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In many settings, misaligned incentives and inadequate monitoring
lead employees to take self-interested actions. This paper identifies
and quantifies the costs of this principal-agent problem in the con-
text of an energy efficiency appliance replacement program. I show
that contractors (agents) hired by the electric utility (the principal)
increase their compensation by intentionally misreporting program
data to authorize the replacement of nonqualified refrigerators. |
estimate that each unqualified replacement reduces program ben-
efits by $106 and saves 30 percent less electricity than replace-
ments that follow program guidelines. The same program without a
principal-agent distortion would increase program benefits by $60
per replacement. (JEL D82, 168, 1.94, 1.98)

he notion that economic agents respond to incentives is central to economics.

The principal-agent problem is a canonical example of the power of incentives,
in which self-interested agents may act against the interests of the principals. A stan-
dard formulation of the principal-agent problem involves a principal employing an
agent to conduct a task where the principal cannot observe the agent’s effort. In this
setting, performance-based payments (rather than a fixed wage) offer the potential
to align agents’ and principals’ incentives, by compensating agents proportionately
to their output. Performance pay has been shown to increase productivity in cases
where agents’ output is easily observable (Lazear 2000; Shearer 2004 ), but there are
many cases where the principal cannot observe output directly. When performance
pay is used in these settings, agents have the incentive to undertake unobservable
actions to maximize their compensation at the expense of the principal (Baker 1992).
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The challenge of imperfectly observed output is exacerbated if workers can exert
effort on multiple dimensions or across many tasks (Kerr 1975; Holmstrom and
Milgrom 1991), which applies to a wide range of settings including teacher pay
based on test scores (Jacob and Levitt 2003), worker retraining programs (Courty
and Marschke 2003), and commission-based sales (Tayan 2019). While compensa-
tion structures with misaligned incentives can result in losses, it has been difficult
to measure their consequences, because agent actions are typically unobservable.

In this paper, [ exploit a unique opportunity to observe agents taking self-interested
actions at the expense of a principal, which enables me to estimate the costs of a
principal-agent problem. In this empirical setting—an appliance upgrade program
for low-income households—the principal does not directly monitor the agent, but
I can observe how agents adjust their behavior in response to the level of incen-
tive on one of their outputs. I develop a principal-agent framework to model how
agents increase their compensation by disobeying guidelines set by the principal.
Combining this modeling framework with empirical estimates of agents’ misreport-
ing behavior and outcome data, I find that the principal-agent problem turns an
otherwise beneficial program into a program with negative net benefits.

I analyze data from 180,000 home energy efficiency retrofits conducted between
2009 and 2012 as part of the California Energy Savings Assistance (ESA) program,
which provided free appliance replacements to low-income households. The elec-
tric utility Southern California Edison (SCE; the principal) hired contractors (the
agents) to enroll households in the program, assess which upgrades each home was
eligible for, and install upgrades.! By exploiting changes in program eligibility
rules, I show that contractors intentionally misreported the age of refrigerators to
increase the number of replacements they were able to provide, thereby increasing
their compensation. I estimate that 13.8 percent of ESA enrollees were qualified for
a refrigerator replacement, while 27.3 percent were determined to be eligible by the
contractors. This implies that contractors misreported data for 13.5 percent of the
households that participated in the program, resulting in about half of the refriger-
ator replacements conducted in the ESA program not qualifying based on program
rules.

Next, I focus on how contract structure—which created variation in the financial
incentive to misreport—affected the misreporting rate. Eleven of the 22 contractors
in the ESA program conducted all the steps in the upgrade process, including enroll-
ing households, determining refrigerator replacement eligibility, and (on a separate
visit) installing the replacement refrigerators. I estimate that these “integrated-task”
contractors had an average incentive to misreport of $123 per household, which
resulted in these contractors misreporting data for 19 percent of the households they
enrolled. The other 11 contractors enrolled households and determined refrigera-
tor eligibility, but were not responsible for refrigerator replacement. I estimate that
these “separated-task” contractors had an average incentive to misreport of only $25
per household, which resulted in these contractors misreporting data for 7.8 percent

'SCE runs the ESA program at the direction of the California Public Utilities Commission (CPUC). For sim-
plicity, I refer to SCE as the principal because it directly administers the program, but the CPUC shares responsi-
bility as the principal.
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of the households they enrolled. In short, I find that the incentives created by the
contractor compensation structure directly influenced misreporting and the size of
the principal-agent distortion.

To evaluate how intentional misreporting affects program outcomes, I use data
on monthly household-level electricity consumption before and after an upgrade.
I combine this with model number data collected during assessments to classify
refrigerator replacements conducted in the program as qualified or unqualified.
I find that qualified replacements reduce household electricity consumption by
73 kilowatt hours (kWh) per month, whereas unqualified replacements save only
38 kWh per month. I then calculate the net benefits from qualified and unqualified
refrigerator replacements. On average, qualified replacements increase net benefits
by $60, while unqualified replacements decrease net benefits by $106. Contractor
misreporting therefore substantially undermined the benefits of the ESA program.

Finally, I combine my model and empirical estimates to evaluate trade-offs
between integrated-task contracts and separated-task contracts. Integrated-task
contracts could be preferable if there were significant coordination benefits from
having a single contractor conduct both initial assessments and physical replace-
ments. However, the empirical results imply that the costs of misaligned incentives
outweigh any potential coordination benefits. I find that integrated-task contracts
reduce net benefits by an average of $12.32 more per assessment than separated-task
contracts. The relative benefits of integrated-task contracts would need to be $95
per refrigerator replacement, or 135 percent above the average payment to contrac-
tors to conduct an assessment, in order to rationalize integrated-task contracts over
separated-task contracts. The reduction in benefits from a separated-task contract is
equal to 16 percent of the total electricity reduction benefits from the 25,000 refrig-
erator replacements conducted by integrated-task contractors, and demonstrates it
would have been preferable to use the separated-task contract to implement the ESA
program.

This paper makes three contributions. For one, to the best of my knowledge, this
is the first paper to estimate the costs of a principal-agent distortion using detailed
outcome data. The existing empirical principal-agent literature primarily identifies
distorted agent behavior but has been unable to evaluate the costs of these distor-
tions (e.g., Oyer 1998; Courty and Marschke 2004; Marion and West 2023).? This
is because of insufficient outcome data and difficulty in identifying a valid coun-
terfactual. In this paper, I am able to overcome these obstacles using policy-driven
variation in agent incentives and electricity consumption data to estimate the costs
of misaligned incentives between principals and agents. Of course, the estimates do
not necessarily generalize to other contexts. However, my unique setting provides
general insights on the role of contract structure in the principal-agent problem and
specific insights on energy efficiency programs.

Second, I leverage variation in contract types to identify how contract structure
influences both agent behavior and net benefits. Most of the previous work in this
area of the contracts literature has focused on the impact of performance incentives

2See Prendergast (1999) and Holmstrém (2017) for a survey of the empirical principal-agent distortion
literature.
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compared with fixed wages (e.g., Asch 1990; Lazear 2000; Shearer 2004; Bandiera,
Barankay, and Rasul 2007; Lewis and Bajari 2011,2014).3 In contrast, my results
highlight how even within a given payment scheme, contract structure can distort
incentives (all contractors in the study are paid a piece-rate wage) and reduce pro-
gram benefits.

Finally, this is the first paper to identify and quantify the mechanism and incen-
tives behind a principal-agent problem and demonstrate their impact on an energy
efficiency program. The closest paper is Giraudet, Houde, and Maher (2018), which
shows lower energy efficiency savings from home retrofits completed on Fridays.
The authors attribute this to moral hazard and negative productivity shocks to work-
ers at the end of the week. In my paper, I am able to directly observe agents mis-
reporting and measure how that affects program outcomes. My findings add to a
growing number of papers that have identified mechanisms behind the underper-
formance of energy efficiency programs and standards, including car manufacturers
gaming of fuel economy standards (Reynaert and Sallee 2021), the landlord-tenant
problem (Levinson and Niemann 2004; Davis 2012; Gillingham, Harding, and
Rapson 2012; Myers 2020), heterogenous workmanship, and biased engineering
models (Christensen et al. 2021).

Energy efficiency programs have become increasingly popular in the United
States, with energy efficiency subsidies totaling $8.2 billion in 2016 (CEE 2018).
However, rigorous empirical analysis has consistently demonstrated that energy effi-
ciency subsidies deliver lower energy savings than expected (Metcalf and Hassett
1999; Davis, Fuchs, and Gertler 2014; Graff Zivin and Novan 2016; Allcott and
Greenstone 2017; Burlig et al. 2020; Fowlie, Greenstone, and Wolfram 2018). In
this paper, I provide the first empirical evidence for a cause of the nonperformance
of energy efficiency programs: the principal-agent problem. I am also able to quan-
tify the relationship between realized energy savings and contract structure. The
findings are of direct policy relevance. The CPUC, which is responsible for design-
ing and monitoring the ESA program, learned of the potential principal-agent prob-
lems in the ESA program from my findings. A CPUC decision on the ESA program
cited this paper and stressed the goal of reducing or eliminating the principal-agent
problem I identify (CPUC 2019).

More broadly, energy efficiency is a critical component of most policies to mit-
igate carbon emissions and combat climate change (Loftus et al. 2015; Fowlie,
Greenstone, and Wolfram 2018). While the ESA program’s contract structure may
exacerbate the principal-agent problem, many energy efficiency retrofit programs
use contract structures similar to that of the ESA program. This suggests that the
principal-agent problem likely contributes to lower-than-expected savings in many
energy efficiency settings.

The rest of the paper is organized as follows: Section I describes energy efficiency
policy and the ESA program. Section II introduces the model. Section III provides
evidence of contractor misreporting. Section [V estimates the changes in electricity
consumption from qualified and unqualified refrigerator replacements. Section V

3See Lazear (2018) for a survey of the performance-based compensation literature.
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conducts a cost-benefit analysis, calculates a benefit-cost ratio, and calculates the
benefits of an integrated-task contract using an expression derived in Section II.
Section VI concludes.

I. Empirical Setting
A. Energy Efficiency Policy

Energy efficiency subsidy programs are typically considered a win-win policy
intervention because energy efficiency investments are projected to reduce energy
expenditures enough to more than offset their up-front costs, with the added bonus
of reducing greenhouse gas emissions and local air pollution created by energy
use. The majority of energy efficiency programs are mandated by state regulators,
administered by the local electricity or gas utility, and funded by a surcharge on
utility bills.

Policymakers give many justifications for subsidizing energy efficiency. Liquidity
or credit constraints might prevent households from making an up-front investment
that could take five to ten years to pay off. Reducing energy consumption can also
reduce unpriced carbon and local air pollution externalities.* Landlords also may
not have a strong incentive to invest in the efficiency of their rental units when the
tenant pays the utilities (Davis 2012; Myers 2020).> There are also reasons why
the government should not subsidize energy efficiency. Most electricity customers
in the United States pay retail prices above the social marginal cost of electricity
generation, which is a subsidy for the private adoption of energy efficiency (Novan
and Smith 2018). Despite the subsidy for adopting energy efficiency caused by resi-
dential electricity pricing and the growing empirical evidence that energy efficiency
programs are not cost-effective, energy efficiency remains a popular policy tool.®

Another policy tool used to increase energy efficiency is federal minimum effi-
ciency standards. In the United States, most major appliances—including refrig-
erators—must satisfy a minimum level of efficiency. Before 1990, the average
refrigerator consumed 127 kWh/month and represented one-quarter of total house-
hold electricity consumption (Energy Information Administration 1987). A simi-
lar refrigerator consumed only 65 kWh/month after the standards were tightened
starting in 1993.7 These binding standards have been responsible for progressively
increasing energy efficiency, as the fleet of refrigerators is replaced over time.

4Unpriced externalities are primarily a concern in regions where the private cost is lower than the social mar-
ginal cost of electricity (Borenstein and Bushnell 2022).

SSee Allcott and Greenstone (2012), Gerarden, Newell, and Stavins (2017), and Gillingham, Keyes, and
Palmer (2018) for reviews of the policy justifications for energy efficiency programs and the research on their
cost-effectiveness. Most of the programs are subsidized energy-efficient appliance replacements or building retro-
fits, which are designed to overcome barriers to energy efficiency adoption.

SFor example, Fowlie, Greenstone, and Wolfram (2018), Allcott and Greenstone (2017), Burlig et al. (2020),
and Christensen et al. (2021) all find a cost-benefit ratio meaningfully below 1.

7In Southern California, the average household uses 450 kWh/month, which means a refrigerator manufactured
before 1993 consumed up to 20 percent of a household’s electricity. See online Appendix A for a description of
federal minimum efficiency standards.
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B. ESA Program

The ESA Program provides free home energy efficiency upgrades to 400,000
low-income California households annually. I focus on the ESA program adminis-
tered by SCE, which is one of the largest utilities in the United States and has about
100,000 ESA participants each year (SCE 2012b).® The program is mandated by
the CPUC, which sets guidelines and funds the policy with a per-kWh charge on all
electricity sold in California.”

Between 2009 and 2012, SCE hired 22 geographically dispersed contractors to
assess who was eligible for the program and provide upgrades. The energy effi-
ciency retrofits proceeded in the following steps: '°

(Step 1) SCE reached out to eligible households through mail or phone calls.
Interested households signed up to start the enrollment process.

(Step 2) SCE gave household contact information to an ESA contractor. The
contractor scheduled a visit with the household to conduct a home
assessment.

(Step 3) A contractor visited the household to verify that it was low income to
complete the program enrollment. The contractor then assessed eligibil-
ity for refrigerator replacement and any other major upgrades.

(Step 4a) If a household was not eligible for any major upgrade, no action was
taken and the contractor left.

(Step 4b) If a household was eligible for a major upgrade, the contractor pro-
vided up to five energy-efficient light bulbs and scheduled a second
appointment to replace the refrigerator.!!

(Step 5) The contractor provided the refrigerator replacement and any other
major upgrades.

In this paper, I focus on the contractor behavior around the assessment and
replacement of refrigerators, which were the most common major upgrade in the
program. Between 2009 and 2012, 41,529 households received refrigerator replace-
ments, which was 23.1 percent of households that enrolled in the ESA program.
Refrigerator replacements totaled one-fourth of program expenditures and almost
one-half of the program’s projected energy savings (SCE 2012a). The contractor

8See online Appendix C1 for a description of program eligibility criteria, a full list of upgrades the ESA pro-
gram provides.

°The utility does not earn a rate of return on the investments made through the ESA program (CPUC 2014).

1970 supplement my understanding of the ESA program, I participated in a number of ride-alongs. Online
Appendix C.2 discusses some of the insights I gained from directly observing the program.

"TESA program rules dictated that the contractor could install light bulbs only if the household qualified for a
major upgrade.
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assessed refrigerator eligibility in Step 3 by determining the year the refrigerator
was manufactured.'? A household was eligible for a free refrigerator replacement if
its oldest working refrigerator was manufactured in 1992 or earlier. This eligibility
cutoff was chosen because federal minimum efficiency standards tightened in 1993.
As a result, replacing a refrigerator manufactured in 1992 or earlier is projected to
save more electricity than replacing a refrigerator manufactured in 1993 or later.

There were two types of contractors that implemented the ESA program between
2009 and 2012. Half of the 22 contractor firms were able to conduct all five steps
in the ESA program, from assessment to installing a major upgrade. These con-
tractors, which I call “integrated-task™ firms, were responsible for 50 percent of
the assessments, and they conducted 100 percent of the refrigerator replacements
in my data. The other 11 contractors, which I call “separated-task” firms, were able
to conduct only Steps 1 through 4 of the ESA program—importantly, they did not
replace refrigerators—and conducted the other 50 percent of the assessments. If
a separated-task contractor determined a household was eligible for a refrigerator
replacement, one of the 11 integrated-task firms provided that replacement.

Contractors were paid a fixed piece rate for every service they provided. If a
household was eligible for a major replacement, contractors were paid $25 to install
five compact fluorescent light bulbs (CFLs) at the end of the assessment step.
Contractors were paid $224 to remove the old refrigerator for disposal and replace
it with a new energy-efficient unit. Separated-task contractors, who never installed
replacement refrigerators, received only the $25 payment if CFLs were installed.
Integrated-task contractors received both payments.!® In most cases, a household
only received CFLs when the contractor conducting the assessment determined that
the dwelling was eligible for a refrigerator replacement. This program design gave
separated-task contractors the incentive to find a household eligible for a refrigerator
replacement so that they could install the CFLs and receive the $25 payment.

While the ESA program did conduct audits during the period studied, these audits
could not prevent unqualified refrigerator replacements resulting from contractor
misreporting. The ESA program used audits to verify that contractors provided the
replacements they billed to the program. The audits were completed after refriger-
ators were replaced, too late to check the refrigerator’s manufacture year. Program
guidelines set by the regulator did not require verification of the reported manufac-
ture year, and SCE did not implement its own monitoring system. As a result, con-
tractors could intentionally misreport that an ineligible household was eligible for a
refrigerator replacement without much chance of being caught.

Contractors in the ESA program were paid a piece rate to incentivize them to
conduct as many upgrades as possible (Research into Action 2011). This compen-
sation structure, combined with the lack of monitoring, created the principal-agent
problem where the principal wanted the contractors to replace only qualifying

12 The manufacture year can be determined by looking at the serial number, which is usually on a plaque inside
the main compartment. Contractors recorded information for all refrigerators in the dwelling.

13 All households were given the same energy-efficient refrigerator. The new unit was meant to be approxi-
mately the same size as the one that was removed. Of refrigerator eligible households, 15.8 percent did not receive
the replacement because of not wanting the replacement or logistical challenges. See online Appendix D.8 for more
details.
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refrigerators, but contractors had the incentive to misreport and provide ineligible
replacements. Misreporting was particularly costly in this context, because the 1992
eligibility cutoff was chosen to maximize the savings from replacing the least effi-
cient refrigerators.

II. Model

I consider a principal-agent model where the principal is an electric utility work-
ing under the supervision of the regulator, and the agent is a contractor hired by the
utility. The electric utility may not directly care about the effectiveness of the ESA
program. However, I assume the utility wants the program to function without mis-
reporting to avoid reprimand or punishment from the regulator.'* The principal hires
an agent to provide services to a large number of households. Not all households
qualify for the ESA program, and the principal cannot directly observe eligibility.
Therefore, an agent must assess eligibility of customers on behalf of the principal
before services can be provided. The contract proceeds in two steps. In the first step,
“assessment,” the principal hires an agent to assess n potential recipients’ eligibility.
In the second step, “service,” the principal hires an agent to provide the service to
participants who were deemed eligible in the assessment step.

Agents receive a piece-rate wage based on the number of assessments and ser-
vices they provide. In the assessment step, the agent receives a fixed fee for each
assessment she completes. If an agent reports that a potential recipient does not
qualify, no services are provided. In addition to the flat fee, the agent receives a
“referral payment” for each recipient she decides qualifies for the service.!” In the
service step, an agent receives a fixed payment for each service she provides. A por-
tion o of potential recipients qualify for the service under program rules.'® The prin-
cipal and the agent have a shared but noisy expectation about the value of a.. Subject
to participation, the agent chooses a level of misreporting Z € [0, 1] to maximize
her expected payout, which is a static decision the agent makes at the beginning of
the contract.

Separating the contract between different agents is costly. The agent must pay an
“information acquisition cost,” F, to complete her task during both the assessment
and service steps.!” In the integrated-task contract, the information acquisition cost
is paid only once during the assessment visit because the same agent is responsible
for both steps. The two agents cannot pass information in the separated-task con-
tract, which requires the service provision agent to also pay the information acqui-
sition cost for every recipient of the service. This extra information cost is the main
disadvantage of a separated-task contract relative to an integrated-task contract. The

141 assume the regulator, which is the CPUC, wants to maximize program net benefits.

!5In the ESA program, the referral payment is the $25 payment a contractor receives for installing five CFLs.
The referral payment can take different forms in different settings.

!61n the ESA program, « reflects the proportion of ESA-qualified households with a refrigerator manufactured
in 1992 or earlier.

7In the ESA program, the information acquisition cost includes the costs associated with gaining the occu-
pant’s trust to schedule an appointment and enter the dwelling and learning about the occupants’ appliances and
their electrical system. During a ride-along, I observed a qualified refrigerator replacement that could not occur
because the assessment contractor did not correctly note that the occupant did not have a grounded electrical socket.
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principal’s objective is to pick a contract structure that maximizes surplus knowing
that the agent may intentionally misreport. The principal sets the payments to the
contractors, which are driven by market rates.

The principal can observe only whether a contractor provided a service. To match
the empirical setting I assume monitoring is not feasible or too costly for the princi-
pal to distinguish between a service provided to a qualified recipient and one result-
ing from false reporting in the assessment step. The principal is aware that the agent
may misreport, but the only action the principal can take to punish an agent for
suspected intentional misreporting is to cancel the contract with that agent for future
assessments and services. For both types of contracts, I assume that agents are risk
neutral and maximize expected contract value. By comparing the total expected
contract surplus under each contract type, I derive the conditions under which the
principal prefers the integrated-task contract.!'®

A. Comparing the Two Contracting Approaches

The principal’s objective is to maximize net benefits by choosing the preferred
contract structure for the setting. The derivation of the benefits of the integrated
and separated contract types, Surplus; and Surplusg, is done in online Appendix B.
To determine which contract the principal prefers, I compare the surplus in the two
contract types to calculate the relative benefits of an integrated-task contract:

()
Costs from
increased unqualified service

provision with integrated contract

(1) E(Surplus; — Surplusg) = nbz[n(l —a)(Z; - Z§)]

2
Higher misreporting cost to agent
in integrated contract

—n(1 = a) 3 (1Zi* = 45Z8)

+  Flp(1-a)zg + Fna.
—_— 4
) 3) o Information acquisition
Infqrmatlon acquisition cost in separated contract
cost in separated contract for qualified service provision

for unqualified service provision

Equation (1) decomposes the factors that determine the net benefits of an
integrated-task contract relative to a separated-task contract. I break it down into
four main parts and describe each component. For brevity, I focus on describing the
intuition behind each term.

Term (1) of equation (1) captures the costs of higher misreporting rates in the
integrated-task contract. An important component of term (1) is the difference

18See online Appendix B.3 for a discussion of the assumptions in the model.
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between the optimal misreporting rates, Z; and Z5, for the integrated- and separated-
task contract.'® Term (1) always reduces the relative value of an integrated-task
contract. Term (2) is the difference in the misreporting cost to the agent between
the integrated- and separated-task contracts. The ~; and g terms convert the misre-
porting rate into dollars for the integrated- and separated-task contracts. Term (2)
always reduces the relative value of an integrated-task contract, because agents mis-
report more under the integrated-task contract, leading to a higher misreporting cost.
Terms (3) and (4) capture the extra information acquisition cost that contractors
pay in the separated-task contract. They show how information acquisition raises
the cost of the separated-task contract for qualified and unqualified replacements,
which increases the relative value of the integrated-task contract. In summary, the
first two terms in equation (1) reduce the relative value of an integrated-task con-
tract, and the last two terms increase the relative value of an integrated-task contract.
The model does not predict which terms dominate or whether the integrated- or
separated-task contract is preferred by the principal. In this paper, I apply the model
to the ESA program to determine which contract type is preferred using empirical
values derived in the following sections.

III. Intentional Misreporting

In this section, I identify and quantify the principal-agent distortion in the ESA
program. I first look at how contractors intentionally misreport ineligible house-
holds as qualified for a refrigerator replacement. I use changes in program rules to
develop a counterfactual against which I compare contractor behavior to identify
intentional misreporting. I next use variation in contract type to examine how the
incentive to misreport affects the size of the principal-agent distortion. Finally, I use
the results to calculate the integrated-task and separated-task misreporting rates (Z;
and Zg) used in the model.

A. ESA Program Data

I use two main datasets in this paper. First, I use confidential data from the SCE
ESA program on assessments and installations. My main sample consists of 271,126
households that enrolled in the ESA program through SCE between January 2009
and December 2014.%° The data include the reported refrigerator manufacture year
and model number, along with information on the date of each visit, what upgrades
or measures were installed, and which contractor performed each service.

B. Overall Misreporting
In this section, I investigate whether contractors intentionally misreport refrigerator

manufacture years. Panel A of Figure 1 shows the distribution of refrigerator ages
reported by contractors on the 180,105 assessments they conducted between January

19See online Appendix B.1 and B.2 for derivations of Z; and Z}.
20See online Appendix D.1 for details on the data cleaning process.
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Panel A. 1992 eligibility cutoff
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FIGURE 1. REPORTED REFRIGERATOR MANUFACTURE YEARS WITH 1992 AND 1998 ELIGIBILITY CUTOFFS

Notes: Panel A of this figure shows the reported refrigerator age from 180,105 assessments conducted between
January 2009 and August 2012. Households are given free replacement refrigerators if their existing units are
reported to be manufactured in 1992 or earlier. Of these assessments, 27.3 percent have reported refrigerator ages
to the left of the 1992 cutoff, indicated by the solid vertical line. Panel B shows the reported refrigerator ages from
91,021 assessments conducted between September 2012 and December 2014. These households were eligible for
replacements if their existing units were manufactured in 1998 or earlier, indicated by the solid vertical line. The
dashed line indicates the previous 1992 refrigerator replacement eligibility cutoff. Both panels show bunching of
reported refrigerator manufacturer years to the left of the eligibility cutoff.

2009 and the end of August 2012. Households to the left of the vertical line—those
with refrigerators reported to be manufactured in 1992 or earlier—qualified for a free
refrigerator replacement in the ESA program, while households to the right, with
reported refrigerator manufacture year of 1993 or later, did not. Overall, contractors
reported a qualified refrigerator in 27.3 percent of assessments.

Panel A shows substantial bunching to the left of the 1992 threshold. About 12,000
assessments had a reported refrigerator manufacture year of 1992 compared with just
over 4,000 reported for 1993. Next, I test whether the bunching is due to contrac-
tor manipulation or reflects the true distribution of assessed refrigerators. It could be
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the case, for example, that households with pre-1993 refrigerators disproportionately
enrolled in the program. To examine alternate explanations, I leverage a change in the
ESA refrigerator replacement program. Starting in September 2012, the refrigerator
eligibility cutoff year moved from 1992 to 1998. Panel B of Figure 1 shows the distri-
bution of contractor-reported refrigerator ages for the 91,021 assessments conducted
between September 2012 and December 2014. The solid vertical line indicates the
new cutoff, and the dashed line represents the old 1992 cutoff. In panel B, the bunch-
ing to the left of the 1992 cutoff is no longer present. Instead, bunching appears to the
left of the 1998 threshold, with almost 6,000 assessments having a reported refriger-
ator manufacture year of 1998, compared with just 3,000 manufactured in 1999. The
bunching is smaller at the 1998 cutoff in panel B than the 1992 cutoff in panel A. The
reduction in misreporting is likely because moving the cutoff caused a higher propor-
tion of assessed households to be qualified for a refrigerator replacement, which could
change a contractor’s misreporting decisions.

One possible explanation for the bunching in panel A of Figure 1 is that low-income
households with refrigerators manufactured in 1992 or earlier enrolled in the early
phase of the ESA program at high rates knowing they could get free replacements.
There are four reasons this is unlikely. First, the 1992 eligibility cutoff was not
advertised.?! A potential enrollee could have determined the refrigerator eligibility
cutoff with some searching, but a large portion of the eligible population would need
to have been informed about the cutoff to generate this bunching pattern.

Second, the change in bunching from the 1992 cutoff to the 1998 cutoff hap-
pened discontinuously in September 2012, the month the eligibility cutoff shifted.
Figure 2 shows the timing of this changeover. The vertical axis reports the ratio of
1992 assessments to 1993 assessments conducted each month, which is a measure
of bunching at the 1992 cutoff. The month the eligibility cutoff shifted to 1998,
the assessments no longer exhibited this bunching to the left of the 1992 eligibil-
ity cutoff. It would have been difficult for enrolling households to learn about the
changing program guidelines and adjust their behavior so rapidly, suggesting that it
is contractors—who were aware of the eligibility shift in advance—adjusting their
reporting behavior to the new guidelines.>?

Third, if newly eligible households did respond to the eligibility shift shown in
panel B, one would expect to see a jump in the number of 1993—-1997 refrigerators.
Instead, the only visible discontinuous increase is in refrigerators reported to be
manufactured in 1998.

Fourth, the neighboring utility San Diego Gas and Electric (SDG&E), which runs
an ESA program with the same 1992 eligibility cutoff for refrigerator replacements,
does not exhibit the same bunching in assessments to the left of the 1992 eligi-
bility cutoff. The only difference between the two programs is that SDG&E used
a different contract structure that does not have the same incentives to misreport

21 Online Appendix D.2 provides an example of an ESA brochure. It does not mention the refrigerator eligibility
cutoff.

22Online Appendix D.3 discusses this changeover in more detail and formally estimates a regression disconti-
nuity in time at the changeover date.
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FIGURE 2. CONTRACTOR REPORTING BEHAVIOR AND THE CHANGE IN REFRIGERATOR ELIGIBILITY

Notes: This figure shows how contractors adjust their behavior in response to the eligibility cutoff shifting from
1992 to 1998. The vertical axis reports the ratio of 1992 assessments to 1993 assessments each month—a measure
of bunching around the 1992 cutoff. Each dot represents about 200 assessments, and the horizontal lines are from a
local linear regression described in online Appendix D.3. The discontinuity is significant with a coefficient of —1.16

and a standard error of 0.
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FIGURE 3. ESA PROGRAM ADMINISTERED BY NEIGHBORING UTILITY SDG&E

Notes: This figure shows ESA assessment data from 106,179 assessments in the neighboring utility (SDG&E)
between January 2009 and August 2012, where contractors did not have an incentive to intentionally misreport
during the assessment step. The data were collected during the same time period as in panel A of Figure 1, but there
is no bunching to the left of the 1992 eligibility threshold.
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during the assessment step.?® Both utilities were subject to the same rules from
the regulator, and the eligible households live in similar regions. Figure 3 displays
data from 106,179 assessments conducted during the same period by contractors
hired by SDG&E. There is no bunching to the left of the 1992 eligibility cutoff in
the SDG&E program, which shows that households with qualifying refrigerators
did not select into that program. The lack of bunching in the neighboring SDG&E
program suggests that the bunching in the SCE program in Figure 1 is caused by the
incentives SCE contractors had to misreport.

C. Estimating Misreporting

The ESA program’s change in eligibility requirements in September 2012 provides
an opportunity to estimate the proportion of the ESA population with refrigerators
eligible for upgrades at the time of the January 2009 to August 2012 assessments.
Establishing a credible estimate for the proportion of eligible refrigerators is cen-
tral to quantifying contractor misreporting. To generate this counterfactual, I use
assessment data from 2013, after the refrigerator eligibility cutoff was moved to
1998 and contractors no longer had the incentive to misreport newer refrigerators as
being manufactured in 1992 or earlier.>* Figure 2 shows that starting in September
2012, the reported manufacture years no longer bunch around the 1992 cutoff, as
was observed in the assessments collected between January 2009 and August 2012.
Instead, contractors reported 1992 and 1993 refrigerators in equal proportions.

The 2013 assessment data will not reflect the 2009 to 2012 time period because
some refrigerators will break and be replaced during that intervening year. In the
2013 assessment data, 11.6 percent of assessments recorded a household as having
a refrigerator manufactured in 1992 or earlier, which reflects the refrigerator stock
in 2013, but not in 2009 to 2012. If I were to use the raw 2013 assessment data, I
would likely overstate the misreporting rate. To account for refrigerator retirements,
I adjust the 2013 data by subtracting one from each reported manufacture year in
the 2013 data, which shifts the full distribution down a year. This approach gives
a counterfactual for the 2009 to 2012 time period of 13.8 percent of refrigerators
manufactured in 1992 or earlier.>> An alternate approach is to use the data from
SDG&E shown in Figure 3, which shows that 12.8 percent of ESA households had
a refrigerator manufactured in 1992 or earlier. While both are similar, I prefer the
adjusted SCE data to reflect the refrigerator stock in SCE’s service territory since the
two programs were run differently and serve different populations.2®

23SDG&E had one contractor firm that was responsible for administering the program and conducting all the
assessments. Online Appendix D.4 provides a further discussion of assessment contractor incentives in the SDG&E
ESA program.

24 After the eligibility change, contractors have the incentive to report a refrigerator was manufactured in 1998
or earlier, which removes the incentive to misreport around the old 1992 cutoff. The 2013 data do not include any
households that participated in the ESA program between 2009 and 2012. The ESA program blocked households
from participating a second time unless their prior participation was before 2003.

25See online Appendix D.5 for a detailed discussion of the adjustment.

26 A two-year adjustment to the 2013 data results in a counterfactual of 16.2 percent of households qualifying
for a refrigerator replacement. I use the one-year adjustment because it is similar to the SDG&E estimate.
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FIGURE 4. REPORTED REFRIGERATOR MANUFACTURE YEARS AND COUNTERFACTUAL

Note: This figure shows the reported refrigerator ages with blue hollow dots and the counterfactual based on 2013
data with solid green dots. The light green area below the green dots is the implied distribution of qualified refrig-
erators among ESA eligible households and is equal to 13.8 percent of assessments conducted between 2009 and
2012. The gray area represents the implied misreported refrigerators. It is the difference between the observed dis-
tribution and the counterfactual distribution and totals 13.5 percent of the assessments conducted. The counterfac-
tual is calculated using data collected in 2013 when contractors did not have the incentive to misreport around the
old 1992 eligibility threshold.

Figure 4 shows the observed distribution of the 2009 to 2012 data with hollow
blue dots and the counterfactual distribution from the one-year adjusted 2013 data
with solid green dots. The observed distribution is the same as panel A of Figure 1,
with the vertical axis rescaled to the share of observations in each refrigerator man-
ufacture year bin. The lower area, shaded light green, is the 13.8 percent of house-
holds in the ESA program that should have qualified for a replacement. This is in
contrast to the 27.3 percent of households that contractors reported being eligible.
The gray shaded area represents the implied misreported refrigerators, which total
13.5 of the assessments conducted between 2009 and 2012.

I test the statistical significance of the 13.5 percent misreporting rate using a
t-test to estimate whether the proportion of assessments reporting a manufacture
year of 1992 or earlier is the same in the observed and counterfactual distributions.
I account for correlation within each firm by clustering at the firm level. Because
there are only 22 firms in my sample, I use the wild cluster bootstrap, finding that the
misreporting rate is significant at the 1 percent level (Cameron, Gelbach, and Miller
2008).27

The shape of the distributions in Figure 4 provide two additional insights. First,
the majority of the misreporting was done with assessments indicating a manufac-
ture year of 1989 to 1992. This could reflect contractors preferring to misreport

271 implement the t-test using a regression of a dummy variable equal to one if the assessment reported the
refrigerator was manufactured in 1992 or earlier on a dummy of the observation being from the 2013 counterfactual
period.
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within a few years of the 1992 threshold.?® Second, the calculated counterfactual
appears to line up with the observed distribution on the right side of the 1992 cutoff.
This is not a necessary condition for a reasonable counterfactual because the mis-
reported refrigerators are drawn from the years above 1992, which could lead to a
lower share of reported manufacture years in 1993 than the 1992 counterfactual. The
smoothness through the 1992 cutoff suggests that contractors misreported refriger-
ators from many years above the 1992 cutoff.

This approach also allows for quantification of the misreporting without rely-
ing on statistical manipulation tests (e.g., McCrary 2008; Frandsen 2017).%° T use
the 2013 data to construct a counterfactual with few functional form assumptions
or expectations about the shape of the misreporting. Figure 4 suggests contractors
are misreporting refrigerators to be manufactured as far back as 1989. Statistical
manipulation tests may not effectively capture this type of misreporting so far from
the threshold and would likely undercount the misreporting. My counterfactual also
captures contractors taking shortcuts and misreporting earlier refrigerators (e.g.,
pre-1990) as being manufactured in 1992, while statistical manipulation tests could
count this behavior as additional misreporting.

Another advantage of using the 2013 data to calculate the counterfactual is that it
accounts for unintentional misreporting that occurs due to error. If these errors are
random and unrelated to the 1992 eligibility cutoff, they should, on average, occur
at the same rate in the 2013 data. The error rate in the predicted distribution will be
the same as in the reported distribution, allowing estimates of unintentional misre-
porting to be netted out. This allows me to attribute the estimated misreporting to the
principal-agent problem and contractor incentives to maximize their compensation,
not to errors in the assessment process.

D. Model Numbers and Strategic Contractor Behavior

SCE instructed contractors to record the refrigerator model number during an
assessment. The model number data, when accurately reported, could be used to
verify the reported refrigerator manufacture year.>° However, contractors omit the
model number 10.1 percent of the time. [ examine the extent to which omitted model
numbers are correlated with misreporting.

Panel A of Figure 5 shows the 161,955 assessments where contractors reported
model numbers. There is less bunching to the left of the 1992 cutoff, with only
23.6 percent of households eligible for a replacement. The smaller distortion implies
a misreporting rate of 9.7 percent, which is significant at the 1 percent level, and is
3.8 percentage points lower than the overall sample. This shows that contractors

281f a contractor was caught, a smaller difference between the true age and misreported manufacture year may
make it easier to claim that the misreporting was accidental. I find anecdotal evidence of contractors preferring
smaller misreporting jumps in a subsample where I can precisely identify misreporting behavior.

29These tests use smooth approximations of the variable of interest near a threshold to test for manipulation.
They are commonly used to test the validity of regression discontinuity designs, but Frandsen (2017) can also be
used to estimate the fraction of missing observations at the threshold. An RD approach yields a similar misreporting
rate near the threshold.

39SCE has yet to use the model numbers for this purpose, but the potential for retrospective auditing could
affect contractor behavior.
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FIGURE 5. ASSESSMENTS WITH INCLUDED VERSUS OMITTED MODEL NUMBERS

Notes: This figure shows the distribution of reported refrigerator manufacture years based on whether the contrac-
tor reported a model number on the assessment. Panel A shows the 161,955 assessments where contractors reported
model numbers, which has an implied misreporting rate of 9.7 percent. Panel B shows the 18,150 assessments
where contractors omitted the model numbers, which has an implied misreporting rate of 47.1 percent. The vertical
line in both panels indicates the 1992 refrigerator replacement eligibility cutoff. The vertical axis reports the per-
centage of observations in each year to facilitate comparison across the panels.

are less likely to intentionally misreport an assessment when they report a model
number.

Panel B shows the 18,150 assessments where contractors did not record model
numbers. I find more bunching of assessments to the left of 1992 cutoff than in the
full sample, with 60.9 percent of these assessments having a reported refrigerator
manufacturer year before this date. The large distortion implies a misreporting rate
of 47.1 percent, which is significant at the 1 percent level, and suggests that when
contractors intentionally misreport, they are also more likely to omit the model
numbers.>! About 22 percent of refrigerator replacements in the ESA program were

31 All the contractors engaged in this behavior; the results are not driven by a small number of contractors.
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conducted based on assessments that did not report a model number, even though
they represented only one-tenth of the assessments.

One explanation for the high level of implied misreporting in panel B is that the
model numbers are missing from the refrigerators. Over time, model number labels
could become hard to read, which would lead to more pre-1993 refrigerators having
model numbers that are not visible. However, once the eligibility threshold shifted
from 1992 to 1998, the percent of assessments with omitted model numbers that
reported manufacture years before 1993 dropped from 60.9 to 18.3. This discon-
tinuous 42.6 percentage point drop suggests that the change in the eligibility cutoff
caused the contractors to adjust their model number omission behavior. The fact that
contractors choose to disproportionately omit model numbers when misreporting
the refrigerator manufacture years provides further evidence that they are trying to
increase their compensation while minimizing the chance of being detected.*?

E. Contract Structure and Misreporting

Next, I leverage the two types of contractors that SCE used to implement the
ESA program to identify the intentional misreporting rates for the integrated- and
separated-task assessments (Z; and Zg). Figure 6 shows all the assessments, split by
whether the assessment was conducted by a separated-task contractor (i.e., one of
the 11 firms that performs only assessments) or an integrated-task contractor (i.e.,
one of the 11 firms that also performs replacements). Panel A shows the distribution
for 90,084 integrated-task contractor assessments, and panel B shows the distribution
for 90,021 separated-task contractor assessments. The bunching of reported refriger-
ator manufacturer years is larger for the integrated assessments, with 32.9 percent of
all assessments having a recorded refrigerator age of 1992 or earlier compared with
21.8 percent for the separated assessments. Both of these are higher than the predicted
eligibility rate of 13.8 percent, suggesting that both types of contractors misreport. I
find a misreporting rate of 19.0 percent for the integrated contracts, which corresponds
to Z; in the model.>* The misreporting rate for separated contracts (Z) is less than half
the size, at 7.8 percent, which confirms the assumption in the model that Zy < Z; and
reflects that separated-task contractors only receive $25 for misreporting.>* Both of
the misreporting estimates are significant at the 1 percent level, and I can reject that
integrated- and separated-task contractors misreport at the same rate.

Households are assigned to contractors in a quasi-random manner. When SCE
passes along the contact information of households that are enrolling in the SCE
program to contractors (Step 2 in Section IB), it does so using a round-robin algo-
rithm based on where the household is located and which contractors have available

321t does not appear that the occupant is playing a role in the contractor’s misreporting decision. Contractors mis-
report at similar rates for owners and renters even though owners have a larger incentive to encourage misreporting.

33There is a range in misreporting rates across contractors. Some separated-task contractors misreport on over
15 percent of their assessments, while some integrated-task contractors misreport on less than 12 percent. I report
the implied misreporting rate for each of the anonymized 22 contractors in online Appendix D.6.

34 Separated-task contractors did not know who would conduct the upgrade, making it difficult to negotiate side
payments. I verify the absence of side payments by examining the relationship between separated-task contractor
misreporting and who conducts the upgrade, finding no pattern.



304 AMERICAN ECONOMIC JOURNAL: ECONOMIC POLICY AUGUST 2023

Panel A. Integrated-task assessments
8,000

6,000

4,000 L

2,000

Number of assessments

1982 1992 2002 2012
Reported refrigerator manufacture year

Panel B. Separated-task assessments
8,000

6,000

4,000 -

2,000

Number of assessments

T 1
1982 1992 2002 2012
Reported refrigerator manufacture year

FIGURE 6. THE EFFECT OF CONTRACT TYPE ON MISREPORTING

Notes: This figure shows the reported refrigerator manufacture year by which type of contractor conducted the assess-
ment. Panel A shows the 90,084 assessments that were conducted by integrated-task assessments. Integrated-task
contractors have an implied misreporting rate of 19.0 percent. Panel B shows the 90,021 assessments that were con-
ducted by separated-task contractors. Separated-task contractors have an implied misreporting rate of 7.8 percent.
The vertical line in both panels indicates the 1992 refrigerator replacement eligibility cutoff.

capacity.? This assignment mechanism prevents contractors from targeting specific
types of households for ESA upgrades.>®

A potential concern is that contractors with the sophistication or propensity to
misreport selected into the integrated-task contractor role. The observed differences
in misreporting between integrated- and separated-task contractors could then be
caused by selection. However, the ESA program did not allow contractors to pick
their roles, mitigating selection concerns.

35 The round-robin contract-assignment process is described in more detail in online Appendix D.7.

361 find that, conditional on being declared eligible during the assessment step, refrigerator replacements are
completed at the same rate for integrated- and separated-task contractors. I also find that there are no major differ-
ences across contract types or whether the dwelling is rented versus owned. See online Appendix D.8 for a detailed
breakdown.
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To become a contractor in the ESA program, contractors filled out a form and
added themselves to the ESA vendor list. There was no application or competitive
solicitation. Many of the contractors in the ESA program already worked for exist-
ing SCE low-income service programs. When SCE needed more ESA services, they
reached out to contractors on the vendor list and offered all potential contractors the
same pricing.>’

Once SCE selected an interested contractor to provide services through the ESA
program, SCE assigned them a geographic service area and determined if they
would be an integrated- or separated-task provider. SCE allocated responsibilities
and the integrated- or separated-task contract status to contractors based on annual
and regional ESA household participation targets provided by the CPUC.3® The
only eligibility requirement for contractors to install refrigerators was that a contrac-
tor had a general building license.>®

The top-down assignment of contract type from SCE prevented contractors with
a desire to misreport from choosing the integrated-task role and removed selection
concerns. It also allowed for a comparison of misreporting rates between similar sep-
arated- and integrated-task contractors. I group contractors into three broad classes
based on the services they offer outside of the ESA program. Online Appendix A7
provides a breakdown based on three broad classifications that I term “general
low-income services,” “utility subsidy contractors,” and “general contractors.” *°

Breaking down contractors by the type of work they do provides two main
insights. First, the misreporting rate varies across different types of contractors.
Among general low-income service providers, separated- and integrated-task pro-
viders misreport at 17.5 percent and 36.2 percent, respectively, which is higher than
the overall misreporting rates. Second, within all three contractor classifications,
integrated-task contractors misreport at higher rates. Even if contractor altruism
toward low-income households is responsible for some of the misreporting, the level
of misreporting is still influenced by the level of incentive.

29 ¢

IV. Estimating Changes in Electricity Consumption

To quantify the cost of the principal-agent problem in the ESA program, I esti-
mate the effect of refrigerator replacements on electricity consumption. I use model
number data to separately identify the causal effect of a qualified and an unqualified
refrigerator replacement on household electricity consumption. I use these results to
show how intentional contractor misreporting reduces the electricity savings from
refrigerator replacements in the ESA program.

37Most ESA contractors participated in the program before the 2009 to 2012 study window.

38 Details on the SCE program structure and contractor participation were provided by the CPUC on background.

39Qccasionally, a licensed electrician was needed to ground the refrigerator’s outlet.

40T make these classifications using the contractor firm’s name to search for other services they provide. Online
Appendix D.10 shows these classifications by contract type and the number of assessments conducted and the
implied misreporting rates by group.
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A. Electricity Consumption Data

To estimate how a refrigerator replacement reduces electricity consumption, I
combine ESA program data with confidential monthly household-level electric-
ity consumption data. I merge model number data, reported by contractors during
the assessment step, with external data on refrigerator characteristics to determine
whether a refrigerator replacement was qualified or unqualified. From this model
number data, I verify the refrigerator manufacture year for 57,847 households using
exact matches.*! I combine the ESA data from these households with monthly elec-
tricity consumption data from 2007 to 2014. I restrict the sample to households
for which I have at least six months of consumption data before and after the ESA
assessment was conducted, which removes households that moved shortly before or
after enrolling in the ESA program and limits the sample to 38,008 households. My
primary specification examines electricity usage in the two years before and after
enrolling in the ESA program, leaving me with 1,648,915 observations.**

B. Empirical Strategy

This section describes the equation used to estimate the causal impact of a refrig-
erator replacement on household electricity consumption. The main specification is
a panel fixed effects regression with a rich set of weather controls, household fixed
effects, and time fixed effects that vary by region. Causal identification comes from
comparing electricity use before and after a refrigerator replacement with electricity
use by the control group that participates in the ESA program but does not receive a
refrigerator replacement. In particular, I estimate

(2) Qicmy = By 1refrigerator = 1], + Z B, 1 [upgrade = u];,,
u
+ CDDimy + HDDimy + Cmyc + 6im + 6icmy’

where Q;,, is the electricity consumption in kWh for customer i in climate zone
¢ in month m and year y. Climate zones are designated by the California Energy
Commission and represent geographic regions with similar energy usage and cli-
mates.** The variable 1[refrigerator = 1] imy 18 an indicator equal to 1 once a

411 could not match the model numbers to a large portion of the assessments because of incomplete or impre-
cisely recorded model numbers. I could not match refrigerators that did not have a reported model number. See
online Appendix E.1 for a description of how I match model numbers and the effects of unmatched model numbers.
I hand-verified a subset of the refrigerators to check how often the matching process produced errors and found
an error rate of less than 1 percent. I also conduct a robustness check using a less conservative model matching
approach in online Appendix F.5. I do not use the matched model numbers to calculate misreporting rates because,
as shown in Section IIID, contractors are more likely to omit the model number when they are misreporting. Online
Appendix E.4 compares the full sample of ESA households used in Section 3 to the subset used to estimate changes
in electricity consumption.

42The average household in my sample has around 20 months of data before it enrolled in the program and the
same amount after enrollment. The results are robust to including all available pre- and post-enrollment consump-
tion data. See online Appendix E.2 for more details on the data cleaning.

43 Climate zones are used to set building standards and other regulations. There are nine climate zones in SCE’s
service territory.
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household’s refrigerator was replaced by the ESA program. 3, the coefficient of
interest, represents the average change in monthly household electricity consumption
in kWh caused by a refrigerator replacement. The variable 1[upgrade = ul;,, is a
separate indicator for the installation of each non-refrigerator upgrade that is con-
ducted by the ESA program.** CDD,,,, and HDD,,,, are controls for monthly cooling
degree days and heating degree days.*’ Cmye 18 @ climate zone by month-of-sample
fixed effect to control for contemporaneous regional shocks to electricity consump-
tion. 9;,, is a set of household-month-of-year fixed effects that flexibly controls for
time-invariant household characteristics. Each household has a separate fixed effect
for each month of the year (m) because household consumption varies seasonally
throughout the year.

€icmy 18 the error term. The panel nature of this analysis makes the errors poten-
tially correlated both within household over time and across households. I two-way
cluster at the household and month-of-sample levels (Cameron, Gelbach, and Miller
2011). As a result, the standard errors are robust to both within-household and
within-month correlation.

One potential concern in identifying 3, is that households may have experienced
other changes at the time of their refrigerator replacements that also could have
affected electricity consumption, and could have resulted in changes in electricity
consumption being misattributed to the refrigerator replacement.

The identifying assumption is that a refrigerator replacement is uncorrelated with
electricity consumption conditional on the other ESA upgrades and fixed effects.
Formally, this is written as cov(1[refrigerator = 1]y, €jmy| Xicmy) = 0, where
Xicmy represents the other upgrades a household received, weather controls, and fixed
effects. In other words, I assume households that received a refrigerator replace-
ment had parallel trends in consumption to those that did not, and that these trends
would have continued in the absence of an upgrade. To support this parallel-trends
assumption, [ use an event study in Section IVD and conduct robustness checks with
household-specific time trends. I examine the pre-upgrade trends in electricity con-
sumption by group in online Appendix F.1, finding similar patterns in pre-upgrade
electricity usage across the treatment and control groups.*®

C. Sample Selection

I report regression results for two different treatment groups: qualified replace-
ments and unqualified replacements. I use model number data to classify replace-
ments as qualified or unqualified based on the true manufacture year of the existing
refrigerator at the time of the assessment. I classify a replacement as qualified
or unqualified if I can verify its model number was manufactured before or after
the 1993 eligibility cutoff. Table 1 shows average pre-period summary statistics.

#4See online Appendix Table F11 for the non-refrigerator upgrades that were conducted.

45 Weather data were obtained from MesoWest. See online Appendix E.3 for more details.

46 A potential source of bias would be households with different unobserved time-varying trends in elec-
tricity consumption systematically selecting into the refrigerator replacement or control group. However, this is
unlikely given the limited influence households have in the implementation of the ESA program and the analysis of
pre-upgrade electricity consumption trends in Section IVD.
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TABLE 1—SUMMARY STATISTICS FOR ESA PARTICIPATING HOUSEHOLDS IN REGRESSION SAMPLE

p-value of
difference
Group 1 Group 2 Group 3 Group 1  Group 2
qualified unqualified no replacements versus versus

Variable replacements  replacements (control) Group3  Group 3

Pre-period use (kWh/month) 476 455 437 <0.01 0.01
(229) (233) (233)

Average monthly CDD 95 98 91 <0.01 <0.01

(55) (53) (53)
Average monthly HDD 148 172 147 0.20 <0.01
(64) (70) (63)

Proportion renter 0.64 0.67 0.66 0.01 0.43
(0.48) (0.47) (0.47)

Proportion single-family home 0.68 0.69 0.66 <0.01 0.02
(0.47) (0.46) (0.47)

Proportion disabled resident 0.09 0.10 0.07 <0.01 <0.01
(0.29) (0.30) (0.26)

Proportion English speaker 0.56 0.50 0.48 <0.01 0.19
(0.50) (0.50) (0.50)

Households 3,715 1,261 33,032

Observations 161,818 54,557 1,432,540

Refrigerator manufacture year pre-1993 1993-2012 1993-2012

(model number verified)

Notes: This table shows pre-period summary statistics broken down by the three groups used in the empirical anal-
ysis. Standard deviations are shown in parentheses. Group 1 consists of households that qualified for and received
refrigerator replacements. Group 2 consists of households that were not qualified under ESA program rules to
receive refrigerators but received replacement refrigerators because of intentional contractor misreporting. I differ-
entiate between these two groups using the model numbers reported during the assessment step. Group 3 consists of
control households that went through the ESA program and did not receive replacements because they did not qual-
ify. The right two columns report p-values of the difference between each treatment group and the control group.
CDD and HDD signify cooling and heating degree days, respectively. Pre-period use is the average monthly elec-
tricity consumption for all households in each group before they enroll in the ESA program.

Group 1 consists of the 3,715 households that received qualified replacements
because their existing units were manufactured in 1992 or earlier.*” Group 2 con-
sists of the 1,261 unqualified households that received refrigerators because the
contractors misreported during the assessment step. Group 3 is the control group,
which consists of 33,032 households that went through the ESA program but did
not receive refrigerators because the contractors correctly reported that their exist-
ing units were manufactured in 1993 or later.*®

Table 1 shows statistically significant differences in observable characteristics
between each of the treatment groups (Group 1 and Group 2) and the control group.
In particular, households that receive qualified upgrades (Group 1) consumed sig-
nificantly more electricity in the pre-ESA upgrade period than the control group.
This difference in consumption is partially attributable to the fact that Group 1

471t is possible that a contractor could misreport both the refrigerator manufacture year and model number. This
would lead me to classify an unqualified replacement in Group 1, which would bias downward the savings estimates
from qualified replacements. I do not find any evidence of this behavior, but I cannot rule it out.

“81n the primary specifications, I do not include the households that were deemed eligible (either qualified or
unqualified) but ultimately did not receive an upgrade. The results are unchanged if those households are included.
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households had older refrigerators that consumed more electricity. Group 2 also
consumed more electricity than the control group, which is likely because these
households live in warmer regions than the control group.*® The difference in elec-
tricity usage, however, will not bias the estimate of 3;, because differences in levels
are absorbed by the household-month-of-year fixed effects. I also directly control
for cooling and heating degree days to account for weather. All other differences in
time-invariant characteristics, such as proportion renters and English speakers, will
also be absorbed by the household-month-of-year fixed effect.”°

D. Event Study: Support for Parallel Trends

This section presents graphical results from an event study specification, which
supports the parallel trends assumption. I estimate the event study design with the
following equation:

8
(3) Qiemy = Y f3,1|quartertoenrollment = q|;,, + Y 8.1 [upgrade = u];,
q=—8 u
+ CDDimy + HDDimy + Cmyc + 5im + 6icmyv

where 1[quarter to enrollment = q];,,, is an indicator in event time.>! The house-
hold enrolls in the ESA program in quarter ¢ = 0. Treatment effects are measured
relative to the quarter before enrollment q = —1. The specification includes the
eight quarters before and after enrollment. All other variables are the same as the
panel fixed effects design shown in equation (2).

Figure 7 shows graphically—in two separate event study regressions—the
causal effect of a qualified and an unqualified refrigerator replacement. The qual-
ified replacement results compare households that received qualified replacements
(Group 1) with those that did not qualify and did not receive replacements (Group 3).
The unqualified replacement results compare households that received unqualified
replacements (Group 2) with the same control group (Group 3). The horizontal
axis is time in quarters before and after enrollment. Each dot represents the average
change in monthly household kWh consumption compared with the consumption by
the control group, and the vertical gray lines show 95 percent confidence intervals.

The treatment effect for both regressions in the months leading up to enrollment
is flat and statistically indistinguishable from zero. This flat pre-treatment result sug-
gests that households in the treatment group are similar to households in the control
group, conditional on controls and fixed effects. It provides additional supporting
evidence that this specification satisfies the parallel trends assumption, and that the
estimates reflect the causal estimate of a refrigerator replacement.>>

4 Electricity use during the winter months is the same for Group 2 and the control group.

S9Most of the differences in observable characteristics, while statistically different because of the large sample,
are not economically meaningful.

ST use quarter of enrollment instead of quarter of refrigerator replacement because the quarter of enrollment
better lines up the treatment group and the control group in event time.

521 use a placebo event study in online Appendix F.2 to show that enrolling in the program does not cause a
change in electricity use for the control group.
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FIGURE 7. ELECTRICITY SAVINGS FROM QUALIFIED AND UNQUALIFIED REFRIGERATOR REPLACEMENTS

Notes: This figure shows two event studies for refrigerator replacements, estimated using equation (3). The qual-
ified replacement event study, indicated with circles, shows the electricity savings caused by qualified refrigera-
tor replacements. The unqualified replacement event study, indicated with triangles, shows the electricity savings
caused by unqualified refrigerator replacements. The results show that qualified replacements save about twice as
much electricity as unqualified replacements. All results are in kWh per month and are relative to the quarter before
enrollment. Both regressions control for non-refrigerator upgrades conducted in the ESA program and include
weather controls, household-month-of-year fixed effects, and month-of-sample by climate-zone fixed effects.
Standard errors are clustered at the household and month-of-sample levels.

The results show that a qualified refrigerator replacement provides statistically
significant electricity reductions between 70 and 75 kWh/month, or around 16 per-
cent of average monthly consumption. The quarter of enrollment in the ESA pro-
gram (q = 0) has a smaller savings estimate than the months that follow. Not all
refrigerator replacements are completed in the first three months after enrollment,
so the full electricity savings are not realized until the next quarter. The savings
estimates for the quarters after enrollment are flat, suggesting a stable long-run treat-
ment effect for at least two years.>?

The unqualified refrigerator replacement results (indicated with triangles) show
that unqualified refrigerator replacements save about half as much electricity as a
qualified replacement. Starting in 1993, all new refrigerators were subject to more
stringent federal minimum efficiency standards, making them more efficient than
similar refrigerators sold in 1992. In other words, the ESA program specifically
excluded post-1992 refrigerators because of the timing of the standards. My results
estimate that replacing a pre-1993 refrigerator saves substantially more electricity
than replacing a post-1992 refrigerator. This means that contractor misreporting led
to significantly smaller reductions in electricity consumption.

531 estimate the event study with a longer time horizon and find that the results are stable and persist for five
years, the maximum I can test with the available data.
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TABLE 2—THE EFFECT OF REFRIGERATOR REPLACEMENTS ON MONTHLY ELECTRICITY CONSUMPTION

Qualified replacements Unqualified replacements
) 2

Refrigerator replacement —173.45 —38.02

(2.68) (3.20)
Cooling degree days 0.12 0.11

(0.02) (0.02)
Heating degree days 0.03 0.03

(0.01) (0.01)
Controls for other upgrades Yes Yes
Pre-period consumption (kWh/month) 448 445
Refrigerator replacements 3,715 1,261
Households 36,747 34,293
Observations 1,581,024 1,474,841

Notes: This table reports regression coefficients from two regressions using equation (2). The dependent variable
in both regressions is monthly household electricity consumption. Refrigerator replacement is an indicator for a
household’s refrigerator being replaced. The refrigerator replacement coefficient in Column 1 shows that a quali-
fied replacement causes a 73 kWh/month reduction in monthly consumption. Column 2 shows that an unqualified
replacement causes a 38 kWh/month reduction in monthly consumption. Both column 1 and column 2 use the same
control group of customers that went through the ESA program but did not qualify for refrigerator replacements.
Both regressions control for non-refrigerator upgrades conducted in the ESA program and include weather controls,
household-month-of-year fixed effects, and month-of-sample by climate-zone fixed effects. Standard errors are in
parentheses and are clustered at the household and month-of-sample levels.

E. Panel Fixed Effects Results

Table 2 shows the results from estimating the effects of a refrigerator replacement
using equation (2). Column 1 reports the changes in monthly electricity consumption
from a qualified refrigerator replacement. The first row shows that a qualified refrig-
erator replacement causes a 73 kWh/month reduction in electricity consumption, or
16.4 percent of the average household’s pre-upgrade electricity consumption.>* These
estimates are consistent with engineering predictions of the impacts of replacing a
refrigerator manufactured in 1992 or earlier with a new energy-efficient model.>>

Column 2 of Table 2 estimates the same regression for unqualified refrigerator
replacements using sample Groups 2 and 3. I find that replacing a refrigerator man-
ufactured in 1993 or later reduces consumption by 38 kWh/month.>® The estimated
savings are consistent with the engineering estimate prediction of replacing refrig-
erators manufactured after 1992 with new energy-efficient units. The savings from
an unqualified replacement are half as large as and statistically different from the

>4Online Appendix F.4 reports the individual coefficients for each of the ESA upgrades.

35 There are no official ex ante energy savings engineering estimates for the ESA program because the projected
savings are based on an ex post evaluation (Evergreen Economics 2013). As a result, there is no energy efficiency
gap because the projected savings are from a retrospective analysis that likely includes qualified and unqualified
refrigerator replacements. I calculate the engineering predictions using the average increase in minimum efficiency
standards over time. See online Appendix A for more details. The similarity of the engineering projections to the
estimated effects of a qualified replacement suggests that model numbers in Group 1 are accurately reported and
that contractors are not misreporting both the manufacture year and the model number.

S6With a less conservative model matching approach, I include about 14,000 more households and find similar
savings estimates. See online Appendix E.5 for these results.
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savings from a qualified replacement.>” This finding shows how intentional contrac-
tor misreporting can reduce the electricity savings from a refrigerator replacement.

I conduct a number of robustness checks in online Appendix F, all of which
support the above results. Online Appendix F.6 shows the results estimated with
household-specific time trends, which yield quantitatively similar savings esti-
mates. Online Appendix F.7 shows the main specification results for the subset of
households that only received CFLs or refrigerators to verify that potential con-
tractor misreporting on other major upgrades is not biasing the refrigerator savings
estimates. The estimates in online Appendix F.7 are similar to the main results in
Table 2. Online Appendix F.8 breaks down the results in columns 1 and 2 by the
minimum efficiency standard of the refrigerator that was replaced. The results show
that replacing older refrigerators saves more electricity. Replacing a refrigerator
manufactured before 1990 saves 85 kWh/month. In contrast, replacing a refrigera-
tor manufactured in 2001 or later reduces consumption by only 20 kWh/month.58
Online Appendix F.3 considers the average energy savings of a refrigerator replace-
ment in the ESA program by estimating equation (2) for a larger sample of 28,800
ESA refrigerator replacements where I cannot verify their manufacture year. I find
that in the estimation sample, the average refrigerator saves 61 kWh/month, which
shows that there is a mix of qualified and unqualified replacements being conducted
in the program.>®

V. Costs of Misreporting
A. Benefits and Costs of Refrigerator Replacements

In this section, I use the electricity savings estimates from Section IVE to calcu-
late the social net benefit of a qualified and unqualified refrigerator replacement. I
capture the key net benefits of refrigerator replacements in equation (4).%° The net
benefit measure is intended to capture the sum of all consumer and producer surplus
and externality reduction benefits while subtracting the capital replacement costs
and efficiency costs of funding the program through higher electricity bills. I assume
that there are no income effects from a refrigerator replacement and that any remain-
ing unmeasured benefits and costs are small.®!

57See online Appendix Table F17 for the two effects estimated jointly.

81 also run a specification with the control group limited to households with refrigerators manufactured
between 1993 and 1996. I find almost identical energy savings to Table 2, suggesting that households with newer
refrigerators that did not receive replacements are not driving the results.

59 The estimation sample does not include all of the 41,529 refrigerator replacements in the ESA program in the
study window. Households were not included in the estimation sample if they did not have sufficient billing data.
See online Appendix F.3 for a discussion.

691 do not include any additional costs for paying contractors to conduct unqualified replacements. If, for exam-
ple, SCE had additional costs associated with paying contractors for fraudulent installations, then the net benefits
of unqualified replacements would be lower.

Homeowners and renters have the same energy savings from a refrigerator replacement, which suggests own-
ers are not experiencing a substantial income effect from receiving a new refrigerator that could lead to increased
energy consumption. See online Appendix G for a detailed discussion of the assumptions behind the net benefit
calculation, including the potential for contractor market power. I assume the market for refrigerators is perfectly
competitive and that there are no producer surplus benefits for refrigerator manufacturers from the ESA program.
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TABLE 3—NET BENEFITS PER REFRIGERATOR REPLACEMENT

Qualified replacement Unqualified replacement
) 2
Electricity bill savings $414 $288
Reduction in externalities $78 $54
Electricity grid fixed costs not recovered —$166 —$115
Capital replacement and labor costs —$266 —$333
Distortion from raising funds —$0.03 —$0.03
Net benefit per refrigerator replacement $60 —$106

Notes: This table shows the net benefits of qualified and unqualified replacements broken down into the compo-
nents in equation (4). All dollar values are net present values using a 3 percent annual real discount rate. The bottom
row shows that the net benefits of a qualified replacement are $60 and the net benefits of an unqualified replace-
ment are —$106.

(4) ANet benefits = Electricity bill savings + Reduction in externalities
— Electricity grid fixed costs not recovered
— Capital replacement and labor costs

— Distortion from raising funds.

Each component of the net benefits of a refrigerator replacement depends on
household refrigerator replacement behavior in the absence of the ESA program.®?
I construct this non-ESA counterfactual using the ESA program assessment data,
which allows for a nuanced characterization of when refrigerators would have been
scrapped and replaced in the absence of the ESA program.®? I find that 42 percent
of qualified and 55 percent of unqualified refrigerator replacements would still be in
operation 5 years after their replacement date in the absence of the ESA program.®*

Table 3 provides a breakdown of the net benefits of qualified and unqualified
refrigerator replacements in equation 4 as net present values using a 3 percent annual
real discount rate.®> Each component is calculated by comparing realized outcomes
to the non-ESA counterfactual. The first row is the electricity bill savings of house-
holds that received replacements, which I calculate using the regression estimates
in Table 2 separately for qualified and unqualified replacements. I find that qualified
refrigerator replacements saved on average 3,677 kWh and unqualified refrigerator
replacements saved on average 2,574 kWh. The discounted stream of electricity
bill benefits saved households with qualified replacements $414 and unqualified
replacements $288.

62 There are many reasons why a household might not have replaced their old existing refrigerator despite poten-
tial financial benefits, including liquidity constraints and the landlord-tenant problem.

63 A common assumption in the literature is that appliance replacement programs accelerate replacements by
five years.

%4 The assessment data capture ESA-eligible households purchasing used refrigerators or keeping older refriger-
ators. See online Appendix G.1 for a discussion of household behavior absent the ESA program and how I calculate
the counterfactual refrigerator scrappage and replacement.

651 find similar results using a range of discount rates in online Appendix G.4
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The second row in Table 3 shows the dollar value for reducing CO, emissions
and local air pollution externalities associated with the electricity reductions. Using
a $50 social cost of carbon and local air pollution costs in California from Muller,
Mendelsohn, and Nordhaus (2011), I calculate that qualified and unqualified replace-
ments reduced externality damages by $78 and $54 over the lifetime of the replace-
ments, with 84 percent of those benefits coming from CO, reductions. The third
row shows the electricity grid fixed costs not recovered, reflecting how SCE collects
revenue to pay for fixed transmission and distribution infrastructure costs. SCE bills
residential customers per kWh, and there is no fixed monthly fee. As a result, when
SCE sells less electricity because of a refrigerator replacement, it raises less revenue
to cover its fixed electricity grid costs. To make up for the lost revenue, SCE will
likely raise electricity prices in the long run. (Borenstein and Bushnell 2022).

The sum of the first three rows equals the total societal net benefit of the elec-
tricity reductions from a refrigerator replacement, which is equal to the electricity
savings valued at the social marginal cost of electricity generation of $0.10/kWh
(Borenstein 2012).%¢ The total social net benefit of the electricity reductions for
qualified and unqualified refrigerators equals $326 and $227, respectively, show-
ing that replacing unqualified refrigerators provides substantially fewer electricity
reduction benefits.

The fourth row in Table 3 shows the capital replacement and labor costs, which
capture the capital and labor costs of scrapping an old, but working, refrigerator and
moving the purchase of a replacement refrigerator to the present. I use the non-ESA
counterfactual to determine when a household would replace their refrigerator in the
absence of the ESA program.®” For simplicity, I assume the ESA program provides
the same refrigerator that households would eventually purchase when replacing
their own refrigerators in the absence of the program.®® Unqualified replacements
have a higher capital replacement and labor cost because the unqualified refrigera-
tors would have lasted longer before being replaced in the absence of the ESA pro-
gram. The fifth row shows the distortion from increasing electricity prices a small
amount to raise money to pay for the refrigerators. While important to account for,
this cost is only $0.03 per refrigerator because electricity demand is inelastic.%”

The last row in Table 3 shows the sum of the top five rows, and it shows the net
benefits of qualified and unqualified refrigerator replacements. Qualified refrigerator
replacements have a net benefit of $60 per replacement, while unqualified replace-
ments have a net benefit of —$106 per replacement. The large difference between

66See online Appendix G.2 for a detailed discussion of the social marginal cost and electricity grid fixed costs
not recovered.

S71f contractors do not scrap old refrigerators, the net benefit calculation would depend on how the old refriger-
ator is used. Not removing the existing refrigerator is risky for a contractor because a post-upgrade audit conducted
by the ESA program could catch them. I examine non-scrappage online Appendix G.3, finding no evidence.

%8See online Appendix G.2 for a discussion of the capital replacement and labor cost calculation. See online
Appendix G.3 for an alternate formulation where households in the counterfactual purchase refrigerators that met
the minimum standards. It is possible that in the absence of the ESA program, households would purchase a replace-
ment refrigerator that better fits their preferences than the standard ESA-provided model. If that were the case, then
the net benefits of the ESA program would be lower for both qualified and unqualified replacements.

%91n California, the price of electricity is higher than the social marginal cost (Borenstein and Bushnell 2022).
Any price increase will inefficiently reduce electricity consumption. See online Appendix G.3 for a detailed discus-
sion of the three costs associated with refrigerator replacement.
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qualified and unqualified replacements shows high costs to the principal-agent prob-
lem in the ESA program.”°

There are limitations to what a conventional cost-benefit calculation can mea-
sure. There may be non-energy benefits and costs of a refrigerator replacement
that are not easily measured and are not included in the calculation in equation (4).
Non-energy benefits include quieter operation, more consistent cooling, and bet-
ter internal organization. Non-energy benefits are on average larger for qualified
replacements, which are older and likely less desirable refrigerators. Non-energy
costs can come from the ESA program providing the lowest-cost base model refrig-
erators without any extra features.”' Many of these non-energy costs and benefits
would have occurred in the absence of the ESA program when households eventu-
ally replaced their refrigerators, suggesting that they are not large enough to affect
the cost-benefit analysis meaningfully.”?

B. Program Cost-Benefit Ratio

The previous section calculates the net benefit of an individual qualified or unqual-
ified refrigerator replacement. It is a useful comparison when determining the cost
of misreporting, but it does not illustrate the overall impact of misreporting on the
ESA refrigerator replacement program. In this section, [ use a program benefit-cost
ratio to show the effectiveness of the ESA program as implemented.

The ESA program replaced 41,529 refrigerators between 2009 and 2012. The
results in Section IIIC suggest that a little less than half of the replacements were
unqualified. Using these estimates, I find that the ESA refrigerator replacement pro-
gram had a cost-benefit ratio of 0.93, meaning that for every dollar put into the
program, there were $0.93 of benefits. Ideally, an energy efficiency program would
have a cost-benefit ratio of at least 1, which would justify the program expenditure
and make the program cost effective.

It is possible to make an out-of-sample calculation and consider what the refrig-
erator replacement program would look like if it conducted only qualified replace-
ments. I find that conducting only qualified replacements would yield a benefit-cost
ratio of 1.22, which is 29 percentage points higher than the actual program.”? This
large difference demonstrates the importance of the principal-agent problem and
contract structure for cost-effectiveness.

79See online Appendix G.2 for a discussion of the assumptions used in each component of Table 3. I consider
alternate counterfactual scenarios where refrigerators are replaced at different rates than predicted by the assess-
ment data, finding similar results.

71n a small survey, 24 percent of respondents said their replacement was lower quality than their previous
refrigerator (Research into Action 2011). See online Appendix G.3 for a discussion of how this could affect the net
benefit calculations.

72Non-energy benefits and costs would not change the relative advantage of qualified refrigerator replacements
over unqualified replacements.

73 An ESA program that only provided unqualified replacements has a cost-benefit ratio of 0.68.
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TABLE 4—ESTIMATED AND DERIVED PARAMETERS TO CALCULATE BENEFITS OF INTEGRATED-TASK CONTRACT

Parameter Value Origin of estimate

Predicted qualified eligibility rate () 0.138 Calculated from ESA data in Section IIIC
Separated misreporting rate (Zg) 0.078 Calculated from ESA data in Section IIIE
Integrated misreporting rate (Z;) 0.19 Calculated from ESA data in Section IIIE

Net benefits of unqualified replacement $106 Calculated in Section VA using regression results
Referral payment $25 ESA documentation and author’s calculations
Refrigerator installation payment $98 ESA documentation and author’s calculations
Integrated misreporting cost parameter (-y;) 646 Calculated in Appendix G.7

Separated misreporting cost parameter (~ys) 319 Calculated in Appendix G.7

Note: This table shows the parameters used to calculate the benefits of an integrated-task contract from equa-
tion (1). The parameters are derived empirically from program data and first-order conditions from the model.

C. Calculating Benefits of Integration

This section combines the empirical analysis done in Sections III and 1V, the
benefit-cost analysis in Section VA, and the model in Section II to estimate how
the principal-agent problem interacts with contract type. I derive most of the key
parameters empirically, and I take two parameters on the benefits to contractors of
misreporting from ESA program documentation.

The first parameter is that contractors are paid $25 to install five CFL light bulbs
when they find a household eligible for a refrigerator replacement, which is the
referral payment in Section IIA.”* The second parameter is that contractors are paid
$224 for each refrigerator replacement, which covers the costs of installing the new
unit along with removing and recycling the old unit in an environmentally appropri-
ate manner (SCE 2012a). However, the contractor’s expected profit of a refrigerator
replacement is lower than $224 for four reasons. First, when an old refrigerator is
removed, the contractor must pay a disposal fee, which in the SCE service territory is
$27 (WM 2018). Second, there is a labor cost for providing the replacement, which
I estimate at $30 per replacement.” Third, only 84.2 percent of eligible households
based on the assessments receive replacements.’® Fourth, logistical constraints may
prevent the integrated-task contractor who conducts the assessment from providing
the replacement. The same integrated-task contractor does both steps 69 percent of
the time, and contractors do not know which replacements they will be assigned
to during the assessment step.”’ Accounting for all these factors, integrated-task
contractors receive in expectation $123 per refrigerator they report as eligible for
replacement, while separated-task contractors receive only $25.7%

74SCE makes bulk purchases of refrigerators and CFLs, which it gives directly to the contractors to install. On
the ride-alongs I participated in, I observed that it did not take contractors much time or effort to replace the CFLs
once they had already conducted the home assessment.

731 base the labor cost estimate on the appliance delivery fee charged by major appliance retailers. In online
Appendix G.5 I conduct robustness checks using labor costs of zero and $60.

76See online Appendix D.8 for a discussion of why all eligible households do not receive refrigerator replace-
ments. Integrated-task and separated-task contractors complete 84.9 and 83.0 of replacements in eligible house-
holds. The small difference suggests that contract structure is not affecting refrigerator installation completions.

77Much of this discrepancy is due to scheduling issues. See online Appendix G.6 for details.

78 Integrated-task contractors receive $25 to install five CFLs and $98 in expectation for a refrigerator
replacement.
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Table 4 shows the parameters I use for the calculation of equation (1) and how
I estimate them. I cannot measure the information acquisition cost, which is the
benefits from having the same contractor responsible for both assessment and
refrigerator replacement, with the available data.”® Instead, I first use the model
to calculate how large the information acquisition cost needs to be to justify an
integrated-task contract. In the base case using the parameters displayed in Table 4,
I estimate that the benefits would have to exceed $95 for an integrated-task contrac-
tor to be preferred. Because contractors are paid only $70 to conduct an assessment
(Steps 3—4 in Section IB), it is unlikely that the information acquisition cost is $95.

I next calculate the benefits of integration using a $35 information acquisition
cost. I find a benefit of integration of —$12.32 per assessment. In total, integrated
contract assessments reduce net benefits in the ESA program by $1,109,000 across
90,084 assessments. The distortion introduced by using an integrated-task contract
rather than a separated-task contract is equal to 16 percent of the total benefits of the
refrigerator replacement program. The results show that separating the assessment
and refrigerator replacement between two different contractors is beneficial.®°

D. Policy Fixes

SCE continues to administer the ESA program under the supervision of the CPUC,
which sets program guidelines but is not involved in the day-to-day implementation.
The CPUC could choose not to renew the ESA program, but that is unlikely given
that the program remains politically popular and the CPUC authorized it through
2026. The CPUC could also direct SCE to change the program implementation to
mitigate misreporting. There are two main approaches to reducing the misreporting
in the ESA program: monitor agent actions or fully separate the task of assessment
and service provision between two agents.

After reading an earlier version of this paper, SCE decided to implement a mon-
itoring system without a direct mandate from the CPUC, suggesting SCE wanted to
fix the problem.®! The monitoring system requires contractors to submit a picture
of the serial number plaque for each assessed refrigerator. SCE plans to audit a
small proportion of these pictures to verify that contractors are submitting accurate
data. Photo-based monitoring should lead to a large drop in misreporting because
contractors exhibited strategic reporting behavior in the existing program (e.g.,
Section IIID), suggesting that they will respond to the introduction of accountability
and potential penalties.

Photo-based monitoring has disadvantages. First, agents can evade the monitor-
ing by substituting the picture from a qualified refrigerator.®?> Second, contractors
may shift their misreporting from refrigerators to other unmonitored measures. In the

79See online Appendix G.8 for a discussion of the information acquisition cost and the benefits of integration
in ESA Program.

80The results are robust to different information acquisition costs. See online Appendix G.7 for details.

81 SCE likely has an incentive to avoid conflict with the CPUC when possible because SCE requires regulatory
approval for most policy changes.

821t would take a sophisticated contractor a significant effort for this type of misreporting because they would
also have to manipulate the metadata (location, time, etc.) embedded in the picture they submitted.
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ESA program, there is suggestive evidence that contractors are more likely to install
upgrades that earn them higher profits. For example, only four firms are qualified to
replace central air systems, giving them a larger incentive to find a household qualified
for a replacement. I find that when one of these central-air-installing firms conducts an
assessment, households in eligible regions receive a new central air system 30.3 per-
cent of the time, compared with 23.3 percent of the assessments conducted by firms
that are not qualified to install central air systems.®* Any reallocation of misreporting
may undermine some of the benefits of monitoring refrigerator installations.

Another approach to reduce overall misreporting is to fully separate the assess-
ment from the service provision. In the ESA program, this could be accomplished
with a modified separated-task contract where the assessment contractor does not
have the $25 incentive to misreport. Full task separation would reduce the incentive
to misreport on all upgrades, not just the ones that can be directly monitored. It
could also introduce task coordination costs associated with having different firms
conduct each step. It is not possible to determine if monitoring or task separation
is better for the ESA program or other principal-agent problems without further
research. 54

VI. Conclusion

In this paper, I measure the costs of a principal-agent problem. In the empirical
setting I study—an energy efficiency appliance replacement program—contractors
intentionally misreport assessment data to provide unqualified refrigerator replace-
ments and increase their compensation. This profit-seeking agent behavior has sig-
nificant costs: I estimate that each unqualified replacement reduces net benefits by
$106. In contrast, each replacement that follows program rules saves twice as much
electricity and increases net benefits by $60. I find that the principal-agent problem
makes an otherwise cost-effective refrigerator replacement program no longer be
cost-effective.

These findings shed light on a key question in the energy efficiency literature:
why do energy efficiency programs deliver lower savings than predicted? I pro-
vide the first evidence that the principal-agent problem may be an important part of
the explanation. These findings are applicable to a wide range of energy efficiency
policies, because similar incentives exist for contractors to maximize their income
during program implementation. Other programs may use monitoring to avoid the
misreporting problems observed in this paper, but monitoring every decision made
by a contractor in an energy efficiency program can be expensive and impracti-
cal. Burlig et al. (2020) study a program that subsidizes energy-efficient capital
upgrades, finding savings that were only 51 percent of ex ante expectations. In this
type of program, utility-licensed contractors recommend upgrades from a menu of

83 Households were only eligible for central air replacements in the hottest regions of SCE’s service territory.
The central-air-replacing firms have the ability to install refrigerators but install them at a lower rate than other
firms. This behavior suggests that central-air-replacing firms may have shifted misreporting towards central air
replacements, which earns them $2,000 in installation costs per replacement, and away from refrigerators.

84In online Appendix G.9 I outline how generalizable the results and the policy fixes in this paper are to other
settings using the SANS conditions outlined in List (2020).
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options. It is likely that they focus on installing upgrades that are more profitable for
them to install but yield lower savings.

More broadly, I am able to quantify the costs of misaligned incentives between
principals and agents. The principal-agent problem is a well-understood theoretical
concept, but it has proved challenging to quantify its effects. Because asymmetric
information is at the core of the principal-agent problem, it is difficult for the researcher
to observe agent behavior and quantify the costs of self-interested agent actions. The
existing literature primarily identifies how agents distort their behavior in a variety of
contexts including commission-based sales behavior, teacher performance pay, and
auto repair. The degree to which the observed distortions cause significant costs has
generally remained an unanswered question. My research provides answers to this
question in one setting, showing that self-interested agents can substantially reduce
program benefits. Further research is necessary to learn how task assignment can
better align the incentives of principals and agents in different settings. As this paper
demonstrates, failing to consider the incentives of agents can have large costs and
undermine policy goals.
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