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1 Introduction

Improving energy efficiency of the building stock is a key component for the energy transition.

According to the International Energy Agency, global investment in building energy retrofits over

2015-2021 exceeded 160 bln USD/year. This represents 60% of the global energy efficiency invest-

ment, and more than twice the investment in transport (IEA 2022). Insulation and the use of

energy-efficient heating and cooling devices has been advocated as a win-win opportunity since the

end of the 1970’s (Allcott and Greenstone 2012). In this view, government intervention is justified

because energy efficiency decreases both the energy burden and the negative climate and health

externalities. This argument has percolated through the public opinion: in a recent survey analy-

sis, Dechezleprêtre et al. 2022 showed a particularly strong support for mandatory and subsidized

insulation of buildings among OECD members population.

To achieve their energy efficiency targets, a growing number of governments rely on energy

efficiency obligations (EEOs) (IEA 2022). They require market actors such as energy suppliers

(France) or distribution system operators (Italy), to carry out a defined level of energy savings.

In practice, obligated parties mostly fulfill their responsibilities by offering monetary incentives to

energy consumers, including households, industries, and services, to invest in energy retrofits. They

finance these subsidies and the associated transaction costs through an increase in energy prices

(Rosenow, Cowart, and Thomas 2019). In 2022, the IEA identified no less than 48 energy efficiency

obligation programs. In the US, 24 states have EEOs, called Energy Efficiency Resource Standards,

and similar programs can be found in Australia, Brazil, Canada, China, South Korea, South Africa

and Uruguay (Crampes and Léautier 2020). In the European Union, sixteen Member States and

the UK operate EEOs.

Despite this widespread adoption, the literature lacks a proper econometric evaluation of the

effects of retrofits subsidized through EEOs on energy consumption. To fill this gap, we focus on the

French EEO program (in French, Certificats d’Economie d’Energie, hereafter CEE), which was in

2020 the largest in Europe with a total investment of nearly 4 billion EUR each year (Broc, Stańczyk,

and Reidlinger 2020). The French CEE program supports retrofit works in the residential, industrial,

or tertiary sector, and to a lower extent in agriculture and transport. However, the residential sector

gathers itself more than two thirds of the total energy savings (DGEC 2022). Grants allocated by

obligated market actors account for 50% of the total financial support allocated to households (I4CE
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2022), making CEE a pivotal tool for the achievement of the French European and international

commitments regarding the energy transition. Therefore, our research question is twofold: first, this

study assesses the impact of retrofits subsidized through the French CEE program on household

electricity and gas consumption. Second, we evaluate a marginal price of CO2 abatement associated

to CEE works. To the best of our knowledge, this is the first empirical evaluation of this policy

mechanism.

The theoretical literature on the economics of Energy Efficiency Obligations is well-developed.

This includes analysis of the competition mechanisms at play between obligated actors, as in Gi-

raudet, Glachant, and Nicoläı 2020, or moral hazard issues from the supply side as in Crampes and

Léautier 2020. Studies at the national (Rosenow, Platt, and Brooke 2013), European (Rosenow

and Bayer 2017) or international scale (Rosenow, Cowart, and Thomas 2019) have also enlightened

regressivity issues. In the case of France, microsimulation methods used by Giraudet, Bourgeois,

and Quirion 2021 find CEE to compare poorly with a carbon tax in terms of efficiency. These

theoretical insights point to the same risk of underperformance for retrofit works achieved through

the CEE program.

Because we look at the effect of energy retrofit works on energy use, our study is also connected

to the literature on the energy efficiency gap. According to Hirst and Brown 1990, the actual level of

energy efficiency investments is suboptimal, in the sense that many profitable insulation or heating

system replacements are not undertaken by households. Researchers have looked for an explanation

to this paradox since the end of 1980’s; as noticed by Allcott and Greenstone 2012, favored rationales

involve two distinct information asymmetries, leading to moral hazard and behavioral biases. On the

one hand, the information asymmetry between beneficiaries and installers leads to a moral hazard

situation: Giraudet, Houde, and Maher 2018 indeed find significantly lower realized energy savings

for retrofit works which quality is hard to observe. On the other hand, information asymmetries on

energy costs between landlords and tenants result in a behavioral bias from the latter group, known

as the rebound effect. A larger rebound effect for tenants has indeed been documented by Aydin,

Kok, and Brounen 2017 as well as Myers 2020.

Finally, our work has direct implications for the energy performance gap literature. While the

energy efficiency gap framework relies on intrinsically difficult to test welfare predictions, the former

focuses on the discrepancy between engineering predictions and realized energy savings (Giraudet

and Missemer 2023). The effect of energy efficiency improvements (with or without subsidies) on
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final consumption, the energy bill as well as CO2 emissions has been empirically estimated by Blaise

and Glachant 2019 and Kahn 2022 on a panel of French households: both studies point to a very

low return on investment. In the case of the US, the Energy Star program evaluation conducted

by Houde and Aldy 2017 concluded to similar results. Policies targeting a narrower audience, with

deeper support from third party actors to promote energy efficient behaviors have also been studied.

Through their evaluation of the Weatherization Assistance Program (WAP), Fowlie, Greenstone,

andWolfram 2018 concluded to a 60% overestimation of the actual energy savings by ex-ante models.

Looking at the same policy, Christensen et al. 2023 estimate that the so called energy efficiency gap

can be disentangled between the bias in engineering models - hence, the energy efficiency gap (up

to 41%), and workmanship heterogeneity (43%).

Following these recent developments, our analysis provides the first ex-post estimates of the

wedge between announced and realized savings from the retrofits supported by the CEE. In line

with the literature, we find an important overestimation of savings. The energy performance gap,

defined as the difference between engineering predictions and actual energy conservation, is at least

62%. We connect this result with the amount invested by energy suppliers, and find a marginal

cost of carbon abatement above EUR 150/t. CO2-eq. This is way above the cost predicted by

micro-simulation models used to calibrate energy efficiency policies. The French CEE therefore fail

to fulfill their cost-effectiveness promise.

The paper proceeds as follows. In section 2, we present some background information on the

French program. We introduce the data used in the analysis in section 3, and the empirical strategy

is exposed in section 4. Section 5 provides regression results and some robustness checks. We discuss

implications in Section 6 and conclude in Section 7.
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2 Description on the French CEE program

The evaluation conducted in this study requires starting with a detailed explanation of its operation.

Every four years, new individual energy savings targets are assigned to retailers of electricity, gas,

and gasoline in proportion to their sales, with differing coefficients depending on the type of fuel

and their carbon content. Compliance with individual targets heavily relies on the distribution of

subsidies to energy users investing in energy efficiency measures. In practice, around two thirds of

these investments are made in the residential sector.

For each investment subsidized, obligated parties receive a certain amount of energy savings

certificates from the regulator upon providing proof of investment (e.g., an invoice for the installation

of insulation). This quantity is supposed to reflect the energy impact of the investment over its

entire lifetime.

The calculation of the standardized amount of energy savings certificates for a given type of

energy efficiency investment is based on ex ante engineering estimates. In the residential sector,

energy efficiency measures are classified into 28 work types, including ’roof insulation’ and ’high-

efficiency individual boiler(see Table A1). For each type, a formula gives the savings depending

on the size of the project and location. For instance, 50 square meters of roof insulation installed

in the coldest part of mainland France are worth 85,000 kWh over a 30 years life cycle, while

the installation of a high energy efficiency individual boiler in the same area is expected to deliver

24,800 kWh in savings over 17 years. In the calculation, future savings accrued over the investment’s

lifetime are discounted at an annual rate of 4%. Each certificate represents 1 kWh of energy saved.

At the end of each four-year period, energy suppliers must demonstrate compliance by submitting

the required quantity of certificates to the regulator.

This program is designed to encourage obligated parties to source the least-cost options. They

are free to generate certificates independently or to subcontract this task to other firms, public

organizations, or local governments. Alternatively, they can purchase certificates on the certifi-

cate market. In 2019 and 2018, trading volumes reached 288 TWhc and 179 TWhc, respectively,

highlighting the significant role of trading in meeting the annual obligation of 533 TWhc.

Reducing energy consumption is the program historical objective. It is the cornerstone of the

France’s commitment to meeting the national target set out in the European Union’s energy effi-

ciency directive (European Commission 2012): an annual reduction of −1.5% in energy sales from
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2014 to 2020 for all sectors except transport (article 7).

Since 2016, the program has also been helping to combat fuel poverty thanks to two social

equity provisions: a sub-obligation whereby energy retailers are required to devote at least 25%

of their energy-saving operations to low-income households, and a bonus system that doubles the

amount of certificates issued for the energy renovation of homes occupied by households in the

bottom quartile. The bonus system has mechanically created a gap between lifelong savings and

the number of certificates as depicted in Figure 1. Obviously, these bonus certificates are not taken

into account when the government reports the quantity of energy savings achieved through the CEE

program to the EU Commission.
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Figure 1: Lifelong savings and number of certificates over 2017-2021 (kWh cumac)

Finally, public subsidies and tax credits exist in parallel and can sometimes be combined with

CEE incentives over our observation period (2017-2019). According to a study by the French

Environment Agency on the projected energy savings made in 2018 and 2019, 26% combined CEE

and public support1. The energy retrofits conducted without any support are not observed.

In any case, this raises the question of the program’s ”additionality”. To limit the number

of inframarginal renovations, energy suppliers are required to collect and submit to the regulator

an affidavit in which the beneficiary household declares that the financial support received from

the obligated actor was decisive in its investment decision. We will come back to the econometric

implications of this later.

1Source: https://www.statistiques.developpement-durable.gouv.fr/sites/default/files/2022-
03/rapportonremars2022.pdf.Seepage20.
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3 Data

Our analysis builds on three main sources: residential electricity and gas consumption data, cer-

tificate data which gives information on the quantity and characteristics of the energy retrofits

subsidized through the program, weather data, and city-level socio-demographics.

Residential electricity and gas use. The data is provided by the Opérateurs des Réseaux

d’Energie agency. It gathers information from all French actors in the distribution of electricity and

natural gas, providing municipality-level data from 2018 to 2020. No information is available on the

consumption of other energy sources, such as fuel oil, liquid gas or district heating. As we are not

able to identify fuels used in retrofitted dwellings, we restrict the study sample to municipalities

with the lowest dependence to these other sources. More specifically, we rely on population census

(INSEE 2018) to exclude municipalities where fuel oil (respectively, liquid gas) is the main heating

source for more than 10% of housing units (excluding holiday homes). As shown in Figure A1

and A2, this mostly removes rural municipalities. We also exclude all municipalities with a district

heating system in operation over 2018-20, which, in practice corresponds to very densely populated

urban centers such as Paris, Marseille or Lyon (see Figure A3). The final estimation sample gathers

4,774 municipalities, accounting for 5.18 million inhabitants. We present summary statistics for this

perimeter in Table 1.

Energy retrofits. The Energy Efficiency Obligation database is hosted by the Centre d’Accès

Sécurisé aux Données, a French public interest group implementing secure access services for confi-

dential data for non-profit research (CASD 2023). The dataset encompasses more than 3.1 million

energy efficiency operations conducted in the residential sector between 2018 and 2020. It pro-

vides detailed information on the type of work performed, the expected lifespan of each retrofit, its

location (down to the city level) and the number of certificates generated.

This information allows for the calculation of projected energy savings for each subsidized

retrofit. We first convert the number of certificates into lifelong savings by removing bonus cer-

tificates. Lifelong savings are then converted into annual savings using data on expected lifetimes

and the applicable discount rate of 4%. We also know the month of completion of each renovation.

When we aggregate savings over the year for the municipality, we only take into account savings

from the following month onwards.

6



Table 1: Per capita municipal residential energy use, retrofit works, and demographics

N = 4,774

Mean SD

Panel A: Energy use

Per capita annual electricity use(kWh) 3,429.959 1,213.841

Per capita gas use (kWh) 1,263.306 1,722.556

Panel B: Retrofit works

Projected lifelong savings (kWh/capita) 2,816.795 2,001.76

Projected annual savings (kWh/capita) 77.643 61.008

Panel C: Demographics

Median per capita income (EUR/year) 21,363.438 3,625.951

Population size 1,078 1,365

Panel D: Weather

HDD 2,066 575

CDD 381 188

Precipitation (mm) 928 263

Panel B of Table 1 shows retrofit works over 2018-2020. The first line corresponds to lifelong

savings without bonuses (the blue dotted line in Figure 1), i.e., the engineering projection over the

retrofits life cycle. The second line gives the annualized version of projected savings, used as the

treatment variable in the analysis. Table 2 displays the shares of the top 5 retrofit categories, which

represents 95% of the 25 work-types displayed in Table A1). Investment in insulation alone (roof,

floor, wall) accounts for 79% of projected savings.

Socio-demographics. The geographical distribution of population density follows that of energy

use and is concentrated in urban areas. The average median income within our selected municipal-

ities roughly equals that of the general population.

7



Weather data. Heating Degree Days (HDD) and Cooling Degree Days (CDD) are the usual

metrics used by engineers to estimate the heating and cooling needs, and thus the influence of

temperature on energy use. We compute HDDs and CDDs for each municipality taking 17 °C as

the reference temperature2. The exact matching process is detailed in Appendix B.4.

Table 2: Shares of main work types

Code Operation % annual projected savings

BAR-EN-101 Roof insulation 53.7

BAR-EN-103 Floor insulation 16.9

BAR-EN-102 Wall insulation 8.4

BAR-EN-106 Heat pump (air-water, water-water) 8.0

BAR-EN-104 High energy efficient individual boiler 7.1

4 Empirical strategy

4.1 Identification

To estimate the effect on residential gas and electricity use of the retrofit works supported by the

program, we start with a simple Two-Way Fixed-Effects (TWFE) design. More precisely, we exploit

the year-to-year within-municipality variation in energy use and energy efficiency investment. The

baseline estimating equation writes as:

Yi,t = β Xi,t + λWi,t + µDi,t + αi + γt + ui,t (1)

The outcome variable Yi,t is the residential electricity and gas consumption in municipality i in

year t. Adding the two energy sources account for possible substitution effects (Giraudet, Houde,

and Maher 2018). Fuel switching occurs, for instance, when gas boilers are replaced by heat pumps.

We also estimate separate equations for electricity and gas. Municipality fixed effects are denoted

αi and year fixed effects are denoted γt.

The variable Xi,t is the projected savings achieved by the investments made in municipality i

between the beginning of the study period, 2018, and year t. The idea here is that the energy

savings obtained in a given year are determined by the stock of past investments. We do not

2This 17°C threshold is used in the French national energy statistics (SDES 2024)
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observe the investments made before 2018, but they are absorbed by the municipality fixed effects.

In this specification, the coefficient β directly gives the share of projected savings achieved ex post.

The equation includes a vector Wi,t of weather variables (contemporaneous CDD, HDD, and

precipitations) which influence energy use and may have indirect impacts on the pace of energy

efficiency investments and a vector of demographic controls. The vector Di,t accounts for demo-

graphic controls including median income and population. We apply a logarithmic transformation

to population because its effect on energy use is likely to be non-linear due to agglomeration effects.

Median income directly enters the regression in levels.

Self-selection is the main threat to identification. Households choose to renovate their homes.

Unobserved time-varying factors such as anticipated demand shocks that influence their decision

can then lead to biased results if they are correlated with energy consumption. For example, a

local positive shock on the population environmental awareness will increase both its propensity to

invest, but also its short-term efforts to reduce energy use. Omitting this variable will then lead to

overestimate the energy savings. 3.

Moreover, some energy retrofits are undertaken without any support from the CEE program,

meaning they go unobserved and generate no certificates. This might not be a significant concern,

as our objective is to evaluate the impact of the CEE rather than energy efficiency investments as a

whole. Except that energy efficiency measures supported through the CEE are likely not indepen-

dent of other energy efficiency efforts – both types of investments respond to similar determinants.

This introduces biases as some of these drivers are unobserved. As CEE- and non-CEE investments

could either complement or substitute each other, the direction of the bias is unclear.

4.2 Instrumental Variation

To address these endogeneity issues, we instrument the year-to-year change in projected savings

Xi,t. We exploit municipality-level data on heating and cooling degree days two years before the

investment in energy efficiency. Indeed, variations in outdoor temperatures affect the salience of a

building’s energy efficiency attributes, hence future investment decisions regarding energy retrofits.

3Unlike most existing research on energy efficiency investments that relies on micro-data, our study aggregates
individual behaviors at the municipality level. This partly alleviates the omitted variable problem if the individual
shocks are not correlated. However, this is not always the case. For example, environmental awareness is a factor for
which individual variations are unlikely to balance out at the population level.
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More specifically, the instrument writes:

Zi,t = HDDi,t−2 + CDDi,t−2 (2)

Turning next the exogeneity of the instrument, let’s make the problem more explicit by decom-

posing the error term in Equation 1 as follows: ui,t = ϕ Ri,t + εi,t, where εi,t includes all within-

municipality dynamics that we do not control for, and Ri,t represents projected savings imputable

to retrofit investments not generating certificates in municipality i in year t. The above discussion

first points to the fact that we have Cov(Xi,t, εi,t) ̸= 0 and that endogeneity issues plaguing CEE

retrofits also affect non-CEE investments so that Cov(Ri,t, εi,t) ̸= 0.

The exclusion restriction requires

Cov(Zi,t, ϕ Ri,t) + Cov(Zi,t, εi,t) = 0. (3)

Let’s first consider the second member of this expression, i.e., the covariance between our instru-

ment and within-municipality socio-economic variations. We argue that local temperatures from

two years in the past do not influence current energy use via another channel than investment in

home renovations. Thus, Cov(Zi,t, εi,t) = 0.

However, the restriction does not hold if past temperatures also affect changes in energy effi-

ciency investment outside of the CEE program scope. As our instrument leverages demand-side

dynamics at a local level, it may also affect non-CEE energy efficiency improvements, hence we

have: Cov(Zi,t, Ri,t) ̸= 0 ⇒ Cov(Zi,t, ui,t) ̸= 0. This makes our IV strategy invalid, biasing our

coefficient β2SLS .

The good news is that we can identify the sign of the bias. To see, we write the second-stage

equation as follows:

Yi,t = β2SLS X̂i,t + λ2 Wi,t + µ2 Di,t + αi + γt + ϕ Ri,t + εi,t (4)

Because the exclusion restriction does not hold and under the assumption that, within each munic-

ipality i, Cov(Wi,t, Zi,t) = Cov(Di,t, Zi,t) = 0, straightforward calculations give:

β2SLS =
Cov(Yi,t, Zi,t)

Cov(Xi,t, Zi,t)
= β + ϕ

Cov(Ri,t, Zi,t)

Cov(Xi,t, Zi,t)
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The bias of our 2SLS estimand is thus equal to ϕ
Cov(Ri,t,Zi,t)
Cov(Xi,t,Zi,t)

, where ϕ, the marginal effect of

Ri,t on Yi,t, is multiplied by a ratio between the covariance of the instrument with respect to Ri,t

and the covariance of the instrument with respect to Xi,t. Because the first stage effect of our

instrument on CEE-funded investments does not rely on a specificity of the CEE program, it can

be generalized to all types of energy efficiency retrofits so that Cov(Ri,t, Zi,t) > 0. Consistently,

the marginal effect of Ri,t on energy use, ϕ, goes in the same direction than that of Xi,t. Thus,

we expect non-CEE retrofits to decrease energy use, hence ϕ < 0. This unique and fairly plausible

assumption is enough to characterize the sign of the bias in our IV estimate. The ratio is positive,

hence the bias is negative. Moreover, because the true effect of Xi,t on Yi,t captured by β is expected

to be negative, we take β2SLS as a lower-bound estimate of β, i.e., an upper-bound estimate of the

absolute value decrease in energy use.

5 Results

5.1 Main estimation

We estimate both the OLS-FD and the 2SLS-FD regressions for savings. For each regression, we

cluster the standard errors at the municipality level to account for possible within-municipality

correlation patterns.

The two columns of Table 3 describe the effect of savings as defined in the standardized formulas

from the Energy Management Agency (ADEME). The coefficient should be read as the effect of

one kWh of savings at t on energy use the same year. Such kWh of savings can be imputed to CEE

retrofits undertaken at t or earlier. According to column (1), one additional kWh of savings at t

is negatively correlated with energy use. This correlation is highly endogenous because we do not

account for the potential selection effect on retrofitting households triggered by within-municipality

dynamics as detailed in section 4. This bias is worsened by the effect of non-CEE investments.

Nevertheless, the coefficient for savings is statistically significant, which motivates the search for a

better identification strategy.
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Table 3: Regression results for the effect of projected savings on energy use

OLS-FD 2SLS-FD

Expected Savings −0.477***
(0.072)

Fitted Expected Savings −0.381**
(0.142)

Log. of Pop. 737 987.767*** 728 072.622***
(173 463.938) (170 708.251)

Median income −3.450 −3.665
(5.527) (5.561)

HDD 547.740** 528.126**
(192.062) (190.967)

CDD −390.121 −293.162
(409.870) (404.581)

Precipitation 109.785+ 106.562+
(62.948) (62.405)

Num.Obs. 12 207 12 207
R2 0.999 0.999
R2 Adj. 0.998 0.998
R2 Within 0.080 0.076
FE: Municipality X X
FE: Dep. × Year X X
F-test (1st stage) 88.442

+ p < 0.1, * p < 0.05, ** p < 0.01, *** p < 0.001

Clustered standard errors at the municipality level

Column (2) reports the effect of our IV estimation, wihch relies on the setting exposed in section

4. The magnitude of the 2SLS coefficient is around four fifths that of its OLS counterpart. Not

accounting for the selection effect therefore yields an overestimation of the effect of CEE retrofits on

energy use. The difference between β̂OLS and β̂2SLS may come from pre-existing downward trends

in energy use within municipalities which retrofit more.

As a result, our 2SLS strategy identifies that each kWh of savings implemented through a CEE

operation actually reduces energy use by at most 0.381 kWh. This effect is significant at the 1%

level, and relies on a solid first stage F-statistic (88.4), well above the Staiger and Stock 1997 rule of

thumb. β̂2SLS can be interpreted as our estimate of the energy performance gap plaguing the French

program. It implies an overestimation of engineering predictions used by the Energy Management

Agency by at least 62%.
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5.2 Impact on electricity and gas

We run the same specification separately for electricity and natural gas. Table 4, column (1),

shows that electricity use is unchanged by additional savings. The effect measured in our main

specification in Table 3 is thus mostly triggered by a decrease in natural gas consumption. The

reason is simple. Around 80% of the savings result from retrofits to non-electricity heated dwellings

(see Table 2, column 4).

Table 4: Effect of projected savings on electricity and gas

Electricity Natural Gas

Fitted Expected Savings 0.049 −0.429***
(0.078) (0.112)

Log. of Pop. 475 406.893*** 252 665.729+
(59 789.986) (149 213.842)

Median income 0.911 −4.576
(2.072) (5.047)

HDD 181.237* 346.889*
(71.647) (175.817)

CDD 282.448** −575.610
(108.269) (387.703)

Precipitation −13.721 120.282*
(25.592) (56.319)

Num.Obs. 12 207 12 207
R2 0.999 0.997
R2 Adj. 0.999 0.994
R2 Within 0.006 0.102
FE: Municipality X X
FE: Dep. × Year X X
F-test (1st stage) 88.442 88.442

+ p < 0.1, * p < 0.05, ** p < 0.01, *** p < 0.001

Clustered standard errors at the municipality level

5.3 Robustness checks

We perform two types of robustness checks for our 2SLS-FD specification. First, we focus on the

potential estimation bias implied by households switching out from residential fuel oil or liquid gas.

Although we focus on municipalities in the lowest decile for the consumption of both fuels, there

still are some scope for such behavior. We thus exclude all municipalities where the change in

the share of housing units using fuel oil (respectively, liquid gas) exceeds 1 percentage point over
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2018-20. Estimation results over these sub-samples are presented in column 1 and 2, Table 5. The

estimation precision for the coefficient on fitted savings slightly decreases but remains below 5% for

both sources. It is of the same magnitude as in the main regression, implying at best the realization

of 40% of all savings.

Second, we investigate the role of potential dependence based on spatial proximity between in-

dividual observations. While clustered standard errors consider within-municipality, cross-period

correlation, a spatial-error model (SEM) accounts for the contemporaneous, cross-municipality cor-

relation. In our context, it is likely that the error terms ui,t and uj,t for two adjacent municipalities

i and j are not perfectly orthogonal: the unobserved non-CEE retrofitting investments Ri,t and Rj,t

respond to local supply and demand shocks, within and across municipality borders. We rely on

Conley 1999 for the specification of the variance covariance matrix estimator, which models relative

proximity of two adjacent municipalities according to a set threshold. The error term ui,t of our

second stage equation is thus a function of contemporaneous adjacent municipalities error terms

uj,t and ϑi,t
i.i.d.∼ N (0, σ2):

ui,t = ξ
∑
i ̸=j

ωijuj,t + ϑi,t (5)

We present results for the 10 and 20 km thresholds. The only change with respect to our

baseline estimation happens in the computation of the standard errors, which are not clustered

at the municipality level anymore. Still, the p-value for the effect of contemporaneous savings

remains below 5% at both 10 and 20 km. This test is not perfect, as the actual perimeter of spatial

diffusion is specific to each observation, and its radius size is ultimately an empirical question.

Still, the persistence of a significant effect of CEE-funded retrofits when considering this spatial

autoregressive specification brings support to the case of our upper bound estimate.
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Table 5: Robustness checks for the effect of savings on energy use

Fuel Oil Liq. Gas SEM 10km SEM 20km

Fitted Expected Savings −0.402* −0.370* −0.381* −0.381*
(0.158) (0.147) (0.156) (0.158)

Log. of Pop. 712 024.448*** 712 761.761*** 728 072.622*** 728 072.622**
(186 297.551) (184 838.022) (178 498.095) (225 585.566)

Median income −3.389 −5.003 −3.665 −3.665
(6.101) (6.090) (5.783) (6.653)

HDD 611.639** 562.314** 528.126* 528.126*
(207.999) (194.563) (207.245) (244.895)

CDD −408.897 −291.237 −293.162 −293.162
(456.083) (386.298) (436.375) (595.845)

Precipitation 136.835+ 111.329+ 106.562 106.562
(71.548) (64.255) (70.034) (86.834)

Num.Obs. 10 991 11 796 12 207 12 207
R2 0.999 0.999 0.999 0.999
R2 Adj. 0.998 0.998 0.998 0.998
R2 Within 0.074 0.077 0.076 0.076
FE: Municipality X X X X
FE: Dep. × Year X X X X
F-test (1st stage) 73.771 86.752 88.442 88.442

+ p < 0.1, * p < 0.05, ** p < 0.01, *** p < 0.001

Clustered standard errors at the municipality level (1-2) / Spatial Error Model (3-4)

6 Discussion

6.1 The policy implications of the performance gap

We estimate that the realized savings on residential electricity and gas are, at best, only 38% of

the savings. This implies a minimum energy performance gap of 62%, which roughly equals the

estimates of Fowlie, Greenstone, and Wolfram 2018 (around 60%) and exceeds that of Christensen

et al. 2023 (up to 41%). Although these estimates were obtained in the context of the Weatheriza-

tion Assistance Program in the US, they highlight the same issue: a significant overestimation of

engineering projections.

This gap is especially relevant given the central role of ex-ante evaluations of standardized

operations in the French CEE. savings are routinely communicated by obligated firms and their

subcontractors to persuade households to invest in energy efficiency. Closing the gap between and

realized savings is thus crucial to restore consumer confidence in energy retrofits.
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Furthermore, the existence of such a gap gives a misleading picture of the degree of compliance

with national policy objectives. The European Energy Efficiency Directive requires Member States

to report annually on the energy savings achieved to meet their national target. Based on the

engineering estimates of the CEE, the government reported an overall energy savings volume of

2.827 TWh over the 2018-2020 period covered by our study. If we adjust these estimates with

our findings, the realized energy savings actually resulted in a 1.4% annual reduction in energy

consumption, falling short of the -1.5% target set by the Directive (European Commission 2012).

6.2 Estimating the carbon marginal abatement cost

We can also use our results to estimate the carbon abatement cost of CEE-funded operations. A

particularly useful feature of the program is that certificates are tradable. Provided the market is

competitive, the certificate price reveals the marginal cost of saving energy through the CEE. Let

us discuss first the relationship between this price and the different cost components.

The cost borne by the energy retailers and their subcontractors to produce certificates includes

the transaction and commercialization costs to source investment opportunities, and the subsidies

they need to offer to persuade households to invest. Interviews with obligated parties reveal that

the former are highly significant. In a different context, Fowlie, Greenstone, and Wolfram 2015

entrusted companies with a campaign to encourage participation to the Weatherization Assistance

Program in Michigan. The field activities only managed to increase the participation rate by 5

percentage points at a cost of more than 1,000 USD per weatherized household, around 20% of the

renovation investment cost.

The subsidy level is set by the obligated parties in a competitive context, aiming for the minimum

amount satisfying the household participation constraint. Its level thus reflects the costs and benefits

for the household undertaking the retrofit, including the monetary cost of the investment, the

reduction in the energy bill, but also non-monetary costs and benefits such as the inconvenience of

the work, the information collection and processing information, the comfort gains and the private

health benefits. This scope is thus much broader than that of traditional cost evaluations, which

only consider the monetary cost of the investment and the reduction in energy expenditures.

The general principle of our calculation is simple. It basically involves dividing the certificate

price by the amount of carbon avoided through its production. We assume a carbon content of 79 g

CO2 eq./kWh for electricity (ADEME 2020) and 227g/kWh for natural gas(CGDD 2019). We then
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take spot price of the certificate from the official register on the date the work is launched (Emmy

2023). We rely on official records of savings with bonus in this calculation, because the value of

each work is defined by the (annualized) amount of certificates it delivers, including bonuses.

In the end, we obtain an estimate of 160 [120 − 240] EUR/ton CO2 eq. 4 It is slightly below

that of Fowlie, Greenstone, and Wolfram 2018, who estimate it at $200 per ton in the context

of the Weatherization Assistance Program. Two key differences with our work are worth noting.

First, Fowlie and coauthors had to make assumptions on the emission factors of local pollutants

and the private benefits associated with their avoidance. Our revealed preference approach does not

impose such a restriction. Second, our estimate covers all non-monetary costs and benefits that are

priced by the market for certificates, including the discomfort incurred during installation, comfort

gains, and the transaction and commercialization costs. To the best of our knowledge, we are the

first to estimate such a comprehensive marginal cost of abatement, specifically for energy retrofit

investments.

This figure of 160 EUR per ton significantly surpasses the current EU carbon market price (75

EUR/ton CO2 in May 2024). It also diverges significantly from the forecasts of micro-simulation

models such as Res-IRF (Cired 2021), which simulates energy consumption and energy efficiency

improvements in the French residential building sector. In a recent report heavily based on this tool,

the governmental agency France Stratégie evaluated that residential emissions could be slashed by

50% through retrofits costing less than 160 EUR/t. CO2 eq. (France Stratégie 2023). However,

these emissions only decreased by 8.7% between 2018 and 2020 (CITEPA 2023), which suggests the

existence of infra-marginal works financed through the French CEE.

We also define a narrower net private cost of energy efficiency investments reflecting the trade-off

between monetary costs and benefits of CEE retrofits. In this accounting exercise, we rely on the

average investment costs provided by the Base Carbone of the French Energy Management Agency

(ADEME 2024) for each work type. We a apply an annual rental cost of capital of 4% to mirror

the official discount rate of projected energy savings. Monetary gains are evaluated using the local

residential electricity and gas prices value. The resulting average net private cost is 190 [140-290]

EUR/t. CO2 eq, slightly above our marginal CO2 abatement cost. Hence, non-monetary benefits

are priced on the market of certificates at a value of at least 30 [20-50] EUR/t. CO2 eq.

4We also perform one robustness test using the 150 g/kWh carbon content of electricity according to the usage-
based, seasonally-adjusted method from ADEME’s Base Carbone®. The resulting MCCA is 165 [115−280] EUR/ton
CO2 eq.
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7 Conclusion

Relying on a new administrative dataset recording all EEOs-supported energy efficiency retrofits

in the French residential sector between 2018 and 2020, we investigate their impact on gas and

electricity consumption in 4,774 peri-urban municipalities. We compute the ex-ante prediction of

savings associated to these operations to measure the wedge between and realized savings. We

document two primary findings. First, each kWh of savings predicted by engineering models yields

in the best case scenario only 0.381 kWh of realized savings. The French CEE is therefore plagued by

a minimum 62% energy performance gap. Second, the marginal cost of carbon abatement through

CEE retrofits is equal to 160 EUR per ton of CO2 equivalent. Relying on EEOs is thus an inefficient

and costly way to reduce GHG emissions.

We consider these results as a first step towards a better understanding of the effect of an

EEOs on residential energy use. Our research agenda is still vast, and includes the analysis of

interactions with other energy efficiency policies and the investigation of the distributive effects of

the low-income households sub-obligation. On a broader point of view, one should keep in mind that

energy efficiency works may have other effects than energy reduction, such as health improvements

or unemployment reduction through the creation of green jobs.
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B Data

B.1 Sample selection

Figure A1: Average % of Housing Units which main heat source is Fuel Oil, 2018-2020

Figure A2: Average % of Housing Units which main heat source is Liquid Gas, 2018-2020
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Figure A3: Municipalities connected to a District Heating network, 2018-2020

Table A2: Per capita municipal residential energy use, retrofit works, and demographics

Estimation sample (N = 4,774) Mainland France (N = 34,868)
Mean SD Mean SD

Panel A: Energy use
Electricity (kWh) 3,429.959 1,213.841 3,168.284 830.544
Gas (kWh) 1,263.306 1,722.556 745.262 1,384.025

Panel B: Retrofit works

Projected lifelong savings (kWh) 2,816.795 2,001.76 3,416.708 2,945.592
Projected annual savings (kWh) 77.643 61.008 96.349 84.181

Panel C: Demographics

Med. Inc. (EUR/y) 21,363.438 3,625.951 21,833.585 3,692.437
Population 1,078 1,365 1,991 8,262

Panel D: Weather

HDD 2,066 575 2,143 435
CDD 381 188 356 157
Precipitation (mm) 928 263 881 210

25



B.2 Energy use

(a) Electricity consumption

(b) Gas consumption

Figure A4: Average electricity and gas consumption per capita, 2018-2020
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B.3 Population

Figure A5: Population density in 2020
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B.4 Heating Degree Days

(a) Average Heating Degree Days between 2016 and 2020

(b) Thermal zones

Figure A6: Mid-run climate
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Degree days are based on the assumption that when the outside temperature is 17°C, we don’t

need heating or cooling to be comfortable. Degree days are the difference between the daily tem-

perature mean and 17°C. If the temperature mean is above 17°C, we subtract 17 from the mean and

the result is Cooling Degree Days. If the temperature mean is below 17°C, we subtract the mean

from 65 and the result is Heating Degree Days.

More specifically, for each node and day, we use the average temperature (T°n,d) to define HDD

and CDD for each day using the SDES methodology:

HDDn,d =

 17− T°n,d if T°n,d < 17°C

0 otherwise.

CDDn,d =

 T°n,d − 17 if T°n,d > 17°C

0 otherwise.

We then sum HDD and CDD over one year to get yearly values for each node (e.g., HDDn,y =∑365
d=1HDDn,d), and derive the yearly HDD for each municipality (HDDm,y).

We map Heating Degree Days (HDD) at the municipality level using the following rule:

HDDm,y =


HDDn,y if n ⊂ m and ∄ n′ ̸= n such that n′ ⊂ m

1
k

∑nk
1=n1

HDDn,y if ∃ k > 1 such that ∀ n ∈ [n1, nk], n ⊂ m

HDDn,y, n = argminn∥Cm − n∥ if ∄ n ⊂ m

where Cm is the centroid of each municipality used for 1 nearest-neighbor matching when there is

no node n within the boundaries of municipality m. Using this re-projected version of our HDD

data, we can produce some HDD-related variables at the level of each municipality.
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