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Abstract

Many public policies encourage households, fiscally or financially, to renovate
their homes to improve their energy efficiency. Examples in France include the
Zero-Rate Eco-Ready program to finance thermal renovations, the tax credit for
energy transition, or the “Living Better” program. Does this aid help to improve
the energy efficiency of housing in France? The objective of this study is to
present the structure of a new microsimulation model which makes it possible
on the one hand to analyze the potential of differentiated public policies on the
dynamics of energy renovation of housing and on the other hand to evaluate the
impact of these policies on fuel poverty. Thus, from 2013-2017, offering assistance
for the energy renovation of housing to the first income quintile alone would have
reduced energy poverty very little in 2017. To reduce fuel poverty, it is preferable
to target assistance to the first two income quintiles.

Key words: Energy transition, Energy Efficiency, Fuel Poverty.

JEL Codes: 132, Q48

*The author is solely responsible for this work without commitment from the institutions to which
she belongs. The author is thankful the support of the French Agency for Ecological Transition
(ADEME), HERMES project. The author would like to thank Raphaélle Villers as well as Gaétan
Chamard-Bois for their participation in the evolution under R of the EPEE microsimulation model
towards the EPEEr model. The author would also like to thank Marie-Laure Guillerminet, Alexandre
Godzinski and Bruno Quille for their valuable comments and suggestions.

fContact: corinne.chaton@dauphine.psl.eu, Finance for Energy Market Research Centre (FIME),
Paris, France.



1 Introduction

It is a fact that living in a “leaky home” that is in a very energy-intensive home (i.e., in
a home that is in band F or in band G of the French Energy Performance Certificate,
EPC)!, significantly increases basic energy needs because the most energy-intensive
homes? consumes up to 10 times more than the most efficient homes®. As a result,
households living in poorly insulated housing have a higher probability of being in fuel
poverty* than those living in housing with a EPC score of A or B. Thus, as Best and
Sinha [2021] note, on the one hand, these households tend to suffer from lower subjective
utility because they are more likely to feel unable to achieve healthy temperatures
for their dwelling. On the other hand, their energy expenditure must be higher to
compensate for insufficient insulation. Consequently, even households with a standard
of living above the first three standard of living deciles can, depending on their housing
conditions, fall into fuel poverty. This is all the more likely when energy prices are high,
as was the case in Europe in 2022. As a result, the energy retrofit of housing appears
to be an important lever for lifting certain households out of fuel poverty or preventing
others from entering it.

Energy retrofit has a dual environmental and social benefit for public authorities, reduc-
ing both energy demand (and therefore the associated CO5 emissions) and fuel poverty.
Without it, it will be impossible to achieve carbon neutrality by 2050. To encourage
building energy efficiency retrofits (EERs), the French government has implemented
various schemes (the housing energy renovation plan, PREH in 2013; the French law on
the energy transition and green growth, TECV law in 2015; the building’s energy ren-
ovation plan, REB plan in 2018 and 2021; and national low-carbon strategy, SNBC in
2020). Among these schemes are aids/subsidies that are allocated to households for the
energy renovation of their homes. However, what is the impact of such aids/subsidies
on EERs and on fuel poverty? The objective of this study is to provide answers to this
question.

Thus far, these interventions do not seem to have had the expected effects. It is clear
that despite financial aid such as the tax credit for energy transition, Zero-Rate Eco-
Ready (Eco-PTZ), the “Better Living” program managed by the French National Hous-
ing Agency (Anah®) for precarious households, etc. .. and the increase in energy prices,
the number of deep energy retrofits undertaken by households does not seem sufficient
to achieve some of the objectives set in the various plans/laws launched by the French
government to boost the energy renovation of housing. Thus, the objective of renovat-
ing all the leaky homes in the private residential stock by 2025, enshrined in the TECV
law and still relevant, seems compromised, even with the ban on new rental contracts
concluded from January 1, 2023, for EPC G-score dwellings®. Indeed, Le Saout et al.

'For more information, see Annex A.

2A dwelling that is in band G has an energy consumption greater than 450 kWhy,,/m? /year.

3The energy consumption of dwellings that are in band A is less than 50 kWh,,,/m? /year.

4Fuel poverty is defined as follows in French legislation (cf. the July 12, 2010, law, also named
Grenelle II): “a household that has difficulties obtaining the necessary energy to satisfy their basic needs
due to the inadequacy of their resources or their living conditions is in fuel poverty under this Act”.

5Anah for Agence nationale pour I'amélioration de I’habitat.

6See Decree No. 2021-19 of January 11, 2021, relating to the energy performance criterion in the
definition of decent housing in mainland France.



[2022] estimate that on January 1, 2022 (2018), the percentage of leaky homes in the
stock of principal residences in mainland France is 17% (16.7%). According to these
authors, the percentage of these very energy-intensive dwellings varies little with the
income of the occupants. Thus, 18% (16%) of households in the first quintile (last quin-
tile) of income live in dwellings with an EPC score of F or G. Energy retrofit does not
only concern leaky homes but also dwellings with EPC scores C to D. The percentages
of these dwellings in the French housing stock are the following: 24% for C scores, 32%
for D scores and 22% for E scores [Le Saout et al., 2022]. As a result, it is unlikely that
the entire housing stock will be renovated according to “Low Consumption Building”
(BBC) standards by 2050, i.e., that the consumption of existing housing will be less
than 80 kWh,,,/m?/year (which is an objective of the REB plan).

Given the rise in energy prices since 2019 and the state of the French housing stock, it
is not surprising that increasing numbers of consumers report restricting the heating of
their homes to avoid excessive energy bills. Indeed, according to the 2022 info-energy
barometer [Le médiateur national de Iénergie, 2022]7, 53% of consumers restricted the
heating of their homes in 2020. In 2022, this percentage was 69%. By limiting their
energy expenditure, these households forgo their thermal comfort and could be qualified
as fuel poor households. This relationship between thermal comfort and fuel poverty
was highlighted by Healy and Clinch [2002] based on the results of a national household
survey in Ireland. The 2022 info-energy barometer is also based on the results of a
survey. This survey was carried out by the .becoming research institute from September
1 to 16, 2022 (for the fourth consecutive year), with a representative sample of 2,006
French households. Of these 2,006 households, 22% suffered from the cold in winter
2020-2021, and 37% (35%) of them declare that the reason is financial (poor insulation).
A significant difference can be observed between tenants and owner-occupiers in their
dwelling. Indeed, “Poor insulation is most often cited by tenants (41%)". If we consider
that consumers who have difficulty paying certain gas and electricity bills are in energy
poverty, then the percentage of consumers in energy poverty was 18% in 2020 and 27%
in 2022 [Le médiateur national de I'énergie, 2022].

If thermal regulation of residential buildings can reduce fuel poverty by increasing
the energy efficiency levels of housing [Matos et al., 2022], can the same be true for
investment incentives for energy renovation?

Numerous studies underline that public policies encouraging building EERs do not
obtain the expected results. This is partly because there is a significant difference
between the levels of investment in energy efficiency that should save consumers money
and the investments they actually make. This “efficiency gap” can be explained by many
phenomena (e.g., market failures), behaviors (myopia, differences in reference points;
see theoretical perspective).® Additionally, as Fowlie et al. [2018] has recently shown,
the energy savings measured ex post are much lower than the savings estimated by
simulation models. Indeed, the experimental evaluation of a residential energy efficiency
program (Weatherization Assistance Program, WAP) that they conduct on a sample of

"“Le médiateur national de ’énergie” translated into English as “the National Energy Ombuds-
man” is an independent public authority whose mission is to offer amicable solutions to disputes with
companies in the energy sector and to inform energy consumers of their rights.

8See for example Howarth and Sanstad [1995], Allcott and Greenstone [2012], Gillingham and
Palmer [2014].


https://becoming-group.com/en/home/
https://www.service-public.fr/particuliers/vosdroits/F20820?lang=en
https://www.service-public.fr/particuliers/vosdroits/F20820?lang=en

more than 30,000 households, suggests that the initial investment costs (i.e., projected
by the model) are approximately 2.5 times the actual savings. The vast majority of these
studies are econometric or experimental economics studies. The latest French study that
can be cited on the impact of public policies on the rate of energy renovation of housing
concerns the increase in the rate of the tax credit (implemented in France on September
1, 2014) on renovation investments by households with modest incomes. Bouisset et al.
[2023] show that the increase would have encouraged low-income households to earn
more renovation work and to increase the amount invested in renovations, in particular
by carrying out several actions, but would not have steered them toward more expensive
one-step renovations. Some studies, such as Borenstein [2015], Xiang et al. [2018],
Crampes and Léautier [2023], are based on microeconomic analyses of investments in
energy savings.

This study contributes to the literature on the impact of public policies encouraging
energy renovations on the energy renovation decision and on fuel poverty through the
development in R of a microsimulation model (see Section 2). The use of a microsim-
ulation model makes it possible, among other things, to overcome the lack of relevant
current and past data on housing and its occupants in France. This lack was confirmed
by the Cour des comptes’, which carried out a “survey relating to the production and
use of data useful for housing policy since 2017”. This investigation resulted in referral
no. S52022-0931, of May 12, 2022, signed by Pierre Moscovici, President of the Cour
des comptes, and addressed to Ms. Pompili, Minister of the Ecological Transition and
to Mr. Le Maire, Minister of the Economy, Finance and Recovery. It yielded the
following quote: “In terms of housing policy, this requirement'® imposes a reasonable
knowledge of the stock of social and private housing in order to establish, according to
territorial realities, the expression of the needs of the applicants and of the human and
social characteristics of the latter, the most suitable strategies in terms of the supply
of new housing, the fight against insalubrity, energy renovation, etc. They must allow
the monitoring of the beneficiaries of these policies to verify their However, the State’s
capacity seems insufficient with regard to the stated ambitions. In general, the databases
that can be used are difficult to access and not very interoperable.”

The model developed in this study is an adaptation of that of Chaton and Gouraud
[2020]"*, which initially used data from the 2006 “Enquéte Nationale Logements” (ENL,
the French Housing Survey). Subsequently called EPEEr, it is now based on the penul-
timate ENL conducted between 2012 and 2014 (ENL2013). It is the most recent and
comprehensive source of information available at the time of writing this study on
household domestic energy consumption. By way of comparison, the Phébus!'? survey,
produced in 2012 and used, among others, by Giraudet et al. [2020], to configure the
French housing stock to quantify the medium- and long-term impact of energy renova-
tion policies, has fewer than 6,000 households questioned against more than 26,000 for
the ENL2013. With a larger sample size, the estimator is more precise (lower variance).
The explanatory power of a model tends to increase with sample size. Finally, another

9The Cour des comptes is the supreme body for auditing the use of public funds in France.

10T have reliable, exhaustive, recent and accessible data.

'Model named EPEE for Estimation de la Précarité Energétique via I'Econométrie (Estimation of
Fuel Poverty Via Econometrics).

12Enquéte Performance de PHabitat, Equipements, Besoins et Usages de 1’énergie (Phébus).


https://www.insee.fr/en/metadonnees/source/operation/s1250/presentation
https://www.statistiques.developpement-durable.gouv.fr/enquete-performance-de-lhabitat-equipements-besoins-et-usages-de-lenergie-phebus

significant advantage of using the ENL and not the Phébus survey is that the latest
housing survey (ENL) was carried out between October 2019 and April 20213, while
there is no information on a future Phébus survey apart from the fact that “it could be
renewed in the future”. The Phébus survey makes it possible to calculate the normative
energy expenditure linked to housing and therefore does not account for, or does so very
little (via elasticities), the behavior of households. The ENL, on the other hand, re-
flects this behavior and the heterogeneity of households. Thus, the technical-economic
model Res-IRF (used by Giraudet et al. [2020]) and the microsimulation model of Cha-
ton and Gouraud [2020] are complementary. There is another tool comparable to that
developed by Chaton and Gouraud (i.e., simulating fuel poverty in mainland France
via ENL data), which is used by the Observatoire national de la précarité énergétique,
ONPE" (see Devalicre et al. [2018]). This tool is based on Prometheus, developed
by the General Commission for Sustainable Development but for which, unfortunately,
there is little information on its structure.

To assess the impact of public policies supporting the energy renovation of French
housing,

1. two databases, namely the ENL2013 and the ADEME! EPC database were
matched;

2. the thermal renovation block of the EPEE model (in which, among other things,
the probability of renovating a home is determined via a logit) has been modified.

Thus, for owners occupying their homes, the decision to invest in a high-performance
renovation (i.e., allowing a jump in the EPC band) is now based on an analysis of the life
cycle cost of the investment. For renting households, the renovation decision depends
mainly on the owner. However, from information on the energy performance of French
housing in 2017 given by Merly-Alpa et al. [2020],'¢ it is possible to determine the
probability that rental housing will be renovated. This probability obviously depends
on the EPC score of the accommodation.

After presenting the methodology in Section 2, calibration and simulations are carried
out in Section 3. While the investment cost matrix of switching from one EPC band
to another is input data, the effects of the renovation (invoice savings due to the EPC
improvement and rebound effects) are estimated and intangible costs!” are determined
by calibration. According to the simulations, better information on aid for energy
renovation of homes and the targeting of this aid on the first income quintiles contribute
to reducing fuel poverty. A policy targeting lower living standard deciles should have a
greater effect on reducing fuel poverty. The calculated effect is nevertheless moderate:
-0.93% at the end of 2017 if only the households likely to be helped (from 2013 to 2017)

13Survey data were not available at the time of writing this study. They were made available in
June 2023. Furthermore, the objective of this study being to study the impact of energy efliciency
policies on the renovation dynamic and on fuel poverty (apart from the health crisis), it seems more
appropriate to use ENL2013.

14 ONPE is a think tank in charge of studies linked to fuel poverty.

5The French Agency for the Environment and Energy Management.

16The target year for calibration is the end of 2017.

"These costs include, among other things, the inconvenience linked to renovation work, time spent
searching for craftsmen, etc.



belong to the first quintile.!® If the objective is to reduce fuel poverty, according to the
simulations, it is preferable to target aid to the first two income quintiles

2 Methodology

The objective of this study is to analyze the impact of aid/subsidies for housing EERs
on fuel poverty in mainland France. It is therefore necessary to rely on a model that
accounts for the three predominant factors in the concept of fuel poverty, namely house-
hold resources, energy prices and quality of housing. This is the case of the microsim-
ulation model developed by Chaton and Gouraud [2020] (model named EPEE). This
model is based on the following three main blocks: income, energy prices and thermal
renovations (see Figure 1). However, the thermal renovations block is based on a logit
regression to assess the probability that a household will or will not conduct an energy
renovation of their dwelling. It therefore does not make it possible to answer the ques-
tion, what is the impact of these aids/subsidies on investment in energy renovation and
on fuel poverty? It is therefore necessary to modify/refine this block relating to the
thermal renovations of the dwelling.

EPEE is a two-period model. The initial period corresponds to the ENL data collection
period (from March 2005 to December 2006 for ENL2013 and from June 2013 to June
2014 for ENL2013) and the final period, which is the target year. The new energy
renovation block is annual. Therefore, the number of periods considered for this block
depends on the target year.'

Subsequently, interest only relates to so-called high-performance renovations, defined
as follows.

Definition 2.1. A renovation is considered efficient when it allows at least one EPC
band jump (a positive jump of course).

However, in the ENL2013, the survey on which the microsimulation model is now
based?’, no EPC score is associated with housing. Thus, initially, an EPC score is
assigned to each ENL2013 dwelling (Subsection 2.1).

Starting from the observation that it is substantially more difficult for tenants than for
owners to have their accommodation renovated (because it largely depends on the deci-
sion of their landlord), tenants and owner-occupiers are treated differently. Specifically,
the renovation block is modified to integrate an economic model for the renovation
decision of owner-occupiers, a decision that depends on aid/subsidies for renovation
(Subsection 2.2). For tenants, renovation is addressed in a very simple way. On the
basis of an annual rental housing renovation target by score (the value of the targets is
taken from Merly-Alpa et al. [2020], a working document of the General Commission for

Sustainable Development), a draw is made for tenants benefiting from the renovation
(Subsection 2.3).

181f the EPC score transition cost matrix considered is that defined by Giraudet et al. [2020].

9 Thus, if for example, the initial year is 2013 and if the target year is 2018, this block will include
5 periods.

20In Chaton and Gouraud (2020), the microsimulation model is based on ENL2006.
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Note: Source Chaton and Gouraud [2020]. The circled and bluish part is modified. Indeed, the initial
econometric model concerning the thermal renovation of housing is partly replaced by a decision-
making model of housing energy efficiency retrofits for homeowning households.

Figure 1: Structure of the EPEE microsimulation model

2.1 An EPC score for ENL2013 housing

An EPC score is assigned to each dwelling in the ENL2013 database. Although the
ENL2013 provides information on energy expenditure (declared expenditure and not on
energy consumption), it provides no information on the contract between the household
and the energy supplier, and thus, it is difficult to calculate an EPC for each accommo-
dation in the ENL2013 base. Consequently, the method used consists of matching the
ENL2013%*! and the ADEME?? databases. A potential difficulty in matching stems from
the fact that the ADEME EPC data are raw and include selection bias. Indeed, only
the housing scores of people who requested a score are represented. As shown in Figure
2 (left figure), the dwellings represented in the ADEME EPC database are of better

21'With a total of 26,264 respondents, the database is representative of the housing stock in mainland
France. Table 18 provides some statistics for this database.

22Tn 2020, there were 280,000 selected respondents. The database is not representative of the
housing stock in mainland France.



quality (i.e., with better scores) than the mainland French housing stock (the INSEE
Phébus survey is representative of the mainland French housing stock in 2013)%.

The filtered EPC database. Before July 1, 2021, the determination of an EPC
score for a French dwelling was based on two methods: the conventional consumption
calculation method (known as 3CL and used in the Phébus survey) and the so-called “on
invoice” method.?* To carry out the matching, only the dwellings whose EPC has been
defined by the invoice method or by the 3CL method are taken into account. Dwellings
whose EPC was determined by a combination of the two methods or poorly defined are
not retained. Other filters have been applied. Thus, in the ADEME EPC database,
only dwellings (i.e., residential EPCs) are considered for which the date of award of
the EPC is between 2012 and 2014 (the period of the ENL2013 survey). Observations
whose energy consumption does not fall within the theoretical consumption bounds,
according to the EPC score (see Annex A for the definition of the bounds), are deleted.
Regarding the year of construction of the dwelling, the following changes have been
made. Negative values have been replaced by their opposite (-1930 = before 1930).
Dates from 19,000 to 20,200 were divided by 10. Only observations with a housing
construction date between 1400 and 2014 were retained. Observations in which the
surface of the dwelling, the energy bill (in euros and in euros per m?) are outside
the ENL limits by type of dwelling (house, apartment) are not considered. The last
filter concerns the average price of energy for households/dwellings (in KWh,./m?).
Specifically, the average prices (defined by the invoice/consumption ratio) not belonging
to the interval [3,50] are deleted. The same is true for observations whose price/price
ratio estimated by regression is outside the interval [0.8,1.2]. Table 1 reports the
average primary energy consumption per m? according to the EPC score and the EPC
allocation method (on invoice or 3CL) taken from the filtered ADEME EPC database.
Consumption on invoice is on average slightly lower than “theoretical” consumption,
with the exception of dwellings classified in band A of the EPC. The ADEME database
on EPCs after the various treatments/filters contains 1,168,741 observations.

EPC Scores A B C D E F G

On invoice 40.53 66.41 123.54 187.85 269.17 373.77 491.73
3CL 39.56 67.70 124.82 192.74 276.87 380.55 500.18

Table 1: Average consumption (filtered database of ADEME EPCs - in
KWh,,/m?/year)

The matching variables used are as follows: the type of dwelling (detached house
or other), its construction period (before 1974; between 1975 and 1989 and after 1990);
its living area (less than 25 m?; 25 to 40 m?, 40 to 70 m?, 70 to 100 m?, 100 to 150

m?, or more than 150 m?); the annual energy bill (total and per m?); and the region

Z3Note that data collection for the Phébus survey was carried out from April to October 2013.

24Gince July 1, 2021, only the 3CL method has been used. This method is based on theoretical
consumption calculated from the technical characteristics of the dwellings and assumptions on fixed
dwellings. The on-invoice method is based on the actual consumption of a household.



and the year of response to the EPC questionnaire?*. The database resulting from this
pairing is named ENL2013EPC.

The accuracy of the matching of data from ENL2013 and ADEME’s EPC cannot be
verified directly. It is however possible to compare the distribution of the scores obtained
post-matching with that of the Phébus survey data (see Figure 2 (right figure)). The
differences observed are probably due to the calculation methods used for the EPC (only
3CL for the Phébus survey and 3CL and “on invoices” for the EPC post-matching of the
ENL2013) and to the periods that are not the same. The collection of the Phébus survey
was carried out from April to October 2013, while the energy expenditure declared in
the ENL relates to the period from June 2012 to June 2014. Moreover, according to
Merly-Alpa et al. [2020], the Phébus survey overestimates leaky home.

.....
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Note: The figure on the left (the right) compares the distribution of dwellings according to the EPC
scores obtained via the filtered ADEME EPC database (post-matching, i.e. obtained by matching
data from the ENL and ADEME EPC) and those of the Phébus survey.

Figure 2: Distribution of dwellings according to their EPC score (2012-2014)

Some statistics about the ENL2013EPC database can be found in appendix B.1.

2.2 A renovation model for homeowners living in their home

The logit model that constitutes the renovation block in Chaton and Gouraud’s mi-
crosimulation model is partly replaced by a renovation model for homeowning house-
holds (i.e., 57.4% of French households in 2013). In this model, three key moments are
considered: decision-making (to renovate or not), the quality of the renovation (choice
of the type of work, quality of the work carried out), and the behavior of the household
after the renovation (the rebound effect or the Jevons Paradox?®).

One of the difficulties encountered when developing a decision model for renovating
one’s home comes from the fact that the choice to renovate or not involves a large
number of factors that are not financial. Thus, for example, Ebrahimigharehbaghi
et al. [2019] show that the main drivers for Dutch homeowners’ decision for energy

25The year of response to the questionnaire makes it possible to correct for global climatic variations
and variations in energy prices.

26Improved productive or energy efficiency can actually lead to greater use of the product and its
associated energy: “It is wholly a confusion of ideas to suppose that the economical use of fuel is
equivalent to a diminished consumption. The very contrary is the truth.” [Jevons, 1866].



efficient renovations (EERs) is the desire to improve the quality of their life, rather
than the financial benefits and “the main barriers are the costs of FERs, complexities
in the process, information barriers, and finding reliable experts and information”. In
France, according to the 2017 and 2020 TREMI surveys®’, improving comfort?® is the
primary motivation for households renovate their house (see Energies Demain et al.
[2018] and Caumont et al. [2022]). Despite this observation and the importance of
nonfinancial /economic variables in consumers’ decisions regarding investment in energy
efficiency?’, in what follows, the likelihood that a homeowning household will renovate
their home is based on an originally “financial” criterion, namely the cost of the life cycle
of the investment". However, in this cost, there are intangible costs that include, among
others, negative costs reflecting the improvement in comfort, political voluntarism, etc.

2.2.1 The life cycle cost of an investment, LCC

This cost, which is used to define the probability of renovation of a homeowning house-
hold, is the sum of the following elements:

1. The investment cost (zero if there is no renovation);

2. Assuming that the household borrows the amount necessary to carry out the work,
and that it pays for the work before receiving public assistance, the investment
cost breaks down into the present value of the loan (nominal plus interest), plus
intangible costs (positive: inconvenience related to renovation work, time spent
looking for craftsmen, etc., negative: improvement in aesthetics, comfort, political
voluntarism, etc.) minus grants awarded;

3. To these investment costs is added the discounted amount of the energy bills
(initial bill if there is no renovation, minus the theoretical effect in the opposite
case).

Thus LCOC is defined as

LCCi:j:q)SyBY = (az - ‘QQ71’)]Z’]’S +

t

LA+ (T —t+ 1)), ELJHA”
— (1+B P (1+7r)t

where
e ¢ the initial EPC score,
e j the final EPC score,
e ¢ the household income quintile,

e s the living area,

2TThe TREMI 2017 survey (TREMI 2020 survey) concerns the works carried out between 2014 and
2016 (2017 and 2019) in the individual French houses (private and public park).

28Being warmer at home (thermal comfort) / Beautifying the home / Improving air quality /
Soundproofing the home.

For Stern [1986] psychological considerations (e.g., commitment and motivation) play a key role
in these decisions.

30See Woodward [1997].
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« BY the estimated bill on January 1 of year Y,
e «y, the intangible costs, depends on the initial EPC score,

e g, the subsidy rate, can be set based on the initial EPC score and household
income quintile,

e I; ;s the estimated cost of renovation, which depends on the initial EPC score,
the final EPC score and the living area,

o T the duration of the loan (10 years by default),

o 7 the interest rate of the loan (4% by default),

o [ the household discount rate (10% by default),

o L the lifetime of an investment (30 years by default) and

« A, the expected reduction in the bill by a jump from EPC score i to j.

The first element of the right-hand side of (1) i.e. (a; — g4:)1i ;s corresponds to the
correction made by the intangible costs and the subsidy rate, expressed as a percentage
of the amount of the initial investment. The second element, i.e. Zthl (1+(7;F_(ii}3);)l”j’s,
is the present value of the loan made at the time of the investment. The last element,

ie. Zt 1 (HIAJ;{ , corresponds to the sum of discounted invoices over the life of the
investment. These invoices, which depend on the initial year, are corrected for the
theoretical renovation effect. In other words, when deciding on the energy renovation
of the home, the household is myopic with regard to its future behavior (it does not
take into account rebound effects) and it is myopic with regard to energy prices (it

considers constant prices from the time of observation).

2.2.2 Probability that a homeowning household renovates its dwelling

The lower the lifetime cost of an investment, the more profitable that investment is for
the household. The household will therefore compare all its options (from “do nothing”
to “renovate to reach the A score of the EPC”).

The heterogeneous behavior of owner households for the energy renova-
tion of their homes. The existence of this heterogeneity is found and demonstrated
in several articles. Thus, for example, Frondel and Vance [2013] show that the effect
of home energy audits on the likelihood of renovation is ambiguous. Indeed, their re-
sults suggest that these effects vary considerably from one household to another, and
that it does not necessarily increase the probability of investments in residential energy
efficiency. Aydin et al. [2017] studies the rebound effect of residential heating in the
Netherlands (using a sample of 563,000 households). This measured effect is 26.7%
among owners and 41.3% among tenants. They also highlight significant heterogeneity
in the rebound effect, determined among other things by household wealth and income.
This heterogeneity in the behavior of owner households means that households with
identical characteristics do not necessarily make the same energy renovation choices for
their housing. Otherwise, owner households would all choose the most profitable option
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for them. Thus, if the benefits of improved thermal comfort are not included in the
LLC or if they are very low (which is very likely), the option chosen by households will
often be to do nothing. However, there are renovations, which do not correspond to
the highest LLC'. To have a greater probability on the option with the lowest LLC,
the parameter v > 0 (with the minus sign in front of v) is then used in the definition
of the probability that an owner household renovates its dwelling so that its EPC score
varies from i to 7, i.e.,

LCC; ; v
PY (i laivs, BY) = o ranss) T )
Zk:i(LCCi,k,q@By)iV

This parameter v is used to modulate heterogeneity®'. The lower v is, the more random
the behavior of households.

2.3 Renovation of rental housing

The renovation of rental housing is considered in a very simple way. It is based on an
annual renovation objective for these dwellings by EPC score (the value of the objectives
is taken from Merly-Alpa et al. [2020] and is given in the Table 2) and is done by drawing
many tenants who benefit from a change in the EPC score.

Year A B C D E F G

2012-2014 1.3% 3.9% 12.1% 25.0% 33.6% 15.7% 8.6%
2018 1.7% 4.1% 17.5% 34.1% 25.8% 11.1% 5.7%

Note: The percentage of rented dwellings in each EPC band is given in this table. For the period 2012-
2014, they correspond to those of rental housing in the ENL2013EPC database, i.e., after matching
(see Subsection 2.1), and for the year 2018 to those calculated by Merly-Alpa et al. [2020].

Table 2: Housing rented by energy performance band

2.4 Simulation of public policies (aids/subsidies for housing
EERs)

Five housing renovation aid/subsidies are taken into account.

Zero-Rate Eco-Ready (Eco-PTZ). Created in 2009 following the Grenelle de 1'envi-
ronnement, its objective is to encourage the energy renovation of old dwellings to
improve their energy performance and therefore to reduce the energy bill of owner-
occupiers and to reduce emissions of French greenhouse gases. The maximum amount
of the eco-PTZ was €30,000 until the end of 2021. Since 2022, it has been €50,000 if
the owner carries out a range of works “making it possible to achieve a minimum over-
all energy performance” (decree of 05/02/2022). It can be requested without income
condition for projects over €5000. It is simulated as an interest repayment a loan con-
tracted for a maximum amount of €30,000. The reimbursement rate is 4% (consumer

31The minus sign increases the probability of the option with the weakest LLC.
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loan) repayable over 10 years. It is expressed as a percentage of the initial investment
amount, Iy, as a subsidy rate calculated as follows:

1 &0.04x(10—5+1) %
fojzl (1+ ) ,

(3)

where 3 is the household discount rate and ¢ = min(Zy, 30000)1 1, 5000-

Energy Transition Tax Credit (CITE). Since January 1, 2021, it has been replaced
by “MaPrimeRénov” energy transition premium. This tax credit was available, subject
to means testing, for certain energy improvement works. It concerns dwellings occupied
as a principal residence. It is simulated as a 17% subsidy received the year following
the work.

Reduced VAT rate for renovation of a dwelling. Renovation works are subject to
a reduced VAT of 5.5%, instead of the normal rate of 10% that applies in the building
sector.

Energy saving certificates, CEE. These certificates were introduced in France by the
POPE law of July 13, 2005, to promote the reduction of energy consumption in certain
sectors (such as the building sector) Crampes and Léautier [2023]. They are simulated
as a “private” subsidy defined according to the sale price of the energy certificates. The
amount of the subsidy to energy efficiency is defined for each operation by an amount
of savings updated cumulative energy (kWh cumac per m?) multiplied by a CEE price
(€/kWh cumac). More precisely, the subsidy per m? for the switch from EPC i to EPC
j, during year t, is equal to m(7, j) X Peee/100, with the values m(i, j) defined in Table
19 and peee = 4 from 2012 to 2016 (5 in 2017 then increases at the rate of 8% per year
from 2018 included). The amount of this subsidy is multiplied by 2 if the household is
precarious.®?

Financial assistance from Anah. Anah can grant financial aid for energy renovation
work on housing, adaptation to loss of autonomy, etc. The amount of aid is linked to
income, family composition and region. This aid is intended for households belonging
to the first two quintiles of income per CU. It is simulated as a subsidy rate defined as

follows:
S1 + S9

_[()X(l’

(4)

where a is the area of the housing and s; and s, differ according to the quantile of
income per CU (see Table 20).

Knowing that the renovation decision depends on the aid that can be allocated to the
household and that these depend on the EPC score of its housing before and after ren-
ovation as well as its income per CU (more precisely in the modeling of its membership
in an income quantile per CU, Y,,), the household profile is therefore defined by the
EPC of its home before and after and its income per CU.

32Precariousness is defined as belonging to the first quintile of income per CU.
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2.5 The new thermal renovation block

The most important stages of the program concerning the energy renovation block are
summarized in Appendix B.5 (Figure 12) and consider the following reasoning for the
renovation decision-making of owner-occupied households.

The homeowning household knows the initial financial amount needed for the ren-
ovation. It considers the subsidies it can claim (subject to information). The amount
of subsidies is defined either on the basis of a given subsidy rate or on the basis of the
modeling of different public policies. It calculates the actual amount it will have to pay
for the renovation. This amount is the discounted sum of consumer credit repayments
over 4 years at the rate of 4%. Recall that the household funds the work through loans
and grants. The maximum indebtedness is by default 33% of income. As a result,
all of the renovations that can be carried out correspond to renovations for which the
notional amount reimbursed each year (by default N/10-ratexN) is less than 33% of
annual disposable income, corrected for accumulated renovation debts (for more details,
see Annex B.6).

The household knows the evolution of energy prices for the year preceding its renovation
decision and the evolution of its income (fixed growth rate). It adapts its energy
consumption according to this information without changing technology. Indeed, the
model does not currently take into account the evolution/change of technology.®® The
household studies all the renovation possibilities (jump from EPC band) according
to their cost (material, intangible), possible subsidies and the expected effects on the
energy bill of the EPC score changes. Assuming that the heterogeneity parameter, v
is known, then all the information needed to calculate the probability that an owner
household will renovate its dwelling so that its EPC score varies from i to j (see (2)) is
available.

For tenant households, the renovation decision is exogenous. It mainly depends
on the lessor. Assuming that the works are “light”, that is to say that they generate
only one EPC score jump at a time, it is possible to calculate renovation objectives
to achieve the distribution given by Merly-Alpa et al. [2020]. In the tenant housing
renovation module, it is assumed that the renovation rates by EPC score are constant
over time. Thus, each year, a tenant household has a fixed probability (which depends
on the initial score - see Table 3) of benefiting from a renovation.

B C D E F G

3.4% 3.8% 6.1% 12.7% 11.45% 5.6%

Table 3: Probability of renovation of tenants’ dwellings according to their EPC score

The user-modifiable model input variables based are summarized in Table 4.

33This will be the next improvement.
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Variation in electricity price

Variation in heating oil price

Variation in wood price

Elasticity value for electricity consumption
Elasticity value for heating oil consumption
Elasticity value for wood consumption
Variation in the disposable income of households
Threshold for the fuel poverty ratio
Intangible costs

Term of the loan

Household discount rate

Maximum borrowing rate (constraint)

Expected reduction in the bill A, ;

Variation in gas price

Variation in butane price

Variation in charcoal price

Flasticity value for gas consumption
Elasticity value for butane consumption
Elasticity value for charcoal consumption
Variation in social aids received by households
Unemployment rate, initial year and final year
Subsidy rate

Loan interest rate

Life of an investment

EPC Band Change cost I; ;

Annual renovation target for tenants by EPC score

Table 4: Parameters for a simulation

3 Simulations

In this section, the impacts in France of aid/subsidies for housing EERs on the rate of
energy renovation and on fuel poverty are studied. For this, the microsimulation model
presented in the previous section and which is based on ENL2013 is used. The lockdown
periods in the context of the COVID-19 pandemic,* and the development of remote
work that followed, had an impact on the behaviors/decisions of households. Moreover,
“at the end of 2022, in a context of almost continuous price increases throughout the
year, more than two-thirds of households say they have changed their consumption habits
due to inflation” INSEE [Mars 2023]. Therefore, the pre- and post-Covid periods must
be separated. The databases used in this study relate to the period prior to Covid,
so the simulations do not go beyond the year 2019. Two simulations are carried out.
The target year of the first simulation is 2017, which makes it possible to calibrate
the heterogeneity parameter of owner households faced with the renovation of their
principal residence, i.e., v, as well as the cost matrix of change of EPC band. The
target year of the second simulation is 2019. The values of the parameters for the
simulation of fuel poverty in 2017 and 2019 are in Table 21 in Appendix C.

Some information needed for simulation and calibration is extracted from Giraudet
et al. [2020], Energies Demain et al. [2018], Merly-Alpa et al. [2020].

34Tn France, the lockdown periods were as follows: from March 17 to May 10, 2020; from October
30 to December 14, 2020; and from April 3 to May 2, 2021.
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3.1 Calibration and benchmark of the model

The first simulations are carried out to calibrate certain parameters of the renovation
block, in particular the heterogeneity parameter and the intangible costs.

3.1.1 Housing renovation

Some parameters of the renovation block have already been mentioned in 2.2.1 and are
summarized in Table 5.

Household discount rate 10%

Investment life 30 years

Loan constraint 33% of income
Interest rate of the loan 4%

Duration of the loan 10 years

Table 5: Value of certain parameters of the renovation block

Rebound effect. When deciding whether to renovate its home, the household does
not take into account the rebound effect. Thereafter, two effects of the renovation
(improved EPC) are considered (theoretical effect and real effect) and two tables are
included in the model. The first is the matrix of expected (or theoretical) effects of
an EPC score transition. The values in this matrix are used by owner-occupiers to
make their renovation decision. The second (that of the real effects) is used to update
household bills for the post-renovation years.

The theoretical effects of a renovation are defined as the effects of the different EPC
scores on household energy bills, all other things being equal. Their value can be
estimated from a regression of the logarithm of the annual household bill on the char-
acteristics of the dwelling, those of the household and on the EPC score (see Appendix
C.2). This estimate (see Table 23) made with data from the ENL2013EPC database
shows the limits of the pairing mentioned in Subsection 2.1. Ideally, in the ENL survey,
the “good” EPC score of the dwellings of the households surveyed would have been
mentioned. Thus, even if the EPCs from the ADEME database were not contestable,
the estimate could be biased due to the existence of at least one unobservable vari-
able that acts on the energy bill and is correlated with the EPC score. Moreover, this
estimate of the theoretical effect of the renovation assumes that the renovation work
carried out is of good quality. Specifically, there is no difference between the theoretical
energy efficiency of the efficient renovation (allowing the change in EPC score) and the
difference on household energy bills between these two scores.

The presence of a rebound effect may indicate that before the improvement in housing
quality, the household was under stress (constraint), financial or psychological. The
decrease in the theoretical bill due to the change in EPC score allows a relaxation of
this constraint. Based on this assumption, the rebound effect is estimated as follows.
Initially, the theoretical rate of effort after renovation denoted 77, defined as the ratio
between its theoretical energy expenditure and its income, is calculated. This household
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expenditure ratio is then compared to the median expenditure ratio corresponding to
the new EPC score and the income class per CU (Y,) to which the household belongs,
denoted TEPC,YE (See Table 6). More precisely, the rate of effort after taking into
account the rebound effect, 17, is

% x Tgpcy,, if 3ke {1,2,3} such as TL €k, k+ 1],

T{ _ EPC,Yeu (5)
T otherwise.
Yeu
1 2 3 4 5
EPC Scores
A 1.71% 1.15% 0.63% 0.51% 0.22%
B 3.36% 2.33% 1.69% 1.28% 0.80%
C 4.99% 3.23% 2.51% 2.01% 1.46%
D 7.07% 4.45% 3.42% 2.71% 1.90%
E 9.52% 5.64% 4.41% 3.38% 2.51%
F 12.86% 7.70% 5.72% 4.53% 3.21%
G 15.74% 10.59% 7.50% 6.09% 4.13%

Table 6: Median effort rate by household profile (EPC score, Y.,)

Illustration: If the median rate of energy effort concerning the profile of the household
(defined by the EPC score of its dwelling and its income per CU) is 7%, and if its
theoretical rate of effort after renovation is 10% then the rebound effect of this household
will be equal to 3/2 of the median rate.

According to (5), if the rate of energy expenditure after renovation (77) is greater
than twice the median (TEPC’YC), there is no rebound effect. This situation arises
when the improvement of the household’s financial situation takes precedence over the
improvement of its comfort.

Public policies promoting housing renovation. The new renovation block allows
two public policy modeling options. The first consists in considering them separately (as
in Subsection 2.4) and the second in grouping them together. In the second, public aid is
modeled with an aggregate subsidy rate (g,, in (1)), different for the EPC score/quintile
of income per consumption unit (Y,). This makes it possible to simplify the model and
to overcome multiple hypotheses (parameterization of public aid, probability of access
to specific aid, independence between the latter, increase in the common information
rate, etc.). A first simulation of the model makes it possible to calculate what is
then considered the maximum subsidy rate for each household profile. It is
determined assuming that households use all the aid granted to them. The value of
this maximum rate depending on the household profile will be given after calibration
of the model. The use of these maximum subsidy rates makes it possible to check the
sensitivity of the model to public aid and to study the effect of targeting according to
scores and income categories via a redeployment of the envelopes obtained.
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For calibration, the first option is retained, and the following assumptions are made.
The aids obtained are independent of each other and households can use one or more
aids. Each household has a probability of having access to these aids depending on
whether it is informed of their existence. According to the TREMI survey, only 15% of
households having carried out work were informed [Energies Demain et al., 2018]. The
renovation block of EPEEr is calibrated on this rate and not on 0 or 100% information.
The distribution of aid is shown in Table 7.

PTZ CITE CEE TVAR ANAH

8.3% 18.3% 13.3% 75.0% 13.3%

Table 7: Likelihood of getting financial aid

What is the cost of renovation work to move from one EPC score to another?
Information on these costs is scarce. Admittedly, it is possible to have a price range
for different types of work (e.g., floor insulation, changing windows, heating systems),
but for these data to be useful, it is necessary to know the condition and number of
“equipment” likely to be replaced /renovated. However, this information is not available
in the ENL2013 database. While it is possible with ADEME’s EPC database to estimate
the gain resulting from a change in EPC, the same is not true of the associated cost.
However, there is at least one EPC score transition cost matrix which is defined by
[Giraudet et al., 2020]. Even if its elaboration is obscure, in the absence of other data,
this matrix, / (defined by Table 24 in the Appendix), is retained for the rest of the
study.?

What value should be taken for the heterogeneity parameter of household
preferences? Giraudet et al. [2018] point out that there are no data allowing a precise
estimate of this parameter (). They set it equal to 8, and mention that “analyses
carried out in the past have shown that the energy consumption simulated by the model*®
was not very sensitive to this parameter”. Thereafter, v = 8.

Intangible costs.?” Data/information to quantify these intangible costs are scarce.
Chaton and Zitouni [2023] use the TREMI survey to extract a value. They consider
that the intangible costs can be separated into two: d4 representing the inconvenience
suffered during the work and 9, representing satisfaction after the work. They obtain
0, = 0.225 and 94 = 0.06. Therefore, if the discount factor is 0.1 and the lifetime of
the investment is 30 years, then the intangible costs add up to 0.18. However, as the
authors point out, this may differ from household to household. It is also very likely
that this cost depends on the housing EPC score before work. Indeed, intuitively, the
more energy intensive the dwellings are, the more the interest in energy renovation
outweighs the work of beautifying the dwelling. Additionally, d; should grow with
the improvement of the EPC. In the absence of information/data to estimate these
intangible costs, they are deducted from the calibration. Under the assumption that
I is the real EPC score improvement transition cost matrix and that 8 is the true

35However, in view of the simulation results, another matrix is also considered in Appendix C.5.
36i.e. the Res-IRF model.
3Ta; in (1).
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heterogeneity parameter value, then the difference between the distribution of dwellings
according to their EPC score resulting from the simulation when the costs intangible
costs are nil and the “actual distribution” (that of Merly-Alpa et al. [2020]) gives the
value of these intangible costs. Consequently, if this is not the case (which is highly
probable in this study), the value of the intangible costs thus calculated incorporates
any errors in the transition costs and the heterogeneity parameter considered. This
does not affect the rest of the study. It should not be forgotten that the value of the
intangible costs and the heterogeneity parameter (v) are linked to that of the I matrix
and to the structure of the real estate stock considered in 2013 (this is, i.e., from the
ENL2013EPC database) and that of the end of 2017. Taking as intangible costs those
in Table 8, the distribution by EPC score of the simulated housing stock is shown
in Figure 3. This distribution comes from a simulation (hereinafter called reference
simulation) among hundreds carried out considering these intangible costs.®® Tt is
close to that of Merly-Alpa et al. [2020].° Consequently, in the remainder of this
study, these costs are retained.

B C D E F G

0.72 0.85 0.825 0.671 1.18 2.659

Note: These costs have been approximated. They may include
errors due to the inclusion of erroneous renovation costs.

Table 8: Intangible costs according to the EPC score of the dwelling before renovation

35%
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M Simulation W Merly-Alpa et al. (2020)

Note: In blue (red), the distribution of dwellings according to their EPC after the simulation (accord-
ing to Merly-Alpa et al. [2020]).

Figure 3: Distribution of dwellings on 1 January 2018 according to their EPC score

38In Appendix C.4, Figure 14 gives the minimum, maximum, median and average of each EPC
score from these simulations.

39In Appendix C.4, the distributions according to the EPC score of the dwellings of tenants and
owner-occupied dwellings from the simulation are compared to that of Merly-Alpa et al. [2020] (see
Figure 15). Obviously, if the heterogeneity parameter v is modified, all other things being equal, the
distribution of EPCs simulated at the end of 2017 is not the same. Figure 13 in Appendix C.3 gives
this distribution for several values of v. In view of these distributions, one can wonder about the low
sensitivity of the renovation decision to the v parameter.
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3.1.2 Fuel poverty

As in Chaton and Gouraud [2020], the following four indicators are used to quantify
the percentage of households in fuel poverty in mainland France:

1. The rate of energy effort, which must not exceed 8% for the three lower deciles of
income per consumption unit (8%EER).? According to this indicator, also used
by the ONPE, a household is in energy poverty if the ratios

o (energy expenditure)/(household income) > 10% and

« (household income)/(consumption units) < 3rd decile.

According to the ONPE [Devaliere et al., 2018], 13.8% of French households in
2013 were in a situation of fuel poverty according to this indicator.

2. Two other indicators are the French versions of the Low Income, High Cost indi-
cator [Hills, 2011], i.e., a household is in fuel poverty if its income is below the
relative poverty line*! and if its declared energy expenditure exceeds the median
energy expenditure. Two versions of the LIHE indicator are used: LIHE,» and
LIHEcy. In the first, energy expenditure is divided by the surface area of the
dwelling; in the second it is divided by consumption units.

3. As these three indicators target populations that partially overlap, the indica-
tor taking into account all of these precarious households, denoted GFP, is also
retained.

3.1.3 Dynamics of energy renovation of housing and fuel poverty in 2017

Some results of the simulation for the period 2013-2014 to the end of 2017 are given in
this part. They are based on the value of the parameters defined previously, i.e. taking
into account public housing renovation policies. They serve as a reference to study the
impact of these policies in subsection 3.2.

Figure 4 gives the percentage of dwellings renovated each year (from 2013 to 2017) in the
reference simulation.*? In addition to the renovation parameters listed and quantified
in 3.1.1, this percentage depends on energy prices before the renovation year, as well
as household income. It varies from one EPC to another. However, each year, the
renovated dwellings are mainly EPC E dwellings (between 43.7% and 51%). Dwellings
rated F take second place with a percentage that decreases over time. Thus in 2013,
29.8% of renovated homes had an F score. In 2017, this percentage was 19.8%. On the
other hand, the share of dwellings benefiting from score D in renovation increases over
time (like those rated B). More than 86.4% of homes that are renovated are only for
a score jump. A maximum of 11.18% of renovations (in 2013) allow a jump of more
than one score (see Table 9). Renovations generating a jump of more than one EPC

4ONote that Chaton and Gouraud considered a rate of 8%.

4IThe relative poverty line is set at 60% of the national median income after housing costs and
energy costs are deducted.

42Figure 16 gives the minimum, maximum, median and average percentages of housing renovated
each year obtained from around a hundred simulations.
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score are necessarily homeowner renovations. Indeed, it is assumed that the renovation
of tenant housing generates only one EPC score jump at a time (see 2.5).
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Note: The first graph (top left) gives the percentage of homes renovated each year between 2013 and
2017. The other graphical representations give the percentage renovated each year according to the
EPC scores. Thus in 2013, 49.36% of renovated dwellings were classified as EPC E. In 2013, 44.22%
of dwellings were dwellings ranging from score E to score D; 4.12% from E to C, 0.95% from E to B
and 0.07% from E to A.

Figure 4: Housing renovation rate over time and breakdown by initial EPC score and
final EPC score

2013 2014 2015 2016 2017
A jump from an EPC score 88.60%  88.21%  89.72%  87.41%  89.80%
A jump of two EPC score 7.97% 8.49% 8.15% 9.94% 7.80%

A jump of three and more EPC score 3.43% 3.30% 2.13% 2.65% 2.40%

Table 9: Percentage of renovation according to the number of EPC score jumps
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The distribution of renovations between tenants and owners occupying their accommo-
dation is given in Table 10.%3

2013 2014 2015 2016 2017

Owners occupying their homes  59.32%  59.30%  59.46%  59.27%  53.34%
Tenants 40.68% 40.70% 40.54% 40.73% 46.66%

Table 10: Percentage of renovation according to occupancy status

According to the simulation, the percentage of owner-occupier households who renovate
their dwelling is between 12.4% and 15.8% (see Table 11). Over the period studied,
according to the simulation, well over 3/4 of owner-occupied housing renovations allow
a single class jump (see Figure 5). This is consistent with the type of renovations
completed, where only a few were global renovations. However, staged renovation is
not the most effective for obtaining classified housing BBC* (see ADEME [2021] and
Chaton and Zitouni [2023]).

2013 2014 2015 2016 2017

15.70% 15.84% 15.34% 14.19% 12.41%

Table 11: Percentage of owner-occupiers who renovate their home

.

2017 M 80.34%
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2016 M 79.41%
.

2015 M 78.86%
.
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Figure 5: Distribution of renovations of owner-occupier housing according to the
number of EPC score jumps

Figure 6 reports, over the period 2013-2017, the average cost of energy efficiency work in
owner-occupied housing as well as the average amount of the various subsidies received,
according to the number of EPC score jumps. Nearly half of the envelope is devoted

43Recall that 57.4% of households own their home.
4“BBC: low energy consumption building.
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to financial aid from Anah (37%), while only 7.9% of owner-occupiers who receive aid
for effectively renovating their housing benefit from the aid of Anah. On the other
hand, 54.6% of owner-occupiers benefit from a VAT reduced (rVAT) to 5.5%, which
represents 19.7% of the total amount of aid considered in this study. Compared to the
result of the TREMI 2017 survey (Energies Demain et al. [2018]), the average costs
in euros from the simulation are much lower. Indeed, while with the simulation the
average expenditure per accommodation amounts to €8,486, according to TREMI it
is €11,750. This cost difference is higher if we look at the average cost in euros per
accommodation allowing one or more EPC score jumps. This cost difference is more
significant if we consider the average cost in euros per accommodation allowing one or
more jumps in EPC scores. Thus, while in simulation this cost is €6,781 (€14,880) for
a score jump (at least two score jumps), according to Energies Demain et al. [2018] it is
€15,900 (€25,900). Certainly the TREMI 2017 survey only concerns individual houses
as main residences (private and social housing) over the period 2014 and 2016, but is
this sufficient to explain the difference in cost? We can therefore question the accuracy
of the values of the I matrix retained®®. Consequently, in Appendix C.5, a sensitivity
analysis with respect to this matrix is carried out.

Average cost (in €/housing) Breakdown of grant amounts by aid (in millions) Households (in thousands) benefiting from
subsidies by type of aid

231 249
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Note: The graph on the left gives the average cost of work carried out in owner-occupied dwellings
according to the EPC score jump they generate. The graph on the right gives the average amount
in euros of the various subsidies granted according to the number of EPC score jumps (1, 2 or 3 and
more).

Figure 6: Average cost (in euros) and average grants for work carried out from 2013 to
2017

Figure 17 in Appendix C.4 gives the average amount of aid received according to the
type of aid and the jumps in EPC class generated by the energy renovation. The
amounts confirm that Anah’s aid is on average higher than that of other aid.

If over time, the total amount of aid increases, the same cannot be said for the total
cost of energy renovations®® (see Table 12).

45Recall that I is defined by Table 24.
46Recall that by assumption renovation costs are constant over time (same transition matrix to
move from one EPC to another).
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2013 2014 2015 2016 2017

Amount of aid paid 0.331 0.378 0.577 0.691  0.729
Total cost of all energy efficiency retrofits 12.359 11.862 11.416 11.188 9.079

Table 12: Amount of annual aid and energy renovation costs (in billions of euros)

Table 13 provides information on the average household income, the average energy bill
and the fuel poverty rate according to the 4 indicators mentioned in 3.1.2 for the period
2012-2014 and the year 2017. The percentage of households in fuel poverty according
to the 8%EER indicator resulting from the reference simulation (11.99%) is between
that obtained by the Prometheus model (11.6%)*” and Chaton and Gouraud [2020]
(13.02%).%® The energy renovation of housing is not the main cause of the reduction
in energy poverty between 2012/2014 and 2017. Indeed, it is also explained by the
increase in the disposable income of households associated with a decrease in prices at
the consumption (including taxes) of natural gas, heating oil and butane.

2013 — 2014 2017

Average annual gross income (€) 39,283 41,495
Average annual energy expenditure (€) 1,578 1,454

Percentage of fuel poor households

8%EER 14.06 % 11.99%
LIHE,, 2 13.67 % 13.81 %
LIHE:, 10.06 % 10.01 %
GFP 19.48 % 18.61 %

Table 13: Income, energy bill and fuel poverty ratios
(calculated for 2013/2014 and simulated for 2017)

3.1.4 The maximum subsidy rate for each household profile

The value of this maximum rate defined in 3.1.1 is given in Table 14. This maximum
subsidy rate decreases with the income decile. Contrary to intuition, this rate does not
strictly decrease with improvement in energy performance.

47See Devaliere et al. [2018].
48Table 25 gives the minimum, maximum, average and median percentages of households in fuel
poverty based on around a hundred simulations.
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EPC Scores

79.5% 72.8% 27.8% 28.8% 28.8%
83.8% 74.4% 30.0% 30.0% 30.2%
87.8% 72.8% 32.4% 32.0% 31.6%
79.5% 68.8% 32.7% 34.0% 33.3%
91.3% 75.2% 31.3% 35.6% 37.5%
99.3% 72.9% 37.7% 39.2% 41.9%

Q =9 "0 09 a W

Table 14: Maximum effort rate by household profile (EPC score, Y.,)

3.2 Impact of subsidies for housing EERs on renovation and
on fuel poverty

As with the initial model (EPEE), it is possible with EPEEr to study the impact on
the energy poverty rate of variations in the price of energy, the unemployment rate,
income and energy renovation. However, this is not done in this study because the
emphasis is on the novelty, namely the study of the impact on the one hand of public
aid for energy renovation and on the other hand information on such aid on fuel poverty.
Subsequently, the following four scenarios are studied.

o Sl: absence of public aid for the energy renovation of housing;
e S2: perfect information on aid;

e S3: policy targeted at the first income quintile;

e S4: policy targeted at the first two income quintiles;

« S5: targeted policy on housing with EPC score E to G.%

Figure 7 shows for the different scenarios the dynamics of the energy renovation of
housing as well as their distribution at the end of 2017 according to the EPC. Obviously,
perfect information on aid (scenario S2) leads to more renovations than in the case of
the benchmark (reference simulation) where only 15% of households having carried out
work were informed of the aid. It also appears that the percentage of renovated housing
is lower without renovation aid (S1). Compared to the benchmark, it is certainly
preferable from the point of view of the thermal quality of housing to target aid on
“leaky houses” (S5). This type of targeting, which concerns the energy quality of
housing, does not seem to have been implemented in the past. It is true that today
it is easier to have information on household income than on the energy class of their
home.” Targeting aid to the first income quintile (S3) also reduces the number of “leaky

49Tf the objective of renovation policies is to eliminate “leaky houses”, why not only help owners of
EPC score E to G housing?

0In fact, owner-occupiers who do not wish to sell or rent their home are not encouraged to have
an energy performance diagnosis carried out for their home.
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houses” compared to the benchmark. However, this reduction is greater if the targeting
is on the first two income quintiles (S4). Certainly this reduction is less significant
than in scenario S5. But among the scenarios considered, which contributes the most
to reducing fuel poverty?

13.0% 35%

12.0% 30%

0,
11.0% 5%

20%
10.0%
0
5.0% == o I
- . -
=1 Wl I | Il
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7.0% ' 0%
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Note: The graph on the right gives the percentage of homes renovated each year between 2013 and
2017 according to the different scenarios considered: S1: no public aid for the energy renovation of
homes; S2: perfect information; S3 (S4): policy targeted at the first (the first two) income quintile(s)
and S5: targeted policy on housing with EPC scores E to G. The graph on the left gives the percentage
of dwellings by EPC score at the end of 2017 for each scenario.

Figure 7: Impact of aid on the renovation dynamic and on the distribution of EPC at
the end of 2017

Public aid for housing EERs should help reduce fuel poverty. However, is this always
the case? According to the simulations, greater information on aid contributes to re-
ducing energy poverty (i.e., S2 versus Benchmark — see Figure 8). Among the scenarios
considered, targeting the first two income quintiles (S4) makes it possible to reduce
fuel poverty the most. This reduction is 1.92 (1.35) percentage point (pp) compared to
the benchmark if the 8%EER (GFP) indicator is used. If we know (see, for example,
Chaton and Gouraud [2020]) that LIHEs are not very sensitive to variations in energy
prices and income because they are calculated with variable thresholds (medians), Fig-
ure 8 shows that these indicators are sensitive to the targeting of renovation aid. Thus,
targeting aid to the first income quantile contributes to reducing fuel poverty compared
to the reference of 0.77 pp (0.46 pp) according to the LIHE, > (LIHE ). This is all the
more convincing if we look at the S5 scenario. If we use the global indicator (i.e., GFP)
as the indicator of fuel poverty, targeting aid on “leaky houses” does not contribute to
reducing fuel poverty. Thus, although scenario S5 is the most effective in terms of re-
ducing the “leaky houses”, it is not in terms of reducing fuel poverty. Worse, compared
to the aid system of the reference scenario, this could worsen the situation (if indicators
LIHEs or GFP are considered).
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Note: The bars represent the variations in percentage points of fuel poverty according to the 4
indicators retained compared to the benchmark for the 4 scenarios considered. Thus, if scenario 1 (S1)
is considered (i.e. no aid for energy renovation), fuel poverty according to 8%EER increases by 0.1 pp
compared to the benchmark.

Figure 8: Variation in fuel poverty at the end of 2017 due to changes in aid

Without aid (scenario S1), there would have been 4.30% more owner-occupiers living in
“leaky houses” (EPC score E to G) and 6.98% fewer in low-energy buildings (EPC score
A and B). On the other hand, without aid the percentage of households in fuel poverty
would have increased very little. However, can we deduce from this that owner-occupier
households who renovate their homes have few financial difficulties?

Certainly, if we refer to the percentages in Figure 9. In fact, the percentage of owner-
occupant households who renovate and who belong to the first income quintile is much
lower than that of owner-occupant households belonging to the other quintiles. More
than half of owner-occupied housing renovations are initiated by households in the top
two income quintiles.

PIiVAN 11.64%
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2015 EEERR
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Note: The graph above shows the distribution of home renovations by owner-occupiers each year by
income quintile. The number of renovations of these housing units is for 2013: 1.49 million; 2014: 1.43
million; 2015: 1.43 million; 2016: 1.31 million; 2017: 1.09 million.

Figure 9: Distribution of renovations of owner-occupied housing by income quintile
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3.3 Simulation for the year 2019

Figure 10 gives the simulated distribution of the real estate stock in mainland France
according to the EPC for the end of 2017 and the end of 2019.
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Note: In gray (blue), the distribution of dwellings according to their EPC after the simulation in 2017
(2019).

Figure 10: Distribution of dwellings according to their EPC score

The improvement in the energy efficiency of certain homes has offset the increase in
energy prices between 2017 and 2019 (see Table 21). Thus, the average annual energy
expenditure®® increased very little between 2017 and 2019. In fact, this increase is €33
(see Tables 13 and 15). This increase in the energy bill was on average more than
offset by the increase in income®, leading to a reduction in energy poverty between
2017 and 2019. Thus, according to the simulations, in 2017 (2019), 18,61% (18.29%)
of households in mainland France are in fuel poverty as defined by the GFP indicator.
Considering the 8% ERR indicator in 2019 this rate is 11.6%. This value is close to
that mentioned by the ONPE. Indeed, ONPE [2023] underlines that in 2019, 11.4% of
households were in fuel poverty according to 8%EER. This rate is 11.9% if it is corrected
for climate.

5IThe projection of the annual energy bill according to the surface area of the dwelling is given in
Table 28.
%2The average annual gross income in 2017 (2019) is €41,495 (€42,688).
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2019

Average annual gross income (€) 42,688
Average annual energy expenditure (€) 1,487

Percentage of fuel poor households
8%EER 11.6%

LIHE,.  13.64%
LIHE,,  10.1%
GFP 18.29%

Table 15: Income, energy bill and fuel poverty ratios
(Simulated for 2019)

If for each income decile over the period 2012-2014 (ENL2013), the rate of fuel poverty
decreased between 2012-2014 and 2019, it nevertheless remains excessively high for the
first deciles. Thus, in 2019, nearly 74% (more than half) of households that belonged
to the first (second) income decile during the period 2012-2014 are in fuel poverty
according to the GFP indicator (see Table 16). Almost 10% of households belonging to
the fifth income decile are in fuel poverty in 2019. The EPEEr model makes it possible
to determine the percentage of households leaving or entering fuel poverty between the
period 2012-2014 and the simulation year. Thus, when 2019 is the simulation year,
2.18% (6.22%) of households in the first income decile enter (exit) in fuel poverty (see

Table 29).

D1 D2 D3 D4 D5
2012-2014 78.00% 54.49% 25.99% 19.23% 10.15%
2019 73.97% 51.69% 23.89% 17.17% 9.91%
D6 D7 D8 D9 D10
2012-2014 4.29% 1.89% 0.42% 0.23% 0.11%
2019 3.82% 1.76% 0.38% 0.22% 0.11%

Table 16: Percentage of households in fuel poverty (GFP) according to their status
(income decile) in 2012-2014

More than half of households where the household reference person (HRP) is outside
the labor market or homemaker are in fuel poverty considering GFP as the indicator
of fuel poverty (see Table 30). The reduction in fuel poverty between the two periods
was greatest for households where the reference person was unemployed.

29



4 Conclusion

If the French National Housing Survey (ENL) seems to be the only source of data
rich enough to accurately measure fuel poverty in mainland France, it has the defect
of not being carried out closely. Thus, nearly a decade has elapsed between the last
two surveys and data from the last survey (ENL2020) were not available at the time
of the development of the EPEEr model.>® Thus, as mentioned in Les cahiers Louis
Bachelier [2019], “obtaining recent data is a real problem... To calculate detailed up-
to-date figures on fuel poverty, we have to make use of a model or obtain new data
at national level, because the ENL is too widely spaced over time.” Thus, the ONPE
monitors the evolution of fuel poverty in France through the 8% EER indicator estimated
with the Prometheus microsimulation model. Insofar as this indicator does not consider
all households in fuel poverty, the ONPE also uses a subjective indicator based on the
feeling of household members in terms of thermal comfort. The EPEE model quantifies
fuel-poor households with the Reduced Cold indicator®®, but as projections using a
logit model give counterintuitive and unreliable results, this subjective indicator is
not used. We can obviously wonder about the fuel poverty indicator(s) to be used
to qualify households as fuel poor. But others have already done it (e.g. Castano-
Rosa et al. [2019]). One solution could be, as Chaton and Guillerminet [2023] suggest,
to consider that a household is in fuel poverty if it does not have sufficient income
to acquire a minimum amount of energy and other essential goods (food, housing,
clothing, etc.). The difficulty is then to quantify this minimum level that depends on
the one hand on the characteristics of the dwelling (surface area, energy efficiency, etc.)
and on the other hand on the composition of the household and its habits (number of
individuals, time spent in housing, etc.). This could be an extension/a block to add
to the EPEEr microsimulation model, used in this study, which makes it possible to
quantify households in fuel energy poverty from 8% EER, LIHE,» and LIHE,, indicators
as well as from the global indicator (GFP).

The EPEEr model allows, among other things, to study the impact of aid encouraging
building EERs on the evolution (in terms of EPC score) of the French real estate
stock, and on fuel poverty. However, the calibration and simulations are based on a
transition cost matrix from one EPC to another. However, the impact of this matrix
is not negligible (see Appendix C.5). It would therefore be useful to have information
to develop this matrix. In addition, given the increase in material prices, it should be
updated for analyzes beyond 2019.

The model EPEEr was calibrated by considering the distribution at the end of 2017
of the main residences of owner-occupiers and tenants. This could be improved by
differentiating the type of accommodation (apartment/house) to take into account the
constraints weighing on owners of collective housing. These constraints are expected to
contribute to different intangible costs depending on the type of housing.

S3ENL2013 was conducted between June 2013 and June 2014 and ENL2020 (available since summer
2023) between October 2019 and April 2022.

54 A household whose income per CU is less than the third decile is considered fuel poor according
to the Reduced Cold indicator if it declares suffering from cold because of one of the following reasons:
1) Insufficient heating installation; 2) Poor insulation of the dwelling; 3) Self-heating restriction due
to the cost.

30



This model, which certainly has weaknesses, mainly due to the lack of data, is the only
one to my knowledge that can be used to evaluate the impact of aid for housing EERs
on fuel poverty in France. To do this, the matrix of gains resulting from the transition
from one EPC to another (independent of transition costs) was estimated (see Table
22). Since non-precarious homeowner households are not necessarily protected from
falling into fuel poverty, subsidizing the energy renovation of their homes can prevent
them from falling into this state. Targeting households in the first two income quintiles
contributes to reducing fuel poverty. If aid focuses on the worst EPC housing, it is not
certain that energy poverty will decrease. Indeed, according to the simulations if the
chosen indicator is 8% EER there is a reduction in energy poverty, on the other hand
it increases if indicators LIHEs are considered. Consequently, helping only with the
renovation of “leaky home” does not necessarily imply the reduction of fuel poverty.
One of the benefits of this assistance is to encourage owner-occupiers to have an energy
performance diagnosis carried out for their home.”® Certainly, living in more energy-
efficient housing reduces energy consumption, but to avoid falling into fuel poverty, you
must still have sufficient income to purchase a decent level of energy and decent levels
of other goods essential (housing, food, health expenses, etc.).
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Appendix: for online publication

A The French EPC label, “Energy Performance Di-
agnostic, DPE”

The French EPC label provides information on the energy consumption and greenhouse gas emissions
of a dwelling and estimates the amount of the annual energy bill of the household that resides in this
dwelling. Specifically, it reflects the consumption in primary energy as expressed in kWhp, per m?
and per year for heating, domestic hot water, and cooling. The primary energy accounts both the
final energy, that is, the energy used by a house (gas, electricity, heating oil, etc) plus all the energy
needed to extract, transport, store, and produce them. Depending on the estimated level of energy
consumption, a label score is assigned from A (the most efficient) to G (the most mediocre). Table
17 shows thresholds for primary energy consumption for all label scores. Thus, for a dwelling whose
primary energy consumption is between 151 kWhy/m?/year and 230 kWhy,./m? /year, it is assigned
a D score.

A B C D E F G
50 90 150 230 330 450 -

Table 17: Thresholds for primary energy consumption (kWh,,./m?/year)

B Supplement to Section 2
B.1 ENL2013EPC database

The distribution of EPC scores by tenant or homeowner status is shown in Figure 11.
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Note: The figures above give the distribution of EPC scores according to household status (owner
occupiers and tenants). Thus, in the ENL2013EPC database, 21.5% of households (13.6%) are owner-
occupiers (tenants) living in a dwelling with an EPC E score (left figure). These 21.5% (13.6%)
represent 37.4% (32%) of the owner-occupier (tenant) population.

Figure 11: Distribution of EPC scores according to household status (owner occupiers
and tenants).
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B.2 Statistics on the ENL2013

Statistics Mean St. Dev.
Total energy expenditure (€) 1,461 1,031
Energy expenditure per m? (€/m?) 18.88 10.62
Energy expenses + rental charges 1,617 977
Housing cost (€) 19,561 5,101
Total annual income (€) 39,959 47,427
Total income per consumption unit (CU) 25,376 29,111
Income net of housing costs 35,142 46,630
Income net per CU 22,008 29,074
CU 1.62 0.57
Age of household reference person 53.90 16.80
Household dwelling area 91.88 42.85
The owners 0.56 0.50
Tenants 0.38 0.49

Table 18: Some statistics about the ENL2013

B.3 CEE: Subsidy per kWh cumac/m? per label transition

The amount of cumulative energy discounted gains following an improvement in EPC is given for the
various transitions in the following table.

EPC Scores A B C D E F
B 171

C 534 363

D 1126 955 592

E 1982 1811 1448 856

F 3202 3031 2669 2077 1220

G 5337 5166 4803 4211 3355 2135

Source: Giraudet et al. [2018]

Table 19: Savings cumulative energy discounted for each EPC score jump (KWh
cumac,/m?)

B.4 Financial assistance from Anah

The determining parameters of the amount of payment of the Anah aid (see formula 4), s; and s are
defined in Table 20.
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S1 52

Quintile 1 min(0.5 x Iy, 10000) min (0.1 x I, 2000)
Quintile 2 min(0.35 x Iy, 7000) min(0.1 x Iy, 1600)

Table 20: Anah aid disbursement parameters

B.5 Renevation block of EPEEr model

Renovation model for homeowner

Annual change in income
Evolution of energy prices

Income elasticity of the energy bill
Energy price elasticity

-

Calculating the present value of energy bills, 8"

-

Draw: information on aid
Draw: choice of one (or more) aids/subsidies

Investment horizon, L
Discount rate, 8
Loan duration, T

-

Interest rate, r

Borrow constraint Calculation of each aption LC_‘C':,;:a,s,Br
Renovation costs, ;s Constrained Random Draw Pl

Intangible cost, &
Heterogeneity parameter, v
Expected reduction in the bill Aj;

-

Caleulation of the rebound effect
Label and invoice update

Renovation of rental housing

Expected reduction in the bill A;;

Definition of an annual Draw of tenants Calculation of the rebound
renovation target for |:> benefiting from |:> effect
tenants by EPC score a renovation Label and invoice update

Input parameters E Determined by model

Note: The renovation block is not the same whether the household owns or rents its main dwelling.
The likelihood that a homeowning household will renovate their home and switch EPC bands depends
on the life-cycle cost of the investment needed for this switch. This probability depends for tenants on

an annual renovation objective.

Figure 12: Structure of the renovation block of the microsimulation model
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B.6 Impact of household debt on disposable income

The impact of indebtedness due to renovation investments is taken into account in the model. For the
sake of simplification, each year, only the obligation of the following year is taken into account. This is
greater than the obligations for future years since, on the one hand, the amount to be paid will be less
the following year, and on the other hand, the income will not have decreased. The renovation module
does not take status changes into account. A household that invests in year ¢ = 0 receives the amount
of subsidies in year t = 1. These grants enable it to repay part of its debt. Grants never exceed the
amount borrowed. Future interest is calculated on the remainder to be repaid. Thus, by denoting N
the notional amount borrowed, Dy, the stock of debt at period k (before detachment of the coupon),
S the amount of subsidies, then if a household renovates at t = 0, its debt at ¢ = k will be equal to

T—k
Dy, = max <TN -5, 0) . (6)

The coupon paid each year is equal to C, = 1(Dy > 0) x min(N/T, Dy) and the interest is equal to
i, = ™ X Dj. Consequently, having contracted a loan at ¢ = 0, the disposable income of the household
at period k is reduced by Cj + I. As a result, assumptions were made. The household repays part of
its loan before the usual due date The banker only looks at the current situation of the household, in
other words, he only looks at the deadline for the year of the potential work to grant or not a loan.

C Supplement to Section 3

C.1 Parameter values for simulations

The model is tested with projections of thermal renovation of housing and fuel poverty projections in
2017 and 2018. The ENL2013 survey was conducted from June 2013 to June 2014, so the parameters
for the initial year are averages over this period: the growth rates of prices energy prices are calculated
from the average of the prices between June 2012 and June 2014 and the initial unemployment rate as
well as the initial disposable income are the average of the figures for 2013 and 2014. The variation of
energy prices is the percentage of variation between the mean price June 2012 to June 2014 and the
mean price for the projection year (January to December). Thus, the initial year for the simulation is
the period of survey submission and the projection year goes up to the end of 2017 or 2018.

C.2 Theoretical effects of renovation
Table 23 gives the result of estimating the logarithm of the energy bill.
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Label of the parameter 2017 2019

Variation in electricity price 9% 9%
Variation in gas price -9% 3%
Variation in heating oil price -18% 2%
Variation in butane price -1% 10%
Variation in wood price -5% -4%
Variation in charcoal price 2% 2%
Elasticity value for electricity consumption -0.31
Elasticity value for gas consumption -0.28
Elasticity value for heating oil consumption -0.24
Elasticity value for butane consumption -0.24
Elasticity value for wood consumption -0.24
Elasticity value for charcoal consumption -0.24
Variation in the disposable income of households 5.6% 8.5%
Variation in social aids received by households 5.6% 8.5%
Threshold for the fuel poverty ratio 8%
Unemployment rate, initial year 9.83%
Unemployment rate, final year 9.07 % 8.73%

Table 21: Value of the parameters for the 2017 and 2019 simulations
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Label of the parameter Estimate Std. Error t value Pr(>[t])
Intercept 5.620186 0.037007 151.867 < 2e-16 ***
Ln(income total) 0.022724 0.002766 8.216 < 2e-16 ***
Consumption units 0.059116 0.004080 14.489 < 2e-16 ***
Shops far 0.002453 0.004686 0.524 0.600621
Work car motorbike(®) -0.002140 0.004747 -0.451 0.652159
Usufructuary owner

“Hosted” = free lodging -0.003645 0.007420 -0.491 0.623263
Tenant hlm®) -0.037567 0.006045 -6.215 5.23e-10 ***
Tenant no hlm -0.024335 0.005290 -4.600 4.23e-06 ***
Retired

Employed -0.016892 0.005624 -3.004 0.002671 **
Unemployed person -0.023904 0.008478 -2.819 0.004816 **
Homemaker 0.006837 0.015198 0.450 0.652825
Out-off the labor market -0.014879 0.011467 -1.298 0.194446
More than 8 hours(®)

Less than 3 hours (H) 0.021905 0.005263 4.162 3.16e-05 ***
From 3H to 8H 0.007377 0.004920 1.499 0.133813
Less than 25 m?

From 25 to 40 m? 0.362034 0.016544 21.882 < 2e-16 ¥
From 40 to 70 m? 0.671581 0.015727 42.702 < 2e-16 FH*
From 70 to 100 m? 0.890449 0.016086 55.356 < 2e-16 *H*
From 100 to 150 m? 1.089636 0.016685 65.308 < 2e-16 ¥
More than 150 m? 1.426571 0.017722 80.499 < 2e-16 FF*
Detached house/farm

Semi-detached house -0.025640 0.004898 -5.235 1.67e-07 ***
Building — 2 flats or fewer 0.004804 0.016966 0.283 0.777068
Building — Between 2 and 9 flats -0.013223 0.015550 -0.850 0.395148
Building — More than 10 flats -0.023074 0.015461 -1.492 0.135618
Leaky home 0.130296 0.058954 2.210 0.027104 *
Other type of dwelling -0.123291 0.020284 -6.078 1.23e-09 ***

a):
(b): HLM = housing at moderate rent.
(¢): Periods during which the home is unoccupied.
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Label of the parameter Estimate Std. Error t value Pr(>|t|)
Leaks 0.001669 0.004890 0.341 0.732897
No bath -0.067121 0.028713 -2.338 0.019412 *
No toilets -0.168858 0.053178 -3.175 0.001498 **
Humidity detected 0.001190 0.004614 0.258 0.796460
Production of renewable energy -0.029142 0.007577 -3.846 0.000120 ***
Swimming pool 0.089627 0.009155 9.790 < 2e-16 ***
Air conditioning 0.013486 0.008002 1.685 0.091913 .
Construction after 1990

From 1975 to 1989 -0.007126 0.005512 -1.293 0.196103
Before 1974 0.021681 0.004858 4.463 8.11e-06 ***
Uses natural gas 0.070141 0.012421 5.647 1.65e-08 ***
Uses fuel oil 0.212974 0.012401 17.174 < 2e-16 ¥
Uses butane 0.013442 0.004407 3.050 0.002290 **
Uses wood 0.022433 0.005354 4.190 2.80e-05 ***
Uses coal 0.036737 0.010832 3.391 0.000696 ***
All electricity 0.026187 0.012588 2.080 0.037507 *
Use collective energy source 0.118311 0.011745 10.074 < 2e-16 ¥
No heating system

Individual boiler 0.087634 0.009019 9.717 < 2e-16 ***
Independent devices -0.004866 0.005871 -0.829 0.407164
Collective central heating 0.004628 0.014022 0.330 0.741344
Mixed heating 0.041435 0.028805 1.438 0.150321
Heating individual electric 0.046832 0.008462 5.534 3.16e-08 ***
Others heating -0.015713 0.012822 -1.225 0.220429
Collective roof insulation

Recent -0.027242 0.014755 -1.846 0.064867 .
Old but sufficient -0.004534 0.014725 -0.308 0.758145
Old but insufficient 0.005734 0.015356 0.373 0.708822
Non-existent -0.003782 0.016875 -0.224 0.822675
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Label of the parameter Estimate Std. Error t value Pr(>1t|)

Poor window insulation 0.011220 0.004639 2.419 0.015578 *

Good wall insulation

Unknown wall insulation 0.013418 0.017076 0.786 0.432014
Average wall insulation 0.010892 0.004195 2.596 0.009432 **
Poor wall insulation 0.022755 0.006138 3.707 0.000210 ***

Climate zone : Mediterranean

Oceanic -0.016069 0.007600 -2.114 0.034503 *
Fresh oceanic 0.025741 0.006889 3.737 0.000187 ***
Altered oceanic 0.036913 0.005935 6.220 5.06e-10 ***
Semi-continental 0.040922 0.007275 5.625 1.87e-08 ***
Mountain climate 0.016575 0.007230 2.293 0.021881 *
EPC Score D

EPC Score A -1.895977 0.014376 -131.884 < 2e-16 *F*
EPC Score B -0.781013 0.010564 -73.930 < 2e-16 FF*
EPC Score C -0.351735 0.006524 -53.913 < 2e-16 *F*
EPC Score E 0.276089 0.004633 59.597 < 2e-16 ***
EPC Score F 0.531487 0.005466 97.233 < 2e-16 ***
EPC Score G 0.823100 0.007151 115.105 < 2e-16 *H*

Residual standard error: 8.739 on 26197 degrees of freedom
Multiple R-squared: 0.8112, Adjusted R-squared: 0.8107
F-statistic: 1705 on 66 and 26197 DF, p-value: < 2.2e-16

Table 22: Energy bill estimate

From the value of the estimated parameters given in Table 22, we deduce the theoretical (estimated)
effects of an improvement in the energy efficiency of the dwelling on the energy bill (see Table 23).

EPC Scores A B C D E F

B -67.21%

C -78.65% -34.90%

D -84.98% -54.21% -29.65%

E -88.61% -65.25% -46.62% -24.13%

F -91.17% -73.09% -58.66% -41.23% -22.54%

G -93.41% -79.89% -69.11% -56.09% -42.13% -25.29%

Table 23: Theoretical effect (estimate) of a change in EPC score on the energy bill
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C.3 Retrofit costs and heterogeneity parameter

Table 24 gives the cost matrix of switching from one EPC score to another (I) used by Giraudet
et al. [2018]. There is no difference in cost depending on the type of housing (individual and collective
housing, private and social housing).

EPC Scores A B C D E F
B 110

C 199 93

D 271 169 79

E 331 232 146 70

F 382 287 204 130 63

G 442 351 271 201 136 76

Source: Giraudet et al. [2020]

Table 24: Average cost per m? of renovation work for a EPC score jump
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Note: In red, the distribution of housing according to their EPC score on January 1, 2018 according
to Merly-Alpa et al. [2020]. In blue (yellow) those resulting from the simulation for the following values
of the heterogeneity parameter: v = 6;10; 12 (v = 8), when the transition costs from one EPC score to
another is given in Table 24, the intangible costs are those given in Table 8 and the other parameters
of the renovation module are those in Table 5.

Figure 13: Comparison of the results of the energy renovation simulations before
calibration with those of Merly-Alpa et al. [2020].
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C.4 Benchmark (simulation)
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Note: The figure above gives the minimum, maximum, median and average values of the different
EPC scores from around a hundred simulations. In red, the distribution of Merly-Alpa et al. [2020].

Figure 14: Distribution of dwellings according to their EPC score (at the end of 2017)
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Note: The figure on the left (on the right) compares the distribution of tenants’ homes (owners

occupying their homes) according to the EPC scores obtained via the simulation and those from
Merly-Alpa et al. [2020].

Figure 15: Distribution of dwellings according to their EPC score (at the end of 2017)
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Note: The figure above gives the minimum, maximum, median and average percentages of housing
renovated each year obtained from around a hundred simulations.

Figure 16: Percentage of renovated housing

Average grant amount in euro
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Note: The bars represent the average amount in euros of the various aids received according to the
number of EPC score jumps (1, 2 and 3 and more). Above the bars representing this amount is a
percentage. This represents, among owner-occupier households who renovate their homes, the share
of those who receive the subsidy.

Figure 17: Average amount in euros of aid distributed
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Fuel poverty ratios Min Max Median Mean

8%EER 11.65% 12.02% 11.90% 11.91%
LIHE > 13.72% 13.88% 13.80% 13.81%
LIHE, 9.95% 10.08% 10.00% 10.01%
GFP 18.46% 18.69% 18.57% 18.57%

Table 25: Fuel poverty ratios in 2017 (based on around a hundred simulations)

C.5 Another transition cost matrix

The methodology for determining the transition cost matrix is unclear. Nevertheless, its structure
conforms to reality.’® But, taking into account the value of the average costs of the work carried out
obtained by simulation and that given by Energies Demain et al. [2018], we can question the accuracy
of the I transition cost matrix defined by [Giraudet et al., 2020]. Thus, the average cost of one (two
or more) score jump(s) in the TREMI2017 survey is 2.34 (1.75) times higher than that obtained by
simulation. In this appendix, the cost matrix considered is I"™ defined by (7). I™ comes from I,
multiplying the diagonal value (other values) of I by 2.34 (1.75).

0
257.4 0
348.25 217.62 0

I'™ = |474.25 295.75 184.86 0 (7)

579.25 406 255.5 163.8 0
668.5 502.25 357 227.5 14742 0
773.5 614.25 474.25 351.75 238 17784 0

Considering the I™ matrix and taking as intangible costs those in Table 26, the distribution by EPC
score of the simulated housing stock is shown in Figure 18.

B C D E F G

0.275 0.5 0.279 -0.038 0.186 0.986

Table 26: Intangible costs according to the EPC score of the dwelling before
renovation (transition cost matrix = IC™)

The values of I being higher than that of I, obviously the costs given in Table 26 are lower than
those obtained by considering the I matrix (Table 8).

6a) the existence of an increasing additional cost (the higher the initial EPC score, the more
expensive it is to progress by one score) and b) jumping several scores at the same time is cheaper
than doing it in several times.
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Note: In yellow (red), the distribution of dwellings according to their EPC after the simulation
(according to Merly-Alpa et al. [2020]).

Figure 18: Distribution of dwellings on 1 January 2018 according to their EPC score
(transition cost matrix = IC™)

Figure 19 reports, over the period 2013-2017, the average cost of energy efficiency work in owner-
occupied housing as well as the average amount of the various subsidies received, according to the
number of EPC score jumps. Average costs are slightly higher than those of TREMI2017. Indeed, for
a jump in DPE score (two jumps or more), the cost resulting from the simulations is €15,914 (€26,213)
while they are €15,900 (€26,213) in TREMI2017. The distribution of aid/subsidies is approximately
similar to that obtained by considering the I matrix (see Table 27).

Average cost (in €/housing) Households (in thousands) benefiting from

subsidies by type of aid

438
3666 683

2304

Breakdown of grant amounts by aid (in millions)

2 23146
1589

1396 299
182
1 15914
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Note: The graph on the left gives the average cost of work carried out in owner-occupied dwellings
according to the EPC score jump they generate. The graph on the right gives the average amount
in euros of the various subsidies granted according to the number of EPC score jumps (1, 2 or 3 and
more).

Figure 19: Average cost (in euros) and average grants for work carried out from 2013
to 2017 (transition cost matrix = IC™)

PTZ CITE CEE TVAR Anah
Breakdown of grant amounts by 11% 27% 2% 16% 43%
aid (13%) (25%) (5%) (20%) (37%)
Distribution of households 9% 21% 9% 48% 13%
benefiting from subsidies by
type of aid (8%) (18%) (11%) (55%) (8%)

Table 27: Distribution of aid/subsidies simulated by considering the I matrix
(simulations with the I matrix in parentheses)
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The impact of aid/subsidies on fuel poverty is similar to that obtained by considering the I matrix
(see Figure 8). Thus, among the scenarios considered, to reduce fuel poverty, it seems preferable to
target the first two income quintiles rather than only targeting leaky homes (see Figure 20).
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Note: The bars represent the variations in percentage points of fuel poverty according to the 4
indicators retained compared to the benchmark for the 4 scenarios considered. Thus, if scenario 1 (S1)
is considered (i.e. no aid for energy renovation), fuel poverty according to 8%EER increases by 0.1 pp
compared to the benchmark.

Figure 20: Variation in fuel poverty at the end of 2017 due to changes in aid
(transition cost matrix = /C™)

C.6 The year 2019

< 25 m? 25 to 40 m? 40 to 70 m? 70 to 100 m? 100 to 150 m? >150 m?2
690 7T 1,093 1,413 1,762 2,381

Table 28: Average of the annual energy bill according to the surface area of the
dwelling for 2019 (in euros) — projection

D1 D2 D3 D4 D5

Households becoming Fuel Poor (FP) 2.18% 4.35% 2.82% 1.83% 1.50%

Households leaving FP 6.22% 7.15% 4.92% 3.89% 1.74%

D6 D7 D8 D9 D10

Households becoming Fuel Poor (FP) 0.53% 0.21% 0.04% 0.04% 0.00%
Households leaving FP 1.00% 0.35% 0.08% 0.05% 0.00%

Table 29: Percentage of households entering and exiting fuel poverty (GFP) between
2012-2014 and 2019
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HRP 2012-2014 2019

Homemaker 60.17% 54.69%
Unemployed person 57.86% 47.14%
Employed 16.45% 14.59%
Out-off the labor market 62.67% 57.01%
Retired 19.07% 15.67%

Table 30: Percentage of households in fuel poverty (GFP) in each status concerning
the household reference person (HRP)

48



	Introduction
	Methodology
	An EPC score for ENL2013 housing
	A renovation model for homeowners living in their home
	The life cycle cost of an investment, LCC
	Probability that a homeowning household renovates its dwelling

	Renovation of rental housing
	Simulation of public policies (aids/subsidies for housing EERs)
	The new thermal renovation block

	Simulations
	Calibration and benchmark of the model
	Housing renovation
	Fuel poverty
	Dynamics of energy renovation of housing and fuel poverty in 2017
	The maximum subsidy rate for each household profile

	Impact of subsidies for housing EERs on renovation and on fuel poverty
	Simulation for the year 2019

	Conclusion
	The French EPC label, ``Energy Performance Diagnostic, DPE''
	Supplement to Section 2
	ENL2013EPC database
	Statistics on the ENL2013
	CEE: Subsidy per kWh cumac/m² per label transition
	Financial assistance from Anah
	Renevation block of EPEEr model
	Impact of household debt on disposable income

	Supplement to Section 3
	Parameter values for simulations
	Theoretical effects of renovation
	Retrofit costs and heterogeneity parameter
	Benchmark (simulation)
	Another transition cost matrix
	The year 2019


