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Preface 

In 2007, during research on ways to abate greenhouse gas emissions in the United 
States, I we encountered the puzzle of energy efficiency: Rowis itthatso many energy
saving opportunities worth morethan $130 billion annually to the U.S. economy can go 
unrealized, despite decades of publicawareness campaigns, federal and state programs, 
and targeted action by individual companies, non-governmental organizations, and 
private individuals? 

Greaterenergy efficiencywill almost certainly be an important component in 
comprehensive national- and global - strategies for managing energy resources and 
climate change in the future. For this reason, we launched an effort in 2008 to investigate 
opportunities for greater efficiency in the stationary (non-transportation) uses of energy 
in the U.S. economy. This re~earch confirms what many others have found - thatthe 
opportunity is significant. The focus of our effort, however, has been to identifywhat has 
prevented attractive efficiency opportunities from being captured in the past and evaluate 
potential measures to overcome these barriers. Our goal is to identify ways to unlock the 
efficiency potential for more productive uses in the future. This report is the 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. 

Our research has been 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, test emerging findings and potential solutions, 
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 
this report: 

@ Austin Energy 

m Department of Energy 

Office of Electricity Delivery and Energy Reliability 

Office of Energy Efficiency and Renewable Energy 

• DTEEnergy 

ffi Energy Foundation 

8 EnvironmentalProtectionAgency 

;g Exelon Corporation 

m Natural Resources Defense Council 

ill PG&E Corporation 

ill . Sempra Energy 

Reducing u.s. Greenhouse Gas Emissions: How Much at What Cost?, McKinsey & Company, 2007, 



$ Sea Change Foundation 

m Southern Company 

M U.S. Green Building Council 

As part of this 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 many to mention by name, 
these individuals deserve our sincerest thanks for having shared their time and expertise 
so willingly. 

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 or any other contributors. 



Executive summary 

The efficient use of energy has been the goal of many initiatives within the United States 
over the past several decades. While the success of specific efforts has varied, the trend is 
clear: the U.S. economy has steadily improved its ability to produce more with less energy. 
Yet these improvements have emerged unevenly and incompletely within the economy. 
As a result, net efficiency 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 importa,nt 
issues. 

Despite nu~erous studies on energy efficiency two issues remain unclear: the 
magnitude of the NPV-positive opportunity, and the practical steps necessary to unlock 
its full potential. What appears needed is an integrated analysis of energy efficiency 
opportunities that simultaneously identifies the barriers and reviews possible solution 
strategies. Such an analysis would ideally linlcefficiencyopportunities 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 with leading 
companies, industry experts, government agencies, and environmental NGOs to address 
this gap. It reexamined in detail the potential for greater efficiency in non-transportation 
uses of energy,2 assessing the barriers to achievement of that potential, and surveying 
possible solutions. This report is the product ofthat effort. 

The central conclusion of our work: Energy efficiency offers a vast, low-cost 
energy resourcefor the u.s. economy - but only if the nation can crafta comprehensive 
and innovative approach to unlock it. Significant and persistent barriers will need to 
be addressed at multiple levels to stimulate demandfor 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 worth more than 
$1.2 trillion, well above the $520 billion needed through2020 forupfrontinvestment 
in efficiency measures (not including program costs), Such a program is estimated to 
reduce end-use energy consumption in202o by 9.1 quadrillionBTUs, roughly 23 percent 
ofproJected demand, potentially abating up to 1.1 gigatons of greenhouse gases annually. 

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

1. Recognize energy efficiency as an 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 levels an integrated portfolio of 
proven, piloted, and emerging approaches to unlock the full potential of energy efficiency 

3. Identify methods to provide the significant upfrontfunding required by any plan to 
capture energy efficiency 

2 Non-transportation uses of energy exclude fuel used by passengervehic1es, trucks, trains, airplanes, and 
ships, as well as transport energy used in agriculture, mining, and construction operations. For simplicity 
of expression, we sometimes refer to the energy covered by our analyses as Ustationary energy," 
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4. Forge greater alignment between utilities, regulators, government agencies, 
manufacturers, and energy consumers 

5. Foster innovation in the development and deployment of next -generation energy 
efficiency technologies to ensure ongoing productivitygains. 

In the body of the report, we discuss the compelling benefits of energy efficiency and 
why this energy resource warrants being a national priority. We then identify and "map" 
in detail the complex and persistentsetofbarriers that have impeded capture of energy 
efficiency at the level of individual opportunities. We also identify solution strategies, 
including those proven, piloted, or recently emerged, that could playa role in overcoming 
these barriers. Finally, we elaborate on the five observations noted above to outline 
important considerations forthe development of a holistic implementation strategy to 
capture energy efficiency at scale. 

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

COMPELLING NATiONWiDE OPPORTUNITY 
Our research indicates that by 2020, the United States could reduce annual energy 
consumption by 23 percent from a business-as-usual (BAU)3 projection by deploying an 
arrayofNPV-positive efficiency measures, saving 9.1 quadrillion BTUs of end-use4 

energy (18.4 quadrillion BTUs in primary energy). This potential exists because 
significant barriers impede the deployment of energy efficient practices and technologies. 
It will be helpful to begin by clarifying the size and nature of this opportunity; then 
we will describe the case for taking action to address the barriers and unlock the energy 
efficiencypotential. 

The residential sector accounts for 35 percent of the end-use efficiency potential (33 percent 
ofprirnaryenergypotential), theindustrial sector 40 percent (32 percent in primaryenergy), 
and the commercialsector 25 percent (35 percent in primary energy). The differences 
between prirnaryandend-usepotentials are attributable to conversion, transmission, 
distribution, and transport losses. We present both numbers throughout as each is relevant 
to specific issues considered. Capturing the full potential overthe next decade would 
decrease the end-use energy consumption analyzed from36.9 quadrillion end-use BTUs 
in 2008 to 30.8 quadrillion end-use BTUs in 2020 (ExhibitA), with potentially profound 
implications for existing energy provider business models.S 

This change represents an absolute decline of 6.1 quadrillion end-use BTUs from 2008 
levels andan even greater reduction of9.1 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 willstill be required to 
address regions of growth, retirement of economically or environmentallyobsolete 

3 The Energy InfQl'mation Administration's Annual Energy Outlook, 2008 represents our business-as
usual projection; our analysis focused on the 81 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 residential settings, 
e.g., providing light, heating and cooling spaces, running motors and electronic devices, 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 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. 
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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 COze of 
greenhouse gas emissions per year in 2020 relative to BAU projections, and could serve as 
an important bridge to a future era of advanced low-carbon supply-side energy options. 

~~.t~i?i.~"~~~nernY efficiency potentia! in the U.S. ~conorr:L'Y ___ ._. ________ . ___ .. 
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In modeling the national potential for greater energy efficiency, we focused our analysis 
on identifying what we call the "NPV-positive" potential for energy efficiency. We defined 
"NPV-positive"6 to include direct energy, operating, and maintenance cost savings over 
the equipment's useful life, net of equipment and installation costs, regardless of who 
invests in the efficiency measure or receives the benefits. We used industrialretailrates 
as a proxy for the value of energy savings in our calculations,? applied a 7-percent discount 
factor as the cost of capita~ and assumed no price on carbon. This methodologyprovides 
a representation of the potential for net-present-value-positive (NPV-positive) energy 
efficiency from the perspective of policy makers and business leaders who must make 
decisions in the broad interests of society. This is in contrast to some studies that report on 
"technical" potentia~ which applies the most efficient technology regardless of cost, and 
differs from reports that project "achievable" potential given historical performance and 
an implied set of constraints. 

We acknowledge, however, that there are different views offuture scenarios, societal 
discount rates, and what constitutes "NPV-positive" from the perspective of individual 

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

7 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 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 efficieneywere 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 amount of transport eost. 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($o, $15, $30, and $50 perton CO:/.e). Wefound 
the potential remains quite significant across all of these sensitivity tests (Exhibit B). 
Introducing a carbon price as high as $50 perton C02e from the national perspective 
increases the potential by 13 percent. Amore moderate price of $30 perton C02e increases 
the potential by 8 percent. Applyinga discount rate of40 percent, usingcustomer-c1ass
specific retail rates, and assuming 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. 

Exhibit B: Sensitivity of NPV-positive energy efficiency pottmtia! .. 2020 

Quadrillion BTUs, end-use energy 

Base case Time-value 01 savings Savings with carbon price 
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Source: EIA AEO 200B. McKln."y analysl. 

Our methodology is based on detailed examination of the economics of efficiency potential 
and the barriers to captureofit. Using the Energy InformationAdministration's National 
Energy Modeling System (NEMS) andAnnualEnergy Outlook2ooB (AEO 2008) as a 
foundation, for each Census division and building type, wedeveloped a set of''business
as-usual" choices for end-use technology through 2020. Then, to identifymeaningful 
opportunities atthis level of detail, we modeleddeploymentof675 energy-saving measures 
to select those with the lowest total costofownership, replacing existing equipment and 
building stock overtime whenever doing so was ''NPV-positive.''8 Wedisaggregated national 
data on energy consumption using some 60 demographic and usage attributes, creating 
roughly 20,000 consumption micro-segments across which we could analyze potentia1. 

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 clusters as shown in Exhibit C 
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 efficiency potentia! in stationary uses of energy - 2020 
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While not all actions that decrease the consumption of energy represent NPV-positive 
investments relative to alternatives, by definition in our methodology, aU the energy 
efficiency actions included in this report represent attractive investments. The required 
investment of these NPV-positive efficiency measures ranges upward from $0.40 per 
MMBTU saved, averaging $4.40 per MMBTU of end-use energy saved (notincluding 
program costs). This average is 68 percent belowtheAEO 2008 business-as-usual 
forecast price of saved energy in 2020, $13.80 per MMBTU weighted average across an 
fuel types (Exhibit D), and 24 percent below the projected lowest delivered natural gas 
price in the United States in 2020, $5.76 per MMBTU. Furthermore, the energy and 
operational savings from greater efficiency total some $1.2 trillion in present value to 
the U.S. economy: unlocking this value would require an initial upfrontinvestment of 
approximately $520 billion (not including program costS).9 Even the most expensive 
opportunities selected in this study are NPV-positive overthe lifetime ofthe measure and 
represent the least expensive way to provide for future energyrequirements. 

9 The net present value of this investment therefore would be $1,2 trillion minus $520 billion, 
or $680 billion, 
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SIGNIFICANT Bi\,RRIERS TO OVERCOME 
The highlycompeUing natureofenergyefficiencyraises the question of why the economy has 
not already captured this potential, since itisso large and attractive. Infact, much progress 
has been madeoverthe past few decades throughout the U.S., with even greater results in 
select regions and applications. Since 1980, energy consumption perunitoffloor space has 
decreased 11 percent in residential and 21 percent in commercial sectors, while industrial 
energy consumption per real dollar ofGDP output has decreased 41 percent. Though these 
numbers do notadjustfor structural changes, many studies indicate efficiency plays a role 
in these reductions. Asan indicatorofthis success, recent BAU forecasts have incorporated 
expectationsofgreaterenergyefficiency. Forexample, theEIA's2o-yearconsumption 
forecastshowsas-percentimprovementincommercialenergyintensityand10-percent 
improvement in residential energy intensity compared to their projections of 4 yearsago.lO 

As impressive as the gains have been, however, an even greater potential remains due 
to mUltiple and persistent barriers present at both the individual opportunity level and 
overall system level. By their nature, energy efficiency measures typically require a 
substantial upfrontinvestmentin exchange for savings that accrue 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 
virtually no one. Finally, measuring and 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 
componentsofanoverarchingstrategy(ExhibitE). 

10 AEO 2004 and 2008. 
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Exhibit E: Mu!tiple chal!onges associated with pursuing onergy efficlency 
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Our research suggests that unlocking the full potential of any given opportunity requires 
addressing all barriers in a holisticratherthan piecemeal fashion. To simplify the 
discussion. we have grouped individual opportunity barriers into three broad categories: 
structural, behavioral, and availability. Structural barriers prevent an end-userfrom 
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. U This type of agency 
barrier affects some 9 percent of the end-use energy efficiency potential. Behavioral 
barriers include situations where lack of awareness or end-user inertia block pursuit of an 
opportunity; for example, a facility manager might replace a broken pump with a model 
having the lowest upfront cost ratherthan a more energy efficient model with lowertotal 
ownership cost, given a lack of awareness of the consumption differences. Availability 
barriers include situations when an end-user interested in and willing to pursue a measure 
cannot access it in an acceptable form; for example, a lack of access to capital might prevent 
the upgradeto'a new heating system, orthe bundling of premium feat ures with energy 
efficiency measures in a dishwasher might dissuade an end-user from purchasing a more 
efficient model. 

11 We refer to space conditioning systems generically as HVAC systems (heating, ventilation, and air 
conditioning), whether a building has a heating system, a cooling system, an air exchanger or all 
three systems. 
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SOLUTiONS AVAILABLE TO ADDRESS THE BARRIERS 
Experience overthe pastseveral decades has generatedalarge arrayoftools for addressing 
the barriers that impede capture of attractive efficiency potential, some of which have been 

. provenata national scale, some have been "piloted" in select geographies or at certain times 
ft.t a city-scale, and others are emerging and merittrial but are notyetthol'oughlytested. 
The array of proven, piloted, and emerging solutions falls into four broad categories: 

W 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 use of in-building displays, voluntary standards, additional device- and 
building-labeling schemes, audits and assessments, and awareness campaigns. 

!9 Incentives and financing. Given the large upfront investment needed to capture 
efficiency potential, various approaches could reduce financial hurdles that end
users face. Options include traditional and creative financing vehicles (such as on-bill 
financing), monetary incentives and/or grants, including tax and cash incentives, and 
price signals, including tiered pricing and externality pricing (e.g., carbon price). 

$. Codes and standards. In some 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 are low. 
Options include mandatory audits and/or assessments, equipment standards, and 
building codes, including improving code enforcement. 

o Third-partyinvolvement. Aprivatecompany, utility, government agency, or non
governmental organization could support a "do-it-for-me" approach by purchasing and 
installingenergyefficiencyimprovementsdirectlyfortheend-user, thereby essentially 
addressing most non-capital barriers. When coupled with monetary incentives, this 
solution strategy could address the majorityofbarriers, though some number of end
users might decline the opportunity to receive the efficiency upgrade, preventing 
capture ofthe 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 experts in this 
and related fields, we have attempted to define solutions that can address thevarious 
barriers under a variety of conditions. Exhibit F illustrates how we mappedalternative 
solutions against the barriers for a cluster. 

We do not believe it is possible to empirically prove that a particular combination of 
measures will unlock the full potential in any cluster, because the level of impact being 
considered has never previously been attained. However, we do believethat a holistic 
combination of solutions that address the full-range of barriers and system-level issues 
is a prerequisite for attaining energy-productivity gains anywhere near those identified 
in our analysis. 
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E1.EMENTS OF /\ HOUSTIC IMF)LEMFNTAfiON STH/\TEGY 
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-moving technologies of the past 
century that achieved widespread adoption, such as cellular telephones, microwaves, 
or radio, took 10 to 15years to achieve similar rates of scale-up. Without an increase in 
national commitment, itwill remain challenging to unlock the full potential of energy 
efficiency. As noted previously, there are five important aspects to incorporate into 
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 an important energy resource that can 
help meet future energy needs, while the nation concurrently develops 
new no- and low-carbon energy sources. Energy efficiency is an important 
resource 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 over the next decade, there are important reasons for continuing to develop 
newno- and low-carbon options for energy supply. First, as described in our original 
report on U.S. greenhouse gas abatement (Exhibit G), energy efficiency in stationary 
uses of energy represents less than half of the potential abatement available to meet 
any future reduction targets. In addition, some areas of the countrywill continue 
to experience growth, and some may need to retire 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 a set of 
risks related to the timing and magnitude of potential capture. Consequently, there 
remains a strong rationale to diversify risk across supply and demand resources. 
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2. Formulate and launch at both national and regional levels an integrated 
portfolio of proven, piloted, and emerging approaches to unlockthefull 
potential of energy efficiency. There are multiple combinations of approaches 
the nation could take to support the scaled-up capture of energy efficiency. In 
addition to seeking the impact of national efforts, this portfolio should effectively and 
fairly reflect regional differences in energy efficiency potential. Any approach would 
need to makethe following three determinations: 

The extent 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 measures 

The best methods by which to further stimulate demand and enable capture of 
the remaining energy efficiencypotential. 

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 against the relevant parameters of cost, risk (Le., experience), and return 
(i.e., size of potential). 

3. Identifymethodstoprovidethesignificantupfrontfundingrequiredby 
anyplantocaptureenergyefficiency. End-userfundingforenergyefficiencyby 
consumers has proved difficult. Partial monetary incentives and supportive codes and 
standards increase direct funding by end-users: the former by reducing initial outlays 
and raising awareness, the latter by essentially requiring participation. Enhanced 
performance contracting or loan guarantees are relatively untested but could facilitate 
end-user funding. Alternatively, the entire national upfrontinvestmentof$S20 billion 
(not including program costs) could be recovered through asystem-benefit charge on 
energy on the orderof$o.o059 cents per kWh of electricity and $1.12 per MMBTU of 
other fuels overlOyears. Thiswould represent an increase in average customer energy 
costsof8 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 cost structures. Forexample, codes and standards have been shown to 
typically incur program costs below 10 percent, whereas low-incomeweatherization 
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programs have averaged between 20 and30 percent. 12 Federal energy legislation 
under discussion at the time of this report will likely offer flexibility as to the level of 
energy efficiency each state and energyprovider chooses to pursue. !twill therefore 
beincu mbent on states and local energyproviders to undertake a rigorous analysis to 
assess the role of efficiency in the context of their overall regional energy-strategy. 

4. Forge greater alignment across utilities, regulators, government 
agencies, manufacturers, and energy consumers. Designing and executing 
a scaled-up national energy efficiency program will require collaboration among 
many stakeholders. Three tasks in particular will need to be addressed to achieve 
the necessary level 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 opportunities while continuing to meet the demands of their public 
or private owners. Second, setting customer expectations that energy efficiency 
will reduce energy bills, but not necessarily rates, will be important to securing 
their support. Finally, measuring energy efficiency requires effective evaluation, 
measurement, and verification to provide assurance to stakeholders that programs 
and projects are achieving the savings claimed forthem. Ratherthan attempting to 
provide "perfect" information, such programs can provide "sufficient" assurance by 
focusing on consistency, simplicity of design, and addressing both inputs and impact. 

5· Fosterinnovationinthedevelopmentanddeploymentofnext-generation 
energy efficiency technologies to ensure ongoingproductivitygains. 
Finally, having launched a significant national campaign to pursue energy efficiency, 
part of the national strategy must address sustaining the innovation required to 
ensure future productivity gains can be realized. By design, given the near-term 
focus 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-savingtechnologywill continue to emerge. Ongoing funding and support of 
energy efficiency research and development can help keep the u.s. on a trajectory 
toward even greater productivity gains than those presented in this report. 

12 Further discussion of program costs is included in Chapter 5 of the full report. 
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DOD 

In the nation's pursuit of energy affordabiHty, 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 significant barriers that exist and must 
be overcome, and we have provided evidence that none are insurmountable. We hope the 
information in this report 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 
challenges of economic recovery, energy affordability, climate change, and energy security. 
In November 2007, McKinsey & Company published a report entitled "Reducing U.S. 
Greenhouse Gas Emissions: How Much at What Cost?" and produced what has become 
a well-recognized abatement curve illustrating the sources, potential magnitudes, and 
incremental costs of options to abate greenhouse gases (Exhibit 1). 

Exhibit 1: U.S. mlcl-ranq() qreenhouse ODS abatement curve - 2030 
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The colored bars in this exhibit identify the potential impact of greater efficiency in 
stationary uses (i.e., non-transportation-related) of energy, the focus of this report. It 
is important to note that to achieve the aggressive goals being discussed nationally for 
greenhouse gas reduction (Le., on the order of3.5 to 5.2 gigatons C02e 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 one should view energy efficiency as a complete substitute for the "right-side": 
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sources of renewable energy, such as wind, solar, biomass, geothermal and hydroelectric 
energy, or low-carbon options like nuclear power and commercialization of carbon capture 
and storage. It would 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 energyinitiatives. 

The reasons to focus on energy efficiency are as simple as the questions are puzzling: If 
the economics of energy efficiency are so compelling and the technology is availableand 
proven, why has the 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, overthe past three decades? In other words, by what 
means could the United States realize a much greater portion of the energy efficiency 
available to it? Anumberoforganizations asked us to examine this issue and consider what 
actions would enable greater success. 

Working with a range of major U.S. based companies and government organizations, 
industry experts, foundations, and environmental NGOs we designed our analytical 
approach with this problem in mind. Our methodology identifies important clusters 
of energy efficiency potential in non-transportation settings, drawing on knowledge of 
barriers that have impeded capture of this potential in the past. To make our assumptions 
and modeling more transparent, we relied heavily on publicly available sources of data. 
Using the Energy InformationAdministration's National Energy Modeling System and 
Annual Energy Outlook2oo8 (AEO) as a foundation, we developed a set of "business-as
usual" (BAU) choices for end-use technology through 2020 in line with theAEO for each 
Census division and building type. Then, to identify meaningful efficiency opportunities 
atthis level of detail, we modeled deployment ofmorethan 675 energy-saving measures 
to select those with the lowest total cost of ownership, replacing existing stock overtime 
whenever doing sowas "NPV-positive."1 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. By linldng 
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 in all, five each in 
the residential and commercial sectors, three in the industrial sector, and combined heat 
and power (CHP) systems in both commercial and industrial settings) are sufficiently 
homogeneous to suggest a set of targeted solutions. 

We focused our exploration of barriers and solutions on 2020 in order to identify near
term opportunities relatively unaffected by technological uncertainty. Our modeling is 
based on a 2008 baseline, butwe recognize that mobilizing to pursue energy efficiency on 
a national scale will likely take time. Therefore, references throughout this report to 2020 

represent the possible outcome of a decade of effort focused on energy efficiency, which 
would in reality depend on when significant initiatives are launched. 

By "NPV-positive" we mean the present value of energy, operation, and maintenance cost savings that 
accrue over the life time of the measure arc equal to or greater than the upfront investment to deploy that 
meaSUl'e when discounted at an appropriate discount rate. We varied assumptions about the value of 
energy saved and discount rate to reflect different perspectives 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 substitution of building shell improvements or lighting prior to 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 thatgenerate 
only enough savings to offset their incremental cost relative to a business-as-usual 
alternative. These "end-of-life" NPV-positive opportunities 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" replacementto 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. 

Ourcentralresultforenergyefficiencypotential used a 7percent real discount rate and 
regional industrial energy prices to value the energy savings of reduced consumption. In this 
regard, the efficiencypotential identified in this report is a variant of the "economic" potential 
described in the preexisting literature on energy efficiency and uses a costtestsimilarto but 
notthesameastheTotalResourceCosttest.3 Wehavenotevaluateda "technical" potential, 
which would derive from existingtechnologyregardlessofincremental technology cost 
andyielda higher potential. Nor have we identified an "achievable" potential, which would 
discount theamount of economic potential captured based on demographic, market, and 
regulatory factors used to approximate the behaviorofvarious economic agents andestimate 
what could be realistically expected using current approaches. 

Using existing literature, primary interviews, our modeling, the underlying data, and 
judgment, we synthesized and structured 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-ofts in various policies 
and market mechanisms. 

2 Our analysis assigns no residual value to an existing energy-consuming device that is replaced prior to 
the end of its life. A less conservative calculation might subtract the residual (i.e., undepreciated) value 
of the existing device from 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 assuming 
such eqnipment cannot be resold and assigned it zero residual value. 

3 Our analysis does not include program administration costs, incentives paid to program administrators, 
costs or benefits of other resources (e.g., water), or non~resource costs or benefits (e.g., productivity) as are 
sometimes included in the Total Resource Cost test. 
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Importantly, there are aspects that differentiate this research from other reports on 
energy efficiency. We have focusedon understanding how to pursue energyefficiencyon 
a national scale hyconnecting the related activities of estimating potential, identifying 
barriers, reviewing solutions, and discussing policy implications in asingle report. 
Specifically, we: 

iii Focused on end-use4 energy to facilitate the conversation among business leaders and 
policyrnakers, while noting the importance of primary energy, its technical match to 
efficiency topics, and making such numbers available where appropriate 

m Included only those energy efficiency initiatives that could be "hard-wired," 
as opposed to relying on sustained behavioral change among end-users (e.g., 
conservation efforts, such as turning offunnecessary lights) 

m Assumed no material change in consumer utility; or lifestyle preferences 

!fll Leveraged existing technologies and did not attempt to forecast future technology 
innovations or incorporate the most "extreme" forms of whole -building redesign, 
which can further reduce consumption. Accordingly, we have not presented a 
"technical" potential 

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

Wi Applied data wherever possible, but recognized that we could not quantitativelymap 
solutions to every barrier in every cluster 

Wi Avoided the temptation to predict how much of the available "economic" potential 
could or would be realized by adopting new, scaled-up approaches. Nowhere in this 
report do we calculate an "achievable" potential as is typical1ydone using top-down 
estimates from an "economic" potential. 

Our research suggests the net cost of achieving these levels ofenergyefficiencywould 
produce energy savings that approximately double the upfront investment on an economy
wide basis. Although these savings are even more attractive for most participating 
consumers, issues oftiming andal1ocation would likely lead various stakeholders to 
perceive the costs differently. !tis likely that not all 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 bills and 
electric rates: bills and total energy costs would decline, butthe per-unit price (Le., rate) 
would likely rise from current levels. The impact relative to business-as-usual is less 
certain, since in absence of energy efficiency investment, rates may rise due to other 
factors. Details of this effect 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 devices, 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 losses 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 simplicity of expression, we sometimes refer to the energy covered by our analyses as 
"stationary energy." 

'5 By "consumer utility" we mean functionality or usefulness for end-users, including level of comfort; in this 
context, holding consumer utility constant would imply, for example no change in thermostat settings or 
appliance usc; no downsizing of homes or commercial floor space. In a strict economic sense, maintaining 
constant consumer utility assumes a constant economic surplus forthe 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 
hope is that this research will aid in the understanding and further pursuit of economically 
sensible and effective approaches to unlocking the potential of energy efficiency. This 
report presents the findings of ourworkin five chapters: 

1. Acompelling nationwide opportunity 

2. Approaches to greater efficiency in the residential sector 

3. Approaches to greater efficiency in the commercial sector 

4. Approaches to greater efficiency in theindustrialsector 

5. Developing a holistic implementation strategy. 

The report also contains boxed areas with brief treatments of a number of topics related 
to energy efficiency but not included directly in our analyses. Additional supporting 
material, covering technical terms and methodology, as well as works cited and consulted, 
are located in the appendices. . 
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1. A compelling nationwide 
opportunity 

The United States faces an important opportunity to transform how it uses energy in its 
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 persistent barriers that have prevented it from being captured in the 
past, and second, a number of complex issues will have to be addressed at the level oflaeal 
and regional energy markets - as well as at the national level- if the United States is to 
realize the full potential of its energy efficiency opportunity. 

This chapter describes the NPV-positiveefficiencypotential the nation can pursue in an 
accelerated manner in the relative near term (through 2020) and explores the multi-level 
challenge presented by this attractive opportunity. 

SIGNIFICANT POTENTL4L..AVAILAflLJ:: IN THE: f\)F/\H TmM 
The opportunity for greater efficiency in stationary energy use is substantial. It is less 
sensitive to discount factors, participant costs of capital, and carbon prices - and could be 
pursued more quickly - than is typically acknowledged, but only ifthe United States can 
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 
addressed in thisreporfiwillgl'Owbyo.7percentperyearfrom 2008, reaching39.9 quadrillion 
BTUs in 2020. If the nation can overcome the barriers and capture the full NPV-positive 
efficiency potential in 2020, the U.S. could consumesome 23 percent less energy per 
year, 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 billion7 and would yield present-value 
savings of roughly $1,200 billion. Ifdeployed over 10 years, this annualspend of roughly 

6 Appendix B discusses the methodology of this report including the scope of energy uses addressed. 

7 This amount includes $56 billion of upfront investment associated with deploying 50 GW of combined 
heat and power generation. 

7 
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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.9 

Measured in primary energy. 10 savings would total18.4 quadrillion BTUs, or 26 percent 
relative to a BAUbaseline. Ifattained in its entirety, this efficiency potential would 
reduce annual U.S. GHG emissions in 2020 by 1.1 gigatons C02e, some 15 percent of 2005 
greenhouse gas emissions and equivalent to 26 percent of non-transportation GHG 
emissions in the sectors thatwe modeled. 

Exhibit 2: Siunificant enerqy officiency potential in the U.S. economy 

End·uS!! consumption Contribution by energy source to 2020 efficiency potential 
QuadrlU!on BTUs 39 II Percent 

I/I'II~ Imlustrial . • t 8% 

Commercial ~':~~" ::"~:. .29% 
Residential' ." .28% 

Primary cGnsumptlGn 
Quadrillion BTUs' 

647 708 

'"d,,"'" III' ,,. l@ 
Comm"""al ,........ ·21 % 

~" 
Residential ·27% 

Basallne Basal;"e NPV· 
casa, 20:<0 positive 
200B oasa, 2020 

PrimaI)' 
energy 

iEnurgy 
costs 

Carbon 
emissions 

• Includes primal)' saVings Itom CHP 01490 Ifiliion BTUs In oomrnerolal and 910 trillk," BTUs in industriaL 
Source: EIA AEO 2008, MoKlnsey analysis 

100'\1.= .. , 
quadrillion 
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'M 
quadrillion 
BTUs 

$130bl!lion 

1.191galon6 
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lfthe U.S. economy could realize the NPV-positive efficiency potential identified in 
this report, itwould more than fully offset expected consumption growth, leading to an 
absolute decline in energy use over this period. The nation would see stationaryenergy 
use decline equivalent to a rate of 1.5 percent per year, decreasing from 36.9 quadrillion 
BTUs in 2008 to 30.S quadrillion BTUs in 2020. This change represents an absolute 
decline of 6.1 quadrillion end-use BTUs from 200Slevels and an even greater reduction 
of 9.1 quadrillion end-use BTUs overthe 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.lt 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 on utility programs ($2.5 billion). 
EBeo 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 would 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 MMBTU, 1.5 quadrillion 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, 9.1 quadrillion end-use BTUs, has an average savings of $13.80 per MMBTU. ClIP 
offers an additional $7.9 billion per year of energy savings. The total annual energy savings in 2020 of 
$133 billion has been rounded to $130 billion throughout this report. 

10 Primary energy consumption savings for electricity have been calculated by converting cnd-use BTUs to 
primary BTUs at.a multiple of3.1, 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 transportation leaks. Data fortransport energy of 
other fuels is 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 energyinfrastructure, 
and introduction of unaccounted-for consumption such as eledricvehicles. However, 
energy efficiency could measurably reduce the total required investment for additional 
assets during this timeframe. 

The effidel1.cypotf'!.ntial renlftlllS significant across scenarios 

In modeling the national potential for greater energy efficiency, we calculated net lifecyc1e 
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 applieda 
7 percent discount factor as the cost of capital; we assumed there was no price on carbon. 
We tested the sensitivity of the NPV-positive opportunities by adjusting the discount 
rate (expected payback period), value of energy saved (sector-specific retail ratesversus 
industrial retail ratesY:!, and possible carbon price ($0, $15, $30, and $50 per ton C02e). 
Exhibit 3 shows the resulting NPV-positive potential beyond business-as-usuallevels 
exploring sensitivity to these three factors: 

m The perspective used to view costs and benefits. The total potential from a 
"participant" perspective (Le., taking the perspective of an end-user with retail energy 
prices and a 20 percent discount rate)13 is 7.2 quadrillion BTUs, 21 percent less than 
potential from the national perspective (using industrial energy prices and a 7 percent 
discount rate to value the energy savings), indicating significant potential from either 
perspective. 

ill Time-value of savings. Residential customers' expectation of a 2 to 3 year payback 
period for household investments is an often-cited barrier to energy efficiency. 
This expectation of rapid payback limits potential, but still provides considerable 
opportunities across all sectors. A40 percent discount rate across sectors with retail 
power prices reduces potential by 43 percent, but an economy-wide potential of 
5.2 quadrillion BTUs remains. By contrast, decreasing the real discount rate from a 
national perspective from 7percentto 4 percent increases the potential 10 percent to 
10.0 quadrillion BTUs. 

U Value of energy savings through a carbon price. Introducing a carbon price as 
high as $50 perton C02efrom the national perspective increases the potential by 
13 percent. A priceof$30 perton C02ewouldincrease the potential by 8 percent. The 
direct impact of carbon pricing, namely the microeconomicexpectation that increasing 
energypriceshould reduce energy consumption, is outside the scope of this report. 

12 Industrial retail rates represent an approximate value of the energy saved as they inclnde 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 national 
average, and thus this rate represents a slightly conservative estimate of the value of the energy savings, 
the other components are close:rto 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 amount of transport. A more detailed discussion of the avoided cost of 
energy is available in Appendix B of the full report. 

13 Twenty percent approximates the marginal cost of capital for many unsecnred financing sources; though 
home equity lines or revolving credit lines are available at lower rates, they may be more difficult to obtain. 

9 
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Exhibit 3; Sensitivity of NPV-positiv8 eneroy efficiency pot:;:8ccl1c;ti::;Cl:::1 ________ _ 

Quadrillion BTUs, end-use energy 

Base cllse 
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Commercial 

Residential 

Energy price: 
• Industrial relall' 
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Discounlillctot 
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7 

o 

Time-value of savings Savings with carbon price 

10.0 
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Sou"",: EjA AEO 2008, McKinsey ana!ys1. 

Ollport:uniti-e.s distributed throughout the economy 

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

W Residential sector. The residential sector accounts for 29 percent of 2020 BAD 
end-use consumption and offers a slightly disproportionate 35 percent of the end
use efficiency potential. The residential opportunity is extremely fragmented, as it 
is spread across conditioning the space of 129 million households and energizing the 
dozens of appliances and devices in each household. 14 

ill Industrial sector. The industrial sector offers the reverse proportion: the sector 
accounts for 51 percent of 2020 BAD end-use consumption but only 40 percent of end
use efficiency potential. The opportunity is, however, more concentrated: halfofthe 
potential is 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 energyefficiencyopportunities. 

ill Commercial sector. The .commercial sector consumes 20 percent ofthe 2020 

BAD 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 represents a larger share of consumption in this sector; as 
such it offers the largest primary energy opportunity at 35 percent of the total when 
including commercial CHP opportunities. 

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

14 The number of homes , 129 million, is based on ErA's number of occupied homes. In 2020, there will be 
an additional 10 million to 15 million unoccupied homes counted by the Census, Our analysis, and most 
products of the EIA, use only the 129 million occupied homes, because unoccupied homes consume little 
energy and present little, if any, NPV-positive efficiency potential. 
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Finally, while the nature of efficiency opportunities changes across geographies; 
substantial potential is present in an 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 is belowthe 
national average. The greatest efficiency potential relative to total consumption is in the 
Northeast, due to high potential especially in the residential sector. 

Exhibit 4: Enorqy efficiency end·"use potentia! across Census re9ions 

Trillion STUs in 2020· 

Savings 
Percent 

Resl· Comm· Indus-
Electricity G" 011 Other Total dentlal erclal trial 

22 26 29 17 

South 

\\1t", 23 29 29 19 

Midwest , 
23 25 29 18 

West 

24 32 " 18 

Northeast 

• Numbers founded to 50 trillion BTU. 

SOUlce: ErA AEO 2008. McKinsey analysl. 

Clusters of opportunitYl)resenttlielllselves 

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 
in the 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. 
The most relevant characteristics that define these clusters include home owner income, 
building age (Le., new versus retrofit buildings), specific end-uses or opportunities 
(e.g., electrical devices, community infrastructure, waste heat recovery), private versus 
government ownership structure, and energy intensity. Exhibit 5 shows these clusters and 
their end-use and primary energy efficiencypotential. 

New homes, in residential, and new private buildings, in commercial, share similarities both 
in the barriers that impede the opportunity and the types of solution strategies that address 
the barriers. Electrical devices 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 necessarily in end-use energy, though itis a site-based energy source. 
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DCI>loyingencl'gy efficiency me,asures 011 a national scalewiH require a 
significant (:allital 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 
require initial, upfront investments totaling $520 billion in present value terms through 
2020 (Exhibit 6), representing an investment of$so billion per year (in present-value 
terms) for 
lOyears. Some observers estimate that the U.s. invests $20 billion to $35 billion pet year 
in energy consuming devices and building insulation to support a price "premium" to 
fund improved efficiency.15 To compare these investments to the incremental efficiency 
investments described in this report we subtracted the business-as-usuallevel purchases 
ofbuHding insulation to meet present building codes and the base costoflessefficient 
devices to obtain a market size Of$10 billion to $12 billion. 16 This implies that capturing 
the full efficiency potential identified in this report would require asustained 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 discussed in Chapter 5· 

The cost of the energyefficiencyrneasures, expressed in dollars per million BTUs (MMBTU) 
saved overtheir lifetime, varies greatly. Exhibit7 arrays the most economically attractive 
solution strategies in each of49 energy efficiency measures in our central result from least to 
highest cost per MMBTU of end-use energy saved. The heightofeach bar shows the average 

, cost per MMBTU saved; its width corresponds to how much energy in trillion BTUs could 
be saved annually with that strategy for its corresponding end-use in 2020. This chart 
highlights the diversityofend-uses that would provide savings, but demonstratesthatthere 
are few large and simple opportunities to pursue: capturing 80 percent of the opportunity 
would require deploying 58 percentoftheupfrontinvestment.t7 

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

16 Annual efficiency spend of $10 billion to $12 billion 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-usual insulation spend ($8-$10 billion) to satisfy building codes and 
standard practices. 

17 Alternatively, 35 percent of the investment would correspond to 60 percent of the energy 
efficient'Y potential. 
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:Financial valut~ of energysHvings outweigh its t~os-t 

While not all actions that decrease the consumption of energy represent anNPV-positive 
investment relative to alternatives, by definition of our methodology aU the energyefficiency 
actions included in this reportrepresentNPV-positiveinvestments. 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" 
for efficiency is 68 percent be1owtheforecasted price of energyin 2020, $13.80 per MMBTU 
(ExhIbit 7), and 24 percent below the lowest delivered natural gas price in the United States in 
2020, $5.76 per MMBTU. Put another way, even the most expensive opportunities selected 
in this study are attractive overthelifetime ofthemeasureand 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 itincludes only direct energy savings.i8 

[,,..,,, -------. ." ........... " .. ,,'''', ... 
N .... "" .... """",..,"', ... 
I"b ..... '_.~. 

• AvO!.go price oJ &","d.d .n.'~y".""''''''p~on ollh.lndus,".1 pfi",,; $35.WlMMBTU '"p""'"nlo u.. ~igh«'I .. glon'l .1<>0\rIIl~ prJ"" usod; new 
bull<! """I b. .. d on AEO 2005 (ul\J,. ""n,buo1!on oo.ts 

.. AU' 49'" 'O<IIW of """ng', ,olining p«lr:o .... , cTlo" no NPV·"",lfivlI."m. 
Smm:o, EIA AEO 2008, MoKl"".y onotyols 

PREVIOUS EFFORTS I"IAVE IMPROVED ENERGY EFFICIENCY 
Over the past 35 years, national interest in energy efficiency has risen andfallen 
following changes in energy prices (Exhibit 8). The global oil crises of the 1970S catalyzed 
substantial action at the federal and state levels: 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 fuel and improved 
efficiency of electricity generation, job creation, and health improvements. These benefits are described 
as special topics in the report where appropriate, but are not included in the calculation of the 
efficiencypotential. 
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EX!1ibit 8: Milestones in the pursuit of energy efficiency 
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Asurge in the global oil supply in the mid-198os, however, brought a sharp decline in oil 
and power prices, with relatively stable or declining fossil fuel and power prices following 
for more than a decade. In this environment, sustaining momentum at the national 
level for efforts to improve energy efficiency became increasingly difficult.19 At the same 
time, national energy policy shifted toward greater reliance on markets to better balance 
supply and demand of energy resources. Overthe past 10years, however, with an energy 
crisis in western states, supply disruptions from events overseas and natural disasters 
domestically, and rising concerns about the effects of climate change, interest in a 
coordinated approach to capturing energy efficiency has reemerged. 

In this period, various government agencies and contractors, non-governmentagencies, 
and academics have explored the potential for energy efficiency and the reasons itso often 
remains an untapped resource. As early as the late 1970s, academics and advocates began 
identifying the available efficiency potential and the barriers to the capture of that potential. 
Within the past decade, four efforts standout atthe national level, with more than 20 others 
atthe regional or state level, that generally align with the methodology suggested in the 
"Guidelines for Conducting Energy Efficiency Potential Studies" published by the EPA. 
Thesestudies 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 Of21 percent, broadly in line with the results of this report. This report isalso 
in agreement with the finding of our previous work on greenhouse gas abatement in the 
United States, which identified "mid-range" efficiencysavingsofl,284 TWh of electricity 
and 1,424 trillion BTUs of gas in 2030 with an estimated upfrontoutlayof$280 billion.20 

Differencesin baseline, timing, and nature (i.e., "mid-range" focus on GHGemissions versus 
focus on NPV-positiveenergy efficiency) of the reportsaccountforthe difference between 

19 Robel't 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 
report's 2030 result to obtain this report's 2020 result include the following: baseline (-$27 billion, 
-264 TWh, -1,638 end-use 'fBTUs of gas), timing (-$75 billion, -249 TWh, -303 end-use TBTUs of gas), 
and methodology, including accclcrated retirement (add $200 billion, 235 TWh, and 1,320 end-use 
TBTUs of gas) and peneil'ation ($150 billion, 74 TWh, 2,210 end-use TBTUs of gas), 
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the earlier findings and the 1,080 TWh of electricity, 3,010 trillion BTUs of gas savings, and 
$S20 billion inupfrontinvestmentin 2020thatis identified in this report. 

Efficiency has improved mldis exr»ected to accelerate 

Energyintensity, expressed as the energy consumption perunit offlDor space or per 
dollar of GDP, has decreased steadily over the past 2S years through 2005 especially in 
the industrial sector (Exhibit 9). Increased energy efficiency is partly responsible for 
this decrease in energy intensity. 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 most homes and businesses complicate this picture. The contemporaneous 
decline in industrial-sector energy intensity derives in large measure from improvements 
in process efficiency, as wen 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. 

Exhibit 9: Change in energy intensity in the U.S. economy -1980-2005 

Normalized and indexed, 1980 = 100%* 

. " 
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Induslrial---------

50 ~~~~~~~~~~~~~~~~ 
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• Residential and commerdallnde~ing Is based on BTUs par squar~ toot; Induslrial indexing Is based on STUs 

per real dollar 01 GOP output 
Sourc~: EIA AEO 2008, SEA 

Further, comparing the 2o-yearintensityforecastfrom Annual Energy Outlook (AEO) 2004-
toAEO 2008 shows accelerating improvements in energy intensity. TheAEO 2004 forecasts 
a 20-yearintensityimprovementin the residential sector of-5.S percentwhiletheAEO 2008 
forecasts an improvement of -lS.7percentj this change represents a 10 percentage point 
improvement in energy intensity. Similarly commercial intensity shows a 5 percentage point 
improvement in intensity as the forecast improved from a 7.4 percent increase to a 
2.2 percent increase. Industrial intensity improvements remain high with an expected 
23 percent improvement in both forecasts.:H Thesefacts may indicate both recent progress 
in driving energy efficiency and renewed national interest in stewardship of our national 
resources, an observationsupported by earlier comments highlighting the annual spend on 
energy efficiency, which, for example, increased from $1.3 billion in 2003 to $2.1 billion in 
2006 in the utility sector. 

21 We use ~w-year expected intensity expressed in primary BTUs per square foot in residential and 
commercial and primary BTUs per dollar of output for industrial. 

17 

Thet1".lfee line$ pfBsenl. 
ind.exM va!lmr; ()f:ene!;gy 
ii·ltensity fqi· the,thmH:sHctO'!;:. 
, ifJ:tt;lls.r'eport,.~rd:ie.abh 
,:;·Yi~adl;ci.n:i981:~hr0u~M 

, 2(1.b:~.donif}arEid to·the 

v~:il(if;rh) ·1980,. RElsjdHntj<~1 
8.nJ·.com(Tierci{~l energy 
iiUensily are nc)rmaliZ0d 
b(.J.se(J()l1 EJTUH.p8r $(jU,j(0 

ioo.tOfSpaC8i while. industrial 
!niensity i$ ~)<~H1;kl oil' ~TUs: 
p.el;'j;eE\tdl)I!~'tr of. GOP:Qt.ltPlJt 



18 

SOU1C success stories highlight what is 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 ofvarying 
scope warrant discussion, as they represent the significant, documented impact of a 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 NationalAppliance Energy ConservationAct, mandatory national 
efficiency standards have been an acceptedandeffective mannerforthe governmentto help 
consumers reduce their energy consumption in a rangeofhouseholdappliances. According 
to analyses done by the DOE andACEEE, standards reduced u.s. electricity use by 88 TWh 
annually and total energy use by1.2 quadrillion primary BTUs annually in 2000. These 
savings represent 2.5 percent and 1.3 percent reduction oftotalelectricity and energy use 
respectively. From 1987through 2000 appliance standards saved consumers approximately 
$50 billion in reduced energy bills atan incremental appliance cost Of$15 billion. These 
savings are expected to growto 250 TWh in 2010 as standards have become more strict since 
data were last available. 22 

State of California. From 1977through 2007, per-capita electricity consumption in 
California remained nearly flat, growing at 0.07percentannually, compared to 
1.3 percent in the nation overall Adjusting for such structural differences as climate, 
demographics, and industry and commercial business mix, and incorporating 
measurement uncertainty, 23 reveals that California consumes approximately 
11 to 19 percent24 less energy per capita than the u.s. average. One notable structural 
difference is that California's lighter industry mix accounts for 38 percentage points of 
an apparent 60 percent lower per capita industrial consumption. The state's strategy 
for energy resources has emphasized utility-led energy efficiency programs, significant 
building code and appliance standard initiatives, anda range of other innovative efforts. 
Some observers have identified benefits of this energy efficiency, including gross state 
product of approximately $1,000 percapita and reduced energy burden on the low-income 
population.25 It is worth noting that electricity prices in California are 35 percent higher 
than the national average, partly due to the public-benefit charge of$0.0054 per kWh 
(6 percentage points ofthe difference) to fund energy efficiency. This price difference 
rnayplaya role in decreasing demand through microeconomic supply-demand dynamics, 
especially in theindustrialsector. 

ENERGY STAR®. The United States Department ofEnergy(DOE) and Environmental 
Protection Agency (EPA) jointly operate this nationwide voluntary standards and labeling 
program. Since its inception in 1992, ENERGY STAR has become a leading international 
brand for energy efficient products. It covers more than 60 product categories across 
nine broad product classes, including major appliances, office equipment, and consumer 
electronics. It also addresses new home construction, residential retrofit, and commercial 
and industrial energy management. Through 2007, the program has helped save 
1,790 trillion BTUs of primary energy (159 TWh). There is substantial opportunity, 

22 "Appliance and Equipment Efficiency Standards: One of AmeJ:ica's Most Effective Energy~Saving Policies,» 
ACEEE, 2009. 

23 Anant Sudarshan and James Sweeney, Deconstructing the Rosenfeld Curve: Understanding California's 
Low Pel' Capita Electricity Consumption, Stanford University, September 30, 200B. 

24 At first glance the relative per capita consumption of 11,900 kWh per capita for the U.S. 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 o/California's Investments in Energy Efficiency, RAND 
Corporation, March 2000. 
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however, with some new products added to the program, such as commercial food service, 
while many appliances and devices remain unaddressed. Furthermore, the program 
is only in the early stages of de ploying program models to address sizeable needs in the 
commercial and residential retrofit segments. 

Efficiency Vermont. The state legislature and Vermont Public Service Board created 
Efficiency Vermont in 2000 to help state residents save energy, reduce energy costs, and 
protectthe state's environment. Efficiency Vermont is the nation's first state-wide "energy 
efficiency" utility. It is funded by a surcharge on customer electricity bills and is operated 
by an independent, non-profit organization under contractto the Public Service Board. In 
Efficiency Vermont's first 8 years of operation, businesses and homeowners who worked 
with the organization saved approximately 398 GWh of electricity. In 2007, Efficiency 
Vermont's energy savings were approximately 94 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. 26 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 Coaststates. 

26 Year 2007 Annual Report, Efficiency Vermont, October 2008. 
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TilE CIIALLENGE OF CAPTURING ENERGY EFFICIENCY 
Although the U.S. economy has captured measurable and important amounts of energy 
efficiency since the oil crises of the 19705, many attractive opportunities remain available. 
The fundamental challenge for the nation is, therefore, how to bring programs like these to 
scale and capture the full NPV-positive potential that exists today. 

Bofh the nature of t~nergy efficiency and attrihutes of COllSUluer b{~haviol' 

llresent challenges to efnciencycal)tur{,~ 

The nation's mixed success in improving energy efficiency stems in part from the 
significant barriers that surround every c1usterofpotential and in part from system-
level challenges associated with pursuing energy efficiency opportunities at scale in our 
economy. Fourfundamental attributes of energy efficiency, some of them the legacyofhow 
we have approached the opportunity overtime, make the task of capturing these savings 
truly challenging: 

ffi Initialoutlay. Energy efficiency measures will require upfront investment of 
capital with savings thatwill accrue 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 allocation and 
risk of business termination have challenged the commercial and industrial sectors. 
Access to capital remains an issue in all sectors. 

W Fragmentation. As mentioned before, energy efficiency opportunities are scattered 
across the economy: no single industry, building type, population cluster, climate 
region, or end-use alone can unlock the opportunity nationwide. The dispersion 
means that while the NPV-positive energy efficiency potential is collectively large, 
individually each efficiency opportunity is of relatively low priority. The level of 
penetration needed to capture something approaching the full potential has rarely 
been achieved by any technological advancement in society, and even less frequently in 
as short a time frame as a decade. 

III Low awareness and attention. Improving energy efficiency is rarely the primary 
focus or responsibility of any major agent in the economy: businesses have other areas 
of strategic focus, energy providers focus on reliability, and residential end-users 
typically face competing needs fortheirfunds and attention. Few businesses targeting 
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. 

m Difficulttomeasure. Reduced energy consumption is not a physical product 
and frequently difficult to measure. Given the diverse factorsthataffectenergy 
consumption, includingweather, economic activity, and consumer behavior, energy 
savings require measurement and verification methods more challenging than the meter 
reading required to accurately measure consumption. Furthermore, saving energy is a 
more abstract concept than consuming energy, because it expresses a difference relative 
towhatwould have happened had consumers made different choices. 

Since the late 1970S economists have tried to understand why consumers diverge from 
classical economic decision criteria through a better understanding ofbehavioral 
economics. Several heuristics have emerged which may explain from a behavioral 
standpoint how these attributes arise orwhy some of the barriers they present persist. 
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Given the volume of decisions consumers make daily and the time itwould take to rationally 
analyze each and everyone, consumers default to avoiding action on less interesting 
opportunities. This behavior (termed status quo bias) manifests as consumers hesitating to 
upsettheircurrent situation. Forexample, a study revealed most investors do not adjust the 
asset allocation oftheirretirementfundseven in thefaceofsignificantmarketfluctuations. 27 
In a similar manner, consumers are unwillingto invest money in energy efficiency upgrades 
that are financially beneficial as it disrupts their current finances. 

When consumers do thinkaboutthe economics of a decision though, there are other 
apparently "irrational" components to their decision making. Manyconsumers are 
prone to value current or short-term value much higher than longer-term value, and thus 
attach a higher discount rate to investments that pay back more slowly (termedhyperbolic 
discounting).28 This is likely one reason the slower payback of energy efficiencymanifests 
as a high discount factor in customer behavior. In addition the context in which consumers 
make decisions (termed framing) can influence those decisions. Studies have shown that 
people are much more likely to act when confronted with a potential loss rather than a 
potentialsavings.29 Currently efficiency investments are typically framed as a savings 
and are thus prone to this effect. Representingthem as avoiding a loss may make them 
more appealing. 

Studies have also shown that when consumers must incur a loss to receive a potential gain, 
that gain must significantly outweigh the loss (termed loss aversion). For example, when 
placing a bet with even odds most gamblers demand a $200 reward to place a wager 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 upfrontinvestment 
"wager" (i.e., a costto benefit ratio of 2 or higher). However, this aversion to investing 
decreases when consumers have already decided to spend money. Consumers become 
much less sensitive to incremental costs as they become a smaller percentage of the total 
cost (diminishing sensitivity).31 The incremental 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 airconditioner. 

The nature of energy efficiency and attributes of consumer behavior combine to create a 
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 
actions to address regulatory barriers and 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 Impulse Control," 
Psychological Bulletin, 1975. 

29 Amos Tversky and Daniel Kahneman, "The Framing of Decisions and the Psychology of Choice," 
Science, 1981. 

30 Amos 1Versky and Daniel Kahneman, ''Advances in Prospect Theory: Cumulative Representation of 

Uncertainty," Journal of Risk and Uncertainty, 1992. 

31 Daniel Kahneman and Amos Tversky, "Prospect Theory: AnAnalysis of Decision Under Risk," 

Econometrica, 1979. 
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Opp()l'tunity~s.pecific barriers pose significant: hurdles t.o capturing dusters 
of energy efficie:ncypotel1tial 

Achieving meaningful energy savings will require a variety of approaches tailored to 
the specific barriers that have inhibited capture 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 work on 
the topic. Mostsources refer to a consistent set of barriers and pointto the need for a 
comprehensive mix of policies, due to the presence of multiple, sometimes overlapping 
barriers. Our research additionally suggests that unlocking the potential of agiven 
cluster requires addressing all major barriers that affect that cluster. 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 shortofa holistic 
solution that comprehensively addresses all barriers. 

Barriers to greater efficiency. To simplify the discussion. we have grouped well
known barriers into the following three categories: 

ill Structural. These barriers arise 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 (split incentives), in which energy bills and capital rights are 
misaligned between economic actors, primarily between landlord and tenant 

Ownership transfer issues, in which the current owner cannot capture the 
full duration of benefits, thus requiring assurance they can capture a portion ofthe 
future value upon transfer sufficientto justify upfrontinvestmentj this issue also 
affects builders and buyers 
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"Transaction" barriers, a set of hidden "costs" that are not generally 
monetizable,32 associated with energy efficiency investment; for example, the 
investment of time to research and implement a new measure 

Pricing distortions, including regulatory barriers that prevent savings from 
materializing for users of energy-savings devices. 

m Behavioral. These barriers explain why an end-userwho is structurally able to 
capture a financial benefit stilI decides notto: 

Riskand uncertainty overthe certainty and durabilityofmeasures 
and their savings generates an unfamiliar level of concern for the decision maker 

Lackof awareness, or low attention, on the part of end-users and decision
makers in firms regarding details of current energy consumption patterns, 
potential savings, and measures to capture thosesavings 

Custom and habit, which can create an inertia of "default choices" that must 
be overcome 

Elevated hurdle rates, which translates into end-users seeking rapid pay back 
of investments - typically within 2 to 3 years. This expectation equates to a 
discount rate of 40 percent for investments in energy efficiency, inconsistentwith 
the 7-percent discount rate they implicitly use when purchasing electricity (as 
embodied by the energy provider's cost of capital). It is beyond the scope of this 
report to evaluate the appropriate risk-adjusted hurdle rate for specific end-users, 
though it seems clear that the hurdle rates of energy delivery and energyefficiency 
are significantly different. 

ill Availability, These barriers 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 premium features, oris notavailable in 
devices with desirable features of higher priority, and is therefore not selected 

Capital contraints and access to capital, both access to creditforconsumers 
and firms and (in industry and commerce) competition for resources internally 
within balance-sheet constraints 

Product (and service) availabilityin the supply chain; energy efficient 
devices may not be widely stocked or available through customary purchasing 
channels, or skilled service personnel may not be available in a particular market 

Installation and use issues, where improper deployment or use 
eliminates savings. 

In practice, nearly all clusters reflect a mixofbarriers, with "awareness and information" 
and "access to capital" the most frequently observed. In fact, 10 of our 14 clusters face both 
of these barriers. "Product or service availability" is the third-most common, with all three 
of these barriers impacting six ofour14 clusters. The relative importance of these barriers 
is broadly in agreementwith otherwork.33The mixtureofbarriers complicates the energy 
efficiency landscape enormously. Wecan draw several general conclusionsfromour 
analyses: 

if! Uniockingthefull potential of energy efficiency requires a holistic 
approach. Such an approach would address all barriers within agiven cluster. None of 

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

33 Steve SOlTell, et at, The Economics of Energy Efficiency; Barl·iers to Cost Effectiue Inuestment, Edward 
Elgar, 2004. 
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the 14 clusters offersasimpleone-step approach asall c1ustersface atleast two barriers, 
11 clusters facethreeor more barriers, and eight clusters face four or more barriers. 

ill Agencyissnes, in the senseoflandlord-tenantissues, are not as 
widespread as often thought. The industrial sector faces this barrier 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 
5 to 25 percent of the potential impacted in most commercial subsectors. However, 
agency issues are concentrated in a few commercial subsectors, with the reta11, office, 
and food service subsectors having up to 75 percent of their energy efficiency potential 
affected. In total, approximately 9 percent of potential across all sectors is affected by 
this type of agency issue. 

s Ownership transfer issues, sometimes considered a variant of agency 
issues, pose a more significant challenge. Though the benefits of energy 
efficiency measures in residential homes have an average lifetime of17years and 
pay back within 7years, 40 percent of households will have moved in that time. This 
issue is less significant for commercial buildings that have longertenancyperiods, 
though in some commercial buildings, such as retail orfood service, tenancies tend 
to be significantly shorter than the 15 year average lifetime of commercial-sector 
energy efficiency measures. Thus current owners are likely to capture only a portion 
of available savings; for many investments to make financial sense however, owners 
must be confident they can capture enough of the value offuture savings atthe time of 
buildingsale to warrant the upfront investment. 

s Access to capital and elevated hurdle rates affect43 percent oftheNPV~ 
positive efficiency potential. These issues tend to cover different segments and 
technologies than principal-agent issues. Ifhurdle rates are decreased from the 
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 
5.2 quadrillion end-use BTUs that remain available ata 4o-percent discount factor 
represent an attractive and unseized opportunity. 

Opportunity-specific solution strategies can overCOlue these barriers 

Our review of previous and proposed programs designed to encourage greaterenergy 
efficiency suggest that four categories of measures can 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. 

a 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 willlikelyprove 
insufficient to drive broad adoption on their own, butthey represent a necessary part of 
most holistic solutions. 

M Incentives and financing. Given the large upfront investment needed to capture 
efficiency potential, various approaches could reduce the financial hurdles that 
end-users face. Options include traditional and creative financing vehicles (such as 
energy efficiency mortgages), monetary incentives or grants, including tax and cash 
incentives, and price signals, including tiered pricing and pricing ofexternalities 
(e.g., carbon prices). 

IIW Codes and standards. In several clusters, some formof mandate may be 
warranted to expedite the process of capturing potential, particularlywhere end
user or manufacturer awareness and attention are particularly low. Options include 
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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 face a 
challenging political process and must be kept up to date to capture thefull potential. 

u Third-partyinvolvement. A private company, utility, government agency, or non
governmental organization could support a "do-it-for-me" approach bypurchasing and 
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. 

The challenge with every cluster of efficiency potential is to identify appropriate solution 
strategies thatwi11 address existing barriers with sufficient force to unlock 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 strategies are "proven" to work 
at the nationallevelj some have been "piloted" atthe scale oflarge cities, counties, or even 
states but likely need further refinement before being scaled to a national effort; and 
others are "emerging" and seem plausible enough to warrant a trial or may have been tried 
on asub-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, continued progress against the full potential would require careful monitoring 
of strategies to identify unaddressed barriers, refining the approach to address those 
barriers, and determining when to discontinue astrategyonce the NPV-positive potential 
is exhausted or is on a self-propelling trajectory to full capture. 

Our objective is to expose a promising range of solution strategies that could contribute 
to a more aggressive scaled-up pursuit of the national efficiency potential. In Chapters 
2 through 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 observations from this research. 

DOD 

If the U.S. were to progress through 2020 in line with the EIA's projections for energy 
consumption - the nation would have expanded substantially the energyinfrastructure, 
captured a relatively low level of energy efficiency above and beyond that legislated in the 
Energy Independence and Security Act of 2007, and constructed many more inefficient 
commercial and residential buildings and appliances. If this were to" occur, the U.S. will 
have foregone a significant opportunityto improve its energy productivity and, thus, its 
international competitiveness. 
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2. Approaches to greater energy 
efficiency in the residential sector 
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The residential sector will consume 29 percent of the 
baseline energy in the United States in 2020, accounting 
for 11.4 quadrillion BTUs of end-use energy (Table 1). 
These tables, present at the introduction to each sector 
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and cluster, showthe end-use and primary energy 
consumption in 2008 and 2020 and potential savings in 
2020, each split out byfnel. We provide the same metrics 
for GHG emissions and abatement. Finally, the boxes at 
the bottom show the financial impact: the present value of 
the investment, the present value of the savings, and the 
annual savings. With an annual growth rate of 0-4 percent, 
consumption is forecast to reach 11.4 quadrillion end-use 
BTUs in 2020, driven by population growth, larger homes, 
and more electronic devices in each household.34 Relative 
to the business-as-usual forecast, deploying all NPV
positive energy efficiency improvements in the residential 
sector would reduce its energy consumption in 2020 by 
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28 percent. saving the U.S. economy an estimated 
$41 billion in annual energy costs and avoiding some 
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360 million tons of C02e emissions in that year. Exh~bit 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 this level of improvement - involving efficiency 
upgrades for 129 million homes, their appliances and HVAC systems,35 and 2.5 billion 
electronic devices - would necessitate some $229 billion in incremental investment and 
provide present value savings of$395 billion. 

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 

34 AEO 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 01' all three 
systems. We group changes to building shell and HVAC systems together because they work in tandem to 
determine the conditioning of the living space. 
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energy potential) resides in improving the buildingshell and heating and cooling 
equipment. mostly in existing homes. The remaining 29 percent of end -use potential 
(47percent of primary energy potential) is split between electrical devices and small 
appliances, and lighting and appliances. 

Exhibit "!1: Potential enf:,wgy efficiency measure for a typical horne 

For each cluster, wewill outline the energy efficiency potential, describe the barriers that 
have prevented its capture in the past, and explore possible solution strategies. 

1. Existingnon-Iow-incomehomes (l,gOO trillion end-use BTUs): Low 
consumer 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 to address these 
barriers include home energy assessments, creative financing solutions, monetary 
incentives, and mandatory upgrades. 

2. Existinglow-incomehomes (610 trillion end-use BTUs): This cluster in 
particular suffers from capital constraints, though the barriers that apply to the 
previous cluster apply here as well. Low-income weatherization programs scaled up 
from today's levels are a potentially powerful measure to address all barriers in this 
cluster, including the capital constraint. 

3. New homes (320trillionend-useBTUs): 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 builders or home buyers, and improved, standardized, and enforced 
building codes. 

4. Electrical devices and small appliances (590 trillion end-use BTUs): 
Potential is highly fragmented across 2.5 billion consumer electronics devices and 
small appliances (e.g., computers, televisions, coffee makers, battery chargers). For 
most device 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 andmajor appliances36 (340 trillion end-use BTUs): Lighting 
dominates the potential in this cluster, with lack of consumer information and quality 
trade-offs representing the most significant barriers. Solutions involvevoluntary 
standards and labeling, monetary incentives, and mandatory standards. 

Exhibit t2: Clusters of enerqy efficiency potontial in the residential sector 

End-use energy, avoided consumption; total = 3,160 trillion STUs 
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36 Appliances include water heater, dishwashers, clothes washers, clothes dryers, refrigerators, freezers, and 
cooking equipment. 
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WHOLE-BUILDING DESIGN 
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REBOUNDEFFECTS 
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I, EXISTING NON·LOW-INCOME HOMES 
Heating and cooling the 55 million single family, 12 million multi family and 3 million 
manufactured existing non-low-income homes in the U,S. consumes 3.3 quadrillion 
end-use BTUs of energy in the 2020 reference case. This cluster offers the largest savings 
potential in the residential sector, accounting for 41 percent (1,300 trillion BTUs) oftotal 
residential end-use potential in 2020 (Table 2). The barriers in this cluster are among 
the most intractable in the residential sector, and the relevant solution strategies as a set 
are relatively untested at scale, suggesting thatthec1uster requires fUl'therdevelopment 
of solution strategies. Assumingsolutions to the barriers are put in place, capturing this 
potential would require $153 billion of incremental capital and provide present value 
savings of $167 billion. 
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40 percent of the potential for 51 percent of 
the cost.37 Older homes have significantly 
greater potential per household. Homes 
built before 1940 have more than twice the 
potential per household than homes built 
aftef1970. Sixty-four percent ofthe retrofit 
opportunity resides in the 51 percent of 
homes built before 1970.38 

, End'\J;,(') ,-lnfWJY IS apP'-oxII11t;loI:1 m.~ f)qU!valenl 10 primi_l1Y Hflc'rQV 

S<:lljlce: t-:IA, AEO ~?()ml, Mc\\in.sey ail8!y,sis 

Exhibit 1~J: Ffficlency opportunities in existlng non-low-income !10rnes 
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'Harriers to l"(~tr()fitting building shells and. HVAC systems in mosthOlues 

This cluster exhibits the most intractable set of barriers in the residential sector, because 
it is 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 nationally 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 households, 
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 AppendixA. 
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Awareness. Homeowners typically do not understand their home's energy 
consumption and are unaware of energy-saving measures, Half of homeowners 
consider recycling and energy efficient appliances as ways to reduce GHG emissions, 
though only 15 percent indicated that improving insulation would be a preferred 
means.39 People also tend to underestimate retrofit savings. Arecent survey asked 
how much consumers expect to save from projects such as adding insulation, caulking 
and sealing their homes. Although these measures provide savings oflO to 25 percent 
nearly three-fourths of respondents underestimated their potential utility bill 
savings at 10 percent or less. 40 Similarly, fewer than 2 percent of homes in the United 
States have hadan energy efficiency rating or energy assessmentto identify savings 
opportunities in their homes. 

ru Agency and ownership. Both the principal-agent problem in the sense oflandlord
tenant issues, and the ownership transfer problem, affect this cluster. Ownership
transfer arises when the payback period on an improvement is longer than thefuture 
periodofhome ownership, as the current owner will not capture savings commensurate 
with the upfrontcostand would be unsure about the increase in home value from the 
measures implemented. This affects 40 percent of retrofit potential (520 trillion end
useBTUs). 41 The landlord-tenant issue, which arises where renters pay the utility bills, 
affects 4 percent (50 trillion end-use BTUs) of potential in this cluster.42 

ill Decision to pursue savings. '!Wo issues affect the decision itself: 

Competing uses for capital in homeowner budgets inhibit allocation of money 
to energy-saving investments. Core spending accounts for approximately 
go percent43 of the average household's budget, forcing retrofitspendingto compete 
forthe remaining 10 percent with other categories, including sometimes more 
appealing options like entertainment and more visible home improvements, 44 such as 
kitchen and bathroom remodeling.45 A "typical" residential energy efficiency retrofit 
costs $1,500 forthe averagenon-low-incomesingle family household, representing 
approximately 27percent of their annual discretionary spend (based ana median 
U.S. household incomeof$50,74o). 

Rapid payback, 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 2.5years. 46 This expectation affects 60 percent (780 trillion 
end-use BTUs) ofthe potential in this cluster. 

Iii Abilityto pursue savings. Assuming homeowners decide to pursue the savings, 
two issues emerge that affect their ability to proceed. High transaction barriers 
arise as consumers incur significant time "costs" in researching, identifying, and 

39 2007 Business tit Society Survey, McKinsey & Company, 2007. Number of respondents: 2,002. 

40 "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 site, October 7, 200B. 

41 Inhibited potential includes that not NPV-positive for a home owner's expected stay in their home. This is 
calculated for each year of expected stay then 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. 

42 RECS 20m, NEM8. 

43 Includes food, housing, transportation, health, apparel, education, and insurance (see Consumer 
Expenditure Survey 2007, Bureau of Labor Statistics, Table 2, "Income before tf,lxes: Average annual 
expenditures and characteristics"). 

44 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. "Home Depot 2009 Annual 
RepOlt." http://www.sec.gov/Archives/edgar/dta/354950/000095014409002875/X17422Clovk.htm#102. 

45 "Special Remodeling Report," NAHB, January 2007. 

46 Energy Savings Potential of Solid State Lighting in General Illumination 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. 47 In addition, the availability of 
credible, whole house contractors remains limited. Most contractors do not 
train in holistic building science, ratherthey specialize in a single construction 
procedure (e.g., HVACorwindows). Furthermore, the contractor market is highly 
fragmented; industry annual revenue of $75 billion is scattered across more than 
40,000 businesses consisting Ip.ostly 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 others and have the capabilities to 
complete the full retrofit.46 

e Savings capture. Even after 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 30 percent.49 Experts 
estimate that contractors install some 90 percent ofHVAC equipment and insulation 
sub-optimally, reducing efficiency by 20 to 30 percent.50 Improperuse of 
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. 

Solntion strategies to unlock potential 

Most solutions in this cluster remain unproven; with the exception offinancial incentives 
that have proven successful through tax credits. This suggests 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 
from left to right, the first column, "barriers", depicts all barriers discussed in Chapter 
1 with the dominant barriers colored and bolded. The next column, "manifestation of 
barrier", briefly describes how that barrier prevents capture of potential in this cluster. 
Next, reading rightto left, the rightmost column, "solution strategies" depicts all general 
types of solution strategies discussed in Chapter 1. The boxes shaded and in bold are those 
most relevant to this cluster. The next column to the 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 costs including those for refinishing walls after insulation or adding distribution 
piping for natural gas lines are explicitly included in our efficiency potential calculations. 

48 "HVAC and Plumbing Contractors," First Research, April 2009. <wW\\I.firstresearch.com/lndustry
Research/HVAC-and-Plumbing-Contractors.html>. 

49 This is 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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Exhibit 1.4: AddrElssing bal'riEWS in existing non-low-Income homes 
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Source: McKinsey an.!y.l. 

ill Public awareness, home labeling, 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 new home market and may be promising forthe existing home 
market, though full penetration of the market will take years. Fewerthan 2 percent 
of existing U.S. homes have ratings,5 l because most homes are evaluated and rated 
only at time of construction.52 Therefore we expect share to increase through the 
new homes market where, for example, ENERGY STAR captured 17percent of new 
construction in 2008 and is expected to grow to 25 percent in 2009. With sufficient 
penetration through broad market adoption ormandates, this measure overcomes 
many barriers, with the notable exceptions of capital constraints, rapid payback, and 
product availability. In addition to increasing awareness, reducing some transaction 
costs, and instructing in the proper use of thermostats, this measure could address 
the ownership-transfer barrier: some evidence suggests green home owners expect 
a market premium, as 73 percent of green homeowners53 report their expectation of a 
higher resale value was an important factor during their purchase process. 

!iii Innovativefinancing (piloted). Newforms offinancing can reduce capital 
constraints and agency issues by tying loan payments to the property or utility 
meter, instead of the homeowner, and by assuring cash flow from theinvestment is 
always positive to the home owner (Le., monthly energy savings are greater than the 
loan payment). Mechanisms such as Pay As You Save (PAYS),54 other utility on-bUl 

51 ENERGY STAR from Environmental Protection Agency and Department ofEnel'gy, LEED from U,S, 
Green Building Council, HERS Index from Residential Energy Services Network. 

52 ENERGY STAR and LEED labeling 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 discussedlatel' in this chapter. 

53 The Green Homeowner: Attitudes and Preferencesfor Remodeling and Buying Green Homes, McGraw 
Hill Construction, 2007. 

54 PAYS program is a type of on-bill utility financing that ties the loan payment to the home instead of the 
homeowner and also ensures that loan payments are less than energy savings from month to month. 
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financing, or loans tied to property taxes, such as Long Island Green Homes in 
Babylon, New York or BerkeleyFIRST in Berkeley, California could overcome both 
the principal-agent and ownership-transfer barriers, high discount rate, and capital 
constraints. Despite promising local pilots, these mechanisms have not yet achieved 
high penetration rates or been broadly applied. Conventional forms offinancing, such 
as energy efficient mortgages or home 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. 

6 Rebates andincentives (proven). Monetaryincentives for energy assessments 
and upgrades to residential customers historically have comethrough tax incentives 
or utility-sponsored programs. UndertheAmerican Recoveryand ReinvestmentAct 
CARRA), 2009, homeowners can access up to $1,500 - but no more than 30 percent of 
the total installed cost - in tax credits for energy efficient home improvements, covering 
a wide array of efficiency measu res. Ifincentiveandrebate programs were to be 
expanded dramatically to reach all homes on a national level and buy down all NPV
positive measures to a 2.5-yearpayback, the outlaywould total approximately 
$105 billion. Another approach involves programs offered byutilitiesorother 
organizations to provide low-costor no-cost energy assessments. These programs, 
however, have tended to be on a small scale, providing only gradual impact, due to low 
funding levels, measurement and verification challenges, and low participation rates. 

W Buildingmandates (emerging). Mandates can capture a large percentage of the 
potential, effectively removing all barriers; however, they would be a more significant 
intervention in the 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 sale and 
major renovation. RECO has been in existence since the 1980s and leads to upgrades 
in approximately 500 homes annually at a typical cost of$400 to $1,300, which is 
borne by the home seller.55 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 process of 
implementing such a mandatory assessment program. Such a program should 
recommend upgrades and provide referrals to approved contractors to address 
the service availability barrier; however, itwouldnotguarantee savings. In fact, 
the success of the program would depend entirely on the rate at which participants 
choose to make the upgrades, because the amount of energy savings must justify 
the assessment cost, which typically runs between $300 and $600, given current 
operational scale, in addition to the cost of the energy efficiency measures themselves. 
In addition, about halfofhomes would not be covered bya point-of-sale audit by 2020 
because theywiH not have changed ownership.56 Covering all homes under such a 
program would likely require an additional mandated inspec~ion within a specified 
time period. One important design aspect for a mandatory assessment program 
would 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.57 

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

56 Paul Emrath, "How Long Buyers Remain in Their Homes,» NAHB, February 12, 2009. 
<www.housingeconomics.com> 

57 Interviews with contractors revealed that homes that have been already rated before an assessment 
by a contractor have a lower chance of being upgraded, likely due to homeowners' confusion from 
conflicting assessments. 
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iii Larger market of home performance contractors (emerging). This solution 
strategy would overcome existing workforce constraints. Given the current pace 
of roughly 200,000 retrofits annually,58 capturing the full efficiency potential 
of70 million homes within ten years would require a 30- to 40-fold increase in 
certified contractors, from approximately 40,000 to 1.5 million. To overcome the 
barrier of homeowner risk and uncertainty, contractors would likely need training 
and certification, in building science, potentially combined with certification and 
facilitated through government-funded training programs. Home Performance with 
ENERGY STAR (HPwES), where regional managers connect consumers with qualified 
Building Performance Institute (BPI)-certified contractors,59 completed 50,000 
upgrades from 2001 through 200860 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. This is asignificantstep toward 
deploying this solution strategy. 

2. EXISTING LOW-INCOME HOMES 
With 24 million single family, 16 million multifamily, and 
5 million manufactured homes, low-income homes (building 
shells and HVAC) accountfor1,540 trillion end-use BTUs 

J:~br.0: 3':.J~~I.st[ligJi)\:v~i~_(i)f:rJtt~.().m.et~~ , 

of energy consumption in the 2020 reference case (Table 3). 
Capital constraints anda historyofgovernmentand policy 
solutions distinguish this cluster,61 which represents 19 
percent ofthe residential energy savings potential in 2020 
(610 trillion end-use BTUs).62 Some 92 percent of the 
opportunity consists of shell upgrades, with the remaining 
8 percent in the HVACsystem. Capital required to achieve 
this potential could total an estimated $46 billion and provide 
present value savings of $80 billion. Sixty-eight percent of 
the potential is in single family homes, with 23 percent in 
multifamily and 9 percent in manufactured homes. 
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Per square foot, low-income homes have ahigher 
consumption (29,000 end-use kBTUs per sq. ft) and higher 
potential (9 end-use kBTUs per sq. ft) than other homes 
(25 end-use kBTUs per sq. ft and 7 end-use kBTUs per sq. ft 
respectively). They are also on average smaller: 1,480 square 
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feet compared to 2,462 square feet for the average non-low-income home, driving lower 
per house consumption. 

58 Expert interviews. 

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

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

61 In this report, low-income households are defined as households with less than $30,000 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.S. housing. 
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Barnet's to greater energyeffidcnt..·y 

The barriers to improving the efficiencyoflow-income homes are similar to those in other 
residential retrofits, though capital concerns are far more pronounced. Allocating capital 
to a typical shell retrofit, which would cost $91Oforthe average low-income home 
($1,820 forthe average low-income single family home), would require spending roughly half 
ofa household's annual non-core budget,63 making funding through cash savings extremely 
challenging. Additionally, this cost compares poorly to the value of some older, poorly 
maintained homes64 and the savings expected from shortened occupancy. Debtfinancing, 
while available, is often at higher interest rates, especially for lower-income households. 
Financinga retrofit through credit cards, ifthose were even avaialbleto this segment, with 
an average interest rateof18 percent,65 would reduce the NPV-positiveenergyefficiency 
potential bynotrillion end-useBTUs. 

Solution. strategies tlO unlock potential 

Solutions suitable forthe previous cluster (i.e., non-Iow-incomehomes)wouldalso be 
relevant in the low-income retrofit cluster, given the consistency among most of the barriers. 

Exhibit 15: Addressing barriers in existing lowHincorne homes 
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The success of the government-sponsored WeatherizationAssistance Program (WAP), 
however, warrants specific attention (Exhbiit 15). Traditionally, WAP has prioritized the 
lowest income homes with energy-savings potential: 66 percent of homes weatherized 
have annual household incomes below $8,000, with 90 percent having less than $15.000, 
butthe 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 overthe past 32 years. generating annual savings of approximately 
100 trillion end-use BTUs. These retrofits typically reduce heating and cooling bills by 

63 Core expenses include housing, food, apparel, transportation, health care, education, insurance and 
pensions. NonHcore expenses include entertainment, alcohol, tobacco, and miscellaneous expenses 
(Bureau of Labor Statistics website, <www.bls,gov/eex/2007/Standard/ineome.pdf». 

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

65 "Historical Monthly Credit Card Tables," Carddata Financial Surveillance, 2009. 
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32 percent and carry a fully loaded costofapproximately $3,200,66which includes 
measures addressing appliance and lighting potential. As with retrofits for other 
residential buildings, large-scale WAP deployment is constrained by the availability of 
resources: capturing all cost-effective potential from45 million homes by 2020 would 
require increasing the annual output - currently 100,000 homes - by a factor of almost40. 
Under theARRA, 2009, the plan is to weatherize 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 

IabrB:4~J\lew· tg)[r)BS New buildings (i.e., constructed after2009) are expected to 
consume 970 trillion end-use BTUs in 2020, representing 
10 percent (320 trillion end-useBTUs) oftotal residential 
potential (Table 4). Theincremental capital associated with 
this level of improvement would total $16 billion through 2020. 

En.ergy BAU 

New residential buildings represent a modest portion of the 
2020 potential for two reasons: the 21.6 million new homes 
added to the national stock through 2020 are forecast to 
accountfor a relatively small share (17 percent) of all homes 
in 2020, and homes built after 2009 are expected to be more 
efficient,consumingonlyI9.7end-usekBTUspersq. ft.-
25 percent lower than the average (26.2 end-use kBTUs per 
sq. ft) for existing homes. Despite its moderate size in 2020, 
this cluster is important for two reasons. First, its share of 
potential grows with time: from 2020 to 2030, the share of 
homes built after 2009 would grow from 17 to 28 percent 
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of U.S. homes67 and the NPV-positivereduction potential 
offered correspondingly increases from 320 to 520 trillion 
end-use BTUs. Second, upgrades installed when a home 

• ~::f1d··us'\ er.r.rgy is appro>::irnated as ~X1lJivr:l.l(-)nt !(~ primary r~'\f~r(lY 
S()UI"'~0: 

is being built save energy at $4.30 per MMBTU, less than halfthe price ofthe $8.80 per 
MMBTU average for retrofit upgrades. This difference exists because all new-build 
potential comes atan incremental, rather than full deployment cost, unlike costs for many 
retrofit measures. 

Barriers to ca.pturing efficiency potentia.l in new buildings 

The new building cluster faces three noteworthy barriers: 

m Ownership transfer concerns between builders and future owners. 
Builders are often unsure about their ability to earn a return on efficiencyinvestments. 
Because builders do not typically benefit from future energy savings, they must cover 
their incremental costs through a price premium on the efficient home. Home builders 
perceive high costs68 as the most important obstacle to building energy efficient homes. 

a Low consideration at time of purchase. Customers are typicaUyunaware of the 
savings energy efficient homes offer and value other home attributes, such as location, 
school district, or home size, above energy efficiency, and it is unclear whether a large 
population of home buyers will consistently pay a premium for more efficient homes. 

66 The amount 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. DepartmentofEnergy's 
Weatherization Assistance Program with State·Level Data: A Metaevaluation Using Studiesfrom 1993 
to 2005, Oak Ridge National Laboratory, U.S, Department of Energy, September 2005; 2005 dollars 
converted to 2009 dollars. 

67 AEO 2008, NEMS, 

68 Some inq.ustry experts indicate that if a builder redesigns his/her business model he or she could 
construct efficient homes at no additional cost. 
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WI Inconsistent installation quality. This issue applies as much to the new building 
cluster as it does to the existing residential homes cluster. Problems with installation 
quality stern from incorrect sizing, improper duct sealing and refrigerant charge, and 
low compliance with building codes, partly due to low code 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 (i.e., the hottest and coldest days of the year) and energy savings that 
come with operating an appropriately sized system. A unit large 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 air conditioner over
sizing beyond maximum-efficient operation could yield 20-percent savings.69 

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. 

Ductsealing and refrigerant charge: As many as 90 percent of air 
conditioning units have incorrectly sized and/or sealed ducts, and 70 percent 
of homes have inadequate airflow. Over- or undercharging refrigerant can 
also reduce equipment efficiency: half to three-quarters of air conditioners are 
estimated to have improper charges?O 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 from40 percent 
to 60 percentl1 Manyconsumer-advocates report that builders have limited 
incentive to ensure proper installation, and inspectors may lack proper training 
to evaluate energy efficiency, because their primary focus is 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 uncertainty 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 percent of 
homebuyers report that green homes are notavailable in areas they want to liveF 

Solution stl"at(.~gies to unlock potential 

Three principal solution strategies appear suitable forthe new building cluster. 
Developing and adopting higher performance standards in building energy and HVAC 
codes on a national scale would raise the floor for energy efficiency in new buildings 
(Exhibit 16). Voluntary specifications, such as ENERGYSTARand LEED, enable 
developers to differentiate buildings that exceed the code. However, it has not been 
fully proven thatcustomerswi1l 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 
Hill Construction, 2007. 



Unlocking Energy Efficiency in the U.S. Economy 
:!. Aflprofl(Ch\~" tf, };n~;ltf'J' energy effieienl'Y in the I'l'::idelltinJ sec-tm" 

."i"~"'-c_---,M.nllootaIlO" of ~a,~., 

Ag,,""V 
I .. u •• 

Ri~;'~d~ 
""oortalnty" 

Elevated 
twrote •• I. 

""" ""nsTralnts 

P,OOiJoI 
.va~"bl~1y' 

1",1.1I011.n 
"ndu •• 

l"ofloo\lllolnot.!.!Icn"nd,halIongDS!o 
Ii101lEl<!I<ln3ndODd.onfolCOmoni 

• Represents a minor barrier 
Source; McKinsey analysi. 

Pot.ntla'.""""." 1I0lullo" ot"'oglu 

Edu,"lou,.,.OIl 
enOlgYwn'""'p!l<ln 

---..J 11lCf .... ....,I~nl.rv ~ P"',"Ol~VorU"t.rv , . ! opo-olll.,.Uon" .. ...1 . ot.nd~,~.h.biI!lng 

........ ...1 l/Jidolnlo building ---lood •• r.nlo ... "'"nl 
Rol"lnandalorv 
co>d .... oIondold. 

]Suppotl3'<'P..ty 
~1a1I.ti.n I 

Given the relatively lower cost of capturing energy efficiency in the design and 
construction of buildings - and the perishability of these options - this clustermerits 
more immediate attention than its share of 2020 potential suggests. 

ill Mandatory building codes (proven). State and local residential building codes 
are often based on the International Energy Conservation Code (IECC) model code, 
which is evaluated by the DOE to determine energy savings. If the DOE makes a 
positive determination, states are required to consider adopting the new code; they are 
not, however, obligated to adopt it. Codes typically contain prescriptive (Le., specific 
measures to include in ahome) and performance (Le., minimum efficiency levels that 
builders must verify, regardless of measures employed) options. Prescriptive codes 
may be easierfor builders to implement because they provide explicit stipulations. 
Performance codes allow builders totrade-offbetween measures, allowing for 
innovation and lowest-cost compliance, but are more complicated, because a range 
of measures are possible and savings would need to be quantified. Most analysis 
indicates that building codes have demonstrated savings overtime, though some 
critics raise concerns about the code-writing process, unintended consequences 
on builders, and the propertl'ade-offbetween regionality and uniformity. Our 
research suggests solution strategies to capture potential through co des involve three 
complementary actions: 1) spreading high-efficiency codes to all states, 2) raising 
efficiency levels in existing codes, and 3) improving code compliance. 

Spreading high-efficiency codes to all states: Since IECC model codes are not 
mandatory, states and municipalities are free to adopt or not adopt updated codes. As 
of earlY2009, 21 states had adopted the 2006 or 2009 IECC codes ol'the equivalent; 
13 had adopted IEee 1998 or 2003, and 16 had not adopted codes as stringent as IEee 
1998 (Exhibit 17). If all states adopted the 2009 IEee code starting in 2009, annual 
energy savings in 2020would be approximately 130tri11ion end-useBTUs, with 
cumulative savings through 2020 reaching 8sotrillion end-use BTUs,73 

73 Expert interviews. 
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IIIIECC 2009, equivalent orbaltcr 
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[J No slalowlde code * AdopUon by counly~utlsdiC\ion above 
state mandated minimum 

Source: Buildings Energy Databook, US Deparlment 01 Enelgy, OWo" of EMrgy Emclency and Renewable Energy 

'!Wo interesting options could be used to drive larger code adoption. Thefirst 
focuses on education for state officials and building departments, e.g., through such 
mechanisms asthe BuildingCodesAssistance Project (BCAP)74 or utility-funded 
code assistance projects. Thesecond method would employincentives to encourage 
adoption, such as having the federal government make the accessibility of certain 
funds contingent on building code stringency. This approach has worked in the past 
in other contexts: when changing the legal drinking age to 21, the federalgovernment 
linked highway funding to adoption of that lim it, andall fifty states complied within 
threeyears.7S The federalgovernmentenactedasimilarmeasure in the February 
2009 American Recoveryand ReinvestmentActunderthe State Energy Program; it 
provides $3.1 billion in grants for state energyefficiencyprograms on the condition 
that the state plans to adopt residential and commercial codes that meet or exceed the 
2009 IECCandASHRAE Standard 90.1-2oo7and comply with these codes in 
90 percent of new and renovated residential and commercial buildings within 
8years.76 

Raising efficiency levels in current codes: Most of the recentimprovements 
in theIECCcode - which is updated every three years - have resulted in 1 to 3 percent 
improvements; from 1992 to 2006 code efficiency increased approximately 
8 percent.17However, the 2009 IECCcode is estimated to provide a 12 to 16 percent 
efficiency improvement compared tothe 2006 IECCcodel8 In addition, the DOE 
and others are seeking to improve efficiency in the 2012IECCcode a further 

74 BCAP was established in 1994, as ajoint initiative of the Alliance to Save Energy, ACEEE, and the Natural 
Resources Defense Council. BCAP is largely funded by the DOE and the Energy Foundation. 

75 "Sanctions are effective," Advocates for Highway and Auto Safety, 2009. <http://www.saferoads.org/ 
sanctions-are-effective> . 

76 "2009 Recovery Act and State Funding," EERE, DOE, 2009. <http://apps1.eere.energy.gov/state_enel·gy_ 
program/recovery _act.cfm>. 

77 "Energy Efficiency Trends in Residential and Commercial Buildings," DOE, October 2008. 

78 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 IECC Efficiency Improvements," ICF International, September, 2008. 
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15 percent beyond2oo9 IECC. This level isveryc10se to the NPV-positivevaluefor 
new residential buildings calculated in this report.79 IfIECC 2009 were adopted 
through 2011 and a 30 percent improved code were adopted in 2012, 250trillion end
use BTUs could be saved in 2020.80 

Improving code compliance: To increase 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;8t 2) hiring more building officials; 3) increasing the pay of building 
officials and requiring training in building science to attract those with building 
assessmentskills; and 4) increasing the objectivity of performance-based code 
compliance, particularly for energy modeling. 

The Building Codes Assistance Project estimates that improving code compliance 
significantly above current levels would cost $210 million per year: $75 million for 
local building departments to hire and train building officials and $135 million 
for state governments to increase education and compliance. 82 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 per year. fl3 

This estimate includes hiring and training officials; adding equipment; creating an 
inspected building database; training contractors, plumbers, and electricians on 
code compliance and best practices; andre-inspecting 2 percent of buildings. Even at 
this higher annual cost, which (ifincurred for 10 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 ofthecluster 
remains over $21 billionNPV-positive (in factproviding a roughly 20 percent rate of 
return). 

lf$. Voluntary building standards, home labeling, and benchmarking 
(proven). Labeling can address builder-buyer agency issues by fostering a marlcet 
premium for energy efficiency dueto increased awareness of efficient buildings. If 
installation quality receives continued attention, labeling could also circumvent the 
installation and inspection challenges. While no large-scale study of price premiums 
for efficient homes has been conducted to date, a number of regional analyses suggest 
that efficient homes are beginning to command a premium in some markets. In 
Portland, Oregon and Seattle, Washington, for example. new homes that were certified 
to be energy efficientwel'e selling at a 3-to 5-percent premium and 10-percentfaster 
rate.84 (Note: this research was conducted prior to the recent collapse in the housing 
market). Voluntary standards could also drive builder training and increase use of 
best practices, indirectly increasing energy efficiency. There are various labeling 
mechanisms in use today that could address these concerns, ifbrought to scale: 

The current ENERGY STAR specification covers total home energy use, including 
space conditioning and appliances, and is 20 to 30 percent more efficientthan 

79 It 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 or local level. Making the case for improving and 
funding building codes will likely require retrospective studies measuring the energy savings impact on a 
nationwide level. 

80 Expert interviews. 

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

82 "Code Enforcement Cost Estimates,~ BCAP, 2009. Expert Interviews. 

83 David Goldstein and Cliff Majersik, "NRDCjIMT Proposal for Improved Building Energy Code 
Compliance through Enhanced Resources and Third-PartyVerification," NRDC, 2009. $1 billion is across 
both residential homes and commerdal buildings. 

84 "Green CCltified 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. B5 ENERGY STAR homes had a 17 percentshare of the new 
home market in 2008 and together save 2 TWh of electricity and 15 trillion BTUs of 
natural gas peryear. B6 

The u.s. Green Building Council developed the LEED building certification system 
that targets energy savings, water efficiency, greenhouse gas emissions reduction, 
and improved indoor environmental quality. Thesystemal1owstrade-offbetween 
these goals but sets the minimum efficiency level for LEED certification at 15 percent 
more efficient than the latest IECCcode. 87 

The Energy Efficient Codes Coalition is making its comprehensive package, called 
"The 30 Percent Solution," available to state and local governments as a code. BB 

ill Builder incentives (piloted). There are various tax incentives for builders written 
into law, such as those in the Federal Energy Policy Act of 2005. Certain programs 
run by utilities or other organizations can accelerate adoption of these incentives. 
Efficiency Vermont, for instance, in its new residential housing program, provides 
builder training and assistance in securing incentives. For a total cost of $2.8 million 
in 2007, this program helped35 percent of all homes qualifyfor ENERGY STAR rating, 
double the national average.B9 Incentives to builders are more likely to drive efficiency, 
because they directly offset incremental costs without requiring buyer awareness.?O 

4. ELECTFlICAL. DEVICES AND SM;\LL AF)F'L.IANCI::S 
Electrical devices and small appliances, 
sometimes loosely called "plug load," consist 
of hundreds of smaller electricity-consuming 

TabIE).6, I:l.ectrlcal-devices 8nd. srni;~!- appliances 

devices and represent an area of sustained 
consumption growth: the U.s. consumer ENERGY 

electronics industry, for example, grew from Tri!i!on BTUs 

revenues of $94 billion in 2001 to $162 billion 11\ Electricity TWrl 

in 2007.91 In 2008, the average household III Natura! gas 

Energy BAU Savings 
use energy use due to EE 

1.N10 2,140 

GOO 630 

n/a 

·2020 
690 

170 

n/o 

Savings 
P;:~rc'"11t 

27 

2'1 

nia 

spent $330 on energy for these devices, with ;;':;:';~':::o,':.",~".;;.;;;;.......;;.~:,,:. . ....... ;:c;;'''' ............ ;;.;';;;; ........... n.i~fJ 
theexpendituregrowingatan annual rate PR!MARY ENERGY 5,21'0 6,fi40 1,820 ~.!{" 

of2percent. EIAforecaststhatincreased Trillion BTUs 

penetration of electronic devices will drive iii Electridty 

consumption frem500 TWh of electricity in ~_~~~~.~"~_~~! __ 9_~~ __ 
EMISSIONS 

2008 to 630 TWh by 2020, rising from 
35 percent of end-use residential electricity 
consumption to 40 percent in 2020. By 
2020, there will be 2.5 billion devices 
consuming power in residential homes. TVs, 
DVD players and PCs made up 32 percent 
of electrical device and small appliance 

6,640 

rlla fila 
330 1110 

consumption in 2008, while another 9 categories tracked by the EIAmade up an additional 

85 "Methodology to Calculate Energy Savings for ENERGY STAR Qualified New Homes," 
ENERGY STAR, 2007. 

86 "ENERGY STAR market share," EPA,April2009. 

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 focus on sustainability 
of the home, including energy efficiency as well as water and sustainability, and it is therefore difficult to 
determine the exact efficiency improvement of a LEED home compared to the average home. 

SS "Energy and Cost Savings Analysis of 2009 IECe Efficiency Improvements," ICF International, 2008. 

89 Year 2007 Annual Report, Efficiency Vermont, 2008. 

go 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," eEA, April 2006 and 2008. 
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18 percent. The remaining 50 percent of consumption is divided across hundreds of other 
electric devices (Exhibit 18). 

Electrical devices and small appliances provide 590 trillion end-use BTUs ofNPV-positive 
potential, accounting for 19 percent of residential energyefficiencypotential and44 percent 
of residential electricity potential in 2020 (Table 5). Incremental capital required to capture 
this potential in 2020 would be approximately $3.4 billion,92 and provide present value 
savings of $65 billion, resulting in a per-MMBTU cost of $1.00. This potential is highly cost 
effective - 90 percent of this potential would have payback period oflessthan two years. 

Exhibit 18: Energy consumption ot electrical devices and small appliances - 200B 

Percent of end-use energy; total", 1 ,690 trillion BlUs' 

Other items 

TV, 

DVD players 
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Furnace fans 

Ceiling fans 

Microwaves 

Home audio 

Battery chargers 
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Sectional heating 

Coffee makers 

Security systems 

• D09s nol oqual1 00% duo 10 rounding 
Source: NEMS 2QQlI 
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Barriers to capturingpotclltial in _plugmload devices 

Energyefficiency of plug-load devices has historically received little attention from 
consumers and manufacturers, giving rise to both demand- and supply-side barriers: 

& Lackof consumer awareness and associated habit and transaction cost 
barriers. Each plug-load device occupies an extremely sman part of a consumer's 
electric bill or a device's purchase price. Even TVs, the largest energy consumers in 
the cluster, cost consumers an average of $40 perTY peryear ($100 on average per 
house) - only 5 percent oftheirtotal energy hill. Furthermore, consumers tend to 
underestimate plug-load consumption; residents believe these devices drive 
13 percent of electric bills, much lower than their actual 35 percentshare.93 Research 
shows that many end-users do not know that devices consume electricity even when 
not in use.94 Surveys also indicate that consumers tend to value other attributes, 
including price, features, device size, and warranty quality, above energy efficiency 
and that onlylO percent of consumers rate energy savings as the most important 
feature when purchasing a device.95 

92 These costs reflect premiums of energy efficient consumer electronic devices currently in the market and 
do not account for manufacturer retooling costs, discussed more in detail later. 

93 Based on results from McKinsey J Burke market research; data represents weighted average ofresponses. 

94 Brahmanand Mohanty, "Perspectives for Rednction of Standby Power Consumption in Electrical 
Appliances,» United Nations Economic and Social Commission for Asia and the Pacific. <www.unescap. 
orgJesdJenergyJpublicationsJpsecJguidebook-part-two-standby-power.htm>. 

95 "Going Green: An Examination ofthe Green Trend and What it Means to Consumers and the CE Industry,» 
Consumer Electronics Association, 2008. 
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llii Limited technology availability and low manufacturer mindshare. Lack of 
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 consumer electronics is a competitive 
marketwith low margins, manufacturers generally choose to minimize costs over 
developing features for which they are not sufficiently rewarded. 

M Failure to use efficient settings. Many consumer devices, such as PCs and 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 enable settings atthe 
point of sale, and consumers sometimes disable settings.96 Technologies for power 
management are improving, becoming more user-friendly and less likely to interfere 
with consumer utility, thus helping to reduce the frequency at which people disable 
the functions. 

ill Agency issues in rented homes. Where the property owner pays a tenant's 
utility bill, the tenant has no incentive to choose energy efficient devices, which 
impedes capture of 19 percent of this cluster's potential. 

Solution strategies to tll1iockpotential 

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

EX!1ibit 19: Addressing barriers)"'! elElctrical devices and small appllB.!~1<:::~f:::)S,-____ _ 
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Mandatorystandards (proven). Mandatory standards would bypass consumer 
and manufacturer decision-making, offering ahigh certainty of capture. 

Specific product standards. Forthe largest categories, it may be feasible to 
create specific standards (as there are for battery chargers and power adapters), 
though other factors including product differentiation and incremental cost are 
important to consider. As an example, setting mandatory standards at the NPV-

96 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. 
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positive level identified in this report for the five largest plug-load categories97 

would save 210 trillion end-use BTUs (36 percent ofthis 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. Across-cutting "standby" standard could capture a large 
portion of the potential across a range of devices, both high consumption devices 
that have specific product standards and devices that have too little consumption 
to warrant a specific standard of their own. Standby power consumes an 
estimated 6 to 8 percent of residential electricity,98 equivalent to 
130to 170 TWh per year. Standby power accounts for 10 to 90 percentofa device's 
total consumption, depending on the product.99 Astandby standard could 
reduce standby consumption by roughly two-thirds, 100 yielding 90 to 110 TWh in 
savings. Such a standard could produce an additional savings of 80 to 100 TWh 
in commercial office equipment, which chapter 3 discusses further. In addition, 
because the U.S. makes up 34 percent of the global consumer electronics 
market,lOI 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. lOll The Federal Energy Management Program 
(FEMP) is tasked to implementthe "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. loa 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 2005.104 

o Korea's l-Watt Program, which will progress from a voluntary program to a 
mandatory standard 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 2020.105 

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 oppose a standby 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.l06 

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

98 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. 

99 "2006 ACEEE Summer Study on Energy Efficiency in Buildings,» ACEEE, 2006. 

100 Expert interviews. 

101 "Consumer Electronics Global Statistics," Growth from Knowledge, 200B. 

102 Benoit Lebot, et a1., "Global Implications of Standby Power Use," lEA, 2000. Expert interviews. 

103 "U.S. Executive Order 13221- 'l-Watt Standby' Order," Power Integrations, 2001. 
<www.powerint.com/nodc/201>. 

104 Joakim Nordqvist, "Evaluation of Japan's Top Runner Programme,» Energy Intelligence for Europe 
Program, 2006. 

105 "Korea's Market Transformation Plan," Korea Energy Management Corporation, October2008. 

106 Expert interviews. 
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Atthat level, the cost of avoided power for all devices would be $2.10 per 
MWh.107 

o Standards must balance energy savings with delivered functionality, often 
malting it difficult to craft a policy that adequately captures savings while 
preserving consumer appeal. As a result, there will likely need to be 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 minimum level than other products. 

I@ Voluntary standards and labeling (proven). Voluntary standards 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 them TVs, DVDs, 
and pes, which saved 63 TWh of electricity in 2007.108Voluntary standards would 
facilitate implementation affuture mandatory standards by developing testing 
procedures and building manufacturer relationships. Voluntary standards can 
also be developed and updated faster than mandatory standards, allowing greater 
flexibility in a rapidly changing marketplace. 

m Education and awareness (piloted). Programs to educate the public about plug
load consumption and how individuals can 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 smartswitches and power strips, 
and 3) generate demand for efficient consumer electronic devices. Research shows 
that 22 percent of residential PC users leave their computers running at nightl09 and 
64 percent of office PCs run overnightjllO changing these behaviors alone could 
unlock significant savings. 

5. LIGHTiNG AND MAJOR APPUANC[S 
Lighting and major appliances, which include water heaters, refrigerators, freezers, 
clothes washers, clothes dryers, dishwashers, stoves and ovens, constitute 30 percent 
(3.420 trillion end-use BTUs) Of2020 residential consumption (Table 6). Consumption is 
expected to decline at 0.3 percent overthe next ten years, which reflects provisions in EISA 
2007 that address lighting consumption, effectively phasing out today's incandescent 
bulbs in 2012 for more efficient lighting. 

The lighting and major appliances cluster accounts fur11 percent of total residential 
potential in 2020 (340 trillion end-use BTUs). Ninety-sixpercentofappliance potential are 
from replacement purchases, with four percent driven by new appliance purchases. Total 
incremental capital required to purchase higher-efficiency appliances between 2009 and 
2020 would be $11 billion and provide presentvaluesavingsof$42 billion atan average per
MMBTU cost of$4.50 (Table 6). 

107 Calculated 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 B, Consumer Electronic, Residential & Commercial Office Equipment," 2007 Annual Report, 

ENERGY STAR, 2007. 

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 a1., ''After-hours power status of office equipment and energy use of miscellaneous pJug~ 
load equipment," Lawrence Berkeley National Laboratory, LBNL-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, 
representing 9 percent (80 TWh) of total residential 
potential (Exhibit 20). Deployment of general use LED 
lighting, which becomes the lowest cost lightingtechnology 
between 2013 and 2017, presents much of this potential. 
Even today, the average home could save morethan $180 
per year by switching from incandescent to CFLs,111 though 
eFLs become the business-as-usuallighting technology 
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Exhibit 20; EHiciency opportunit!tJs in Ilghtinq and major appliances ~ .. 2020 

Percent, end·use energy, trillion BTUs 

Consumption Potential 

SOUle,,: EIA AEO 2008, McKlIlsey analysis 

111 Assuming 30 light bulbs per house used 3 hours per day. (Susan Williams and Bill McNary, "Change a 

Light, Change the World 2007 Facts and Assumptions Sheet,» ENERGY STAR, 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 assumed penetration of high-efficiency 

devices above the standard. 
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Barriers to caphU'ing appliance efficiencypotent'ial 

Lighting and major appliance efficiency faces barriers common to both electrical devices 
and new building potential. The most relevant barriers are: 

\S Lack of awareness and certainty of savings. Knowledge of efficient appliances 
is relatively high among consumers - 93 percent for lighting, 86 percent for kitchen 
appliances, 84 percent for clothes washers and dryers, and 74 percent far water 
heaters.113 However, consumers seem to be less clear about the potential monetary 
savings. For instance, 75 percentofconsumers believed that CPLs had longer than a 
one year payback or did not know what the payback was.1I4 

111 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 bulbs.IIS 

!iii Supply chain availability. Sixty-eight percentofwater heaters fail before they 
are replaced, and more than 50 percent are emergency replacements, leavingthese 
consumers dependent on the stock of water heaters available on contractors' trucks. 
When given purchasing options, however, consumers place the highest importance 
on energy efficiency, followed by unit size; surprisingly, price ranles fifth of nine 
possible responses.n6Thus, ifgiven the time and selection often denied by emergency 
replacement, consumers would likely select more efficient devices than they are 
currently able to select. 

Other minor barriers include allocation of capital for more costly appliances; adverse 
bundling in some appliances, such as clothes washers where manufacturers bundle higher 
efficiency with sophisticated options and cycle settings; ownership transfer issues as 
home builders have unclear ability to recover their investment in efficient devices; and to 
a lesser extent transaction barriers associated with identifying efficient devices, which is 
significantly mitigated by the prevalence of labeling. 

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 Society Survey, McKinsey & Company; Number of respondents: 995. 

115 Note that technologies with real, ratherthan perceived, quality differences are excluded 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, McKinsey & Company; Number of 
respondents: 2,002. 

116 "Residential Water Heater Market," KEMA, July 2006. 



Unlocking Energy Efficiency in the U.s. Economy 
2. :\flProfleh<,~ ttl breu1t~l' enCl'j?,Y effki(;t1l'Y in 1ht~ rt's.identi;\J 1>ecttll' 

Exhibit 21: AcJdressill9 baniers in li~llltinq and rll£~or appliances 
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M 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 by aratio of 2.5 to 1.117 

Taxpayer funds to support DOE's appliance standards program since 1987 total 
$200 million to $250 million. Accordingto Lawrence BerkeleyNational Laboratory, 
appliance standards will reduce energy consumption in 2020 by 8 percent relative to 
a scenario with no standards. ull Refrigerators and clothes washers account for over 
50 percent of this savings, followed bywater heaters and central air conditioners 
as the next largest energy saving categories.119 Challenges to increasing mandatory 
standards include passing legislation and the speed ofimplementation. Standards 
typicallytake 3 years from inception to implementation.120 Systematic, periodic 
reviews to update the standards are essential to their success. Japan's Top Runner 
program, which includes mandatory labeling, is a case in 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. Thus the 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 annually save 56 TWh of electricity in 
Japan's residential and commercial sectors. 

VoluntaryappHancestandardsandlabeling(proven). Voluntary appliance 
standards have had a significant impact on energy savings in appliances. In 2008, 
EPA reported savings of 159 TWh through its appliance standards (in both residential 
and commercial), over a third of which is due to lighting. In 2008, 76 percent of 
households were aware of the ENERGY STAR brand. ENERGY STARcontinues 
to raise its efficiency bar through a continual updating process. When setting a 

117 "Appliance and Equipment Efficiency Standards: One of America's Most Effective Energy-Saving Policies," 
ACEEE, 2009. 

118 Steve Meyers, et al. 

119 Steve Meyers, et al. 

120 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. "DOE standards due between late 2008 and 2014: Key dates and energy 
savings," Appliance Standards Awareness Project, 2008. 
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specification, ENERGY STARaims to setitto a level that 25 percent of the products 
on the market can meet, guaranteeing a high level of efficiency but also ensuring that 
consumers have a varietyofproducts from which to choose. While manyfactors drive 
updates in ENERGY STARspecifications, 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, voluntary standards can 
be particularly cost effective: according to National Renewable Energy Laboratory, 
ENERGY STAR has saved energy ata cost of roughly $0.09 per end-use MMBTU. 121 

fu Monetaryincentives and rebates (proven). While incentives to consumers 
primarily address barriers in capital availability and ownership transfer (i.e., 
appliances in new buildings), incentives to suppliers can overcome the product 
availability barrier as well. A number 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 to its high energy
savings potential. For example, the Illinois Department of Commerce and Economic 
Opportunity Residential ENERGY STAR Lighting Program (2003 to 2004) 
partnered with over 140 retailers to provide 164,000 instant rebates on CFLs and 
60,000 mail-in rebates on ceiling fans and CFLs in the 2yearsofthe program. In 
Efficiency Vermont's CFL buy-down program, consumers purchased 580,000 
CFLs in 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 $0.004.122 One consumer incentive includes refrigerator and freezer "swap out" 
programs, where utilities bear the cost of extracting old equipment and replacing 
it with 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. 

m Retailer's role in energy efficiency (piloted). Retailers could play an important 
role in driving adoption of energy efficient appliances. Aflagship 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 to leverage their relationships with consumers, providing information 
and advertising material for stores for ENERGY STAR products, as wen as promoting 
efficiency incentives. Whilestill largelyunproven, retailers' strong position with 
consumers make retailers a natural partner for this type of energy efficiencymeasure. 

121 "Estimates of Administrative Costs for Energy Efficiency Policies and Programs," NREL, 2000. 
<www.nrel.gov/docs/fYOlosti/29379.pdf>. The ENERGY STAR 2007 Annual Report indicates even higher 
cost effectiveness recently, with primary energy savings of $0.023 pcr MMBTU. 

122 Yem' 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 Tat)!e 7: Overview of EH1srgy use lri the 
baseline end-use energy in the United States, equivalent borWl'lBn:;lal:-soCtor 
to 8.0 quadrillion ETDs of end-use energy (Table 7),123 

Consumption is forecastto grow by 1.5 percent per year, 
from a base of 6.7 quadrillion BTUs of end-use energy in 
2008, driven by increases in commercial floor space and 
consumption intensity of end-use energy per square foot. 

Relative to the business-as-usual baseline for 2020, 

deploying all NPV-positive efficiency improvements in 
the commercial sector would reduce energyconsnmption 
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 GHGemissions that year. 

Although most ofthe efficiency potential exists in buildings 
(87 percent, 2,010 trillion end-use BTUs), 13 percent 
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water distribution, street and traffic lighting, and 
telecommunications. Theopportunityin the commercial 
sector is diverse, characterized by 10 types ofbuildings 
(4.9 million in total), multiple ownership structures, 
governmental and private tenants, and more than 100 end
use applications (Exhibit 22). 

Sourer.: EIA tEO 2()()ll, M(;KirI(~ey analysis 

123 This excludes natural gas and distillate fuel oil consumption (1,350 trillion BTUs in 2020) attributed to 
miscellaneous load and unspecified sources inAEO 2008 due to lack of information about the sources of 
consumption and the efficiency opportunities. 
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We organized the potential into five clusters, based on shared barriers andattributes 
(Exhibit 23). Althoughspecific barriers manifest themselves within commercial sub
sectors (e.g., the relative importanceofagencyin thefoodservicesubsector), we have focused 
on cross-cutting solutions that can apply with minorrnodification acrosssubsectors. 

For continuity, we will discuss clusters that involve the building shell and HVAC 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): Notable barriers 
include split agency, expectations of short payback period, upfront capital 
constraints, and lack of awareness oririformation. Solution strategies to address 
these barriers include requiring energy benchmarking for buildings, establishing 
a public-private partnership through agovernment loan guarantee fund, enabling 
creative financing solutions, and/or introducing mandatory assessments and 
upgrades. 

2. Government buildings (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 performancecontracting. 

3. Newprivate buildings (27otrillion end~useBTUs): Barriers resemble those 
in new residential buildings: lack of incentives for developers to constructhigh
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 vol untary specifications, and linking incentives to developers or 
buyers through voluntary specifications. 

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

5. Community infrastructure (290 trillion end-use BTUs): This cluster suffers 
from capital constraints, low awareness, and risk aversion. Solution strategies for 
government-owned facilities could include requiring energy benchmarking, setting 
binding energy efficiency targets for state and localjurisdictions, and enabling 
effective performance contracting. Several additional solutions wiU apply to specific 
end-uses in this cluster. 

Exhibit 23: Clusters 0"[" eno(oy offiGienGY potontial in the commercial sector 
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I, EXISTiNG PRIVATE COMMERCIAL BUILDINGS 

'la~)le a'"Existing',private buikiings 
Existing privately owned commercial 
buildings accountfor 2,860 trillion end-use 
BTUs of energy consumption in the 2020 

reference case (Table 8). These buildings 
cover a range of types, including educational 
facilities, office buildings, assembly, retail 
and service facilities, warehouses, lodging, 
healthcare, and other buildings. Floorspace 
in this c1ustertotals approximately 57 billion 
square feet. This cluster's end-uses include 
heating, cooling, ventilation, lighting, and 
water heating, as well as building-related 
electrical devices including elevators and 
transformers.124 
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efficiency potential of 810 trillion end
use BTUsJ representing 35 percent of the 
potential in the commercial sector. Retail 
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offer 48 percent of the efficiency potential. Capturing the potential in this clusterwould 
require an investment of approximately $73 billion and provide present-value savings of 
$104 billion. 

Barriers to gr(:.~ater energy efficieru:y 

Capture ofNPV-positive potential in existing private buildings is constrained by a wide 
range of barriers. While different barriers exert themselves to different degrees depending 
on the contextJ we have identified several dominant barriers whose removal is essential. 

@ Agencyissues. Agency issues affect approximately half(420 trillion end-use BTUs) 
of the cluster's potential. In leased buildings, financialincentivesfortheownerto 
invest in energy efficiency are uncertainJ because the ownerwil1likely not capture the 
energy savings. Owners may benefit from efficiency investments. iflower operating 
costs increase the rate of tenant renewals and/or command a rental premium.125 

ru Elevatedhurdlerate. The average payback period expected by commercial 
customers is 3.6 years.126 This expectation creates a hurdle for deeper retrofits that 
typically have longer payback periods. This barrier affects an estimated 170 trillion 
end-use BTUs or 21 percent of this cluster's potentia1. 

ill Capital constraints. Capital constraints exist for energy users and their upstream 
lender~. 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 a reluctance to outsource energy solutions to companies that may charge 
a financing premium. Upstream financiers may incur increased credit risk when 
providing capital to privately owned buildings compared to the municipal-university
school-hospital (MUSH) market, because of elevated default risk. Iuall markets 
they face difficulty in establishing collateral forthe loanJ as projects often involve 

124 We discuss the energy efficiency potential in lighting and appliances in the cluster consisting of new 
privately owned buildings, though the solutions are equally applicable 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. 
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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 defauIt,t~.!7 

Lack of awareness orinformation. Manyfacilitymanagers 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 play in capturing the savings.128 

Other barriers affect this cluster to a lesser 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 qualitytradeoffs (e.g., unwillingness to incur perceived compromises 
to consumer experiences in retail or food service); andimproperinstallation and 
inconsistent maintenance ofHVAC equipment can lead to suboptimal performance and 
incomplete realization of efficiency potential. 

Solution strategies to unlock potential 

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

E:xhil)it 24: Addressing barriers in existinrJ private buJ!dings 
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o Mandate efficiencyattimeof retrofit (emerging). Local, state, or federal 
governments could require private buildings to meet an efficiency benchmark at point of 
sale, major retrofit, or aspecified time interval. Such mandates represent asolution that 
could address an barriers by circumventing the end-user. Creating such arequirement 
could prove difficult to achieve politically, though recent actions inNew York Citysuggest 
it may bepossible.129 Results from these programs are as yet unclear as annual turnover 
is relatively small (2.2 percent of building stock), 130 limiting the speed ofimprovement. 

127 Developing Financial Intermediation Mechanismsfor EE Projects in Brazil, China and India, Econoler 
International, January 2006. < http://3countryee.orgjpublic/angraworkshop.pdf>. 

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

129 The Power ofIriformation to Motivate Change: Communicating the Energy Efficiency ofToday's 
Commercial Buildings, EPA, February 2009. The City of New York's PLANYC Initiative 5. 
<www.nyc.gov/html/planyc2030>, 

130 "US Commercial Building Ownership Turnover," CoStar Gronp, February 2008. 
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In addition, point of sale standards do not create a natural opportunity for retrofits, as 
change in building ownership does notalways accompany turnover of tenants; further, 
somestakeholdersareconcernedthatpointofsaleregulationcouldslowtransactions. 
Hence, variants of this approach that link enforcementto changes in tenancy (rather 
than ownership) may prove more effective. Enforcementofthe regulations presents 
additional concern and would incur added costs. 

!J Createvaluewith voluntary standards (emerging). Buildings meeting an efficiency 
standardshowa 6 percent premium ineffective rent and a 16 percent premium in valuation 
over similar non-energy efficientbuildings.131 The benefi~providedby adherence to a 
voluntary standard, applied to both buildings and commercial equipment, could help 
manageagencyissues byofferingfinancial returnsforinvestmentsthroughincreasedrent 
and raising awareness ofthe benefitsofefficient buildings. 

ill Finance through a public~privatepartnership (piloted). Interviewsl32 suggest 
that creating a credit-enhancement fund that, for a modest premium, shares the 
risk of default with the lender 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 of the capital deployed. 133 At similar subsidy rates, it would cost $2 billion 
to $4 billion to providecreditguaranteesforthe $73 billion of capital needed forthis 
cluster. Furthermore, combining this approach with alternative financingsolutions, 
such as on-bill or tax-district financing, would also overcome agency barriers and 
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. 

ill Provide monetary incentives (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 government offers a 
tax deduction of up to $1.80 per square foot for new or renovated commercial buildings 
that are 50 percent more efficient than theASHRAE 90.1-2001 standard.134 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 easy to access contemporaneously 
with building incentives given the connectedness of the decision process. 

Incentives may be effective within an organization as well. The retail chain 
JC Penney has begun 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. The company has also begun to link management incentives to energy 
performance.l35 

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

131 Program on Housing and Urban Policy, University of California, BeI'keley, January 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 Actof 2005, subsequent legislation in 2008 extended the tax deduction until 2013. 

135 The Power of In formation to Motiuate Change: Communicating the Energy Efficiency of To day's 
Commercial Buildings, EPA, Febl'Uary 2009. 
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geography, as well as indicating sources of energy loss. Tools exist that can provide 
voluntary or mandatory ratings with orwithout public disclosure. For example, the 
EPA provides a free-of-charge benchmarking tool called the Portfolio Manager, which 
allows building owners or managers to track and benchmarkseveral types of commercial 
buildings. Several utilities have also developed capabilities to directly upload building 
energy consumption information into the Portfolio Managerto enable benchmarking.136 

The District of Columbia and California currently require benchmarking and public 
availability of the results.137 

Establishing policies or business models that encourage ESCOs to aggregate small 
building retrofits (i.e., less than 5,000 square feet) could address a particularly 
challenging 10 percent of overall commercial space. Commercial costs (e.g., 
administration, sales, EM&V) associated with performance contracting for small projects 
can be high, as much as 20 to 30 percent of project costs. taS Aggregatingsmaller buildings 
under asingle performance contract and/or verifying impact with randomsampling 
across a portfolio ratherthan directly measuring all improved buildings could reduce 
these expenses to 5 to 10 percent of project costs1S9 for MUSH-market or government 
owners. This approach 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 forthis aggregation. 

2. GOVERNMENT BUilDINGS Table 9: (jov8I't1menfbu;ldih(j$ 
With 21.2 billion square feet of floor space, government 
buildings account for 1,180 trillion end-use BTUs of energy 
consumption in the 2020 reference case (Table 9). Offices and 
educational facilities together make up 63 percent ofthe space 
and 53 percent of total consumption in the cluster. 

Energy BAU 

The incremental efficiency potential is greatest in local
level government buildings (260 trillion end-use BTUs), 
principally because local government buildings, which 
include a subset of schools, libraries, and administrative 
offices, hold 62 percent of government floor space. State 
buildings contain 100 trillion end-use BTUs of efficiency 
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 
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2020, as mandated for all federal buildings by The Energy 
Independence and Security Act (EISA, 2007).140 Unlocking 
the potential in local buildings would require $19 billion 

> End-uHl 8nHrr!1 is appn)xirnated <IS eQuivaloni tG prinHf)l8nOf{))' 

of up front investment and provide present value savings of $36 billion. Unlocking the 
potential in state buildings would require $7 billion of up front investment and provide 
present value savings of $13 billion. 

136 Utility Best Practices Guidancefor Providing Business Customers with Energy Use and Cost Data, EPA, 
November2oo8, 

137 The State of California's AB 1103, 2oo7legislation: <www.info.nse.ca.gov>. District of Columbia's Clean 
and Affordable Energy Act of 2008: <www.dccouncil.washington.dc.us>. 

138 Expert interviews. 

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

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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Exhibit 25: Energy potential in 90V8iTlrnent bulldings - 2020 
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Though significant efficiency potential exists in state and local government buildings, a 
few dominant barriers have limited the achievement of this potential: 

Access to capital. Public facilities often suffer from inadequate capital budgets 
for infrastructure improvements.141 In some cases, demand for capital from state 
agencies can outweigh the ability of state governments to raise debt.142 In other cases, 
administrators refuse to access debt due to concerns about debt ratings, because rating 
agencies may not provide creditforthe savings generated through energy efficiency 
measures. 143 To warrant such treatment rating agencies require assurance that 
savings flowto the credit market rather than increased spending. 

ru Impediments to performance contracting. Many states limit the use or 
effectiveness of building retrofit solutions through performance contracting due to 
inconsistent regulatory support. Challenges range from constraints on the financial 
treatment of life cycle benefits - which can inhibit capture ofthe full potential, 144, 145 

to accounting rules that limit debt payments from operational savings, to inadequate 
administrative support or expertise to evaluate or manage pursuit of the opportunity, 

m Lackof awareness. Manyfacility managers are unaware of current energy 
consumption, because centralized departments often pay utility bills. Furthermore, 
they of ten possess limited knowledge of energy efficiency measures and ways to deploy 
them within theirfacilities.146 

141 Nicole Hopper, et al., Public and Institutional MarketsfOJ' ESCO Services; Comparing Programs, 
Performances and Practices, LBNL, March 2005. 

142 Ranjit Bharvirkar, et al., PerfOJ'mance Contracting and Energy Efficiency in the State Government 
Market, LBNL, November 2008. 

143 Expert interviews. 

144 Nicole Hopper. et a1., Public and Institutional Marketsfor ESCO Services: Comparing PI'ogmms, 
Performances and Practices, LBNL, March 2005. 

145 Ranjit Bharvirkhar, et al., Performance Contracting and Energy Efficiency ill the State Government 
Market, LBNL, November 2008. In a sample of 12 states, 8 had maximum contract periods less than the 
federal maximum allowed length of 25 years. 

146 Ranjit Bharvirkar. et al. 
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Additional barriers include perceptions of risk or uncertainty associated with behavior 
change or equipment substitution; pricing distortions due to themore favorable rates that 
are enjoyed by schools and government buildings. making energy efficiency less cost
effective despite its availability; and institutional, allocation, or bureaucratic challenges 
that limit the ability to act, even when a decision is made to move forward. 

Solution stratli.->gies to unlock potential 

Addressing the major barriers within this cluster will require increasing the focus on and 
resources deployed toward energy efficiency at all levels of government, while partnering 
with the private sector to assist in its capture (Exhibit 26). 

Exhibft 26: Addrossing barriers in oovernrnent buUdinns 
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W Mandate benchmarks or standards (piloted). Benchmarking performance and 
setting mandatory standards are a means to increase institutional focus on efficiency 
capture. To date. twenty-eight147 state governments have mandated efficiency 
targets for state government buildings that target up 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 RockSchool District in 
Pennsylvania was able to improve its average EPA energy performance rating from a 
16 (fourth quartile) to 55 (second quartile) within 2 years.148 The District of Columbia 
has begun requiring that commercial buildings rate their energy performance and 
disclose their performance to the public.149 

Nonetheless. translating these state aspirations to local governments is often a 
challenge. A process used in Texas could serve as a useful model: bills passed in 
2001 and 2007 require all state agencies and "all political sub-divisions" - including 
counties. public school districts, and higher education institutions -to reduce energy 
consumption by 5 percent annually for 6 years. Results so far are inconclusive; 
however, a sampling of sub-divisions suggests an average consumption decrease of 

147 Expert interviews. 

148 The Power of Information to Motiuate Change: Communicating the Energy Iifficiency of7bday's 
Cammel'cial Buildings, EPA, February 2009. 

149 The District of Columbia's Clean and Affordable Energy Act of 2008: <www.dccouncil.washington.dc.us>. 
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14 percent.ISO Asecond model, effectively used by the u.s. Department of 
Transportation with highway funding, could make the receipt offederal funding 
(e.g., Weatherization Assistance Program) contingent on state or local action on 
efficiency targets for government buildings. 

m Address regulations that inhibit performance contracting (emerging). In 
capturing the full potential of energy efficiency available, state and local governments 
will benefit from effectively partneringwith 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 this approach lie in 
the above cluster's description. In 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 executive support, an approach proven to increase penetration of energy 
efficiency solution strategies.lSt 

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 for energy efficiency projects. Furtheropportunities 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. I~RIVi\TELY OWNED NEW BUILDINGS 

.• table.10} NBW p(ivate blliidili08 New buildings (Le., constructed in 2009 and 
later) willadd an averageofl.3 billion square 
feetperyeartothestockofprivatelyowned 
commercial floorspace, representing 

Energy BAU Savings Savings 

27 percentofall privately owned commercial 
floor space in 2020 and41 percent in 2030. 

Privately owned new buildings offer NPV
positive energy efficiency potential of 
270 trillion end-use BTUs (Table 10). The 
incremental capital cost of capturing this 
potential is $15 billion but would provide 
present-value savings of$35 billion. 
This cluster offers only 12 percent of the 
commercial-sector efficiency potential 
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in 2020, because buildings constructed 
between 2009 and 2020 are forecast to 
account for only 27 percent of all floor space 
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than existing buildings. Nonetheless, new 
construction will be an increasingly important opportunity through 2030 and beyond, 
as the share of building stock constructed after 2009 grows, Furthermore, incorporating 

150 Half the subdivisions showed an increase in energy consumption and half showed a decrease. Median 

value 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 Efficiency in the State Gouernment 
Market, LBNL, November 2008. 
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energy efficiency measures into new buildings during initial design is attractive as it costs 
five times as much ($3.83 per square foot compared to $0.76 per square foot) to 
incorporate the same measures as a retrofit. If the nation ignored the opportunity to 
capture efficiency potential in "new"buildings through 2020, retrofitting the buildings 
after they are built, capturing the same potential would cost an additional $48 billion and 
would likely not be cost effective. 

Deployment of more energy efficient lighting and appliances accounts for 110 trillion 
end-use BTUs of pot entia I in this cluster. Though such building codes as ASHRAE 90.1 
specify the range of code-compliant HVAC and lighting equipment, developing federal 
standards for such equipment would facilitate the capture of energy efficiency potential 
in two ways: it would address the new-build market in states with no building codes and 
address the replacement (natural end-of-life or accelerated replacement) in existing 
buildings in all states. 

Harriers to capturing efficiency potentia] in new buildings 

There are two noteworthy barriers that solutions must address: 

m Lack ofincentives for developers to build energy efficient buildings. 
Because developers do not receive the future energy savings from energyefficient 
buildings and are often unaware or uncertain of the market premium energyefficient 
buildings can command, developers have little financial incentive to invest in energy 
efficiency above the required minimum level.152 As a result, inclusion of energy efficient 
options in new buildings may be undermined by tradeoffs in favor of more visible 
features (e.g., granite flooring, upgraded facilities). 

1& Ineffectiveinstallation andlackofcommissioning. Developers have little 
incentive to ensure that contractors install equipment optimally or commission 
buildings properly, As a result, some buildings perform below the levels called for 
in building codes: research has found that as many as 20 to 30 percent ofbuildings 
designed to meet theASHRAE 1999 standard did not meet building shell and lighting 
requirements. However, most buildings designed to meet 1989 standards met or 
exceeded those specifications.l53 Similarly, non-compliance rates in California for 
more stringent codes have been reported to be greater than 40 percent.154 

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

Solution strategies tounlockpote:ntial in new buildings 

Given the relative cost-benefit of capturing energy efficiency in the design and 
construction phases and the perishability of these options, this cluster is among the 
most important for near-term action (Exhibit 27). 

152 .Jens Lausten, Energy Efficiency Requirements in Building Codes, Energy Efficiency PoliciesfOJ' New 
Buildings, International Energy Agency, March 200B. 

153 Eric Richman, et a1., "National Commercial Construction Characteristics and Compliance with Building 
Energy Codes: 1999~2007," Summer Study on Energy Efficiency in Buildings, ACEEE, 200B. 

154 M. Sami Khawaja et a1., "Statewide Codes and Standards Market Adoption and Noncompliance Rates," 
Southern California Edison, May 2007. 
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Exhibit 27: Addressinq barriers in new private buikiings 

; .. ;m~.",,--__ ",.nll.",.llon orb.frio, -, Iosu .. 

OWft ... hlp 
tr.n.'"!"u,, 

Build." h.ve I~Uo Iooon VD 10 pUrsUo 
offi<l"noylllhoy .. ounlli<olylo"'.BIve 
eom", • .,.",.to .. mI"", .111m. 01,01. 

Aw.",n... . Llmll.~ m.'~.llnfo"".IIDn is .v.bbl. 10 
ond InlDtmlllIon' holp Inform p"rthltolng d.,is.",. 

~,~ 

andh.bll' 

Bov.tod 
nurOl."'I. 

","" 
,onalralnts 

lnSI.UlI\l<In 
"ndu .. 

1".ff.<:1Ivell'lsloll'~Dn.ndllmltod 
commlsslol'llrl!1 

• Represents a minor barrier 
Source: MoKlnsay analysis 

polonn.lapp,oaoh 

1'''''''''10 u,.'" on 
"n"fl,I)''''rlSumptloo ,_ 

P,om<lleV<llu",.,y 
.I.nd .. d.n.bolln~ 

E.labU.h 
p!l<lngolgno'" 

Mandatory building codes (proven). As is true within the residential sector, 
mandatory codes for new buildings can overcome all barriers bycircumventingthe 
end-user's decision-making process. Three complementary actions would increase 
building code impact: 

Adopting the latest energy efficiency building codes. Only two states 
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),155 The 2007 ASHRAE standard represents a 
32 percent efficiency improvement over the 1980 level. States adopting the most 
recentASHRAE Standard, 90.1-2007, would reduce energy consumption in 
new buildings by 11 percent relative to current code levels. In 2020, capturing 
this improvement would produce 110 trillion end-use BTUs of energy savings, 
5 percent of the annual commercial-sector potential that year. Furthermore, 
if ASHRAE Standard 90.1-2007were adopted 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. 156 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 increased state 
adoption of the latest building codes. 

155 "Building Energy Data Book, TableS.I.5," EERE, March 2009. < http://buildingsdatabook.eren.doe.gov>. 

156 Expert interviews. 
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Developingmore energy efficient codes: Opportunities exist to advance 
codes beyond their 2009 levels while maintaining use of cost-effective technology. 
Current efforts are underway to redesign theASHRAE code to achieve a 30 percent 
reduction over 2004levels - a reduction thoughtto be cost-effective using existing 
technologies at current costs. 

Improving compliance with mandatory codes: Improving code compliance 
is an important lever in enabling the effectiveness of mandatory building codes. 
State supportforincreased enforcement through various actions as discussed in the 
residential section would ensure that adopted codes are effective. Experts estimate 
the incremental annual cost of sufficient enforcement to assure compliance at 
$1 billion.157 

Broaden mandatory appliance standards (proven). Similar to building codes, 
equipment standards can overcome all barriers. The Department ofEnergyprovides 
federal standards for 20 commercial equipment categories, with standards for 
another seven categories in development.15s There are no federal energyperformance 
standards, however, for some types ofHVAC equipment and some other commonly 
used appliances. 

lli Drive market change through voluntary standards (piloted). Market 
penetration of voluntary standards in new buildings directly increases awareness 
and can overcome the agency barrier by increasing the likelihood that a building 
will gain a premium. Though penetration has been limited,159 recent trends suggest 
it is increasing. Targeted awareness programs to educate developers and buyers of 
commercial buildings would accelerate this process. Universal adoption of these 

157 David Goldstein and CliffMajersik, "NRDC/IMT Proposal for Improved Building Energy Code 
Compliance 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 ha5 awarded LEED certifications to 14.3 million square feet of commercial building space since 
2003 (0.1 percent of the space constructed over this period), while in 2008, 130 new buildings 
(0.1 percent) achieved the "Designed to earn ENERGY STAR" label. 
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standards would yield energy savings of 260 trillion end-use BTUs in 2020, some 
11 percent of overall commercial-sector potential thatyear.160 

o Provide education and monetary incentives (proven). Builder subsidies 
would overcome agency issues by allowing builders to recover costs other than 
through the buyer. The incremental cost of constructing energy efficient buildings is 
approximately $1.08 per square foot, a 0.5 percent increase over standard practices. 
Educating developers on the actual incremental costs and the associated building 
techniques could increase the rate of adoption at relatively low cost. Alternatively. 
if the government or another agent provides an incentive of $1.08 per square footto 
developers, itwould cost $1.9 billion annually to capture the full potential. 

'1, Of+ICE /\ND NOn,COMMERClf,L m,VICES 

Electricityconsumption from office and 
non-commercial devices is growing ata 
rate of 3.6 percent peI)rear. This clusteris 
forecast to consume 1,980 trillion end-use 
BTUs in 2020, consisting entirely of 

'T~1brd >lj;:: bit/GR:-?Hd i,T10r\;·_0'6:rYltnerGitiJ devicos 

580 TWh of electricity (Table 11). 

The efficiency potential in this cluster is 
highly fragmented across hundreds of device 
categories. At $2.70 per MMBTU of end-use 
energy, however, the opportunity is among 
the most cost effective. This cluster could 
contribute 570 trillion end-use BTUs ofNPV
positive potential, assuming an estimated 
upfront investment of $8 billion and 
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provide present-value savings of $57 billion. 
Equipment groups fall into three broad 
categories: office equipment, miscellaneous 
commercial load, and data centers: 

• ::NHJS0 N1H9Y is t;,)pro><:irnatbd as 6twivnl(')ill: it) primary <,)L1(-)rgy 

SQurce: EtA I"'EO 200fJ, M,'Kin;)<:,-v iJf1a!ysis 

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

m Miscellaneous commercial load includes some 100 equipment categories, with two 
broad sub-groups: 

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

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

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

160 ENERGY STAR labeled buildings perform on average 35 percent 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 Thchnical Potentialfor 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 per year from a base of 200 trillion end-use BTUs in 2008 to 
600 trillion end-use BTUs in 2020,161 

Barriers to capturing efficiency potentia 1 

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 oflesser importance that impact this cluster, we have elevated three for 
particular consideration: 

Lowawareness. This cluster 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 electric bill. As a result, 
the efficiency potential in this cluster receives little attention, as discussed in the 
section on residential plug-load. Lack of attention is compounded by insufficient or 
buried information about the energy consumption ofthese devices, often making the 
transaction "cost" of identifying life cycle 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. 

R Manufacturer limitations. Consumers and businesses tend to value other 
attributes (e.g., price, s~reen resolution, print quality) above energy efficiency, thus 
affecting end-user purchasingprocesses.16~ This makes manufacturers' ability to 
receive compensation for energy efficient devices unclear (a type of own ership transfer 
barrier), which impacts design decisions. 

it Practical availability. Restricted procurementselection, consumer focus on 
acquisition rather than lifecycle costs, and distributed budget responsibility within an 
organization (e.g" separation of up front purchasing concerns from long-term energy 
budget responsibility) limit availability of efficient technology. Adverse bundling of 
efficiency with other features can also present a barriel'for some devices. 

Data centers face a similar 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.163 Furthermore, data centers tend to focus on acquisition 
cost ratherthan total lifetime cost, and they may be 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 butserving a 
limited useful business purpose with less than 3 percent average daily utilization.164 

161 "Report to Congress on Server and Data Center Energy Efficiency Public Law 109-431", EPA, Aug 2007. 
Expert interviews. 

162 "Going Green: An Examination ofthe 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 strategies to unlockpotentiai in office and non-cornrnercial devict,~s 

Capturingthepotentialopportunityfromadistributedgroupofactorswhereenergy 
efficiency is only a minor factor in the decision-making process may require a certain degree 
ofintervention, but it may be supplemented by harnessing competitive market forces to drive 
improvements overtime. Several solutions emerge as possibilities (Exhibit 29). 

Exhibit 29: Addressing barriers in office and norh';omrnorcla! deVices 
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Introduce or expand mandatory minimum standards (proven), Expanding 
the equipment categories for which the DOE sets standards would enable greater 
energy efficiency. Within this cluster, three equipment categories have federal 
mandatory standards, leaving most categories unaddressed.165 It is important to note 
that technology in this area advances rapidly, making the taskofsetting standards 
without stifling market innovation quite challenging. It is worth noting that a 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.166 

For data centers, one potential approach is to set CorporateAverage Data-Center 
Efficiency (CADE) or Power Usage Effectiveness (PUE) standards. In addition, 
creation of cross-cutting standby standards, as discussed in the residentialsection, 
would have a spillover effect to this cluster. 

We Voluntary standards (proven). ENERGY STAR currently covers 12 product 
categories in this space and reported energy savings in 2008 of 52 TWh.167 The EPA 
is developing a benchmarking tool for data centers through its Portfolio Manager.168 

In addition, the impact of solution strategies considered in residential lighting and 
appliances and electrical devices would also increase potential in this cluster. 

165 Expert interviews. 

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

167 Expert interviews. 

168 "ENERGY STAR Data Center Infrastructure Rating," EPA, 2008. 
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Additionally, supporting solution strategies could include providingmanufacturersor 
distributors incentives to decrease the incremental cost of producing energyefficient 
equipment or providing procurement departments with more information onlifetime costs. 

5, COMMUNITY INFFIASTHUCTUHE 

In 2008, 11 percent (750 trillion end-use BTUs) of Tf;1b!e-12:'.CorY)!'puni_ty'Trit'ri:1L,trllctUr0-_ 
commercial-sector energy consumption occurred in 
community infrastructure (Table 12) - settings not normally 
associated with buildings: street and other outdoor lighting, 
water services, and telecom infrastructure (including mobile ENDAJSE ENERGY 

phone base stations),169 Overall consumption in this cluster is Tri!!ion BlUs 

forecast to grow at an annual rate of1.S percent. III Electricity TW!1 

iii Natural gas 

Community infrastructure could provide 290 trillion end
useBTUs ofNPV-positive potential in 2020; unlockingthis 
potential would require upfront investment of$4 billion and 
provide present-value savings of$45 billion. The potential 
resides in several sub-categories: street/other lighting 
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(43 percent), water services (12 percent), telecom network 
(25 percent), and other electricity consumption (20 percent). 
End-uses and facilities managed by local governments 
account for 200 trillion end-use BTUsofthe potential, while 
end-uses and facilities managed by private-sector entities 
make up 90 trillion end-use BTUs of the potential. 

, EI"1(1->.I"" fmm9Y is approxirnat(l(j 8$ eqoiv$lent to primary en(,r(jy 

SoureD: Elt\ P.EO 2008, McKinSBY analysis 

Barriers to capturing the eft1dclu:ypotential 

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

B Risk aversion. Many operators are risk averse and put a premium on reliability; 
they may not be inclined to pursue energy efficiency activities for fear of disrupting 
essential services.1

'7Q 

ill Lack of performance awareness or accountability. Water operators typically 
manage to such metrics as discharge level and water quality; energy efficiency is not 
usually a metric for which they are accountable.l7l Similarly, te1ecominfrastructure 
is geographically dispersed and budget ownership within an organization is often 
fragmented, both of which introduce management challenges. As a result, operators 
often do not have a consolidated view of the energy consumption they manage.172 

Finally, other considerations, such as equipmentfeatures (e.g., flexibility, backward 
compatibility, vendor compatibility), may take precedence over energy efficiency.113 

169 We have excluded natural gas and distillate fuel oil consumption (1,350 trillion end-use BTUs in 2020) 
attributcd to comm,mity infrastructure and miscellaneous load inAEO 2008 due to lack of in formation 
about the sources of consumption and the efficiency opportunitics. 

170 Expert interviews. 

171 Expert interviews. 

172 Expert interviews. 

173 Expert interviews. 
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!El Cornpetinguses for capital. Energyefficiencyprojects may compete for 
capital with core business projects, such as upgrades to the next-generation mobile 
technology174 or new lighting capacity additions. 

Solution strategies to unlockpotentlal in community infrastrllcture 

Several solution strategies can address one or more of the barriers affecting community 
infrastructure efficiency potential (Exhibit30). The relative emphasis for each measure 
may differ based on the type of community infrastructure addressed. 
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Benchmarkenergyconsumption(piloted). Expandingexistingbenchmarking 
tools, such as the EPS's Portfolio Manager, to include water distribution facilities, 
street lighting, and distributed telecom infrastructure would help provide a voluntary 
standard for 230 trillion end-use BTUsof potential or 79 percent of total potential 
in this cluster. Such benchmarks should normalize for differences, especially if 
addressingtelecom base stations where technology generation, supported bandwidth, 
voice and data usage, encryption level, and geographical spread of consumers served 
could significantly impact benchmark definition. 

Set binding targets (piloted). State and local governments could mandate energy 
efficiency targets for water services and street lighting, byexpandingexisting 
programs.175 Energyefficiency measures in water services could yield savings oflO to 
30 percent and would include retrofitting facilities with more efficient pumps and 
motors, incorporating variable frequency motors, installing dissolved oxygen sensors for 
the aeration process, and installingasystemforoverall plant monitoringandcontrol.176 

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

174 Expert interviews. 

175 See, for instance, ErA ENERGY STAR Challenge for water systems. <www.energystar.gov>. 

176 Richard Brown, "Energy Efficiency and Renewable Enel'gyTechnologies in Wastewater Management," 
testimony before House Subcommittee on Water Resources and Environment, 4 February, 2009. 
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Other enabling solution strategies include capturing available funds177 and improving 
training by including efficiency within existing EPA guidelines for periodic training and 
certification. To support these solution strategies, fund regulators could make full access 
to available funds contingent in part on fulfillment of a training requirement. 

177 Water treatment facilities can 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 
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The industrial sector will consume 51 percent of the 2020 
baseline end-use energy in the United States, equivalent to 
20.5 quadrillion BTUs of end-use energy. The industrial 
sector offers 3,650 trillion end-use BTUs ofNPV-positive 
energy efficiency potential, equivalent to 18 percent of 

Tabfe "t3:;()vefviEiw of energy use ln, HiG industrial sector 
Energy SAU Savings Savings 

use energy use due to EE F\"r.~enl· 

- 2010.... - 2020 - 202.0 

its forecast energy consumption in 2020 {Table 13),178 

Capturing this potential would save $47 billion per 
year in energy costs, though between 2009 and 2020 it 
would require presentvalue investment of $113 billion 
yielding total present-value savings of $442 bi1lion.179 It is 
noteworthy that energy consumption and potential in the 
industrial sector remains considerably more regionalized 
than in the residential or commercial sectors: the South, 
for instance, contains 50 percent of consumption and 
49 percent of the efficiency potential. 
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bl!ifon Energyconsumption in the industrial sector (as examined 
in this report) is forecastto grow by 0.5 percent per year, 
reaching 20,530 trillion end-use BTUs in 2020. Thisrate is 
slowerthanexpectedGDPgrowth becauseof3 to 14 percent 
improvements anticipated in energy-intensive industries 
(i.e., cement, chemicals, iron and steel, pulp and paper, and 
refining).180 
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The energy intensityofproduction in industrial subsectorsvarieswidely, fromS2.3 end
use BTUs perdollarofvalue added in cement production to 0.4 end-useBTUs per dollar in 

178 The industrial sector as a whole is projected to consume 25,820 trillion BTUs of end-use energy in 2010. 
We excluded 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 trillion end-use BTUs), identifying 
potential efficiency in the remaining 19,290 trillion BTUs of end-use consumption, 

179 This does not include primary energy potential oflA quadrillion BTUs from industrial and commercial 
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, iron and steel production, and pulp 
and paper, See Exhibit 28 for a list of sectors, We excluded aluminum and glass products due to their low 
total consumption and mining as its consumption is primarily driven by transportation, 
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computer assembly. We found that opportunities for energy efficiency are highly fragmented 
across subsector-specific process steps (e.g., pulping and bleaching in pulp and paper, 
clinker production in cement, and secondary hot ro1lingin iron and steel), which represent 
67percent ofthe potential. Cross-cutting energy support systems, such as steam systems, 
motors, and buildings, represent the remaining33 percent of the potential. Sixty-one 
percent of the total opportunity resides in energy-intensive sectors, with 39 percent in non
energy-intensive sectors. In addition to these energy efficiency initiatives, NPV-positive 
deployment of combined heat and power systems could increase from 85 GW in 2008 to 
135 GW in 2020, representing asubstantial opportunity to increase efficiency in primary 
energy and drive 1,390 trillion BTUsofprimary-energy savings, reduce facility-level energy 
costs by $77 billion, and abate greenhouse gas emissions by 100 megatons ofC02e. 

We have divided the industrial sector into four clusters (Exhibit31). 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 from a 
single fuel source, stands apart. Therefore, we will group the three energy-use clusters into 
a single discussion and address CHP separately. 

Exhibit 3"1: Clusters of enorgy officiElncy potentia! in HIE) industria! sBctor 

Enduse energy, avoided consumplion; total = 3,650 trillion STUs 

Energy 
support 
aysktms 

Pro<:ess 
energy 

Primary energy, avoided consumption; lotal = 6,420 trillion STUs 

Energy 
support 
sysktms 

Process 
energy 

Energy.lntenslve Industries Non .... nergy-lntenslve 
Industries 

• CHP also Includes 490 TBTU of potential from CHP In commercial uses 
Source: EIA AEO 2008; McKlnseyanalys!s 

Clusktrs 
2020 potential (TBTU) 

1. Energy support 
sysktms 
(l,nO) 

2. Energy· 
Intensive 
Industry 
prooesses 
(1,550) 

3. Non .... nergy. 
Inktnslve 
Industry 
processes 
(SlO) 

Energy support 
sysktms 
(2,130) 

Energy. 
IntenSive 
Industry 
processes 
(1.830) 

Non·!!!lergy· 
Inktnslve 
Industry 
prOl:esses 
(I,070) 

Combined heat 
and power 
(1,390) 



Unlocking Energy Efficiency in the U.s. Economy 
4. Approarhes tfl [~J'eiller energy efficiency in the industrial se(~tor 

EFFICIENCY POTENTIAL IN iNDUSTRIAL ENERGY CONSUMPTION 
The energy-savings potential in the industrial sector divides into three clusters: energy 
support systems, process energy in energy-intensive industries (with 10 or more end-use 
BTUs per dollar of value added), and process energyin non-energy-intensive industries 
(with less than 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 to those 
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 
heat recovery, Non-energy-intensive industry processes account for some 870 trillion 
end-use BTUs of potential (Exhibit32).lBl Given differences in 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. 

Non-energy·lntenslve 
Industries, in decreasing 
order of consumption: 

• MInIng 
• Construction 
• Balance at manufaoturlng 
• Food produots 
• Agrioullurelforestry 
• Aluminum 
• Fabricated metal products 
• Transportation equipment 
• Plastics 
• Wood products 
• Computers and electronics 
• Glass and glass products 
• Machinery 
• Electrical equipment 

Total end-use energy consumption 

Trillion BTUs Energy-Intensive IndUstries modeled In detail 
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• De.plte presenting an energy Intensity 3imVS 10 BTU per doll,.,- of value added It I. modeled with non .... nergy 
Intensive given ils small total energy conStimptlon of only 370 billion BTU. 

SOIJme: EIA AEO 20011, McKinsey analysis 

Energy sUPl>ort systcnlS 

Industrial energy support systems consist of steam systems, motor systems, and building 
infrastructure (Le_, lighting and space conditioning), These systems are forecast to 
consume 8,540 trillion end-use BTUs of energy in 2010. with consumption forecastto 
grow at 0.3 percent annually to 8,800 trillion end-use BTUs in 2020 (Exhibit 33). These 
systems offer 1,220 trillion end-use BTUs ofNPV-positive efficiency potential in 2020, 
requiring an estimated upfront investment of $34 billion and generating present value 
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.S. economy (370 trillion end-use BTUs) and is therefore grouped among non-energy

intensive subsectors. 
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m Steam systems. These systems (e.g., 
steam generation [boilers], distribution, 
and condensate-recovery systems) are 
projected to consume 5,360 trillion end
useBTUs of energy and provide 

Energy BAU Sailings Savings 

use energy use due to EE eercent 

460 trillion end-use BTUs of potential 
in 2020, with petroleumaccounting 
for 35 percentofthe potential, natural 
1!PB3spercent,andotherfuels30percent. 
Efficiency measures include waste 
heat recovery(i.e., from boiler exhaust 
and waste gases and liquids), which 
would provide an additional 150 
tril1ionend-useBTUsofpotential, 
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steam trap maintenance, insulation of 
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improvements. 
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@ Motors systems. Motor-driven 

systems are projected to consume 
2,330 trillion end-use BTUs of energy, 
all of it electricity, totaling 680 TWh, 
which represents 65 percent of total 
industrial electricity consumption. 

SourGt::" 

o! appfUxim3!~ly 5,5201rHiion BTU:::: of ;~O';O conS;Jmpii()11 (Jue 

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 77percent 
of this potential. Motor-drive upgrades beyond EISA2007 standards182 and improved 
motor management offer the remaining 
23 percent. 

'@ Buildings. Buildings consume energy 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 BTUs of natural gas, and 
360 trillion end-use BTUs of other fuels. Upgrades to lighting and appliances, plus 
retro-commissioning ofHVAC 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 32,: Efficiency potential in energy SUppOI't systems - 2020 
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Energy-intensiveiluh.L.">tryprocesses 

Energyintensive industry processes are expected to 
consume lOA40 trillion BTUs of energy in 2020: this 
would include process heating and cooling, and such highly 
specialized process steps as clinker production in cement, 
blast furnaces in iron and steel manufacturing, hydro
cracking in refining, and bleaching in pulp and paper. 

Energy BAU Savin\js 
USG Gnergy use due to EE 

Savings 
f-')er':;,'-}f!t 

The savings potentialforthis cluster is 1,550 trillion end-use 
BTUs, consisting of 40 TWh of electricity, 490 trillion end-use 
BTUs of natural gas, and 940 trillion end-use BTUs of other 
fuels (Table 15). Savings measures include implementing 
new processes, incrementally improving currentprocesses, 
upgrading process monitoring and maintenance, and 
increasing waste heat recovery in specific process systems. 
Threeforms of waste heat recovery offer savings potential: 

ill 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 
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ill Low-quality heat recovery from cooling water and return SOUl"c'O: EI/-\ AEO 2;J08. McKinsGy iJniJ!j!>k'> 

lines, which can be used for water heating and space 
conditioning 

ill Recovering waste streams for fuel, such as hydrogen in refining, basicoxYpen furnace 
gas, blast furnace gas in iron and steel, and black liquor gasification in pulp and 
paper/S3 

183 N. Martin et at, "Opportunities to Improve Energy Efficiency and Rednce Greenhouse Gas Emissions in 

the U.S. Pulp and Paper industry," LBNL, 2000. Expert interviews. 
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Measures to capture this potential would require upfront investments of $51 billion, but 
would generate present value savings Of$182 billion; 42 percent of the potential would pay 
back in less than 2.5 years. 

N0l1~energy~inte118ive industry processes 

Non-energyintensive industry processes (e.g., food products, plastics, electrical 
equipment) are expected to consume 6,300 trillion end-use BTUs in 2020.184 Savings 
measures available in this cluster include improved maintenance, process energy 
monitoring, and waste heat recovery,lSS 

This cluster contains 870 trillion end-use BTUs of efficiency potential, offering $96 billion 
in present-value savings with an expected upfront investment Of$28 billion (Table 16). 
This opportunity is highly fragmented across some 330,000 plants in 14 industries. The 
largest 3 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 would bethe most attractive to pursue first. 

Barriers to capturing energy efficienc)' 

The industrial sector faces five major ?fhblt,f-16: N6r"j"one_r~iy--iiit0hsi\k):1~i'duslrY-15f{)()ehs'eB ' 
barriers that together affect the bulk of the 
available energy efficiency potential: 
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Low awareness andattention. 
Energytypically represents a relatively 
small fraction of ope rating costs Oess 
than 5 percent), leading to low levels of 
awareness and attention from senior .~_2.!!.~L.~~"?~:~~._ ... " .. "._ ... .0!~QQ. __ "_. ___ . 8,89q"._"." ... "".".".g?O 
management at industrial companies.186 

Opportunities often require technical 
analysis that on-site employees rarely 
perform because of insufficient training, 
awareness, or management concern. The 
savings potential varies considerably 
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by site, ranging from 10 to 40 percent, 
even for sites within the same subsector, 
highlighting the need for site-specific 
analysis.1S7This issue is exacerbated by 
the lack offocus on energy efficiency 
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by top management, leading to under
prioritization of energy as an important 
strategic lever or metric to manage, 
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\Q diHicu1ti",s !rl ac(:ualeiv separating IhiS ConStill1ption ir,\O each 

resulting in limited investment in developing the required technical expertise. 

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

185 See the "ENERGY STAR Guide for Energy and Plant Managers" (2008), a series of papers by LBNI: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.lbl.gov/publications>. 

186 Refining (13 percent total savings, 5 percent process energy savings) and to a lesser extent chemicals, 
(19 percent total savings, 11 percent process energy savings) often represent an exception to this rule. 

187 Expert interviews. 
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Elevatedhurdle rate. Industrial sites generally receive very tight operational 
budgets, and plant managers are encouraged to maximize production while keeping 
near-term quarterly costs low. 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, 188 while under difficult economic conditions 
anecdotal evidence suggests many companies require a payback period of 18 months 
or less on aU investments.189 Requiring a 2.5-year payback would reduce identified 
industrial potential by 46 percent or 1,690 trillion end-use BTUs. 

Capital allocation andelevatedhurdle 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 for energy 
efficiency efforts, because the costs reside in one budget while the savings reside in 
another. Finally, even ifprojects are attractive byinternal standards, corporations 
may remain reluctant to raise debt for energy efficiency projects for fear of adversely 
affecting their balance sheets and credit ratings.190 

iii) High transaction "cost." Transaction «costs"191 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.'92 

!iii Procurement and distributor availability constraints. Lack of product 
availability can occurwithin an enterprise's procurement system, with the distributor, 
orin the marketplace. Manyprocurementsystemscontain limited inventory, typically 
focus on upfront cost ratherthan total costofownership, and require special processes 
and additional time to procure non-pre-approved parts. Distributor limitations 
primarily affect replacement of equipment during urgent situations because inventory 
carrying costs restrict distributors' ability to respond to immediate needs with the 
most efficient solutions. Marketplace limitations arise from the risk aversion of plant 
managers: despite continued ability of manufacturers to improve technology, risk 
aversion frequently creates demand for in-kind ratherthan more efficient replacements. 

188 "Johnson Controls Energy Efficiency Indicator, NOl'thAmerica," Johnson Controls and the International 
Facility Management Association, 2008. 

189 Expert interviews. 

190 ExpCl1 interviews. 

191 Quantifiable transaction costs including costs for engineering time and system integration are included 
in the investment sum; transaction costs considered harriers include those with uncertain incremental 
financial impact given challenges regarding allocation of marginal employee time, and unclear or 
mispCl'ceived impacts on product quality and safety. 

192 Expert interviews. 
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Solution strategies to unlock the potential 

Solution strategies to address these barriers 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 (Exhibit34). 
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Exhibit 34: Addmssinq barriem in industrial clusters" 
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G: Promoting energy-management practices (proven/piloted).193 Strong company
wide energy-management practices supported bypart-time or full-time on-site energy 
managers have proven effective in achieving greater energy efficiency. Specifically, 
energy managers can directlyplay a decisive role in capturing 1,730 trillionBTUs of end
use energy potential (47 percent of the efficiencypotential identified in these clusters 
or 8 percent oftotal end-use consumption). They target this potential byimplementing 
process and support system measures categorized as improving monitoring and control, 
improving operating practices, and assuring timely repair andregularmaintenance. 
Implementingthese measures will require $39 billion as upfrontinvestment. 
Furthermore, this solution strategy directly addresses the awareness and attention and 
product availability barriers bygivingprimaryresponsibilityto an individual or group. 
To address the capital allocation and elevatedhurdlerate barriers, management could 
allocate appropriate funds to the energy manager. As of 2002, fewerthan2 percent 
offacilities had on-siteenergymanagers,194 despite clear examples of companies that 
reduced their energy costs by 20 to 30 percent through effective energymanagement.195 

Effective programs typically include a corporate-level, multi-yearplanninghorizon; 
designated accountable energy managers and champions; sufficient capital allocation;· 
process and support system energy auditing; and plant or line-level performance goals 
and performancetracking.196 

EPA's ENERGY STAR Partnership focuses on helping industrial companies 
develop and refine corporate energy-management programs. In 2007, nearly 500 

U.S. manufacturing partners made a commitment to follow the 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 pl'ocess improvements in energy-intensive industl'ies) 
and piloted in one cluster (process improvements in the non-energy-intensive industries). 

194 MECS 2002. 

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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Plant certifications, similar to OSHA safety programs, can encourage adoption of 
energy-management programs. Energy-management certification protocols, such 
as the emerging ISO 50001 standard,197 willlikely strengthen energy-management 
practices. 

&! Providing energy assessment and training tools (proven/piloted). 19
8 

Subsidized assessments and distribution of training materials can increase awareness 
of energy-saving opportunities: 

The DOE Industrial Technology Program "Save Energy Now" represents anational 
initiative to drivea 25 percent reduction in industrial energy intensity in lOyears. It 
has already helped2,100 U.S. manufacturing facilities save an average ofS percent 
of total energy costs. They have performed 200 assessments of steam systems and 
process heat systems across 40 sites in 2006, 257sites in 2007, and301sites in 200S. 
Surveys 6 months afterthe assessment showed participants had implemented or 
were in the processofimplementing 60 percent of the recommendations. More 
than 90 percent of participants found assessments played an influential or highly 
influential role in their implementation ofenergy-savingprojects.199 Significant 
resourcerequirementswouldmakeenlargingprogramslikethischallenging. 
Assessmentofasingleestablishment costs approximately $10,000, including 2 FfE 
weeks. Assessingthetop 10 percent would require an investment of$300 million, 
including more than 1,000 FfE-years. 

EPA:s ENERGYSTARlndustrial Partnership (through Lawrence Berkeley National 
Laboratory) and other organizations have createdsubsector- and technology-focused 
guidebooks that highlight operational best practices and provide tools for conducting 
energy-savings assessments. Wisconsin's public benefits program, Focus on Energy, 
serves as one exampleofimpact: an independent evaluation revealed thattheirpulp 
and paper guidebook achieved 67 percent market awareness; 75 percent of those 
aware of the report consulted the guidebook and 11 percent of those awareofthe 
report implemented identified practices. 200 

% Monetaryincentives (piloted/emerging). 201 Monetaryincentives can address 
capital allocation and availability concerns, shorten payback times, and help overcome 
product availability barriers by reducing procurement challenges. There are multiple 
examples of innovations in this area: 

Companies that have a strong relationship with end-users can 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, for example, is targeting 20 percent energy savings in itssuppHer base 
bY2012, focusing on energy and emissions inseven product categories.202 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 currently developing ISO 50001, in order to make energy management an 
integral part of industrial operating practices on par with safety, quality, waste reduction and 
inventory management. 

19B 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 at, "California's Industrial Energy Efficiency Best Practices Technical Outreach and 
Training Program," California Energy Commission, 2007. John 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 industries) 
and proposed in one cluster (process improvements in the non-energy-intcnsive industries). 

202 "Supply Chain Sustainability: Wal-Mart's Commitment to the Future," SIF International Working Group, 
October 200B. <www.socialinvest.org/projects/iwgfdocuments/Anderson_Presentation_10-oB_V2.pdf>. 
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energy-saving projects. Similarly, a few manufacturers provide energy efficient 
equipment at reduced upfront cost, which they finance through sharedsavings. 

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. 

:8 Establishing efficiency targets or equipment standards (piloted/emerging). 203 

Agreements tailored to a subsectorcan be effective in raising awareness of energy 
efficiency among top management. Such agreements can increase capital allocations, 
lengthen allowed payback times, build awareness atthe line level, and increase product 
availability as management drives the organization to meet targets. 

Voluntary agreements. A variety of commitments are possible with voluntary 
agreements,204 inc1udingindustry covenants, negotiated and long-term agreements, 
codes of conduct, benchmarking, and monitoring schemes. In return, participants 
may receive compensation, potential regulatory exemptions, avoidanceofstricter 
regulations, and/or financial rewards. Theflexibility, speedofimplementation and 
ease of adjustment appeal to regulators, though concerns over recourse regarding 
non-compliance persist. Sweden's 2oosprogramlaunching s-year agreements205 

and the Netherlands long-term agreements (''LTAl'' and "LTA2") with thechemical 
industry to implement approved energy-managementsystemstogethe rdrove 
23 percent energyefficiencyimprovementfrom 1998 to 2006. 

Efficiency standards for support-system equipment. Setting high 
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 cllstomization, 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, 206limitingthe impact 
of standards on new equipment. Standards are even more difficult, and possibly 
not cost-effective, to impose on specialized process equipment given the low 
volume and 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-intensive industries). 

204 Though participation is usually voluntary, once industry members and regulators reach an agreement, 
non-compliance typically leads to penalties. 

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

206 UIndustrial BoilerMACT Analysis," EPA, 2002. 
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INDUSTRIAL AND COMMERC!AL COMBINED ilEAT AND POWER 
Combined heat and power (CHP) systems generate electricity and thermal energy in a 
single, integrated system. The result is significantly higher overall energy efficiency: 
engine-driven CHP systems can achieve total thermal efficiencies of70 to 80 percent. 
This compares favorably to a netthermal efficiency of45 percent from the combination 
of a conventional power plant and an on-site boiler providing comparable benefits. 207 

Eliminating transmission and distribution losses and recycling waste heat produce this 
efficiencyimprovement. 

Industrial CHP typically involves the use of steam or natural gas turbines for electricity 
generation, with capacities as high as 100 MW or more. 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 approximatelY75 GW of on-site industrial CRP and 10 GW ofinstalled commercial 
capacity. Installations are highly concentrated geographically, with 24 GW (28 percent 
cfU.S. capacity) along the Gulf Coast in Louisiana and Texas, 5.8 GW in New York, and 
9.2 GW in California.l!o8 It is worth noting that both California and New Yorlchave higher 
than average energy prices and sparlcspreads, and stringent air qualityrequirements, 
demonstrating that it is possible to achieve high levels of penetration to meet economic and 
compliance goals. 

An additionalso.4 GW ofCHP are NPV-positive for deployment by 2020, involving 
upfront investment of$56 billion (Exhibit 35) and providing a present value savings of 
$77 billion and an annual savings of 100 million tons ofCOl!e emissions. The potential 
varies markedly by region, system capacity, andsector: 

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

ill Large CRP systems (greater than 50 MW) representsome 70 percent of the NPV
positive potential in the industrial sector. 

!iii Sectors like chemicals andiron 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 their large steam energy 
requirements. 

ill Opportunities in the commercial sector represent 24 GW ofNPV-positive potential 
distributed among small-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 a broader 

market for CRP 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 Installation Database," ICF International/EEA, accessed June 2009. < www.eea~inc.com/chpdata/ 
index.html >. 
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Overthe past two decades, a number of technical and regulatory barriers to wider adoption 
ofCHP have been removed; however, cost, information, and regulatory barriers impede 
the full capture of CRP potential in the industrial and commercial sectors. 

Capital constraints. Installing a CHP system requires significant upfront 
investment and ongoing operating expense that are recovered through lower energy 
costs overthe life of the equipment.209 Installation of a typicallO-MW gas turbine 
system can cost $10 million to $13 million, with annual non-fuel operating and 
maintenance costs ranging from $200,000 to $700,000.210 Manyindustrials do not 
have the discretionary capital or are hesitant to use it on such along-term investment. 

jJ Riskand uncertainty. Beyond installation costs, developing a CHP system incurs a 
range of additional project and operational risks that the host companywould not bear 
ifit were to rely on a central utilityforits power needs. These risks include installation 
overruns, system integration issues, permitting challenges, lost margin dueto system 
shutdowns, volatility in gas prices, power price uncertainty, and environmental 
emissions exposure, among others. Additionally, moving to a single source ofpower 
exposes companies to higher commodity and disruption risk related tothe chosen 
commodity. 

m Lackofawareness andlimitedmanagementsupport. CRP systems are often 
seen as fixed cost-centers that require non-core expertise to manage and operate. 

S Pricing distortions. If rules governing grid connections are not supportive. they 
can be a significant obstacle to adoption. Operators ofCHP systems must pay various 
tariffs that, while potentially justifiable from agrid operator's point of view, can 
diminish the attractiveness of CHP: 

Interconnection requirements. Economic use ofCHP 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, 

210 "Catalogue of CHP Technologies," EPA, December 2008. Assumes 6000 annual hours of operation. 
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ensure safety and reliability of self-generators, grid operators typically need to 
grant approval for new generation systems prior to interconnection. The current 
lack of un iformity in interconnection standards makes it difficult for equipment 
manufacturers to design and produce modularpackagesj2U gaining approval can, 
therefore, becompIicated, time consuming, and costly. 

Standby rates and exit fees. Facilities with CHP systems usually require 
standby or back-up service from the utility to provide power when the eRP system 
is down for routine maintenance or unplanned outages. The utility musttherefore 
bear a maintenance costassociated with the generation, transmission and 
distribution capacity (depending on the structure of the utility) required to supply 
backup power when requested (sometimes on short notice). The level of these 
charges is often a point of contention between the utility and the consumer, and 
can, without proper oversight, create unintended and important barriers to CHP. 
Furthermore, customers that leave the grid may be charged an exit feeto allow a 
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 
CRP installation. 

Site permitting 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 megawatt-hour [lbjMWh]), and promote 
clean energy by accountingforthe benefits of reduced air pollution effects from 
energy efficiency in the compliance computation. 212 CHP in ozone non-attainment 
areas in the 38 states where these regulations have not been enacted mayrequire 
additional pollution-control equipment and emissions-offset purchases that can 
affectprojecteconomics. 

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 (Exhibit36). 

WI Create CHP~supportive regulations (proven). The United States has used 
regulations effectively to encourage CHP installation. Instal1ed CHP capacity has 
increased from about 12 GW in 1980 to more than 52 GW in 1999. The lessons learned 
from previous legislation can inform development of a new model with similar aims, 
such as: 

Targethigh-efficiency CRP systems that are designed to meet the thermal needs 
of the site. If this approach to a thermal base-loaded project produces excess 
electricity, it is important to then ensure means for a reasonable return on this 
excess electricity 

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

Assure grid reliability for utilities and market clarity for would-be CHP installers 

Consider output-based emissions standards and simplified environmental 
permitting procedures. 

211 "CHP Effective Energy Solutions for a Sustainable Future," DOE, December 2008. 

212 "Output-based Environmental Regulations Fact Sheet," EPA, 2007. 
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a Provide financial incentives (proven). Financial incentives to make CRP 
economics favorable for third-parties, utilities, and industrials could target upfront 
capital costs of the system or system installation costs. Tax rebates and direct 
incentives would help address upfront costs. Although tax rebates are widely 
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 
not be able to take advantage of them. In this case, direct incentives (e.g., grants) may 
prove to be more effective. Alternatively, an assisted-installation incentive, in whicha 
qualified installer receives an incentive payment once a system is installed successfully 
and functioning, 213 could help address capital constraints while mitigating project risk 
and uncertainty. 

Build awareness (proven). Anation wide surveyofindustrial and commercial 
facilities that would be possible candidates for CHP could raise awareness of 
CHP's potential. A publicly available database of such facilities would decrease 
risks, uncertainties, and transaction costs for developers willing to support CHP 
installations and financiers willing to provide upfrontfinancing. 

Exhibit 36: AddreSSing barriers in combined heat and power (CHP) 
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Additional policy options could support further deployment ofCHP. 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 scale. Implementing output- ratherthan 
input-based emission standards would aHowCHPto gain full creditforthe efficiencies 
embedded in its integrated design. Finally, aligning utility incentives byinc1uding 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 
resource, an approach used in 13 states today. 

213 NYSERDA and COIIEdison offer $0.10 per kWh pIns $750 per kW to a maximum of $2 million, while the 
federal government offered limited~term investment tax credits of 10 percent when launching PURPA in 

1978. 
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5. Developing a holistic 
implementation strategy 

Although the U.S. economy has improved energy productivity in important ways over 
the past three decades, significant opportunities remain. The intent of this research 
effort is 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, rather it 
attempts to delineate issues and choices the nation will face. We hope that this report may 
provide business leaders, policymakers, and other interested parties with a solid fact base 
and some perspectives on possible approaches foreconomicallysensible strategies for 
pursuing greater energy efficiency in the U.S. economy. 

The central conclusion of our work: Energy efficiency offers a vast, low-cost 
energy resourcefor the u.s. economy - but only if the nation can crafta comprehensive 
and innovative approach to unlock it. Signijicantand persistent barriers will need to 
be addressed at multiple levels to stimulate demandfor 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 worth more than 
$1.2 trillion, well above the $520 billion needed through2020 forupfront investment 
in efficiency measures (not including program costs). SUch a program is estimated to 
reduce end-use energy consumption in2020 by 9.1 quadrillionBTUs, roughly 23 percent 
of proJected demand, potentially abating up to 1.1 gigatons of greenhouse gases annually. 

In 2008 the nation spentan estimated $10 billion to $12 billion on efficiency-related 
investments;214 capturing the full efficiency potential identified in this reportwould 
require an additional investment of roughly $50 billion peryear (in presentvalue 
terms, four- to five-times this value, sustained over a decade. 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. 
Without an increase in national commitment itwill remain challenging to unlock the full 
potential of energy efficiency. 

214 Spending on energy efficiency in 2008 included $2.5 billion in utility-sponsored programs, $3.5 billion 
on energy efficiency in the $5-billion ESCO market, and $4 billion 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 incremental spend targeted solely at improved 
energy efficiency, 
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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 such a 
comprehensive strategy. Both national and regional strategies will need to: 

1. Recognize energy efficiency as an 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 levels an integrated 
portfolio of proven, piloted, and emerging approaches to unlock the full potential 
of energy efficiency 

3. Identifymethods to provide the significantupfrontfunding required by any plan to 
capture energy efficiency 

4. Forge greater alignment between utilities, regulators, government agencies, 
manufacturers, andenergyconsumers 

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

1. FlECOGNIZE ENERGY EFFICIENCY.AS AN IMPORTANT ENERGY 
FlESOUFICETHAT Ci\N HELP MEET FUTUHE ENEFIGY NEEDS, 
WHILE THE: NATION CONCUHRENTLY DEVELOPS NEW NO AND 
WW-CAHBON ENEFIGY SOUFICES 

Energy efficiency is an important resource 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 energyefficiencypotential 
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 our original report on 
U.S. greenhouse gas (GHG) abatement (Exhibit 37), energy efficiency in stationary uses 
of energy represents less than halfofthe potential abatement available to meet anyfuture 
reduction targets. Additionally, some areas of the countrywil1 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. As such there remains a strong rationale to diversify risk across supply 
and demand resources. 
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Exhibit :37: U.S. mj(jhrange greenhouse gas abatement curve - 2030 
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2. FOFlMULATE AND LAUNCH AT BOlli NliTIONAU\ND FlEGIONAL 
LEVELS AN INTEGHATED POFlTFOUO Ole PFlOVF,N, PILOTED, AM) 
EMEFiGING Af'FjFlOACllES TO UNLOCK THE FULL POTENTIAL OF 
ENEHGY EFFiCiENCY 

Arange oftools can stimulate demand for energy efficiency, from those with aheavyreliance 
on market forces (e.g., education and awareness building, greater information transparency, 
price signals, energy efficiency markets) to those with a more interventionist approach 
(e.g., mandates, codes, standards, and efficiency performance targets). To capture the 
magnitude of potential identified in our research within the timeframeit uses, the U.S. 
will need to establish energy efficiency as anational priority and assemble a portfolio of 
strong, coordinated policies and market mechanisms drawing from the proven, piloted, 
and emerging solution strategies discussed in Chapters 2 through 4. Exhibit 38 arrays the 
clusters of potential (scaled to size of the opportunity) by the required upfrontinvestment 
(dollars per MMBTU of efficiency gain) along the horizontal axis and the experience with a 
given solution strategy used to capture that cluster's potential (proven, piloted, or emerging) 
along the vertical axl<;. This tool facilitates evaluation of a portfolio againsttherelevant 
parameters of cost, ri5k (i.e., experience), andreturn (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. Itlooks to 
government intervention to address exi5tinglow-income homes (Le., WAP). Finally, it 
employs a blend of voluntary agreements, mandates, and incentives for industrial clusters, 
government building, community infrastructure, and eRP and amix of audits, labeling, and 
incentives for exi5tingprivate commercial buildings and non-low-income homes. 
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In addition to seeking the impact of national efforts this portfolio should effectively and 
fairly reflect regional differences in energy efficiency potential. Any approach would need 
to make the following three determinations: 

1$ The extent to which government should mandate energy efficiency through the 
expansion and enforcement of codes and standards 

1$ Beyond codes and standards, the extent to which government (orotherpublicly 
funded third parties) should directly deploy energy efficiency 

1$ The best methods by which to further stimulate demand and enable capture of the 
remaining energy efficiency potential. 

Ust.>:: of codes andstandards 

Codes and standards have proven effective at capturing potential at national and state 
levels. Codes and standards have advantages over other solution strategies in that 
they match the incremental investment directly to those users who enjoy the reduced 
consumption benefits; they offer a high level of certainty about execution; and their cost 
of execution. at $0.15 to $0.30per MMBTU, 215 is typically lower than other approaches. 
There would be some disadvantages to codes and standards: these would include costs 
for effective enforcement; the difficultyofgaining 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 
government intervention, 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, lighting and major 
appliances, electric devices and small appliances, and office and non-commercial 
equipment), they would address 2,090 trillion end-use BTUs (23 percent) of the potential 
energy savings. The required upfrontincremental investment associated with deployment 

215 Scenariosfor a Clean Energy Future, Interlaboratory Working Group, ORNLjCON-476 and LBN1..-44029, 

November 2000. 
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of efficiency measures prompted by these codes and standards would total $53 billion and 
produce approximately $240 billion of presentvalue in energy savings. 

There are, however, additional areas where codes and standards could apply. Forexample, 
if a 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 
grow byan incremental $77 billion in upfrontinvestment, which would yield an additional 
1,910 trillion end-use BTUs (21 percent of total potential) in energy savings and offer 
$231 billion 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 incremental upfrontinvestment Of$226 billion and providing an associated 
$271 billion in present-value savings. This approach would be analogous to requiring 
emissions inspections on existingvehicles andrequiring owners to pay for bringingvehicles 
up to standard if they fail the emissions test; however, these energy efficiency upgrades 
would be NPV-positive, returning the owners more savings than theupfrontcost. 

The design of building codes would need to balance the benefits of uniformity with those of 
r~gionality. Uniform codes enable manufacturers to capture economies of scale, reducing 
the total cost of implementation to society. Regionality allows customization to account for 
such factors as climate or local energy prices. In addition, administration and enforcement 
at the state, regional, and federal levels each have advantages and challenges. Codes and 
standards set ata national or regional level would establish the "floor" for efficiency going 
forward. Once the strategy for codes has been developed, other aspects of a comprehensive 
strategy could be layered into place. 

Role for goVel'll1l1el1t (01' otherpuhliclyfunded third. parties) 

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 a shared 
resource potentially justifying public intervention. 

The DOE's Weatherization Assistance Program (WAP) has been effective with existing 
low-income homes. Overthe past 32years WAP has retrofitted 6 million of the existing 
45 million low-income homes, with an average pace in recent years ofapproximately 
100,000 homes per year. With recent economic stimulus funding of approximately 
$5 billion, the program is projected to address some 1 million homes peryearforthe next 
3 years, a lo-fold increase in pace. Capturing the full efficiency potential of 610 trillion 
end-useBTUs available in 2020, however, would require a further eightfold increase in 
spending to fund the unaddressed approximately $40 billion of up front investment in this 
cluster. Governmentintervention could be expanded in clusters where itis appropriate but 
less proven, namely government buildings, and community infrastructure. Addressingthe 
entire potential in these clusters, aswellas non-low-income homes, offers l,26otrillion end
use BTUs (14 percent of total potential) with an upfrontcost of$76 billion and present value 
savings Of$174 billion. Alternatively, limitingthis approach to homeswhiledeepeningitto 
address all households with annual incomes under $50,000 would address 1,090 trillion 
end-use BTUs (12 percent of total potential) andrequire $94 billion in upfrontinvestment. 

Othermeanstostimulatedemand 

Anyportfolio of solutions will require approaches for stimulating demand for greater 
efficiency beyond codes andstandards and government intervention. Exhibit39 outlines 
six commonly discussed tools for stimulating demand and comments on theirrelative 
merits against five criteria. Either market participants orpolicymakers could use these 
tools. Manufacturers or distributors, for example, often launch a~ 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 
balanced portfolio would seek to capitalize on the strengths of all market participants in 
thecontextofactivities by other participants. Though these additional approaches may be 
helpful in pursuing efficiency potential in clusters where codes, standards, and third-party 
deployment are used (as described above), these additional approaches may beespecially 
useful in the remaining clusters. Theseotherwise underservedclustersinc1ude 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 upfrontinvestment providing presentvaluesavings of $608 billion. 

Exhibit ;3U: A wide portfolio of approaches will bo nocossary to 
full 
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m Education 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 awareness is widely viewed as a 
necessary-but-not-sufficient component of a holistic approach, because it relies on 
end-user activity and provides savings of unclear durability. However, it can be highly 
cost effective, even at low capture ratios, if well designed. 

ru Transparencyof consumption information. A varietyoftools would improve 
transparencyofconsumption information and relative energy performance, including 
in-home displays of energy use, similar to a "miles-per-gallon" display in cars; 
avaiIabilityof consumption on-line, similar to usage counters for mobile phones; and 
building control systems that allow for real-time tracking of consumption for major 
pieces of equipment. Studies in multiple countries have shown that transparency into 
real-time consumption (e.g., through in-home displays) can result in long-term 4- to 
ls-percent reductions in demand, while delayed feedback provides lower savings. 216 

It seems important to include the context of any numbers provided such as relative 
performance compared to similar buildings or efficient products currently available 
commercially. This approach suffers from limitations similar to education and 
awareness, but represents a policyoflimited market intervention. 

216 Sarah Darby, «The Effectiveness of Feedback on Energy Consumption," Environmental Change Institute, 
University of Oxford, April 2006. 
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n Price signals. Thereare several options for price signals, including tiered pricing 
(e.g., higher rates for higher levels of consumption), general rate increases, and rate 
adders, such as a cost forcarbon. These could increase the price of energy and enhance 
the financial attractiveness of energy efficiency. While there is undoubtedly some price 
level that would drive wide-spread adoption of efficiency measures, the challengewill 
be the political acceptability of achieving - and sustaining - a high enough pric~ to 
induce significant adoption. Based on EIAestimates of price elasticity, energyprices 
wouldneed to increase by approximately 20 percent for industrial customers and 
approximately 50 percent for residential and commercial customers for consumption 
to decline by the amount identified as NPV-positive potential in this report. 211There is, 
however, no guarantee that customers will seek efficiency solutions to reduce demand. 

Energy Efficiency ResourceStandards (EERS) and targets. Business 
leaders and policymakers could stimulate demand more directly by establishing 
energy efficiency targets at the national, state, or local levels. Targets should be set 
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 accuracy. 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 ofthe efficiencypotential within a region, 
with careful attention to differences in 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. As such, it may require a 
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 forthe benefit ofanother. 
Regulators may want to make provisions to align funds and investments within a 
customer-class. EERS offers the advantage of clearly articulating an expected pace 
and magnitude of efficiency improvements, while leaving the choice ofspecificactions 
open. Furthermore, the managers of targets remain responsible for developing a 
portfolio of solutions to capture the potential. 

Ia Energy efficiency credits (EEe) and markets. Amarket for efficiency 
could takeseveral forms, though the central objective would be to enable market 
participants to compete for savings to meet an energy efficiency target. To some 
extent, this approach operates todayin 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 capacityin 
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, 
are relatively untested, potentially complex and expensive at scale, and require well
developed evaluation, measurement and verification (EM&V) systems. Creating an 
efficiency market at scale would require development of rules to define tradable credits 
and could be challenging to administer. Ifpursuedsuch a market would need to be 
tested thoroughly to understand all implications before being deployed at a national 
level. Finally, an EEe market requires a target (e.g., EERS) and faces the challenges 
discussed underthatmechanism(above}. 

ill Financial incentives. Utilities and governments offer diverse financial incentives 
in the form of rebates, price subsidies, and tax incentives to participants in the 
industrial, commercial, and residential sectors. Though a proven method, incentives 
do rely on end-user participation and are limited to addressing capital barriers, 

217 AEO 2003 price elasticity study incorporated into the National Energy Modeling System (NEMS) suggests 
residential price elasticities of ~O.41 to ~q.60 and commercial elasticities of ~0.39 to -0045 for different 
fuels; industrial of -1.0. Energy Information Administration: price responsiveness in the AEO 2003 
NEMS residential and commercial building sector models. 
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including elevated discount rates and access to capital. Further, administrative costs 
(see below) vary with approach, program maturity, and administrative effectiveness. A 
scaled-up program should identify the most cost effective channel and administrative 
structure to drive 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. 

li1'i Legislativeprocess. 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 typicallytake 
3 years to institute, while new legislation 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 sti11 under consideration in 2009). 
Creating the necessary administrative structures will also require considerable time. 

li1'i Manufacturing constraints. Producing hundreds ofbiHions of dollars 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 sales to 90 percent in only 3 years with the introduction of a new 
standard.218 Others remain concerned about having capacity to increase outputto 
required levels ifthe 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 roughly6oo,ooo or more active overthe next decade to develop, produce, 
deploy, administer, and verify efficiency measures. 

218 Expert interviews. 
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3. IDENTIFY METHODS TO PROViDETllE SIGNIFICANT 
UPFF10NT FUNDING F1EOUIHED BY ANY PLAN TO 
CAPTURE ENERGY EFFICIENCY 

Defining a portfolio of policies and mechanisms will require trade-offs among the 
five characteristics defined in Exhibit 39 - experience to date, speed of deployment, 
complexity ofimplementatioll, source of investment, and administration and other 
costs. Identifying appropriate and sufficient funding forthe upfront investment will be a 
particular challenge, for which there are two broad approaches. ~'End-userfunding" refers 
to occasions when end-users pay for energy efficiency investments directly (upfront or over 
time), even when driven by a building 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, C02e allowance receipts, utility rates, or system-benefit charges). 

'* End-userfundingmethods. End-userfunding by consumers has proved 
difficult for capital-intensive measures, due to the multitude of barriers described 
in Chapters 2 through 4. Partial monetary incentives and supportive codes and 
standards increase direct funding by end-users by encouraging participation: the 
former by reducing initial outlays and raising awareness, the latter byessentially 
requiringparticipation.219 Performance contracting represents another method, 
one that has begun to find acceptance in commercial and industrial markets. ESCOs 
fund the upfront investment for efficiency improvements or connectcustomerswith 
a financier, in order to share in the energy and maintenance savings generated by the 
investments, while the resulting cash flows remain positive forthe end-user at all 
times. The risk of business failure among ESCO clients, as well as ordinary business 
churn, and the corresponding repayment exposure presents a significant challenge 
to ESCOs and has limited their effectiveness to date. With a blend of pub lie and 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, couldhelp 
enable the upfrant investment needed.220 

$I Publicfundingsources. Load-serving or government entities typicallyraise 
funding for energy-supply requirements, such as new power generation, new power 
and gas delivery infrastructure, or other public goods, by spreading the costs across 
all consumers. When pursuing energyefficiencyutilityorthird-partyprograrns 
typically "stimulate" demand through incentives foronlya portion of the investment, 
because much ofthe benefitflowsto participating end-users through lower bills. Asan 
alternative, programs such asthe WAP fully fund and execute efficiency improvements 
with public funds. Utilities or third parties typically gather program funds through 
system-benefit charges, though less conventional means, such as proceeds from a 
carbon price, have been discussed. Fundingtheentiredeployment costof$S20 billion 
would require asystem-benefit ch.rgeof$0.0059 per kWh.cross 4,250 TWh of 
electricity and $1.12 per MMBTU across 24.5 quadrillion end-user BTUsofotherfuel for 
a period of lOY ears, the anticipated implementation period. Alternatively, lOyears ofa 
carbon priceof$12.50 perton on 4.2 gigatons ofC02e emissions could fund the upfront 
investment as well. These costs would add approximately $120to the average annual 
homeowner's energy bill as well as $2,400 and $75,000 to the averagecommercialand 
industrial building annual energy bill. However, as mentioned below, average energy 
bill reductions would more than offsetthese investment costs. Savings of 24 percent in 
average customer energy bill from the efficiency savings would more than offsetthe 
8-percentincrease in bills to fund the upfrontinvestment. 220 

21g It 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 our analysis. 

220 The student loan model represents the basis of this approach. The insuring agent charges 1 to 2 pet'cent 
of the ciedit issuer to guarantee the loan amount and bears the default risk, typically 5 to 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 to involve different levels of spending. 
Exhibit 40 shows the average program cost, aswell as high and low ranges oftypical 
programs, expressed as a percentage of the upfront investment needed. It is worth noting 
that codes, standards, and awareness building (i.e., labeling) require the least overhead of 
the four broad strategies identified. With the scale advantage brought by a national effort, 
however, program costs for other approaches, namely third-party implementation and 
provision of incentives, could decrease substantially. 

Exhibit 4(): Program cost ranges by program type 
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4, FOF1GF GREATER AliGNMENT BETWEEN UTiliTIES, 
REGULATORS, GOVERNMENT AGt:NClES, MANUFACTURERS, 
I\ND 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 an initiative is to 
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. 
Forgingthis alignment should address four concerns: 

W; Overcoming regulatory barriers in utilityratemaking 

1m Understanding the relationship between bills and rates 

m Establishingresponsibilityin currently unaddressed areas 

m Achieving appropriate evaluation, measurement, and verification. 

OvercOlll:ingregulatory harriers in utility eatClllaking 

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 challenge and a 
cultural challenge, 

Th8_hclgtTt of the oolumns 
on the ohart-represent the 
rqAge:of adrnjnls-titrttv~~ 
costs pfr.lifJi;lrent progrflm 
tvrjE;iS; as ~ perc~n tli?ge-of 
i001otaTtJr.ifiont(;OS1e-: 
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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 energy sold. The price 
of each unit of energy typically covers the variable costs as well as a significant portion of 
the fixed costs of genera ting or producing and delivering the unit of energy, on the basis of 
projected sales volume. If more units aresoid than projected, earnings will be higher as 
the utility over-recovers its investment; iffewerunits are sold, earnings will be lower and 
the utility will not be compensated for its investment. Rates are periodically "trued up," 
that is, adjusted to more accurately provide for recovery of andre turn on investments, but 
in the time between these "rate cases" utilities face both positive and negative exposure to 
sales volume fluctuations. Variations in 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 
electricity load declines due to energy efficiency initiatives. This erosion in finances 
becomes an 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 to raise capital. Several options 
can help overcome this potential disincentive to pursue energy efficiency and address the 
financial risk associated with other energy goals: 

li!! Decouplingrevenues from units sold. Decoupling is a system of periodic 
true-ups in 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, ratherthan leaving them with utilities. However, some regulatory 
mechanisms exist to shift these risks, especially weather, back to the utility. Finally, 
regulators may be concerned that decoupling does not provide incentive for a utility 
to actively pursue energy efficiency; at best, it removes a portion of the disincentive 
associated with lower sales. In high-growth markets, there is also resistance to 
decoupling, because it could work against the benefit to utilities of regulatory lag; 
whereas in declining markets, decouplingworks 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. 

m Migrate to truefixedJvariablerate structures. An alternative approach would 
involve reducing the per-unit cost of energy to the true variable cost and assessing 
a flat fixed-cost charge to each customer. Incremental sales u'p or down would not 
impact utility profits. Some raise a concern that very low unit prices mayworkagainst 
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 to levels 
appropriate to the "real" cost of energy. There is a 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, this approach does not in itself create an incentive for utilities to pursue energy 
efficiency. 
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8 Modifications to traditional regulation. Modifications tothe traditional 
volumetric approach 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 
energy efficiency. These modifications can reduce - but will likely not fully 
remove - the alignment challenge associated with volumetric recovery, though they 
can overcome some of the other disadvantages cited above. 

These mechanisms and others might reduce the disincentive for utilities, but they do not 
create a positive incentive to pursue energy efficiency at scale. There remains a risk that 
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 
of timely 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 
mechanisms already: 

M Shared savings. Similar to the ESCO model for the end-user market, this approach 
allows forthe stream of energy savings to be shared with the utility. Generally, the 
amount expended on energy efficiency is recovered in the same year, minimizing the 
utility's risk of recovery. This incentive structure links utility compensation to the 
savings provided forthe customer, and requires a clearly defined methodology for 
calculatingthesavings. 

Performance incentive. This mechanism is typically linked to programspending 
orthe allocated budget, providing a payment based on performance against energy 
efficiency spending targets. With this approach as well, utilities recover the costs 
of energy efficiency programs within the year. This incentive structure links utility 
compensation to the scale of programs undertaken. 

g Capitalization. This method links energy efficiency with traditional utility 
earnings-growth mechanisms by allowing capitalization of actual upfrontinvestments 
for energy efficiency, which are then recovered over future years on a set depreciation 
schedule. Some markets provide a 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's boolm. Akey risk of the capitalization model, is the ability of 
a regulator to eliminate one of these "virtual" (regulatory) assets from the utility's 
balance sheet, destroying cost recovery in the process. 

m Virtual power plant. This approach 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 responsibilityfor 
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 Thevirtual 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. !tis important to note 
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 to both the nature and degree of the risks borne byutilities 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 regulatory jurisdiction. 

In summary, various mechanisms could improve the alignment between the utilities' 
financial incentives and the challenge of aggressively pursuing energy efficiency. There 
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is not one best answer that will work for all utilities, given the differences in markets, 
regulatory practices, customer preferences, and utility risk profiles. However, in general 
we find across rate-making mechanisms and the wide range of potential incentives, that: 

rn To fully align load-serving entities and local distribution companies Of utilities with 
the goals of energy efficiency, they must recover the revenue associated with their lost 
load, receive timely recovery of program costs, and earn incentives on energy efficiency 
to assure their financial health. 

W Single solutions are generally not enough to make an energy provider financially 
whole in the face of energy efficiency. Mostshareholder-incentive programs do not 
fully compensate investor-owned utilities. Neither decoupling nor true 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. 

a Acombination of shareholder incentives and fixed-cost recovery mechanisms can make 
energy providers financiallywhole inmost market structures. The appropriate level of 
incentive and choiceoffixed-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 broughton byyears of promoting consumption of energy. This 
mindset is a natural byproduct of the customary business practices, and for manyyears the 
growth of energy 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' organizations. The U.S. economy, however, offers many 
stories of comparable transformations in other industries, be itaroundsuch topics as 
quality control, lean production, innovation, orcustomer-service mindsets. 

Understanding tht~ relationsbip between hill8 and rates 

One ofthe most perplexing challenges associated with energy efficiency in the electricity 
sector is that although itclearlywill drive down average energy bills, the integrated effect 
on rates (Le., the cost per unitofelectricity) can vary across the U.S., based on how various 
elements in the rate-setting process are treated. !tis certain that rates will increase from 
wheretheyaretodayasenergyefficiencyisincorporatedintolegacyratemakingstructures. 
It is also possible that under some circumstances these rate increases will outpace rate 
increases expected in the business-as-usualscenarioeven though in the energy efficiency 
case the overall bills paid by ratepayers would decrease. The relative importance of six 
effects will drive this uncertainty and will cause rates in some areas ofthecountryto increase 
compared to business-as-usual while other areas experience a decrease: 

'* Reallocation offixed costs. Reallocation of existing fixed costs across fewer 
units of consumed energy puts upward pressure on rates. This effect will depend on 
the market mechanism that determines how those costs are recovered.221 This effect 
occurs, however, regardless of who drives energy efficiency programs or funds the 
costs, and regardless of any utility incentive payments. Fixed-cost reallocation is 
an effect oflegacy systems of rate-making that charge fixed costs on a variable basis; 
decouplingand proposed rate designs other than true fixed/variable will not address 
this issue, as discussed above. 

221 Fixed costs include generation, transmission, distribution and other non-variable support costs. In 
regulated markets, prudent fixed costs would be reallocated over remaining sales though there could be 
a timing lag. In restructured markets, generation costs are recovered through market prices and would 
likely not be recovered resulting in effectively a transfer of value from merchant generators to rate payers. 
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Avoidednewgenerationandload-servinginfrastructure. Reducingor 
avoiding 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 is a lower-cost alternative to building new assets. The 
relative importance of this effect compared tothe reallocation effect depends on the 
size of the existing rate base and the scale of planned newinvestments. 

fii Improvements in the marginal dispatch cost of generation. Though much 
more complex, this factor is likely to put downward pressure on rates, particularlyin 
restructured markets. 1\vo effects drive the downward pressure: first is the potential 
to reduce output from marginally less-efficient generation units (Le., 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-setting 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 impacts that could 
partially offset the downward pressure on rates would include any loss to efficiency 
of base load assets with increased cycling, as well as in the near-term, the delayed 
construction of more efficient assets that could displace older, less-efficient ones. 

[1 Commodity fuel prices. Fuel prices could decline due to reduced overall demand 
(e.g., reduced natural gas or coal consumption). We estimate, however, that the overall 
impact on rates is likely negligible relative to the range of other factors beyond energy 
efficiencythatimpactcommodityprices. 

ill Carbon prices. Similarly, iflegislators put a price on carbon emissions, deploying 
energy efficiency could place downward pressure on that cost. This effectwill depend 
on many unknown factors including the price setting mechanism, targets, and 
allowances. 

o Upfront energy efficiency investments and program costs. If these outlays 
are recovered through a public-benefit charge or other rate-based mechanism, they 
will likewise put upward pressure on rates. Incentive payments to load-serving entities 
or special-purpose energy efficiency entities would also be included, though they are 
typically a fraction of the program cost. 

Assessing the net impact of these factors requires detailed modeling ofload 
characteristics, economics, and regulatory treatments region by region. In addition, 
numerous other market effects would occur simultaneously, such as responses 
to renewable portfolio standards or other environmental requirements, which in 
combination could lead to very different results. In general, our models suggest that 
regions with higher levels of pur chased and passed-through generation would tend to see 
decreases in rates, because value would transfer from generators to ratepayers. Regions 
with higher levels offull-cost recovery on generation assets, and with little or no projected 
needfor capital investment in generation, would see an increase in rates relative to the 
business-as-usualapproach. 

Establishingresponsibility in c\,u·rentlyunaddressc,o. areas 

Certain elements of a program will have natural owners, such as government entities for 
designing and legislating codes and standards. Akey issue, however, will be deciding who 
should have responsibility (Le., 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 attributes, as illustrated in Exhibit 41. Expertise in the 
economics of energy consumption, for example, would be important so that the design 
of a program accounts for such factors as regional climate, rates, existing building stock, 
prior programs, and the cumulative effect of initiatives. Local energy brand 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 accountabilityfor 
overall reliabilityofthe energy system. This responsible partywDuld also need a proven 
ability to organize and manage large-scale programs, Ideally they could he held financially 
accountable for the delivery of results on time and on budget. 

Exhibit 41: Ow)rview of entities rnanaglnn comprehensive enor~1Y efficiency proqraJ1ls 
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SalJrce: McKinsey analysis 

Based on these attributes, three likely candidates emerge: utilities, special-purpose 
entities, such as Efficiency Vermont and Oregon's EnergyTrust, and government entities, 
such as NYSERDAand those used in other countries. For completeness, we also profiled 
ESCOs and product manufacturers against these criteria, though their likely roles will be 
to support implementation of energy-service programs that they initiate directly with end
users or as part of a larger program coordinated and to some extent funded through the 
party with overall responsibility. Utilities emerge with the strongeststartingposition 
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 thatwill facilitate management of programs and 
integrated resource planning. They do, however, face several challenges: principally, there 
are substantial concerns that most current 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 service territories, 
homes with multiple fuels are served by different utilities, complicating deliveryofenergy 
efficiency measures. 

Bycontrast, it would be straightforward to align special-purpose and government entities 
against the goal of driving efficiency and enable them to address all fuels and energyusers 
in a region. Creating special-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 reluctant to trust aggressive 
promises of demand reduction asserted by another organization. Also, this split 
responsibilitywould 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. Doing so would be a reasonably 
straightforward procedure, because it could be a clean-sheet exercise and well worth the 
time invested to address these issues. 

Achieving appropriate evaluation, :meusul"cment, and.vt,~dficati()ll 

The difficulty of measuring energy efficiency requires effective evaluation, measurement 
and verification (EM&V) to provide assurance to stakeholders that programs and projects 
are achieving the savings claimed for them. EM&V can also provide feedback forprogram 
and project design, and assist in attributing savings to participants. If significant levels of 
energy efficiency areto 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. 

Energyefficiency is hard to measure because it focuses on avoiding consumption rather 
than on activelyproducingsomethingj verifying savings is 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 consideredin 
determining actual savings impact. 

Measuringthese attributes exactly and providing a "perfect" EM&V system is not possible; 
instead, a "sufficient" EM&V system should reflect three key qualities: 

iii Consistency. Ifinvestments are to be made with the expectation offuturereturns 
that are contingent on the EM&V system, it will be critical that the rules for EM&V
associated rewards and penalties are internally consistent and remain fairly stable 
overtime. This consistency is important for all parties, if they are to plan investments 
in energy efficiency. 

n Simple in design. While a more complex EM&V system might permit more precise 
and accurate measurements and approximations of energy savings, as well as more 
detailed ways to attribute the drivers of those energy savings, the value of such a system 
must be considered in the context of the complexity and cost itwill drive. 

Address both inputs 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 
surrounding attribution can be complex. Detailed EM&V programs that cause a slowdown 
in the pursuit of energy efficiency are unlikely to merit their expense. For example, in 
some California programs, discussions of attribution sought to resolve differences of 
$70 mi11ion in incentives, of a total program spend of $2.1 billion - with benefits that 
exceed $4 bi11ion. A detailed EM&V program that risks disrupting the pursuit of energy 
efficiency is unlikely to deliver savings equal to the opportunity cost. For example, slowing 
the capture of the $4 billion in benefits by four months d~creases their present value by 
$70 million. 

The International Performance Measurement and Verification Protocol (IPMVP) provides 
a basis for analyzing project-level savings from energy efficiency measures. Though the 
IPMVP primarily addresses project savings in commercial and industrial sectors, it could 
provide the basis for broader measurement of energy efficiency programs. Development 
ofthis protocol has been supported by the Department of Energy and provides the basis for 
measurement in federal Energy Services Performance Contracts. Ashared foundation for 
EM&V of this sort might provide the consistent methodology upon which energy efficiency 
program managers can build. 
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C;. FOSTER INNOVATION iN TilE DEVELOPMENT AND DEPLOYMENT 
OF NEXr·GENEHi\1I0N ENE+lGY EFFICIENCY TECHNOLOOil"S 
TO ENSUHE ONGOINCi PHODUCTIViTY GANS 

Technology development plays a small role in the potential identified in the near term 
targets ofthis report. However, we expect that innovative and cost-effective energy-saving 
technologywill continue to emerge. Itwilllikely be cost effective to fund its research and 
development in order to accelerate its path to market. 

The Inventions and Innovation (1&1) Program run by EERE demonstrates that fostering 
innovation can be cost effective and have substantial impact. 1&1 was established in 1976 
as the Energy-Related Inventions Program (ERIP); through 2000, it received cumulative 
funding of $117 million. More than 25 percent ofI&I grantees successfully entered the 
marketplace, delivering a cumulative 973 trillion end-use BTUs of energy savings since 
I&I's inception. The $117 million investment has saved $4.92 billion in cumulative energy 
costs to date. As of 1995, administrative costs represented $2.20 per MMBTU of end-use 
energy savings and grants represented $1.40 per MMBTU.222 Achallenge in evaluating 
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. 

DOD 

In the nation's pursuit of energy affordability, climate change mitigation, and energy 
security. energy efficiency stands out as perhaps thesingle most promising resource. In 
the course ofthis work, we have highlighted the significant barriers that exist and 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 business executives the added confidence and courage needed to take 
bold steps to formulate constructive ways to unlock the full potential of energy efficiency. 

222 Scenariosfor 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-positivewhen the lifetime cost savings 
of the more efficient technology more than exceed the present value of the total (rather 
than incremental) upfrontinvestment. See also "Stock and flow methodology." 

ASHRAE. TheAmerican SocietyofHeating. Refrigerating and Air Conditioning 
Engineers, which publishes a seriesofstandards for heating, cooling, and ventilation 
systems in commercial buildings that often serve as the basis for commercial building codes. 

BTU. British Thermal Unit, the quantity of heat energy required to raise the temperature 
of one pound of water from 60° to 61° Fahrenheitata constant pressure of one atmosphere. 
BTUs are used throughout this report as a standardized measure of energy output and 
consumption. 

Buildingshell. The exterior structure of a building that protects the interior space, 
fa ciHtating control of the interior climate. The shell consists of the roof, exterior walls, 
exteriorwindows and doors, the foundation, and the basementslab or lowest level floor. 

BAUbaseline. The reference-case forecast for U.S. energy consumption in 2020, 

used in this report as a standard against which incremental energy efficiency potential 
is calculated. The business-as-usual forecast derives from the U.S. Energy Information 
Administration'sAnnual EnergyOutlook 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 to improveenergy 
efficiency. 

CHP. Combined heat and power, also known as "co-generation," is the use ofa heat engine 
or a power station to generate electricity and useful heat energy from a single fuel ata 
facility near the consumer. 
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C02 e. Carbon-dioxide equivalent, a standardized measure of greenhouse gas emissions 
developed to account accurately for the differing global warming potentials of various 
gases. Emissions are measured in metric tons ofC02e peryear, usually in millions of tans 
(megatons) or billions of tans (gigatons). 

Consumer utility. Functionality, such as a level of comfort, garnered from a specific 
energy end-use. Adjusting a thermostat or reducing the number afhours an electronic 
device is used in a day represent changes in utility. In a strict economic sense, maintaining 
consumer utility assumes a constant economic surplus forthe consumer while delivering 
against a 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 
a specific 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 Congress to move the 
United States toward greater energy independence principally through greater energy 
efficiency and increased use of renewable fuels. It also directs the federal government to be 
a model in its own energy usage, 

Energyintensity. The number ofBTUs of energy consumed for each dollar of economic 
value created. 

EM&V. Steps to evaluate, measure, and verify that implementation of an energy efficiency 
measure has produced the expected energy savings. Itmay include ensuring those savings 
are properly attributed. 

ESCO. An energy services company is a for-profit or not-for-profit entity dedicated to 
providing energy solutions to business and/or residential customers, including such 
services as energy efficiency audits, implementation of efficiency measures, evaluation of 
the performance of measures, or leading energy conservation efforts. 

Existing stock. Technologies in use in the business-as-usual baseline at the beginning 
of 2009, which serves as a starting point for all modeling. See also "Stock and 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 billion 
watts acting for 1 hour. 

Heatrate. Efficiency of a power plant, measured by calculating the numberofBTUs of 
energy input per kilowatt-hour of power output. 

HERS. Home Energy Rating System, measurementofa home's energy efficiency that 
provides a score of 0 (net zero energy building) through 100 (based on the 2006 IECC) and 
higher. AI-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 to refer to space conditioning systems, whether 
a building has a heating system, a cooling system, an air exchanger or one, two or three of 
those systems. 

KWh. Kilowatt hour, a unit of electrical energy equivalent to the work done by 1 thousand 
watts acting for 1 hour. Standard unit of residential electricity pricing; for example, a 100-

watt light bulb burning for 10 hours would consume 11dlowatthour. 
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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 
a whole-building approach, different tiers ofLEED 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 criterion. 

Life-cycle benefits. The energy savings of an energy efficient device that accrue over 
the useful life of the device. This does not include energy to create the device. 

MUSH. Municipal, university, school, and hospital; these public-sector buildings are 
typically able to realize the potential of attractive energy efficiency measures, because they 
do not 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 bYl million 
wattsactingforl hour. 

NPV-positive. Net-present-value-positive, in which the discounted future cash flows 
from future energy savings outweigh the initial upfront capital investment needed to 
implement the measure. 

PAYS. Pay-as-you-save, a loan made or administered by an energy provider to cover an 
upfrontinvestment in energy efficiency measures. The end-user repays via the utility 
bill with money saved through reduced energy usage such that no initial investment is 
required of the end user. 

Performance contracting. An agreement between 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 of the energy savings that the entity 
receives from the efficiency measures. 

Plug load. Energy consumed by electrical devices that plug into the wall, typically 
various electronics products and small appliances. Examples include TVs, PCs, 
hairdryers, coffee machines, and thousands of other similar products. Consumption in 
this category is highly fragmented across an average of 20 devices per household. 

PBe. Public benefit charge, a fee added to energy bills 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 
in a given area, derive from renewable energy sources, such as geothermal; wind, biomass, 
orsolar. 

Retro-commissioning. Process by which HVAC and other building systems are 
tested and adjusted to ensure proper configuration and operation for optimal efficiency. 
This may involve installing correctly sized motors, sealing ducts, repairing leaks in and 
recharging the refrigeration system, among a wide variety of measures. 

Retrofit. Changes made after initial construction and before the expected end-of-life of 
the asset, typically the building shell. 

Space conditioning. Energyconsumed in the heating, cooling and ventilation of 
interior spaces in buildings. 
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Standby losses. Energyconsumed by electrical devices while plugged in to a socket hut 
not in active use. 

Stationaryuse of energy, Energyconsumed by the U.S. economyin a year, exceptforthat 
used in transportation (Le., the movementofvehicles, including transportation in mining, 
construction, and agriculture) and in the production ofasphaltorchemical feedstock. This 
report analyzed approximately 81 percent of the stationary energy consumed in the U.S. 

Stock-and-flow mod~l. This rnethodologycaJcuiates energy savings potential relative 
to the business-as-usual (BAD) case. The model projects BAU energy consumption for 
future years by replacing equipment stock according to current customer preferences. 
In calculating the efficient scenario it substitutes energy efficiency measures forthose 
technologies when it is NPV-positive to do so. These substitutions include upgrades in new 
buildings, as well as replacement oftechnologies contained in existing buildings. 

@ Accelerated deployment. The deployment of new technologies before the end-of-life of 
existing stock. Accelerated deployment is NPV-positive wh~n the lifetime cost savings 
of the more efficient technology more than exceed the present value of the total (rather 
than incremental) upfront investment. 

M NPV-positive choice. Technologyin aspecific building-Census division category that has 
the lowest annualized cost, taking into account such factors as energy cost, annualized 
capital cost (overthe lifetime of the technology), and other operating expenses. 

E Existing stock. Technologies used in the BAU case atthe beginning of 2009, which 
serves as astartingpoint for efficiency modeling. 

TBTU. Trillion BTUs. 

TW. Terawatt, a unitofelectrical power equivalent to 1 trillion watts. 

TWh. Terrawatt-hour, a unit of electrical energy equivalent to the work done bYl trillion 
watts acting for 1 hour. 

Waste heat recovery. Capturing and using heat for productive work that is a byproduct 
of energy-intensive processes or steam systems that would otherwise be ejected into the 
environment. 

Weatherization. Modifying a building to increase its energy efficiency, usually through 
measures to decrease infiltration of outside air and minimize the loss of heated or cooled 
interior air. 
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Methodology 
The purpose of our research has been to evaluate the barriers that impede capture of 
energy efficiency today and to provide perspectives on how potential solutions mapto 
individual and broader system-level barriers to unlocking the potential available in 
the U.S. economy. We have analyzed a multitude of energy efficiency opportunities to 
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 energy efficiency in a number ofimportant 
ways. Specifically, we would like to note four points about our scope: 

8 We did not attempt to conduct a technical analysis on future energy efficiency 
technologies. 

m We do not predict how much energy efficiency potential can orwill be achieved. 

1M We attempted to be comprehensive - but not necessarily exhaustive - of all barriers 
and solutions. 

6 We did not assess second-order effects (e.g., impact on natural gas prices) or broader 
GDP impacts. 

As noted previously, we focused on stationary uses of energy. We, therefore, excluded 
energy used in all modes oftransportation, such as motor vehicles, trains, ships, and 
aircraft; with this focus, we also excluded energy used in agriculture, construction, and 
mining operations. 

This appendix covers three aspects of our methodology: 

1. Assumptions and methodology for calculating NPV-positive energy efficiency 
potential, including the micro-segmentation process and subsequent re-aggregation of 
micro-segments into addressable clusters of potential 

2. Our approach to structuring the barriers and attributing them to clusters 

3. Means of mapping solutions to address the major barriers in these clusters. 

i. CALCULATiNG NPV·POSITIVE POTENTIAL 
Data sources forthe National Energy Modeling System (NEMS) served as the foundation 
of our residential and commercial potential analysis. TheAnnual Energy Outlook 2008, 
Table 2, supplemental tables 24-34, and unpublishedAEO data serve as the foundation 
forthe industrial potential analysis. Where insufficient data were available, we drew on 
public or private sources to supplement the NEMS database and provide the necessary 
resolution for our analysis. I In aggregate. this analysis addresses 36.9 quadrillion of the 
45.5 quadrillion BTUs (81 percent) of end-use energy in 2008. 

There are six essential components to our analysis ofNPV-positive potential: 

m: Baseline consumption 

m: Stock and flow methodology 

* NPV-positiveselection criteria 

ffif Technology characteristics 

ru Bursting of data into micro-segments 

G Re-aggregation of data into addressable clusters. 

In the commercial sector, 2.1 quadrillion BTUs of consumption rely on other public sources; in the 
industrial sector, 15.3 quadrillion BTUs of consumption rely on public sources and 4.0 quadrillion BTUs 
rely on private sources. 
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BaselineCOllsU'mption 

Our baseline consumption matches theAnnualEnergy Outlook2ooB for 2008 and 2020 
to within 1.2 percent. Furthermore, these data match theAEO 200Bwhen cut byfnel Of 

Census division (Census region, in the case ofindustrial, represents the finest degree 
of geographic resolution), Note that this baseline incorporates no price for carhon and 
includes only legislation that has passed into law (Le., the Energy Independence and 
Security Act of 2007, but nottheAmerican Recovery and ReliefAet of 2009). 

Stod{mldfloWlllethodology 

We used slightly different methodologies across the sectors, depending on the availability 
of data and the nature of the opportunities. 

Residential and commercial sectors. Our residential and commercial modeling 
considered almost 500 technologies deployedagainst24 end-uses. Each technology is 
characterized by a working lifetime, upfront capital spend, annual maintenance spend, 
and energy efficiency impact. CUrrent energy consumption by end-use is provided by 
NEMS through the Renewable EnergyConsumption 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. 

'ffi End-of-life replacement. As each technology reaches the end of its usefullife, 
our model calculates the totallevelized cost of all equivalent technologies that could 
replace it. The "NPV-positive," potential is calculated based on deployment of the 
technology with the lowestlevelized cost. 

ill Accelerated replacement. To more accurately calculate the opportunity in 
retrofitting buildings, we also considered accelerated deployment. If the totallevelized 
cost of a new technology is less than the levelized energy cost of an existingtechnology 
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 ofa technology (as is the case with general-use LED lighting in 2017) or in 
the first year of the calculation (as is the case with a number of technologies that could 
be retrofit into buildings remain undeployed today). 

Industrial sector. Such detailed data is unavailable forthe 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 through 2020. We separated ou t 
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 expert interviews and more than 15 secondary industry resources, analyzed 
in detail the efficiency potential in these industries. To accurately assess the efficiency 
potential in their manufacturing processes, we calculated the NPV-postitive efficiency 
potential formore than 150 measures across these five industries. The savings 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 
as a baseline 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; sman businesses, 
15 percent), because less attention has been paid to energy efficiency in these businesses. 
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We calculated most ofthe potential in energy support systems (Le., waste heat recovery, 
steam systems, electric motors) for each energy-intensive industry using more than 50 
measures that the team had identified through expert interviews and industry reports. 
We determined the savings potential, as weli as capital costs, identifying the NPV-positive 
potential for these meausres. Waste heat recovery measures, which do not consume 
energy but decrease the energy required system-wide by helping to pre-heat fuel, provide 
incremental energy for other processes or supply energy to support systems. The team 
calculated the average energy efficiency savings potential across the energy-intensive 
industries and used this to calc\1late 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 team used 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, 
ratherthan its industrial functions), both for energy- and non-energy-intensive industries. 

Comhinedheat and power. We modeled industrial and commercial combined heat 
and power (CHP) applications separately, primarily because 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. We estimated 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 potential into five sizes of CHP systems (from less than 
1 MW to greater than 50 MW) based on plant sizes and steam demand, across six 
industry groups and the four Census regions of the country. Each of the modeled CRP 
systems were sized to the thermal load and matched to the power-to-steamratio of 
the specific industry. We cross-checked these results against estimates for generation 
potential from OakRidge National Laboratory and the Department of Energy. By 
comparing the economics of a CHP system to the installed traditional system using 
AEO 2008 supplemental data, we calculated the total potential for CHP for each region 
and industry subgroup. 

R\ Commercial. There has been limited use ofCHP in the commercial sector to date, 
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 sq feet, 
and more than 100,000 sq ft. If a building type was suitable for eHP, we calculated 
opportunities for retrofit CHP systems against the full replacement cost ofcentral 
energy plants, taking into consideration thermal heating, water heating, cooling and 
electrical capacity and demand. For new buildings, we compared these costs to the 
incremental cost of installing a CHP system in place of a standard boiler. Drawing on 
information from NEMS for capacity factors (the ratio of annual equipment output 
to output ofthe 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. 

NrV-positive selection criteria 

We used three criteria to define the "NPV-positive" energy efficiency potential of each 
efficiency measure: 

m Technology costs. These include incremental capital (or in the case of accelerated 
depreciation, total capital cost), installation, and additional operation and 
maintenance cost. This report uses the DOE's Technology Reportas used by NEMS. 
It specifies for each end-use a set of available technology-vintage combinations that 
define these parameters (discussed in greater detail below). 
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0- Value of energy saved. Thevalue of energy saved is more challenging to quantify. 
AfnU treatment of avoided energy costs would require detailed consideration of 
primary energy savings and lies beyond the scope of this report. There is, however, 
a range of energy values to draw on. Each unit of energy saved will draw from this 
range as specified hyend-use, supply assets forthe selected geography, the regulatory 
environment, timing, and business-as-usual forecasts. This report values energy 
saved at Census-division industrial retail rates fromAEO 2008, because it serves as a 
central value that is publically available and well understood. Thefullrange of avoided 
costs, from lowest to highest, includes: 

Cost of generation. This cost attempts 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 impact 
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. Itserves as a useful proxy for 
the average value of existing energy, butitdoes 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 rates serve as the best tool for applying a 
participant "lens" to the efficiency potential, when attempting to understand when 
a retail customer should act to reduce their energy bills. These rates mayovervalue 
the savings from transmission and distribution, because many fixed costs are 
embedded in customer-specific retail rates. 

Least-cost avoided new build. This value presents an attractive option, 
because unlocking energy efficiency is likely 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 is a 
significant challenge, which could call into question the accuracy of results relying 
on the necessary assumptions. 

Avoided carbon~free build. This option resembles least-cost avoided new 
build, except that it focuses on carbon-free sources of energy. Itsuffers from 
similar modeling challenges. 

m Discountfactor. The discount factor (orrate) represents the relative value ofsavings 
over time. Similar to discounted cash flow analysis, future energy savings in a given 
year, "Y," are discounted to present-dayvalues by the amount (1+ DF)'Ywhere 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 anda 7-percent 
discount factor creates a total-resource cost test (provided all deployment and program 
costs are included, regardless offundingsource). Alternatively, combining customer
specific retail rates and a customer's discount factor (which many argue can be as high as 
20 percent) create a participant-focused cost test. 



Unlocking Energy Efficiency in the U.S. Economy 
Appt'ndicp_~: MplhlJi:lology 

'I'echnology characte,ristics 

The technology characteristics derive from the DOE's Technology Reports, as used by 
NEMS. This set of characteristics includes limited innovation, an issue that could become 
a concern when attempting to model efficiency potential over longer timeframes. The 
characteristics do include expected technology improvements and cost compression in 
existing technologies. We further tested 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 sources. Lawrence 
Berkeley National Laboratory's Home Energy Saver provides publicly available energy
consumption modeling for homes, with recommended cost-effective upgrades. This 
report categorizes all 4,822 residential homes in the RECS survey by their energy use 
per square foot into five or six classes for each offive climate zones, depending on the 
climate zone, in order to understand likely characteristics of existing stock and identify 
cost-effective upgrades. It includes such relevant variables as square footage, resident 
income, and year of construction, to further identify these opportunities. We also 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 datu into tniero-seg:ments 

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 could be used for further research. Our 
modeling accomplishes this by "bursting" the demographic characteristics into the 
lower resolution data (similar to an outer product oftwo vectors). This does represent an 
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 thatwe used to burstthe residential, commercial, 
and industrial sectors into micro-segments. The result was 75,000 micro-segment and 
end-use combinations in the residential sector, which allowed us to see the important 
differences across regions, and across different building types, as well as understand 
the potential agency barriers, and conduct other important analyses. We burst the 
commercialsector into 39,000 micro-segment and end-use combinations, which 
enabled comparisons between public and government micro-segments and the split 
across the multiple types of buildings, each with very different energy needs. Our micro
segmentation in the industrialsectorwas less detailed, due to limited availability of dataj 
the industry and geographic splits proved to be the important factors for identifying 
efficiency potential in the sector. 

2 B. Griffith et at, "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-Analysis of Energy and Non~Energy Impacts in Existing Buildings and 
New Construction in the United States," LBNL, Portland Energy Conservation Inc, TexasA&M University, 
December 2004. 
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Exhibit B~1~ Soglllontation of enor9Y US~) 
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ltc-aggregation of' datn:into addressa hIe dusters 

In re-aggregating data into addressable clusters of efficiency potential, we usedavailable 
consumption characteristics and/or demographics to organize the micro-segments 
into clusters that solutions could address. Fourteen clusters of consumption emerged 
as relevant, as described in the body of this report. The most significant traits used to 
define these clusters represent an amalgamation of criteria that reflect the existence of 
similar barriers, responsiveness to particular solutions, andJorcommon traits relevant for 
consumption or efficiency potential. The most relevant characteristics that definethese 
clusters include home owner income, building age (Le., new versus retrofit buildings), 
specific end-uses or opportunities (e.g., electrical devices, community infrastructure, 
waste heat recovery), private versus government ownership structure, and energy 
intensity. 
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2, BARRIER STRUCTURE AND ATTRIBUTION 
Though it is tempting to address the barriers to energy efficiency improvements using 
a customer purchasing funnel, such an approach would provide too limited a view of 
the barriers. Specifically, it would omit barriers outside the end-user's control, such as 
pricing distortions, adverse bundling, and technology availability. Our approach to these 
opportunity-specific barriers instead captures dozens of barriers identified in a large body 
of research dating back decades3 and structures them into twelve barriers, which align with 
three discrete gates through which efficiency measures must pass to deliver energy savings: 

Structural. Is the opportunity available to the end-user, or are there structural 
limitations to the end-user's ability to capture the benefits? 

ill Behavioral. Will the end-user choose to behave in a manner consistentwith 
pursuing the savings? 

Availability. Arethe savings available to an end-user who can structurally capture 
them and who chooses to pursuethem? 

Some of these barriers are quantifiable; for example, it is 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., a tenant and a landlord). Our demographic data 
indicates that, for example, agency issues inhibit the capture of 8 percent of the retrofit 
potential in the residential sector and5-25 percent of private building retrofitpotential 
dependent on building type in the commercial sector. Other barriers are less 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 barriers 

Uestyle or business activity during 
industrial space constraints 

tm Quantified In report 

LJ Not directly quantified 

• Pricing distortions: Varies largelv by geography aoo rata structure and depends largely on price emstictty of 
customers 

• Risk and uncertainty: largest impact on moa.llfes with lowest level of aWareness and Information, Including 
building shell and HVAC Upgrades 

• Awareness and In/annallon: 
I 

3 William Golove and Joseph Eta, "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. R DeCanio, "Barriers Within 
Firms to Energy Efficient Investments," Energy Policy, 1993. Amory Lovins, Energy Efficient Buildings: 
Institutional Bm'riers and Oppm·tunities, E Source Inc, 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 into three 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 solutions could address which barriers. For example, on-bill financing can address 
ownership-transfer issues, inconsistent discount rates, and capital constraints by 
transferring unpaid investment 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 provides an 
example of how we mapped measures to barriers in one cluster in the residential sector, in 
this case the existing non-law-income homes cluster. 

bdliblt BM 3: Addressing barriers in existing non-low-income homes 
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• Rep,esenls a minor par,ler 
Sourca: McKinsey analysis 

Given the limited quantitative data on the barriers and the impact of solutions, this 
approach faces some limitations: it cannot quantitatively map solutions to every barrier, 
and it cannot evaluate the relative strength of different solutions. Furthermore, we did 
not attempt to ascertain what fraction of the potential is achievable with agiven 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 win be 
needed to address all major barriers affecting a cluster, if the efficiency potential is to be 
captured fully. For example, the limited penetration of on-bill financing in the residential 
retrofit cluster is likely because this approach fails to address trartsaction barriers, lack 
of awareness, contractor availability, and installation concerns. Acombination of on-bill 
financing with a home labeling or awareness campaign, plus direct referrals to qualified 
contractors could address all barriers and unlock the potential of this cluster. 
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