Moral Hazard and the Energy Efficiency Gap:
Theory and Evidence

Louis-Gaétan Giraudet, Sébastien Houde, Joseph Maher

Abstract: We investigate how moral hazard problems can cause suboptimal invest-
ment in energy efficiency, a phenomenon known as the energy efficiency gap. We focus
on contexts where the quality offered by the energy efficiency provider is imperfectly
observable. We formalize underprovision of quality and compare two policy solutions:
energy-savings insurance and minimum quality standards. We then provide empirical
evidence of moral hazard in home energy retrofits in Florida. We find that for those
measures, the quality of which is deemed hard to observe, realized energy savings are
subject to day-of-the-week effects. Specifically, energy savings are significantly lower
when those measures were installed on a Friday—a day particularly prone to negative
shocks on workers” productivity—than on any other weekday. We finally specify a
model to simulate the Floridian market and find that the deadweight loss from moral

hazard is about twice as large as that due to associated carbon dioxide externalities.
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ENERGY EFFICIENCY MEASURES are widely advocated as a means of both saving
money and cost-effectively reducing externalities associated with energy use. Yet in prac-
tice, they are little adopted. This phenomenon is commonly referred to as the energy

efficiency gap. One of its manifestations is the increasingly documented discrepancy be-
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tween realized energy savings and those predicted by engineering models (Metcalf and
Hassett 1999; Davis et al. 2014; Fowlie et al. 2015; Graff Zivin and Novan 2016;
Maher 2016; Houde and Aldy 2017). Another long studied manifestation is the abnor-
mally high discount rates (typically 10%—30%) implied by energy efficiency sales pat-
terns (Hausman 1979; Train 1985).

A variety of explanations have been investigated to explain the energy efficiency gap
(Gillingham et al. 2009; Allcott and Greenstone 2012). Jaffe and Stavins (1994), who
first conceptualized the problem, emphasized the difference between market-failure
and nonmarket-failure explanations of the gap. Market failures such as information
asymmetries, positive externalities from innovation, or negative externalities associated
with energy use, may distort incentives for energy efficiency investment. This motivates
implementation of corrective policies. Nonmarket failures such as heterogeneity in con-
sumer preferences or hidden costs (e.g., inconvenience caused by insulation installa-
tion) may also prevent widespread adoption of energy efficiency. Yet, unlike market
failures, these are normal components of markets. As such, they should be accounted
for in economic assessments but do not per se warrant any particular intervention.
More recently, the dichotomy has been enriched with the concept of behavioral anom-
alies to account for apparent undervaluation of energy savings by energy users (Allcott
et al. 2014; Gillingham and Palmer 2014).

In this paper, we provide a market-failure explanation for the energy efficiency gap:
moral hazard in the provision of quality. We empirically find that the problem can ex-
plain a large part of the discrepancy between predicted and realized energy savings. This
manifestation of the energy efficiency gap has so far been considered to be due to non-
market failures, especially measurement errors or upward-biased thermal simulations.
Our contribution is to show that it can be due to a market failure, namely, systematic
undertreatment of quality by energy efficiency providers when the informational con-
text gives them the opportunity to do so. We show that the welfare losses due to moral
hazard in home energy retrofits, though potentially important, can be partly mitigated
by policy interventions such as minimum quality standards and energy-savings insur-
ance.

Our motivation comes from the credence-good nature of energy efficiency, a little-

studied aspect of this technology. Just like taxi rides or auto repairs, many energy effi-
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1. Recent explanations of the gap between predicted and realized savings also include in-
creased intensity of utilization, though with a limited role (Fowlie et al. 2015); replacement
of technologies that were not being used in the first place (Davis et al. 2014); upgrade toward
oversized technologies (Houde and Aldy 2017); overestimation of pre-retrofit energy use in en-
gineering predictions of energy savings (Sunikka-Blank and Galvin 2012; de Wilde 2014).
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ciency measures are subject to verifiability and liability issues which make their perfor-
mance never completely revealed to the buyer (Sorrell 2004; Dulleck and Kerschbamer
2006). This is especially the case in buildings, where energy use depends on unobserv-
able factors such as weather forecasts, occupants’ behaviors, and the quality of energy
efficiency equipment. These properties are conducive to a set of information asymme-
tries, of which two have received most attention. One is adverse selection in housing
decisions. The intuition is that the energy efficiency of a dwelling is hard to observe
and therefore will not be capitalized into sale prices or lease contracts. The intuition
is proving correct in rental housing, as rented dwellings are found to be less energy ef-
ficient than owner-occupied ones (Scott 1997; Davis 2012; Gillingham et al. 2012;
Myers 2013; Krishnamurthy and Kristrém 2015). The effect is less clear in home sales.
More energy-efficient homes, as measured by their energy performance certificate, are
found to sell with a premium, but no counterfactual situation without certificates is
available for comparison (Brounen and Kok 2011; Murphy 2014; Fuerst et al. 2015).
Another much-studied information asymmetry associated with energy efficiency is
moral hazard in energy demand. It is well established that building occupants use more
energy when they face zero marginal cost of usage, for instance, because they signed up
a utility-included rent contract (Levinson and Niemann 2004; Maruejols and Young
2011; Gillingham et al. 2012).

The information asymmetry considered here is related but involves different parties.
We are interested in underprovision of quality in the installation of energy efficiency
measures. We specifically examine home energy retrofits, where a contractor may take
advantage of the lack of expertise of the homeowner to perform insulation or duct seal-
ing poorly. This can be interpreted as supply-side moral hazard. As we shall see, full
analysis of the problem and solutions thereto require one to also consider the demand-
side moral hazard discussed above.

Our contribution is threefold. First, we formalize how supply-side moral hazard can
cause an energy efficiency gap and examine two little-discussed policy remedies: energy-
savings insurance, a private solution, and minimum quality standards, a public one. The
analysis builds on a double-moral-hazard framework borrowed from the literature on
warranties (Cooper and Ross 1985). We articulate the mechanism by which asymmet-
ric information induces the contractor to cut quality in equilibrium. This deters adop-
tion of energy efficiency measures. Both policy solutions are found to be second best:
energy-savings insurance reduces marginal energy expenditures, which induces demand-
side moral hazard and therefore requires incomplete coverage in equilibrium; minimum
quality standards incur enforcement costs.

Second, we provide the first empirical evidence of supply-side moral hazard in home
energy retrofits. Using a data set of 3,000 retrofits sponsored by Gainesville Regional
Utilities (GRU) in Florida, we exploit variation in the type of measures (classified as
easy or hard to observe) and the day of the week on which they were installed. We find
that realized energy savings underperform predicted ones and, in particular, that the
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former can vanish for hard-to-observe measures if those were installed on a Friday. The
result is robust to a number of robustness checks, including testing for contractors se-
lecting specific measures on Fridays. It suggests that perhaps due to fatigue, retrofit
workers are likely to shirk if the informational context gives them the opportunity
to do so. Controlling for the Friday effect, the discrepancy between predicted and re-
alized energy savings shrinks by 70%. Incidentally, the exercise contributes to the em-
pirical literature on day-of-the-week effects on workers’ productivity (Campolieti and
Hyatt 2006; Bryson and Forth 2007) and more generally to the empirical analysis of
moral hazard and credence goods (Abbring et al. 2003; Dulleck et al. 2011; Schneider
2012; Balafoutas et al. 2013).

Third, we integrate the theoretical and empirical approaches to assess the welfare
consequences of moral hazard in home energy retrofits. The model developed in the
theoretical exercise is calibrated to simulate the Floridian market, using data from
the GRU program and the US Residential Energy Consumption Survey (RECS).
We find that the deadweight loss due to moral hazard could be twice as large as that
due to associated carbon dioxide externalities. This result is robust to a range of spec-
ifications and can be approximated by a sufficient statistic that abstracts from consumer
preferences. Energy-savings contracts with insurance coverage in the 10%—-20% range
can mitigate losses, while minimum performance standards produce benefits in excess
of reasonable enforcement costs. The performance of each instrument is close if carbon
dioxide externalities are absent or fully internalized. If externalities remain unpriced,
however, the demand-side moral hazard induced by insurance magnifies losses, and
standards appear to be a better policy option.

Our analysis is a first step pointing to supply-side moral hazard in home energy
retrofits as an important problem, both empirically and economically. Policy instru-
ments already existing in the marketplace could be adjusted to deliver their full poten-
tial. Energy performance contracts, which are common in commercial buildings, could
be promoted in the residential sector. Certification of professional installers, which is so
far mostly voluntary, could evolve toward a mandatory regime. Hybrid instruments
combining standards and insurance might also produce substantial benefits.

The outline of the paper is as follows. Section 1 introduces the theoretical model,
derives key predictions, and examines policy solutions. Section 2 presents the empirical
approach and the results. Section 3 provides a numerical welfare assessment. Section 4

concludes.

1. AMODEL OF ENERGY EFFICIENCY INVESTMENT

WITH DOUBLE MORAL HAZARD
Our model builds upon the double-moral-hazard model of Cooper and Ross (1985).
To fix ideas, we consider the canonical case of home energy retrofits, which involve hid-
den actions from both the homeowner and the retrofit contractor. Other situations that

give rise to one-sided moral hazard, for instance, energy efficiency improvements in the
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. . . . . . 2
commercial and industrial sectors, can be viewed as special cases of this general model.
The exposition here focuses on the key elements and predictions of the model. Formal
assumptions, additional propositions, complete proofs and graphical illustrations are

provided in an appendix (available online).

1.1. Setup
Consider a homeowner using energy for air conditioning (or space heating). The en-
ergy service s, measured in cooling degree days (alternatively, heating degree days), pro-
vides her with increasing comfort V(s), multiplied by a taste parameter § > 0. For in-
stance, a person living in a hot area would be characterized with a high value of 0
(alternatively, a low one).

The homeowner spends pE’(s) on energy, where E%(-) is the energy use and p the
price of energy. She sets her energy service s so as to maximize the discounted sum of

net utility:

U°(6,s) = (0V(s) - pE°(s))T(r, ), (1)

where I is a discount factor function of the discount rate r and the investment hori-
zon I. We assume time invariance of energy price, technology, and comfort valuation.
The energy service s is therefore constant over time. The discount factor is I'(r, [) =
S+t =0-0+0Nr

The homeowner can undertake a retrofit investment supplied by a contractor. Each
party can take hidden actions that influence ex post energy use, E(s,q). The home-
owner’s ex post energy service s is unobserved to the contractor. In turn, the quality
q with which the contractor completes the retrofit is unobserved to the homeowner,
who as a nonexpert cannot verify insulation installation or duct sealing, for instance.
Energy use, which is reported on the homeowner’s utility bill, is common knowledge
to both parties, who are also aware that it increases with s and decreases with q. The
framework is deterministic, and linearity of utility with respect to energy expenditures
reflects risk neutrzllity.3

Upon investing, the homeowner maximizes utility U(0, s, q), net of upfront cost

T > 0 and includes an idiosyncratic value, 0, capturing, for instance, aesthetic and

2. Moral hazard in the provision of energy efficiency also arises in the car and truck markets.
As documented by Reynaert and Sallee (2016), manufacturers may strategically overstate fuel
economy values. This gap between stated and realized fuel economy is also an example of supply-
side moral hazard.

3. We ignore uncertainties coming from the weather variations determining heating or cool-
ing needs, from measurement errors propagated in the complex engineering models used to pre-
dict energy savings, or from the volatility of energy prices. This simplification is equivalent to
assuming that the effects of s and ¢ on energy use both satisfy first-order stochastic dominance.
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acoustic benefits associated with insulation (if positive) or inconvenience incurred for

installation (if negative):
U(8,s,q) = (0V(s) — pE(s, q))T(r, 1) = T + 6. (2)

The contractor maximizes profit formed by the revenue from the sale T minus the cost

C(-) of providing quality g. We assume zero profit, so that:
T = C(q). (3)

The assumption is meant to reflect the competitive nature of the industry.* We
show in the appendix that the equilibrium analysis is nevertheless robust to alternative
market structures.

We model the energy efficiency contract as a two-stage game in which the home-
owner is the principal and the contractor is the agent. In the first stage, the home-
owner of type 0 invests if her net present value NPV/(0) is positive, given her energy

service sj and the quality gj she expects to be offered in equilibrium:
NPV(0) = U(0, s, 45) — Uo (6, 55) > 0. 4)

In the second stage, both agents determine their optimal action given their belief

about the other party’s action. We solve the game using backward induction.

1.2. Supply-Side Moral Hazard

We model the social optimum as a cooperative game with perfect information. We
show in the appendix that this game generates strictly increasing reaction functions:
a contractor will offer more quality to a homeowner he perceives as demanding more
energy service; the homeowner will demand more energy service if she expects to be
offered more quality. The intersection of the two reaction functions defines a perfect-
information equilibrium that determines the socially optimal level of quality.

If actions s and q are not perfectly observable, the parties each maximize their private
surplus, given their beliefs about the other party’s action. This does not affect the home-
owner’s first-order conditions and therefore leaves her reaction function unchanged. In
contrast, the contractor does not internalize how quality benefits the homeowner. His
reaction function is now flat: whatever behavior he expects from the homeowner, he
sets quality at the level that minimizes production cost. The intersection of the two re-
action functions defines the asymmetric-information equilibrium.

Equilibrium actions under perfect information (PI) and asymmetric information

(AI) can be unambiguously compared:

4. The home energy retrofit industry is highly fragmented. For instance, firms operating in
the heating, ventilation, and air conditioning (HVAC) industry in California are typically small,
offer low wages, face low barriers to entry, and have an annual turnover as high as 25% (Zabin
et al. 2011).
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Proposition 1: Under asymmetric information, an energy efficiency contract is
subject to supply-side moral hazard. The contractor offers less quality to any home-
owner of type 0 than under perfect information: qgu < qgl . The homeowner re-
sponds by using less energy service: 52 < 5{;‘1 < 551 . The two inputs together make
investment less profitable: NPVA(f) < NPVL(6).

Comparison is ambiguous when it comes to equilibrium energy use. Undoing moral
hazard increases both g and s, which has an opposite effect on E(, +). In words, the en-
ergy savings induced by improved quality are partly offset by an increase in energy ser-
vice. This phenomenon is known as the rebound effect. At some point, it can backfire,
that is, be such that energy use is higher after investment. While conceptually impor-
tant in the presence of negative energy-use externalities, as we will see later, backfire
rebound effects are empirically limited (Gillingham et al. 2013). In most cases, there-
fore, the energy savings realized under asymmetric information will be lower than those
predicted under perfect information (e.g., by engineering models).

We now extend the above result to the whole market. Consider a continuum of
homeowners of mass 1, all living in a similar dwelling and only differing with respect
to their preference for thermal comfort §. We show in the appendix that the higher
the value of 0, the higher the demand for energy service, hence the higher the quality
offered under perfect information. This shifts the homeownet’s reaction function up-
ward. In contrast, the quality offered under asymmetric information remains at mini-
mum. As a result, the moral-hazard effect is increasing in 6. We also show that the net
present value of investment is increasing in 6. This means that there exists a unique
marginal investor of cutoff type 63 such that NPV (65) = 0. Combining this with

proposition 1 leads us to the following proposition:

Proposition 2: Asymmetric information creates an energy efficiency gap at the
market level. Both the number of investing consumers and social welfare are lower
than under perfect information: NAL < NPI and WAl < WPl

where N* = 1 — F(6) is the equilibrium number of participants, F(-) is the cumu-
lative distribution function of 0, and W* is aggregate welfare, calculated under zero-
profit condition as the sum of utility before investment for nonparticipants and utility

after investment for participants:

0:): +o0
W = J U0 (6, ) dF(8) + L* U(6, 55, q5)4F(0) (5)

0

Anticipation of the quality gap discourages homeowners with low valuations of
comfort to invest. As a result, investment is suboptimal on both the intensive and ex-
tensive margins. Again, without further specification of the technology E(,-), we cannot

conclude about how aggregate energy use differs in the two equilibria.
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1.3. Policy Solutions

The textbook remedy to moral hazard is a risk-sharing contract. In the context of home
energy retrofits, such a contract can take the form of energy-savings insurance. Alter-
natively, a regulator may want to address the problem with a verifiable quality standard.
A third option, sometimes found in practice, is to combine the two. In this section,
we compare the two solutions in their purest form in order to identify their relative

strengths and weaknesses. We find that none can achieve the first-best outcome.

1.3.1. Energy-Savings Contracts and Double Moral Hazard

Energy-savings contracts or insurance, more commonly referred to as energy perfor-
mance contracts, have been offered for nearly 20 years in the commercial sector (Mills
2003), less frequently in the residential sector.” Such contracts typically have the con-
tractor pay the homeowner any shortfall in energy savings below a pre-agreed baseline.
In our simple framework with no risk aversion, insurance can be modeled as a contract
specifying a share k of energy expenditures borne by the contractor in exchange for an

actuarially fair insurance premium I:
I = kpE(s,q)T'(r,1). (6)

Such an insurance contract creates an incentive problem that superimposes the one
it is meant to address in the first place. The contract can be modeled as a three-stage
game, in which the contractor now is the principal and the homeowner is the agent. In
the third stage, the parties cooperatively determine optimal insurance coverage ky; in
the second stage, they privately set their own action, given their belief about insurance
coverage k and the other party’s action; in the first stage, they decide whether or not to
participate.

The insurance induces the contractor to offer some quality, otherwise he would
have to make excessive payments to the homeowner. In other words, the risk-sharing
contract mitigates supply-side moral hazard. At the limit, it could even eliminate it, as
complete coverage (k = 1) would induce the contractor to offer socially optimal qual-
ity. But at the same time, the contract gives rise to demand-side moral hazard: by low-
ering the homeowner’s marginal value of energy setvice, it induces her to use more en-
ergy. At the limit, complete coverage would drive the homeowner’s marginal energy
expenditure to zero, thereby inducing her to use energy service up to satiation. Com-

plete coverage is therefore not optimal:

Proposition 3: Energy-savings contracts create demand-side moral hazard. As a

consequence, optimal insurance coverage is incomplete: 0 < ki < 1.

5. GreenHomes America, Inc., NJ-PA Energy Group, LLC. and EcoWatt Energy, LLC. are
the few examples we have found of companies offering energy-savings insurance in the US res-

idential sector.
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Note that if the building occupant were not adjusting her energy service (e.g., a
tenant subscribing to a utility-included rent contract or an employee in a commercial
building), then the second moral hazard would not occur. The optimal contract would
stipulate complete coverage and bring the parties to the social optimum. This may ex-
plain why energy performance contracts are common in the commercial sector but rarely
offered to residential consumers.

Note also that by increasing both q and s, the energy-savings contract generates a
rebound effect. Unlike that induced by the simple energy efficiency contract discussed
in section 1.2, this rebound effect can be interpreted as moral hazard. Formally, the re-
bound effect associated with the energy efficiency contract materializes as the positive
slope of the homeowner’s reaction function, which is not affected by the informational
context. In contrast, the rebound effect associated with the energy-savings contract
corresponds to an upward shift of the homeowner’s reaction function. This can be in-
terpreted as demand-side moral hazard, just like the downward shift of the contrac-
tor’s reaction function due to asymmetric information could be interpreted as supply-
side moral hazard.

In practice, homeowner types, 0, can be difficult to observe. A uniform contract
with undiscriminated coverage is therefore most likely to be offered to all home-
owners. Such a contract generates additional deadweight losses, as the coverage might

be optimal to one homeowner but is suboptimal to all others.

1.3.2. Minimum Quality Standard

A number of voluntary certifications exist in the marketplace, most notably those pro-
vided by the Building Performance Institute (BPI) and the Residential Energy Ser-
vices Network (RESNET) in the United States. These programs typically ensure that
professional workers and contracting companies are trained to the best practices and
that their performance is regularly verified.

We model such standards as a verifiable minimum quality input g, for instance, pre-
scribing the grade of materials used and the application taken in installation. The in-
strument generates two types of inefficiencies. First, compliance needs to be verified,
which generates enforcement costs M(q). These costs do not arise with energy-savings
insurance, which rely on a commonly observed variable, namely, the energy use reported
on utility bills. Second, just like a uniform insurance contract, minimum quality stan-
dards do not account for consumer heterogeneity.

We show in the appendix that the value of g, which minimizes the deadweight loss,
is such that the marginal disutilities of those homeowners for whom the standard is
too tight and the marginal utilities (net of marginal enforcement costs) of those willing
to invest beyond the standard are equalized.

To sum up, both insurance and standards can mitigate moral hazard but none can
eliminate it. Leaving aside the deadweight loss arising from consumer heterogeneity,

which is equally faced by a uniform insurance contract and a uniform quality standard,
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the comparison between the two instruments boils down to how the deadweight loss
due to demand-side moral hazard induced by insurance compares with enforcement
costs incurred with the standard. This is a context-specific question, which we exam-

ine numerically in section 3.

1.3.3. Interaction with Energy-Use Externalities

As we show earlier, undoing moral hazard has an ambiguous effect on energy use due
to the rebound effect. To the extent that it backfires while energy-use externalities re-
main unpriced, implementing policy remedies to moral hazard can have the unintended
consequence of exacerbating deadweight losses. In the appendix, we uncover sufficient
conditions for this not to occur. This points to the importance of considering interac-

tions between market failures.

2. EMPIRICAL EVIDENCE OF SUPPLY-SIDE MORAL HAZARD

We now present three empirical facts that together suggest that energy retrofit con-
tractors engage in moral hazard by poorly installing energy efficiency measures when
the quality of their work is hard to verify. We do so using a rich data set from a utility-
sponsored retrofit program run in Florida.

We first find that realized energy savings after completing an energy retrofit are
below predicted engineering savings for several retrofit measures, a puzzle that is in-
creasingly documented (Metcalf and Hassett 1999; Fowlie et al. 2015). The discrep-
ancy is specifically large for measures where the quality of installation is hard to ob-
serve ex post. For other measures, with easy-to-observe installation quality, the sign
of the gap is ambiguous. We then find that the discrepancy varies as a function of the
day of the week on which a measure was installed and that this variation follows a par-
ticular pattern—realized savings are lower toward the end of the week, notably on Fri-
days, but only for measures whose quality is hard to verify ex post. Finally, we find that
this Friday effect is not driven by selection. That is, contractors do not choose to install
particular measures on a specific day of the week (though they might during the week-
end). Crucially, retrofit prices are not lower on Fridays when realized savings fall.

The second and third empirical facts are a novel contribution to the debate about
predicted-versus-realized energy savings. Together, they suggest that installation qual-
ity is undersupplied on Fridays for measures specifically prone to moral hazard. To ex-
plain the Friday effect, we argue that workers are more likely to experience negative
productivity shocks toward the end of the workweek and are thus more likely to shirk

on quality if the informational context gives them the opportunity to do so.

2.1. Data
From 2006 to 2012, Gainesville Regional Utilities (GRU) ran rebate programs for
home energy retrofits. The programs targeted a variety of measures, including attic in-

sulation, duct sealing, air conditioners, pool pumps, refrigerators, and windows. Eligi-
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bility for rebate required that measures be installed by pre-approved contractors. Prior
to completion, each project had to undergo an assessment of the potential energy sav-
ings associated with the measures, based on ex ante engineering calculations.®

We restrict our analysis to homes where only one retrofit measure was undertaken
and for which only one technology requiring labor input was installed, which ensures
that we focus on households that had only one interaction with the contractors. We
further restrict the sample to projects that cost under $10,000. The reasoning to ex-
clude expensive retrofit projects is that they are likely to take more than one day to
complete.” The refrigerator removal program is also excluded from the analysis be-
cause there was no installation of a technology required. Under these criteria, our sam-
ple contains 2,936 projects for which the following information is available: type of
measure completed, predicted engineering energy savings, rebate amount, price paid
to the contractor, and, crucially for our empirical exercise, the date on which a measure
was installed. Table 1 provides summary statistics. We match the program data with
monthly electricity and natural-gas billing data recorded by GRU between 2002 and
2013. This procedure allows us to link the characteristics of a retrofit measure to its

impact on energy use.

2.2. Empirical Strategy

A first challenge in detecting moral hazard is that quality is not directly observed in our
setting. Neither inputs to (e.g., hours worked and skills mobilized by installers, grade
of the products and materials installed) nor outputs of the measures (e.g., number and
type of defects) are documented. Our strategy to detect changes in quality, then, relies
on estimating realized energy savings, which is strongly correlated with the quality of
installation.

Our empirical strategy consists in uncovering heterogeneity in realized savings
along two dimensions. First, we classify the quality of installation as either easy or hard
to observe by the homeowners, and distinguish energy savings for these two categories
of measures. We consider a measure hard to observe (HTO) if it meets two criteria:
(i) the installation is an arduous task that requires significant labor input and (ii) the
quality of installation is difficult to verify by a nonexpert. Attic insulation and duct
sealing, which both require significant installation work and can hardly be verified after
completion, belong to this category. Other retrofit measures that mostly consist of re-

placing equipment, such as air conditioners or pool pumps, are deemed easy to observe

6. Engineering estimates of energy savings are measure specific. They take into account
home-specific features (building period, etc.) when necessary, namely, for all measures except
pool pumps. In some cases, they were performed by a third party that came to the house.

7. The data do not allow us to ascertain that completion of a single measure takes exactly one
day, that is, approximately 8 hours. We nevertheless think this is a reasonable assumption for

the technologies considered.

This content downloaded from 195.176.113.247 on January 01, 2020 23:40:40 PM
All use subject to University of Chicago Press Terms and Conditions (http://www.journal s.uchicago.edu/t-and-c).



(tt) (CH'T) (09°2¢) (00°01) (e1)

16T Aseq Aepsaupapy S6¢ TLY'S xxx€'T9T £8'9h 5 DV [eHU2 GI-YHHS
(@9) (Lo¥1) (Tr°22) (Lrit) (€5)

€29 Aseq Aepsaupapy 999 16C°L «xx6'80C €8°091 €6T DV [enud Yggs-sdng
(509) e (6L°6L) e o

¥8 preH Aepsoupapp 680°T s v0'€L s ce SUBO] 1S211UI-MO"]
(86) (116) (Ls€g) (1€°¢) (07)

99¢ pPI*H Aepsoupa 69¢ 198 9¢'8¢ oY L0T 6C'T aredas 1nqg
(LL) (105) (16'97) (ec€) (¥07)

9LS pPI*H Aepsaupay 661 192 xxx59°8L LT°6CT Go'T uonemsul Sy

suoneassqQ AnIqearasqO UBIPIIA (@s) veolN  (As) BN (dS) 3uepYFR0D) (as) uesN (as) vesN
"ON vopeeasup - ($unowy  (§)ord  (PUON/YMY)  (PUON/YMY)  (FTX/IMIN)
jo heq ERLEN | 12foig s3uraeg sSuaeg s3uraeg

£8roug qiq  48mug parorparg  A31oug pardrpaig

s(9107) oyeN

aansea]q douaniyyyg A31oug Aq sonsneag Arewwng ‘T 9[qe ]

766

This content downloaded from 195.176.113.247 on January 01, 2020 23:40:40 PM
All use subject to University of Chicago Press Terms and Conditions (http://www.journal s.uchicago.edu/t-and-c).



‘10" > d xx¥
60" > d *x
01 > d *

ey Mcwuuomoh_ wnﬁoﬂ eyl aoﬁoﬂn&uuu uﬁ._duwuhmnw e Nmaoﬁcda %u;wmwﬁ.ﬁo MO[ 03 $I9J21 H-MOT *SIUONIPUOD ITe

30 AoUAIYJP 93 INSEI 03 PISTL DLIIW Y3 ‘Oed AOudlyJo £819U9 [eUOSEIs 01 $19J01 YHHS *INOY-1Iemedow — YAJA '350d X0 94195q0 03 piep], o Aseq seoiseaw e jo Lrenb

QJH mm@wwmd—u :%u:wﬂ.mtuwﬂo“ :Eﬁ—OU QJH AQ\VOM ﬁﬁoﬁ.—umdoﬁ.— GH—H Jje ﬁmhoum.ﬂ;u JJE SI0J1I9 ﬂuhdﬁﬂdum *2Jnseawx H.—U.NO ‘—O.w wwﬁw\w.mw OWN‘—O\V.N SIJBWNSI Huﬁ.m ﬁowuw——dumﬁw wO %Nﬂu uﬁ—u [ex] uuo&woh

yam £319U9501219Y I9PISUOD 10U SIOP [9POLU UOISSIIFAT Y T, *$1993J2 }9m-9Y3-Jo-AEp aim s3uraLs Y3 2ILWISI 03 PIsn JLY3 03 JL[IWIS JOILWNISI SIITUIIIJIP-UI-20UIIIP € Sutsn

pandwod a1t 4oy 1 *(9T07) YA woij Apooarp uaes sSuraes 4319ud Jo sarewnsa oywads-ASojouypa a1t (qi(T 5,(9107) FOYBIAL, P[PGE] ULUN]OD 9Y3 UI SIILWIISI Y ] 9I0N]

9¢6'C

]C Aseg
e Aseg
LTT Aseq
¥6€ Aseg

Kepsaupap

Kepsaupap

Kepsaupap

Aepsaupap

(5027
115
(6£2)
59

(65€)
TOS

(505)
ST

(99'22)
wC'GGT
(88°¢h)
s T TET

(zs8€)
L8'TS
(50°L¥)
90T

(00°0€)
00'55
(e¢7¢8)
05°20C

(££'89)
€€'c6
(eceT)
L9'OYT

[e0T,

(9¢)
99° MOpULM H-MO]
(00'T)
6v'C souewioyrad

awoy A0Y AN
(c8)
TT Juesd awodur-mo|
(o1)
9L'T dwnd joog

767

This content downloaded from 195.176.113.247 on January 01, 2020 23:40:40 PM
All use subject to University of Chicago Press Terms and Conditions (http://www.journal s.uchicago.edu/t-and-c).



768  Journal of the Association of Environmental and Resource Economists ~ October 2018

(ETO). Window replacement, which requires significant labor input but leaves few
features hidden, could fall in either category. In our preferred specification, we classify
this measure as easy to observe. In a robustness check, we exclude it from the ETO
category and find little impact. In table 1, we present how we classify each type of mea-
sure considered in our analysis. From the working sample that contains 2,936 projects,
1,025 are HTO measures and 1,911 are ETO measures.

Second, we allow for heterogeneity based on the day of the week that the instal-
lation of the retrofit was performed. We hypothesize that workers’ productivity is sub-
ject to systematic variation over the week which is unaccounted for in the retrofit
contract. In particular, we expect that workers must deploy more effort to perform
a retrofit project of a given quality toward the end of the week, namely, on Fridays
and during weekends. Therefore, installation quality should be lower at the end of
the workweek. This hypothesis is motivated by labor studies showing that productiv-
ity tends to be lower on Fridays, especially in the construction sector (e.g., Bryson and
Forth 2007). Workers' fatigue is the reason most frequently invoked. Other explana-
tions that apply in our setting include staff shortage, for example, workers calling out
“sick” on Friday; quit time, for example, workers leaving early to start the weekend;
backlog, for example, workers rushing to finish a job to avoid having to revisit a site
for a few hours on the weekend or the week after.

Our test of existence of moral hazard is that a day-of-the-week effect is more likely
to exist for HTO measures because workers can shirk on installation quality if it is
hard to observe ex post. HTO measures should then deliver fewer energy savings if
they have been completed when workers’ productivity is lower, that is, at the end
of the workweek, but ETO measures should not be subject to such a day-of-the-week
effect.

We estimate realized energy savings using a difference-in-differences estimator
where the estimate can vary with respect to the two categories of measures and the
day of installation. The estimation strategy follows the quasi-experimental approach
of Fowlie et al. (2015), Graff Zivin and Novan (2016), and Maher (2016), only ex-
tended with interactions with day-of-the-week dummies, denoted DW, and dummies

that identify HTO and ETO measures. We consider the following regression model:

log(kWh,-t) = T]HTOI'[ + (bETO,t + nd - DWd . HTO,‘t

(7)
+¢d . DVV,d . ETO,’t + /1,',,, + V¢ + Eits

where the dependent variable is the logarithm of the total monthly energy use (electric-
ity plus natural gas) of a particular household. The rationale to combine the two energy
sources is to account for possible substitution effects where the reduction in usage from
one energy source induces an increase in usage from the other. For this reason, we con-
sider the regression with total energy use the most conservative. As a robustness check,

we also run the same regression with only electricity or natural gas as the dependent
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variable. The dummy HTOj turns from zero to one the month t household i invests in
an HTO retrofit measure. The dummy ETO,, is defined similarly for investments in
ETO measures. The terms 4,,, and v, denote household-calendar-month fixed effects and
month-of-sample fixed effects, respectively, and implement the difference-in-differences
estimator to estimate energy savings. Finally, DW; is a dummy that identifies a specific
day of the week, denoted with subscript d, and estimates heterogeneity in average re-
alized energy savings with respect to the day of installation. Each dummy takes a value
of one if household i got the measure installed on day d and zero otherwise. The co-
efficient 7, estimates the specific effect of installation day d on realized energy savings
for HT'O measures; we expect it to be positive if moral hazard exists. The coefficient 7
estimates the savings for HTO measures installed on one of the remaining days of the
week. For instance, “Friday effects” are estimated by having a dummy, DWig,;44,, that
turns on if the measure was completed on a Friday. In this specification, the coeffi-
cient 7 then estimates the savings for a retrofit installed on any day between Monday
and Thursday. The coefhicients ¢ and @44, estimate the same effects for ETO mea-
sures.

Our formal hypothesis test to detect the existence of moral hazard is the null hy-
pothesis: Ho : g = ¢4. Rejection of this null hypothesis combined with 74 > 0 implies
that HTO measures save less energy on day d of the week.

2.3. Identification

The difference-in-differences estimator is implemented by two sets of fixed effects.
The dummies 4;,, capture all household-specific characteristics that influence energy
use. Note that we allow for variation by calendar month m, which captures any sea-
sonal pattern in household-specific energy usage. Exploiting several years of monthly
consumption allows us to identify the coefficients 4;,,. The month-of-sample fixed ef-
fects, v, control for weather and any other contemporaneous shocks that may affect
monthly consumption. Our large sample of retrofits allows us to identify the coefhi-
cients v, We thus effectively assume that conditional on 4;,, and »,, households were
subject to similar trends in energy usage prior to the retrofit measure. By the end of
our time horizon, all households are treated.

The validity of the test for moral hazard relies on the assumption that contractors
do not select the day of the week on which they installed a particular measure. Such
selection can be directly tested by comparing projects along key dimensions using ob-
servable attributes of the retrofit contracts. Table 2 compares the average retrofit prices,
average predicted energy savings, average rebate amounts, and number of retrofits per-
formed across day (or period) of completion. For all four variables, we observe no statis-
tically significant difference during the days of the workweek. Importantly for our iden-
tification, Friday jobs are of the same size as other jobs, as measured by both their price
and predicted energy savings; any difference in realized energy savings is therefore due

to other factors. In contrast, weekend projects, which happen to be very few, do exhibit
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some differences. This suggests that selection might be at play during the weekend, which
leads us to treat weekends separately in the estimation with a dummy for measures in-
stalled on weekends. The selection problem on weekends could come from the way con-

tractors either favor certain projects or decide to work during the weekend.

2.4. Results

The second and third columns of table 1 replicate the findings of Maher (2016). Most
retrofit measures subsidized by GRU exhibit a discrepancy between predicted and re-
alized savings. For the two main retrofit measures classified as hard to observe—attic
insulation and duct repair—realized savings are 60% and 32% of predicted savings,
respectively.® For ETO measures, the discrepancy varies widely in magnitude but also in
sign. For three out of six of them, realized savings are in fact well above predicted ones.

We present the regression results that account for heterogeneity with respect to the
day of the week and observability of the measure (eq. [7]) in table 3 (and in table 4 for
electricity only). Each column corresponds to a specification that identifies a specific
day-of-the-week effect on energy savings. The interaction terms are the additional sav-
ings for the day identified. For instance, for the model that estimates the Friday effect
(fifth column), the coefficient represents the additional savings relative to the average
savings for Monday to Thursday. A positive estimate suggests that realized savings on
Fridays are lower than for other days of installation. The last row of table 3 reports the
p-value (F-test) of the two-tailed hypothesis test: Hy : 94 = 4.

For HT O measures, we find a positive Friday effect that is statistically different from
the Friday effect for the ETO measures (p-value = 0.0547). However, we do not find
any such effect for other days of the workweek. All models include an interaction for
weekend effect, which is always positive but not statistically significant. The end-of-the-
week effect is still present if we group Friday and weekend estimates together (sixth column,
p-value = 0.0234). The magnitude of the estimates, obtained by adding the coefficients
for the dummies HTO and HTO - DWhydqy implies that the realized energy savings
for HTO measures completed at the end of the week are close to zero and not statis-
tically significant. For other days of the workweek, the savings are of the expected sign,
economically large and statistically significant. The magnitude of the Friday effect for
HTO measures is economically large and explains a large fraction of the discrepancy
between realized and predicted savings. Table 5 displays estimates of the realized sav-
ings with and without controls for the Friday effect and compares them to the predicted
savings. After controlling for the Friday effect for HT O retrofit measures, the discrep-
ancy between predicted and realized energy savings shrinks by as much as 70%.

The above results are robust to numerous robustness checks presented in the ap-

pendix. We show that our designation of HTO and ETO categories has little impact

8. The estimate of the realized savings for duct repair is not statistically different from zero,
while predicted saving are 107.5 kWh/month.
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on the results. For instance, if we exclude from the analysis the measures that are the
most ambiguous—low-interest loans, low-income weatherization grants, and home per-
formance projects—it has little impact on the estimates (table A2; tables A1-A6 are
available online). Removing windows replacement from the ETO category does not qual-
itatively change the results either. Table A3 also presents an extensive set of robustness
checks for different ways of classifying measures and shows that the estimated Friday
effect for HTO and ETO measures is very stable across designations and suggests that
duct sealing is an important driver of the effect for HTO measures.

Performing the estimation in level instead of logarithm still produces a positive Friday
effect for HTO measures. The coefficient is, however, marginally statistically signiﬁcant.9

If we run regressions using only electricity or natural gas as the dependent variable,
we find that the Friday effect is driven predominantly by electricity consumption. Ta-
ble 4 presents the results where the log of monthly electricity use is the dependent var-
iable, and a similar table is presented in the appendix for natural gas. Given that the
sample focuses on energy efficiency retrofits in Florida, this result is not surprising. The
two important technologies that we classified as prone to moral hazard, that is, attic in-
sulation and duct repair, should have most of their effect on energy use during the hot
summer days of Florida, that is, on air conditioning usage and thus electricity.

Altogether, the results give support to our hypothesis that undertreatment occurs
on Fridays for measures where quality is hard to verify. Though essentially a positive test
of existence of moral hazard, our analysis additionally indicates that the problem is im-

portant, perhaps enough to undo a large fraction of energy savings.

3. NUMERICAL WELFARE ANALYSIS

We now integrate the theoretical and empirical approaches to assess the welfare con-
sequences of moral hazard in home energy retrofits. Building on the theory developed
in section 1, we specify a model simulating the interactions between retrofits, air con-
ditioning, and electricity usage in Florida. We calibrate the model using data from the
GRU program and the US Residential Energy Consumption Survey (RECS).

We reach three main findings. First, the deadweight loss due to moral hazard is
substantial, typically twice as large as that due to associated carbon dioxide external-
ities, a finding robust to model specifications. Second, welfare effects can be accurately
approximated by a sufficient statistic that abstracts from consumer behavior. Third,
minimum quality standards tend to be more effective in addressing moral hazard than

energy-savings insurance, especially when externalities remain unpriced.

3.1. Model Specifications
We consider a market involving a homogeneous, competitive industry of home retrofits

and a population of homeowner-occupiers with heterogeneous preferences for ener
pop p g )% gy

9. The p-value for the two-tailed test Hy : g = ¢4 on Friday is p-value = 0.135.
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Table 5. Gap Realized-Predicted Savings without Friday Effect

Realized Savings Predicted Savings ~ Gap Predicted-Realized
MWh/Year MWh/Year Savings
HTO Monday-
Thursday 1.17 1.44 27
(33) (.14)
HTO Monday-
Friday 98 1.44 47
(.28) (.14)
Difference (%) -16.49 -.02 70.4

Note. The realized savings in the first row of the first column are computed after controlling for the
Friday effect using a regression similar to the sixth column in table 3, but where the dependent variable
is in level. The monthly estimates are scaled by 12 to obtain an annual estimate. The realized savings in
the second row of the first column are for a similar regression that does not control for the Friday effect.
Regressions estimates are reported for HTO measures only. The estimates in the first and second rows of
the second column are sample means for all HTO measures installed on Monday through Thursday or
Monday through Friday, respectively. Controlling for the Friday effect reduces the discrepancy between re-
alized and predicted savings (third column) by 70.4%.

services. Consistent with the empirical analysis, technology is a combination of insula-
tion and duct sealing, and we examine its impact on electricity use for air conditioning.
We impose minimal structure on the functional forms so as to satisfy the basic con-
vexity assumptions introduced in section 1. We calibrate the model using empirical

moments obtained from the GRU and RECS data.

3.1.1. Demand Side
We consider a population of heterogeneous homeowners using electricity for air con-
ditioning. Homeowners demand an energy service, denoted s, measured in cooling de-

gree days (CDDs with base temperature of 65°F). The utility derived from using s is:
U(8,s,q) = (0V(s) — pE(s,q))T(r, 1) = T + 6,

where the comfort and usage functions are respectively specified as follows:

V(s) = Vmax(l _ e_a(s_smm)>’ "

EO(S) = ﬁ(5 - Smin)y’ (9)

with smin <5 < spaw ¢ > 0, >0, and v > 1. We assume that parameter 0, which
represents preferences for thermal comfort, follows a log-normal distribution.

As detailed in the appendix, we use a RECS sample of 503 Floridian households
to set the values of p, Smins Smaw Vinaw @& B, 7y, and 8, and the distribution of 6. Parame-

ter values are presented in table 6.
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3.1.2. Supply Side
We consider a homogeneous competitive industry providing duct sealing and insula-
tion installation. Contractors deliver with some dimensionless quality g, ranging from

0% to 100%, which affects the homeowner’s electricity use as follows:
E(5,9) = (1= Guin — (Gmax = Guin) (1 = ¢ *))E°(s), (10)

with a > 0. Parameters G, and Gy, capture the minimum and maximum energy sav-
ings that a retrofit can technically generate. They are set to 1% and 30%, respectively.

Contractors have a quadratic cost function to provide quality g
c
Clg) =b+ 5‘12’ (11)

with b > 0 and ¢ > 0.
As detailed in the appendix, parameters g, b, and c are calibrated to match empirical
moments obtained from the GRU program.

3.1.3. Market Environment

Based on the RECS data, the electricity price p is set to $0.1254/kWh (kilowatt-
hour). It is held constant in current value over the time horizon I, set to 35 years, the
conventional lifetime of insulation measures. The discount rate r is set to 7%, the value
recommended by the US Office of Management and Budget (US OMB 2009) to as-
sess private investment.

We consider that electricity use generates carbon dioxide externalities contribut-
ing to global warming, Externalities are valued at $31/ton of CO, (tCO,) (Nordhaus
2017), which, given an emission rate of 550 g CO,/kWh for power generation in Florida
(US EPA 2015), translates into a social cost pco, = $0.0169/kWh. We assume that
this cost increases at the discount rate and, hence, is constant in present value. Under
these assumptions, saving 1 kWh of electricity monthly has a private value of $1.62 and

a social value of $0.59 in lifetime discounted terms.

3.2. Quantification of the Energy Efficiency Gap

3.2.1. Reference Case

We consider various market environments—petfect and asymmetric information, with
and without a Pigouvian price on carbon dioxide externalities (see fig. 1). For each en-
vironment, we compute the equilibrium actions for all market participants. We then
aggregate participants and map the resulting market equilibria in the framework pro-
posed by Jaffe, Newell, and Stavins (2004),10 s0 as to visualize the trade-offs between eco-
nomic efficiency (measured as present discounted welfare) and energy efficiency (fig. 3).

Detailed numerical results are presented in table 7.

10. This is the ultimate version of a diagram that first appeared in Jaffe and Stavins (1994).
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Table 6. Model Parameters

Parameter Symbol Value Unit Source
Demand side:

Minimum cooling Smin 2,139 CDD Minimum of the RECS
service sample

Maximum cooling Smax 5,246 CDD Maximum of the RECS
service sample

Maximum valuation V max 2,816 $ 95th percentile of the in-
of comfort come share dedicated to

air conditioning (3.9%)
applied to the median
income ($55,000) of the
RECS sample

Comfort sensitivity o .0011 Calibrated with the RECS

data (see appendix)

Scale of energy use 1) 2.0749 Calibrated with the RECS

data (see appendix)

Sensitivity of energy vy 1.0643 Calibrated with the RECS
use data (see appendix)

Nonenergy attributes 1) 260 $ Calibrated with the RECS

data so that the median
homeowner is the mar-
ginal investor under
asymmetric information
(see appendix)

First parameter of % 0 Ensures that § = 1 is the
the log-normal median type
distribution of ¢

Second parameter of o 5 Best fit of the distribution
the log-normal of CDDs found in the
distribution of ¢ RECS data (see appendix)

Supply side:

Minimum energy Ginin 1% Conventional value
efficiency

Maximum energy Giax 30% Conventional value
efficiency

Efficiency sensitivity a 1.0694 Calibrated with the GRU

data (see appendix)

Fixed cost of retrofit b 373 $ Calibrated with the GRU

data (see appendix)

Slope of marginal c 5,090 Calibrated with the GRU

retrofit cost

data (see appendix)
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Table 6 (Continued)

Parameter Symbol Value Unit Source

Market environment:

Price of electricity p 1254 $/kWh Median price paid for
electricity for air condi-
tioning in the RECS
sample

Social cost of CO, pCo, 0169  $/kWh Social cost of $31/tCO,
(Nordhaus 2017) ap-
plied to an emission
factor of 5509CO,/
kWh for power genera-
tion in Florida (US
EPA 2015)

Discount rate r 7% Value recommended to
assess private invest-
ment (US OMB 2009)

Physical lifetime l 35 Years Conventional value

of retrofits

Note. CDD = cooling degree day; RECS = Residential Energy Consumption Survey; GRU = Gaines-
ville Regional Utilities.

Undoing moral hazard—which is calculated by comparing perfect- and asymmetric-
information equilibria—produces present-value benefits of about $600 per retrofic.'’
If, in addition, carbon dioxide externalities were internalized through a $0.0169/kWh
price, welfare improvement would be about $300 larger. In the context studied here,
moral hazard is therefore about twice as large a market failure as carbon dioxide external-
ities. This ratio is partly determined by the 2.7 ratio (i.e., 1.62/0.59) between the mar-

ginal private and social values of energy savings that characterizes our market environment.

3.2.2. Sensitivity Analysis

We vary the key parameters of the model according to assumptions outlined in table 8.
Each scenario is meant to mimic different batriers to energy efficiency, which, according
to the taxonomy referred to in the introduction, are categorized either as market failures,
nonmarket failures, or behavioral anomalies. Figure 2 displays the resulting deadweight

losses and their elasticities with respect to each parameter (in absolute value).

11. Moral hazard can also be restated as an implied discount rate of 15%. This value is com-
puted by solving and averaging the 6-specific discount rates that match the quality offered under
petfect information with the 7%-discounted net present value enjoyed by the homeowner under
asymmetric information. It is consistent with the estimates reported in the empirical literature

on energy efficiency investments (Hausman 1979; Train 1985).
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Figure 1. Energy-efficiency gap in the reference scenario

In all but two scenarios, moral hazard still generates more deadweight loss than
externalities, in proportions ranging from 1.3 to 2.3. The reverse, however, occurs
when discounting is sharp and the time horizon is short. Both scenarios imply short-
sightedness, which necessarily lowers the deadweight loss associated with moral haz-
ard, which is decreasing in present value, relative to that of externalities, which is con-
stant in present value.

Elasticity values point to electricity price and the time horizon as the most sensitive
determinants of the deadweight loss. This illustrates the extent of interactions be-
tween moral hazard and other market failures, namely, distortions in energy markets
and other information asymmetries in housing markets. Technology cost and efficiency
are the next important determinants. This underlines the importance of reducing mea-
surement errors in engineering tests to perform accurate welfare analysis of energy ef-
ficiency programs. The discount rate also exerts some influence on the deadweight loss.
In contrast, other demand-side parameters such as homeowners’ comfort valuation and

heterogeneity have negligible influence.

3.2.3. A Sufficient Statistic of the Deadweight Loss
We now propose a sufficient statistic that helps rationalize the sensitivity analysis dis-
cussed above. The deadweight loss from suboptimal quality can be approximated by the

following formula (see appendix for a complete derivation):

AW = —pT(r, )AE - A,C. (12)

Recall from equation (5) that welfare is defined as the sum of utilities derived by

homeowners from comfort, net of electricity expenditures, and contractors” profits.

This content downloaded from 195.176.113.247 on January 01, 2020 23:40:40 PM
All use subject to University of Chicago Press Terms and Conditions (http://www.journal s.uchicago.edu/t-and-c).



*Aep 22139p Burood = qAD

.Aw&.ﬂmdﬁuuuu@ qam @mo_mH% quwu:,wﬁ.\—&uxu Inoyrm wOONmewv uuwu& :«gﬂowmhm € Inoyarm ‘JuawIsAAUL 910J2q IEJ[2M PIaIUNOISIP Juasaad umﬁ«dm.ﬂ painsedw 2ae wuﬁuEu\rOu&E.— ERZ1CTNN

Jaex vonedpnaeg, Aq  Aousnige 481oug Surprarp 4q paureaqo st syuedonaed 1940 a8esoae oy 1 ‘T ssew jo uonemndod ajoym a1 1as0 padeiaat st Lousniyge A3reus, 910N

91 % a3e19400 Tewndo soueinsuy
98T ¢ wnnwid aoueInsuy
29 TI¢ TLT 61 0z $ anfea juasaid J0u S JOUMOIWIO]
192 ehe Gle 069 (249 $ ud 1yo13a1 uuo(&\o‘SN
86 09 88 66 09 % 21e1 uonedpnied
12 88" 9¢° 0¢’ 00T juedpnaed reuidrew o3 jo od4y gyoiny
9 1S 143 €5 8¢ % 9P punogay
L0T 9 ge 10T [ % 1y01391 Jo Aoudnyge 48ioug
6¢ 0 0T 9¢ 0 % Arenb winuqimbs s 1030813007
89 0L 0L v6 78 98 18 ¢ SUOISSTW ()7 JO ISOD [EUIAIX? [ENUUY
(a4 €'C €C 0¢ LT 8T 8T 0D SUOISSTWA Z()) Tenuuy
009 0TS 129 969 019 6€9 9 $ samitpuadxe A3o11309p0 Tenuuy
L86°¢ 14487 951y €95°G 98 ¥60°G 0TT'g yMmY  Suruonrpuod ire 10§ asn LD [enUUy
g6v'€ YOv'c G6€°c £98°¢ 9L'e 9L9°¢ £99°¢ adao 214395 433000 waniqmba siPuMOIWOL
606 YARS 66¢C ceT— €9 0C 0 $ SIMITEUIAXD YIM “Juatuaoadwr 1ef[o A
€ve 99— 19T~ 0ST 88t o1 0 ¢ SINITEUIIX JNOYIM FuataA0IdWIT ITBF[I A\
UOHJEWIOJU]  UOHEWIOJU]  JUIWISIAU]  9DUEINSU]  UOHEWIOJU]  UOMEWMOJU]  JUSWISIAU]  JIu() mdinQ Ppo
BRENEX | SLIWWAS Y a10j0g rewndo BRENEX | SLIWWAS Y 210J0g

9011 UBIANOSI YITAN

9011 UBIANOSIJ IMOYIIAN

ISED) wuﬁo.u@.w@;m OJH .wO mwmxﬁmﬁaﬂ oh.m.zwa */ 0~£Nrﬁ

This content downloaded from 195.176.113.247 on January 01, 2020 23:40:40 PM
All use subject to University of Chicago Press Terms and Conditions (http://www.journal s.uchicago.edu/t-and-c).



*OLIBUDS uuﬂuuu@@u u—.—u ur mﬁd\wuh& udﬂu WCMUT—& 3s00 uMmuu\wd Uﬁ—u Qﬁ@&dﬂ ‘ﬁuu\wDEuh %:n.ﬂuum ST uhﬂmﬂw HNJ‘—NE 14 kuﬁd.-hd\w OLIEUDS mwﬂu ﬁH ¥

*06L°L— ST 9]qe3 SIY3 UI p2310dal J0U ‘O1IBUIIS 20URIYRI Y3 UI UOISDIId O T *SILI[EUIIXI INOYIIM PIIT[NOEd ‘S50] IYSRMPEIP 30X2 913 03 (T ) pnwaog Sutredwod 4q pasemoyes st

J1ISTITIS JUDLINS I3 JO :Owwmuounm 9 T, onJea 1930wesed oy ur umcdﬂu 38e3uaoaad Y3 %ﬁ Papraip ‘O1TBUIDS QJUAIRJ21 93 03 ﬁuhmeOu PAeZey JeI0wW JO IZIS I3 Ul om:.mﬁu a8eyuanaad

93 st paje[noTed 2k sanpuseq o1d uelanodlg € Inoyum pue yam euqimbs UonEwIofuI-109510d U99MIIq (SINIEUIINIXD YIIM) IBJ[IM UT DUIIYIP Y3 ST SIMI[EUIIIXD JO IZIS

mﬁ—.H. ,uUwuﬁm ﬁmm.\wﬂomwg 14 u.DOJu.-B JuOﬂ ‘quﬁ.ﬁ—wﬂ—uo CO.-UNEMOME.-\UEUUEE\AWN ﬁEN \uuu.wuunm ﬁuuauon— vamuw—dﬂhou-xv ﬁ—u:av Q‘—d,ﬁua ur Quﬁuhom.wmﬁ u—.—u ST ﬂwuNNNJ ﬁdhOE .wO UN.-m oﬂrﬁ ‘QHOZ

(o3n[rey 39yIEWUOU) SUOLEN[EA

Sv— S0 G/T 689 $30UMOIWOY JO UOUNQLIISIP JOMOIIEN] T g 0 Aouadorsnsy adudidpeIg
(oaney
L'8— L0 vLT 129 JOIEWIUOU) 1I0JWOD JO UomEN|es J9YSIE] 00SC$ S91C$ A UOTIEN[EA 1I0JWO])
79— w- 8T 0L§ (oamyrey 3o3rEWwUOU) ASoJOUya] IAT[ISO]) 000°0T 060°S k] 1502 4Sojouypa,
(Arewoue [esolaeyaq)
s1oumoawoy 4q s3uiaes
b e 8¢9 86T 4830u0 jo uomEnyEAIIPUN %0T %/ 4 91B1 JUNOISI(]
08— 9G'— 11T €96 (oamyrey JoxaEwUOU) AS0[OUTa] 19339 %G¢ %0¢ ) A>uonyje 4Sojouypda T,
(o1m(re 1oyIEW) SIONIBW
Sursnoy ur sotn
-OWWASE UOIBWIOJUI 03 NP AOUIYJO
+'9— €6 6.1 €5z 481000 jo uonezireiides mo saeah O sieah G¢ ] uozIIoYy Wiy,
«(omrej 3azews) Bupnd ym umi
98- LS'T %43 8t 3500 Teudiew Supdopar do1d MmO /HGOTS /BSTI$ d 2oud Aparg
(%) Apnserg ($) ($) Ppass21ppy anfeA anfeA [oquidg paue A 13owered
Rlalyelaly SInI[eUIalXy pIezep] wa[qoI dNUOU0dH OLIEUIG  20UdIJY
JuRYING Jo 2219 [eIoIN a3 jo 2injeN] pue
Jo uorspalg Jo 2218 uone3a1diaIuy o1IEuadg

sisd[euy A31anIsuag ‘g JqeE T,

This content downloaded from 195.176.113.247 on January 01, 2020 23:40:40 PM
All use subject to University of Chicago Press Terms and Conditions (http://www.journal s.uchicago.edu/t-and-c).



Moral Hazard and the Energy Efficiency Gap ~ Giraudet, Houde, and Maher 785

1,000 1.8
900 e — = — ———T 16
& 800 7 14 g
< 600 1 s
-= 500 - =
= ®
[ 400 - — S ] T 0.8 g
H el
B 300 + - — — — = B 5
a8 200 - 04 3
100 02 <
0 : ; ; ; : ; 0
‘o & & & & &
Q o &8 L9 G\ R
& & d &
& ¢ & 'y & & S
SC ORS o
A 2
&Q (_‘0 {\"
<% &
©

® Moral Hazard  ® Externalities < Elasticity

Figure 2. Sensitivity analysis

The formula above expresses its variations simply as a net present value balancing the
cost of quality against its effect on energy expenditures. Crucially, it does not require
knowledge of a homeowner’s characteristics, namely, her comfort valuation V{(-) or elec-
tricity usage E%(-). The rebound effect can therefore be ignored when assessing the dead-
weight loss from moral hazard.

The results of sensitivity analysis are fully consistent with the sufficient statistic.
All parameters that we found have nonnegligible elasticities (above 0.4) enter its ex-
pression. Reciprocally, the formula does not include those parameters that have neg-
ligible elasticities, namely, the homeowner’s characteristics V,,,,, and ¢ (0.07 and 0.05,
respectively).

Finally, as we show in the appendix, the sufficient statistic provides a lower bound
of the size of the deadweight loss. Our simulations confirm this and the accuracy of the
formula, which is found to never underestimate the exact deadweight loss by more than

9% across scenarios.

3.3. Insurance versus Standard

Figure 3 displays the welfare effects of energy-savings insurance and minimum quality
standards in the reference scenario, with and without carbon dioxide externalities. Op-
timal insurance contracts, which are homeowner specific, have a coverage of 16% and
involve a present-discounted cost of $1,862 for insurance premia, on average. Since
homeowner types may not be perfectly observable, it is also worth considering uniform

insurance contracts. As depicted in the figure, incremental coverage initially improves
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both energy efficiency and welfare, up to a point where higher efficiency becomes so
expensive that it starts deterring participation, hence a backward bend in both efficiency
and welfare trajectories. The best such contract is located farthest to the right of the
horizontal axis. The associated coverage is 19% without externalities and only 1% oth-
erwise. The welfare gains with the best uniform insurance are only slightly below those
produced by optimal homeowner-specific contracts. This means that in the context
considered here, ignoring consumer heterogeneity in policy design has little implication.
The point also applies to minimum quality standards. Just like uniform insurance, stan-
dards draw an ellipse driven by increasing stringency. The best standard mandates a
quality of 37% absent externalities and 42% otherwise. In all cases, it brings the market
very close to the social optimum.

Overall, the insurance mitigates about a third of the deadweight loss due to moral
hazard if externalities are absent or perfectly internalized. Otherwise, it is counterpro-
ductive. The best standard appears substantially more efficient, regardless of the envi-
ronment. Yet unlike insurance, standards require verification, monitoring, and enforce-
ment. As reported by Palmer et al. (2013), the cost of an audit for retrofits is on average
$347 in the United States. Accounting for this as enforcement cost substantially reduces
the benefits from standards, thus making policy comparison ambiguous.

An important takeaway is that unlike insurance, standards are relatively unaffected
by carbon dioxide externalities. This is due to the nature of the rebound effect induced
by each instrument. Both policies induce a direct rebound effect, as they increase en-
ergy efficiency and thus lower the marginal cost of energy services. In addition, insut-
ance coverage further reduces marginal energy expenditures. This causes demand-side
moral hazard—overuse of energy which exacerbates externalities. Minimum quality stan-
dards should therefore be preferred to energy-savings insurance if externalities remain

unpriced.

4. CONCLUSION

Many energy efficiency measures can be thought of as credence goods, the perfor-
mance of which is never fully revealed to the buyer. This characteristic creates a variety
of information asymmetries, some of which can generate a discrepancy between pre-
dicted and realized energy savings. Ultimately, investment in energy efficiency is un-
derprovided, a phenomenon known as the energy efficiency gap. In this paper, we in-
vestigate the existence of and solutions to one such information asymmetry, namely,
moral hazard in the quality of installation.

We provide empirical evidence of the problem in home energy retrofits. Using data
from a utility-sponsored retrofit program implemented in Florida, we find that for mea-
sures such as attic insulation and duct sealing, the quality of which is hard to observe
ex post, energy savings are significantly lower when the retrofit was completed on a Fri-
day—a day particularly prone to negative shocks on workers” productivity—than on
any other weekday. We interpret this outcome as evidence of supply-side moral hazard
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and show that it can explain a large fraction of the discrepancy between predicted and
realized energy savings. In theory, the problem can be addressed by private interven-
tions, such as energy-savings insurance, or public interventions, such as minimum qual-
ity standards. We show that neither intervention can eliminate the welfare loss: in-
surance contracts induce demand-side moral hazard, as lower marginal expenditures
encourage overuse of energy; standards incur enforcement costs. The comparison be-
tween the two is therefore context specific. Our numerical model suggests that while
energy-savings contracts with small insurance coverage (typically 10%—20%) can signif-
icantly mitigate the moral hazard, they also amplify carbon dioxide externalities. Min-
imum quality standards therefore seem more desirable if externalities are left unpriced.

We see several interesting extensions to our analysis. On the theoretical front, at-
tention should be focused on reputation strategies. The finding that energy efficiency
providers do offer some quality during most of the workweek suggests that reputational
concerns might be important. On the empirical front, new experiments allowing for di-
rect observation of quality should be designed in order to directly investigate the link be-
tween installation defects and realized energy savings. On the policy front, efforts should
be devoted to ex post evaluation of energy performance contracts, quality certifications,

and other remedies to moral hazard.
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