and
disclose their performance to the public.4s

Nonetheless, translating these state aspirationstolocal governmentsis oftena
challenge. Aprocessused inTexas could serve as auseful model: bills passed in

2001 and 2007 require all state agencies and “all political sub-divisions” — including
counties, publicschool districts, and higher education institutions —toreduce energy
consumption by 5 percent annually for 6 years. Results sofar areinconclusive;
however, asampling of sub-divisiong suggests an average consumption decrease of

147 Expert interviews,

148 The Power of Information to Motivate Change; Communicating the Energy Efficiency of Today’s

Contrerciol Buildings, EPA, Fehruary 2009,

149 The District of Columbia’s Clean and Affordable Energy Act of 2008: <www.dceouncil.washington.de.us>,
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14 percent.s* Asecond model, effectively used by the U.S. Department of
Transportation with highway funding, conld make the receipt of federal funding
(e.g., Weatherization Assistance Program) contingent on stateorlocal actionon
efficiency targets for government buildings.

= Addressregulations thatinhibit performance contracting (emerging). In
capturing the full potential of energy efficiency available, state and local governments
will benefit from effectively partnering with the private sector. Potential actions
include developing a streamlined process for performance contracting, allowing
aggregation of multiple buildings in a single contract, clarifying accounting rules, and
creating an approved list of eligible service providers, Details of thisapproachliein
the above cluster’s description. Tn addition, state and local governments could require
procurement departments to evaluate bids based on lifecycle costs ratherthan initial
costs. Finally, they could designate champions of performance contracting to provide
strong execulive support, an approach proven to increase penetration of energy
efficiency solution strategies.’s*

Additional solution strategies could play an important enabling role. Collaborating with
rating agencies to convey the impact of debt incurred for energy efficiency improvements
on the credit ratings of participating governments could facilitate allocation of capital, as
would earmarking capital forenergy efficiency projects. Further opportunities existto
leverage federal allocations (e.g., State Energy Plan and Energy Efficiency Conservation
Block Grants) to maximize the impact of collective funding. Finally, federal matching
grants could reduce capital requirements and enable state and local governments to
pursue this opportunity.

3. PRIVATELY OWNED NEW BUILDINGS
Newbuildings (i.e., constructedin 2009 and

later) willadd an average of 1.3 billion square
feet peryeariothestock of privately owned

Energy Bawings
Use  energy use dusto BE  Porcent

commercial floorspace, representing — 2008 —2000 - 2020
27 percentofall privatelyowned commercial ~ END-USE ENERGY n/a 10850 705
floorspace in 2020 and 41 percentin 2030. Trition BTUs
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positive energy efficiency potential of ® {ther fusis” /i 40 (I
270 trillion end-use BTUs (Table 10). The PRIMARY ENERGY wa 2,260 820 28
incremental capital cost of capturing this Trithon BTUs - )
potential is $15 billion but would provide ® Blectrivity "/a K ffm 520030
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EMISBIONSG s, 140 40 28

This cluster offers only 12 percent of the
commercial-sector efficiency potential

in 2020, because buildings constructed
between 2009 and 2020 are forecast to
account for only 27 percent of all floor space
in2020 and are expected tobe moreefficient ¢,
than existing buildings. Nonetheless, new
construction will be an increasingly important opportunity through 2030 and beyond,
asthe share of building stock constructed after 2009 grows, Furthermore, incorporating

ey

Magatons GG-a

Y BavIIgS)

150 Half the subdivisions showed an increase in energy consumgtion and half showed a decrease. Median
valite was an increase in consumption of 3 percent; weighted average value was a decrease in consumption
of 14 percent; range in percentage change in consumption was +1,514 percent to -77 percent. These results
were not normalized for floor space or other changes.

151 Ranjit Bharvirkar, et al., Performance Contracting and Energy Efficlency in the State Gevernment
Market, LBNL, November 2008,
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energy efficiency measures into newbuildings during initial design is attractive asit costs
five times as much ($3.83 per square foot compared to $0.76 per square foot) to
incorporate the same measures asa retrofit. Ifthe nation ignored the opportunityto
capture efficiency potential in “new” buildings through 2020, retrofitting the buildings
afterthey are built, capturing the same potential would costan additional $48 billion and
wonld likelynot be cost effective.

Deployment of more energy efficient lighting and appliances accounts for 110 trillion
end-use BTUs of potential in this cluster. Though such building codesas ASHRAE 901
: specifythe range of code-compliant HVAC and lighting equipment, developing federal
: . standards for such equipment would facilitate the capture of energy efficiency potential
| intwo ways: it would address the new-build market in states with no building codes and
addressthe replacement {(natural end-of-life or accelerated replacement) in existing
buildings in all states.

Barrievstoceptoving efficiency potentialinnew bulldings
There are two noteworthy barriers that solutions must address:

% Lackofincentives for developers to build energy efficient buildings.
Because developers do not receive the future energy savings from energy efficient .
buildings and are often unaware or uncertain of the market premium energy efficient
buildings can command, developers have little financial incentive to invest in energy
efficiency above the required minimum level 52 As a result, inclusion of energy efficient
optionsin newbuildings may be undermined by tradeoffsin favor of more visible
features (e.g., granite flooring, upgraded facilities).

=  Ineffectiveinstallation andlack of commissioning. Developers havelittle
incentive to ensure that contractors install equipment optimally or commission
buildings properly. As a result, some buildings performbelow the levels ealled for
inbuilding codes: research has found that as manyas 20 to 30 percent of buildings
designed to meet the ASHR AE 1999 standard did not meet building shell and lighting
requirements. However, mostbuildings designed to meet 1989 standards metor
exceeded those specifications.’s Similarly, non-compliance rates in California for
morestringentcodes have been reported to be greater than 40 percent. s

Arange of minorbarrierscan also inhibit capture of these opportunities. Limited market
information to helpinform equipment purchasing decisions or floor space selection,
concerns over quality of building practices, and limited supply of efficient commercial
floor space represent the most encountered minor barriers.

Belution strategies foanlock potential innew buildings

Given the relative cost-henefit of capturing energy efficiency in the designand
construction phases and the perishability of these options, this cluster is among the
mostimportant for near-term action {Exhibit 27),

152 Jens Lausten, Energy Ffficiency Requirements in Building Codes, Energy Efficiency Policies for New
Buildings, International Energy Agency, March 2008.

153 Eric Richman, et al., “National Commercial Construction Characteristics and CompHance with Building
Energy Codes: 1099-2007," Sumnter Study on Energy Efficiency in Buildings, ACEEE, 2008,

154 M. Sami Khawaja et al., “Statewide Codes and Standards Market Adoption and Noncompliance Rates,”
Southern California Edison, May 2007,
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Exhibit 27 Addressing barlers in new private bulldings
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#  Mandatory building codes (proven). As istrue within the residential sector,
mandatory codes for new buildings can overcome all barriers by circumventing the
end-user’s decision-making process. Three complementary actions would increase
building code impact:

- Adopting the latest energy efficiency building codes. Onlytwostates
have adopted the latest commercial building code, while 13 states have either
not adopted a statewide code or continue to use codes that are three or more
generations behind (Exhibit 28).% The 2007 ASHRAE standard representsa
32 percent efficiency improvement over the 1980 level. States adopting the most
recent ASHRAE Standard, g0.1-2007, would reduce energy consumption in
new buildings by 11 percent relative to current codelevels, In 2020, capturing
this improvement would produce 110 trillion end-use BTUs of energy savings,

5 percent of the annual commercial-sector poteniialthat year. Furthermore,
ifASHRAE Standard 9o0.1-2007 wereadopted through 2011 and a 30 percent
improved code were adopted in 2012, 270 trillion end-use BTUs could be saved

in 2020, or 12 percent of annual commercial-sector potential that year.'® As
discussed in the residential section, two options emerge that can overcome

the challenge of getting states to adopt the latest codes. Focusing on education

for state officials and building departments, and making accessibility of some
federal funds contingent on building code stringency could enable inereased state
adoption of the latest building codes. '

155 “Building Energy Data Book, Table 5.1.5,” EERE, March 2009. < http://buildingsdatabook.eren.dee.gov>.
156 Expert interviews,
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Exhibit 28: Inconsistency of commercial pulloing codes

# =00 2009, equivalent or balter
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Saurce: Buildings Erergy Dalabook, US Depariment of Energy, Cffice of Enargy Efficlancy and Renawsble Energy

— Developing more energy efficient codes: Opportunities existto advance
codes beyond their 2009 levels while maintaining use of cost-effective technology.
Current efforts are underway toredesign the ASHRAE codeto achieve a 30 percent
reduction over 2004 levels — a reduction thought to be cost-effective using existing
technologies at current costs,

— Improving compliance with mandatory codes: Improving code compliance
is animportantlever in enabling the effectiveness of mandatory building codes.
State support for increased enforcement through various actions as discassed in the
residential section would ensure that adopted codes are effective. Expertsestimate
theineremental annual cost of sufficient enforcement to assure compliance at
$1billion.'s?

# Broaden mandatoryappliance standards (proven). Similartobuilding codes,
equipment standards can overcome all barriers. The Department of Energy provides
federal standards for 20 commercial equipment categories, with standards for
another seven categories in development.# There are no federal energy performance
standards, however, for some types of HVAC equipment and some other commonly
used appliances.

# Drive market change through voluntary standards (piloted). Market
penetration of voluntary standards in newbuildings directly increases awareness
and can overcome the agency barrier by increasing the likelihood that a building
will gain a premium, Though penetration hasbeen limited,*® recent trends suggest
itisincreasing. Targeted awareness programs to educate developers and buyers of
commercial buildings would accelerate this process. Universal adoption of these

157 David Goldstein and Cliff Majersik, “NRDC/IMT Proposal for Emproved Building Energy Code
Comptiance through Enhanced Resources and Third-Party Verification,” NRDC, 2009, 'The $1 billion is
the total for both residential homes and commercial buildings.

158 Appliance Standard Awareness Project <www.standardsASAP.org>

159 USGBC has awarded LEED certifications to 14.3 million square feet of commercial building space since
2003 (0.1 pereent of the space constructed over this period), while in 2008, 130 new buildings
{0.1 pereent} achieved the “Designed to earn ENERGY STAR” label.
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standards would yield energy savings of 260 trillion end-use BT Us in 2020, some
11 percent of overall commercial-sector potential that year. s

# Provideeducation and monetaryincentives (proven). Builder subsidies
would overcome agency issues by allowing buildersto recover costsother than
through the buyer. The incremental cost of constructing energy efficient buildings is
approximately $1.08 persquare foot, 2 0.5 percent increase over standard practices.
Educating developers on the actual incremental costsand the associated building
techniquescould increase the rate of adoption at relatively low cost. Alternatively,
ifthe government or another agent provides an incentive of $1.08 per square foot to
developers, it would cost $1.¢ billion annually to capture the full potential.

4, QFFICE ANDNON-COMMERCIALDEVICES
Electricity consumption from officeand
non-commercial devices is growing ata

éﬁérgy BALU o éeﬁxfmgs ixavméé;

rate of 3.6 percent per year. This clusteris yse onergyuse duetoEE  Percart
forecast to consume 1,580 trillion end-use - 2008 ~ 2020 - 2000
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commercialload, and data centers:
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Brurce;  ElA AEQ 2008, MoKingey analysis

%  Office equipment includes dozens of device categories, in broad terms, PCs (including
desktop computers, laptop computers) and non-PCs (such asservers, printers, fax
machines, multi-function devices, and phones).

% Miscellaneous commereial load includes some 100 equipment categories, with two
broad sub-groups:

— Commercial equipment including specialized devices such as MRI machines,
X-raymachines, other medical and laboratory equipment, cash registersand
surveillance systems.

— Residential devices present in commercial settings including equipment categories
such as refrigerators, coffee makers and water coolers.

#  Data-centers consist of servers, auxiliary data equipment, and supporting power
systems (e.g., uninterruptable power supplies); potential associated with energy
efficient cooling and lighting is contained in the private and government building
clusters. However they bear special attention as data centerenergy use is expected to

160 ENERGY STAR labeled buildings perform on average 35 perecent better than the average building in
CBECS 2003 from expert interviews, New buildings are better than CBECS average by 13 percent from
B. Griffith et al,, Assessment of the Technical Potential for Achieving Net Zero-Energy Buildings in the
Commercial Sector, NREL, 2007. This leads to net benefits of 24 percent.
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grow 9.6 percent peryear from a base of 200 trillion end-use BTUs in 2008 to
6ootrillion end-use BTUsin 2020.%

Barriers to capiuring efficlency potential

The energy consumed by each device in this cluster is small and therefore of relatively
little concern to consumers and manufacturers. While there are necessarily many
barriers of lesser importance that impact this cluster, we have elevated three for
particular consideration:

% Lowawareness. Thiscluster may account for as much as 25 percent of total
electricity consumption in the commercial sector in 2020; however, each category
of devices represents a tiny share of an enterprise’s overall electricbill, Asaresult,
the efficiency potential in this cluster receiveslitile attention, as discussed in the
section on residential plug-load. Lack of attention is compounded by insufficientor
buried information about the energy consumption of these devices, often making the
transaction “cost” of identifying lifecycle benefits prohibitively large relative tothe
savings. Additionally, proper usage of energy efficiency settings presents a minor
barrier similar to that facing the electrical devices and small appliances cluster in the
residential sector.

#  Manufacturer limitations, Consumers and businesses tend to value other
attributes (e.g., price, screen resolution, print quality) above energy efficiency, thus
affecting end-user purchasing processes.’* This makes manufacturers’ ability to
receive compensation for energy efficient devices unclear (a type of ownership transfer
barrier), which impacts design decisions.

# Practical availability. Restricted procurement selection, consumer focuson
acquisition rather than lifecycle costs, and distributed budget responsibility within an
organization {e.g,, separation of upfront purchasing concerns from long-term energy
budget responsibility) limit availability of efficient technology. Adversebundling of
efficiency with other features can also present a barrier for some devices.

Data centers face asimilar set of barriers. Low awareness of energy usage (and the
expertise to capture substantial efficiency potential) persists among operators of smaller
data centers, though operators of enterprise-class centers are increasingly focusing on
managing power consumption.”? Furthermore, data centers tend to focus on acquisition
costrather than totallifetime cost, and they maybe concerned about perceived quality
trade-offs, such as concerns about reliability, due to risk aversion. With this mind-set,
developers and data center operators tend to over-invest in servers, resulting in low server
utilization, with as many as 30 percent of servers consuming electricity but serving a
limited useful business purpose with less than 3 percent average daily utilization.®

161 “Report to Congress on Server and Data Center Energy Efﬁciency Public Law tog-431", EPA, Aug zoo7.

Expert interviews.

=

162 “Going Green; An Examination of the Green Trend and What it Means to Consumers and the CE Industry,”
Consumer Electronics Association, 2008. .
163 Expert interviews,

164 “Revolutionizing Data Center Energy Efficiency,” McKinsey & Company, 2008,
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Solution stvategies tounlock potential in office snd non-comemeraial devices
Capturing the potential opportunity from a distributed group of actorswhere energy
efficiency isonlya minorfactor in the decision-making process may require a certain degree
ofintervention, butit may be supplemented by harnessing competitive market forces todrive
improvements overtime. Several solutions emerge as possibilities{Exhibit 29).

Exhibit 29; Addressing barrlers in office and non-commercial devicss
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# Introduceorexpand mandatory minimumstandards (proven). Expanding
the equipment categories for which the DOE sets standardswould enable greater
energy efficiency. Within this cluster, three equipment categories have federal
mandatory standards, leaving most categories unaddressed.*® It is important to note
that technology in this area advances rapidly, making the task of setting standards
without stifling market innovation quite challenging. It is worth noting thata standby
standard for electric devices used in residential settings would have further impact in
this cluster. However, due to extremely limited data on commercial office equipment, it
is difficult to determine impact of such a standby standard. ¢

For data centers, one potential approach isto set Corporate Average Data-Center
Efficiency (CADE) or Power Usage Effectiveness (PUE) standards. Inaddition,
creation of cross-cutting standby standards, as discussed in the residential section,
would havea spillover effect to this cluster.

#  Voluntary standards (proven). ENERGY STAR currently covers 12 product
categoriesin this space and reported energy savings in 2008 of 52 TWh.*7 The EPA
is developing a benchmarking tool for data centers through its Portfolio Manager.'*®
In addition, the impact of solution strategies considered in residential lightingand
appliances and electrical devices would also increase potential in thiscluster.

165 Expert interviews,

166 Further research would be reguired to dimensionalize commercial office equipment and determine
potential impact of a standby standard.

167 Expert interviews,
168 "ENERGY STAR Data Center Infrastructure Rating,” EPA, 2o08.
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Additionally, supporting solution strategies could include providing manufacturersor
distriburtors incentives to decrease the incremental cost of producing energy efficient
equipment or providing procurement departments with more information on lifetime costs.

5, COMMUNITY INFRASTRUCTURE

In 2008, 11 percent (750 trillion end-use BTUs) of
commercial-sector energy consumption occurred in
community infrastructure (Table 12) ~ settings not normally
associated with buildings: street and cther outdoorlighting,
water services, and telecom infrastructure (including mobhile

phonebase stations).*® Overall consumption in this clusteris

forecasttogrowat an annual rate of 1.8 percent,

Community infrastructure could provide 290 trillion end-
use BTUs of NPV-positive potential in 2020; unlocking this
potential would require upfront investment of $4 billion and
provide present-value savings of $45 billion. The potential
residesin several sub-categories: street/otherlighting

{43 percent), water services (12 percent), telecom network
(25 percent), and other electricity consumption (20 percent).
End-usesand facilities managed bylocal governments
account for 200 trillion end-use BTUs of the potential, while
end-uses and facilities managed by private-sector entities
make up g0 trillion end-use BTUs of the potential.

Barviers o eapturing the efficiency potential
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Bouree:

The prevailing barriers in this cluster vary by ownership category. Local governments
typically own water service facilities and often (but not always) own street lighting, while
private-sector entities own telecom infrastructure. Water service facilitiesand street
lighting (when owned by government) face barriers typieal of government buildings,
namely capital availability and inconsistent regulatory support for performance
contracting. Streetlighting, when owned by the utility, may encounter agency issues.
Common barriers affect all three categories of community infrastructure:

z Riskaversion. Many operators are risk averse and put a2 premium on reliability;
they may not he inclined to pursue energy efficiency activities for fear of disrupting

essential services. 7

= Lack of performance awareness or accountability, Water operators typically
manage to such metrics as discharge level and water quality; energy efficiencyisnot
usually a metric for which they are accountable.” Similatly, telecom infrastructure
is geographically dispersed and budget ownership within an organization is often
fragmented, both of which introduce management challenges. Asa result, operators
often do not have a consolidated view of the energy consumption they manage.”™
Finally, other considerations, such as equipment features (e.g., flexibility, backward
compatibility, vendor compatibility), may take precedence over energy efficiency.”

169 We have excluded natural gas and distillate fuel 6i} consumption {3,350 trillion end-use BTUs in 2o26)
attributed to community infrastructure and miscellaneous load in AEQ 2008 due to lack of informatien

about the sources of consumption and the efficiency opportunities,
170 Expert interviews.
171 Expertinterviews.
w2

173

Expert interviews,

Expert interviews,
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]

Competingusesfor capital. Energyefficiency projects may compete for
capital with core business projects, such as upgrades to the next-generation mobile
technology™ or new lighting capacity additions.

Solution strategies to unlock potentiat in community infrastruchure

Several solution strategies can address one or more of the barriers affecting community
infrastructure efficiency potential (Exhibit 30). The relative emphasis for each measure
may differ based on the type of community infrastructure addressed.

Exhibit 30 Addressing barrers In commurnity infrastructure
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Benchmark energy consumption (piloted). Expanding existingbenchmarking
tools, such as the EPS’s Portfolio Manager, to include water distribution facilities,
streetlighting, and distributed telecom infrastructure would help provide a voluntary
standard for 230 trillion end-use BT Us of potential or 79 percent of total potential

in thiscluster. Such benchmarks should normalize for differences, especially if
addressing telecom base stations where technology generation, supported bandwidth,
voice and data usage, encryption level, and geographical spread of consumers served
could significantly impact benchmark definition.

Setbinding targets (piloted). Stateand local governmentscould mandate energy
efficiency targets for water servicesand street lighting, by expanding existing
programs.”s Energy efficiency measuresin water services couldyield savingsof1oto

30 percentand would include retrofitting facilities with more efficient pumps and
motors, incorporating variable frequency motors, installing dissolved oxygen sensors for
the aeration process, and installing a system for overall plant monitoring and control. ¥

Enableperformance contracting (emerging). Water treatment and street
lighting would benefit from regulatory changes that would facilitate performance
contracting, as discussed for government buildings. .

Expert interviews,
See, forinstance, EPA ENERGY STAR Challenge for water systems. <www.energystar.govs

Richard Brown, “Energy Efficiency and Renewable Energy Technologies in Wastewater Management,”
testimony before House Subcommittee on Water Resources and Environment, 4 February, 2009.
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Other enabling sclution strategies include capturing available funds'”” and improving
training by including efficiency within existing EPA guidelines for periodictrainingand
certification. To support these solution strategies, fund regulators could make full access
toavailable funds contingent in part on fulfillment of a training requirement.

177 Water treatment facilities ean access existing funds for energy efficiency improvements, including State
Energy Program, Energy Efficiency Conservation Block Grant, Drinking Water State Revolving Fund, and
Clean Water State Revolving Fund.
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4, Approaches to greater energy
efficiency in the industrial sector

The industrial sector will consume 51 percent of the 2020

baseline end-use energy in the United States, equivalent to o Savings

20.5 quadrillion BTUs of end-use energy. The industrial energy use due to BE

sector offers 3,650 trillion end-use BT Us of NPV-positive ~ SO0 2080~ 2020

energy efficiency potential, equivalent to 18 percent of END-USE ENERGY 10,200 20530 3,650 16
its forecast energy consumption in 2020 (Table 13).78 Trllion BTUs

Capturing this potential would save $47 billion per & Dlectiicity Twh 1080 Rt 0 3
yearin energy costs, though between 2009 and 20201t # Netural gas 5370 3.860 1,040 [
would require present value investment of $113 billion r Other fuels” 10200 11,090 1870 2
yielding total present-value savings of $442 hillion.7¢ Tt is PRIMARY ENERGY 27320 28,520 5,030 8
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than in the residential or commercial sectors: the South, EMISSIONG Y 1310 froee T

for instance, contains 50 percent of consumption and

Megatons GO
49 percent of the efficiency potential.

FEnergyconsumption in the industrial sector (as examined
inthisreport}isforecastto growby 0.5 percent peryear,
reaching 20,530 trillion end-use BTUsin 2020. Thisrateis
slower than expected GDP growth because of3 to 14 percent
improvements anticipated in energy-intensive industries Bowsoe:
(i.e.,cement, chemicals, iron and steel, pulp and paper, and
refining).®e

The energy intensity of production in industrial subsectors varies widely, from 52.3 end-
use BTUs per dollar of value added in cement productionio 0.4 end-use BTUs per dollarin

178 The industrial sector as a whole is projected to consume 25,820 trillion BTUs of end-use energy in 2010.
We exeluded transport fuel (1,380 trillion end-use BTUs) and asphalt consumed by the construction sector
{1,080 trillion end-use BTUs), as well as chemical feedstock {4,080 triilion end-use BTUs), identifying
potential efficieney in the remaining 19,290 trillion BTUs of end-izse consumption,

179 This does not include primary energy potential of 1.4 quadrillion BTUs from industrial and commereial
CHP, which is discussed later in the chapter.

180 For the purposes of this report energy-intensive industries include those requiring intensities above
10 BTUs per dollar of value added: cement, bulk chemicals, refining, iror and steel production, and pulp
and paper, See Exhibit 28 for a list of sectors. We excluded aluminum and glass products due to their iow
totai consumption and mining as its consumption is primarily driven by transportation.
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computer assembly. We found that opportunities forenergyefficiency are highly fragmented
acrosssubsector-specific process steps (e.g., pulping and bleaching in pulp and paper,
clinker production in cement, and secondary hot rolling in iron and steel), which represent
67 percentofthe potential. Cross-cutting energy supportsystems, such assteamsystems,
motors, and buildings, represent the remaining 33 percent ofthe potential. Sixty-one
percent of the total opportunity resides in energy-intensive sectors, with 39 percentinnon-
energy-intensive sectors. Inaddition tothese energy efficiencyinitiatives, NPV-positive
deploymentof combined heat and power systems could increase from 85 GWin 2008 to

135 GWin 2020, representing a substantial opportunity to increase efficiency in primary
energy and drive 1,390 trillion BT Us of primary-energy savings, reduce facility-level energy
costsby $77billion, and abate greenhouse gas emissions by 100 megatons of CO.e.

We have divided the industrial sector into four clusters {Exhibit 31). Unlike the residential
and commercial sectors, the three end-use clusters in the industrial sector share similar
barriers and solutions, while CHP, which generates electricity and thermal energy froma
single fuel source, stands apart. Therefore, we will group the three energy-use clustersinto
asingle discussion and address CHP separately.

Exhibit 31: Clusters of enargy efficiency patential in the industrial sector
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EFFICIENCY POTENTIALIN INDUSTRIAL ENERGY CONSUMPTION

The energy-savings potential inthe industrial sector dividesinto three clusters: energy
support systems, process energy in energy-intensive industries (with 10 ormore end-use
BTUs perdollar of value added), and process energy in non-energy-intensive industries
(withlessthan 10 end-use BTUs per dollar of value added). The energy support systems
cluster (1,220 trillion end-use BTUs of potential) consists of steam systems, motor
systems, and buildings that support manufacturing processes (but are not core tothose
processes) across all industrial subsectors; it also includes waste heat recovery from these
systems, specifically steam system waste heat. Energy-intensive industry processes
(1,550 trillion end-use BTUs of potential) include process energy and process system waste
heatrecovery. Non-energy-intensive industry processes account for some 870 trillion
end-use BTUs of potential (Exhibit 32).*® Given differencesin the nature of the potential,
we will describe the potential for each cluster before describing the barriers to greater
efficiency and potential solutions to those barriers,

Exhibit 320 ndustries modsled for energy efficlency potential

Total end-use enargy consumption
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Energy Intenslty
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* Despite presenling an energy intenslly abova 10 BTU per dollar of value added il is modeled with non-gnergy
Intenslve given ils small tetal energy consumption of only 370 trillion BTUs
Boutca: E{A AEG 2008, McKinsey ahalysls

Energysupport systems

Industrial energy support systems consist of steam systems, motor systems, and building
infrastructure (i.e, lighting and space conditioning). These systems are forecastto
consume 8,540 trillion end-use BTUs of energy in 2010, with consumption forecast to
grow at 0.3 percent anmually to 8,800 trillion end-use BTUs in 2020 (Exhibit 33). These
systems offer 1,220 trillion end-use BT Us of NPV-positive efficiency potentialin 2020,
requiring an estimated upfront investment of $34 billion and generating presentvalue
savings of $164 billion (Table 14).

181 Though aluminum requires 13.5 BTUs of energy input per dollar of value added, it represents a small
subsector in the U.5. economy (370 trillion end-uze BTUs) and is therefore grouped among non-energy-
intensive subsectors. ’
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% Steamsystems. Thesesystems(e.g.,

steam generation [boilers), distribution,

Energy BAU Samngs‘ Bavings
and condensate-recovery systems) are use energy use dusio BE  Perment
projected to consume 5,360 trillion end- - 2010* ~ 2000 -2020
use BTUs of energy and provide END-USE ENERGY 8,640 8800 1000 4
460 trillion end-use BTUs of potential Trition BTUs
in 2020, with petroleum accounting # Blecticky TWh H7O 350 120 %
for 35 percent of the potential, natural = Natural gas 1.920 2,040 250 15
gasgspercent, andotherfuelsgopercent. s Other fuals® 3,650 3,870 820 13
Efficiency measuresincludewaste FRIMARY ENERGY 14,870 14960 2,150 £
heat recovery{i.e., fromboiler exhaust Trillion BTUs
andwaste gases and liquids), which # Hlectrcity 9,220 8,970 1820 i3
would provide an additional 150 » Natural gas 2,000 2120 280 15

EMISSIONS B¢ 910 130 14

trillion end-use BT Us of potential,

. . . Megatons GO0
steamtrap maintenance, insulation of HACAS M

distribution systems, and valve and fitting
improvements.

= Motorssystems. Motor-driven
systems are projected to consume
2,330trillion end-use BT Us of energy,
allofitele ctricity, totaiing 680 TWh, L silf‘!;f:uiim. #1 aeouately seperating s corisumyhon @itg each
which represents 65 percent oftotal Souwcs | EAAED 2005, Mckingsy snclyss
industrial electricity consumption.
These systems {e.g., pumps, fans, air compressors and motor-driven industrial process
systems) provide 250 trillion end-use BTUs (70 TWh) of potential in 2020, Efficiency
improvements include matching component size with load requirements, using speed
control, and improving maintenance; together, these improvements represent 77 percent
of this potential. Motor-drive upgrades beyond EISA 2007 standards®2 and improved
motor management offer the remaining
23 percent.

# Buildings,. Buildings consumeenergy for HVAC, lighting, and other support
functions. By 2020, buildings are projected to consume 1,110 trillion end-use BTUs,
including 160 TWh of electricity, 190 trillion end-use BTUsof nataral gas, and
36otrillion end-use BTUs of other fuels. Upgradestolighting and appliances, plus
retro-commissiening of HVAC systems and building shells, would provide 360 trillion
end-use BTUs of potential.

182 More strict motor efficiency standards included in EISA 2007 address efficiency upgrades for new motors;
some potential exists in motors maintained beyond the end of their useful life that should be replaced.
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Exhibit 3% Efficiency potential in energy support systems - 2020
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inergy-intensive industry processes

Energyintensive industry processes are expected to
consume 10,440 trillion BTUs of energyin 2020: this
would include process heating and cooling, and such highly
specialized process steps as elinker productionin cement,
blastfurnacesiniron and steel manufacturing, hydro-
cracking inrefining, and bleaching in pulp and paper.

The savings potential for this cluster is 1,550 trillion end-use
BTUs, consisting of 40 TWh of electricity, 490 trillion end-use
BTUsofnatural gas, and 940 trillion end-use BTUs of other
fuels {Table15). Savings measuresinclude implementing

new processes, incrementally improving eurrent processes,
upgrading process monitoring and maintenance, and
Increasing waste heat recovery in specific process systems,
Three forms of waste heat recovery offer savings potential:

# High-quality heat recovery, including sinter plants,
annealing lines, and top-pressure recovery turbines,
which can be harnessed for such uses as process energy,
electricity generation, fuel preheating, and steam
generation

3

Low-quality heat recovery from cooling water and return
lines, which canbe used for water heating and space
conditioning

B waste heal recovery
%5 Steam systems
ﬁ Mator systems
¥ Building utiflias

sy
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use  energy use dusto BEE Peoemt
-~ 20 -~ 2020 - 2020

END-USE ENERGY 9,930 10,440 1460 15
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Recovering waste streams for fuel, such ashydrogen in refining, basic oxygen furnace

gas, blastfurnace gasiniron and steel, and blackliguor gasification in pulp and

paper.'®

183 N. Martin et al,, “Opportunities to Improve Energy Efficiency and Reduce Greenhouse Gas Emissions in

the U.S. Pulp and Paper industry,” LBNL, 2000, Expertinterviews,
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Measures to capture this potential would require upfront investiments of $51 billion, but
would generate present value savings of $182 billion; 42 percent of the potential would pay
backinlessthan 2.5 years.

Non-energy-indensive indushey proceasses

Non-energy intensive industry processes (e.g., food products, plastics, electrical
equipment) are expected to consume 6,300 trillion end-use BTUs in 2020."® Savings
measures available in this cluster include improved maintenance, process energy
monitoring, and waste heat recovery.s

This cluster contains 870 trillion end-use BTUs of efficiency potential, offering $06 billion
in present-value savings with an expected upfront investment of $28 billion (Table 16).
This opportunityis highly fragmented across some 330,000 plants in 14 industries. The
largest g percent of plants (9,500}, however, consume 41 percent (2,590 trillion end-use
BTUs) of the energy and offer 38 percent (330 trillion end-use BTUs) of the efficiency
potential, suggesting that these sites wonld be the most attractive to pursue first.

Barviers to capturing energy efficiency

The industrial sector faces five major
barriers that togetheraffectthe bulk of the

. . . . Energy BAL  Savings  Savings
available energy efficiency potential: use anergy use dueto BE  Demey
s - PO 2020
# Lowawareness and attention. END-USE ENERGY 6.330 6,500 a7 13
Energytypically represents a relatively Trition BTUs
small fraction of operating costs (less = Elactrioity TWh 150 110 24
than 5 percent), leading tolowlevels of & [Matural gas 2,050 2,080 13
awareness and attention from senior # QOther sl 3,800 3,590 %
management atindustrial companies. 6 PRIMARY ENERGY 7220 70 i
Opportunities often require technical Trtion BTLs _ .
analysis that on-site employees rarely » Elactricity 1,200 H 20 =r0 ,
performbecause of insufficient training, oo 2/a 988 2130 220 280 i
EMISSIONS 430 430 0 15

awareness, or management concern. The

. , ) ) Megatons COxe
savings potential varies considerably

by site, ranging from 1010 40 percent,
even for sites within the same subsector,
highlighting the need for site-specific
analysis.®” This issue is exacerbated by
the lack of focus on energy efficiency

by top management, leading to under-
prioritization of energy as an important
strategiclever or metric to manage,
resulting in limited investment in developing the required technical expertise.

Shustar

Bourge:  HEIA AEQ 2008, MoKinsey ansiyila

184 Given the many processes used in these sub-sectors, we ereated top-down medels to identify the key
characteristics of the opportunities based on our extensive experience serving these industries.

185 Seethe "ENERGY STAR Guide for Energy and Piant Managers” (2008), a series of papers by LBNL's
International Energy Studies exploring “Energy Efficiency Improvement and Cost Saving Opportunities”
for many industries, including Pharmaceuticals, Wet Corn Milling, Fruit and Vegetable, and Vehicle
Assembly; available at <http://ies.ibl.gov/publications>,

186 Refining (13 percent total savings, 5 percent process energy savings) and to a lesser extent chemicals,

{1g percent total savings, 11 percent process energy savings) often represent an exception to this rule.

187 Expert interviews.
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Elevated hurdlerate. Industrial sites generally receive verytight operational
budgets, and plant managers are encouraged te maximize production while keeping
near-termquarterly costslow. Furthermore, management tends to focus on quarterly
targets, potentially at the expense of projects that pay back over longer periods. Forty-
three percent of energy managers indicate that they use a payback period ofless than
3 years for energy efficiency projects,'® while under difficult economic conditions
anecdotal evidence suggests many companies require a payback period of 18 months
orless on all investments.™™ Requiring a 2.5-year payback would reduce identified
industrial potential by 46 percent or1,6g0 trillion end-use BTUs.

Capital allocation and elevated hurdle rate. Capital allocation from internal
sources faces strict capital budget constraints with non-core projects (e.g., energy
efficiency) competing for funding against core projects on unlevel ground. Often
energy efficiency projects face an elevated hurdle rate compared to core projects.
Furthermore, corporations often separate plant operations and maintenance budgets
from capital improvement budgets, creating an organizational challenge forenergy
efficiency efforts, because the costs reside in one budget while the savings residein
another. Finally, even if projectsare attractive by internal standards, corporations
may remain reluctant to raise debt for energy efficiency projects for fear of adversely
affecting their balance sheetsand credit ratings.”s°

Hightransaction “cost.” Transaction “costs™ associated with implementing
efficiency-related process improvements include space constraints, invested resource
time, process disruptions, potential effects on product quality, and safety concerns
associated with system integration and energy support system maintenance, s

Procurement and distributor availability constraints, Lackof product
availability can occurwithin an enterprise’s procurement system, with the distributor,
orinthe marketplace. Many procurement systems contain limited inventory, typically
focus on upiront cost rather than total cost of ownership, and require special processes
and additional time to procure non-pre-approved parts. Distributorlimitations
primarily affect replacement of equipment during urgent situations because inventory
carrying costsrestrict distributors’ ability to respond to immediate needswith the
muostefficientsolutions. Marketplace limitations arise from therisk aversion of plant
managers: despite continued ability of manufacturers to improve technology, risk
aversion frequently creates demand for in-kind rather than more efficient replacements,

188 “Johnson Controls Energy Efficiency Indicator, North America,” Johnson Controls and the International

Farility Management Association, 2008.

189 Expert interviews,

190 Expertinterviews.

191 Quantifiabie transaction costs including eosts for engineering time and system integration are included

in the investment sum; transaction costs considered barriers include those with uncertain incremental
financial impact given challenges regarding allocation of marginal employee time, and uncleay or
misperceived impacts on preduct guality and safety.

192 Expert interviews.

)1
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1 Eericwahte:

Solutionstrategies to unlock the potential

Solution strategies to address these barrviers cut across consumption clusters and fall into
four groups: promoting energy management, providing energy assessments and training
tools, offering monetary incentives, and establishing efficiency target agreements or
equipment standards (Exhibit 34). -
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Exhibit 34: Addressing barriars in industrial clusiers”
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= Promoting energy-management practices (proven/piloted). 9 Strong compatiy-

wideenergy-management practices supported by part-time or full-time on-site energy
managers have proven effectivein achieving greater energy efficiency. Specifically,
energy managers can directly play adecisive rolein capturing 1,730 trillion BTUs of end-
use energy potential (47 percent of the efficiency potential identified in these clusters

or 8 percent of total end-use consumption), They target this potential by implementing
process and support system measures categorized as improving monitoring and control,
improving operating practices, and assuring timely repair and regular maintenance.
Implementing these measures will require $39 hillion as upfront investment.
Furthermore, this solution strategy directly addresses the awareness and attention and
product availability barriers by giving primary responsibility to an individual or group.
To address the capital allocation and elevated hurdlerate harriers, management could
allocate appropriate fundsto the energy manager, As of 2002, fewerthan 2 percent
offacilities had on-site energy managers, 4 despite clear examples of companies that
reduced their energy costs by 20to 30 percent through effective energy management,'s
Effective programs typically include a corporate-level, multi-year planning horizon;
‘designated accountable energymanagers and champions; sufficient capital allocation; -
process and support system energy auditing; and plant orline-level performance goals
and performance tracking. 196

— EPASENERGY STAR Partnership focuses on helping industrial companies

" develop and refine corporate energy-management programs. In 2007, nearly 500
U.5. manufacturing partners made a commitment to followthe program’s energy
management guidelines. The guidelines included assessment, benchmarking,
energy management planning, and progress evaluation.

193 Proven in two clusters (energy support systems and process improvements in energy-intensive industries)

and piloted in one cluster (process improvements in the non-energy-intensive industries).

194 MECS 2c02.
195 Aimee McKane, et al,, “Certifying Industrial Energy Efficiency Performance: Aligning Management,

Measurement, and Practice to Create Market Value,” ACEEE, 2007. Expert interviews.

196 Christopher Russell, “Strategic Industrial Energy Efficiency; Reduce Expenses, Build Revenues, and

Control Risk,” Alliance to Save Energy, July 2003,
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~ Plantcertifications, similar to OSHA safety programs, can encourage adoption of
energy-management programs, Energy-management certification protocols, such
as the emerging IS0 50001 standard,” will likely strengthen energy-management
practices.

# Providing energy assessment and training tools (proven/piloted)."®
Subsidized assessments and distribution of training materials can increase awareness
of energy-saving opportunities:

— TheDOE Industrial Technology Program “Save Energy Now” represents a national
initiativetodrivea 25 percent reduction in industrial energy intensityin 10 years. It
hasalreadyhelped 2,100 U.S. manufacturing facilities save an average of 8 percent
oftotal energy costs. They have performed 200 assessments of steam systemsand
process heat systems across 40 sites in 2006, 257 sites in 2007, and 301 sites in 2008.
Surveys 6 monthsafter the assessment showed participants had implemented or
were in the process of implementing 60 percentofthe recommendations. More
than 9o percent of participants found assessments played an influential or highly
influential role in their implementation of energy-saving projects.9? Significant
resource requirements would make enlarging programslike this challenging,
Assessment ofa single establishment costs approximately $10,000, including 2 FTE
weeks. Assessingthetop 10 percent would require an investment of $300 million,
including more than 1,000 FTE-years.

— EPASENERGY STAR Industrial Partnership (through Lawrence Berkeley National
Laboratory) and other organizations have created subsector-and technology-focused
guidebooksthat highlight operational best practices and provide tools forconducting
energy-savings assessments, Wisconsin’s public benefits program, Focuson Energy,
serves asone example of impact: an independent evaluation revealed thattheir pulp
and paper guidebook achieved 67 percent market awareness; 75 percent of those
aware of the report consulted the guidebook and 11 percent of those awareof the
reportimplemented identified practices.2e°

# Monetaryincentives (piloted/emerging). > Monetary incentives can address
capital allocation and availability concerns, shorten payback times, and help overcome
product availability barriers by reducing procurement challenges. There are multiple
examples ofinnovations in thisarea:

— Companies that havea strong relationship with end-userscan improve the energy
efficiency of related businesses by requiring greater energy efficiency from
them and others in their supply chain. Wal-Mart’s “supply chain of the future”
initiative, forexample, is targeting 20 percent energy savingsin its supplier base
by 2012, focusing on energy and emissions in seven product categories.?* Wal- -
Mart provides suppliers incentives and support (e.g., subsidized energy audits) for

197 A consortium of companies and governments (including the U.S. Council for Energy Efficient
Manufacturing) are cusrently developing IS0 50001, in order o make energy management an
integral part of industrial operating practices on par with safety, quaiity, waste reduction and
inventory management,

198 Proven in two clusters (energy support systems and process improvement in energy-intensive industries)
and piloted in one cluster (process improvements in the non-energy-intensive industries}.

199 Donald Kazama et al,, “California’s Industriai Energy Efficiency Best Practices Technical Qutreach and
Training Program,” California Energy Commission, 2007. Jokn Nicol, “Market Impact of the Pulp and
Paper Best Practices Guidebook,” Science Applications International Corporation, 2007; survey size:
19 customers.

200 John Nicol, “Market Impact of the Pulp and Paper Best Practices Guidebook,” Science Applications
International Corporation, 2007; survey size: 19 customers.

201 Piloted in two clusters (energy support systems and process improvement in energy-intensive industrics)
and proposed in one cluster (process improvements in the non-energy-intensive industries).

202 “Supply Chair Sustainability: Wal-Mart’s Commitment to the Future,” SIF International Working Group,
Qctober 2008, <www.socizlinvest.org/projects/iwg/documents/Anderson_Presentation_10-08_vz.pdf>,



Uniocking Energy Efficiency in the U.S. Economy
4. Approaches b greater energy efficlency in te blustrial sector

energy-saving projects. Similarly, afew manufacturers provide energy efficient
equipment at reduced upfront cost, which they finance through shared savings.

— Direct incentives from manufacturers, distributors, government, or utilities
would accelerate the adoption of new technologies. Support system and process
system upgrades remain rare, because of the large perceived risk of early adoption.
Supporting pilots and providing incentives could help address this problem.

& Establishing efficiencytargets orequipmentstandards (piloted/emerging).>?
Agreements tailored to a subsector canbe effective in raising awareness of energy
efficiency among top management. Such agreements can increase capital allocations,
lengthen allowed payback times, build awareness at the linelevel, and increase product
availability as management drives the organization to meet targets.

— Voluntaryagreements. Avariety of commitmentsare possible with voluntary
agreements,** including industry covenants, negotiated and long-term agreements,
codes of conduet, benchmarking, and monitoring schemes. Inreturn, participants
may receive compensation, potential regulatory exemptions, avoidance of stricter
regulations, and/or financial rewards. The flexibility, speed of implementation and
easeofadjustmentappeal to regulators, though concerns over recourse regarding
non-compliance persist, Sweden’s 2005 program launching 5-vear agreements®#
and the Netherlandslong-term agreements (“LTA1” and “LTA2") with the chemical
industry toimplement approved energy-management systems together drove
23 percent energy efficiencyimprovement from 1998 to 2006.

— Efficiency standards for support-system equipment. Settinghigh
efficiency standards for support-system equipment can help address technology
availability by increasing demand (and therefore supply) of efficient equipment.
The benefits of standards have to be balanced against implementation challenges
arising from system customization, high engineering costs, limited speed
of deployment, and long equipment life: for example, of 43,000 industrial,
commercial and institutional boilers with heat input greater than 10 million BTUs
per hour, 70 percent were more than 40 years old as of 2002, limiting the impact
of standards on newequipment. Standards are even more difficult, and possibly
not cost-effective, toimpose on specialized process equipment given thelow
volumeand case-specific usage characteristics of such equipment.

203 Piloted in one cluster (process improvement in energy-intensive industries) and proposed in two clusters
{energy support systems and process improvements in the non-energy-intensgive industries).

204 Though participation is usually veluntary, onee industry members and regulators reach an agreement,
non-eompiiance typically leads to penalties.

205 Sweden requests companies to implement an accredited energy management system, carry out an energy
audit and implement all identified measures with a payback period less than 3 years. In returnthe
company receives a tax exemption on process-related electricity consumption, dependent on compliance,

206 “Industrial Boiler MACT Analysis,” EPA, 2002,
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INDUSTHIAL AND COMMERCIAL COMBINED HEAT AND POWER

Combined heat and power (CHP) systems generate electricity and thermalenergyina
single, integrated system. The result issignificantly higher overall energy efficiency:
engine-driven CHP systems can achieve total thermal efficiencies of 70 to 8o percent.
This compares favorablyto a netthermal efficiency of 45 percent from the combination
ofa conventional power plant and an on-site boiler providing comparable benefits, 27
Eliminating transmission and distribution losses and recycling waste heat produce this
efficiency improvement.

Industrial CHP typically involves the use of steam or natural gas turbines for electricity
generation, with capacities as high as 100 MW ormore, Commercial CHP typically

uses smaller systems providing some or all on-site thermal and electricity using natural
gas reciprocating engines (capacities range from 800 kW to 5 MW). The United States
has approximately 75 GW of on-site industrial CHP and 10 GW of installed commercial
capacity. Installationsare highly concentrated geographically, with 24 GW (28 percent
of U.S. capacity) along the Gul{ Coastin Louisiana and Texas, 5.8 GWin New York, and
9.2 GWin California.?*® It is worth noting that both California and New York have higher
than average energy prices and spark spreads, and stringent air quality requirements,
demonstrating that it is possible to achieve high levels of penetration to meet economic and
compliance goals.

Anadditional 50.4 GW of CHF are NPV-positive for deployment by 2020, involving
upfront investment of $56 billion (Exhibit 35) and providing a present value savings of
$77billion and an annual savings of 100 million tons of CO.e emissions. The potential
varies markedly by region, system capacity, and sector:

# The South (mostlyindustrial) and East (mostly commercial) Census regions offer
70 percent (approximately 35 GW) of the NPV-positive potential. Further variation of
the potential by region depends on local power prices, space conditioning loads, and
the cost and availability of primary fuels, typically natural gas.

#  Large CHP systems{greater than 50 MW) represent some 70 percenit of the NPV-
positive potential in the industrial sector.

#  Sectorslike chemicals and iron and steel, which together consume 20% of the total
industrial end-use energy represent a disproportionate share of the opportunity
with 47% of the total industrial CHP potential, owing to theirlarge steam energy
requirements.

#  Opportunities in the commercial sector represent 24 GW of NPV-positive potential
distributed among smail-scale installations in thousands of buildings across the
country. Large office buildings (14 GW), healthcare facilities (6 GW), and universities
(4 GW) comprise the largest opportunities.

Although some additional attractive opportunities may exist in residential or other
commercial settings, substantial cost reductions would be necessary to create abroader
market for CHP in these applications.

207 Lauren R. Mattison, “Technical Analysis of the Potential for Combined Heat and Power in Massachusetts,”
University of Massachusetts, Amherst, May 2006,

208 “CHP Instaliation Database,” ICF International /EEA, accessed June 2009, < www.eea-inc.com/chpdata/
index.him! >
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Exbibit

35; Potenttal for combined heat and power {CHP} - 2020

Barviersiogreater energy efficdency
Over the past two decades, a number of technical and regulatory barriers to wider adoption
of CHP have been removed; however, cost, information, and regulatory barriers impede
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Source: EIA AEQ 2008; McHinsay analysls

the full capture of CHP potentialin the industrial and commerciai sectors,

# Capital constraints. Installing a CHP system requires significant upfront
investment and ongoing operating expense that are recovered through lower energy
costs over thelife of the equipment.®®? Installation of a typical 10-MW gas turbine
system can cost $10 million to $13 million, with anmual non-fuel operating and
maintenance costs ranging from $200,00010 $700,000.%*° Many industrials donot
havethe discretionary capital or are hesitant to use it onsuch along-term investment.

i

Riskanduncertainty. Beyond installation costs, developinga CHP system incursa
range of additional project and operational risks that the host company would not bear
ifit were to rely on a central utility for its power needs, Theserisks includeinstallation
gverruns, system integration issues, permitting challenges, lost margin due to system
shutdowns, volatility in gas prices, power price uncertainty, and environmental
emissions exposure, among others. Additionally, movingto a single source of power
exposes companies to higher commodity and disruption risk related to the chosen

commodity.

Lack of awareness and limited management support. CHP systems are often
seen as fixed cost-centers that require non-core expertise to manage and operate,

Pricing distortions. Ifrules governing grid connections are not supportive, they
can be a significant obstacle to adoption. Operators of CHP systems must pay various
tariffs that, while potentially justifiable from a grid operator's point of view, can

diminish the attractiveness of CHP:

~ Interconnection requirements. Fconomicuse of CHP for most customers
requires integration with the utility grid for back-up and supplemental power
needs, and, in some cases, sale of excess power. CHP systems must be able to safely,
reliably and economically interconnect with the existing utility grid system. To

209 “CHP Project Development Handbook,” EPA, 2008,

216 "Catalogue of CHP Techaologies,” EPA, December 2008. Assumes 6000 anmeal hours of operation.
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ensure safety and reliability of self-generators, grid operators typically need to
grantapproval for new generation systems prior to interconnection. The current
lack of uniformity in interconnection standards makes it difficult for equipment
manufacturers to design and produce modular packages;*" gaining approval can,
therefore, be complicated, time consuming, and costly.

— Standbyrates and exitfees. Facilities with CHP systems usually require
standby or back-upservice from the utility to provide power when the CHP system
is down for routine maintenance or unplanned outages. The utility must therefore
bear a maintenance costassociated with the generation, transmission and
distribution capacity (depending on the structure of the utility) required to supply
baclkup power when requested (sometimes on short notice). Thelevel of these
chargesisoften a point of contention between the utility and the consumer, and
can, without proper oversight, create unintended and importantbarriers to CHP.
Furthermore, customers that leave the grid maybe charged an exit fee to allowa
utility to recover future costs already allocated to the support of that customer.

In some cases, the charges are prohibitively high, undermining the case for
CHPinstallation.

— Sitepermitting and environmental regulations. Input-based emissions
standards penalize CHP systems that increase on-site emissions while decreasing
overall grid emissions. Twelve states have adopted output-based environmental
regulations. Output-based regulations are expressed as emissions per unitof
useful energy output {e.g., pounds per megawati-hour {Tb/MWh}), and promote
clean energy by accounting for the benefits of reduced air pollution effects from
energy efficiency in the compliance computation.®® CHP in ozone non-attainment
areasin the 38 states where these regulations have not been enacted may require
additional pollution-control equipment and emissions-offset purchases that can
affect project economics.

Solution strategies to unlock potential

Overcoming the barriers to CHP deployment would likely require a mix of awareness
campaigns, regulatory support {including provisions to align utility and ESCO incentives),
and financing support (Exhibit 36).

#  Create CHP-supportive regulations (proven). The United States has used
regulations effectively to encourage CHP installation. Installed CHP capacity has
increased from about 12 GW in 1980 to more than 52 GWin 1999. Thelessonslearned
from previous legislation can inform development of a new model with similar aims,
suchas:

-— Targethigh-efficiency CHP systems thatare designed to meet the thermal needs
of thesite. Ifthis approach to a thermal base-loaded project produces excess
electricity, it is important to then ensure means for a reasonable return on this
excesselectricity

— Focusonbalancing transaction and regulatory barriers, including standby
charges, and interconnection requirements, with the need for overall efficiency,
reliability, long term planning, and customer costs

— Assuregrid reliability for ntilities and market clarity for would-be CHP installers

— Consideroutput-based emissions standards and simplified environmental
permitting procedures.

211 “CHP Effective Energy Solutions for a Sustainable Future,” DOE, December 2008,

212 “Qutput-based Environmental Regulations Fact Sheet,” EPA, 2007,
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# Providefinancial incentives (proven), Financialincentives to make CHP
economics favorable for third-parties, utilities, and industrials could target upfront
capital costs of the system or system installation costs. Taxrebates and direct
incentives would help address upfront costs. Althoughtaxrebatesarewidely
recognized as an enabler for CHP systems, they may not be as effective in the
commercial sector where some non-profit organizations (e.g., universities) would
notbe able to take advantage of them. Inthis case, directincentives (e.g., grants) may
prove to be more effective. Alternatively, an assisted-ipstallationincentive, inwhicha
qualified installer receives an incentive payment once a system is installed suecessfully
and functioning,? could help address capital constraints while mitigating project risk

and uncertainty.

% Build awareness (proven). Anationwidesurvey ofindustrialand commercial
facilities that would be possible candidates for CHP could raise awareness of
CHP’s potential. Apublicly available database of such facilities would decrease
risks, uncertainties, and transaction costs for developers willing to support CHP

installations and financiers willing to provide upfront financing,.

Exlyibit 36: Addrassing bartlers in combined heat and power {CHP)
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Additional policy options could support further deployment of CHP. Simplifying
interconnection of CHP systems by standardizing grid interconnection guidelines

and “fast tracking” approval processes would minimize several development risks and
enable manufacturer cost reduction through seale. Implementing output-ratherthan
input-based emission standards would allow CHP to gain full credit for the efficiencies
embedded initsintegrated design. Finally, aligning utility incentives by including CHP

as an eligible resource for Renewable Portfolio Standards (RPS) and/or Energy Efficiency
Resource Standards (EERS) could enlist utilities constructively in the development of this
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resource, an approach usedin 13 states today.

213 NYSERDA and ConEdison offer $0.10 per kWh plus $750 per kWtoa maximum of $2 million, while the
federal government offered limited-term investment tax evedits of 10 percent when launching PURPA in

1978.
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b. Developing a holistic
implementation strategy

Although the U.S. economy has improved energy productivity in important ways over

the pastthree decades, significant opportunities remain. The intent ofthis research
effortis to help inform discussion about ways to unlock opportunities for greater energy
efficiency, as the nation considers how to ensure energy affordability, promote energy
security, and address the issue of climate change. This report does not advocate a specific
strategy or set of policies for capturing additional energy efficiency potential, ratherit
attemptsto delineate issues and choices the nation will face, We hope that this report may
provide businessleaders, policymakers, and other interested parties with a solid fact base
and some perspectives on possible approaches for economically sensible strategies for
pursuing greater energy efficiency in the U.S. economy,

The central eonclusion of our work: Energy efficiency offers avast, low-cost
energy resource for the ULS. economy — but only if the nation can craft a comprehensive
and innovative approach to unlock it, Significant and persistent barrierswill need to

be addressed at multiplelevels to stimulate demand for energy efficiency and manage

its delivery across more than roo million buildings and literally billions of devices. If
executed at scale, a holisticapproach would yield gross energy savings worthmore than
$1.2 trillion, well above the $520 billion needed through 2020 for upfront investment
inefficiency measures (not including program costs). Suchaprogram isestimated to
reduce end-use energy consumption in 2020 by 9.1 quadrillion BTUs, roughly 23 percent
af projected demand, potentially abating up to 1.1 gigatons of greenhouse gases anrually.

In 2008 the nation spent an estimated $10 billion to $12 billion on efficiency-related
investments;** capturing the full efficiency potential identified in this report would
require an additional investment of roughly $50 billion peryear (in present value

terms, four- to five-times this value, sustained over adecade, Even the fastest-moving
technologies of the past century that achieved widespread adoption, such as cellular
telephones, microwaves, orradio, took 10 to 15 years to achieve similar rates of scale-up.
Withount anincrease in national commitment it will remain challenging to unlock the full
potential of energy efficiency.

214 Spending on energy efficiency in 2008 included $2.5 billien in utility-sponsored programs, $3.5 hillion
on energy efficiency in the $5-billion ESCO market, and. $4 biltion to $6 billion for incremental investment
in insulation and efficiency devices. We excluded approximately $8 billion in spend on insulation because
it represents standard building practice rather than ineremental spend targeted solely at improved
energy efficiency.

g1
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Accomplishing such an increase in scale will require a comprehensive strategy for
pursuing opportunities and a coherent approach to system-level issues. Our research
suggests five important observations are critical to consider when developing sucha
comprehensive strategy. Both national and regional strategies witl need to:

1. Recognize energy efficiency asan important energy resource that can help meet
future energy needs, while the nation concurrently develops new no- and low-carbon
Energy sources

2. Formulate and launch at both national and regional levelsan integrated
portfolio of proven, piloted, and emerging approaches to unlock the full potential
of energy efficiency

3. Identify methods to provide the significant upfront funding required by any plan to
capture energyefficiency

4. Forgegreater alignment between utilities, regulators, government agencies,
manufacturers, and energy consumers

5. Fosterinnovation in the development and deployment of next-generation energy
efficiency technologies to ensure ongoing productivity gains,

1. RECOGNIZE ENERGY EFFCIENCY AS AN IMPORTANT ENERGY
RESOURCE THAT CAN HELP MEET FUTURE ENERGY NEEDS,
WHILE THE NATION CONCURRENTLY DEVELOPS NEW NG- AND
LOW-CARBON ENERGY SOURCES
Energy efficiency is an important resouree that is critical in the overall portfolio of energy
solutions. Likewise, as indicated in our prior greenhouse gas abatement work, new sources
of no- and low-carbon generation are also important components of the portfolio. While it
may seem counterintuitive initially given the magnitude of the energy efficiency potential
available overthe next decade, there are important reasons for continuing to develop new
no-and low-carbon options for energy supply. First, as described in ouroriginalreporton
U.S. greenhouse gas (GHG) abatement (Exhibit 37), energy efficiency in stationary uses
of energy representsless than half of the potential abatement available to meet any future
reduction targets. Additionally, some areas ofthe country will continue to experience
growth and some may need to retire and replace aging existing assets. The uncertain
growth of electric vehicles could further these requirements. Finally, pursuing energy
efficiency at this scale will present a set of risks related to the timing and magnitude of
potential capture. Assuch there remainsa strong rationale todiversify risk across supply
and demand resources.
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Exhibtt 37: ULS, mid-range graenhouse gas abatement curve - 2030
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2. FORMULATE AND LAUNCH AT BOTH NATIONAL AND REGIONAL
LEVELS AN INTEGRATED PORTFOLIO OF PROVEN, PILOTED, AND
EMERGING APPROACHES TOUNLOCK THE FULL POTENTIAL OF
ENERGY EFFICIENCY ’

Arange oftools can stimulate demand for energy efficiency, from those with aheavyreliance

onmarketforces (e.g., education and awareness building, greater information transparency,

price signals, energy efficiency markets) to those with amore interventionist approach

{e.g., mandates, codes, standards, and efficiency performancetargets). Tocapturethe

magnitude of potential identified in ourresearch within the timeframeit uses, the U.S.

will need to establish energyefficiency as a national priority and assemble a portfolio of

strong, coordinated policies and market mechanisms drawing from the proven, piloted,

and emerging solution strategies dis cussed in Chapters 2 through 4. Exhibit 38 arraysthe

clusters of potential (scaled to size of the opportunity) by the required upfront investment

(dollars per MMBTU of efficiency gain) along the horizontal axis and the experience with a

given solution strategyused to capture that cluster’s potential {proven, piloted, or emerging)

along the vertical axis. This tool facilitates evaluation of a portfolio against the relevant
parametersof cost, risk (e, experience), and return (i.e., size of potential). Theportfolio
depicted focuses on the most proven solution strategies deployed to date, The portfolio
focuses on codes and standards for electrical devices and small appliances, lighting and
major appliances, office and non-commercial equipment, and new buildings. Itlocksto
government intervention to address exis ting low-income homes (i.e., WAP). Finally, it
employs a blend of voluntary agreements, mandates, and incentives for industrial clusters,
government building, communityinfrastructure, and CHP and amix of audits, labeling, and
incentives for existing private commercial buildings and nen-low-income homes.
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In addition to seeking the impact of national efforts this portfolio should effectively and
fairty reflect regional differences in energy efficiency potential. Any approach would need
to make the following three determinations:

#  Theextent to which government should mandate energy efficiency through the
_ expansion and enforcement of codes and standards

# Beyond codes and standards, the extent to which government {or other publicly
funded third parties) should directly deploy energy efficiency

# Thebest methods by which to further stimulate demand and enable capture of the
remaining energy efficiency potential.

Use of codes and standards

Codes and standards have proven effective at capturing potential at national and state
levels. Codes and standards haveadvantages over other solation strategiesin that

they match the incremental investment directly to those users who enjoy the reduced
consumption benefits; they offera high level of certainty about execution; and their cost
ofexecution, at $0.15 to $0.30per MMBTU,*5 s typically lowerthan other approaches.
There would be some disadvantages to codes and standards: these would include costs
for effective enforcement; the difficulty of gaining agreement on the level and design of
the code, which could slow implementation and reduce impact; and, if not well designed,
a forcing of uneconomic measures in some regions or specific situations, even if measures
were economic on average. Additionally, some observers have reservations about
governmentintervention, and the corresponding sacrifice of personal liberty, leading
them to favor more market- or voluntary-based approaches.

'To the extent that legislators pursue codes and standards to capture the full potential

in areas where codes and standards currently apply (new buildings, highting and major
apphiances, electric devices and small appliances, and office and non-commercial
equipment), they would address 2,090 trillion end-use BT Us (23 percent) of the potential
energy savings. The required upfrontincremental investment associated with deployment

215 Scenarios for a Clean Energy Future, Interlaboratory Working Group, ORNL/CON-476 and LBNL-44029,
November 2000.
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of efficiency meastres prompted by these codesand standards would total $53 billion and
produce approximately $240 billion of present value in energy savings.

Thereare, however, additionalareas where codes and standards conld apply. Forexample,
ifa broader approach were taken to place codes and standards on government buildings and
energy-intensive industries where such measures have been piloted, these figures would
growbyanincremental $77billion in upfrontinvestment, which would yield an additional
1,910 trillion end-use BTUs (21 percent of total potential) in energy savings and offer
$231billion of present-value benefits. An even more expansive application of codes and
standards would apply them to existing commercial enterprises and residential buildings.
‘Thiswould offer 2,110 trillion end-use BTUs (23 percent of total potential) of energy savings,
requiring an incremenial upfront investment of $226 billion and providing an associated
$271 billion in present-value savings, This approach would be analogous torequiring
emissions inspections on existing vehicles and requiring owners to pay for bringing vehicles
uptostandard iftheyfail the emissions test; however, these energy efficiencyupgrades
would be NPV-positive, returning the owners more savings than the upfront cost.

The design of building codes would need to balance the benefits of uniformity with those of
regionality. Uniform codes enable manufacturers to capture economies of scale, redneing
thetotal cost ofimplementation to society. Regionality allows customization to account for
such factors as climate orlocal energy prices. In addition, administration and enforcement
atthe state, regional, and federal levels each have advantages and challenges. Codesand
standards set at a national or regional level would establish the “floor” for efficiency going
forward. Once thestrategy for codeshasbeen developed, other aspects of a comprehensive
strategy could belayered into place.

Role for government for other publicly funded third partles)

Select clusters, including low-income existing homes, government buildings, and
community infrastructure, may warrant government {or other publicly funded third
party}intervention, These clusters present a social imperative or represent ashared
resource potentiallyjustifying public intervention.

The DOE’s Weatherization Assistance Program (WAP) has been effective with existing
low-income homes. Overthe past 32 years WAP hasretrofitted 6 million of the existing

45 million low-income homes, with an average pace in recentyears of approximately
100,000 homes per year. Withrecent economiestimulus funding of approximately

$5 billion, the program is projected to address some 1 million homes peryear forthe next
3vears, a 10-fold increasein pace. Capturing the full efficiency potential of 610 trillion
end-use BTUs available in 2020, however, would require a further eight fold increase in
spending to fand the unaddressed approximately $40billion of upfront investment in this
cluster. Government intervention could be expanded in clusters where it isappropriate but
less proven, namely government buildings, and community infrastructure. Addressingthe
entire potential in these clusters, aswell as non-low-income homes, offers 1,26 ¢ trillion end-
use BTUs (14 percent of total potential) with an upfront cost of $76 billion and present value
savings of $174 billion. Alternatively, imiting this approach to homes while deepeningitto
addressall households with annual incomes under $50,000 would address 1,090 trillion
end-use BTUs (12 percent of total potential) and require $94 billion in upfront investment.

{rthermeans to stimulate demand

Any portfolio of solutions will require approaches for stimulating demand for greater
efficiencybeyond codes and standardsand government intervention. Exhibit 39 outlines
sixcommonly discussed tools for stimulating demand and comments on their relative
merits against five criteria. Either market participants or policymakers could use these
tools, Manufacturers or distributors, for example, often launch an awareness campaign
when marketing products; load-serving entities could approach regulators about adjusting
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recovery mechanisms to provide more accurate price signals to power customers. A
halanced portfoliowould seek to capitalize on the strengths of all market participantsin

the contextof activities by other participants, Though these additional approaches maybe
helpfulin pursuing efficiency potential in clusterswhere codes, standards, and third-party
deployment are used {as described above), these additional approaches may be especially
useful in the remaining clusters. These otherwise underserved clustersinclude existing non-
low-income homes, existing commercial enterprises, energy support systems, non-energy-
intensive industry processes, and combined heat and power which together represent

4,200 trillion end-use BTUs (46 percent of total potential) and have an associated

$344 billion in upfront investment providing presentvalue savings of $608 billion.

Exhibit 38 A wide portiolio of approaches will be necassary to
capture the full efficiency potential
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# Rducation and awareness. Options for improving awareness include expanded
labeling of devices and buildings; benchmarking; building audits and disclosures;
annual reporting requirements (e.g., an annual energy “10K” from businesses); and
education campaigns. Increased education and awarenessiswidelyviewedasa
necessary-but-not-sufficient component ofa holistic approach, becauseit relieson
end-user activity and provides savings of unclear durability. However, itcan be highly
cost effective, even at low capture ratios, if well designed.

% ‘Transparency of consumption information. Avariety oftools would improve
transparency of consumption information and relative energy performance, including
in-home displays of energy use, similar toa “miles-per-gallon” display in cars;
availability of consumption on-line, simnilar to usage counters for mobile phones; and
building contrel systems that allow for real-time tracking of consuroption for major
pleces of equipment. Studies in multiple countries have shownthat transparencyinto
real-tite consumption {e.g., through in-home displays) can result in long-term 4- to
15-percent reductions in demand, while delayed feedback provides lower savings.®®
Itseems important to include the context of any numbers provided such as relative
performance compared to similar buildings or efficient products currently available
commercially. Thisapproach suffers from limitations similar to education and
awareness, but represents a policy of limited market intervention.

216 Sarsh Darby, “The Effectiveness of Feedback on Energy Consumption,” Envirenmental Change Institute,

University of Oxford, April 2006.
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# Pricesignals, Thereare several options for price signals, including tiered pricing
(e.g., higherrates for higherlevels of consumption), general rate increases, and rate
adders, such asa cost for carbon. These could increase the price of energy and enhance
thefinancial attractiveness of energy efficiency. While there is undoubtedly some price
level that would drive wide-spread adoption of efficiency measures, the challenge will
be the political acceptability of achieving — and sustaining — a high enough priceto
inducesignificant adoption. Based on E[A estimates of price elasticity, energy prices
wouldneedtoincrease by approximately 20 percent for industrial customers and
approximately 5o percent for residential and commereial customers for consumption
to decline by the amount identified as NPV-positive potential in this report.?” There is,
however, no guarantee that customers will seek efficiency solutions to reduce demand.

#  Energy Efficiency Resource Standards (EERS) and targets. Business
Ieaders and policymakers could stimulate demand moredirectly by establishing
energy efficiency targets at the national, state, or local levels. Targetsshould beset
against a forecast consumption that includes growing and emerging applications
(plug-load devices, data centers, and electric vehicles, for example) and is regularly
re~evaluated to assure aceuracy. Targets could also apply to specific segments; for
example, new federal government buildings must reduce energy consumption by
30 percent, as mandated by the Energy Independence and Security Act of 2007.
Targets should incorporate an assessment of the efficiency potential within a region,
with careful attention to differencesin climate, energy cost, and prior efficiency
measures. California, for example, has made measured progress at capturing energy
efficiency for decades and benefits from a mild climate. Assuch, i mayrequirea
different target than regions with less well-established efficiency efforts and different
consumption profiles. Some approaches to capturing energy efficiency may result
in funds collected in one customer class to be invested for the benefit of another.
Regulators may want to make provisions toalign funds and investments withina
customer-clagss. EERS offers the advantage of clearly articulating an expected pace
and magnitude of efficiency improvements, while leaving the choice of specificactions
open. Furthermore, the managers of targets remain responsible for developing a
portfolio of solutions to capture the potential.

# Energy efficiency credits (EEC) and markets. Amarket for efficiency
could take several forms, though the central objective would be to enable market
participants to compete for savings to meet an energy efficiency target. Tosome
extent, thisapproach operates today in two forward-capacity markets (New England
and Pennsylvania-New Jersey-Maryland power markets). Energy efficiency bids
captured 26 percent of the 2,550 MW of new and existing demand resource capacity in
the ISO New England’s February 2008 auction. Ideally, such markets would attempt
to deliver the most cost-effective efficiency to meet targets. These markets, however,
arerelatively untested, potentially complex and expensive at scale, and require well-
developed evaluation, measurement and verification (EM&V) systems. Creatingan
; efficiency market at scale wonld require development of rules to define tradable credits
and could be challenging to administer, Ifpursued such a marketwould need tobe
tested thoroughly to understand all implications before being deployed at a national
- level. Finally, an EEC market requiresatarget (e.g., EERS) and faces the challenges
discussed under that mechanism (above).

# Financialincentives. Utilities and governments offer diverse financial incentives

’ in the form of rebates, price subsidies, and tax incentives to participantsin the
industrial, commercial, and residential sectors. Though a proven method, incentives
dorelyon end-user participation and are limited to addressing capital barriers,

217 AFRQ 2003 price elasticity study incorporated into the National Energy Modeling System (NEMS) suggests
residential price elasticities of -0.41 to -0.60 and commercial elasticities of -0.39 to -0.45 for different
fuels; industrial of -1.0. Energy Information Administration: price responsiveness in the AEQ 2003
NEMS residential and commercial building sector models.
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inchuding elevated discount rates and access to capital. Further, administrative costs
(seebelow) vary with approach, program maturity, and ad ministrative effectiveness. A
scaled-up program should identify the most cost effective channel and ad ministrative
structuretodrive impact.

The magnitude of the effort implied by pursuing such an extensive integrated

portfolio should not be underestimated. The pace of deployment will be a significant
consideration, given challenges with the legislative process, manufacturing constraints,
and human resources.

#  Legislative process, Crafting legislation, understanding its impact on stakeholders,
and moving through the public process to law and rule-making can consume
significant time and often require substantial compromise. Codes typically take
3yearstoinstitute, while newlegislation takes an unknowable but considerable
amount of time and resources (for example, carbon pricing legislation was first
introduced in the U.S. Congress in 1998 and is still under consideration in 2009).
Creating the necessary administrative structures will also require considerable time.

#  Manufacturing constraints, Producing hundredsofbillions of dolars of
merchandise needed for deployment will be challenging. Nonetheless, some
manufacturers have indicated that — ifdemand signals are clear — they can produce
the required products within a fewyears. For example, SEER-13 air conditioners grew
from 5 percent of salesto 9o percent in only 3 years with the introduction ofanew
standard.*® Others remain concerned about having capacity toincrease output to
required levelsifthe nation were to pursue the full savings identified in this report.

# Human capital requirements, Limitations in the available workforce and skill
base will likely present a significant challenge. Despite a national appetite for new jobs
—especially green jobs — identifying, training, and deploying contractors, inspectors,
manufacturers, managers, and administrators within the timeframe envisioned in this
report represents a considerable effort. Capturing the full potential could require a
workforce of roughly 600,000 or more active over the next decade to develop, produce,
deploy, administer, and verify efficiency measures.

218 Expert interviews,
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3. IDENTIFY METHODS TO PROVIDE THE SIGNIFICANT

UPFRONT FUNDING REQUARED 8Y ANY PLANTO

CAPTURE ENERGY EFFICIENGY
Defining a portfolio of policies and mechanisms will require trade-offs among the
five characteristics defined in Exhibit 39 — experience to date, speed of deployruent,
complexity of implementation, source of investment, and administration and other
costs. Identifying appropriate and sufficient funding for the upfront investment willbe a
particular challenge, for which there are twobroad approaches. “End-user funding” refers
to occasions when end-users pay for energy efficiency investments directly (upfront or over
time), even when driven by abuilding code or appliance standard, “Public funding” refers
to monies that are provided through any third-party channel (e.g., state, federal, or local
tax revenues, CO.e allowance receipts, utility rates, or system-benefit charges).

#  End-userfunding methods. End-userfunding by consumershas proved
difficult for capital-intensive measures, due to the multitude of barriers described
in Chapters 2 through 4. Partial monetary incentives and supportivecodesand
standards increase direct funding by end-usersbyencouraging participation: the
former by reducing initial outlays and raising awareness, thelatter by essentially
requiring participation.® Performance contracting represents another method,
one thathasbegun tofind acceptance in commercial and industrial markets. ESCOs
fund the upfront investment for efficiency improvements or connect custorners with
afinancier, in order to share in the energy and maintenancesavings generated by the
investments, while the resulting cash flows remain positive for the end-useratall
times. The risk of business failure among ESCO clients, as well as ordinary business
chiirn, and the corresponding repayment exposure presents a significant challenge
to ESCOs and haslHimited their effectiveness to date. With ablend of publicand end-
user funding mechanisms, a loan guarantee program could help overcome this issue;
loan guarantees potentially requiring 3 to 6 percent of the invested amount, could help
enable the upfront investiment needed. >

# Publicfundingsources. Load-serving or government entities typicallyraise
funding for energy-supply requirements, such as new power generation, new power
and gasdeliveryinfrastracture, or other public goods, by spreading the costs across

“all consumers. When pursuing energy efficiency utility or third-party programs
typically “stimulate” demand through incentives for only a portion of the investment,
becaunse much of the benefit {lows to participating end-users through lower bills. Asan
alternative, programs such asthe WAP fully fund and execute efficiency improvements
with public funds. Utilities orthird partiestypically gather program funds through
system-benefit charges, though less conventional means, such as proceeds froma
carbon price, havebeen discussed. Funding the entire deployment costof §520 billion
would require a system-benefit charge of $0.0059 perkWhacross 4,250 TWhof
electricityand $1.12 per MMBTU across 24.5 quadrillion end-user BTUs of other fuel for
a period of 10 years, the anticipated implementation period. Alternatively, 10 yearsofa
carbon price of $12.50 perton on 4.2 gigatons of CO,e emissions could fund the upfront
investment aswell. These costs would add approximately $120to the average annual
homeowner's energy billas well as $2,400 and $75,600 to the average commercial and
industrial building annual energy bill. However, as mentioned below, average energy
bill reductionswould more than offset these investment costs. Savings of 24 percentin
average customer energy bill from the efficiency savings would more than offset the
8-percentincreaseinbillstofund the upfrontinvestment.>=°

219 Tt is worth noting that appliance standards and building codes may reduce the premium required
for efficiency measures as manufacturers drive down cost through increased scale; this effect is not
incorporated in cur analysis.

220 The student loan model represents the basis of this appreach, The insuring agent charges1te 2 percent
of the credit issuer to guarantee the loan amount and bears the default risk, typically 5to 6 percent.
Applying this model to performance contracting yields a net cost of 3 to 6 percent of the loan amount.
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Portfolio designers would also need to consider the efficiency of spending within each
solution strategy. Program spending will depend heavily on how programs are designed,
the effectiveness of the program and management teams, and many other factors.

" Nonetheless, different program types do appear toinvolve different levels of spending.
Exhibit 40 shows the average program cost, aswell ashigh and low ranges of typical
programs, expressed as a percentage of the upfront investment needed. Itisworthnoting
that codes, standards, and awareness building (i.e., labeling) require theleast overhead of
the four broad strategies identified. With the scale advantage brought by anational effort,
however, program costs for other approaches, namely third-partyimplementation and
provision of incentives, could decrease substantially.

Exhibit 40: Program cost ranges by program type

Percentage of total upfront cost High end of rangs

Averaga

Low end of range

50 T

Codes & Labefing Incentives 3rd Party
Standards

Program type

Sourca; Scanarlos for a Clean Enetgy Fulure, Intetlaboratory Working Group, 2000;
McKinsey analysls, EIA, ACEEE, From 881 iings

4, FORGE GREATER ALIGNMENT BETWEERN UTHITIES,

REGULATORS, GOVERNMENT AGENGIES, MANUFACTURERS,

AND ENERGY CONSUMERS '
Designing and executing a coordinated initiative across more than 100 million residential,
commercial, and industrial sites will be a major challenge. If such aninitiativeisto
realize a substantial portion of the efficiency potential available, then many parties will
participate, including government agencies, utility regulators, manufacturers, utility
companies, interested community support organizations, building owners, and end-users.
Forging this alignment should address four concerns:

#  Qvercoming regulatorybarriers in utility ratemaking

#  Understanding the relationship between bills and rates

# Establishing responsibilityin currently unaddressed areas

:3 % Achieving appropriate evaluation, measurement, and verification,
Orvercoming regudabory barriers inutilty ratemaking
The task of aligning a utility organization with the goal of achieving greater energy

efficiency and ensuring its objectivity would have two parts: a financial challengeand a
cultural challenge.
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Financial challenge. The financial challenge stems from legacy regulatory practices in
rate-making, which base utility revenues on the number of units of enexgy sold. The price
of each unit of energy typically covers the variable costs as well as a significant portion of
the fixed costs of generating or producing and delivering the unit of energy, on the basis of
projected sales volume. If more units are sold than projected, earnings will be higheras
the utility over-recovers its investment; if fewer units are sold, earnings willbe lowerand
the utility will not be compensated for its investment, Rates are periodically “trued up,”
that is, adjusted to more accurately provide for recovery ofand return on investments, but
in the time between these “rate cases” utilities face both positive and negative exposure to
sales volume fluctuations, Variationsin volume can result from many factors, including
changes in weather, economic activity, increased penetration of devices, and reductions
associated with more efficient devices. Under traditional rate mechanisms, utilities
typically under-recover on their investments and see a decrease in earnings when
electricityload declines due to energy efficiency initiatives. Thiserosion in finances
becomesan even greater concern ifutilities are expected to concurrently provide power
purchase agreements (PPAs) to developers for renewable energy or undertake significant
construction of renewable assets themselves, because constructing new assets, for
example, requires balance-sheet strength and the ability toraise capital. Several options
can help overcome this potential disincentive to pursue energy efficiency and address the
financial risk associated with other energy goals:

#  Decoupling revenues fromunits sold. Decouplingisa system of periodic
true-upsin base rates that separates the recovery of authorized fixed-cost revenue
from sales volume. While units of energy are still priced above their variable cost,
decoupling both restores to the utility costs that are under-recovered, and returns
to customers costs that were over-recovered. This is because the revenue collected
from unit sales is reconciled to an alternative method for determining target
revenue. While addressing the concern energy efficiency raises regarding recovery
of existing investments, decoupling raises several concerns for utilities, customers,
and regulators. First, utilities may be concerned that decoupling carries unknown
regulatory exposure. Furthermore, customers may be concerned that decoupling
shifts normal business risks such as weather or slumps in economic activity to
ratepayers, rather than leaving them with utilities. However, some regulatory
mechanisms exist to shift these risks, especially weather, back to the utility. Finally,
regulators maybe concerned that decoupling does not provide incentive fora utility
toactively pursue energy efficiency; atbest, it removes a portion of the disincentive
associated with lower sales. In high-growth markets, there isalsoresistanceto
decoupling, because it could work against the benefit to utilities of regulatorylag;
whereas in declining markets, decoupling works against the benefit to customers of
regulatory lag. Thus, while decoupling offers some benefits in mitigating the volume
exposure faced by utilities, it may not be the best approach in all areas, and may be
insufficient on its own to drive energy efficiency.

# Migratetotruefixed/variablerate structures. Analternative approach would
involve reducing the per-unit cost of energy to the true variable cost and assessing
aflat fixed-cost charge to each customer. Incremental sales up or down would not
impact utility profits. Some raise a concern that verylow unit prices may work against
consumers’ desire to reduce consumption. However, prices could be set to accurately
reflect the intermediate- or long-term costs of investing in fixed infrastructure and
potential climate impact. Such a price signal could reduce consumption tolevels
appropriate to the “real” cost of energy. There isa practical challenge with this
mechanism: migrating from the prevailing approach to a true fixed-variable structure
could benefit heavy electricity users relative to others within a rate category {and, for
example, might increase the burden on low-income and fixed-income populations).
Again, thisapproach does notin itself create an incentive for utilities to pursue energy
efficiency.
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# Modifications to traditional regulation. Modifications tothe traditional
volumetricapproach to revenue offer an additional set of options. These modifications
could include ROE caps or sharing mechanisms to distribute “excess” profits back to
customers, more frequent rate true-ups, test cases incorporating projected energy
efficiency impact, and/or special trackers to capture costs and lost revenues due to
energyefficiency. These modifications can reduce — but will likely not fully
remove — the alignment challenge associated with volumetric recovery, thongh they
can overcome some of the other disadvantages cited above.

These mechanismsand others might reduce the disincentive for utilities, but they do not
create a positive incentive to pursue energy efficiency at scale. There remains ariskthat
utilities might choose to remain neutral toward energy efficiency, rather than commit

and aggressively pursue the full potential. Regulators will likely need to assure utilities
oftimely cost recovery of program expenses. Additionally, a number of incentives and
modifications to existing recovery mechanisms could motivate utilities to promote energy
efficiency. Regulators and legislators have proposed or implemented a number of these
mechanismsalready:

#  Sharedsavings. Similarto the ESCO model for the end-user market, thiz approach
allows for the stream of energy savings tobe shared with the utility. Generally, the
amount expended on energy efficiency is recovered in the same year, minimizing the
utility’s risk of recovery, Thisincentive structure links utility compensation to the
savings provided for the customer, and requires a clearly defined methodology for
caleulating the savings.

# Performanceincentive, This mechanismis typically linked to programspending
ortheallocated budget, providing a paymentbased on performance against energy
efficiency spending targets. With thisapproach as well, utilitiesrecover the costs
of energy efficiency programs within the year. This incentive structure links utility
compensation to the scale of programs undettaken,

# Capitalization, This method links energy efficiency with traditional utility
earnings-growth mechanisms by allowing capitalization of actual upfront investments
for energy efficiency, which are then recovered over future years on a set depreciation
schedule. Some markets providea higher return on equity — a “bonus ROE” — for
energy efficiency-related capital to promote the allocation of capital to energy
efficiency projects. Capitalization approaches allow for a customer-owned asset to
appear on the utility’'sbooks. A key risk of the capitalization model, is the ability of
aregulator to eliminate one of these “virtual” (regulatory) assets from the utility's
halance sheet, destroying cost recovery in the process.

%  Virtual power plant. Thisapproach links energy efficiency with traditional
utility investment mechanisms by allowing the utility to substitute energy efficiency
investments for avoided power plant investments. The utility has responsibility for
producing an equivalent level of “capacity” from energy efficiency at a reduced cost
relative to construction of new supply, plus an incentive to most effectively deploy that
capital. The virtual power plant model faces the same risk of regulatory elimination
though as the capitalization model.

These incentive mechanisms can provide a wide range of compensation, depending on the
specific values chosen and the level of energy efficiency targeted. Itisimportanttonote
that the incentives are “exchangeable” in value: for any set of incentives, there are values
that will make them equivalent in payout for a specific utility. The primary differences
relate toboth the nature and degree of the risks borne by utilities and ratepayers. 'The
design and selection of the appropriate incentives and regulatory mechanisms should be
based on careful analysis of the unique situation in each regulatoryjurisdiction.

Insummary, various mechanisms could improve the alignment between the uiilities’
financial incentives and the challenge of aggressively pursuing energy efficiency. There
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is notone best answer that will work for all utilities, given the differences in markets,
regilatory practices, customer preferences, and utility risk profiles, However, in general
we find across rate-making mechanisms and the wide range of potential incentives, that:

% To fullyalign load-serving entities and local distribution companies or utilities with
the goals of energy efficiency, they must recover the revenue associated with theirlost
load, receive timely recovery of program costs, and earn incentives on energy efficiency
toassure theirfinancial health.

#  Singlesolutions are generally net enough to make an energy provider financially
whole in the face of energy efficiency. Most shareholder-incentive programs do not
fully compensate invester-owned utilities. Neither decoupling nortrue fixed /variable
structures, though they can reverse the effect of energy efficiency on short-term
returns, can by themselves compensate an energy provider for long-term growth in
many scenarios.

#  Acombination of shareholder incentives and fixed-cost recovery mechanisms can make
energy providers financially whole in most market structures. Theappropriate level of
incentive and choice of fixed-cost recovery mechanism will vary based on the market
structure, growth environment, initial market position, and mix of chosen mechanisms.

Cultural challenges. Beyond the financial challenge of achieving full alignment

with greater energy efficiency, many consumers and energy providers will also need to
overcome cultural inertia brought on by years of promoting consumption of energy. This
mindsetisa natural byproductof the customarybusiness practices, and for many years the
growth ofenergy consumption has brought substantial comfort and benefits to customers.
The fundamental challenge will be to change the mindsets and behaviors of employees
throughout the energy providers’ erganizations. The U.S. economy, however, offers many
stories of comparable transformations in other industries, be it around such topicsas
quality control, lean production, innovation, or customer-service mindsets.

Understanding the relationship between bills and rates

One of the most perplexing challenges associated with energy efficiency in the electricity
sectoristhat although it clearly will drive down average energy bills, the integrated effect
onrates (i.e., thecost per unit of electricity) can vary across the U.S., based on howvarious
elementsin the rate-setting process are treated. Itis certain that rates will increase from
where they are today as energy efficiency is incorporated into legacy ratemaking structures.
Itisalso possible that under some circumstances these rate increases willoutpace rate
increases expected in the business-as-usual scenario even though in the energy efficiency
case theoverall bills paid by ratepayers would decrease. Therelative importance of six
effects will drive this uncertainty and will cause rates in some areas of the country to increase
compared to business-as-usual while other areas experience a decrease:

# Reallocation of fixed costs. Reallocation ofexisting fixed costs across fewer
units of consumed energy puts upward pressure on rates. This effect will dependon
the market mechanism that determines how those costs are recovered.? This effect
occurs, however, regardless of who drives energy efficiency programs or funds the
costs, and regardless of any utility incentive payments. Fixed-costreallocationis
an effect of legacy systems of rate-making that charge fixed costs on a variable basis;
decoupling and proposed rate designs other than true fixed /variable will notaddress
thisissue, asdiscussed above.

22

-

Fixed costs include generation, transmission, distribution and other non-variable support costs. In
regulated markets, prudent fixed costs wouid be reallocated gver remaining sales though there could be
atiming lag. In restructured markets, generation costs are recovered through market prices and would
likely not be recovered resulting in effectively a transfer of value frem merchant generators to rate payers.
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%  Avoided new generation and load-servinginfrastructure. Reducingor
avolding investments in additional generation and distribution capacity would place
downward pressures on future rates relative to the increases that would have occurred,
because energy efficiency isalower-cost alternative tobuilding new assets. The
relative importance of thiseffect compared to the reallocation effect depends on the
size of the existing rate base and the scale of planned new investments.

# Improvementsinthe marginal dispatch cost of generation. Though much
more complex, thisfactor is likely to putdownward pressure on rates, particularly in
restructured markets. Two effects drive the downward pressure: first is the potential
toreduce output from marginallyless-efficient generation units (i.e., improve system
heat rates); and second is the change in the marginal fuel being burned (e.g., less gas-
fired generation and more coal-fired generation as the price-setiing mechanism).
Though coal-fired generation would set the price more often, carbon output would not
increase {as coal generally runs already when gas is setting the price}. Carbon prices
would dampen this second benefit, because they tend to bring the generation costs
of coal closer to generation costs of gas. Potential upward price impactsthat could
partially offset the downward pressure on rates would include anyloss to efficiency
ofbaseload assets with increased cycling, as well as in the near-term, the delayed
construction of more efficient assets that eould displace older, less-efficient ones.

2  Commodityfuel prices. Fuel prices could decline due to reduced overall demand
(e.g., reduced natural gasor coal consumption). We estimate, however, that the overall
impact on rates islikely negligible relative to the range of other factors beyond energy
efficiency that impact commodity prices.

% Carbonprices. Similarly, iflegislators puta price on carbon emissions, deploying
energy efficiency could place downward pressure on that cost. This effect will depend
on many unknown factors including the price setting mechanism, targets, and
allowances.

#  Upfrontenergy efficiency investments and program costs. Htheseoutlays
arerecovered through a public-benefit charge or other rate-based mechanism, they
will likewise put upward pressure on rates. Incentive payments toload-serving entities
orspecial-purpose energy efficiency entities would also be included, though theyare
typicallya fraction of the program cost.

Assessing the petimpact of these factors requires detailed modeling of load
characteristies, economics, and regulatory treatments region by region. Inaddition,
numerous other market effects would occur simultaneously, such asresponses
torenewable portfolio standards or other environmental requirements, which in
cotnbination could lead to very different results, In general, our models suggest that
regions with higherlevels of purchased and passed-through generation would tend to see
decreases in rates, because value would transfer from generators to ratepayers. Regions
with higherlevels of full-cost recovery on generation assets, and with little or no projected
need for capital investment in generation, would see an increase in rates relative to the
business-as-usual approach, )

Establishing responsibility in carrentlyunaddressed areas

Certain elermnents of a program will have natural owners, such as government entities for
degigning and legislating codes and standards, Akeyissue, however, will be deciding who
should have responsibility (i.e., the authority and accountability) for deploying energy
efficiency measures with less clear ownership. The right choice will likely be a topic of
debate within each state, involving trade-offs of strengths and weaknesses of different
entities against a number of atiributes, asillustrated in Exhibit 41. Expertiseinthe
economics of energy consumption, for example, would be important so that the design
ofa program accounts for such factors as regional climate, rates, existing building stock,
prior programs, and the cumulative effect of initiatives, Local energybrand recognition
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and trust would foster acceptance of programs. An integrated view and responsibility

for supply and demand would help ensure coordinated planning and accountability for
overall reliability of the energy system. This responsible party would also need a proven
ability to organize and manage large-scale programs. Ideally they could be held financially

“accountable for the delivery of results on time and on budget.

Exhibit 41: Overview of entities managing comprehensive energy efficiency programs
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Based on theseattributes, three likely candidates emerge: utilities, special-purpose
entities, such as Efficiency Vermont and Oregon’s Energy Trust, and governient entities,
such as NYSERDA and those used in other countries. For completeness, wealso profiled
FSCOsand product manufacturers against these criteria, though their likely roles willbe
to support implementation of energy-service programs that they initiate directly with end-
usersoras partofalarger program coordinated and to some extent funded through the
party with overall responsibility, Utilities emerge with the strongest starting position
because they have the natural information-gathering, management, and delivery systems
in place through metering and billing functions. Furthermore, their extensive experience
managing energy delivery provides skills that will facilitate management of programs and
integrated resource planning, They do, however, face several challenges: principally, there
aresubstantial concerns that mostcurrent regulatory structures encourage utilities to
increase electricity sales and build new assets ratherthan aggressively pursue a strategy of
reducing consumption as discussed above. Additionally, in many serviceterritories,
homes with multiple fuels are served by different utilities, complicating delivery of energy
efficiency measures.

By contrast, it would be straightforward to align special-purpose and government entities
againstthe goal of driving efficiency and enable them to address all fuels and energy users
inaregion. Creatingspecial-purpose entities, however, would separate the responsibility
for demand- and supply-side planning and accountability. Load-serving entities would
retain responsibility for system reliability and likely be reluctantto trust aggressive
promises of demand reduction asserted by another organization. Also, thissplit
responsibility would likely adversely impact coordination of energy-pricing and metering
technologies needed to reinforce behaviors and monitor consumption.
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If governments choose to designate special-purpose or government entities as responsible
parties, they should take care to properly design incentives, regulations, and management
structures to foster efficient and effective operation. Doingso would bea reasonably
straightforward procedure, because it could be a clean-sheet exercise and well worth the
time invested to addressthese issues.

Achieving appropriate evaluation, measnrement, and verificotion

The difficuity of measuring energy efficiency requires effective evaluation, measurement
and verification (EM&V} to provide assurance tostakeholders that programs and projects
areachieving the savings elaimed for them, EM&V can also provide feedback for program
and project design, and assist in attributing savings to participants. Isignificantlevelsof
energy efficiency are to be pursued and supported by significant levels of public funding,
the need for a clear, consistent, and widely accepted EM&V system will be even more
important than it is today. '

Energy efficiencyis hard to measure because it focuses on avoiding consumption rather
than on actively producing something; verifying savingsis an intrinsically difficult task.
Actual consumption may be affected by weather, customer growth, usage differences,
device penetration, and economic growth; all of these issues must be considered in
determining actual savings impact.

Measuring theseattributes exactly and providing a “perfect” EM&V system is not possible;
instead, a “sufficient” EM&YV system should reflect three key qualities:

# Consistency. Ifinvestmentsare to be made with the expectation of future returns
that are contingent on the EM&YV system, it will be critical that the rules for EM&V-
associated rewardsand penalties are internally consistent and remain fairly stable
overtime. This consistency is important forall parties, iftheyare to plan investments
in energy efficiency.

# Simplein design. Whilea more complex EM&V system might permit more precise
and accurate measurements and approximations of energy savings, as well as more
detailed waysto attribute the drivers of those energy savings, the value of such a system
must be considered in the context of the complexity and cost it will drive.

& Addressbothinputs and impact, Measurement methods should incorporate the
activities undertaken by the responsible party, to ensure that activities are undertaken
in an appropriate manner, and the measurement of energy consumption to determine
the impact of those activities,

As California’s efforts to improve energy efficiency have shown, even in a state that

has taken a relatively aggressive approach to capturing energy efficiency, the issues
stirrounding attribution can be complex, Detailed EM&V programs that cause a slowdown
inthe pursuit of energy efficiency are unlikely to merit their expense. Forexample, in
some California programs, discussions of attribution sought to resolve differences of

$70 million in incentives, of a total program spend of $2.1 billion — with benefits that
exceed $4 billion. Adetailed EM&V program that risks disrupting the pursuit of energy
efficiency is unlikely to deliver savings equal to the opportunity cost. Forexample, slowing
the capture of the $4 billion in benefits by four months decreases their present value by
$70 million.

The International Performance Measurement and Verification Protocol (IPMVP) provides
abasis foranalyzing project-level savings from energy efficiency measures. Though the
IPMVP primarily addresses project savings in commercial and industrial sectors, it conid
provide the basis for broader measurement of energy efficiency programs. Development
ofthis protocol hasbeen supported by the Department of Energy and provides the basis for
measurement in federal Energy Services Performance Contracts. Ashared foundation for
EME&V ofthis sort might provide the consistent methodology upon which energy efficiency
program managers can build.
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5. FOSTER INNOVATION IN THE DEVELOPMENT AND DEPLOYMENT

OF NEXT-GENERATION ENERQY EFFICIENGY TECHNCLOGES

TGO ENSURE ONGOING PRODUCTIVITY GAINS
Technology development plays a small role in the potential identified in the near term
targets ofthisreport, However, we expect that innovative and cost-effective energy-saving
technology will continue to emerge. It willlikely be cost effective to fund its research and
development in order toaccelerate its path to market.

i

The Inventions and Innovation (1&I) Program run by EERE demonstrates that fostering
innovation can be cost effective and have substantial impact. 1&] was established in 1076
asthe Energy-Related Inventions Program {ERIP); through 2000, it received cumulative
funding of $117 million. More than 25 percent of &I grantees successfully entered the
marketplace, delivering a cumulative 973 trillion end-use BTUs of energy savings since
1&I'sinception. The $117 million investment has saved $4.92 billion in camulative energy
coststodate. Asof1995, administrative costs represented $2.20 per MMBTU of end-use
energy savings and grants represented $1.40 per MMBTU.*22 Achallenge in evalaating
impact arises from the inability to know how such technology would have emerged without
assistance. Nonetheless, the attractive leverage and cost structure of this program
suggests that fostering innovation warrants ongoing investment.

OO0

In the nation’s pursuit of energy affordability, climate change mitigation, and energy
security, energy efficiency stands outas perhaps the single most promising resource, In
the course of this work, we have highlighted the significantbarriers that existand must
be overcome, and we have provided evidence that none are insurmountable. We hope
the information provided in this report further enriches the national debate and gives
policymakers and buginess executives the added confidence and conrage needed to take
bold steps to formulate constructive ways to unlock the full potential of energy efficiency.

222 Scenarios for a Clean Energy Future, Interlaboratory Working Group, ORNL/CON-476 and LBNL-44029,
November 2000.
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Appendices

A. Glossary

Abatement. The purposeful reduction of greenhouse gas emissions or their rate
of growth.

Accelerated deployment. The deployment of new technologies before the end-of-life of
the existing stock, Accelerated deployment is NPV-positive when the lifetime costsavings
of the more efficient technology more than exceed the present value of the total (rather
than incremental) upfront investiment. Seealso “Stockand flow methodology.”

ASHRAE. The American Society of Heating, Refrigerating and Air Conditioning
Engineers, which publishesa series of standards for heating, cooling, and ventilation
systemns in commercial buildings that often serve as the basis for commercial building codes.

BT, British Thermal Unit, the quantity of heat energy required to raise the temperature
of one pound of water from 60° to 61° Fahrenheit at a constant pressure of one atmosphere.
BTUsareused throughout this reportas a standardized measure of energy outputand
consumption.

Building shell. The exteriorstructure of a building that protects the interior space,
facilitating control of the interior climate. The shell consists of the roof, exteriorwalls,
exteriorwindows and deors, the foundation, and the basement slab or lowest level floor.

BAU baseline. The reference-case forecast for U.S. energy consumption in 2020,

used in thisreport asa standard against which incremental energy efficiency potential
iscalculated. The business-as-usual forecast derives from the U.S. Energy Information
Administration’s Annual Energy Outlook 2008 and other public sources. Although the
AEO baseline contains some energy efficiency improvement, the baseline projects energy
consumption in future years without a concerted, economy-wide effort o improve energy
efficiency.

CHP. Combined heat and power, also known as “co-generation,” isthe use ofa heat engine
ora power station to generate electricity and useful heat energy froma single fuelata
facility near the consumer.
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CO,e. Carbon-dioxide equivalent, a standardized measure of greenhouse gas emissions
developed toaccount accurately for the differing global warming potentials of various
gagses. Emissions are measured in metric tons of CO,e peryear, usually in millions of tons
(megatons) or billions of tons (gigatons). ‘

Consumer utility. Functionality, such asa level of comfort, garnered froma specitic
energy end-use, Adjusting a thermostat or reducing the number ofhours an electronic
deviceisused in a dayrepresent changes in utility. Ina strict economic sense, maintaining
consumer utility assumes a constant economic surplus for the consumer while delivering
againsta common benefit, Modeling of efficiency potential and energy use in this report
assumed no change in consumer utility.

Community infrastructure, Energy-consuming devices not directly associated with
aspecific building. These end-uses would include municipal infrastructure {e.g., water
treatment and distribution systems) and telecommunications infrastructure.

EISA. Energy Independence and Security Act (2007), passed by Congressto move the
United States toward greater energy independence principally through greater energy
efficiency and increased use of renewable fuels. Italsodirectsthe federal government tobe
amodel in itsown energy usage,

Energyintensity. The numberof BTUs of energy consumed for each dollar of economic
value created.

EM&V. Stepsto evaluate, measure, and verify that implementation of an energy efficiency
measure has produced the expected energy savings. It may inchude ensuring those savings
are properly attributed.

ESCO. Anenergyservices company isa for-profitor not-for-profit entity dedicated to
providing energy solutions to business and/or residential customers, including such
services as energy efficiency andits, implementation of efficiency measures, evaluation of
the performance of measures, or leading energy conservation efforts.

Existing stock. Technologies in usein thebusiness-ag-usual baseline atthe beginning
of 2009, which serves asa starting point for all modeling. Seealso“Stockand flow
methodology.”

Gt. Gigaton, a unit of weight equivalent to 1 billion metric tons or 2.2 trillion pounds.
GW, Gigawatt, a unit of electrical power equivalent to 1 billion watts.

GWh. Gigawatt hour, a unit of electrical energy equivalent to the work done by 1 hillion
wattsacting for1 hour.

Heatrate. Efficiency ofa power plant, measured by calculating the number of BTUs of
energy input per kilowatt-hour of power output.

HERS. Home Energy Rating System, measurement of a home’s energy efficiency that
provides a score of 0 (net zero energy building) through 100 {(based on the 2006 IECC) and
higher. A 1-point decrease in score represents a 1 percent decrease in energy consumption.

HVAC. Heating, ventilation, and air conditioning, also known as space conditioning;
end-uses of energy to heat, cool, and circulate the air of the interior of a building, This
report uses the term “HVAC” generically o refer to space conditioning systems, whether
abuilding has a heating system, a cooling system, an air exchanger or one, two or three of
thosesystems.

KWh. Kilowatthour, a unitofelectrical energy equivalent to thework done by 1 thousand
wattsacting for 1 hour. Standard unit of residential electricity pricing; for example, a 100-
wattlightbulb burning for 10 hours would consume 1 kilowatt hour.
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Load-serving entity. Load serving entities provide electricity to end users, and include
investor-owned utilities, municipal utilities, cooperatives, among other entities.

LEED. Leadership in Energy and Environmental Design, a widely recognized
certification given to buildings for excellence in sustainable building design. Based on
awhole-building approach, different tiers of LEED certification are granted by the U.S.
Green Building Council, based on the performance of the building in various areas of
human and environmental health, with energy efficiency an important eriterion.

Life-cycle benefits. The energy savings of an energy efficientdevice that accrue over
the usefullife ofthe device. This does not include energy to create the device.

MUSH. Municipal, university, school, and hospital; these publie-sector buildings are
typically able to realize the potential of atiractive energy efficiency measures, because they
donot change ownership at the rate of private enterprises and thus do not need accelerated
payback of the capital invested in energy efficiency measures.

MMBTU, 1 million BTUs,

MWh, 1 megawatt hour, a unit of electrical energy equivalent to the work done by 1 million
watts acting for1 hour.

NPV-positive. Net-present-value-positive, in which the discounted future cash flows
fromfuture energy savings outweigh the initial upfront capital investment needed to
implement the measure.

PAYS. Pay-as-you-save, aloan made or administered by an energy provider to coveran
upfrontinvestment in energy efficiency measures. The end-user repays via the utility
bill with money saved through reduced energyusage such that no initial investment is
required of the end user, :

Performanece contracting. Anagreementbetween an energy services company
{ESCO)and another entity in which the ESCO assumes responsibility for reducing energy
consumption on the premises in specified ways for the period of the contract. The ESCO
installs agreed-on energy efficiency measures and recoups its investment through
contracted payments, which represent a portion ofthe energy savings that the entity
receives from the efficiency measures.

Plugload. Energy consumed by electrical devices that plug into the wall, typically
various electronics products and small appliances. Examplesinclude TVs, PCs,
hairdryers, coffee machines, and thousands of other similar products, Consumption in
this category ishighly fragmented across an average of 20 devices per honsehold.

PBC. Publicbenefit charge, a fee added to energy hills to pay for public goods.

RPS. Renewable Portfolio Standards, a government mandate requiring that a certain
amount of energy generated or sold in a given area, or a certain amount of energy capacity
inagiven area, derive from renewable energy sources, such as geothermal, wind, biomass,
orsolar.

Retro-commissioning. Process by which HVACand other buildingsystems are
tested and adjusted to ensure proper configuration and operation for optimal efficiency.
This may involve installing correctly sized motors, sealing ducts, repairing leaks inand
recharging the refrigeration system, among a wide variety of measures.

Retrofit. Changes madeafter initial construction and before the expected end-of-life of
the asset, typically the building sheil,

Space conditioning. Energyconsumed in the heating, cooling and ventilation of
interior spaces in buildings.
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Standbylosses. Energyconsumed by electrical devices while plugged in toa socket but
notinactive use.

Stationaryuse of energy. Energy consumed bythe U.S. economy ina year, except for that
used intransportation (i.e., the movement of vehicles, including transportation in mining,
construction, and agriculture) and in the production of asphalt or chemical feedstock. This
report analyzed approximately 81 percent of the stationary energy consumed in the U.S.

Stock-and-flow model. This methodology caleulatesenergy savings potential relative
to the business-as-usual (BAU) case. The model projects BAU entergy consumption for
future years by replacing equipment stock according to current customer preferences.

In caleulating the efficient scenario it substitutes energy efficiency measures for those
technologies when itis NPV-positive to do so. These substitutions include upgradesin new
buildings, as well as replacement of technologies contained in existing buildings.

# Accelerated deployment. The deployment of new technologies before the end-of-life of
existing stock. Accelerated deployment is NPV-positive when the lifetime costsavings
of the more efficient technology more than exceed the present value of the total (rather
than incremental) upfront investment.

w  NPV-positive choice. Technologyin aspecificbuilding-Census division category that has
thelowestannualized cost, taking into acecount such factors as energycost, annualized
capital cost (over the lifetime of the technology), and other operating expenses,

= Existingstock. Technologies used in the BAU case at the beginning of 2009, which
serves as astarting point for efficiency modeling,

TBTU, Trillion BTUs.
TW. Terawatt, a unit ofelectrical power equivalent to 1 trillion watts.

TWh. Terrawatt-hour, a unit of electrical energy equivalent to the work done by 1 trillion
wattg acting for t hour,

Waste heat recovery. Capturingand using heat for productive work that isa byproduct
of energy-intensive processes or steamsystems that would otherwise be ejected into the
environment.

Weatherization. Modifyingabuilding to increase its energy efficiency, usually through
measuresto decrease infiltration of outside air and minimize the loss of heated or cooled
interiorair.
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H. Methodology

The purpose of our research has been to evaluate the barriers thatimpede capture of
energy efficiencytodayand to provide perspectives on howpotential solutions map to
individual and broader system-level barriers to unlocking the potential available in

the U.S. economy. We have analyzed a multitude of energy efficiency opportunitiesto
determine how much of the potential is NPV-positive, thereby providing a fact base for our
assessment of barriers and potential solutions.

This research differs from other reports on energyefficiency in a number of important
ways. Specifically, we would like to note four points about ourscope:

£ Wedid not attetnpt to conduct a technical analysis on future energy efficiency
technologies.

# Wedo not predict how much energy efficiency potential can or will be achieved.

#  Weattempted to be comprehensive — but not necessarily exhaustive — of alt barriers
and solutions.

#  Wedid not assess second-order effects (e.g., impact on natural gas prices) orbroader
GDP impacts.

As noted previously, we focused on stationary uses of energy, We, therefore, excluded
energy used in allmodes of transportation, such as motor vehicles, trains, ships, and
aircraft; with this focus, wealso excluded energy used in agriculture, construction, and
mining operations.

This appendix covers three aspects of our methodology:

1. Assumptions and methodology for caleulating NPV-positive energy efficiency
potential, including the miero-segmentation process and subsequent re-aggregation of
micro-segments into addressable clusters of potential

2. QOurapproach tostructuring thebarriers and attributing them to clusters

3. Means of mappingsolutions to address the majorbarriersin these clusters.

1. CALCULATING NPV-POSITIVE POTENTIAL

Data sources forthe National Energy Modeling System (NEMS) served as the foundation
of our residential and commercial potential analysis. The Annual Energy Outlook 2008,
Table 2, supplemental tables 24-34, and unpublished AEQ data serve asthe foundation
forthe industrial potential analysis. Where insufficient data were available, we drewon
public or private sources to supplement the NEMS database and provide the necessary
resolution for our analysis,' In aggregate, this analysis addresses 36.9 quadrillion of the
45.5 quadrillion BTUs (81 percent) of end-useenergy in 2008.

There are six essential components to our analysis of NPV-positive potential:

# Baseline consumption

# Stock and flow methodology

& NPV-positive selection criteria

% Technology characteristics

#  Bursting of data into micro-segments

s Re-aggregation of data into addressable clusters.

1 Inthe commercial sector, 2.1 quadrillion BTUs of consumption rely on other public sources; in the

industrial sector, 15.3 guedriition BTUs of eonsumption rely on public sources and 4.0 quadrillion BTUs
rely on private sources. ‘
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Baseline consumption

Our baseline consumption matches the Annual Energy Outlook 2008 for 2008 and 2020
towithin 1.2 percent. Furthermore, these data match the AEO 2008 when cut by fuel or
Census division (Census region, in the case of industrial, represents the finest degree

of geographicresolution}. Note that this baseline incorporates tio price for carbon and
includes only legislation that has passed intolaw (Le., the Energy Independence and
Security Act of 2007, but not the American Recovery and Relief Act of 20009).

Stock and flow methodology

We nsed slightly different methodologies across the sectors, depending on the availability
of data and the nature of the opportunities.

Residential and commercial sectors, Qurresidentialand commercial modeling
considered almost 500 technologies deployed against 24 end-uses. Each technologyis
characterized by a working life time, upfront capital spend, annual maintenance spend,
and energy efficiency impact. Currentenergy consumption by end-useis provided by
NEMS through the Renewable Energy Consumption Survey (RECS) and Commercial
Building Energy Consumption Survey (CBECS). We further characterized this
consumption by the ratio of technologies deployed in the existing equipment stock.

We modeled the deployment of newer, more energy efficiency technologies in two ways: at
end of life and on an accelerated basis.

# End-oflifereplacement. Aseachtechnology reachesthe end ofits usefullife,
our model calculates the total levelized cost of all equivalent technologies that could
replaceit. The “NPV-positive,” potential is calculated based on deployment of the
technology with the lowest levelized cost.

#  Accelerated replacement. To more accurately calculate the opportunity in
retrofitting buildings, we also considered accelerated deployment. Ifthe total levelized
costofa new technologyislessthan thelevelized energy cost of an existing technology
in the current stock, then the model replaces the current stock with the new technology
immediately. This occurs in two ways: when technological advances reduce the
levelized cost of a technology (as is the case with general-use LED lighting in 2017) orin
the first year of the calculation {as is the case with a number of technologies that could
be retrofitinto buildings remain undeployed today).

Industrial sector. Such detailed data is unavailable for the industrial sector. Instead
our model evaluates opportunities using an internal rate-of-return (IRR} calculation

for potential measures available in a given year, adjusted to avoid double counting
opportunities incorporated in the baseline assumptions throngh2020. We separated out
the five largest energy-intensive industries - those with 10 or more BTUs of energy input
per dollar of output (pulp and paper, cement, refining, chemicals, and iron and steel) —
and, using expertinterviews and more than 15 secondary industry resources, analyzed

in detail the efficiency potential in these industries. Toaccurately assess the efficiency
potentialin their manufacturing processes, we calculated the NPV-postitive efficiency
potential for more than 150 measures across these five industries. Thesavings percentage
for each industry was calculated against its consumption, and these percentages were
averaged (11 percent across the five industries). We used the resulting savings percentage
asabaseline to identify the energy efficiency potential for process energy in non-energy-
intensive industries. Interviews with industry experts revealed that on a percentage basis,
the opportunityto improve efficiency was greater in these industries, varying by business
size (large businesses, 13 percent; medium-sized businesses, 14 percent; small businesses,
15 percent), because less attention has been paid to energy efficiency in these businesses.
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We caleulated most of the potential in energy support systems (ie., waste heat recovery,
steam systems, electric motors) for each energy-intensive industry using more than 50
meastures that the team had identified through expert interviews and industry reports,

We determined the savings potential, as well as capital costs, identifying the NPV-positive
potential for these meausres. Waste heat recovery measures, which donot consume
energy but decrease the energy required system-wide by helping to pre-heat fuel, provide
incremental energy forother processes or supply energy to supportsystems. The team
calculated the average energy efficiency savings potential across the energy-intensive
industries and used thisto calculate the efficiency potential for non-energy-intensive
industries by multiplying it by the energy consumed in these industries for energy support
systems. For building systems, the teamused the more detailed commercial model and the
savings rate calculated across appropriate commercial building types to find the efficiency
potential across all industrial building systems (those pertaining to the building itself,
rather than its industrial functions), both for energy- and non-energy-intensive industries.

Combinedheat and power, We modeled industrial and commercial combined heat
and power (CHP) applications separately, primarily becanse a CHP system increases
on-site fuel consumption while increasing the efficiency of system-wide heat and
electricity production {including off-site generation).

#  Industrial applications. Weestimated the potential for industrial CHP based
on the EIA’s projected steam demand supplied by “non-CHP” sources, by region and
industry. We grouped this potentialinto five sizes of CHP systems (from less than
1 MW to greater than 50 MW) based on plant sizesand steam demand, across six
industrygroups and the four Census regions of the country. Each of the modeled CHP
systems were sized to the thermalload and matched to the power-to-steam ratio of
the specificindustry. We cross-checked these results against estimates for generation
potential from Oak Ridge National Laboratory and the Department of Energy. By
comparing the economics of a CHP system to the installed traditional system using
AEQ 2008 supplemental data, we caleulated the total potential for CHP for each region
and industry subgroup.

# Commercial. There hasbeenlimited use of CHP in the commercial sectortodate,
with roughly 10 GW of generation capacity installed. Our model, therefore, looked at
the full potential of expanding CHP in this sector. We analyzed each building type for
CHP suitability (based on expert interviews, case studies, and cost analysis) across
three sized-based building groups: 1,000-10,000 sq feet, 10,000-100,000 8¢ feet,
and more than 100,000 sq t. 1fabuilding type was suitable for CHP, we calculated
opportunities for retrofit CHP systems against the full replacement cost of central
energy plants, taking into consideration thermal heating, water heating, coolingand
electrical capacity and demand. For new buildings, we compared these coststothe
incremental cost of installinga CHP system in place of a standard boiler. Drawingon
information from NEMS for capacity factors (the ratio of annual equipment output
to output of the equipment at 100 percent utilization) for each building system (e.g.,
water heating, HVAC, miscellaneous electricity demand) in each type of building, we
calculated the full economic potential for energy generation for each building type sub-
group by Census division,

NPV-positive selectioneriteria

‘We used three criteria to define the “NPV-positive” energy efficiency potential of each
efficiency measure:

% Technelogy costs. Théseinclude incremental capital (or in the case of accelerated
depreciation, total capital cost), installation, and additional operation and
maintenance cost. Thisreport uses the DOE’s Technology Report as used by NEMS,
It specifiesfor each end-use a set of available technology-vintage combinations that
define these parameters (discussed in greater detail below).
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# Value of energy saved. The value of energy saved is more challenging to quantify.
Afull treatment of avoided energy costs would require detailed consideration of
primaryenergy savings and liesbeyond the scope of this report. Thereis, however,
arange of energyvaluesto drawon. Each unit ofenergy saved will draw from this
range asspecified by end-use, supply assets for the selected geography, the regulatory
environment, timing, and business-as-usual forecasts. This reportvaluesenergy
saved at Census-division industrial retail rates from ARQO 2008, because it servesasa
central value that is publically availableand well understood. The full range of avoided
costs, from lowestto highest, includes:

— Costofgeneration, Thiscostattempts to identify the variable component of
generation cost through fuel and operations of impacted plants and early plant
retirements (with or without regulated asset recovery). It does not capture irnpact
of energy efficiency on capacity, transmission, or distribution.

— 'Wholesale price. The wholesale price represents the average generation price,
including utility cost recovery, of existing assets. Itservesasa useful proxy for
the average value of existing energy, butit does not capture the impact of energy
efficiency on capacity, transmission, or distribution.

— Industrial retail rate. The industrial retail rate includes the benefits of the
wholesale price approach while also attributing system value of avoided capacity,
transmission, and distribution. It is worth noting the industrial load factor under-
estimates the system load factor.

— Customer-specific retail rates. These ratesserve asthe best tool forapplyinga
participant “lens” tothe efficiency potential, when attempting to understand when
aretail customershould act to reduce theirenergy bills. These rates may overvalue
the savings from transmission and distribution, because many fixed costsare
embedded in customer-specific retail rates.

— Least-costavoided new build. This value presentsan attractive option,
because unlocking energy efficiency islikely to defer or eliminate construction of
some new assets. Given the uncertainties in the business-as-usual forecast and
the amount of efficiency unlocked, however, calculating scenarios accurately isa
significant chaflenge, which could eall into question the accuracy of results relying
onthe necessary assumptions,

—  Avolded carbon-free build. Thisoption resembles least-cost avoided new
build, except that it focuses on carbon-free sources of energy. Itsuffers from
similar modeling challenges.

#  Discountfactor. The discount factor {orrate) represents the relative value of savings
overtime, Similartodiscounted cash flow analysis, future energy savingsin a given
year, “Y,” are discounted to present-day values by the amount (1+ DF}¥ where DF is the
discount factor in percent.

By selecting a cost of avoided power and a discount factor from among the available
options, it possible to construct a cost test to determine whether — and for whom —energy
efficiency potential is NPV-positive. Specifying industrial retail rates and a 7-percent
discount factor creates a total-resource cost test (provided all deployment and program
costs areincluded, regardless of funding source). Alternatively, combining customer-
specific retail rates and a customer’sdiscount factor (which manyarguecan beashighas
20 percent) create a participant-focused cost test.
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Teehnology chavacteristics

The technology characteristics derive from the DOE’s Technology Reports, asused by
NEMS. Thisset of characteristics includes limited innovation, an issue that could become
aconcern when attempting to model efficiency potential over longer timeframes. The
characteristics doinclude expected technology improvements and cost compression in
existing technologies. We furthertested the sensitivity of our results to these assumptions
by considering the more aggressive scenario in the Technology Report.

Characteristics of building shell technologies came from other sonrces. Lawrence
Berkeley National Laboratory’s Home Energy Saver provides publicly available energy-
consumption modeling for homes, with recommended cost-effective upgrades. This
reportcategorizes all 4,822 residential homes in the RECS survey by their energy use
per square foot into {ive ot six clagses for each of five climate zones, depending on the
climate zone, in order to understand likely characteristics of existing stock and identify
cost-effective upgrades, Itincludes such relevant variables as square footage, resident
income, and year of construction, to further identify these opportunities. Wealso drew
upon work by the National Renewable Energy Laboratory (NREL) on zero-net-energy
building potential and retro-commissioning to understand commercial existing and
new build opportunities.®

Bursting of data oo micra-segments

Bursting of data into micro-segments to identify and address barriers drew upon

the EIA’s energy consumption surveys, Census data, and other sources to generate

tens of thousands of consumption segments across the three sectors. While not
statistically significant at this level of resolution, the data allowed us to identify relevant
characteristics to multiple levels of depth that, when combined, produced samples

that drove key findings in this report and eould be used for further research. Our
modeling accomplishes this by “bursting” the demographic characteristicsinto the
lower resolution data (similar to an outer product of two vectors). Thisdoesrepresentan
approximation of energy consumption within such a “micro-segment” of the population,
provided that data remain aggregated at a high enough level of depth to remain
statistically significant as discussed above.

Exhibit B-1 shows characteristics that we used to burst the residential, commercial,

and industrial sectors into micro-segments. The result was 75,000 micto-segment and
end-use combinationsin the residential sector, which allowed us to see the important
differences across regions, and across different building types, aswell as understand

the potential agency barriers, and conduct other important analyses. Weburstthe
ecommereial sector into 39,000 micro-segment and end-use combinations, which
enabled comparisons between public and government micro-segments and the split
across the muitiple types of baildings, each with very different energy needs. Our micro-
segmentation in the industrial sector was less detailed, due tolimited availability of data;
the industry and geographicsplits proved to be the important factors for identifying
efficiency potential in the sector.

2  B.Griffith et al,, “Assessment of the Technical Potential for Achieving Net Zero-Energy Buildings in the
Commercial Sector”, NREL, December 2007, Evan Mills et al,, “The Cost-Effectiveness of Commercial-
Buildings Commissioning: A Meta-Aralysis of Energy and Non-Energy Impacts in Existing Buildings and
New Construction in the United States,” LBNL, Portland Energy Conservation Ine, Texas A&M University,
December 2004,
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Exhibit B-1: Segmentation of energy use
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Re~aggregation of data into addressable clusters

Inre-aggregating data into addressable clusters of efficiency potential, we used available
consumption characteristics and /or dernographics to organize the micro-segments

into clusters that solutions could address. Fourteen clusters of consumption emerged
asrelevant, as deseribed in the body of this report. The mostsignificant traits used to
define these clustersrepresent an amalgamation of criteria that reflect the existence of
similar barriers, responsiveness to particular solutions, and for common traits relevant for
consumption orefficiency potential. The most relevant characteristics that define these
clustersinclude home owner income, building age (i.e., newversus retrofit buildings},
specificend-uses oropportunities (e.g., electrical devices, community infrastructure,
waste heat recovery), private versus governmentownership structare, and energy
intensity.
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2. BARRIER STRUCTURE AND ATTRIEBUTION

Though it is tempting to address the barriers to energy efficiency improvements using
acustomer purchasing funnel, such an approach would provide too limited a viewof
thebarriers. Specifically, it would omit barriers outside the end-user’s control, such as
pricing distortions, adverse bundling, and technology availability. Our approach tothese
opportunity-specifichbarriersinstead captures dozens of barriers identified in alarge body
of research dating back decades? and structures them into twelve barriers, which align with
three discrete gates through which efficiency measures must pass to deliver energy savings:

#  Structural. Isthe opportunityavailable to the end-user, or are there structural
limitations to the end-user’s ability to capture the benefits?

#  RBehavioral. Will the end-user choose tobehave in a manner consistent with
pursuingthe savings?

#  Awailability, Arethesavingsavailable to an end-user who can structurally capture
them and who chooses to pursue them?

Some of these barriers are guantifiable; for example, itis possible to assert that agency
barriers arise if and only if the building or appliance owner and the payor of energy costs
are different economic agents {e.g., atenant and alandford). Our demographic data
indicates that, for example, agencyissues inhibit the capture of 8 percent of the retrofit
potential inthe residentiai sector and 5-25 percent of private building retrofit potential
dependent on building type in the commercial sector. Otherbarriers areless quantifiable.
Exhibit B-2 arrays the 12 barriers and describes the means used to attribute and, where
possible, quantify their impact against the clusters.

Exhibit B-2; Quantification of opportunity-specific barrders
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3 William Golove and Joseph Eto, “Market Barriers to Energy Efficiency: A Critical Reappraisal of
the Rationale for Public Policies to Promote Energy Efficiency”, LBNL, March 1996, C. Blumstein,
"Overcoming Social and Institutional Barriers to Energy Efficiency,” 1980. 8. DeCanio, “Barriers Within
Firms to Energy Efficient Investments,” Energy Policy, 1993. Amory Lovins, Energy Efficient Buildings:
Institutional Barriers and Opportunities, E Source Ing, 1992.
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3. MAPPING OF SOLUTIONS TO CLUSTERS AND BARRIERS

‘We conducted an extensive survey of measures thatwould unlock energy efficiency in

the residential, commercial, and industrial sectors. These solution measures broadly

fall intothree categories: those that have proven successful on a national scale, those
piloted and promising but not yet proven at national scale, and those emerging but not yet
thoroughly tested. We used available empirical evidence or descriptions to understand
which solations could address which barriers. Forexample, on-bill financing can address
ownership-transfer issues, inconsistent discount rates, and capital constraints by
transferring unpaid investrnent and benefits to future owners while providing necessary
capital at a discount rate consistent with other options for energy consumption. Though
the barriers addressed by each measure can vary among clusters, Exhibit B-3 providesan
example ofhow we mapped measures tobarriers in one cluster in the residential sector, in
this case the existing non-low-income homes cluster.

Exhibit 8-3 Addreasing barriers in exigling non-low-income hornas
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Given the limited quantitative data on the barriers and the impact of solutions, this
approach faces some limitations: it cannet quantitatively map solutions to every barrier,
and it cannot evaluate the relative strength of different solutions, Furthermore, wedid
notattempt to ascertain what fraction of the potential is achievable with a given measure.
However, the approach can highlight what portion of the potential is addressable with a
given measure. Our research suggests thata measure or combination of measures will be
needed to address all major barriers affecting a cluster, ifthe efficiency potentialis to be
captured fully. For example, the limited penetration of on-bill financing in the residential
retrofit cluster islikely because this approach fails to address trafsaction barriers, lack
of awareness, contractor availability, and installation concerns. A combination of on-bill
financing with a home labeling or awareness campaign, plus direct referrals to qualified
contractors could addressall barriers and unlock the potential of this cluster.
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