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Abstract This paper reviews the empirical literature
that provides a correlation between the different barriers
to energy efficiency and consumer behavior related to
two domains. It evaluates behavior related to energy
curtailment, which represents routine, repetitive effort
to decrease consumption on a day-to-day basis. It also
considers behavior related to investments, which are one
time actions such as purchasing new energy efficiency
technologies. The paper also reviews the existing liter-
ature that assesses the effect of policies on energy use
and investment in energy efficiency technologies. By
surveying the relevant research, this paper has two ob-
jectives. First, it discusses the impact of different bar-
riers on energy efficiency, and second, it combines
policy interventions with barriers related to both energy
use and investment in energy efficiency technologies.

Keywords Energy efficiency gap . Energy policy .

Behavioral economics

Introduction

EU countries agreed on a 2030 framework for climate
and energy, which sets challenging targets for the

European Union post-2020. The European Council en-
dorsed three targets, with one being a binding commit-
ment to improve energy efficiency. Energy efficiency
can deliver a wide range of benefits to the economy and
society. The ability to increase energy efficiency de-
pends on a plurality of factors, not only on the availabil-
ity of cheap technologies or on policy interventions but
to a large extent on the behavioral choices of users.
However, the evidence is that individuals underinvest
in energy-efficient technologies with adoption rate of
households being too low. The existing literature has
largely searched the explanations for such underinvest-
ment and correlated high implicit discount rates (see for
example, Hirst and Brown 1990; Jaffe and Stavins
1994).

The current paper reviews the empirical research that
provides a correlation between the different barriers to
energy efficiency and consumer behavior related to two
domains. The first domain is behavior related to energy
curtailment, which represents routine, repetitive effort to
decrease consumption on a day-to-day basis. The sec-
ond is behavior related to investments, which are one
time actions such as purchasing new energy efficiency
technologies and modifying a building or a house.
While some types of barriers are well known (for exam-
ple, barriers related to market failures), barriers that
pertain to preferences and irrational behavior are less
studied. A better understanding of the exact impacts of
the latter on energy efficiency is still needed
(Gillingham et al. 2009). By surveying the relevant
literature, the first objective of the present paper is to
fill in the existing gap in research and discuss the impact
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on energy efficiency of different barriers, in particular
barriers that pertain to preferences and irrational behav-
ior. If policy makers were only to consider market or
institutional barriers and not individual barriers to ener-
gy efficiency, they would limit the potential to improve
energy efficiency. This is because energy efficiency is
largely influenced by preferences and behavior factors.

By reviewing the relevant literature, the second ob-
jective of the paper is to combine policy interventions
and barriers related to both energy use and investment in
energy efficiency technologies. In doing so, the paper
investigates the efficacy of the existing Bnudges^ ap-
proaches, which are low-cost motivational and persua-
sion strategies (Schultz et al. 2007; Goldstein et al.
2008). Moreover, the paper reviews the penetration of
behavioral sciences principles (such as reference-
dependence and non-linear probability weighting, ratio-
nal inattention, bounded rationality, present bias and
myopia, and status quo bias) into this type of programs.
This is one of the first contributions that combine the
main findings of different disciplines, from economics
to psychology. This paper focuses primarily on the
residential sector. Despite being interesting, conducts
related to organizations, such as industrial and commer-
cial firms, are beyond the scope of the present paper.

The remainder of the paper is organized as follows.
Through a literature review, the BLiterature review of the
impact of barriers on behavior^ section presents the
empirical evidence of the impact of the barriers on
adoption and energy use, while the BLiterature review
on policy interventions^ section describes the different
policies available in the energy efficiency domain and
discusses their relevance in addressing the barriers to
energy efficiency. The BDiscussion^ section provides a
summary of the results, and the BSummary and
conclusions^ section concludes the paper.

Literature review of the impact of barriers
on behavior

Various barriers to the adoption of energy efficiency
technologies have been identified.1 Schleich et al.
(2016) provide a framework that distinguishes the dif-
ferent factors underlying the high implicit discount rates

in internal and external barriers. Internal barriers relate
to individual preferences and behavior. External barriers
mainly depend on institutional settings.2 I apply the
same framework throughout this paper, because of its
clarity and completeness. Moreover, the same types of
barriers are found to influence both investment and
energy use.

Internal barriers and adoption or energy use

According to Schleich et al. (2016), internal barriers to
energy efficiency are related to preferences and predict-
able (ir)rational behavior. Benefits and costs of an in-
vestment vary across individuals and if an investment is
profitable for one, it may not be so for another. The
heterogeneity of the agents plays a great role in
explaining the variation in energy-efficient behavior as
individuals differ in their time, risk, and pro-
environmental preferences.

Preferences

Time preferences describe the level of (im)patience of
an individual, her present or future orientation. Time
preferences are reflected in time discounting, namely
how the consumers value the future relative to the
present. In the context of energy-efficient choices, per-
sons with higher discount rates are expected to be less
willing to carry out energy-saving investments, because
they devalue future rewards, expressed in terms of en-
ergy savings.

Time preferences are typically elicited by observing
actual energy-saving behavior (Frederick et al. 2002).
Only few studies measure individual discount rates first,
and only then correlate these discount rates to
investment and consumption behavior related to
energy efficiency. Newell and Siikamäki (2015) apply
this sequential approach and confirm that impatient
individuals, those with higher discount rates, attach a
lower value to the operating cost savings of an energy-
efficient appliance which occur in the future.
Liebermann and Ungar (1997, 2002) apply a similar
framework and conclude that people with lower

1 See Gerarden et al. (2017) for a review and Gerarden et al. (2015) for
a methodological overview that help quantifying the precise magnitude
of the energy efficiency gap.

2 The divide between internal and external barriers is the result of
theories that assume that people are constrained or influenced by
external forces frequently beyond their comprehension and control
(Sovacool andHess 2017). However, human action and social structure
are mutually co-constructed and this may challenge the distinction
between internal and external factors.
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discount rates tend to select more energy-efficient and
initially more expensive air-conditioning systems, while
people with higher discount rates tend to prefer cheaper
and less energy-efficient devices. Bradford et al. (2014)
find that more patient individuals are more likely to have
installed energy-efficient lighting and use less air
conditioning in summer. Fischbacher et al. (2015) find
that time preferences do not influence investment in
renovation but homeowners who care more about the
future consume less energy. Bruderer Enzler et al.
(2014) relate discount rates to various energy-saving
behaviors. They find mixed results, with low discount
rates being correlated with only some of the behaviors
considered.

Given that some degree of uncertainty surrounds the
benefits of an energy efficiency investment, due to
uncertain prospects of future cost savings or uncertain
technology performance, preferences related to risk are
another internal barrier typically influencing invest-
ments.3 Risk preferences vary among individuals, but,
most importantly, the same person can change her love
and aversion for risk, depending on what is at stake.
People tend to be less risk averse for low-stakes than for
large-stakes gambles. This behavior is known as the
Bpeanuts effect^ (Weber and Chapman 2005). There-
fore, more risk-averse agents are less willing to adopt
energy-efficient appliances, retrofit their homes, or pur-
chase hybrid automobiles (Erdem et al. 2010; Farsi
2010; Qiu et al. 2014; Fischbacher et al. 2015).

Pro-environmental preferences are a third factor af-
fecting behavior in the energy domain. People may
choose to act pro-environmentally because they want
to protect the environment and value environmental
quality more than their personal comfort. Values are
antecedents of environmental preferences, intentions,
and behavior and guide principles in everyone’s life
(Schwartz 1992). They are important drivers of actions,
with some values limiting pro-environmental actions
and others promoting them (Dunlap et al. 1983). Indi-
viduals endorse four different values: hedonic, egoistic,
altruistic, and biospheric (Steg and De Groot 2012).
While altruistic and biospheric values are positively
correlated with pro-environmental behavior, hedonic
and egoistic values constrain pro-environmental behav-
iors (de Groot and Steg 2008; Steg et al. 2014).

Do environmental preferences explain consumer be-
havior in energy efficiency? The evidence is mixed and
it is so for two reasons. First, because environmental
preference can be measured either through attitudes or
through effective behavior. There are a number of pa-
pers that find a positive correlation between pro-
environmental attitudes, measured through stated pref-
erences, and energy efficiency related to both invest-
ment and energy use (Kotchen and Moore 2007, 2008;
Di Maria et al. 2010; Ek and Söderholm 2010; van der
Werff et al. 2013; Fischbacher et al. 2015; Harding and
Rapson 2017). On the contrary, other studies find that
only environmental behavior is correlated with energy
efficiency, whereas attitudes are not (Lange et al. 2014;
Ramos et al. 2016). Ramos et al. (2016) notice that
measures of environmental attitudes elicited through
stated preferences may not reflect true environmental
preferences because of Bcompliance/social desirability
bias.^ This bias arises when respondents tend to mani-
fest a higher propensity to be pro-environment due to
the influence of social norms. This may explain why
pro-environmental attitudes do not always translate into
actual investment in energy efficiency or energy-saving
actions.

The second reason for mixed evidence is due to the
different types of behavior considered. Some actions,
such as energy consumption or household temperature
choice, are private information, which are unobserved
by other people such as neighbors. Other actions, such
as investment in solar panel or purchase of hybrid cars
are visible to others. In the case of green conspicuous
products, the investment may be undertaken because of
prestige and not by the desire to behave pro-environ-
mentally. The adoption of green products is believed to
enhance social status, particularly when it is costly, as it
signals to others the availability of sufficient resources
to make altruistic sacrifices (Griskevicius et al. 2010).
Moreover, people tend to do what is socially approved.
This evidence has been largely confirmed in the case of
green cars and solar panels (Kahn 2007; Bollinger and
Gillingham 2012; Sexton and Sexton 2014).

(Ir)rational behavior

Behavioral economics has drawn attention to numerous
cases where individuals behave differently from the
expectations of the neoclassical economic theories.
Consumer behavior is complex and rarely consistent
with the assumption of fully rational agents. Many

3 Interestingly, there is a correlation between risk and time preferences.
Typically, high risk aversion is associated with low discounting (Sutter
et al. 2013; Rodriguez-Lara and Ponti 2017).
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behavioral explanations exist, but the most powerful and
pervasive ones to influence energy usage and invest-
ment are (Laibson and List 2015; Hobman et al. 2016)
(1) reference-dependence and non-linear probability
weighting, (2) rational inattention, (3) bounded rational-
ity, (4) present bias and myopia, and (5) status quo bias.

People tend to strongly prefer avoiding losses to
achieving gains, and therefore, weight losses more
heavily than equal-sized gains (Kahneman and
Tversky 1979). This implies that simply framing a de-
cision as a choice between losses rather than a choice
between gains can reverse preferences, everything else
is equal (Wilson and Dowlatabadi 2007). This phenom-
enon is called loss aversion or reference dependence
because individuals evaluate the benefits and costs of a
decision relative to a reference point. This insight has
been formalized in the prospect theory of decision-mak-
ing, which was developed to explain some of the ob-
served violations of the expected utility theory
(Kahneman and Tversky 1979). Another behavior for-
malized by the prospect theory is that people tend to
overweight small probabilities and underweight moder-
ate and large probabilities so that they end up using non-
linear probability weighting (Frederick et al. 2002).
Loss-version, reference-dependence, and non-linear
probability weighting have implications for energy-
efficient choices, in particular in the context of energy
use. For example, Harding and Hsiaw (2014) analyze
individual behavior with respect to a non-binding goal
setting program, aimed at reducing energy consumption.
They find support for the presence of reference-
dependent preferences. Moreover, they find that indi-
viduals with reference-dependent preferences tend to
reduce energy use once enrolled in the goal setting
program. This is because the goal acts as a reference
point, and people derive utility directly from comparing
their consumption against this goal.

Rational inattention is another behavioral constraint
to energy efficiency. Consumers have limited attention
and this may contribute to systematically underweight
certain information or product attributes, in particular
those that are less salient (Gerarden et al. 2017). Given
that consumers are less attentive to operating costs com-
pared with purchase prices, rational inattention can lead
to low investment in energy-efficient products. Allcott
(2011a) confirms that vehicle buyers make their deci-
sions without considering fuel costs. Busse et al. (2013)
and Allcott and Wozny (2014) report that consumers
tend to undervalue changes in expected future energy

costs, although the undervaluation is not large. Sallee
et al. (2016), on the contrary, report that future fuel costs
are not undervalued. Rational inattention may also have
an impact on energy conservation. Cohen et al. (2017)
find that consumers underestimate future energy savings
and therefore increase energy use. It should be noted
that the use of limited attention when choosing among
different durable goods could be the result of a rational
choice. A proper valuation of energy efficiency requires
time and effort which may not be justified when con-
sumers have strong preferences regarding other product
attributes (Sallee 2014).

People face cognitive constraints and limitations be-
cause of bounded rationality. There are limits in human
capacity to process and evaluate information. Therefore,
in complex situations, characterized for example, by an
overload of information, people rely on a simple
counting heuristic and rules of thumb that help simpli-
fying the decision-making process (Gigerenzer and
Gaissmaier 2011). In this respect, the apparent irrational
behavior could derive not from too little information,
but from people being unable to process all available
information, because of cognitive constraints (Simon
1982). Camilleri and Larrick (2014) find that, given
bounded rationality, the decision-making is less effortful
if the problem representation matches the problem-
solving processes. For example, information on fuel
consumption rather than fuel costs and the use of a more
comprehensive mileage scale increase preferences to-
wards fuel-efficient vehicles. Ungemach et al. (2017)
confirm that people often apply simple heuristics when
choosing between cars, and they are influenced by high-
ly correlated attributes, rather than their meaning. Pro-
viding multiple translations of energy efficiency metrics
could help guide behavior.

Present bias and myopia are other behavioral factors
that influence both energy usage and investment. Pres-
ent bias refers to a situation where a discount rate is not
constant and changes over time.4 Individuals appear to
discount the future at a much higher rate in the short than
in the long term. As the future gets closer, individuals
display reversals of preferences. This behavior has been
formalized through a (quasi) hyperbolic time
discounting function (Laibson 1997; Frederick et al.
2002). Individuals also display myopia, i.e., a lack of
foresight (Strotz 1955). Future pleasure is valued on a

4 On the contrary, time preferences discussed in the BPreferences^
section indicate whether a person has a high or low discount rate.
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diminished scale compared with present pleasure. In the
case of energy efficiency, it could be that the future
receives very little weight, not because individuals do
not care about the environment, but because of the high
uncertainty regarding the future utility derived from
undertaking pro-environmental behaviors. The model
of myopia predicts reversals of preferences similar to
the ones predicted by theories of present bias. A test on
the impacts of present bias and myopia on energy use is
provided by Harding and Hsiaw (2014). The authors
find that present-biased agents consume more electricity
than consumers who are not present-biased before join-
ing a goal setting program. Bradford et al. (2014) find
that present-biased individuals are less likely to have a
car with high fuel economy, live in a well-insulated
residence, and more likely to keep their homes cooler
in summer. On the contrary, they report that present bias
is not statistically significant correlated to willingness-
to-pay for compact fluorescent lightbulbs. This last
finding is in agreement with Allcott and Taubinsky
(2015), where consumers with present bias do not have
lower demand for compact fluorescent lightbulbs.

Another individual behavior that has implications for
energy-efficient choices is the status quo bias, also
called the endowment effect (Kahneman et al. 1991).
Agents tend to stick to the default setting and display
preferences for the current state. Decisions are post-
poned and this confers inertia to the decision process.5

The status quo and the default option tend to be favored
also because individuals display an anchoring bias,
whereby any arbitrary framing, such as a number, re-
ceived before making a decision, tends to bias the an-
swers towards this initial anchoring point (Tversky and
Kahneman 1974). Macey and Brown (1983) suggest
that past experience is a determinant of intention and
actual behavior. Therefore, habits can as well constrain
pro-environmental behavior if past repetitive behavior
was not in favor of energy conservation. Ek and
Söderholm (2010) suggest a strong presence of inertia
in household decision-making concerning electricity
use. Brennan (2007) observed reluctance to switch from
an incumbent electricity supplier to an entrant. The
status quo bias can be reinforced by uncertainty.
Alberini et al. (2013) report that individuals tend to

prefer the status quo of no renovation in case of future
energy-price uncertainty.

In many circumstances, it is difficult to distinguish
the implications of one behavioral factor from another.
For example, there is an evidence that consumers value
future savings less than the initial investment costs
(Kőszegi and Rabin 2006) but this may be due to both
inattention and loss aversion. Savings occurring in the
future are undervalued because they are less salient, and
this is due to rational inattention. It could also be that
investment costs are evaluated as a loss and are weight-
ed more than gains, because of reference dependence.
Moreover, both rational inattention and myopia can
explain why consumers undervalue changes in energy
costs that will occur in the future, or do not consider
(future) fuel costs when choosing between vehicles.6

External barriers and adoption or energy use

According to Schleich et al. (2016), external barriers are
factors external to the decision maker and depend on
market failures and institutional settings. Capital market
failures, such as liquidity constraints, are an example of
external barriers as some individuals do not have access
to capital to invest in energy efficiency technologies
(Gillingham et al. 2009). When owners need to rely on
capital markets to finance costly investment and if those
markets do not function efficiently, then credit
constraints may limit adoption. This happens even if
expected future savings are higher than the costs.
Palmer et al. (2012) document that lenders may not offer
loans for energy efficiency investments because of cred-
it risk, high transaction costs, and asymmetric
information.

Another external barrier is represented by informa-
tion problems. If consumers lack information on product
availability and energy-efficient attributes, such as po-
tential savings, they tend to invest less in energy effi-
ciency technologies (Gillingham and Palmer 2014). Ex-
cept for few contributions (Allcott and Sweeney 2016;
Allcott and Greenstone 2017), the empirical findings
confirm that lack of relevant information leads to under-
investment in energy efficiency (Ward et al. 2011;
Newell and Siikamäki 2014; Davis and Metcalf 2016;
Houde 2018). Not only lack of information but also

5 According to Samuelson and Zeckhauser (1988), there are three main
explanations for the status quo bias: transition costs and/or uncertainty;
cognitive misperceptions; psychological commitment stemming from
misperceived sunk costs, regret avoidance, or a drive for consistency.

6 For this reason, the papers that find evidence of rational inattention,
provide also evidence of myopia (Busse et al. 2013; Allcott andWozny
2014).
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asymmetric information combined with opposing inter-
ests (also called split incentives) between a principal (for
example, the landlord, who is responsible for the invest-
ment decision) and an agent (the tenant, who pays the
energy bill) represents barriers to energy efficiency
(Gillingham and Palmer 2014). It is difficult and expen-
sive for the principal to verify what the agent is doing.
An actor may be unconvinced about the energy-efficient
attributes of a product or a house. Moreover, the princi-
pal and the agent can have conflicting goals, prefer-
ences, and incentives.

Given asymmetric information and split incentives,
some robust conclusions can be reached. First, invest-
ment in profitable energy efficiency technologies de-
pends on the ownership status of a house, with renters
being less likely to invest in renovation or efficient
appliances (Davis 2010; Gillingham et al. 2012;
Phillips 2012; Krishnamurthy and Kristrom 2015).
Mills and Schleich (2010) find that renting compared
with owning the residence does not significantly influ-
ence the adoption of energy-saving compact fluorescent
lamps. Second, the type of payment regime between the
landlord and the tenant also influences energy efficiency
investment. Myers (2015) finds that landlords in utility-
included apartments are more likely to invest in conver-
sion from inefficient oil heating to more efficient natural
gas heating, compared with landlords who do not pay
for energy. Energy efficiency is costly to observe, and
prospective tenants may not be willing to pay higher
rents for higher efficiency that they are not aware of.
Papineau (2013) however finds that energy efficient yet
unlabeled buildings, constructed under an energy code,
are associated with significant rent and selling price
premiums. This finding is consistent with little asym-
metric information. Third, the type of payment regimes
also impacts energy use. In particular, utility-included
rents contribute to lower effort in energy conservation of
tenants (Levinson and Niemann 2004; Maruejols and
Young 2011; Elinder et al. 2017).

As a third external barrier to energy efficiency,
Schleich et al. (2016) consider financial and
technological risks. Technology performance for
example, influences the profitability of an investment
and the survival of a business, and this in turn affects
adoption. Moreover, energy efficiency investments own
a certain degree of risks because of the uncertainty
related to the actual as compared with the expected
energy savings. Risks are also connected to the
fluctuations in fuel prices and to the irreversibility of

the investment. Anderson and Newell (2004) confirm
that firms fail to undertake profitable investments rec-
ommended after an energy audit because of risks, along
with information barriers.

As in the case of the different behavioral anomalies,
the distinction between external and internal barriers is
often more theoretical than practical. In many
circumstances, it is difficult to disentangle one barrier
from the other. For example, lack of information can be
the consequence of inattention or constraints in
assessing available information. At the same time, it is
classified as an external barrier to energy efficiency if it
results from an effective discrepancy between the
information available to the agents involved in a
transaction. A study by Newell and Siikamäki (2014)
is one of the few attempts to disentangle the effect of
imperfect information from alternative explanations
linked to consumer behavior, such as not constant
discounting. The authors find that lack of relevant infor-
mation is the most important constraint to cost-effective
energy efficiency decisions. Additional research is need-
ed to better disentangle behavioral effects from market
failures in order to identify the most effective policy
interventions.

Literature review on policy interventions

To overcome external and internal barriers, policies
and interventions have been used. However, a sub-
stantial portion of the potential benefits of energy
efficiency is still uncaptured, as the effectiveness of
policies can be improved (Gillingham et al. 2009).
Drawing from the existing literature, the objective
of this section is to present the available policies
and interventions and discuss their effectiveness in
addressing both energy use and investment in ener-
gy efficiency technologies.7 Three types of policy
instruments have been used: information-based in-
struments, regulatory instruments, and economic
and financial programs (Gillingham et al., 2006).

7 The studies included in this review were checked against a minimum
standard of quality. For example, in those studies that make use of an
experimental design, the control groupwas available, the treatment was
randomly allocated and if not, selection bias was addressed using
adequate instruments, such as matching techniques.
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Provision of information

Informational instruments are intended to influence con-
sumers’ behavior by disclosing crucial information
about potential savings through, for example, energy
audits and product labelling.Within this group of instru-
ments are also included low-cost motivational and per-
suasion strategies also called Bnudges^ (Schultz et al.
2007; Goldstein et al. 2008). These are well-crafted
interventions that provide feedback, peer comparisons,
injunctive norms (Abrahamse et al. 2007), or interven-
tions that manipulate the default setting and the infor-
mation metrics. There are also programs that make
consumers focusing on losses rather than gains or make
consumers setting a goal. The design of this second type
of interventions relies strongly on guidance from psy-
chologists and behavioral scientists.

Some policies mainly address investment in energy-
efficient products. Table 1 presents the correspondence
between the policy options and the domain they intend
to influence, whether investment or energy use. Audits
are tailored and highly personalized information and
consist of recommendations for attic insulation; sealing
of windows and doors; lighting, heating, and cooling
improvements; and replacement of appliances. They can
improve energy efficiency because homeowners may
not be aware that their homes are inefficient and
choose to follow some of the recommendations of the
auditors. Frondel and Vance (2013) analyze the effect of
home energy audits and find that, on average, audits
increase energy efficiency investments in home
renovations. Alberini and Towe (2015) find that partic-
ipation in the home energy audit program reduces ener-
gy use. However, Allcott and Greenstone (2017) report
that the benefits of auditing are inferior to the costs.
Information on the private and social benefits of an
investment that could follow-up a home energy audit
did not influence the participation in the audit program.
In this analysis, only price interventions, in the form of
subsidies for the audit, increased the take-up of the
program.

Energy labelling discloses energy-saving information
of specific products.8 The impact of this type of inter-
vention is not clear, and eventually depends on the
empirical approach adopted for the analyses. While

artefactual field experiments suggest that the provision
of information improves energy-efficient choices (Ward
et al., 2011; Allcott and Taubinsky, 2015; Houde, 2018),
natural field experiments indicate that imperfect infor-
mation and inattention are minimal barriers to energy
efficiency and the provision of information is ineffective
at increasing demand for energy-efficient products
(Allcott and Taubinsky 2015; Allcott and Sweeney
2016).9 In Kallbekken et al. (2013), the combination
of information at the point of purchase and a training
treatment of sales staff leads consumers to purchasing
more energy-efficient tumble driers but no effect on
fridge-freezers sales.10 A major difference between the
two approaches is that in natural field experiments, the
(store) environment allows the control group to access
information on the different energy efficiency technolo-
gies. The availability of this information to the control
group may have reduced the effectiveness of the infor-
mation treatment.

Camilleri and Larrick (2014) find that simply manip-
ulating the metric (consumption of gas versus the cost of
gas) and the scale (100 miles versus 15,000 miles versus
100,000 miles) on which fuel economy information is
expressed, would shift preferences towards investment
in more fuel-efficient vehicles. Ungemach et al. (2017)
find that providing multiple translations of energy effi-
ciency metrics could help guide consumer behavior.

Other information intervention is mainly directed to
affect energy use. Heinzle (2012) assesses the impor-
tance of timeframe and format in which information
about energy consumption is presented. The author
concludes that framing information in terms of operat-
ing cost rather than physical measurement, such as
Bwatts,^ is more effective in influencing consumer be-
havior but only if the information is presented over the
lifetime of the product. Davis and Metcalf (2016) find
that labels enhanced with local electricity costs informa-
tion lead to more energy-efficient choices. Tailored en-
ergy labels produce larger gains than non-tailored ones.
Newell and Siikamäki (2014) conclude that information
content and label style strongly influence the valuation
of water heaters. In particular, they compare various
elements of information labels and find that the

8 The US has adopted the Energy Star program; in Europe the Regu-
lation (EU) 2017/1369 of the European Parliament provides a frame-
work for energy labelling that repeals the Directive 2010/30/EU.

9 Artefactual field experiments are choice experiments and computer-
based experiments, where behavior is observed in an artefactual envi-
ronment. On the contrary, in natural field experiments, such as exper-
iments conducted in stores, behavior is observed in naturally occurring
environment. Allcott and Taubinsky (2015) apply both approaches.
10 The authors use a non-random control group in their analysis.
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economic value of energy saving is the most effective
piece of information for energy-efficient decisions.
Asensio and Delmas (2015) find that fear of the health
consequences of energy use is strong a motivator of
energy conservation and conclude that information on
health externalities of electricity production outperforms
monetary savings information.

Some information interventions aim at providing
easily accessible feedback on the quantity of energy
used through various technological means, such as in-
home monitors, computers, mobile phones, and/or other
portable displays. Meta-analyses on large number of
rigorous studies have been used to assess if feedback
works (Fischer 2008; McKerracher and Torriti 2013;
Karlin et al. 2015; Bertoldi et al. 2016). The conclusion
of these studies is that feedback has a positive effect on
energy conservation. Interestingly, Goodhew et al.
(2015) find that thermal images of heat losses in homes
motivate households to reduce energy use and take
energy-saving measures more than a carbon footprint
audit. Thaler and Sunstein (2008) report that proving

simple but vivid signal of energy consumption through
light bulbs that change color at different energy prices
are effective in reducing energy consumption.

Schultz et al. (2007), Ayres et al. (2012), and Costa
and Kahn (2013) find that feedback programs that pro-
vide descriptive normative messages through peer com-
parison are successful in reducing residential energy
use. However, Allcott and Rogers (2014) report that
the effort in reducing electricity is not persistent and
decays after some time. They document that after an
initial reaction, consumers forget about the report and
return to baseline consumption. However, this pattern of
action and backsliding diminishes as the feedback pro-
gram continues. These results are consistent with con-
sumers being cued by the first reports but gradually
investing in capital stock, which ensures long-run per-
sistency of the effects. In this respect, the report acts by
drawing attention to energy use. Allcott (2011b) as well
confirms that consumers react to the report not because
their knowledge increases, but because the report in-
creases the moral cost of energy use. Even if peer

Table 1 Policy option and domain

Policy option Domain Policy category

Audits Investments Information program

Commitment and goal setting programs Energy use Information program

Default option that favors energy conservation
to opt-out rather than opt-in

Energy use; investment Information program

Feedback Energy use Information program

Labelling Investments Information program

Loss-framed messages Energy use Information program

Manipulation of timeframe and format of the information Energy use Information program

Metrics and scales that match the problem-solving Investments Information program

Moral suasion and appeal to intrinsic values Energy use; investment Information program

Multiple translations of energy-efficiency metrics Investments Information program

Peer comparison Energy use Information program

Pricing programs characterized by lower spread of charges Energy use Information program

Vivid signals such as thermal images Energy use Information program

Energy performance certificates and building codes Investments Regulatory instruments

Standards Investments Regulatory instruments

Grants and loan facilities Investments Economic and financial instruments

Guarantees on energy efficiency investments Investments Economic and financial instruments

Rebates Investments Economic and financial instruments

Subsidies Investments Economic and financial instruments

Tax credits Investments Economic and financial instruments

Tax deduction Investments Economic and financial instruments

Energy taxes Investments Economic and financial instruments
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comparison affects energy use, a meta-analysis of 30
different studies published between 1976 and 2013 con-
cludes that peer comparison is less powerful than other
social influence interventions, because it delivers the
feedback in a fairly anonymous way (Abrahamse and
Steg 2013). The most effective interventions are those
where information is provided by block leaders, who are
persons belonging to the same social network and make
use of face-to-face interactions.

Harding and Hsiaw (2014) test the effect of com-
mitment programs on energy use. They document
that people voluntarily enroll in the goal program,
setting personal conservation goals. The authors re-
port substantial and persistent energy conservation
among consumers who commit to realistic goals, but
no savings among consumers who choose very low
or unrealistically high goals. Becker (1978) as well
finds that too easy goals to reduce electricity are not
effective. On the contrary, individuals who had been
given a relatively difficult goal in combination with
a feedback performed better. Goal setting proves to
be effective in particular in combination with tai-
lored feedback (McCalley and Midden 2002;
Abrahamse et al. 2007). The use of default setting
that favors the environment is an important nudge to
promote pro-environmental behavior. Pichert and
Katsikopoulos (2008) find that people are more like-
ly to choose a green source of energy if the green
option is presented as the default. McCalley (2006)
finds that removing the default temperature settings
from washing machines brings to significant energy
saving. Brown et al. (2013) report that manipulating
the default settings on office thermostats reduces the
chosen temperature.

The use of messages that focus on the costs of the
less efficient behavior, namely loss-framed mes-
sages, rather than the benefits of the most efficient
one, are used to influence energy use (Frederiks
et al. 2015). Dütschke and Paetz (2013) find that
consumers prefer pricing programs characterized by
lower spread of charges, so that they can avoid the
risk of too high bills. This finding has implications
for energy tariff configurations.

Pelletier and Sharp (2008) highlight the importance
of framing messages in terms of whether they serve
intrinsic goals (i.e., health, well-being) rather than ex-
trinsic goals (i.e., make or save money, comfort) in order
to increase the level of self-determined motivation and
thus induce pro-environmental behavior.

Regulatory instruments

Regulatory instruments define enforceable actions
aimed at meeting specific environmental quality targets.
Standards lead to a ban on certain classes of products
which do not meet some efficiency standards. Energy
performance certificates exclude from the renting mar-
ket properties that do not meet minimum energy require-
ments. Building codes specify the minimum efficiency
standards for buildings. Regulatory instruments have
been mainly used in the investment domain as they are
not designed to influence energy curtailment and they
are found to expedite the transitions towards more
energy-efficient investments (Greening et al. 1997;
Davis 2008; de Melo and Jannuzzi 2010; Costa and
Kahn 2010, 2011; Tao and Yu 2011; Aroonruengsawat
et al. 2012; Jacobsen and Kotchen 2013; Mills and
Schleich 2014).

However, Allcott and Taubinsky (2015) raise con-
cerns about the use of standards. These instruments
generate welfare losses due to fewer available choices
and force behavioral change on those who gain little
from energy efficiency. Concerns about the use of stan-
dards arise also in the context of fuel-economy. In the
USA, higher CAFE standards are generally found to be
inferior to gasoline taxes in improving energy efficiency.
Austin and Dinan (2005) report that gasoline tax would
accumulate savings much earlier than CAFE standards.
A tax not only encourages the purchase of more fuel-
efficient vehicles, but it also discourages driving.
Jacobsen (2013) confirms that gasoline taxes are more
efficient than CAFE regulation. Moreover, examining
both the new and used vehicle markets, the author finds
that in the long run, fuel economy standards are more
regressive than expected as they generate larger propor-
tional welfare losses to low-income households. Fischer
et al. (2007) conclude as well that the efficiency ratio-
nale for raising fuel economy standards is weak.

Ito and Sallee (2014) document that Battribute-
based^ standards generate an additional distortion to
the market. This type of policy is designed conditional
on product attributes rather than the target they wish to
achieve.11 Attribute-based policies tend to provide a less
strict standard for products that are larger and more
polluting, thus creating perverse incentives. The authors
find that, as a consequence of weight-based standards,
the Japanese car market has experienced an increase in

11 The same problem applies to attribute-based tax and subsidies.
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vehicle weights, and this lowers fuel economy and
increases externalities related to accidents.

To summarize, efficiency standards are an inferior
instrument compared to other policies, such as informa-
tion programs or taxes, as they do not influence behavior
by discouraging the use of energy-using products. They
also introduce some distortions, reducing the available
choice and creating perverse incentives.

Economic and financial instruments

Economic and financial programs provide monetary
incentives for energy efficiency such as grants and loan
facilities, subsidies, tax deduction, tax credits, rebates,
and guarantees. Energy taxes are also a financial instru-
ment that contributes to energy efficiency by increasing
the relative prices of less efficient products. Just like
standards, product subsidies on efficient products or
increased taxes on inefficient products impose a relative
shadow cost on less efficient products (Allcott et al.
2014). This shadow cost means that consumers pay
relatively less for more efficient products. Like regula-
tory instruments, they facilitate the investment in
energy-efficient products, while they have no effect on
behavior related to energy use. They are linked to the
upfront investment costs while they do not reward any
behavior change, related to energy use (Bertoldi et al.
2013).

Taxes should be preferable to standards, given that
their cost is transparent, they promote behavioral chang-
es, and they take into consideration the heterogeneity of
consumers (Austin and Dinan 2005). Taxes have draw-
backs as well. They produce negative distributional
effects and their impact is limited if the price elasticity
of energy demand is small (Jacobsen 2013). Wagner
(2016) finds that environmental preferences shape the
effectiveness of relative price and tax incentives, with
environmentalists being less sensitive to changes in
prices and taxes than their less environmental
counterparts.

There are important concerns however with subsi-
dies, tax deduction, tax credits, and rebates. First, these
policy instruments are associated with a rebound effect
(Sorrell et al. 2009; Alberini et al. 2016; Bertoldi 2017),
whereby part of the potential savings are wiped out by
changes in people’s behavior. Second, they encourage
free-riding (Houde and Aldy 2017). Third, they need to
be financed through, for example, distortionary taxes
and finally they are not always cost-effective

(Boomhower and Davis 2014; Datta and Gulati 2014;
Davis et al. 2014). Moreover, a meta-analysis of 42
utility conservation programs in the residential, com-
mercial, and industrial sectors found that actual
energy-saving estimates for residential rebate programs
are lower than engineering-economic estimates (Nadel
and Keating 1991). It should be noted that the actual
savings can be lower than the predicted ones, because
the former may only consider the economic benefit of
the intervention. On the contrary, energy-engineering
models take into account not only the economic but also
the Bachievable^ potentials. Finally, Allcott and
Greenstone (2017) analyze the impact of an energy
efficiency program, which subsidizes a home energy
audit and subsequent recommended investments. They
report a negative social welfare induced by the program.
The benefit from reduced energy, which in their calcu-
lation includes also externalities induced by local air
pollution, and greenhouse gases, does not compensate
for the reduction in consumer utility, due to the higher
taxes required to finance the program. However, they
also conclude that the market for home energy audits
and retrofits would almost entirely disappear in the
absence of government intervention.

Meta-analyses can be used to compare the perfor-
mance of information and non-information interven-
tions. For example, Abrahamse et al. (2005) review 38
different articles dating from 1977 to 2004 and conclude
that information programs increase knowledge but this
does not necessarily translate into behavioral changes or
energy savings. Monetary rewards are successful in
engaging consumers in energy conservation, but the
effect is not persistent in time. Commitment programs
have long-term effects and are more effective when
made in public rather than private. Finally, feedback
reduces energy use in particular if it is provided
frequently, through continuous electronic feedback for
instance. Delmas et al. (2013) present the most compre-
hensive meta-analysis of different types of interven-
tions. These include feedback, energy savings tips, en-
ergy audits, financial incentives, and peer comparisons.
The meta-analysis shows an average energy use reduc-
tion of 7.4%. Overall, they find that individualized
audits and consulting ensure the highest energy savings
and are comparatively more effective than strategies that
provide historical, peer comparison energy feedback.
This outcome may depend first on the fact that feedback
proves to be effective if delivered in real time, and none
of the studies in the meta-analysis considered real time
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peer comparisons. Second, social influence is maxi-
mized in face-to-face interactions (Abrahamse and
Steg 2013), while the social comparison interventions
in the meta-analysis are mainly anonymous.

Ito et al. (2015) compare the effects of appealing to
intrinsic versus extrinsic motivations. The authors find
that both moral suasion and economic incentives induce
the desired conservative effects, but while the former
exerts diminishing effects, the latter produces persistent
effects, leading to habit formation. Appealing to eco-
nomic rather than biospheric concerns not only could be
ineffective in securing behavior change, but also coun-
terproductive. Extrinsic rewards can sometimes crowd
out intrinsic motivation to act pro-environmentally and
consequently backfire and discourage the pro-
environmental behavior they are meant to encourage
(Schwartz et al. 2015).

Discussion

The main contribution of the present paper is to offer a
correspondence between the different barriers, both in-
ternal and external, and the policy options available.
Drawing from the literature surveyed in Section 3 on
the effectiveness of the different policies, this section
identifies which barrier the policy intends to overcome
and combines policies with barriers.

First, the information instruments not only help to
overcome information barriers, but also address many
behavioral barriers to energy efficiency. A large number
of interventions (energy audits, product labelling, ener-
gy performance certificates, and nudges) have been
designed to address bounded rationality, because they
end up guiding the consumers in the decision process,
and consequently they lower the cognitive costs of
energy decision-making. An important aspect that
emerges from the literature review is that what matters
is not only the content of the information program but
also the way in which the information is presented. For
example, the use of information metrics that match the
problem-solving processes (for example, operating
costs rather than the physical measurement) or provid-
ing multiple translations of energy efficiency metrics
have the greatest influence on consumer preferences
and choices. This is because the decision-making is less
effortful if the problem representation matches the
problem-solving processes (Heinzle 2012; Camilleri
and Larrick 2014; Ungemach et al. 2017).

Because of bounded rationality, another result of this
review is that vivid signals such as thermal images as
well as interventions that make one recall energy-saving
actions that are easily available in memories are effec-
tive because they provide information which is easy to
process (Goodhew et al. 2015; Thaler and Sunstein
2008).

Feedbacks are as well designed to address bounded
rationality, because they guide consumers in the
decision-making process. Feedbacks can also address
rational inattention because they should make con-
sumers aware of their consumption and potential
impacts. However, Jessoe and Rapson (2014) and
Lynham et al. (2016) conclude that in-home-displays
while help consumers improve the decision-making
process in case of high prices, they are less likely to
make prices more salient.

Feedback programs that provide descriptive norma-
tive messages through peer comparison encourage en-
ergy conservation because they evoke social compari-
son but also because they make salient a social norm in
favor of energy conservation. Social norms can effec-
tively induce behavioral change (Schultz et al. 2007).
Conforming to social norms is sometimes a mental
shortcut that people use to address complexity in deci-
sion-making. For this reason, descriptive normative
messages can address bounded rationality.

As outlined in Section 2, many other behavioral
barriers to energy efficiency exist. To address
reference-dependent preferences, commitment and goal
setting programs have been introduced (McCalley and
Midden 2002; Abrahamse et al. 2007). Goal setting
entails giving consumers a specific reference point, for
instance, to save energy by a certain amount. A similar
strategy is commitment, whereby people make a pledge
or promise to engage in sustainable energy behavior.
This program should reduce impulsivity and encourage
investments that have immediate and larger costs but
delayed rewards. In general, commitment and goal set-
ting programs attract present-biased consumers and con-
sumers with limited self-control. These consumers are
aware of their need for a commitment to behave pro-
environmentally. With no commitment, they will con-
sume more electricity than ex ante preferred. Goal set-
ting programs, which offer a menu of energy savings
options with respect to annual electricity savings, how-
ever, are effective only if consumers commit to realistic
goals (Harding and Hsiaw 2014; Becker 1978), which
should not be too easy (Becker 1978).

Energy Efficiency (2019) 12:1293–1311 1303



Interventions, that set the default option in favor of
the environment (such as participation in pro-
environmental programs as an opt-out rather than an
opt-in, or default temperature for heating or washing at
low degrees) are able to address the status quo bias
(Pichert and Katsikopoulos 2008, McCalley 2006;
Brown et al. 2013) because people tend to stick to the
status quo (Kahneman et al. 1991).

The use of loss-framed (rather than gain-framed mes-
sages) addresses loss-aversion, reference-dependence,
and non-linear probability weighting, because this ma-
nipulation makes the loss more salient, memorable, and
motivating (Frederiks et al. 2015).

To address environmental preferences, the way the
message is framed proves to be extremely important.
Information programs, even if they are designed to
increase knowledge and awareness in general, tend to
encourage behavioral change among people who
strongly endorse biospheric (environmental) values. In-
formation is effective when it resonates with people’s
central values (Steg et al. 2015). Targeted policy inter-
ventions that frame messages in terms of intrinsic goals,
moral suasion, and appeal to intrinsic values are
therefore crucial in this context. Given that
informational interventions are perhaps ineffective in
those who care less about the environment, they
should be directed towards those who strongly care
about the environment. This is because they make
consumers more inclined to act on their values. Taufik
et al. (2016) find that the intention to act pro-
environmentally is largely driven by the positive feeling
about acting pro-environmentally and less so by the
perceived benefits connected to this action. Therefore,
to induce pro-environmental behavior, information cam-
paigns should stress the selfless, societal aspects of
acting pro-environmentally and should resonate with
people’s feelings, instead of exclusively appealing to
their calculations.

The second set of programs, called regulatory instru-
ments, include energy efficiency standards, building
codes and minimum energy performance certificates.
By removing energy-inefficient products/properties
from themarket, they are designed to address inattention
to operating costs and to energy savings connected to
energy-efficient products. They also address mispercep-
tions of energy costs due to bounded rationality and also
present bias, in particular lack of self-control and temp-
tation. Moreover, they are also justified by the presence
of imperfect information.

Allcott and Taubinsky (2015) find that imperfect
information and rational inattention alone cannot justify
a ban on incandescent lightbulbs. Standards are only a
second-best policy compared to information disclosure
programs. The latter directly address information
asymmetries and rational inattention without reducing
the available choices. A ban on incandescent lightbulbs
produces welfare losses to consumers who strongly
prefer these inefficient lightbulbs even after being
informed of the apparently large cost savings. In the
paper, these welfare losses outweigh the gains to
uninformed or inattentive consumers. On the contrary,
Tsvetanov and Segerson (2014) acknowledge that
stricter standards on top-freezer refrigerators could
make some consumers worse off, but they find that these
instruments are on average welfare improving under a
self-control framework, where individuals are character-
ized by temptation. The authors conclude that it is
extremely important to identify the underlying behav-
ioral assumption used in evaluating the welfare effects
of energy efficiency standards.

In the context of fuel economy, the inefficiency of
standards is confirmed even in the presence of some
behavioral anomalies. Parry et al. (2014) compare the
welfare effects of energy efficiency standards and pric-
ing policies in the case of misperceptions of energy costs
due to rational inattention or bounded rationality. They
conclude that even with large misperceptions, an opti-
mal policy portfolio should make only a limited use of
fuel economy and power sector efficiency standards.
Pricing policies should be the first best option, while
efficiency standards can play a role only if practical
constraints on gasoline/electricity taxes arise.

As far as the third type of programs, called
economic and financial instruments, such as grant
and loan facilities, subsidies, tax deduction, tax
credits, rebates, guarantees, and energy taxes, some
conclusions can be drawn. Except for higher taxes,
economic incentives address capital market failures.
Moreover, Blumstein (2010) reports that some indi-
viduals choose to make energy efficiency invest-
ments because their awareness has been raised by
the existence of the incentive schemes. In this re-
spect, economic incentives may address an informa-
tion problem. Economic incentives are also particu-
larly relevant for persons who are risk averse because
they lower the upfront costs of an investment. Final-
ly, subsidies and taxes can address the same type of
barriers as standards, in part icular rat ional
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inattention, bounded rationality, and present bias.
This is because, in case of these behavioral barriers,
product subsidies and taxes can divert purchases to-
wards the most efficient appliances.

If there are no behavioral anomalies, the social
optimum is to apply a Pigouvian tax or equivalent
instruments (Gillingham and Palmer 2014). For ex-
ample, Galarraga et al. (2016) find that in Spain, a tax
scheme on dishwashers, refrigerators, and washing
ensures greater energy savings than a subsidy
scheme. In the presence of behavioral anomalies,
howeve r, subs id i e s fo r ene rgy e f f i c i ency
investments represent the optimal policy option.
Hassett and Metcalf (1995) report that subsidies are
much more effective than an equivalent tax in partic-
ular in the presence of loss aversion and reference
dependence. People strongly prefer avoiding losses
to achieving gains, and a subsidy tends to reduce the
loss (represented by the cost of the investment) rather
than increase the gains (because of lower operating
costs due to lower use). Allcott and Taubinsky (2015)
as well report that a moderate subsidy could be opti-
mal to increase the market for compact fluorescent
lightbulbs in case of imperfect information and
inattention. Allcott et al. (2014) report that, if con-
sumers undervalue energy costs because of rational
inattention or imperfect information, the optimal
combination of tax and subsidy implies a quite large
product subsidy. A subsidy is more effective than a
tax in targeting the most biased consumer, because
consumers who undervalue energy costs the most are
also the least sensitive to the energy tax.

As a general rule, targeting the correctivemeasures to
the different groups of consumers is crucial to achieving
the highest energy conservation. From a welfare per-
spective, what matters is whether the consumers affect-
ed by the distortions are also affected by the policy
interventions. If, from an institutional point of view,
the eligibility of subsidies cannot be restricted to a
specific group, targeted marketing at the groups most
affected by the distortion could produce large gains
(Allcott et al. 2015).

Finally, the use of guarantees, whereby governments
or energy providers share the costs and risks but also the
benefits from future savings related to energy-efficient
renovations, can improve energy efficiency by reducing
the perceived risk of the investment (Fischbacher et al.
2015). For this reason, guarantees can address risk pref-
erences as well as problems related to financial and

technological risks. A summary of all these results is
presented in Table 2.

Summary and conclusions

Various barriers to the adoption of energy efficiency
technologies have been identified and different instru-
ments have been introduced to address the barriers. By
assessing the effectiveness of the different types of
policies against the barriers they aim to address, this
paper is able to provide some conclusions.

First, feedback is an effective way to influence be-
havior related to energy use, in particular if the feedback
is combined with a goal intervention (McCalley and
Midden 2002). Feedback that provides peer comparison
on energy use encourages energy conservation. There
are other social influence approaches, such as interven-
tions where the information is provided by block leaders
that prove to be effective because they deliver the feed-
back less anonymously. The medium through which the
feedback is offered can as well influence behavior, with
feedback that uses the most engaging and interactive
medium (such as a computer) being the most effective.
This opens up to the possibility that further development
of IT applications, social media, and cellphone messag-
ing will ensure larger improvements in energy efficiency
in the future.

Second, audits improve energy efficiency because
they increase awareness of possible improvements.
The realization of energy efficiency gains however cru-
cially depends on an effective follow-up action.

Third, not only the content but also the way in which
the information is presented proves to be important, with
the timeframe, format, and metrics being strong moder-
ators of the effectiveness of this type of interventions.
Information campaign should make use of multiple
translations of energy efficiency metrics or information
metrics that match the problem-solving processes in
order to simplify the decision-making process.

As far as product labelling, the evidence is mixed and
depends on the methodology used for the analysis. More
research is needed to fully understand if labelling really
improves energy-efficient choices.

Fourth, standards, information programs, subsidies,
and taxes are directed to the same types of external
barriers. However, standards are an inferior instrument
compared to the other interventions because they do not
influence behavior by reducing the use of energy-using
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products and generate a welfare loss by limiting the
available choices. Information programs, subsidies,
and taxes represent a more direct and efficient response
to the targeted external barriers.

Another crucial point emerging from this review is
the importance of targeting the policies. For example,
policies should target investments that are less con-
spicuous in place of those that confer a status benefit.
People in search of social approval are willing to
invest in the latter without any policy intervention.
Moreover, while some interventions are ineffective
among those who care less about the environment,
they could still deliver substantial benefits if targeted
towards those who strongly care about the environ-
ment. This is because they make them more inclined
to act on their values. Unfortunately, an effective
targeting is a difficult task. Those who will most
benefit from the intervention needs to be correctly
identified and effectively reached. This implies a
successful inclusion of the target population and ex-
clusion of the non-target population. Moreover, in
some circumstances, there are restrictions in the pos-
sibility to target a policy. For example, subsidies
cannot be restricted to a specific group. In this case,
one can think of targeting a marketing campaign. The

campaign can target the consumers that are mostly
affected by the distortion that the subsidy aims to
address.

The complexity and variety of barriers pertaining to
individual behavior call for increasing insights from be-
havioral economics. There is a variety of barriers that
pertain to individual behavior that cannot be addressed
using economic and regulatory instruments. Moreover,
economic and regulatory instruments fall short in cases of
behavioral barriers such as status quo bias, bounded
rationality, or among those with reference dependent
preferences or with strong environmental preferences.
For example, energy taxes, such as gasoline taxes, are a
good solution because they are transparent, promote
behavioral changes, and take into consideration the het-
erogeneity of consumers but they give rise to negative
distributional effects. In case of reference dependence,
subsidies and tax credits are better than taxes, but subsi-
dies produce a rebound effect, encourage free riding, and
need a source of financing. Extrinsic rewards can some-
times crowd out intrinsic motivation to act pro-
environmentally and consequently backfire and discour-
age the pro-environmental behavior they are meant to
encourage. Ad hoc solutions, such as default options that
favor energy conservation, loss-framed messages, vivid

Table 2 Policy options to address the specific barrier to energy efficiency

Barriers Policy option

Time preferences Commitment and goal setting programs

Risk preferences Grants and loan facilities, subsidies, tax deduction, tax credits, rebates, guarantees

Environmental preferences Messages framed in terms of intrinsic goals, moral suasion, and appeal to intrinsic values

Reference-dependent preference and
non-linear probability weighting

Loss-framed messages, commitment and goal setting programs, pricing programs
characterized by lower spread of charges, subsidies, tax credits

Bounded rationality Energy audits, product labelling, feedback, vivid signals such as thermal images, peer
comparison, information metrics and scales that match the problem-solving,
manipulation of timeframe and format of the information, multiple translations of
energy-efficiency metrics, standards, energy performance certificates, building codes,
subsidies, tax credits, rebates, loans, taxes

Rational inattention Feedback, standards, energy performance certificates, building codes, subsidies, tax credits,
rebates, loans, taxes

Present bias and myopia Commitment and goal setting programs, standards, energy performance certificates,
building codes, subsidies, tax credits, rebates, loans, taxes

Status quo bias Set the default option that favors energy conservation to opt-out rather than opt-in

Capital market failures Grants and loan facilities, subsidies, tax deduction, tax credits, rebates, guarantees

Information problems Energy audits, product labelling, feedback, standards, energy performance certificates,
building codes, grants and loan facilities, subsidies, tax deduction, tax credits, rebates,
guarantees

Financial and technological risks Guarantees on energy efficiency investments
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information such as thermal images of heat losses and
messages framed in terms of intrinsic goals and moral
suasion are more effective in addressing the relevant
barrier and motivate households to reduce energy use.

Another limitation of economic and regulatory in-
struments is that they mainly influence behavior in the
investment domain. A large portion of energy saving
can be achieved through behavior related to energy use.

This analysis focuses principally on the residential
sector. The findings from the study of households do not
necessarily translate into the business and manufactur-
ing world where decision-making mechanisms, infor-
mation flows, resources, and incentives can be quite
distinct. A priority for future research is an analysis of
the conduct of industrial, commercial firms, government
agencies, and other non-profits organizations, which
account for a great share of energy use and have large
potentials for emission reductions. To date, because of
little available data, and concerns of generalizing across
a population of organizations that varies in size, func-
tion, scope, and interest in emission reduction (Stern
et al. 2016), the empirical evidence is scarce.
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