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Abstract

There is growing evidence that households often forgo profitable energy efficiency retrofits, partly
due to inattention and imperfect information about their economic benefits. We conduct an incen-
tivized survey experiment to evaluate both the effectiveness and the welfare implications of a widely
used policy tool aimed at addressing this issue: providing information from an energy efficiency audit.
In our incentivized experiment, participants in the treatment group receive personalized information
about the potential cost savings from retrofitting their heating systems, while those in the control group
do not receive such information. Our results show that providing this information does not increase
the average willingness to pay for a retrofit. However, it enhances welfare — by approximately € 43 per

household - by better aligning households’ decisions to retrofit with their actual cost savings.
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1 Introduction

Imperfect information and inattention may lead to market failure in a variety of contexts. A well-known
example is the so-called Energy Efficiency Gap (Stavins and Jaffe, 1994; Gerarden et all, PU17), i.e., the
observation that households and firms appear to underinvest in energy efficiency. This gap is particu-
larly evident in the residential building sector, where many households choose not to conduct energy
efficiency retrofits — even when the resulting private energy cost savings would more than justify the
investment. One commonly suggested explanation for this seemingly inefficient behavior is a lack of
information about the economic benefits of energy efficiency improvements.

To address persistently low energy efficiency retrofit rates, governments worldwide have focused on
making information more easily accessible to households by e.g. subsidizing energy efficiency audits.
Until recently, policymakers and researchers primarily focused on the impact of these audits on retrofit
rates — that is, the average increase in energy efficiency retrofits following an audit. However, new
insights from economic theory suggest that measuring the average effectiveness of information inter-
ventions in changing behavior is an inadequate metric for assessing their welfare implications (ATlcoft
etall, 2025). Instead, welfare gains depend crucially on an interventions ability to correct individual dis-
tortions in consumer decision-making. An information intervention that does not significantly increase
the overall adoption of energy efficiency measures could nonetheless enhance welfare by ensuring that
retrofit decisions are more closely aligned with the economic value of a retrofit.

In this paper, we explore the impact of information from energy efficiency audits on both the willingness-
to-pay (WTP) for energy efficiency and on welfare. We incorporate an incentivized experiment in a
survey of German household heads, i.e. those family members that make financial decisions at the
household-level. We randomly assign participants into a treatment group which receives personalized
information about the value of an energy efficiency retrofit and a control group which does not receive
such information. Households in both the treatment and the control group obtain information about
the technical energy efficiency improvements associated with the retrofit, which allows us to isolate
households’ general bias in the economic assessment of energy efficiency improvements, regardless of
possible context-specific distortions that may arise from misperceptions of specific retrofits. Beyond
identifying the average treatment effect on WTP for the retrofit, our within-subject experimental design
serves to quantify the heterogeneity in biases, in treatment effects, and in the environmental damages
from carbon emissions. Based on our estimates, we then apply the framework developed by ATlcoff
efall (2025) to assess the welfare effects of our intervention.

In our experiment, participants express their relative WIP for one of two retrofit options using a
multiple price list elicitation format. The first option consists of the a simple modernization of the heat-

ing system by insulating the water pipes according to current standards. The second option additionally



includes an optimization of the hydraulic balancing of the heating systems, which German public agen-
cies endorse as one of the most cost-effective retrofit options. Households obtain a budget of 1500€,
which they can spend on either retrofit option. Our elicitation of WTP is incentive-compatible as we
randomly draw one of the participants and implement his or her choice after the experiment.

We find that personalized energy efficiency information does not change the average WTP for an
energy efficiency retrofit, but aligns participants” WTP with its economic value. Whereas households
who indicated a WTP below the economic value of the retrofit increase their WTP, we observe a decrease
for households who indicated a WTP above it. This alignment effect translates into positive welfare
effects of the audit of around 43€ per household. Therefore, our findings offer a compelling example
that the welfare effects of interventions cannot be inferred solely from their average effectiveness in
changing behavior. Instead, they demonstrate that welfare effects hinge crucially on the measurement
of bias and treatment effect heterogeneity.

Our paper is related to several strands of literature. First, we contribute to the literature on the En-
ergy Efficiency Gap, which has emphasized the role of information frictions in discouraging investment
(for reviews, see, e.g. Gillingham et al] 200Y; ATlcoff and Greensfone PUT2; Gillingham and Palmet| 2014,
Gerarden et all PUT7). In the context of home energy efficiency, several papers study energy efficiency
audits as a means to collect and provide information to housing market participants. While these pa-
pers have extensively studied whether energy audits can reduce asymmetric information between the
buyers and sellers of homes (Palmer and Walld PUT7; Walls et all P0T7; Frondel et all P020; Myers et all
P022; Brolinson et all P073), experimental evidence how audits affect retrofit decisions of homeowners is
sparse. One exception is Allcott and Greenstone (2017) who conduct a field experiment in which they
subsidize home energy audits to study their effect on the adoption of energy efficiency retrofits. We con-
tribute to this literature by directly randomizing access to personalized information about cost savings
to study its effect on the adoption of retrofits and welfare.

Second, our paper contributes to a growing literature evaluating the effectiveness of information
interventions. Information interventions have been used to study a vast array of topics in economics
(for a recent review, see Haaland efall, 2023). In the context of energy efficiency, the objective of in-
formation interventions is often to reduce an environmental externality via information and nudges
(Carlssonetall, P07T). Several studies evaluate information provision as a means to induce the adoption
of energy-efficient durable goods (Newelland Siikamaki P0T4; [Allcott and Taubinsky 2015; Andor efall
2020; Boogen et al] 2022 [Allcott and Sweeney| P0T7; ATlcoft-and Kniffel PUTY), providing mixed results
regarding the effectiveness of such non-price interventions. Some studies focused on the welfare effect
of improving the quality of information (Allcott and Taubinsky, P015; Davis-and Mefcalf, PUTH; Houdé,

2018). We contribute to this literature by exploring the welfare effects of information provision in a



high-stakes environment with heterogeneity in a potentially unobserved product attribute. We show
that information provision in this setting leads to a rotation in the demand curve for the energy effi-
ciency investment rather than a shift of the curve. We also quantify the welfare implications of such an
alignment effect and show that welfare gains are sufficiently high to warrant an information interven-
tion, despite the absence of an average treatment effect on the WTP for a retrofit.

Third, our paper contributes to an emerging literature evaluating the welfare effect of non-price in-
terventions (Allcotf-and Kessled, POTY; laubinsky and Rees-Jones, PU17; [Allcott et all, P075). We apply
the model framework by ATlcoft et all (2025) to the context of home energy efficiency retrofits. Our con-
tribution to this literature is to provide empirical evidence that bias heterogeneity is crucial for judging
welfare effects of information in a policy-relevant setting, energy efficiency audits. By controlling for
context-specific misperceptions in our experiment, the alignment effect we document is likely to gen-
eralize to other settings where interventions aim to inform consumers about the link between product

characteristics and outcomes - for example, to improve health, encourage savings, or enhance education.

2 Experimental Design and Data

Our experiment was pre-registered at the AEA RCT registry (AEARCTR-0008150). We give an overview

of deviations from the pre-analysis plan in Appendix Table B.

21 Implementation

The experiment is included in a household survey on energy efficiency in residential buildings in Ger-
many in 2021. The panel comprises approximately 15,000 households, 10,000 of which are home-owners
and 5,000 are tenants. The household survey is drawn from the forsa.omninet panel and is representa-
tive of the German population. Survey questions are answered by household heads, i.e., persons in
charge of the financial decisions of the household. The survey consisted of two parts. Participants
first answered a pre-survey, which elicited household demographics and detailed characteristics of the
home inhabited by the household. The main survey was conducted several weeks later and included
the information experiment analyzed in this paper.”

In this experiment, participants in the treatment group were provided with information about poten-
tial energy cost savings from optimizing their homes heating system, whereas households in the control
group were not. This information was calculated based on the building characteristics elicited in the

pre-survey. These calculations are based on a simplified version of the engineering model underlying

!Details on the information experiment are provided in Appendix 0. For the full survey, see BMBF Kopernikus-Projekt ARH
ADNH (20771), in German.



the German energy performance certificates.? The engineering model was used to calculate energy cost
savings between either a) isolating all heat distribution pipes in the home according to the current legal
standard in Germany (henceforth called basic heating system optimization) or b) conducting the retrofit
in a) and additionally a so-called “hydraulic balancing” of the heating system (henceforth called com-
prehensive heating system optimization). It consists of optimizing the settings of the heating system to
fit the calculated heat demand of the building and is endorsed by various consumer protection agencies
as one of the most cost-effective retrofit options in Germany.?

Before the start of the experiment, we explained both the basic and the comprehensive heating sys-
tem optimization to the participants. We also informed participants about the decision problem they
would be confronted with in the experiment. In particular, we informed them that they would be pro-
vided with a budget of 1500 €, which they would be asked to spent either on a) a basic heating system
optimization or b) a more comprehensive heating system optimization. They were informed that they
would receive the remainder of the budget as an unconditional transfer. All participants were provided
with an example for a short multiple price list, which was used to illustrate the financial consequences
for the participant in case one of his choices would be drawn in the lottery. Finally, we introduced house-
hold heads to the incentivization scheme by informing them that for one participant, one decision would
be drawn. After the experiment, the participant would have the option to implement that decision and
conduct the selected retrofit at the price indicated in the survey and receive the remainder of the budget
as an unconditional transfer.

The experiment was administered to a subset of all homeowners in the sample (N = 2023). We
excluded households who were not in charge of decisions about retrofits to the buildings central heating
system or who could not provide core information about the features of their house and heating system
needed to calculate energy cost savings, as well as households who were not in charge of decisions about
retrofits to the buildings central heating system. In addition, homeowners had to either live in single-
family homes or have a central heating system and state to be in charge of decisions about retrofits to
the central heating system. Household heads had the opportunity to opt out of the experiment after
receiving this information if they were under no circumstances willing to optimize their heating system.
212 household heads did not report a WTP for the comprehensive retrofit (either after or, in cases where
the WTP was elicited twice, before the experimental treatment). These households were removed from

our sample, leaving us with 1,811 participants.

2For details on the engineering model, see Appendix B and Loga et al] (2005). The simplified model was developed as a
statistically validated tool to calculate building energy demands based on building characteristics that could be elicited without
detailed energy audits of the building, e.g., from survey data.

3E.g., see Germany’s largest consumer protection agency (Verbraticherzenfrale NRW e V], P027).



2.2 Treatments

After explaining both options for heating system optimization, we provided households in both the
treatment and control group with an estimate for the total energy savings in kWh per square meter and
year for both retrofit options. This information serves to ensure that households do not misjudge the
technical characteristics of both retrofit options.? It ensures that our measure of bias excludes context-
specific misperceptions - such as a lack of understanding of the technical features of hydraulic balancing
- that would not generalize to other retrofit options or settings.

In a next step, the household heads who decided to take part in the experiment were randomly as-
signed to a control group (C) that did not obtain any information about cost savings or a treatment group
(T) that obtained such information (see Appendix O for the full survey text, including the information
screens for the treatment and control group). Households in the control group received a placebo text
informing them about the constant bi-quarterly number of heating system optimizations in Germany
in 2017 - 2019. Households in the treatment group received a personalized estimate for the implied an-
nual monetary savings by the basic and the comprehensive heating system retrofit. Additionally, they
obtained information about the difference in savings between both options over a 10 year period under
different energy price scenarios (increasing by 2% per year / constant / decreasing by 2% per year).5

For both the treatment and control group, we implement two sub-treatment arms. We randomly
allocate households to either a subgroup (50%) where we elicit households’ relative WTP for the com-
prehensive retrofit only after the treatment (denoted by C1 and T1, respectively) or to another subgroup
(50%), in which we elicit households” WTP both before and after treatment (denoted by C2 and T2, re-
spectively). The sub-treatment arms with only one WTP elicitation enable us to test for experimenter

demand effects, which may arise when eliciting outcome variables both before and after an intervention.

2.3 Balance and Descriptives

Table [ displays descriptive statistics for our sample across the four treatment arms of the experiment.
Comparing outcomes across the first four columns of Table [, we see that the randomization strategy
described in the previous section achieves covariate balance between treatment arms in our experiment.®

When comparing the characteristics of our sample with the German population in the final column
of Table [, we see some differences. Our sample is comprised predominantly of single-family homes.
The households we study are larger, wealthier and led by household heads that are older and better

educated than the corresponding population averages in Germany. These differences reflect that our

4Our design is equivalent to, e.g., [Allcott and Taubinsky ZOT5 who inform participants about the technical characteristics of
lightbulbs prior to their information provision experiment.

5We refrained from calculating a net present value because individuals’ discount rates are unobserved and difficult to measure.

®Differences in group averages along any covariate of interest are not jointly significant at the 5 %-level (F-test, df; = 3, df, €
[858,1807]).



Table 1: Descriptive statistics and balance between treatment arms

Sample Characteristics Germany

C1 c2 T1 T2 P-value
Panel A: Household Characteristics
No. household members 2.4 2.5 2.5 2.4 0.83 2.0
Household net income 4,016.11 3,951.98 4,046.33 4,108.88 0.38 3,490.58
Panel B: Participant Characteristics
Share females, in % 39 36 39 36 0.60 50
Household head age 59.8 59.6 59.5 60.0 0.93 44.7
Highschool/professional degree, in % 89 88 90 90 0.66 51
Tertiary degree, in % 60 66 67 65 0.13 28
Employed, in % 53 55 57 53 0.71 56
Retired, in % 41 39 38 43 0.31 25
Panel C: Home Characteristics
Share single-family home, in % 96 95 97 95 0.19 45
Share multi-family home, in % 3 4 2 3 0.22 52
Share holding EPC, in % 14 15 15 13 0.90 .
Space heated, in m? 149 148 153 152 0.13 94
Share gas boiler, in % 60 56 61 61 0.44 57
Share heat pump or biomass, in % 6 5 7 5 0.51 8
Share district heating, in % 6 5 4 5 0.19 2
Share oil boiler, in % 28 33 28 29 0.65 22
Share build before 1978, in % 48 50 47 48 0.89 60
Stated heating expenditures, in Euro p.a. 1,127.62 1,077.83 1,072.43 1,091.01 0.17
Model-based heating expenditures, in Euro p.a. 1,671.19 1,575.23 1,668.95 1,675.00 0.22
Panel D: Comprehensive vs. Simple Heating System Optimization
Savings over 10 years, in Euro 47315 45413  479.61 483.66 0.39
WTP for retrofit (prior to treatment), in Euro . 655.17 . 708.77 0.39
Emission abatement over 10 years, in kg CO2 2,092 2,062 2,079 2,142 0.78
Abatement monetized, Euro 475.79  469.01 472.87  487.21 0.78
Share heating system optimized since 2000, in% 17 22 19 16 0.08
Share intending to optimize before 2030, in % 19 20 18 19 0.94
Number of households 447 445 463 456

*p <010, p < 0.05,** p <0.01

Notes: The p-values are obained from F-tests for the equivalence of the treatment group averages for the corresponding variable.” p < 0.10, ** p < 0.05, ***
p < 0.01. German household and participant characteristics are obtained from the German Federal Statistical Office (2021),” Statistischer Bericht: Mikrozensus
- Haushalte und Familien” and "Statistischer Bericht: Gemeinschaftsstatistik zu Einkommen und Lebensbedingungen”. German home characteristics are
obtained from DENA (2023), "Gebdiudereport 2023” and DENA (2024), "Gebiiudereport 2024



experiment does not target an average household member, but a population of homeowners who are in
charge of maintaining their home’s heating system. These households form the likely target population
of governmental information interventions.

In fact, homes in our sample are likely to benefit from investments in energy efficiency. All homes
included in the experiment were build before 2002, and 48% were constructed before the implementa-
tion of the first federal rules for building energy efficiency in 1978 (WarmeschutzV, 1977). Only 18%
had their heating system retrofitted since 2000. For the average home in our sample, the engineering
model by Loga et al] (?005) predicts that the comprehensive heating system optimization leads to energy
cost savings of €472 over a period of 10 years, relative to the simple optimization. This corresponds to
4% of the average stated heating expenditures, which is in line with savings typically reported by con-
sumer protection agencies.? In addition, the comprehensive heating system optimization implies a CO,
emission abatement of roughly two tonnes compared to the simple heating system optimization. Us-

ing a social cost of carbon of $185 US dollars per ton (following the preferred specification in Rennerf

the majority of households in our sample do not seem to prioritize home energy efficiency. Only 19%
of households intend to retrofit their heating system before 2030, and 14% hold an energy performance

certificate of their home.

3 Results

In this section, we first inspect the frequency of changes in the the willingness to pay for the compre-
hensive heating system optimization in response to the information treatment. We then introduce our
regression framework and show our reduced-form regression results. Our main analyses are based on
the treatment arms T2 and C2. We use the treatment arms T'1 and C1 for robustness tests in columns (3)
and (4) in Appendix Table B. These robustness checks show that the pre-intervention elicitation of WTP

for the retrofit does not affect our treatment effect estimates.

3.1 Reduced-Form Treatment Effects

Figure I shows within-subject changes in the WTP for a comprehensive optimization of the heating
system. In the control group, 22% of participants adjust their willingness to pay for the retrofit. Since

these individuals did not receive any material information, changes in WTP represent elicitation noise—

7See e.g. Nerbraiicherzenfrale NRW e V] P77, Note that the engineering model on average over-estimates the energy costs
incurred by the household, which can be seen in panel C. For the prediction of cost savings in our experiment, we compare the
same building after either a simple, or a comprehensive optimization of its heating system, holding all other building character-
istics constant. Thus, any bias of the engineering model should cancel out unless it is unable to correctly reflect the impact of the
heating system optimization itself.

8For details on the computation of environmental externalities and consumer decision biases, see Appendix B.



Figure 1: Change in the relative WTP for a comprehensive optimization
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Notes: relative willingness to pay is the difference between the willingness to pay for a basic optimization vs. a more comprehen-
sive optimization of the heating system. Treatment: treatment group T2 (N = 456). Control: control group C2 (N = 445). For these
treatment arms, the willingness to pay was elicited both before and after the information treatment.

that is, idiosyncratic changes in WTP across different elicitations. For the treatment group, the share of
participants adjusting their WTP is substantially higher (42%). This observation is first evidence that
our treatment influenced individuals” WTP.

To explore treatment effects further, we depict the post-treatment demand function for the compre-
hensive retrofit for the treatment and the control group (Appendix Figure B). We find that the share
of participants willing to conduct the comprehensive retrofit is higher in the treatment group than in
the control group for low relative prices, and vice versa for high relative prices, suggesting that the
information induced a rotation in the demand curve.

Next, to identify the average treatment effect (ATE) of the information treatment on the relative WTP
for a comprehensive retrofit of the heating system Y;; by household head i in period ¢, we estimate the

following Difference-in-Differences regression:
AY; = po+ T + Ae; 1)

where T; is the treatment indicator, AY; is the difference in WTP between the baseline and endline elici-
tation, Bo is a constant, and €;; is the error term.

We find that the effect of the information treatment on the WTP for the comprehensive retrofit is not
statistically significant at the common significance levels (column 1 of Table B). The lack of statistical sig-

nificance does not reflect low precision in estimating the average treatment effect, but a small effect size.



In particular, the 95% confidence interval in our main specification in column (1) excludes effects larger
than an increase by 39.7 and smaller than a decrease by 44.9€, which corresponds to approximately 0.07
standard deviations of the control group pre-treatment WTP. Appendix Table B shows that our result
is robust to alternative specifications including individual-specific covariates as controls instead of a
specification in first-differences (columns 2-3), or extending the analysis on the full sample (column 4).

Column (2) presents the results from estimating an augmented version of Equation (), where we
additionally include an interaction effect between the (demeaned) baseline WTP and the treatment vari-
able. While baseline and endline WTP show a strong positive correlation, this correlation is significantly
weaker in the treatment group. Together with the zero ATE, this result offers an explanation for the
rotation of the demand curve observed in Figure B: the information treatment reduces the average WTP
for participants with an above average baseline WTP and increases the WTP for participants with a
below-average baseline WTP.

To explore treatment effect heterogeneity in more detail, we estimate conditional average treatment
effects (CATE) for subgroups with different baseline WTP. As shown in panel A of Figure B, we find a
null-effect for the group of households with a WTP between 400 and 600€, which roughly corresponds
to the average cost savings over 10 years of around 480€ (Table ). The conditional average treatment ef-
fects for subgroups with a lower WTP are positive, whereas the conditional effects for subgroups with a
higher WTP are negative. This heterogeneity pattern suggests that the information treatment improved
the alignment of actual cost savings with participants willingness to pay for a retrofit. In Panel B of
Figure I, we provide additional evidence to support this conjecture by estimating the CATE among
participants who indicated a higher vs. a lower WTP than the estimated 10-year cost savings from con-
ducting the retrofit. It shows that the information treatment increased WTP for those households whose
baseline WTP was below the 10 year cost savings and decreased WTP for households with a baseline
WTP below that value. Hence, the intervention corrected a misalignment between the estimated energy

cost savings over a period of 10 years and the WTP for the retrofit.

3.2 Welfare Effects

In this section, we estimate the welfare effects of the energy audits provided in the experiment, following
the framework by [ATicott et all (?028).2 As a measure of consumer bias, we use the difference between
consumers’ baseline WTP and the 10 year cost savings of the retrofit.

To obtain the parameters needed for the welfare calculations, we estimate the following regression

9To do so, we draw on their replication codes (Allcottefall, ZTi77), which we adapt to our experiment.



Figure 2: Subgroup treatment effects
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Notes: treatment effect estimates on the difference-in-differences between the willingness to pay for the comprehensive and the
basic heating system optimization. Panel A: Treatment effects were estimated separately on the subgroups with a baseline relative
willingness to pay for the comprehensive retrofit of i) 0 €, ii) between 1 and 400, iii) between 400 and 600, iv) between 600 and
1000, v) more than 1000 €. Panel B: Treatment effects were estimated separately on the subgroups with a positive or a negative
bias. Bias is measured as the difference between the relative baseline WTP and the communicated cost savings. 95 % confidence
intervals are indicated (using heteroskedasticity-robust standard errors).

equations:

AY; = TT; + 1§ + Badhi + Po + Ae; )

AY; = tT; + 019 T; + aad; T; + B14i + B2di + Bo + Av; 3)

where T is the treatment effect of the information intervention. The measure 4; for consumer bias is
given by the difference between a consumers baseline WTP for the retrofit and the (undiscounted) en-
ergy cost savings calculated by the engineering model accumulated over a 10 year period under current
energy prices. The measure ¢; reflects environmental externalities in the form of additional CO, emis-
sions from choosing the simple instead of the comprehensive retrofit measure.™ Columns (3)-(6) of
Table @ show the results from estimating these regressions, either using an ordinary least squares esti-
mator in columns (3) and (4), or using a linear mixed-effects estimator in columns (5) and (6), where we
replace T with a random coefficient ;.

The mixed-effects versions of (2) and (B) deviate from their counterparts in the study by Allcotf et-all
(P025) in one way: we only observe changes in the relative willingness to pay for one choice per par-
ticipant (ATlcoff et-all 2025 observe two choices). While this implies that we cannot identify a random
intercept B ;, we still identify the random coefficient 7;, which is essential for capturing treatment ef-

fect heterogeneity. Identification in our case involves an additional assumption that 7; is independent

10For details on the computation of consumer biases and environmental externalities, see Appendix B.
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Table 2: ATE on the participants willingness to pay for energy efficiency

1) () 3) 4) &) (6)
OLS (1) OLS(1) OLS(2) OLS(3) Mixed effects (2) Mixed effects (3)
Treated -2.62 3.22 1.86 21.60 1.40 21.60
(21.57)  (20.60) (20.76)  (45.02) (20.73) (44.89)
Baseline x Treated -0.22%*%
(0.03)
Bias x Treated -0.12%** -0.12%**
(0.04) (0.03)
Externality x Treated -0.01 -0.01
(0.07) (0.07)
Adjusted R? -0.001 0.087 0.087 0.099
Observations 901 901 901 901 901 901
Bias v v v v
Externality v v v v

Notes: * p<0.10, ** p<0.05, *** p<0.010. Bias - the difference between baseline willingness to pay and the estimated energy cost
savings was included as a control. Externality - the estimated reduction in CO2 emissions from adopting the comprehensive
heating system optimization was included as a control. Baseline - the demeaned baseline willingness to pay. Only households
in control group 2 and treatment group 2 were included. Standard errors clustered by treatment group in parentheses.
from elicitation noise, i.e., from changes in the WTP between pre- and post-treatment elicitation in the
absence of treatment (captured by Ae; and Av;). In our context, this assumption is mild since the effect
of information about future benefits of an intervention is plausibly uncorrelated to random changes in
WTP between two subsequent elicitations.

As shown in column (3) of Table B, we find that the average treatment effect on the willingness to pay
for the comprehensive retrofit is not significantly different from zero. The treatment effect is however
negatively correlated with the heterogeneous biases in consumer decision-making (Column 4 of Table
D). The coefficient for the interaction term between bias and treatment effect indicates that for a one
Euro increase in the bias, e.g., over-estimating the benefits from the retrofit by one additional euro, the
effect on the WTP decreases by 12 cents. Hence, the treatment corrects consumer misperceptions. We
do not find evidence for a correlation between the treatment effect and the environmental externality. In
column (5) and (6), we display the regression results for the mean effects in the mixed-effects models.
We find that the mean effects are almost identical to the effects displayed in column (3) and (4), which
offers some evidence that the structural assumptions on the distribution of treatment effects and the
error term implied by the mixed-effects model do not bias our mean effect estimates.

In a next step, we calculate the welfare effect of our information interventions. To do so, we slightly
modify the framework by [ATlcoftef-all (2025) to calculate the welfare effect of an arbitrary uniform tax
t' on the less energy-efficient product (see Appendix B for a derivation). It allows us to calculate the
welfare effect of the information intervention under the current German subsidy for heating subsidy

optimizations, providing a 15% subsidy for the extra cost of the comprehensive retrofit, which is as-

11



sumed to be roughly €400 based on information by the Nerbraucherzenfrale NRW e VI (2022). This

welfare effect is given by

AW(t =t") ~ 1/2¢ (E[6] — t' + E[7])* — (E[6] — t')* +2Cov[, T] + Var[t] p Dp, (4)

average distortion effect distortion variance effect

where § = v + ¢ is the full distortion described by consumer misperceptions and the environmental
externality and D, is the slope of the demand curve.™ Since the latter is negative, a welfare gain ma-
terializes if the sum of average distortion effect and distortion variance effect is negative. The average
distortion effect is negative, i.e., welfare-increasing, if the sign of the average treatment effect E[7] is
opposite to that of the bias, accounting for a potential bias internalization by a pre-existing tax (or sub-
sidy) . The distortion variance effect is negative if the covariance between the treatment effect and the
distortion is sufficiently negative. A negative covariance is welfare-increasing since it implies that the
intervention counteracts distortions. By contrast, a high variance in treatment effects that is unrelated
to biases reduces welfare since it adds noise to consumer choices.

To calculate the welfare effect based on this formula, we estimate the average treatment effect using
equation (B), obtaining an estimate for the treatment effect variance from the mixed-effects specification.
We obtain estimates for the covariances between consumer biases or environmental externalities and
the treatment effect from coefficients a; and a; in equation (B). To conduct the welfare calculations, we
need additional information on the slope of the demand curve D;, which we estimate by approximating
the slope of the baseline WTP curve between €0 and € 100. In our context, we assume the pass-through
rate of the tax to be 100% and that markups for firms providing the energy efficiency retrofits are zero,
which is consistent with a competitive market for small-scale energy efficiency retrofits.

We summarize the parameters and results of the welfare calculations in Table B. In the case without
corrective taxation (compare equation (B) in Appendix [E), we find that the information intervention in-
creases welfare per household by €43.3. To disentangle the mechanisms that lead to this welfare effect,
we conduct five counterfactual special cases. When we, first, set the ATE to zero, we find that the welfare
effect is virtually unchanged, which reflects that our ATE estimate is small. Second, assuming a homo-
geneous treatment effect across all consumers, the welfare effect of the information intervention reduces
to (almost) zero. This case demonstrates that the welfare effects in our case arise exclusively from a
reduction in bias heterogeneity. Third, we set both the covariance between distortions and treatment
effects and the average treatment effect to zero, which leads to a reduction of welfare by around € 75.

This finding illustrates that an information treatment that changes consumer decision-making randomly

H'We assume full pass-through and zero mark-up (in the notation of Appendix B: p = 1 and y = 0) to capture perfect competi-
tion on the market for heating optimization.
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Table 3: Welfare effects

Panel A: Parameter Estimates

Di’g Demand slope (share of purchases/(€ /unit) -0.00208
E[v] Average bias (€ /unit) 213
(21.95)
E[¢] Average externality (€ /unit) -478
(9.13)
E[7] Average treatment effect (€ /unit) 1.86
(20.76)
Var[t] Treatment effect variance ((€ /unit)?) 71,910
(23,718)
Covly, 7] Bias and treatment effect covariance ((€ /unit)?) -51,059
(14,602)
Cov|¢, T] Externality and treatment effect covariance ((€ /unit)?)  -5,260
(5,286)
Panel B: Total Surplus Effects Under Different Assumptions
AW(t =0) Total surplus effect with no tax (€ /unit) 43.29
special case 1: E[1] =0 42.26
special case 2: Cov[é, 7] = Var[t] = 0 (homogeneous) 1.02
special case 3: E[t] = Cov[d, 7] = 0 (pure noise) -74.62
special case 4: Cov[y, T] = E[y]| = 0 (ignore bias) -61.86
special case 5: Cov[¢p, T| = E[¢] = O (ignore externality)  30.52
AW(t =t*)  Total surplus effect with optimal tax (€ /unit) 42.26
AW(t =€60) Total surplus effect with arbitrary tax (€ /unit) 43.52

Notes: Panel A displays estimates for the parameters going into the welfare estimation. Details on the
estimation are outlined in Section BE2. Panel B displays welfare estimates. AW(t = 0) is calculated
using Equation (@), setting the tax ' = 0. The following scenarios depart from the same equation,
setting additional parameters to zero (as indicated). AW(t =€ 60) is calculated using Equation (),
setting the tax ' = 60. AW(¢t = t*) is calculated using Equation (). Standard errors in parentheses.
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reduces welfare. Fourth, we assume that biases do not exist, but leave externalities in place, which leads
to welfare reductions of around € 61. By contrast, when we ignore the externality in special case 5, we
obtain a positive welfare effect of €31. These findings highlight that the welfare effects in our study
are almost exclusively driven by an alignment effect between biases and willingness-to-pay, which is
reflected in a high negative correlation between consumer biases and treatment effects.

We next determine the welfare effects when a tax or subsidy exists. If the tax is set optimally (com-
pare equation (M) in Appendix H), the welfare effect of the information intervention remains virtually
unchanged compared to the case without taxation. This is because even an optimal tax can only counter-
act the average distortion, which is not the main driver behind the positive welfare effects we estimate.
On a related note, when we calculate the welfare effects of our intervention taking current subsidy levels
in Germany into account (compare equation (#)), we again estimate almost identical welfare effects.

The framework by ATlcotf et-all (?025), which underlies our welfare calculations, allows biases to be
measured with error as long as the measurement error is mean-zero and independent of the actual bias,
the externality and the treatment effect. A challenge to the assumption of a mean-zero measurement
error is that engineering models tend to overestimate the savings of energy efficiency investments (e.g.,
Fowlie et all POTS; Christensen ef all 2023). In our setting, the model-based annual heating expenditures
exceed the annual heating expenditures stated by the participants by about 50% (1,671€ vs. 1,128€, see
Table M). Nonetheless, we find no evidence that our welfare measure is affected by such measurement
error. First, the average estimated savings from heating optimization correspond closely to numbers
communicated by consumer protection agencies. Second, we estimate virtually the same welfare effects
after rescaling energy uses such that projected and stated energy cost are equal on average (see Ap-
pendix Table @). This is because measurement error that affects the average bias does not significantly
affect our welfare estimates, which ultimately arise from a better alignment between WTP and savings.™

From a policy perspective, our results demonstrate that even seemingly ineffective interventions
may yield sizable welfare improvements when they reduce bias heterogeneity. To put our estimates into
perspective, a welfare gain of roughly €43 corresponds to 16% of the average distortion (E[y] + E[¢]
in Table B). Interventions that provide easily scalable audit information are likely cost-effective, given
that information on energy cost savings can be provided based on a 15-minute survey and tools that
are available online (KtW Bankengruppe, 075). As a simple back-of-the-envelope calculation, a welfare
gain by €43 exceeds the time-cost in terms of forgone wages for the average employee in Germany
(earning an hourly wage after taxes of €20.75 (Sfafistisches Bundesamf, 2025)) by a factor of more than

eight.

12We refrain from using stated heating expenditures at the individual level in our welfare analyses for two reasons: First, we
observe this variable for only half of our respondents and many respondents are only poorly informed about their heating cost.
Second, stated expenditures are elicited in bins, which introduces additional measurement error when using this variable at the
individual level.
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4 Conclusion

This paper analyzes the effect of information from energy efficiency audits on retrofit rates and on wel-
fare. We do so by exploring data from an incentivized survey experiment with German households
concerning retrofits of their heating system. In line with recent advances in economic theory (ATlcoff
etall, P075), our evidence provides a striking example for the insight that an average treatment effect
of an information intervention is a poor metric for its welfare implications. In our setting, translating
technical energy efficiency information into the likely monetary gains does not change the average WTP
for energy efficiency. However, it aligns participants” WTP to the economic value of the retrofit. This
alignment effect translates into positive welfare effects of the audit of around 43€ per household. This
finding shows that information interventions that assist consumers in making decisions by translat-
ing technical information into decision-relevant monetary metrics is important for improving decision
quality, even though it does not affect decisions on average. This finding isolates a mechanism through
which consumer protection interventions increase welfare in a wide range of settings, including nutri-
tion, education, and the investment into durable goods. From a methodological angle, our study shows
that evaluations of information interventions need to quantify bias and treatment effect heterogene-
ity to produce reliable welfare estimates. Neglecting the alignment effect will imply that even highly
cost-effective policy interventions will not be considered as welfare-improving and will therefore not be

implemented.
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Online Appendix

A Engineering Model

We calculate participants’ final energy demand on the basis of an engineering model calibrated for Ger-
many, the “Kurzverfahren Energieprofil” (Coga et al], 2005). The final energy demand indicates how
much energy is required to heat, supply hot water, ventilate and cool the building. It is an important pa-
rameter for the energy efficiency of a residential building and is also used in the EU Energy Performance
Certificate, for instance.

The final energy demand is calculated on the basis of a multitude of building characteristics (e.g. wall
structure, window glazing, insulation), the installed system technology (e.g., the heating technology),
and climate parameters. The calculation procedure consists of the three parts: First, estimating the vol-
ume of the house based on its shape and floor space, second, the calculation of heat transfer coefficients
(U-values), and, third, the calculation of the flat-rate values of the system technology. Core parameters
for these calculations are based on the Energy Saving Ordinance (EnEV) from 2002. The outcomes of the
calculation are the final energy demand in kWh/m?a, the predicted energy costs in €/a and the energy

standard of the building in W/(m?K).

B Consumer Bias and Environmental Externalities

Based on the engineering model outlined in Appendix Section [, we calculate the energy demand of
a building after a simple heating system optimization (W; = S) or a comprehensive heating system
optimization (W; = K). Since we know the fuel types used by household i for heating, we also calculate
the associated CO, emissions E;(W;) and energy cost in Euro C;(W;) per year, given assumptions about
the unit price and CO, emissions per unit of energy used.™

Based on additional parameter assumptions summarized in Table B, we can use these inputs to mea-
sure consumer biases in the decision to adopt the comprehensive heating system optimization 4;, as
well as the associated environmental externalities ¢;. The energy cost savings communicated in the ex-
periment were accumulated over a period of 10 years. For consistency with the information treatment
provided in the experiment, we calculate both consumer biases and the environmental externality, tak-
ing into account energy savings over a period of 10 years. We assume a typical life span of 10 years since
a heating system optimization is beneficial only until other major retrofits are undertaken, which again

require a re-optimization of the heating system.

13 A full list of parameters for the engineering model can be found in (LCoga et all, PTI05).
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Table 4: CO, Emission Factors and Energy Prices

Variable Value Source

Social Cost of Carbon $185 US dollars following Rennert efall (2022)
Life span of heating system optimization 10 years By assumption

Discount rate 0% By assumption

Energy price changes constant over 10 years By assumption

Exchange rate 1.2296 Euro/Dollar European Central BanK (Z021),

January 4, 2021 reference rate

Consumer biases are calculated as the difference between the implied energy cost savings over a

ten-year period and the participant’s relative WIP for the comprehensive heating system optimization:
i =Y — (w (Ci(S) — Ci(K))) ®)

where Yipm is household i’s relative WTP for the comprehensive retrofit prior to treatment, w = 10 is the
factor to accumulate the annual energy cost savings, assuming that energy prices remain constant (in
real terms) over a period of 10 years.™@

The environmental externality is calculated as the CO; emissions abated over a ten-year period, val-
ued at a social cost of carbon of SCC = $185 US-dollars per ton of CO, emitted, following Rennerfefall
(2022), converted to Euros using an exchange rate of 1.2296 Euros per Dollar (observed on January 4,

2021 European Central Bank, P07T). This implies that the environmental externality, i.e., the environ-

mental benefit from choosing the comprehensive energy efficiency retrofit is calculated as follows:

¢; = 10 (E:(S) — E;(K)) x SCC x 1.2296 6)

14Gince individual discount rates are difficult to measure, we refrain from discounting future energy costs.
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C Survey Questions

The experiment studied in this paper is part of the first wave of the Heating and Housing Panel of
the BMBF Copernicus-Project ARIADNE (Warme- und Wohnen-Panel, BMBF Kopernikus-Projekt ARI-
ADNE), which is a household survey on energy efficiency in residential buildings in Germany in 2021.
In this section, we provide the catalog of survey questions used in the experiment. The experiment was
contained in the third module of the questionnaire. To calculate the CO, emission reductions and en-
ergy cost savings associated with the energy efficiency retrofit studied in the experiment, inputs from
the first module of the questionnaire are needed. This module contained questions about household de-
mographics and building characteristics. It follows closely the simplified engineering model described
in Appendix [ For the sake of brevity, we thus do not include these survey questions in the appendix of
this paper. The interested reader can find the full questionnaire in BMBF Kopernikus-Projekt ARTADNE

(2T).

ExpSan_1 Introduction to Heating System Optimization
This part of the survey is about your interest in optimizing your heating system. During a
heating system optimization, a professional insulates the heating pipes in your home, calcu-
lates the heating energy demand for each of your rooms, and adjusts the radiators accord-
ingly. The optimization has no effect on the lifespan of your radiators or heating system. It

does not require major renovations and can usually be completed in one working day.

ExpSan_2 Introduction to the Procedure I

You now have the opportunity to choose between two types of heating system optimization:

* Simple heating system optimization: A professional company insulates your heating
pipes according to current insulation standards. This heating system optimization takes

about 12 hours.

¢ Comprehensive heating system optimization: A professional company insulates your
heating pipes according to current insulation standards. In addition, the company cal-
culates the heating demand of your rooms and optimally adjusts your radiators. This

heating system optimization takes about 78 hours.

ExpSan_3 Introduction to the Procedure II
You receive a budget of €1500 to commission either a simple or a comprehensive heating
system optimization. Your decision can have real consequences. One randomly selected
participant will actually receive the budget and be able to use it to commission a heating

system optimization. For this participant, the chosen heating system optimization will be
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ebewertung 1

ExpSan_4

implemented by a specialized company. In addition, the participant will receive that part of

the budget as a payout that exceeds the price of the chosen heating system optimization .

The lottery draw will take place in the coming weeks. You will be notified if you have been
selected at random. The specialist company will be selected in consultation with you.
Please consider your decisions on the following pages carefully, as it may have real conse-

quences for you.

If you are not considering optimizing your heating system under any circumstances, please
click on the following box. You will then not take part in the draw. This will not affect the

duration of the survey. To take part in the draw, please simply click continue.

[Checkbox] Under no circumstances will I consider optimizing my heating system and forgo
the opportunity to receive a budget of EUR 1500, which I can use for a heating system opti-

mization, among other things.

Presentation of the Energy Savings Potential

We will now inform you about the improvement in your energy requirements that can be
achieved through a simple or comprehensive heating system optimization in your home.
The calculations take into account the information you have provided on the properties of
your house. They are based on a method that is prescribed, among other things, for the issue
of energy performance certificates. [Info button: As a simplified method is used, the values may

differ slightly from the values stated on energy performance certificates].

The calculated savings also take into account what type of heating system optimization you
may have already carried out. The savings are given in kilowatt hours of heating energy per

heated living space per year (kWh/m2 *a).

[Option A and Option B are determined randomly. This means that some participants are randomly
shown the simple optimization as option A, while others are shown the comprehensive optimization as
option A. Option B is then accordingly the comprehensive optimization in the first case and the simple
optimization in the second case. The information on which option is displayed as option A should be

saved]
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Option A: Simple Heating Option B: Comprehensive Heating
System Optimization System Optimization
Annual energy demand | [energy demand [energy demand
status quo] kWh/m?2*a status quo] kWh/m?2*a
Annual energy demand | [energy demand after [energy demand after
after optimization simple optimization] kWh/m2*a | comprehensive optimization] kWh/m2*a
Energy [energy demand status quo after | [energy demand status quo after
saved: simple optimization] KkWh/m2*a | comprehensive optimization] kWh/m?2*a

ExpSan_5 Explanatory note
We present you with 15 choices between these two heating system optimizations, where only
the price of the comprehensive heating system optimization differs. Please select in each of
the 15 lines which heating system optimization you prefer for at the given prices. The deci-
sions are about the influence of the prices you have to pay on your choice between the two
heating system optimizations. The fact that the price for a comprehensive heating system
optimization differs may be due, for example, to different subsidies or taxes. However, you
can be sure that the quality of the heating system optimization does not differ and that it
is always carried out by a specialist company. If you are drawn by lot, you will receive the
heating system optimization you have selected in a line at the specified price. Which line this
is will be determined at random. You will also receive your remaining budget (1500 euros
minus the respective price of the heating system optimization) by bank transfer. As each line

can be selected, you should carefully consider your decision in each line.

For a better understanding, we will now show you an example.

A section of the table in which you will enter your decisions will look like the following de-

piction.

You only make your decisions on the next page. You cannot select any options in this

table. [Display the options as option A or B as described above]

Option A: Simple heating system optimization (savings = [final energy demand now - final

energy demand after simple optimization kWh/m2*a])

Option B: Comprehensive heating system optimization (savings = [final energy demand
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ExpSan_6_C2_T2

now - final energy demand after comprehensive optimization kWh/m2*a])

Decision | Option A: Simple (€300) | Option B: Comprehensive (varies)

7 €300 €500
8 €300 €550
9 €300 €600

Each row in the table contains a decision to be made. For each decision, select either option

A or option B.

Now assume, for example, that you have been drawn by lottery and line 8 has been randomly

determined.

¢ If you have chosen option B in line 8, you will receive the comprehensive heating system
optimization at a price of 550 euros. We will also transfer your remaining budget of EUR

1500-550 = EUR 950.

¢ If you have selected option A in line 8, you will receive the simple heating system opti-
mization at a price of EUR 300. In addition, we will transfer your remaining budget of

1500-300 = 1200 EUR.

Decisions Round I

[Display only for groups C2 and T2]

We now show you 15 decisions between a simple and a comprehensive heating system op-
timization. The choices differ only in the price you have to pay for comprehensive heating
system optimization. For all 15 lines, please select the heating system optimization that you
prefer for the corresponding prices:

[Info button: Reminder: You will receive a budget of 1,500 euros for your decision. In the case of
simple heating system optimization, the optimization of your heating system will be carried out at a
price of 300 euros and your remaining budget of 1,200 euros will be transferred to you. In the case of
a comprehensive heating system optimization, the optimization of your heating system will be carried
out at the price indicated in the respective line and your remaining budget will be transferred to you.
One participant drawn at random will actually receive this budget. However, your decision has no

influence on the draw.]

[Presentation of the options as option A or B as described above.]
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Option A: Simple heating system optimization (savings = [final energy demand now - final

energy demand after simple optimization kWh/m2*a])

Option B: Comprehensive heating system optimization (savings = [final energy demand

now - final energy demand after comprehensive optimization kWh/m2%*a])

[Answer options: For each decision situation there are two possible answers (boxes): one for Choose A

and another for Choose B |

Decision | Option A: Simple (€300) | Option B: Comprehensive (varies)
1 €300 €300
2 €300 €350
3 €300 €400
4 €300 €450
5 €300 €500
6 €300 €550
7 €300 €600
8 €300 €650
9 €300 €700
10 €300 €750
11 €300 €800
12 €300 €900
13 €300 €1000
14 €300 €1200
15 €300 €1500

ExpSan_7_T1_T2 Additional Information for the Treatment Group

[Display only for groups T1 and T2]

We would like to provide you with additional information about cost savings:

Option A: Simple Heating

System Optimization

Option B: Comprehensive Heating

System Optimization

Annual energy savings

for your flat:

[Display result: floor area CE
(energy demand before -
after simple optimization)] kWh

[Display result: floor area x
(energy demand before
after simple optimization)] kWh

Annual energy

cost savings:

[Display result: heating cost before

after simple optimization] EUR

[Display result: heating cost before

after simple optimization] EUR
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ExpSan_7_C1_C2

ExpSan_8_C2_T2

The comprehensive heating system optimization therefore results in annual cost savings that
are [costs now - costs after comprehensive refurbishment) - (costs now - costs after simple refurbish-
ment) = cost difference in EUR] higher for you than under the simple heating system optimiza-

tion.

Over the course of 10 years, the cost advantage of comprehensive heating system optimiza-

tion compared to simple heating system optimization

¢ adds up to [Cost savings*10] EUR with constant energy prices
e adds up to [Cost savings*1.02*((1-1.02**10) / (1-1.02))] EUR with energy prices increasing
by 2% annually

* adds up to [Cost savings*0.98%*((1-0.98**10) / (1-0.98))] EUR with energy prices falling by

2% annually
Screen for control group
[For group Cla and C2 (group C1b sees neither screen for control group nor for treatment group)]

We would now like to provide you with further information on the frequency with which
heating system optimizations are carried out over time. In Germany, the implementation of

heating system optimizations has been at a constant level for years.

¢ In the 1st half of 2017, 69,720 optimizations were carried out.

In the 2nd half of 2017, 79,789 optimizations took place.

In the 1st half of 2018, 71,248 optimizations took place.

77,987 optimizations took place in the 2nd half of 2018.

In the 1st half of 2019, 67,744 optimizations took place.
[Info: Source: Wuppertal Institut fiir Klima, Umwelt, Energie gGmbH/ Arepo Gmbh (PU17).]

Decisions Round II

[For group C2 and T2]

You now have the opportunity to make your decisions again and adjust them if necessary.
We will again show you 15 choices between a simple and a comprehensive heating system
optimization. For all 15 lines, please select the heating system optimization that you prefer

for the corresponding prices.

[Display the options as option A or B as described above.]
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ExpSan_8 C1_T1

Option A: Simple heating system optimization (savings = [final energy demand now - final

energy demand after simple optimization kWh/m2*a])
Option B: Comprehensive heating system optimization (savings = [final energy demand
now - final energy demand after comprehensive optimization kWh/m2*a])
[Info button: Reminder: If you are drawn, your budget is 1500 EUR, which you can spend on a of the
options. The remaining part of the budget will be paid out to youl

[Possible answers: For each decision situation, there are two possible answers (boxes): one for Choose

A and another for Choose B ]

* Choose Afor300 OR Choose B for 3001500 [same price sequence as ExpSan_7_C2_T2]
Decisions Round II
[For group C1 and T1]

You now have the opportunity to make your decisions. We will show you decisions between
simple and comprehensive heating system optimization, which differ only in price. For each
of the 15 lines, please select the heating system optimization that you prefer for the corre-

sponding prices. the corresponding prices.

[Display the options as option A or B as described above.]
Option A: Simple heating system optimization (savings = [final energy demand now - final
energy demand after simple optimization kWh/m2*a])
Option B: Comprehensive heating system optimization (savings = [final energy demand
now - final energy demand after comprehensive optimization kWh/m2%*a])
[Info button: Reminder: If you are drawn, your budget is 1500 EUR, which you can spend on a of the
options. The remaining part of the budget will be paid out to you]

[Possible answers: For each decision situation, there are two possible answers (boxes): one for Choose

A and another for Choose B |

® Choose Afor300 OR Choose B for 3001500 [same price sequence as ExpSan_7_C2_T2]
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D Additional Tables and Graphs

Table 5: Summary of Deviations from the Pre-Analysis Plan

Category Original Plan Actual Implementation  Rationale for Deviation
Intervention Filter out participants This filter did not apply Error in the imple-
who conducted a hy- due to an error. mentation.  This error

Sample size

Experimental design

Outcome variable

draulic balancing of
their heating system
since 2002.

Planned number of clus-
ters (observations): 4000.

Implement an additional
control group without a
control group screen. To
test whether the control
group information had a
treatment effect itself.

Translate relative WTP
for the comprehensive
retrofit into a WTP per
unit of energy efficiency
improvement

Final sample size, num-
ber of clusters (observa-
tions): 1811.

The additional control
group was not imple-
mented.

We decided to leave
WTP unchanged.

changes the definition
of our study population
slightly.

Since participants’
choice was consequen-
tial, they could opt out
from the survey. Most
of the participants” who
opted out stated to be
not responsible for con-
ducting a retrofit. The
lower sample size thus
reflects a lower than
anticipated percentage
of respondents who are
actually responsible for
making retrofit choices
(our target population).

Not feasible, given the
smaller than anticipated
sample size.

Ensures consistency
with the framework by
Allcott efall (2025).
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Figure 3: Biased beliefs by baseline WTP, treatment group T2
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Notes: points indicate the average difference (bias) between the relative willingness to pay for a comprehensive retrofit and the

estimated energy cost savings. Pre-treatment indicates the baseline bias, post-treatment indicates the "bias" after the information

treatment. Only treatment group T2 is included.
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Table 6: ATE on the participants willingness to pay for energy efficiency

AWTP WTP (post)
1) ) 3) 4)
Treatment -2.622 1.831 46.156 2.111
(21.570) (20.644) (40.365) (28.668)
Baseline WTP 0.898***
(0.022)
Treatment x Baseline -0.122%**
(0.037)
Constant 15.506  696.303***  692.729*** 879 .298***
(11.927)  (55.765)  (141.329)  (106.971)
Adjusted R? -0.001 0.741 0.015 0.012
Observations 901 901 901 1811
DiD v v
Interaction v
Covariates v v v
With Baseline Elic. v v v

Notes: Significance markers * p < 0.10, ** p < 0.05, *** p < 0.01. Heteroskedasticity-
robust standard errors in parentheses. DID - treatment coefficient indicates the differ-
ence in first-differences instead of a difference in mean willingness to pay. Interaction -
the treatment coefficient was interacted with the demeaned baseline willingness to pay.
Covariates - the following covariates were included in the regression: household size,
female household head dummy, dummy whether the household plans further retrofits
until 2030, the energy demand of the building as estimated by the household head,
household head education (high school or professional degree dummy, tertiary educa-
tion dummy), net household income, household head employment dummy, household
head retired dummy. In models 1 - 3, only households in control group 2 and treatment
group 2 were included. In model 4, all households who were able to conduct the relevant
retrofit were included.
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Figure 4: Market share of comprehensive retrofit after the experiment
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Figure 5: Subgroup treatment effects with different projected CO2 emissions savings
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errors).
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Figure 6: Gap between benefit estimate and willingness to pay, treatment group
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Notes: the difference between the willingness to pay for a comprehensive instead of the basic heating system optimization and

the communicated cost savings in the information treatment are plotted. The difference is plotted for the treatment group T2, for

which baseline and endline willingness to pay were elicited.

Figure 7: Gap between benefit estimate and willingness to pay, control group
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Notes: the difference between the willingness to pay for a comprehensive instead of the basic heating system optimization and

the communicated cost savings in the information treatment are plotted. The difference is plotted for the control group C2, for

which baseline and endline willingness to pay were elicited.
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Figure 8: Change in the gap between benefit estimate and willingness to pay
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Notes: the change of the gap between the willingness to pay and the energy cost savings over 10 years for the comprehensive

heating system optimization relative to the simple optimization is plotted for different pre-treatment levels for the gap.
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Table 7: Sensitivity Analyses: Re-Scaled Engineering Estimates

Baseline Adjusted Mean

Panel A: Parameter Estimates

D, Demand slope (share of purchases/ (€ /unit) -0.00208 -0.00208
E[v] Average bias (€ /unit) 213 249
(21.95) 21.72)
E[¢] Average externality (€ /unit) -478 -478
(9.13) (9.13)
E[7] Average treatment effect (€ /unit) 1.86 211
(20.76) (20.75)
Var[t] Treatment effect variance ((€ /unit)?) 71,910 71,736
(23,718) (23,686)
Cov[7y, 1] Bias and treatment effect covariance ((€ /unit)?) -51,059 -50,765
(14,602) (14,509)
Cov|¢, T] Externality and treatment effect covariance ((€ / unit)?)  -5,260 -5,363
(5,286) (5,279)
Panel B: Total Surplus Effects Under Different Assumptions
AW(t =0) Total surplus effect with no tax (€ /unit) 43.29 43.05
special case 1: E[1] =0 4226 42.05
special case 2: Cov[d, T] = Var[t] = 0 (homogeneous) 1.02 1.00
special case 3: E[t] = Cov[é, T] = 0 (pure noise) -74.62 -74.44
special case 4: Cov|v, T] = E[y] = 0 (ignore bias) -61.86 -61.22
special case 5: Cov[¢p, T] = E[¢] = 0 (ignore externality) ~ 30.52 29.83
AW(t = t*) Total surplus effect with optimal tax (€ /unit) 4226 42.05
AW (t =€60) Total surplus effect with arbitrary tax (€ /unit) 43.52 43.32
Households 901 901

Notes: Column Baseline presents the welfare calculation in our baseline specification. Column Adjusted Mean uses re-scaled estimate for the
energy savings in Equation (B), multiplying (C;(S) — C;(K)) with the ratio between energy cost savings based on stated annual heating expendi-
tures (0.04*10 stated energy costs per annum) and the model-based energy cost savings. Panel A displays estimates for the parameters going into
the welfare estimation. Details on the estimation are outlined in Section BEX. Panel B displays welfare estimates. AW (¢t = 0) is calculated using
Equation (@), setting the tax ¢ = 0. The following scenarios depart from the same equation, setting additional parameters to zero (as indicated).
AW (t =€ 60) is calculated using Equation (8), setting the tax t' = 60. AW(t = t*) is calculated using Equation (). Standard errors in parentheses.
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E Welfare Effects: Derivations

Using our notation and the definition of variance, we can rewrite equation (3) from Proposition 1 in
ATlcoft etall (2075) for the case that there is no psychic cost of the information intervention on consumer
welfare (in the notation of ATlcoft_et-all (2025), I = 0) and where p and y denote pass-through and

mark-up, respectively, as

—1/%{;)&” 5+ar—t—y)]2+varm((5+ar)}Dp

=1/2 %{p( {5—}—0’1’—1‘ H) } —varm((5+ar—t—y))+varm((5+ar)}Dp
—1/%{5)( [(5+0T7t7y)}—varm((5+ar))+varm(5+ar)}DP

=1/2 %{ )vary (6 +07) + pEy [((S—I—O'T—t—]/l)z}}Dp. ()

Expanding the second moment yields
Enm [(5 foT—t— ;4)2} = (Em [6] + 0Em [1] — t — )2 + 20¢00,, [1, 6] + 0%vary, [1]. (8)

Thus, after simple manipulations and when defining AX := X(c = 1) — X(c = 0), equation (d) for
comparing the welfare effect of introducing a nudge (o = 1) to a situation without the nudge (¢ = 0)

yields equation (@) from the main text:

AWt =1)=1/2 {( p) Avary (6 + oT) + pAEy [(5 +or—t' - ﬂ)z} } Dy
=1/2{(1 —p) {vary (8) + vary () + 2covy (6, T) — vary (8)}} Dy
+ {p [2c0vy, (6, T) + vary (T)] +p ([(Em (6] + Ep [T] =t — V)Z — (Em[6] -t — V)z} ) } D,

— 1/ {varm (T) + 2c00 (8,7) + p {(Em [6] + En [1] — ' — 1)® — (Em [6] — ' — ;4)2} } Dp.

In a scenario without taxation that corrects the average distortion in consumer decision-making (in
the form of consumer biases and externalities from CO, emissions), the welfare effect of an information

intervention is calculated according to:
AW(t =0) ~1/2 {(E[(S] + E[7])2 — (E[0])2 + 2Cov[5, 7] + Var[r]} D,. )

If the policy maker implemented an optimal tax, i.e., t* = E[§] — p if 0 = 0 and t* = E[6] + E[7] — p

if o = 1, he corrects for the average distortion in consumer decision-making, so that the welfare effect is
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reflected solely by the distortion variance effect:

AW(t = t*) = 1/2{2Cov[s, T| + Var[t]} Dp. (10)
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