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Building A Sustainable Future : How Energy Retrofits
Are Reshaping The Construction Industry

Abstract

Residential construction accounts for roughly 40% of final energy use and greenhouse gas
emissions within the European Union. Consequently, since the 1970s, public policy has
aimed to improve the energy efficiency of dwellings, through regulation and public aid
schemes. While these programmes were initially intended to reduce energy import depen-
dency, beginning in the 2000s, environmental challenges started becoming an increasing
focus, with energy poverty becoming an additional area of concern in the 2010s. These
three objectives translated into increasingly ambitious regulatory and incentive programs
regulating new constructions and renovations. In practice, they encouraged industrial ac-
tors to improve building materials, and tried to stimulate households into commissioning
renovations through financial aid.

This dissertation examines the web of economic relations these programmes have drawn
between these different actors, and how they’ve impacted policy objectives, by focusing
specifically on the role of construction firms. Indeed, construction firms occupy a crucial
intermediary position between households who rely on their labor and expertise, industrial
actors developing technical solutions, and the governmental institutions seeking to deploy
policies. The construction sector thus stands out as a locus of problems and opportunities
when it comes to bettering Europe’s construction sector’s energy efficiency along the three
priorities outlined above : energy efficiency, sovereignty, and poverty.

The construction market is both highly fragmented and competitive : very small firms re-
present 99% of the firms in the market, and strikingly account for more than 2/3rds of
full-time equivalent jobs and value added. Regulating this market, however, can prove sur-
prisingly difficult, not least because it is difficult for consumers to assess whether they are
receiving quality services or not : in most cases households cannot precisely identify their
needs, nor implement the appropriate technical solution themselves, creating information
asymmetries augmented by the lack of quality signals. These market failures can lead to
fraud and poor workmanship that can undermine the effectiveness of energy renovations.
This thesis explores how renovations are supplied to the market, focusing on European and
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French policy from 2010 to 2020, underlining the role of upskilling, promoting innovations
and removing financial barriers for households. The first chapter presents theoretical in-
sights on the impact of information asymmetries. The second and third chapters explore
the dynamics of innovation diffusion among contractors with contrasting approaches. The
fourth and final chapter evaluates the efficiency of retrofits, relying on panel data on French
policies and households.

Keywords : Energy efficiency, Energy retrofits, Innovation, Information asymmetries,
Policy evaluation, Spatial econometrics.



Bâtir un avenir durable : Impact des rénovations
énergétiques sur le secteur de la construction

Résumé

Le secteur de la construction est responsable de 40% de la consommation finale d’énergie et
des émissions de gaz à effet de serre dans l’Union européenne. Depuis les années 1970, les
politiques publiques visent en conséquence à améliorer l’efficacité énergétique des logements,
par le biais de réglementations et de programmes d’aide publique. Bien que ces programmes
soient initialement destinés à réduire la dépendance aux importations d’énergie, à partir
des années 2000, les défis environnementaux ont commencé à prendre de plus en plus d’im-
portance, la pauvreté énergétique devenant un sujet de préoccupation supplémentaire dans
les années 2010. Ces trois objectifs se sont traduits par des programmes réglementaires et
incitatifs de plus en plus ambitieux régissant les nouvelles constructions et les rénovations.
En pratique, ils ont encouragé les acteurs industriels à améliorer les matériaux de construc-
tion et ont tenté d’inciter les ménages à entreprendre des rénovations par le biais d’aides
financières.

Cette thèse de doctorat examine les relations économiques que ces programmes ont tissées
entre ces différents acteurs, et la manière dont elles ont influencé les objectifs politiques,
avec une emphase sur le rôle des entreprises de construction. Ces entreprises occupent
une position clé d’intermédiaire entre les ménages, qui comptent sur leur travail et leur
expertise, les acteurs industriels qui développent des solutions techniques et les institutions
gouvernementales qui cherchent à déployer des politiques. Le secteur de la construction
est donc à la croisée de problèmes et d’opportunités vis-à-vis des trois priorités décrites
ci-dessus : l’efficacité, la souveraineté et la précarité énergétiques.

Le marché de la construction est à la fois très fragmenté et très concurrentiel : les très
petites entreprises représentent 99% du marché et, fait frappant, et sont surtout respon-
sables de plus de deux tiers des emplois équivalents temps plein et de la valeur ajoutée. La
régulation de ce marché peut toutefois s’avérer complexe, notamment parce qu’il est difficile
pour les consommateurs d’apprécier la qualité des services qu’ils reçoivent : dans la plupart
des cas, les ménages ne peuvent ni identifier précisément leurs besoins, ni évaluer la qua-
lité de la solution technique apportée, ce qui crée des asymétries d’information renforcées
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par l’absence de signaux de qualité fiables. Ces défaillances de marché peuvent conduire à
des malfaçons nuisant à l’efficacité des rénovations énergétiques. Cette thèse explore l’offre
de rénovations, en se concentrant sur les enjeux des politiques européennes et françaises de
2010 à 2020 : montée en compétence, soutien à l’innovation et aides financière aux ménages.
Le premier chapitre présente des apports théoriques sur l’impact des asymétries d’informa-
tion. Les deuxième et troisième chapitres explorent les dynamiques diffusion des innovations
avec des approches complémentaires. Le quatrième et dernier chapitre évalue l’efficacité des
rénovations en pratique, en exploitant des données de panel sur le contexte français.

Mots Clés : Efficacité énergétique, Rénovation énergétique, Innovation, Asymétries
d’information, Evaluation de politique publique, Econométrie spatiale.







de malfaçons. En France, divers labels ont été mis en place, en commençant historiquement
par les nouvelles constructions puis ciblant les entreprises. La labélisation des entreprises
a été initiée par la création de l’agence Qualit’EnR en 2006. Son objectif était de mettre
en place des labels signalant des professionnels hautement qualifiés, afin de stimuler le
développement des compétences sur le marché. La marque "Eco-Artisan" a ainsi été lancée
deux ans plus tard par la CAPEB, la principale fédération patronale des petites entreprises
du bâtiment. En parallèle, la Fédération française du bâtiment (FFB) a créé le label "Pros de
la performance énergétique" sur le même modèle. Ces deux certifications mettaient en avant
des entrepreneurs capables d’évaluer l’efficacité énergétique des logements, de conseiller
précisément leurs clients et de réaliser les travaux de rénovation.

Sources :Données de l’ADEME et de l’Insee.

Note : L’axe des ordonnées indique le nombre d’entreprises RGE pour chaque année, en milliers (graphique
de gauche) et en proportion du nombre total d’entreprises RGE (graphique de droite) Par exemple, il y
avait 8 088 entreprises RGE sans employés en 2019, ce qui correspond to à 14% des entreprises RGE.

Figure 1 – Evolution des entreprises RGE selon leur taille (2013-2019)

La gestion de ces labels a été transférée à l’agence de certification Qualibat en 2010, afin
de consolider les efforts de qualification du secteur par un système de labélisation unique,
destiné à promouvoir l’efficacité énergétique. La charte fixant le label de référence actuel, la
certification Reconnu Garant de l’Environnement (RGE), a été signée l’année suivante, avec
un double objectif. En premier lieu, il vise à renforcer la confiance portée par les ménages aux
entrepreneurs et à faciliter leurs recherches. En second lieu, il incite les entreprises à former
leurs employés à l’efficacité énergétique, le label RGE ayant été dès sa création destiné à
devenir réglementaire. Cela s’est concrétisé en 2013, lorsque certaines aides financières aux



























des économies sont effectivement réalisées grâce à ces dispositifs. Un courant de littérature
plus récent a cherché à déterminer si ces programmes induisaient des économies d’énergie
en pratique. Les économies estimées à partir des données ex post sont systématiquement
inférieures aux économies projetées, mais il n’y a pas de consensus sur l’ampleur de la
différence. L’accent a également été mis sur les abattements fiscaux et les subventions,
laissant de côté d’autres modes de financement comme les prêts à taux zéro. Par ailleurs,
les analyses sont très concentrés sur l’effet rebond et l’impact de la qualité des rénovations
reste peu exploré.

Le chapitre 4 présente une évaluation spatio-temporelle de l’impact de ces aides sur la
consommation de gaz et d’électricité des ménages français. La conditionnalité des CEE, des
EPTZ et des crédits d’impôt au recours à une entreprise RGE depuis 2014 permet en outre
d’explorer l’effet de l’accès à ces professionnels qualifiés sur les économies d’énergie réalisées.
Les aides aux ménages ont-elle stimulé l’implantation d’entreprises RGE localement ? L’ac-
cès aux entreprises RGE a-t-il entraîné des économies d’énergie supplémentaires ? L’acces-
sibilité des entreprises RGE a été calculée en mesurant le nombre de d’entreprises labélisées
dans un rayon de 5 à 50km autour de toutes les IRIS de résidence sur le territoire métropo-
litain. La stratégie empirique repose sur le modèle de panel spatial développé par Kapoor,
Kelejian et Prucha (2007) et les entreprises RGE ont été instrumentés par le nombre glo-
bal d’entreprises de construction localement, en contrôlant pour les aides perçues ainsi que
pour les caractéristiques des ménages et des bâtiments. Les résultats de régressions indiquent
que l’implantation d’entreprises RGE est fortement stimulée par les dépenses perçues via les
trois aides éco-conditionnées, alors qu’une augmentation des dépenses de TVA à taux réduit
est reliée à une baisse du nombre d’entreprises RGE. On note également une hétérogénéité
de l’impact de l’investissement public selon le mode de financement. Enfin, une partie de
la réduction de la consommation d’électricité semble compensée par une augmentation de
celle de gaz, ce qui peut s’expliquer en partie par un effet délétère lié au mode de calcul du
DPE sur la période.

Discussion des résultats

Les quatre chapitres de cette thèse explorent ainsi le rôle joué par les entreprises de construc-
tion dans l’amélioration de l’efficacité énergétique du secteur résidentiel et suggèrent des
implications en termes de politiques publiques. En premier lieu, les variations régionales
semblent impacter la montée en compétence et la diffusion des innovations, mais aussi
l’efficacité des investissements publics. Le secteur du bâtiment est très localisé, puisque les



logements ne peuvent, par nature, pas être déplacés et que les entreprises ne sont pas par-
ticulièrement mobiles. En outre, les différences de climat influencent l’architecture et les
matériaux utilisés pour construire les logements. Ces disparités ont induit des différences
de réglementation, en particulier au niveau des exigences de performance définies par les
RT. L’accent mis sur l’isolation contre le froid, afin de réduire les besoins de chauffage, a
conduit à un net clivage Nord-Sud en France, à la fois du point de vue du nombre de réno-
vations réalisées et du montant d’aide perçu. Les besoins en matière de confort d’été et de
climatisation sont encore négligés alors qu’ils auront un poids croissant dans la consomma-
tion d’énergie du secteur résidentiel. Les résultats du chapitre 4 indiquent ainsi une grande
hétérogénéité d’accès aux entreprises RGE sur le territoire métropolitain. Étant donné ces
inégalités spatiales, la loi de 2013 sur l’éco-conditionnalité des aides publiques a de fait créé
et renforcé des inégalités d’accès aux subventions publiques, puisque le dépôt de dossier
dépend de la facilité avec laquelle les ménages peuvent embaucher un entrepreneur RGE.

Le chapitre 2 montre également l’importance de l’impact des caractéristiques du marché
local dans la diffusion d’une innovation technique. Les matériaux étant dans la plupart
des cas choisis par les entrepreneurs, cela peut in fine renforcer les différences de qualité
des services de rénovation au niveau local. Le marché français de la construction est donc
fortement marqué par ces disparités spatiales, qui génèrent des différences dans la qualité
de l’offre et qui sont renforcées par la gouvernance nationale des politiques publiques. La
nature locale des marchés de la construction n’a pas encore été prise en compte par les
décideurs politiques, dans la mesure où les réglementations et les aides publiques sont
conçues uniquement sur des prérequis techniques. Les résultats de cette thèse appellent
à une plus grande implication et intégration des acteurs locaux dans la gouvernance du
marché pour en renforcer l’efficacité.

Au-delà de ces disparités spatiales, des obstacles structurels freinent la massification des
rénovations énergétiques. Les politiques de logement et de la construction ont historique-
ment ciblé les nouvelles constructions, et leurs efforts n’ont été orientés vers la rénovation
que récemment. Du point de vue des ménages, le principal obstacle à la rénovation de leur
logement reste l’incertitude quant au retour sur leur investissement. Il n’existe pas de si-
gnaux forts concernant les compétences ex ante des entrepreneurs, et ils peuvent à juste
titre craindre des coûts cachés liés aux délais d’achèvement et aux erreurs d’installation.
Comme l’illustre le chapitre 1, le label RGE ne semble pas être la solution appropriée pour
modifier efficacement la répartition des compétences sur le marché. L’incertitude quant à
la fiabilité des entrepreneurs persiste, puisque des entreprises non compétentes sont actives
sur le marché. Compte tenu de l’absence de barrières à l’entrée pour les professionnels,



qui permet à certains d’entreprendre des projets malgré leur manque de compétence pour
les mener à bien, les particuliers peuvent, à juste titre, hésiter à engager des travaux. Les
ménages peuvent également être soumis à des contraintes de crédit, puisque le coût initial
des investissements de rénovation est généralement élevé, tandis que les gains en termes de
dépenses énergétiques ne seront ressentis qu’à long terme.

Par ailleurs, les entreprises ne sont pas efficacement incitées à se spécialiser dans les ré-
novations énergétiques, et elles n’ont pas toutes les compétences nécessaires pour fournir
ces services. Les entrepreneurs sont soumis à une forte pression concurrentielle et leur mo-
dèle économique consiste à maintenir des prix bas afin de remporter des projets. Le label
RGE a également été créé pour permettre aux artisans qualifiés de se distinguer de leur
concurrents, dans le but d’entraîner une montée en compétence du secteur à long terme.
Les apports théoriques du chapitre 1 ont mis en évidence d’importantes limites à ce sys-
tème de certification, notamment en ce qui concerne son incapacité à dissuader l’entrée de
professionnels non qualifiés. Il semble toutefois bien fonctionner pour signaler des compor-
tement favorables aux innovations : les entreprises RGE avaient une probabilité plus élevée
d’adopter dans le chapitre 2, et leurs travailleurs avaient des préférences plus marquées pour
les caractéristiques écologiques dans le chapitre 3. Cependant, le label pourrait simplement
refléter le fait que les entreprises orientées vers l’innovation ont plus tendance à se labéliser,
plutôt qu’un effet incitateur vers des matériaux de pointe. Il n’existe à ce jour pas de réelle
politique visant à promouvoir les innovations au-delà du financement de la R&D privée,
malgré les faibles taux d’adoption observés dans le secteur. Devant l’importance du coût de
l’incertitude pour les entrepreneurs estimé dans le chapitre 3, et la faible valeur attribuée
aux matériaux verts, il est nécessaire de promouvoir davantage ces produits pour accélérer
la décarbonation du secteur. La formation professionnelle continue pourrait encourager les
entrepreneurs à acquérir de nouvelles compétences, mais il est probable que la demande
restera faible si ces diplômes ne peuvent pas se traduire par une augmentation des prix. La
mise en place de barrières à l’entrée sous la forme d’une exigence minimale de diplôme, quel
que soit le corps métier, pourrait permettre aux professionnels qualifiés de tirer pleinement
parti de leur expertise et d’accroître la qualité des rénovations qu’ils proposent. Ces bar-
rières pourraient de surcroît réduire les incertitudes des ménages, ce qui augmenterait d’un
point de vue théorique leur disposition à payer selon le modèle du chapitre 1.

Les réglementations peuvent s’avérer plus efficaces que les politiques incitatives, compte
tenu des enjeux et du nombre insuffisant de rénovations que ces mesures ont entraîné
jusqu’à présent. Les activités de construction et de rénovation sont déjà soumises à des
réglementations, et les résultats de cette thèse peuvent éclairer leur efficacité. En premier























* * *

«Un roman est un miroir qui se promène sur une grande route. Tantôt il reflète à vos yeux

l’azur des cieux, tantôt la fange des bourbiers de la route. Et l’homme qui porte le miroir

dans sa hotte sera par vous accusé d’être immoral ! Son miroir montre la fange et vous

accusez le miroir ! Accusez bien plutôt le grand chemin où est le bourbier, et plus encore

l’inspecteur des routes qui laisse l’eau croupir et le bourbier se former.»

Stendhal − Le Rouge et le Noir.

* * *
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improvements have limited impact on their own, and it would be more efficient to take
them on at once. The labeling scheme is still very much comprised within the traditional
trade categories, with few interconnections. These early evaluations provided a somewhat
pessimistic description of the label, identifying many areas for improvement - clarification
for households, more hands-on training, more frequent audits. Perhaps the best way to
illustrate the design difficulty around RGE is to focus on the evolution of the conditions
for firms to obtain it over the years. The first reform, implemented in 2015, aimed to
simplify the procedure by lowering prerequisites in terms of initial training and diminishing
the number of mandatory audits. As the number of fraud complaints rapidly increased, a
counter-reform was set up in 2020 to reinstate more audits, especially on some key areas
such as insulation, and raise the penalty charges for non-conforming firms.

2.3 Leading the blind: a credence good approach

Is labeling companies enough to ensure renovations will meet minimal quality standards?
On one hand, customers do not have ex ante signals to properly evaluate the quality of the
offer made by a contractor. On the other hand, firms may lack the skills to fix an issue, or
use their informational advantage to increase resale prices without improving quality. As
data on firms’ abilities and fraud is very scarce and hard to obtain, I turned to a modeling
approach to look into the effect of information asymmetry on market outcome. Following
Nelson (1970), goods and services can be categorized depending on how easily customers
can obtain information about them. Goods which have attributes that can be observed
before purchase are referred to as "search goods". Customers can rely on information dis-
closed on labels, prior experience or public review to make the best purchase choice for
them. It is typically the case for most ordinary commodities: clothing, basic food items,
etc. By opposition, "experience" goods and services refer to instances where information on
quality is only available to the consumer ex post. Purchasing a theater ticket or a book,
for instance, does imply a certain level of uncertainty, as customers can only evaluate if
the product met their expectations after consuming them. This level of information asym-
metry is however not sufficient to describe the specific issues in the construction industry.
When choosing a contractor for renovation work, most households do not have the necessary
skills to evaluate what they precisely need. Contrary to the case of experience goods, they
also cannot tell with certainty if the solution offered to them is appropriate, nor if it was
actually implemented. The "credence good" category, as originally defined by Darby and
Karni (1973), appeared as a better fit to approach these issues. Broadly speaking, it refers
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ASSUMPTIONS

DROPPED
EQUILIBRIUM CHARACTERIZATION

EQUILIBRIUM

PRICES
LITERATURE

V
Overcharging: the c-type good is sold
at price p. Labels can restore efficiency.

p = p
Baksi and

Bose (2007)

Full efficiency: private information is
truthfully revealed.

p = p Emons (1997)

L; L and C p − c = p − c

Bester and
Dahm (2018);
Taylor (1995)

H; H and L
Price discrimination: the expert can
perform over and undertreatment at
equilibrium.

p ̸= p in some
cases

T. Liu (2011);
Dulleck and
Kerschbamer

(2007)

C and V

Specialization: separation of the
search- cum-diagnosis cost

p = c and
p = ∞ or
p < p = c

Wolinsky
(1993); Glazer
and McGuire

(1996)

Overcharging: separation of the search-
cum-diagnosis cost, and customers with
low valuation (v) remain untreated in
some cases.

p = c > p > c

Pitchik and
Schotter
(1987);

Wolinsky
(1993); Sülzle
and Wambach

(2005)

p = v > p Fong (2005)

L and V
Lemons: some profitable transactions
do not occur and there is undertreat-
ment in equilibrium.

Constant price

Akerlof
(1970); Emons

(2001)

C

Overtreatment: If the penalty for
fraud (f) and the frequency of controls
are not high enough, all experts perform
the major treatment.

Dulleck and
Kerschbamer
(2009); Alger
and Salanie

(2006)

Note: Assuming p ≥ p and c ≥ c. This table is a modified and updated version of Table 3 in Dulleck and
Kerschbamer (2006). Following their notations, four assumptions can be relaxed in the papers listed here:
homogeneity of consumers (H), commitment (C), verifiability (V) and liability (L).

Table 2 – Main contributions to the credence good theoretical literature on expert markets
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on comparative statics, assuming only some skilled companies choose to get the label. It
is consistent with the current state of diffusion of the RGE label, and with previous con-
tributions on cost barriers preventing skilled companies from getting quality certifications.
The analytical results show that such labeling schemes do not deter the entry of unskilled
companies. Worse, as introducing a quality label increases the competition among skilled
firms, their expected profits decrease. This result is also in line with previous results from
Baksi, Bose, and Xiang (2017), who showed that high-end producers have lower profits due
to label costs. Ultimately, increasing the number of skilled companies - though training
programs for instance - is the only factor found to impact overall quality on the market.

3 Improving quality through innovations

3.1 Securing the perimeter: restricting professional practices and
promoting new techniques

Sources: Author’s computations from the Phebus survey (Cnis, 2013) and data found in ADEME (2018a).

Note: Energy consumption refers to residential consumption, all sources combined. For instance, households
residing in dwellings built before 1919 have a total annual consumption of 20 thousand kWh on average,
equivalent to 198kWh per m2. The "2012 average" refers to the average consumption of all buildings that
existed in 2012, independently of their construction period. Thermal regulation objectives are taken from
ADEME (2018a).

Figure 6 – Residential energy consumption (2012)
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require skills from different traditional trades, hence the need for updated professional train-
ing to boost their diffusion. Fostering innovation in the construction sector was thus an
explicit goal in the 2018 French PREB regulation mentioned earlier. The estimated budget
dedicated 40 billion euros to boost innovation. An additional 30 billion was planned to be
directed towards professional training, which should benefit an estimated 65 000 workers
over time.

Sources: Author’s computations from ECSO, Eurostat and USPTO data.

Note: Patents are presented by the country of origin of the applicants. The Y-axes provide the number
of patents related to construction (left) and the share they represent within the total of applications from
each country (right). For instance, 381 patents originated from France in 2010, which accounts for 2.8% of
the patents filed by entities in France that year. Note that Austria is not depicted on the right-hand graph
for visualization purposes: construction-related patents accounted for 40 to 50%of all patents submitted by
applicants in Austria over the period.

Figure 8 – Construction-related patents from EU-15 countries (2010-2020)

3.2 From the lab to the market: the econometrics of new tech-
nology diffusion

What happens when an invention hits the market? So far, it has been established that
construction and refurbishment activities are heavily regulated, with increasing standards
on energy efficiency. More and more materials are becoming obsolete, yet patenting seems
to lag behind compared to other markets. This makes it all the more important to under-
stand what happens to these new products when they meet demand: "Innovation is more
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DIFFUSION
TYPE

DATA LITERATURE MAIN VARIABLES

Inter-firm

Cross section

Zolas et al. (2021) Firm size (+)

Giotopoulos et al.
(2017)

R&D spending (+), %
skilled workers (+),

decentralized
management (+)

Karaca-Mandic, Town,
and Wilcock (2017) Competition (+)

Pontikakis, Y. Lin, and
Demirbas (2006)

Experience with
previous versions (+)

DeCanio and Watkins
(1998)

Firm size (+), yearly
earnings (+), growth

rate (+), insider control
(-)

Dunne (1994) Firm size (+)

Panel

J. Gómez and Vargas
(2012)

Experience with
previous versions (+),
R&D spending (+),

workers’ education (+),
firm size (+)

Allen, Clark, and
Houde (2009) Competition (-)

Intra-firm
Cross-section Stucki and Woerter

(2016)

Carbon taxes (+),
regulation (+), firm size
(+), R&D activity (+)

Panel
Bresnahan,

Brynjolfsson, and Hitt
(2002)

Workers skills (+) and
education (+)

Inter & intra Cross section

Battisti, Canepa, and
Stoneman (2009)

Intra: Rank effects
(+), firm size (-);

Inter: Proportion of
graduates employed

(+), firm size (+), R&D
indicator (+)

Astebro (2004) Sunk cost of learning
(-), plant size (+)

Hollenstein (2004)

Intra: Firm size (+),
absorptive capacity (+),

technology cost (-)
anticipated benefits

(+); Inter: Efficiency
gains (+), epidemic

effects (+)

Note: The (+) and (-) indications in the "Main variables" column refer to significantly positive and negative
coefficients, respectively. "Firm size" refers to the number of employees; "Insider control" is computed as
follows: Shares owned by directors

Shares owned by directors+Total shares .

Table 3 – Main empirical contributions to the literature on the diffusion of new technologies
among firms
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of the source of information has not been addressed. It may have a non-negligible impact
on contractors, who can obtain product information form various sources (eg. material
retailers, manufacturers, etc.) and not value them equally. Different types of regulations
were also explored in these DCEs, and their effect on decisions seems to be context-specific.
These DCEs also vary in terms of dimensionality and attributes, except for the price which is
always included. Having a price in the regressors is useful to conduct cost-benefit analysis,
as it allows the transformation of coefficients into monetary values. Assuming the price
is a continuous variable and including a status quo level in all attributes, respondents’
willingness to pay for each attribute level can be computed. It also applies to negative
attributes, for which a perceived monetary cost can be deduced.

The experimental design in Chapter 3 characterizes hypothetical innovative materials us-
ing three attributes (green improvements, technical improvements and information source)
with three levels, while the price variable has five levels. As contractors do not use the
same materials in their day-to-day jobs depending on their trades, an additional challenge
was to find a way to present these hypothetical materials that could be understandable by
any respondent. It was addressed by first having respondent select a product they were
familiar with within a list and report the average price they pay for it. The hypotheti-
cal materials were then described by comparison to this reference product, and the price
was formalized as a price increase. Only strict improvements were considered, meaning
respondents never had to sacrifice an attribute level to obtain an improvement on another
dimension. Two questions were asked for each choice set: what is the better option out
of the two hypothetical products and would they choose to spontaneously try it. The
drivers of adoption were then determined by defining reference material as a choice with
no improvements, no price increase and the information source being the respondent’s own
experience. Additional information was gathered on respondents to explore policy options,
in particular about the labels their company has and their education level. The Technology
Readiness Index (TRI) developed by Parasuraman and Colby (2015) was also included to
cross-validate the DCE design. Mixed logit regression results suggest that there is hetero-
geneity among construction professionals. All improvements were found to have a positive
valuation, but the willingness to pay for technical improvement was found to be higher than
for green characteristics. Innovative characteristics are thus valued, but the cost associated
to the risk of having to trust information coming from any source rather than their own
experience was estimated to be greater. It could explain why innovation uptake is rather
slow on the construction market and provides ground for policy design. Labels were also
found to reflect biases in respondents’ preferences, validating the quality of the signal they
send to contractors’ customers.
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Source: Author’s computations from Eurostat data.

Note: "EU 15*" refers to the EU 15 group minus the United Kingdom. The Y-axis provides shares among
the total number of occupied dwellings in 2019. For instance, 66% of occupied dwellings in France were
houses and 64% of occupants were owners.

Figure 10 – Housing per tenure status and dwelling type (2019)

Source: Author’s computations from Insee data.

Note: Rents refer to actual rents and imputed rents, meaning the rent owner-occupiers would pay if they did
not already own their dwellings. The Y-axis provides the value for each graph, in thousands. For instance,
the value of total non-rent expenses went from 19 to 51 thousands between 1984 and 2020.

Figure 11 – Total occupier expenses (1984-2020)









34 General Introduction

Source:Author’s computations from various official sources (see Chapter 4 for details).

Note: Public spending refers to what households actually received during each given year. For instance,
French households perceived 3.9 billion euros in 2010.

Figure 12 – Total spending on financial aid schemes (2010-2018)

Source: Author’s computations from the French Housing Survey (Insee, 2013).

Note: Households may report several motives, hence the sum of bars may not be equal to 100. For instance,
among all households who reported renovations, 14.7% cited heating system replacement as a motivation.
This rate reached 18.9% among owner-occupiers and fell to 1.8% among renters.

Figure 13 – Renovation motives per occupation status















* * *

«Il faut toujours connaître les limites du possible. Pas pour s’arrêter, mais pour tenter

l’impossible dans les meilleures conditions.»

Romain Gary − Charge d’âme.

* * *





Chapter 1

Why labels fail: Fraud on a market
for credence goods with unobservable
skill heterogeneity among experts

* * *

Asymmetries of information and uncertainty about product quality are often a central
issue for customers. It is particularly the case in the construction market, where firms
act as experts providing both the diagnosis and technical solutions to their clients, who
are usually unable to assess them. As this sector is becoming more and more prevalent
in the conversation on global warming and energy efficiency, it is important to understand
how unique characteristics impact policy design. This article presents a credence-good
model with skill heterogeneity among experts meant to replicate key features of the sector,
focusing on maintenance and retrofit services. In particular, the equilibrium is characterized
by a low and unique market price, and skilled firms cannot distinguish themselves from their
unskilled competitors. This setup is then used to contrast the efficiency of two public policy
tools intended to make construction markets more efficient: human capital development
investments and quality labels. Analytical results indicate that the latter may impact over-
treatment, but does not affect the level of under-treatment in equilibrium, while increasing
the number of skilled firms is always efficient to increase customer satisfaction. Under this
model’s assumptions, if the goal is to ensure the proper renovation of the building stock,
labels miss the mark.

* * *
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design at the lowest price and compensated the others at a fixed design fee. Sampling two
firms was found to be enough to restore Bertrand competition and to incentivize contractors
to provide a high effort level - or at least to do so with a positive probability. Non-degenerate
fixed price equilibria existed only under certain conditions on the cost of effort and the
search cost, which had to remain small relative to the value customers give to the project.
A crucial aspect remaining overlooked was that firms may be heterogeneous in their skills,
namely their design and implementation costs. Using a similar setup but allowing for
an endogenous diagnosis price, Alger and Salanie (2006) generated an equilibrium with
overtreatment, as the fee could be set below cost. All firms still optimally adopted the
same pricing behavior in equilibrium and were assumed to have the same ability to solve
the issue, meaning inefficiencies only stemmed moral hazard. In other words, firms’ lack of
actual skill did not come into play - they chose to defraud their customers, despite being
able to fix their issue.

Another class of credence good models introduced firm heterogeneity by assuming experts
can be of two types, skilled or unskilled, which were observable by customers. Glazer and
McGuire (1996) made the first contribution to this line of work, comparing safe sellers who
can always solve the issue, and cheaper but risky sellers who may solve it depending on
its seriousness - which customers could not appreciate. They found that price competition
was enough to ensure that risky sellers would not serve customers whose problems they
could not fix. Similarly, Emons (2000) focused on the price and quality choice of sellers
who could only imperfectly diagnose the issue when they entered a market on which safe
experts operate. He showed that product differentiation could be used by risky sellers to
loosen price competition on the market, but that it was not their most profitable option
in equilibrium. Complementary results can be found in Bouckaert and Degryse (2000),
whose model included experts who were able to fix the issue and non-experts fixing it only
with a positive probability. An equilibrium with price differentiation arised only when the
probability of successful repair using the non-expert’s technology was small enough. Dulleck
and Kerschbamer (2009) also developed a framework with experts who would perform a
costly diagnosis, and discounters who could offer the same quality at a lower price but could
not tell the consumer if their problem was severe or simple. In this setting, experts were able
to defraud consumers by over-treating them, but consumers could also defraud experts by
going to a discounter in order to obtain the quality recommended by the expert. This could
result in equilibrium undertreatment, as experts could cheat with a positive probability to
keep consumers imperfectly informed. Overall, these models all found efficient equilibria
since consumers could discriminate firms ex ante, hence they optimally chose to the risk
they took.
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Up to this point, skill heterogeneity has hence been introduced either by assuming homo-
geneous firms could decide on their unobservable effort level, or by having observable firm
types regarding their skill level. The main novelty of this paper is to introduce unobserv-
able firm types and to focus on equilibrium undertreatment. To do so, the verifiability and
liability assumptions are lifted. The customer may have an easy or complex issue, which
they cannot observe, and some of the firms they face are not able to produce the correct
diagnosis. It is a bid setup, in which firms compete in prices and diagnosis to execute a
task for a consumer. This model focuses explicitly on firm heterogeneity and goes further
than previous work specifying firm types in that consumers are not able to discriminate
firms ex ante. It is an appropriate setup to discuss the conditions under which labels may
be effective. A similar approach was developed by Bonroy and Constantatos (2008), with a
firm producing a high-end product at a higher marginal cost than a low-quality producer,
but they focused on customers’ beliefs, which is not the main subject matter here. They
showed that as labels increased cost, they could reduce the quality producers’ market share.
There are also conditions under which they proved the existence of adverse effects, as la-
bels increased competition in prices. These findings are in line with our partial labeling
assumption, as there are many barriers preventing skilled firms from getting certifications
on the quality of their production. Also relying on consumers’ heterogeneous beliefs and
preferences, Baksi, Bose, and Xiang (2017) found that even if labeling can sometimes im-
prove social welfare, it always leads to a decrease in high-end producers’ profits if customers
over-estimate the quality of intermediate products. This is again in line with our results
and provides more ground for the assumption that some skilled firms will refuse to get a
costly quality certification.

1.3 Simple setup

1.3.1 One consumer facing two firms

Let us first examine a very simple setup in order to introduce the main variables used in the
general model. Consider a market with one consumer and two heterogeneous firms vis-à-vis
their skill levels. They have a hard-fix issue c with probability µ ∈ [0, 1] - meaning they
have an easy-fix issue with probability 1−µ. Firm with skill β can solve both types of issue,
while firm with skill β can only solve easy problems. The consumer derives utility V net of
the price if the problem is fixed; they can never observe firms’ skills, nor can they diagnose
their own issue. Firms observe their own skill level and can diagnose the consumer’s issue
before setting up their selling price.





Chapter 1 − Why labels fail 51

E(U |c = c, η < 1) = 1
2

(
V − p

)
+ 1

2

(
µ(0 − p) + (1 − µ)(V − p)

)
= 2 − µ

2 V − 1
2p − 1

2p

As they don’t know what firm they are facing, they cannot distinguish p from p. Let
p̃ ∈ {p, p} be the price as perceived by the consumer when choosing to accept a c diagnosis
or not. Their expected utility becomes E(U |c = c, η < 1) = 2−µ

2 V − p̃, thus the maximum
prices firms can set are p = p = 2−µ

2 V .

It is straightforward that p∗ ≥ p ∀µ ∈ [0, 1], which implies that the skilled firm’s optimal
lying strategy is η∗ = 1, meaning the β firm always offer the c diagnosis. As a result,
P(c = c) = P(c = c) = 1

2 . It does not affect the c diagnosis case, but if the customer
receives a c diagnosis they now have the following expected utility:

E(U |c = c, η = 1) = µ(0 − p) + (1 − µ)(V − p) = (1 − µ)V − p

To maximize its profits while keeping the customer’s utility non-negative, the unskilled firm
has to set p∗ = (1 − µ)V .

As the skilled firm specializes in equilibrium, the maximum price the unskilled firm can set
is lower than what they could charge if the customer had some uncertainty on the firm’s
type when getting a c diagnosis. It is a rather intuitive result, as the diagnosis carries more
information when firms specialize - and the customer is less willing to pay for an unskilled
firm’s services. One can also note that if µ = 0, they know they cannot have a hard-fix
issue and do not take any risk accepting a c diagnosis. As a consequence, all firms could set
their selling price at V . It is also worth mentioning that as long as the customer’s valuation
is positive, all firms have an incentive to be active on the market because their expected
profits will be positive as well, as equilibrium payoffs are given by:

E(U) = 1
2(V − p∗) + 1

2(µ(0 − p∗) + (1 − µ)(V − p∗)) = 0

E(Π∗) = 1
2p∗ = 1

2V

E(Π∗) = 1
2p∗ = 1−µ

2 V

Both firms are active on the market as long as µ < 1 and V > 0. The skilled firm’s
profits are higher than that of their unskilled counterpart, which is driven by the fact
that they can sell at a higher retail price along with the c diagnosis. In particular, if
µ = 0, meaning the consumer always has and easy-fix problem, both firms have the same
expected profits as prices equalize. In this equilibrium, the customer has to deal with both
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As p∗ ≥ p ∀µ, δ ∈ [0, 1], skilled firms’ optimal strategy remains η∗ = 1. As a consequence,
the diagnoses’ probabilities become P(c = c) = δ and P(c = c) = 1 − δ, but the consumer’s
utility is only affected in case of a c diagnosis:

E(U |c = c, η = 1) = µ(0 − p) + (1 − µ)(V − p)

The maximum price unskilled firms can set while maintaining non-negative utility is p∗ =
(1 − µ)V

Consequently, equilibrium payoffs for the consumers and each type of firm are:

E(U) = δ(V − p∗) + (1 − δ)(µ(0 − p∗) + (1 − µ)(V − p∗)) = 0

E(Π∗) = 1
J
p∗ = 1

J
V

E(Π∗) = 1
J
p∗ = 1−µ

J
V

Increasing the number of firms on the market does not increase the customer’s utility if
they interact with only one firm: it remains 0 in equilibrium. Firms’ individual profits are
lower since J > 2, but it is only due to a lower probability of being drawn by the consumer.
The share of same-type firm does not affect any of the payoffs and this equilibrium remains
characterized by maximum over-treatment and under-treatment. The main takeaway here
is that whatever the number and types of firms on the market, if the since samples only
one, prices will remain set at their highest level because firms do not feel any competitive
pressure. It seems more relevant to assume that the customer meets several firms, as it
is both a way to reduce uncertainty and to increase their equilibrium expected utility, as
shown in the following section.

1.4 General model

1.4.1 Setup

Assume now that the consumer simultaneously draws two firms, and then compares their
prices and diagnoses before making a buy-or not decision. Firms set their prices above
a threshold k > 0 without knowing what kind of firm they are competing against. This
threshold is set for computational reasons, but it could be interpreted as a minimum resale
price to cover fixed costs - capital investments for instance. Each skilled firm j has a lying
policy, meaning they choose to over-treat their client with probability ηj. Whatever offers
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If a skilled firm j is matched with an unskilled firm and chooses not to misreport with a
positive probability (meaning ηj < 1), the Bertrand mechanism described previously drives
p

j
and p−j down to k, which means the customer randomizes. Hence their expected profits

become:

E(Πj|c = c, β−j = β) = ηjpj + (1 − ηj)
k

2

As
∂E(Πj |c,β−j

)
∂ηj

= pj − k
2 and pj ≥ k, it is straightforward that their expected profits con-

ditional on the customer having a c issue and being drawn with an unskilled firm are an
increasing function of ηj, whatever the value of pj. Their optimal choice is to set ηj(β−j

) = 1.

Turning to the case where they are matched with another skilled firm, if both firm may
misreport with a positive probability the Bertrand mechanism described beforehand implies
that p

j
= pj = k for all skilled firms. Their expected profits in that case become:

E(Πj|c = c, β−j = β) = ηj

(
η−j

k

2 + (1 − η−j)k
)

+ (1 − ηj)(1 − η−j)
k

2

Hence
∂E(Πj |c,β−j

)
∂ηj

= k
2 , which is always positive. It implies that their optimal choice is to

set ηj(β−j) = 1, which further means that η∗ = 1 is their equilibrium lying policy.

Finally, let us show that p∗
j = k ∀j when the customer has a c issue. Whatever their

competitor’s type, a skilled firm’s expected profits under their optimal lying strategy are
given by:

E(Πj|c = c) = δJ − 1
J − 1 1jpj + (1 − δ)J

J − 1 pj

This is equivalent to their expected profits when the customer has a c issue, so following
the same steps their optimal choice is p∗

j = k.

Sampling two firms is enough to restore competitive pressure on skilled firms, which leads
to lower prices but has no effect on overtreatment. As prices are at their lowest, and
increasing them would only decrease expected profits, over-treatment is the only dimension
they can play on to differentiate themselves from their unskilled competitors in the eye of
the customer. Low and non-separating prices are in line with the reality of construction
markets. Further, skilled firms’ failure to include a skill premium in their resale prices
matches common complaints made by professional organizations. Turning to unskilled
firms, they also lower their resale price in reaction to potential competitors.
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Source: Author’s computations.

Note: Simulated results assuming J = 1000, δ = 0.5 and k = 50.

Figure 1.3 – Skilled firms’ isoprofit lines when facing a c customer.
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1.4.4 Comparative statics

The model does not allow the study of dynamic changes, but comparative statics provide
insights on the impact of the market parameters on final outcomes. Unsurprisingly, equilib-
rium profits of both types of firms are increasing in the market price k. More interestingly,
they both decrease, and in the same magnitude, as δ increases. From a skilled firm’s per-
spective, an increase in δ means an increase in competition, as it becomes more probable to
be drawn with another skilled firm and only make the sale with a 50% chance. Similarly,
as unskilled firms can only win over the customer when they are matched with another un-
skilled firm, increasing the share of skilled firms implies a drop in their equilibrium profits.

∂E(Π∗)
∂δ

= ∂E(Π∗)
∂δ

= −1
J−1k

The derivatives of equilibrium profits with respect to J are given by:

∂E(Π∗)
∂J

= 1
J2(1−J)2

(
− (2 − δ)J2 + 2J − 1

)
k

∂E(Π∗)
∂J

= 1
J2(J−1)2

(
− (1 − δ)J2 + 2J − 1

)
k

Skilled firms’ equilibrium profits are strictly decreasing function of J , as −(2 − δ)J2 + 2J −
1 ≤ 0 ∀ δ ∈ [0, 1]. It is strictly decreasing for all δ < 1, and the magnitude of the effect
decreases as δ gets closer to 0. A higher number of skilled firms on the market increases
their chance of being drawn with another skilled firm and decreases their individual chance
of being drawn, both impacting their profits negatively. The effect of J on unskilled firm’s
profits is more ambiguous, as more firms on the market decreases their individual probability
of being drawn but also increases their chance of being matched with another unskilled firm
depending on the value of δ.

Proposition 1.5. An increase in J is beneficial for unskilled firms’ profits in equilibrium
if and only if J ≤ 1+

√
δ

1−δ
and δ ≥ 1

4 .

Proof. From the previous equation, ∂E(Π∗)
∂J

≥ 0 ⇐⇒ −(1 − δ)J2 + 2J − 1 ≥ 0.

Denote f the function defined on ]2, +∞[ by f(x) = −(1 − δ)x2 + 2x − 1, with δ ∈ [0, 1]. Its
determinant is given by:

∆ = 4 − 4(1 − δ) = 4δ

If δ = 0 then ∆ = 0 and f(x) > 0∀x > 2, as the polynomial has a single root in x = 1. If
δ > 0, f has two roots, denoted x1 and x2, defined as functions of δ ∈ [0, 1[:
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instance with the emphasis on apprenticeships during François Hollande’s presidency in
France. The objective was to train young aspiring workers by making them work directly
with experienced professionals for long periods of time, to ensure skill transmission beyond
theoretical courses. However, our findings can suggest that skilled professionals have an
incentive to keep δ low as it affects their expected profits negatively. This reinforces the
need for a provision of quality professional training that do not depend on apprenticeship
programs

The customer’s expected utility in equilibrium is composed of two terms: their instant
utility if they always got V when they paid k, minus an extra cost λ = µV (1 − δ) (1−δ)J−1

J−1 ,
which stems from the uncertainty linked to the information asymmetry. It is straightforward
that E(U) is a decreasing function of k and λ. The value of λ tends towards 0 when δ is
close to 1: in the extreme case where there are only β firms on the market, there is no
extra cost due to information asymmetries. Conversely, if δ = 0 then λ = µV , meaning
that if there are no skilled firms on the market the net loss to consumer is their valuation
V of getting the issue fixed times the probability of having a c issue. It is also notable that
limµ→0 λ = 0 since firm types do not matter if the customer cannot have a c issue. There
are however some non-linearities in the sign of λ depending on the model parameters µ, δ

and J .

∂E(U)
∂µ

= −V (1−δ)
J−1

(
(1 − δ)J − 1

)
∂E(U)

∂δ
= − µV

J−1

(
1 − 2(1 − δ)J

)
These imply that ∂E(U)

∂µ
≤ 0 ⇐⇒ δ ≤ J−1

J
and ∂E(U)

∂δ
≥ 0 ⇐⇒ δ ≤ 2J−1

2J
. In other words,

if δ is low enough, an increase in the share of skilled firms always leads to an increase in
utility, and an increase in the probability of having a c issue has a detrimental effect. Let
δµ = J−1

J
and δδ = 2J−1

2J
. They both tend towards 1 when J tends towards +∞, meaning

that these effects are always true whatever the value of δ when there are an infinity of firms
of the market. They are both increasing functions of J , and as J > 2, it is straightforward
that:


δµ > 1

2

δδ > 3
4

The following graph sums up how λ evolves with respect to µ and δ, depending on these
two thresholds. For simplicity, assume that δ ≤ J−1

J
henceforth.
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Figure 1.7 – Game with labeled skilled firms
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When facing a c customer, their expected profits are also unchanged when they are matched
with a same-type firm or an unskilled firm:


E(Πu|c = c, β−j = β

u) = ηj

(
η−j1jp

u
j + (1 − η−j)pu

j

)
+ (1 − ηj)

(
η−j × 0 + (1 − η−j)1jpj

)
E(Πu|c = c, β−j = β) = ηjp

u
j + (1 − ηj)1jp

u
j

The optimal strategy in these cases does not change: all prices drop to k and
η∗(βu) = η∗(β) = 1. If they deal with a c customer and are drawn with a labeled firm
however, their profits are given by:

E(Πu|c = c, β−j = β
l) = ηj × 0 + (1 − ηj)1jp

u
j

It is straightforward that in this situation it is optimal to set pu
j

= k (and pl
−j

= k). Their

profits become E(Πu|c = c, β−j = β
l) = (1 − ηj)k

2 , implying ∂E(Πu|c=c,β−j=β
l)

∂ηj
= −k

2 . As
E(Πu|c, β

l) is a decreasing function of ηj, firms j’s optimal lying strategy is η∗
j (βl) = 0.

Unlabeled skilled firms’ equilibrium prices are always pu∗ = pu∗ = k, independently of their
choice regarding their individual lying strategy ηj.

It is not a surprising result, as prices are pushed down solely by the fact that the customer
consults more than one firm, and by the uncertainty on the competitor’s type. The robust-
ness of this result is central, as intense competitive pressure on prices is a key feature of
the construction market this model attempts to replicate. The optimal lying policy may
however become truth-telling in this extension, depending on the share of labeled firms.

Proposition 1.8. If δl > 1
2 or J < 1

1−2δl , η∗ = 0 is the equilibrium strategy for labeled
skilled firms. If δl < 1

2 and J > 1
1−2δl , their equilibrium strategy is η∗ = 1. If δl ∈ [1

4 , 1
2 ] and

J = 1
1−2δl , their equilibrium strategy is η∗ = 1

2 .

Proof. As firms do not know their competitor’s type, they set the value of η depending on
their overall profits:

E(Πu∗|η = 1) = 2
J

(
(1−δ)J

J−1 k + δuJ−1
J−1

k
2 + δlJ−1

J−1

(
µk

2 + (1 − µ) × 0
))

= k
J(J−1)

(
J(2 − δ − (1 − µ)δl) − 1

)
E(Πu∗|η = 0) = 2

J

(
(1−δ)J

J−1 (µk + (1 − µ)k
2 ) + δJ−1

J−1
k
2

)

= k
J(J−1)

(
J(1 + µ(1 − δ)) − 1

)
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As E(Πu∗|η = 1) − E(Πu∗|η = 0) = (1−µ)k
J−1

(
1 − δ − δl

)
, lying is a dominant strategy if

and only if 1 − δ ≥ δl. Furthermore, δ ≤ 1
2 =⇒ 1 − δ ≥ 1

2 , meaning 1 − δ ≥ δ ≥ δl.
Consequently, truth-telling is a dominant strategy if and only if δ ≥ 1

2 and δl ≥ 1 − δ. It
is strictly dominant if these inequalities are strict. In case of equality, the firm randomizes,
setting η = 1

2 .

Let us review these three cases to determine the equilibria. First, let 1 − δ > δl and assume
all unlabeled skilled firms adopt the strategy η∗ = 1 and set their prices to k. If one firm j

were to deviate in this equilibrium by setting ηj = η < 1, their deviation profits would be:

E(Πu∗
j |η∗

j = η, η∗
−j = 1) = 2

J

(
δlJ
J−1

(
µk

2 + (1 − µ)η × 0 + (2 − µ)(1 − η)k
2

)
+ δuJ−1

J−1

(
µk

2 + (1 − µ)η k
2 + (1 − µ)(1 − η) × 0

)
+ (1−δ)J

J−1 (µk + (1 − µ)ηk + (1 − µ)(1 − η)k
2 )

)
= k

J(J−1)

(
J

(
1 + µ + η(1 − µ) + δl(1 − µ)(1 − 2η) − δ

)
−µ − η(1 − µ)

)

Let ∆Πu

η∗=1 = E(Πu∗
j |η∗

j = η, η∗
−j = 1) − E(Πu∗|η∗

j = 1∀j), which simplifies to:

∆Πu

η∗=1 = k
J(J−1)

(
J

(
1 + µ + η(1 − µ) + δl(1 − µ)(1 − 2η) − δ − 2 + δ + (1 − µ)δl

)
−µ − η(1 − µ) + 1

)
= (1−µ)(1−η)k

J(J−1)

(
1 − J(1 − 2δl)

)

As 1−δ > δl and δ > δl, it is straightforward that δl < 1
2 , which implies that 1 − 2 δl ∈]0, 1[.

Furthermore, as η < 1, ∆Πu

η∗=1 > 0 ⇐⇒ 1 − J(1 − 2δl) > 0, which is equivalent
to J < 1

1−2δl . In that case as the deviation profit is a decreasing function of η since
∂E(Πu∗

j |η∗
j =η,η∗

−j=1)
∂η

= − (1−µ)k
J(J−1)(1 − J(1 − 2δl)) < 0, the optimal deviation strategy is to set

η∗
j = 0.

Turning to the 1 − δ < δl case, assume all unlabeled skilled firms adopt the strategy η∗ = 0
and set their prices to k. If one firm j were to deviate in this equilibrium by setting
ηj = η > 0, their deviation profits would be:
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E(Πu∗
j |η∗

j = η, η∗
−j = 0) = 2

J

(
δlJ
J−1

(
µk

2 + (1 − µ)η × 0 + (1 − µ)(1 − η)k
2

)
+ δuJ−1

J−1

(
µk

2 + (1 − µ)ηk + (1 − µ)(1 − η)k
2

)
+ (1−δ)J

J−1

(
µk + (1 − µ)ηk + (1 − µ)(1 − η)k

2

))
= k

J(J−1)

(
J

(
1 + µ + η(1 − µ) − 2ηδl(1 − µ) − µδ

)
− 1 − (1 − µ)η

)

It yields the following net deviation gain:

∆Πu

η∗=0 = k
J(J−1)

(
J

(
1 + µ + η(1 − µ) − 2ηδl(1 − µ) − µδ − 1 − µ(1 − δ)

)
−1 − (1 − µ)η + 1

)
= η(1−µ)k

J−1

(
J(1 − 2δl) − 1

)

As η > 0, ∆Πu

η∗=0 is always negative if 1 − 2δl ≤ 0, which is equivalent to δl ≤ 1
2 .

Alternatively, if δl < 1
2 , the difference is strictly positive if and only if J ( 1 − 2 δl )− 1 > 0,

that is, J > 1
1−2δl . In that case, there are profitable deviations from the equilibrium, and

as ∂E(Πu∗
j |η∗

j =η,η∗
−j=0)

∂η
= (1−µ)k

J−1 (J(1 − 2δl) − 1) > 0, the optimal deviation strategy is to set
η∗

j = 1.

Finally if 1− δ = δl and all unlabeled skilled firms randomize, meaning η∗ = 1
2 and set their

prices to k, their expected profits in equilibrium are given by:

E(Πu∗|η∗ = 1
2) = 2

J

(
δlJ
J−1

(
µk

2 + 1−µ
2 × 0 + 1−µ

2
k
2

)
+ δlJ−1

J−1

(
µk

2 + 1−µ
2 (1

2
k
2 + 1

2k)

+1−µ
2 (1

2 × 0 + 1
2

k
2 )

)
+ (1−δ)J

J−1

(
µk + 1−µ

2 k + 1−µ
2

k
2

))
= k

2J(J−1)

(
J

(
3 + µ − δ(1 + µ) − (1 − µ)δl

)
− 2

)

If one firm j were to deviate in this equilibrium by setting ηj = η ̸= 1
2 , their deviation

profits would be:

E(Πu∗
j |η∗

j = η, η∗
−j = 1

2) = 2
J

(
δlJ
J−1

(
µk

2 + (1 − µ)η × 0 + (1 − µ)(1 − η)k
2

)
+ δuJ−1

J−1

(
µk

2

+(1 − µ)η(1
2

k
2 + 1

2k) + (1 − µ)(1 − η)(1
2 × 0 + 1

2
k
2 )

))
= k

2J(J−1)

(
J

(
2η(1 − µ) + 2(1 + µ) + δl(1 − µ)(1 − 4η)

−δ(1 + µ)
)

− 1 − µ − 2η(1 − µ)
)
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Source: Author’s computations.

Figure 1.9 – Unlabeled skilled firms’ optimal lying strategy given J and δl

enough of a risk to outweigh the certainty of winning over the customer if matched with an
unskilled firm. The condition on J can also be rewritten as follows:

J(1 − 2δl) − 1 ⋚ 0 ⇐⇒ J(1 − δl − (δ − δu)) − 1 ⋚ 0

⇐⇒ (1 − δ)J + δuJ − 1 ⋚ δlJ

⇐⇒ (1−δ)J
J−1 + δuJ−1

J−1 ⋚ δlJ
J−1

The turning point for unlabeled skilled firms is ultimately whether it is more likely to be
drawn with a labeled firm or with any other type of firm. If the former is more probable,
truth-telling is optimal. Otherwise, either lying yields higher profits or truth-telling is not
sustainable in equilibrium. In other words, if labeling is not sufficiently widespread and if
there are not enough skilled firms overall, overtreatment will prevail. It is clearly not yet
achieved in the European case, yet there have been efforts to generalize certifications and
labels. The consumer’s utility remains unchanged, since overtreatment does not lower their
equilibrium payoffs. If the general goal is to ensure more efficient renovations, labels seem
to miss the mark. Regarding the effects of unlabeled skilled firms’ reporting strategy on
other firms, η = 0 even raises unskilled firms’ expected profits:
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E(Π∗|η = 1) = 2
J

(
(1−δ)J−1

J−1
k
2 + δuJ

J−1 × 0 + δlJ
J−1

(
µ × 0 + (1 − µ)k

2

))
= k

J(J−1)

(
J(1 − δ + (1 − µ)δl) − 1

)
E(Π∗|η = 0) = 2

J

(
(1−δ)J−1

J−1
k
2 + δJ

J−1

(
µ × 0 + (1 − µ)k

2

))
= k

J(J−1)

(
J(1 − δµ) − 1

)

As E(Π∗|η = 1) − E(Π∗|η = 0) = (1−µ)k
J−1

(
δl − δ

)
and δl ≤ δ, it is always better for them

when unlabeled skilled firms are truthful. Their equilibrium profits are also strictly higher
than in the previous label setup in both cases. Conversely, η = 0 decreases the equilibrium
profits of labeled firms, making the certification less attractive:

E(Πl∗|η = 1) = 2
J

(
δlJ−1
J−1

k
2 + δuJ

J−1

(
µk

2 + (1 − µ)k
)

+ (1−δ)J
J−1

(
µk + (1 − µ)k

2

))
= k

J(J−1)

(
J

(
1 + µ + δ(1 − 2µ) − δl(1 − µ)

)
− 1

)
E(Πl∗|η = 0) = 2

J

(
δJ−1
J−1

k
2 + (1−δ)J

J−1

(
µk + (1 − µ)k

2

))
= k

J(J−1)

(
J

(
1 + µ(1 − δ)

)
− 1

)

As E(Πl∗|η = 1) − E(Πl∗|η = 0) = (1−µ)k
J−1

(
δ − δl

)
and δl ≤ δ, it is always better for them

when unlabeled skilled firms choose to be dishonest. These results establish that (1) the
customer has to be somewhat indifferent to labels in order to effectively prevent equilibrium
overtreatment and (2) that overtreatment is more efficient than labels to deter the entry of
unskilled firms. When overtreatment is not an equilibrium behavior, the profits of labeled
firms are lower and those of unskilled firms are higher. These results provide some insights
as to why why fraud persists despite the existence of numerous certifications on the market.
They have also not yet been largely adopted, which could reflect either that skilled firms do
not see what could be gain from getting them, or that there is not a large share of skilled
firms on the market.

1.6 Conclusion

The equilibria described in this paper successfully replicate key features of many European
countries’ construction sectors, that is: low and non-discriminating resale prices and the
persistence of fraud in equilibrium despite intense competitive pressure. In particular, un-
skilled firms can make positive profits in most cases, and this would be especially true when
considering a larger number of consumers - which would consist in independent repetitions
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1.A Simple setup : customer utility
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Figure 1.A.1 – Customer’s expected utility depending on the diagnosis received if η < 1
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1.B Obtaining total probabilities in the one-shot game
with J firms and 2 firms drawn
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Figure 1.B.1 – Probability of drawing each pair of firms









* * *

«L’analyse mythique apparaît donc comme une tâche de Pénélope. Chaque progrès donne

un nouvel espoir, suspendu à la solution d’une nouvelle difficulté. Le dossier n’est jamais

clos.»

Claude Lévi-Strauss − Le Cru et le Cuit.

* * *





Chapter 2

If Drywall Could Talk: A Panel Data
Double Hurdle Model to Assess New
Technology Adoption in the French
Construction Sector

* * *

Widespread adoption of new technologies can take time, depending on agents’ perception
of risk and the information they receive. It is especially true in the construction sector,
yet high-performance materials are essential to ensure the efficiency and durability of the
renovation and construction of dwellings. The depth of adoption is usually approached
in one of two ways, either with inter-firm diffusion, which corresponds to new adoptions
by firms over through time, or intra-firm diffusion, which measures the intensity of use
by adopters. This paper presents an empirical procedure to estimate both dimensions
simultaneously and account for geographical diffusion hubs. The estimator combines a panel
data double-hurdle model and a spatial adoption index meant to capture word-of-mouth
effects. A comprehensive dataset was built using scanner data and geolocalized census data.
The model was run using this French data on an innovative gypsum board launched in 2017.
Controls include both local and firm-specific features, as well as information regarding their
general purchase behaviors. Results suggest that inter and intra firm adoption are not
driven by the same determinants, and that word-of-mouth is not the sole factor explaining
the emergence of geographical clusters of adoption.

* * *
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but using a probit-normal specification while a logit-Poisson is needed here. It is also, as
of writing, the first extension of R. Dubin’s adoption index to an inter-temporal setup.

2.3 Model

2.3.1 Inter-firm diffusion

The specification of the first adoption decision takes after R. Dubin (1995), but has been
adapted to a dynamic setup. When a new technology is introduced, firms are faced with
the choice to either adopt it or keep using already existing competing products. Their
decision will depend on their expected profits in case of adoption compared to their profits
in case of non-adoption, denoted E(ΠA) and E(ΠN) respectively. These profits depend on
a set of local building characteristics, like local temperatures and dwelling types, a set of
demand-side variables such as median household revenues and dwelling prices, and a set
of firm characteristics such as the number of employees and experience, all included in a
matrix X. If its decisions were made independently from its rivals, a firm i located in a
local market j would adopt for the first time at time t if and only if:


Et(ΠA

i,t+1) − Et(ΠN
i,t+1) > 0

Et(ΠA
i,l+1) − Et(ΠN

i,l+1) < 0 ∀l < t
where:


Et(ΠA

i,t+1) = fA(Xi,t)

Et(ΠN
i,t+1) = fN(Xi,t)

In practice, competitors’ characteristics do matter, as new products may impact a firms’
productivity or its differentiation strategy. More importantly, as pointed out by Sarmiento
and W. W. Wilson (2005), it would be unrealistic to assume firms take strategic deci-
sions independently from one another in such localized and competitive markets. Observ-
ing competitors’ choice to adopt can either deter adoption, resulting in a Hawk-Dove or
"chicken" Nash equilibrium, or on the contrary provide incentives to adopt, which leads
to a dominant-strategy equilibrium. This second case generates a spatial multiplier effect,
meaning the higher the number of adopters at any given time, the higher the incentives for
non-adopters to switch to the new technology. The individual choice to adopt or not can
hence be considered conditionally on an adoption index AIi,t, which takes into account rival
firms’ adoption decisions. Their influence is mitigated with each rival’s distance to firm i.
Formally, denoting di,t the indicator variable equal to 1 if firm i is a new adopter at time t:
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
di,t = 1 if


Et(ΠA

i,t+1 − ΠN
i,t+1|AIi,t) > 0

Et(ΠA
i,l+1 − ΠN

i,l+1|AIi,l) < 0 ∀l < t

di,t = 0 otherwise

The computation of the adoption index for each firm and each period builds on R. Dubin
(1995) and can be understood as a weighted sum of competitors’ past adoption decisions, in
which distance negatively impacts the influence rivals may have on a firm i. In other words,
it has a high value for firms located at the heart of diffusion hubs and a low value for firms
established in places where the technology has not been tried out locally. It is meant to
capture the spatial aspect of diffusion, and more precisely the existence of clusters of early
adopters. Formally, denoting Dik the distance in kilometers between firm i and firm k:

AIi,t =
∑
k ̸=i

δk,t−1 × γ1 × exp
(−Dik

γ2

)
where δk,t−1 =

t−1∑
l=0

dk,l

A firm k’s former adopter status in period t is given by δk,t−1, which is equal to one if they
have adopted prior to t. The factor γ1 captures the overall impact of neighboring firms’
decision by a firm’s own choice to adopt or not. The term γ2 captures the rate at which this
influence decreases with distance. Since limγ2→∞ exp

(
−Dik

γ2

)
= 1, a high γ2 would indicate

that distance does not matter, meaning only the overall number of adopters affects a firm’s
decision. If both terms are found to be jointly insignificant, it would indicate that there
is no spatial effect and that only the local and firm-specific characteristics matter in the
adoption process.

In this setup, firms’ individual decisions are assumed to be driven by the difference in their
expected profits, denoted Π∗

i,t = Et(ΠA
i,t+1 − ΠN

i,t+1|AIi,t). These profits are unobservable
in the data used for the estimations, as it only provides purchase information. It is thus
further assumed that purchase decisions are the result of latent profit maximization and
that the latent variable Π∗

i,t depends on the controls Xi,t, on the adoption index AIi,t and
on an individual and time-specific component ui,t:

Π∗
i,t = Xi,tα + AIi,t + ui,t

The error terms ui,t are assumed to be independent, meaning that the spatial interaction
is fully captured by the adoption index. Assuming ui,t follows a logistic distribution, the
probability of adoption is given by:
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Source: Author computations from Insee data.

Note: Workforce size refers to the number of employees. Years of experience correspond to 2020 values.

Figure 2.4.5 – Workforce size and experience

Sources: Author computation from Insee data.

Note: Shares correspond to 2020 values.

Figure 2.4.6 – Firms’ professional trades






