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ABSTRACT

Improving end-use energy efhiciency—that is, the energy-efliciency of individuals, households, and
firms as they consume energy—is often cited as an important element in efforts to reduce greenhouse-
gas (GHG) emissions. Arguments for improving energy efficiency usually rely on the idea that energy-
efficient technologies will save end users money over time and thereby provide low-cost or no-cost
options for reducing GHG emissions. However, some research suggests that energy-efficient technologies
appear not to be adopted by consumers and businesses to the degree that would seem justified, even
on a purely financial basis. We review in this paper the evidence for a range of explanations for this
apparent “energy-efficiency gap.” We find most explanations are grounded in sound economic theory,
but the strength of empirical support for these explanations varies widely. Retrospective program
evaluations suggest the cost of GHG abatement varies considerably across different energy-efficiency
investments and can diverge substantially from the predictions of prospective models. Findings from
research on the energy-efficiency gap could help policy makers generate social and private benefits from

accelerating the diffusion of energy-efficient technologies—including reduction of GHG emissions.






AN ASSESSMENT OF THE ENERGY-EFFICIENCY GAP AND
ITS IMPLICATIONS FOR CLIMATE-CHANGE POLICY

Todd D. Gerarden, Richard G. Newell, Robert N. Stavins, Robert C. Stowe!

INTRODUCTION

Improving end-use energy efficiency—that is, the energy-efficiency of individuals, households, and
firms as they consume energy—is often cited as an important element in efforts to reduce greenhouse-
gas (GHG) emissions. Arguments for improving energy efficiency usually rely on the idea that energy-
efficient technologies will save end users money over time and thereby provide low-cost or no-cost
options for reducing GHG emissions. Such an approach to mitigating GHG emissions is likely to
be more politically feasible in countries whose governments may have concerns with public action to
address climate change, such as financial incentives or requirements that place an explicit or implicit

(shadow) price on carbon.

The most ambitious exercise in integrated assessment modeling to address the potential impact of
improved energy efficiency on GHG emissions was that of the Energy Modeling Forum in 2010.
Among other conclusions, the modeling team concluded that “...market penetration of energy-
efficiency improvements appears to be much more complicated than assuming that consumers
select the least-cost strategy among a set of technology options.” (Huntington and Smith 2011, 3)
This conclusion is representative of a larger body of insight that suggests that while energy-efhicient

technologies offer considerable promise for reducing the financial costs and environmental damages

1 Gerarden is a Ph.D. student in Public Policy at Harvard University; Newell is the Gendell Professor of Energy and Environmental Economics
at the Nicholas School of the Environment, Duke University, Research Associate of the National Bureau of Economic Research, and University
Fellow of Resources for the Future; Stavins is the Albert Pratt Professor of Business and Government at the Harvard Kennedy School, Research
Associate of the National Bureau of Economic Research, and University Fellow of Resources for the Future; and Stowe is the Executive
Director of the Harvard Environmental Economics Program. We are grateful to Marika Tatsutani for extensive editorial assistance. This paper
draws in part on a workshop held at Harvard, October 24-25, 2013, “Evaluating the Energy Efficiency Gap,” co-sponsored by the Duke
University Energy Initiative and the Harvard Environmental Economics Program. We thank the participants for the insights they provided on
the questions addressed at the workshop and in this paper. We gratefully acknowledge generous financial support from the Enel Foundation
for the preparation of this paper and its presentation at the Twentieth Conference of the Parties of the United Nations Framework Convention
on Climate Change—and the Alfred P. Sloan Foundation for a larger project on the energy-efficiency gap. The authors, however, are fully

responsible for any errors and all opinions expressed in this paper.
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associated with energy use—including those related to climate change—these technologies appear not
to be adopted by consumers and businesses to the degree that would seem justified, even on a purely

financial basis.

We review in this paper the evidence for a range of explanations for this apparent “energy-efficiency
gap,” finding relatively strong empirical support for some explanations and mixed or weak evidence for
others. Policy makers are interested in better understanding the energy-efficiency gap, given the social
and private benefits that could flow from accelerating the diffusion of energy-efficient technologies—
including reduction of GHG emissions.> With an eye to informing future efforts to craft effective

public policy in this arena, we also identify priorities for further research.

THE ENERGY-EFFICIENCY “GAP”

Global energy consumption is on a path to grow 30-50 percent over the next 25 years. In many
countries, this will result in higher energy prices and increased local air pollution and GHG emissions.
Energy-efficient technologies could do much to slow the rate of growth in global energy consumption
and reduce associated costs and environmental impacts. Moreover, engineering studies suggest that
many of these technologies offer an attractive rate of return on investment, in the sense that they would

pay for themselves in energy-cost savings over a relatively short period of time.

Yet it has long been observed that households and firms consistently “under-invest” in energy-efficient
technologies—at least relative to the predictions of many engineering and economic models. At the
level of individual decision-makers, this under-investment suggests the following questions: Why do
consumers and businesses fail to adopt technologies that appear to be justified on the basis of their
own (private) financial net benefits? At the level of society as a whole, why do efficient technologies
appear to diffuse at a rate that is suboptimal relative to the social benefits they may offer (including

climate-change mitigation)?

An extensive literature exists that attempts to explain this apparent energy-efficiency gap. The
explanations that have received the most attention fall into three broad categories: (1) market failures,
(2) behavioral effects, and (3) modeling flaws. Determining the validity of specific explanations within

each of these categories—and assessing the degree to which each contributes to the energy-efficiency

2 In a longer monograph we are preparing, we define the “energy paradox” as the apparent reality that some energy-efficiency technologies that
would pay off for adopters are nevertheless not adopted. This basic definition relates to the issue of private optimality. We define the “energy
efficiency gap” as the apparent reality that some energy-efficiency technologies that would be socially efficient are not adopted. This broader
concept relates to social optimality. In this brief, we use “energy efficiency gap” to refer to issues of private optimality and use no separate term

for social benefits or costs.
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gap—are crucial steps in crafting effective public policy responses and in understanding the likely net

benefits of such policies, including reduction in GHG emissions.

To organize our inquiry, we begin by “decomposing” the decision to invest (or not) in an energy-
efficiency improvement into its fundamental elements. Assuming that most businesses and households
are interested in minimizing cost, these fundamental decision elements include the cost of purchasing
and operating the technology in question (where operating costs are determined by the price of energy
and usage levels), and the discount rate and time horizon that the decision maker applies to the initial
investment. This decomposition generates four questions that are useful for thinking about potential
causes of, and policy remedies for, the efficiency gap: 1) Are product offerings and pricing economically
efficient? 2) Are energy operating costs inefliciently priced and/or understood? 3) Are product choices
cost-minimizing in present value terms? 4) Do other costs inhibit more energy-efficient decisions? We

summarize here the research relevant to each question and offer suggestions for future research.

1) Are the energy-efficiency of products and the associated pricing of
these products on the market, economically efficient?

One set of possible explanations for the energy-efficiency gap centers on reasons why the number,
diversity, and price of higher-efficiency products available to consumers could be fewer than optimal.
For example, firms may not offer such products if they do not expect to recoup the fixed costs of
developing them, or if they expect the introduction of more efficient models—and their efforts to
market them—to cause shifts in consumer demand that will adversely affect sales of other products
they offer and/or benefit competitors. Firms with a monopoly over certain markets or technologies,
or firms with significant market power, may simply set the price of energy-efficient products above
the socially efficient price. In addition, firms might under-invest in the research and development
needed to bring more efficient products to market, because of so-called “spillovers”—referring to firms
not being able to appropriate all of the knowledge and productivity gains from R&D investments
and from learning-by-doing to develop new products. (Instead, some of these benefits “spill over” to
other firms.) Finally, consumers may not demand energy-efficient products simply because they lack

information about these products.

Broadly speaking, a tension exists between optimal innovation and product offerings, on the one hand,
and optimal adoption of energy-efficient products, on the other hand. This is because firms have to charge
higher prices to recoup the fixed costs they incur to generate energy-efficiency improvements in products,
but higher prices tend to discourage adoption. Optimal policy would seek to balance these two forces

to encourage both innovation and adoption of energy-efficient products (Kamien and Schwartz 1982).
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This tension is generic in the sense that the factors that could lead to suboptimal product offerings—
whether they involve market failures, imperfect information, spillovers, etc.—are not specific to energy
efficiency but apply to other markets and types of products as well. In other domains, government
research grants, tax incentives for private sector R&D, and intellectual property protections are the
primary tools used to encourage innovation, while anti-trust regulation aims to ameliorate problems
associated with market concentration. There is not significant evidence to suggest that energy-efficiency
markets exhibit particular failures that require remedies beyond these traditional innovation policies.
And given the range of existing public policies in this realm (such as minimum efficiency standards,
utility demand-side management programs, and public funding of research), it is unclear whether
there are issues related to energy-efficient product variety, availability, and pricing distinct from many

other types of products.

Better empirical evidence exists on the question of whether consumers lack adequate information
regarding energy-efficient technologies, although relatively few studies attempt to disentangle the
effects of imperfect information from competing explanations of consumer behavior. Nonetheless,
lack of information is one of the most commonly-cited justifications for policy intervention in the
market for energy-efficient products (Palmer et al. 2013, 272; Sanstad, Hanemann, and Aufthammer
2006, 6-9). A recent study designed to explore the relative importance of various elements of energy
labels while controlling for other relevant factors, such as discounting behavior, found that providing
simple information on the economic value of saving energy was the most important element guiding
more cost-effective energy-efficiency decisions (Newell and Siikamiki 2013). Other information
policies have also been documented to affect consumer decisions: In recent field experiments, giving
households information about how their energy use compares to that of other, similar households has
resulted in immediate and, to some degree, persistent reductions in energy use (Allcott 2011a; Allcott
and Rogers 2012; Ayres, Raseman, and Shih 2013; Costa and Kahn 2013).

Past evidence in the United States and recent evidence from India suggests that imperfect information
about energy use also exists among firms—and that firms may fail to undertake profitable efficiency
investments because they are unaware of them (S. T. Anderson and Newell 2004; Bloom et al. 2011).
Anderson and Newell (2004) examine industrial energy audits and find that while plants accept only
half of recommended projects, most plants respond to the costs and benefits shown in energy audits

and, with this information, adopt efficiency measures that meet standard investment criteria.

In theory and in practice, an informed third party can fill the information gap, as many government
and private labeling programs seck to do. U.S. examples include EnergyGuide labels, Energy Star logos,
automobile fuel economy labels, and various certification programs for residential and commercial

buildings. A number of studies have analyzed the effect of such information policies. For example,
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Sallee (2013) highlights the possible supply distortions caused by coarse energy-efficiency certifications,

such as the binary certification employed in the Energy Star program.

But the benefits of coarse certifications may outweigh supply distortions, given limits on consumer
attention to detail about performance. Houde (2014a) evaluated the welfare effects of Energy Star
and found that consumers rely heavily on the certification, indicating that the program does provide
new information to the market. Similarly, Newell and Siikamaki (2013) found that the Energy Star
logo significantly boosted the tendency for survey respondents to choose a more efficient appliance.
However, Houde also found that some consumers over-rely on the binary label, in the sense that
they do not consider actual energy savings, but only whether a product has the Energy Star label.
This causes manufacturers to supply products that barely meet the certification threshold, potentially

crowding out investments in higher efficiency products (Houde 2014b).

In the case of residential energy audits, past studies have found that few households seek the
information, even when it is subsidized, and even fewer act on it (Berry 1993, 54; Tonn and Berry
1986, 785). On the other hand, studies have found that buildings certified by the Leadership in Energy
and Environmental Design (LEED) and Energy Star programs retain higher value in rental and sales
prices after accounting for other building characteristics (Eichholtz, Kok, and Quigley 2010, 2012).
Similarly, residential certifications are associated with higher sales prices in both the Netherlands and
the United States (Brounen and Kok 2011; Walls, Palmer, and Gerarden 2013).

Further research is needed to distinguish the effects of incomplete information from competing
explanations of the energy gap and to evaluate the effectiveness and efficiency of current information
policies. Research on the effectiveness of information presented online would be especially useful,

because consumers increasingly obtain information and make purchases online.

2) Are energy operating costs inefficiently priced and/or understood?

Even if consumers make privately optimal decisions, energy-saving technology could diffuse more
slowly than is socially optimal if energy prices fail to reflect the negative externalities (including
climate impacts) associated with energy production and consumption. In other words, even if there is
nothing paradoxical about firms’ and individuals’ decisions to forego energy-efficiency investments, an
efficiency “gap” may still exist if energy prices are too low to stimulate the level of efficiency investment

that would be justified taking into account all the costs of energy use to society as a whole.

Here again, the theoretical arguments are robust. But in contrast with explanations for the energy-

efficiency gap that focus on the availability and pricing of energy-efficient products, empirical evidence
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for the inefficient pricing of energy is considerable, and in some cases quite convincing. For example,
studies that have sought to quantify the unpriced externalities of gasoline consumption estimate the
costs of GHG emissions at 5-72 cents per gallon, assuming social costs of carbon between $20 - $300
per ton (Parry, Walls, and Harrington 2007, 377), while other analyses of the combined costs of local
pollution, congestion, and accident externalities have arrived at estimates as high as $2.40 per gallon
(M. L. Anderson and Aufthammer 2013; Parry, Walls, and Harrington 2007).°

Quantitative estimates of the externalities associated with electricity use are more limited, and most of
them do not account for upstream emissions and other damages that are location- and time-specific
(Cullen 2013; Muller and Mendelsohn 2009; Zivin, Kotchen, and Mansur 2012).% Coal- and natural
gas-based electricity production have received the most attention, with estimates suggesting the social
costs of (non-CO2) damages from coal-powered electricity, on average, are about 3—4 cents per
kilowatt-hour (kWh) and much less than 1 cent per kWh for natural gas-powered electricity (National
Research Council 2010, 149). CO2 emissions from these sources approximately double these cost

estimates, depending on choices of the social cost of carbon and discount rate.”

In general, the full incorporation of environmental externalities would likely raise electricity prices in
most U.S. regions. However, many of these externalities are already regulated and thereby indirectly—
and sometimes directly—priced. But other market distortions—such as electricity price regulation—
make it difficult to judge whether electricity prices are too low overall, and the answer seems certain
to vary by region (and time of day). More research is needed to quantify and monetize electricity
generation externalities, including comprehensive assessments of which externalities are currently

unpriced or underpriced and which are effectively addressed by existing policy.

The fact that retail prices for electricity and natural gas are often set through economic regulation
opens the door to a further possibility: that prices for these forms of energy are set too low (or too
high) as a result of regulation (Davis and Muehlegger 2010; Naughton 1986). Here again, the evidence
is mixed: On the one hand, the lack of time-varying pricing suggests that prices are too low during
peak demand periods and too high during periods of low demand. This leads to inefficient utilization
(Joskow and Wolfram 2012). Real-time electricity pricing could correct these incentive problems,
particularly if consumers have access to real-time feedback on consumption (Jessoe and Rapson 2012),

and could yield large efficiency gains for the electricity supply system as a whole (Borenstein 2005).

3 The figure of $2.40 was presented by Soren Anderson, as part of preliminary research results and as an update to Parry, Walls, and Harrington
(2007), at the October 2013 workshop on the energy-efficiency gap hosted by the Harvard Environmental Economics Program. It should be

noted that some externalities, such as congestion, may be location- and/or time-dependent and optimally would be priced accordingly.
4 The research cited here also highlights the importance of taking into account these factors when forming policy and regulation.

5 Presentation by Karen Palmer at the October 2013 workshop hosted by the Harvard Environmental Economics Program, and subsequent

communication.
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But the impact of time-of-use pricing on end-use efficiency investments is ambiguous (Gillingham,
Newell, and Palmer 2009). Faced with real-time pricing, consumers might shift consumption to
off-peak periods rather than invest in more efficient devices. (Indeed, if consumers can reduce their
average electricity costs through load-shifting, real-time pricing might even reduce incentives for some

efficiency investments.)

Yet another possibility is that consumers’” expectations about fuzure energy prices and/or energy use are
systematically uninformed or biased downward: if consumers consistently underestimate their future
energy needs and future energy prices, they are unlikely to make optimal energy-efficiency-investment
decisions. Qualitative interviews suggest that people know current gasoline prices and tend to forecast
future prices on that basis (Allcott 2011b, 102-103; S. T. Anderson, Kellogg, and Sallee 2011, 13-17).
Given that people can be expected to have a good idea of their vehicle usage patterns and given that
current gasoline prices have proved to be at least as good a predictor of future prices than other sources
(such as econometric studies or fuel-price futures), it seems unlikely that systematic bias in consumer
expectations about future fuel use and/or fuel prices account for the efficiency gap in motor vehicle
energy use. On the other hand, some studies suggest that most car buyers lack the tools to value vehicle

fuel economy (Turrentine and Kurani 2007).

Outside the transportation sector, limited evidence suggests consumers may be misinformed about
current electricity prices, but there is no evidence of a systematic bias up or down. In terms of usage,
experimental choice data suggest that consumers are also misinformed about how much electricity
they use and how their daily activities translate into usage: consumers provided with real-time usage
feedback become significantly more price responsive than consumers without such feedback (Jessoe
and Rapson 2012). In addition, surveys indicate that consumers systematically overestimate the energy
costs of low-usage goods (for example, computers) and underestimate the energy costs of high-usage

goods (for example, water heaters) (Attari et al. 2010).

Though there is little evidence that systematic bias in consumer beliefs about future energy use and
prices is a significant contributor to the efficiency gap, further research to understand the impact of
these beliefs and to distinguish the effects of consumer beliefs from consumer preferences would be
useful, especially if it helped isolate the effects of different types of information policies. The fact that
existing pricing policies (e.g., fuel taxes, electricity rate structures) appear not to provide sufficient

incentives for energy efficiency in many cases also suggests that further research is warranted.

Another potential explanation for the efliciency gap focuses on the possibility that analysts tend to
overestimate the energy savings that can be achieved through efficiency investments. A number of

studies have found that engineering-economic analyses, which rely on detailed information about

HARVARD PROJECT ON CLIMATE AGREEMENTS ¢ HARVARD KENNEDY SCHOOL » 7



the energy-use characteristics of different types of equipment, deployment levels, and usage patterns,
typically produce estimates of energy savings that exceed the actual savings observed in impact

evaluations that rely on after-the-fact energy consumption information.

This could be because the assumptions about usage and equipment performance used in engineering-
economic analyses are incorrect or because the models fail to sufficiently account for complex
interactions, such as the rebound effect or the free-rider problem.® Thus, for example, a meta-analysis
of 42 utility conservation programs found that actual, ex post energy savings from residential retrofit
programs ranged from 15 to 117 percent of ex ante estimates (Nadel and Keating 1991). Savings
from commercial retrofit programs ranged from 36 to 248 percent of engineering predictions, while
a majority of programs failed to meet savings benchmarks (Nadel and Keating 1991). These direct
comparisons suggest caution is warranted when interpreting ex ante engineering-economic evidence

for the energy-efficiency gap.’

In other empirical research, two groups of participants in a utility weatherization program in the
1980s achieved 47 and 78 percent of predicted savings on average (Hirst 1986).% Realized savings
from another utility program ranged from 50 to 81 percent of predicted electricity savings, and 14-42
percent of predicted natural gas savings (Sebold and Fox 1985). Another study found that a tool used
for weatherization home audits over-predicted savings by 186 percent, despite accurate engineering
calculations (Ternes and Gettings 2008). Likewise, weatherization projects in New York State only
achieved 57-69 percent of the savings predicted by the National Energy Audit Tool, and studies from

other states reach qualitatively similar conclusions (Berry and Gettings 1998).

The persistence of analyses that significantly overestimate energy savings, despite substantial
improvements in engineering-economic methods, suggests that there are significant opportunities
for continued research in this area. In particular, more attention is needed to the transportation,
commercial, and industrial sectors, because most evidence on these issues to date has come from
the residential sector (likely because of the large number of programs that target this sector) —and
because the characteristics of decision making in these sectors may be different from those in the
residential sector. It is also possible that ex post evaluations have tended to focus on the studies that

most exaggerated expected energy savings.

6 The “rebound effect” refers to the possibility that consumers will increase their use of more efficient products because of these products’ lower
operating costs. The “free-rider problem” refers to the possibility that some participants in incentive programs (such as utility programs that

offer rebates for more efficient products) would have implemented the efficiency measure even without the incentive.
7 Nonetheless, they also found some cases in which ex anze analyses have underestimated energy savings.

8 Hirst (1986) reviews possible causes of the discrepancy between predicted and actual energy savings; examples include errors in methodology,
errors in data collection and interpretation, failure of efficiency measures to perform as expected due to poor materials or installation, and

changes in behavior.
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Another potential deficiency in many engineering-economic models is their failure to account for
consumer heterogeneity—that is, the possibility that, for any technology, the benefits and costs of
adoption can vary across potential adopters (Alberini, Bareit, and Filippini 2014, 33—4; Fowlie,
Greenstone, and Wolfram 2014; Metcalf and Hassett 1999, 526; Newell and Siikamiki 2013). Even
when engineering predictions correctly find that, on average, the benefits of adoption exceed the costs,
this will not be true for some potential adopters. For example, (Hausman and Joskow 1982) point
out that heterogeneity in usage profiles, capital stock, or preferences could result in realized savings
below average predicted savings. Failure to model heterogeneity correctly can bias estimates of the size
of the energy-efficiency gap. Moreover, the literature suggests that this bias is generally upward—in
other words, ignoring consumer heterogeneity tends to produce overestimates of the magnitude of the

energy-efficiency gap.

Palmer (2014) examines deficiencies of analytical approaches with regard to the U.S. Environmental
Protection Agency’s (EPA’) proposed rule issued in June 2014 that would reduce CO2 emissions from
existing power plants.” If implemented, this rule would have a significant impact on U.S. emissions,
given that coal-fired power plants are the largest single class of CO2 emitters. The rule gives U.S.
states flexibility in achieving specified emissions-reduction intensity targets, with increasing end-use
efficiency as one of the means suggested. The EPA uses simple aggregate assumptions to estimate
potential emissions-reductions from energy efficiency. Palmer proposes the incorporation of empirical
evaluation into implementation plans, based on existing research such as that captured in this paper
and with the goal of producing more realistic estimates of the potential of energy efficiency to reduce

CO2 emissions.

3) Are product choices cost-minimizing in present-value terms?

This study, like the broader literature it reviews, starts from the premise that consumers and firms—
when considering whether to invest in an energy-efficiency improvement—are primarily motivated by
the desire to minimize costs. Thus it is natural to ask whether product choices are cost-minimizing in
present value terms, or whether various market failures and/or behavioral phenomena inhibit decision-

making consistent with the goal of cost-minimization when it comes to energy-using products.

Problems of agency—or so-called “split incentives’—are among the most widely cited explanations
gencey: g y
for the energy-efficiency gap. Both terms refer to situations where the economic parties involved have
gy y gap

different financial interests and face different incentives. Typical examples include landlord-tenant and

9 A “rule” in the United States is a regulation—promulgated by an executive agency under existing law, not newly-legislated by Congress.

Proposed rules are subject to comment and review before becoming a final rules (regulations).
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builder-buyer situations, in which the party making a capital investment in energy-using equipment
(the landlord or builder) does not bear the cost of operating the equipment and therefore makes
decisions that are not optimal from the perspective of the end user (the tenant or homebuyer). Similar
agency conflicts are possible within firms when investment and operating decisions are divided among

individuals or business units (Tietenberg 2009).

Empirical evidence has confirmed the existence of the principal-agent problem, and comprehensive
accounting exercises have sought to estimate the potential importance of this market failure by
quantifying the amount of energy consumption subject to incentive conflicts (International Energy
Agency 2007). For example, 35 percent of U.S. residential energy use may be affected (Murtishaw
and Sathaye 2006). Other research has compared owner-occupied and rental properties to directly
estimate the impacts of split incentives. Most results are compelling: even after controlling for
household income and other characteristics, renters are significantly less likely to have energy-efficient
refrigerators, clothes washers, and dishwashers (Davis 2012). Conversely, owner-occupied dwellings in
California are 13 and 20 percent more likely to have exterior wall and ceiling insulation (Gillingham,
Harding, and Rapson 2012).

A related issue concerns the potential for information asymmetries that could further impede cost-
minimizing decisions: to the extent that prospective tenants and homebuyers lack information about
the energy characteristics of different properties, their rental or purchase decisions will fail to signal
to landlords and builders that efficiency investments add value. Empirical studies lend support to this
hypothesis: for example, data from the United States suggest that landlords include utilities in rental
prices even when units are individually metered, in part because they cannot credibly communicate the

cost-saving benefits of higher-efliciency units to prospective renters."

In short, information asymmetries could explain why landlords do not make efficiency investments
even when, as one survey in New Zealand found, tenants’ willingness to pay higher rents in exchange
for improved energy efliciency would seem to justify such investments (Phillips 2012). On the other
hand, the magnitude of this market failure may be small, because the energy impacts of inefficient
appliances and less insulation only amount to a few percent of total energy consumption in rental units
(Davis 2012; Gillingham, Harding, and Rapson 2012). In addition, recent research on commercial
buildings finds little evidence of asymmetric information between building owners and prospective

buyers or tenants (Papineau 2013).

10 A less cited issue concerns moral hazard: if energy costs are included in rent, tenants have no incentive to conserve and may use too much
energy relative to the social optimum. A number of studies do find that tenants with energy-inclusive rental agreements behave in ways that
lead to higher energy use. However, these findings do not relate directly to investment in energy efficiency and hence are unlikely to contribute
to the energy efficiency gap—if anything, moral hazard considerations might increase a landlord’s incentive to invest in more efficient

appliances and equipment.
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While the best evidence on agency problems and information asymmetries comes from the residential
sector, research confirms that firms are also susceptible to this type of market failure. Experience from
Green Lights, a program that provides technical assistance to firms interested in efficient lighting
upgrades, suggests that firms mostly failed to install cost-effective upgrades before the program due
to capital rationing by managers and split incentives across divisions (Howarth, Haddad, and Paton
2000). Likewise, case studies in Europe identified split incentives as a barrier to investments in more
efficient electric motors (de Almeida 1998; Ostertag 2003).

Another set of possible explanations for the efficiency gap centers on social learning and peer effects:
the possibility that consumers look to the purchasing decisions and subsequent experience of other
consumers when making decisions about whether to adopt a given technology. For example, if
consumers delay adopting a new technology because they want to learn from the experience of other
adopters, this informational or “learning-by-using” spillover effect could slow the diffusion of energy-
efficient products and contribute to the efficiency gap. Research in other domains finds that social
learning and peer effects are important, but there is less evidence on the role they play in the diffusion
of energy-efficiency technologies.' In general, credibly identifying spillovers using observational data
is challenging, given the difficulty of disentangling these effects from other unobservable factors in
consumers’ decision making (Foster and Rosenzweig 2010; Manski 1993; Narayanan and Nair 2013)."
And even where it is possible to test whether consumers delay adoption due to spillover effects, further

research would be needed to determine how much this phenomenon contributes to the efficiency gap
(Baird et al. 2014).

By contrast, considerable evidence exists that consumers are simply inattentive to energy costs when
purchasing energy-using products. Put another way, these costs are not a salient part of their purchasing
decisions. In some markets, the effects of inattention could be substantial. For example, almost half of
surveyed vehicle buyers report making their decisions without considering fuel costs (Allcott 2011b,
100). More generally, many consumers may focus more on upfront purchasing costs than on longer-
term operating costs: other research finds, for example, that consumers largely ignored replacement ink
prices when making printer purchase decisions (Hall 1997). This lack of attention is not necessarily
irrational: intuition suggests that consumers will only pay attention to an attribute if the expected

benefits of being informed about that attribute outweigh the cognitive costs of acquiring information.

11 Most evidence on the role of learning spillovers comes from research on the introduction of hybrid vehicles, which finds that such spillovers
can discourage as well as encourage technology adoption: higher market penetration by the Toyota Prius led to increased adoption of all

hybrids, while higher market penetration by the Honda Insight led to reduced adoption (Heutel and Muehlegger 2013).

12 In the residential sector, a study of homebuilders’ choices of thermal insulation found no evidence of large knowledge externalities, suggesting
builders do not learn from the adoption of efficient technologies by competitors. An alternative explanation is that builders have complete (or

nearly complete) information, so there is no scope for learning from the adoption decisions of others (Jaffe and Stavins 1995).
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Modeling inattention to energy efficiency as a result of costly information acquisition offers one way
to explain decisions that may otherwise appear to be privately sub-optimal (Howarth and Andersson

1993; Sallee 2013).

A number of research methods have been used to explore the effects of inattention, from approaches
that attempt to model the decision-making process to studies that attempt to estimate attentiveness
using empirical data (for example by comparing demand elasticities for efficient products with respect
to prices and energy costs). Other research has relied on field experiments: for example, in one study an
online intervention to increase consumers’ attention to energy use increased average willingness to pay
for compact fluorescent light bulbs (CFLs) by more than two dollars, while an in-store intervention
had no statistically significant effect on CFL demand (Allcott and Taubinsky 2013). Stated choice
experiments that vary the type of information available to consumers can also help assess which
considerations are most salient to consumers (Newell and Siikamiki 2013). Each of these research
methods has limitations, however, and it remains difficult to distinguish the effects of inattention from

other factors.

Economic theory and empirical research provide some guidance for policy to counter the effects of
inattention with respect to the adoption of energy-efficiency technologies. Information programs could
target consumers who have biased beliefs or are inattentive to future energy costs. Policies can also
lower the cost of attention, and even coarse policies—such as simple certification programs—could
be justified if they lower the cost of attention sufficiently (Houde 2014a; Houde 2014b; Sallee 2013,
32; Sallee and Slemrod 2012). In some cases, the effects of inattention may bolster the case for market
price interventions; an increase in energy prices, besides correcting the market failure that results
when prices do not reflect environmental and other externalities, would likely cause consumers to pay
more attention to energy use characteristics (Allcott, Mullainathan, and Taubinsky 2012). Minimum
efficiency standards are another widely used policy intervention; such programs can have the effect of

removing the most inefficient products from the market altogether.

Research in psychology points to other factors that could inhibit energy-efficient purchasing decisions.
These include the influence of loss-aversion (i.e., people’s tendency to prefer avoiding losses to
acquiring gains) and reference points (i.e., people’s tendency to value product attributes relative to their
expectations rather than in absolute terms). Survey evidence on consumer demand for fuel economy
in vehicles is consistent with loss aversion (Greene, Evans, and Hiestand 2013), while experimental
research on energy use (Allcott 201 1a; Goldstein, Cialdini, and Griskevicius 2008) lends support to the
importance of reference points. For example, in three experiments, replacing incandescent light bulbs
with more efficient CFLs as the default significantly increased the proportion of subjects who chose

CFLs (Dinner et al. 2011). Overall, however, little is known about the impacts of loss aversion and
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reference points on energy-efficiency investments, and more empirical research is needed to quantify

their importance.

Yet another possible explanation for the energy-efliciency gap is that cognitive limitations prevent
people (and perhaps firms) from properly balancing present value benefits and costs when investing in
energy-using goods (Gillingham, Newell, and Palmer 2009). Studies of vehicle fuel economy provide
some evidence for these limitations (which are also known in the economics literature as “bounded
rationality”), finding that consumers systematically misperceive the information contained in fuel
economy ratings, due to the inverse relationship between gasoline consumption and miles per gallon
(Larrick and Soll 2008; Allcott 2013). Other research has shown that stated preferences for cars of
various efficiencies depend on the metric and scale of information provided on energy labels (Camilleri
and Larrick 2014).

Translations of fuel economy into multiple perfectly-correlated metrics (that is, gallons per mile,
estimated annual fuel cost, and greenhouse gas rating) and scaling these metrics over the vehicle lifetime
alter stated preferences—a finding that may point to useful policy changes, such as tailoring the scale
of energy labels based on the expected lifetime of a given product or providing multiple translations
of energy-efliciency metrics (Camilleri and Larrick 2014; Ungemach et al. 2014)." Ungemach and
colleagues have also found that study participants’ likelihood of selecting the fuel-efficient option was
affected by their pro-environmental attitudes, but only when the translated fuel-efficiency attributes

included the greenhouse gas rating.

A related question is whether myopia or short-sightedness inhibits energy-efficient decisions: that is,
whether consumers’ time horizons for valuing the cost savings associated with lower energy use are
too short to justify the added upfront cost of more efficient products. Efforts to calculate the implicit
discount rate that consumers and firms apply to energy-efhiciency investments date back decades, with
a seminal 1979 study of this issue finding implicit discount rates in excess of 20 percent—far higher
than market interest rates (Hausman 1979). Subsequent studies reached similar conclusions, but the
more difficult challenge has been to distinguish the effects of myopia from other possible explanations
(Newell and Siikamiki 2013). For example, a homeowner may apply a high discount rate to home-
efficiency improvements to insulate against the risk that these improvements will not be installed
correctly (Giraudet and Houde 2014).

Automobile purchases provide a good setting to study these questions because such purchases are
major decisions, about which consumers presumably think carefully, and because the cost of gasoline

has varied substantially over time (Helfand and Wolverton 2011). One study found that consumers are

13 To some extent, this is already happening: new vehicle labels in the United States were recently redesigned to include gallons per miles,

multiple cost estimates, comparisons with vehicle class, and environmental ratings (U.S. Environmental Protection Agency 2014).
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indifferent between $0.76 now and $1.00 of discounted future gasoline expenditures, suggesting the
possibility of myopia or undervaluation of fuel economy (Allcott and Wozny 2013). On the other hand,
other studies find that market outcomes are consistent with dynamically cost-minimizing behavior
(Busse, Knittel, and Zettelmeyer 2013; Sallee, West, and Fan 2009). Evidence from gasoline and diesel
car purchases in Europe in the early 1990s suggests an implicit discount rate of about 11.5 percent,
only slightly above automobile loan rates at the time (Verboven 2002, 288). However, research has
not always taken into account that car markets have been subject to fuel economy regulation for many

years, which tends to reduce the possibility for high implicit discount rates.

Capital market failures could explain a divergence between estimated implicit discount rates and typical
market interest rates. Prospective investors facing capital constraints may be unable to finance energy-
efficiency investments, even if future returns would justify the up-front cost. This could result in an
estimated implicit discount rate that is above normal market rates. Information asymmetries could
prevent efficient lending even for collateralized investments: firms that possess private information
about future cost savings from a particular investment may be unable to convince lenders of its financial
potential if the savings are costly for the lender to evaluate. In the future, theoretical and empirical
findings from consumer finance research may shed light on the specific capital market failures that
are most important for energy efficiency. However, it may remain difficult to distinguish the effect of
capital market failures from a lack of underlying demand for energy-saving technology (Palmer, Walls,
and Gerarden 2012, 29-30).

Option value—the benefit of delaying an investment even when its net present value is positive—
generally factors into decisions that involve uncertainty, irreversible investment, and timing flexibility
(Dixitand Pindyck 1994). Consumers and firms commonly face these types of decisions when investing
in energy-consuming durable goods with little or no resale value. In these situations, the combination
of uncertainty about future energy prices and uncertainty about future technological innovation could
increase the option value of delaying an efficiency investment, even if that investment seems worthwhile
at present. Other relevant sources of uncertainty include future product use, product efficiency, and
product life (Greene 2011).

On the other hand, the option value of delay is unlikely to play a large role in many energy-related
purchases. First, not all energy-efhicient investments are irreversible, since there are active resale markets
for many types of consumer goods. Uncertainty about future energy prices may be irrelevant, as in
the case of firms with long-term energy supply contracts. In other cases, uncertainty may be relatively
unimportant, as with energy-consuming goods with relatively short lifetimes (for example, light bulbs).
Finally, the timing of investments in energy-consuming durables is not always flexible (for example,

the replacement of a broken water heater).
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Opverall, evidence on this issue is mixed. Energy-price uncertainty ranked fourth out of 15 reported
reasons firms did not undertake energy-efficiency investments recommended by auditors in a survey
of small- and medium-sized businesses (Fleiter, Schleich, and Ravivanpong 2012). A stated preference
choice experiment in the residential sector revealed a correlation between energy price uncertainty and
a preference for the status quo over energy-efficiency improvements (Alberini, Banfi, and Ramseier
2013), confirming the basic prediction of the option value model, but not quantifying its relative

importance.

4) Do other unobserved costs inhibit energy-efficient decisions?

A fourth category of explanations for the energy-efliciency gap concerns the possibility that other costs
not typically considered in engineering and economic analyses inhibit more energy-efficient decisions.
A first question is whether analysts take sufficient account of product attributes. If products of varying
efficiencies differ from each other in ways that are often omitted by engineering and econometric
analysis but that are important to consumers, this could readily contribute to the misidentification of
an energy-efficiency gap (Houde 2013). For example, producers may generate efficiency improvements
by trading off other product attributes, potentially reducing product quality in the eyes of consumers.
Ignoring these trade-offs would bias estimates of consumer choice and welfare. One prominent study
treated CFLs as interchangeable with other forms of lighting (Granade et al. 2009), thus ignoring a
potentially important source of (unobserved) opportunity costs. In principle, econometric methods
can address these issues by including product attributes in analyses of choice data, but in practice, these
methods have been limited by the impracticality of observing and accurately measuring all product

characteristics.

Another possibility is that analysts fail to take sufficient account of the costs of implementing energy-
efficiency improvements. Such costs could take many forms: time spent researching product alternatives;
unobserved implementation costs; and the costs of reallocating resources within a firm. Costs that are
less-easily quantified are more likely to be omitted by analysts (Granade et al. 2009; Huntington
2011) but they can nonetheless act as real barriers to investment—not optimization errors or market

failures—and should be included in an unbiased analysis of the energy-efficiency gap.

Consumers often face a set of adoption costs beyond the obvious costs of purchasing and installing
more efficient technologies. For example, homeowners have attributed the decision not to install or
upgrade attic insulation to the unpleasantness of clearing stored items from the attic space (Caird,
Roy, and Herring 2008). A policy experiment in the United Kingdom found that lowering such costs

by offering attic cleaning would increase insulation investments (U.K. Department of Energy and
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Climate Change 2013, 4-5). Another study estimated U.S. homeowners perceive the opportunity
costs of installing thermal insulation to be more than twice the costs of materials and labor (Sharma
2011).

In the commercial and industrial sectors, case studies and survey evidence provide the bulk of the
empirical evidence (Fleiter, Schleich, and Ravivanpong 2012), with firms indicating that production
disruptions and inconvenience can preclude efficiency investments (Rohdin and Thollander 2006;
Thollander and Ottosson 2008). Survey respondents also cite lack of time as a barrier, highlighting
the role of opportunity cost in simply considering investments (Schleich 2009; Sorrell et al. 2004;
Thollander, Danestig, and Rohdin 2007; Trianni and Cagno 2012). Similarly, recipients of industrial
energy audits who failed to undertake recommended investments attributed their decisions to
unmeasured costs and risks not considered in the audit analysis (S. T. Anderson and Newell 2004). In
principle, there is no reason analysts cannot incorporate these additional costs in analyses, but data and

measurement challenges often inhibit their ability to do so.

We find that the empirical evidence in this realm is sound and that the data exist to further explore these
questions. Hence we assign a relatively high priority to research, in particular to aid understanding of
consumer demand (willingness to pay) for product attributes, which can be useful for evaluating and

designing regulatory approaches.

CONCLUSION

This paper examined a number of possible explanations for the “energy-efliciency gap,” the apparent
phenomenon that some energy-eficiency technologies that would pay off for adopters financially are
nevertheless not adopted, as well as the broader phenomenon that some energy-efficiency technologies
that would be socially efficient—including contributing to the mitigation of GHG emissions—are not

adopted.

To sort the evidence on causes of this gap—and indeed to assess the extent to which the gap is real—
we explored a series of questions about the availability and price of energy-efficient products, about
the pricing of energy itself, about consumers’ tendency (or not) to make cost-minimizing product
choices, and about the existence of unobserved costs that could factor into energy-efliciency investment

decisions.

On the question of whether current energy-eflicient product offerings are optimal, we find that
empirical evidence is generally limited, though more data are becoming available. However, we do
not see this area as meriting high priority for future research, with the exception of further research to

evaluate the effectiveness of existing and proposed energy-efficiency information policies.
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By contrast, stronger empirical evidence exists for the inefliciency of energy prices (in the sense that
prices do not capture all the negative externalities of energy use, including climate-change impacts)
and for the presence of unobserved costs that influence consumer and firm decision-making. In both
these areas, data are likely to be available for conducting further research, and existing policies to
address factors that inhibit cost-effective efficiency investment appear not to be sufficient. Under the
set of issues that could influence consumers’ ability to make cost-minimizing product choices, the
authors find strong evidence for the importance of some factors (notably, split incentives/agency issues
and inattention/salience) and weak to moderate evidence for others. Importantly, the bulk of previous
work on these issues has focused on the residential sector, with much less attention given to the

commercial and industrial sectors.

Overall, we conclude that theoretically sound explanations for individuals’ and firms’ apparent under-
investment in energy-efficient technologies can be found in each of the categories cited in economics
research: market failures, behavioral effects, and modeling flaws. Limited empirical evidence also exists
for each of these categories of explanations, although this evidence is by no means consistently strong

for each of the specific explanations.

Given the many energy-efficiency policies and programs that are already in place, priority should be
given to research that evaluates the effectiveness, cost-effectiveness, and economic efficiency of existing
policies, as well as options for their improvement. Further empirical research and analysis would be
especially useful in the following areas: energy pricing and externalities; split incentives and agency
issues in areas where efficiency standards are not present; and behavioral issues, including a better
understanding of consumer responsiveness to price incentives and other polices, as well as demand for
product attributes that are correlated with energy efficiency. Such research could help inform future

policy—including climate-change policy—and product development decisions.
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