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Abstract

Previous efforts exploring options to increase residential sector’'s energy efficiency have overlooked
that highlighting co-benefits associated with energy efficiency may represent a promising strategy to
draw attention from decision makers. For instance, in addition to savings in energy costs, buildings
equipped with energy saving and comfort ventilation (ESV) system provide co-benefits such as im-
proved indoor air quality (IAQ), thermal comfort, and noise reduction. These co-benefits are attributes
of an experience goods as their value is difficult to appraise unless they have been experienced. This
paper estimates the value of these co-benefits by inquiring willingness to accept (WTA) compensation
to hold off on using ESV from Swiss owners of Minergie houses, which are equipped with ESV. Aver-
age monthly WTA is CHF 181 —value dominated by IAQ. WTA protocols may deliver overestimated
values. Thus this paper estimates willingness to pay (WTP) on a sample of owners of conventional
houses —i.e. respondents that have not experienced an ESV. Average monthly WTP is CHF 163
—value dominated by presence of allergies at home, an approximation to relevance of IAQ among
respondents that have not experienced ESV. A back-of-the-envelope cost-benefit analysis informed
with our estimates suggests that monthly benefits from ESV can be as much as twice the costs.
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1. Introduction

The European Union and other countries such as Switzerland aim to be climate-neutral by 2050, and thus are
working towards an economy with net-zero greenhouse gas (GHG) emissions (Federal Council, 2021). The building
sector's contribution to GHG emissions is around 36% in EU, and 25% in Switzerland.® Therefore, a rapid and
widespread increase in energy efficiency of the building sector is regarded as essential to reach climate neutrality.
For instance, CO, emissions from buildings in Switzerland should be reduced by 65% (compared to the 1990 levels)
by 2030 (Federal Council, 2021).

Swiss government agencies —both at federal and cantonal levels— have issued several measures aiming to a
substantial reduction in energy consumption in the building sector. For instance, energy-efficient renovations are
promoted via subsidies, information programs and energy efficiency labels, whereas construction of new energy
efficient buildings is regulated via strong energy efficiency building codes, promotion via information campaigns,

and subsidies to construction of Minergie buildings.

Minergie buildings are characterised by a low energy consumption that results from high quality insulation, an
energy saving and comfort ventilation system (ESV), and by the use of renewable energy sources. ESV can be
characterised as providing three non-energy related co-benefits —indoor air quality (IAQ), noise reduction, and
thermal comfort— in addition to energy savings. This characterisation results from the way that ESV works. ESV
recovers heat from air leaving a building and adds this recovered heat to the air entering the building. By making
opening of windows unnecessary, this ESV system improves indoor air quality, reduces noise, and increases thermal

comfort —all three services simultaneously.?

From an investment analysis point of view, an individual deciding between constructing a conventional house or a
Minergie house should consider costs and benefits arising not only in the form of energy savings but also from indoor
air quality, noise reduction, and thermal comfort. Incorporating these co-benefits in cost-benefit calculations has
become even more relevant in recent years as the introduction of more stringent energy consumption standards in
the Swiss building sector has reduced the difference in energy efficiency between Minergie houses and conventional
(non-Minergie) houses (Filippini and Obrist, 2022), which leaves co-benefits of ESV as the main difference between

residing in Minergie houses and residing in conventional new houses.3

Monetising energy savings over a building’s lifetime is fairly straightforward —for instance, compared to conventional
new buildings, construction of Minergie buildings is characterised by higher initial costs in the range of 5% to 10%
(Salvi et al., 2008). However, estimates of value of indoor air quality, noise reduction, and thermal comfort are
more difficult to calculate because these co-benefits are not traded individually in a market —instead, they are
delivered by ESV in the form of a bundled good.

Thus this paper's main goal is to estimate the value of co-benefits provided by ESV. One challenge to this task
—and, in general, a challenge to estimating the value of co-benefits of energy saving investments— is that most

people have not experienced those co-benefits —for instance, Minergie-certified buildings in Switzerland represent

'EU: https://ec.europa.eu/info/news/focus-energy-efficiency-buildings-2020-feb-17_en, Switzerland:
https://www.bafu.admin.ch/bafu/en/home/topics/climate/info-specialists/reduction-measures/buildings.
html

2The ventilation system substitutes polluted indoor air with fresh air from outside and, therefore, offers an advanced
and energy saving alternative to classic window ventilation. Thus, even with closed windows, the exhaled air is removed
as needed and replaced by fresh outside air filtered from fine dust and preheated via a heat exchanger. This ensures good
air quality, thermal comfort and reduced noise pollution. In addition, the supplied air is filtered from pollen, thus relieving
allergy sufferers.

3The more stringent energy consumption standards in Switzerland are the “Mustervorschriften der Kantone im En-
ergiebereich 2014" (MuKen 2014). Note that the “MuKen2014" includes an energy consumption maximum of 35 KWh/m?
for newly constructed single family houses. Minergie adopted this same threshold for the two sublabels “Minergie” and
“Minergie A" but sets it at only 70% of this value for “Minergie P" buildings in its latest product definition sheet.



only 2.7% of housing stock, which includes multi-family houses and single-family homes.*

In the economic literature, an experience good is a good difficult to appraise prior to its usage —i.e. such appraisal
is feasible only after it has been experienced. Kahneman and Thaler (2006) describes this condition as a disparity
between "'decision utility” and “'experience utility”. An instance of an experience good is rear visibility while driving
(Sunstein, 2019). A person can better appraise rear visibility once rear cameras have been experienced —i.e. once
a car driver has become used to how rear cameras are operated. By interacting with an experience good, consumers
learn the good's attributes —which include co-benefits— only after buying and consuming (Sunstein, 2019). This
description holds for an ESV system. As co-benefits from an ESV are not a component of everyone's daily life,
their appraisal is difficult. For instance, an individual that has experienced poor air quality most of his/her life
would find difficult to ponder the value of an improvement in indoor air quality unless he/she experiences such an
improvement (Kahn et al., 2022).

Therefore, an appraisal of ESV's co-benefits must rely on preferences reported by people that have experienced such
co-benefits. Consequently, we have estimated the value of ESV's co-benefits by analysing answers that owners of
Minergie houses —which are equipped with ESV— have provided to a contingent valuation protocol. Via a single-
bounded dichotomous choice question, we have gathered monthly willingness to accept (WTA) compensation
to hold off on using ESV. WTA protocols have been documented to yield substantially larger welfare estimates
than willingness to pay (WTP) protocols.® To explore whether overestimation holds in this case, we have also
implemented a single-bounded dichotomous choice WTP protocol on owners of conventional (non-Minergie) houses.
Our empirical strategy is similar to that of a couple of studies previously exploring whether experience drives
differences in stated values (Chau et al., 2010; Golbazi et al., 2020). While we calculate WTA and WTP estimates
utilising contingent valuation protocols, Chau et al. (2010) and Golbazi et al. (2020) have estimated WTP estimates
relying on discrete choice experiments. In particular, they implement an identical discrete choice experiment
exploring WTP for green buildings’ attributes on both occupants of conventional buildings and occupants of green

buildings.

With this paper we want to contribute to the nascent literature on the value of co-benefits of energy efficient
investments in the residential sector. To the best of our knowledge, co-benefits analysed in this paper have been
the focus of five previous studies —Spetic et al. (2005); Banfi et al. (2008); Chau et al. (2010); He et al. (2019);
Golbazi et al. (2020). From those studies, only Chau et al. (2010) and Golbazi et al. (2020) have considered that
these co-benefits are attributes of experience goods, exploring preferences of, respectively, apartment residents in
Hong Kong and students in USA. Indeed, there is space for research when it comes to exploring values of co-
benefits from energy efficiency investments once a resident has experienced such co-benefits. The lack of research
documenting experience values of residents in Europe, and in particular in Switzerland, is a relevant gap given both
the ambitious goals that the European Union has set in terms of climate-neutrality, and the potential contribution

of the European residential sector to such goals.

The rest of the paper is organised as follows: Section 2 describes two strands of literature —studies estimating value
of co-benefits under study here, and studies that have highlighted the experience good inherent nature of those
co-benefits. Section 3 describes our analytical framework. Section 4 describes design and implementations of our
contingent valuation protocols, and presents descriptive statistics of gathered data. Section 5 reports econometric

specifications and welfare estimates. Section 6 puts in context our main findings and concludes.

*As of January 2022 there are 48'547 houses that are Minergie-certified (https://www.minergie.ch/de/gebaeude/
gebaeudeliste/) and the housing stock in Switzerland comprised 1.8 million residential buildings as of end 2020 (https:
//www.bfs.admin.ch/bfs/en/home/statistics/construction-housing/buildings.html

5This empirical regularity is particularly sharp when it comes to public goods, and holds to a lesser extent in the case of
private goods. The literature documenting relative WTA/WTP magnitudes is longstanding —by early 2000s, three decades
had already passed since it was first discussed (see Haab and McConnell, 2002, p. 8). The reader interested in further
details is referred to these papers reporting on a meta-analysis each: Horowitz and McConnell (2002, 2003); Tungel and
Hammitt (2014).



2. Previous studies

The literature on the estimation of co-benefits of energy saving residential houses is limited. We have identified
three studies that estimate the value of (co-)benefits of energy-efficient buildings or green building attributes using
a sample of households without a living experience in these type of buildings (Spetic et al., 2005; Banfi et al., 2008;
He et al., 2019), and two recent studies that have highlighted the experience good nature of these co-benefits and
have analysed data provided by households with and without a living experience in energy efficient buildings. All
these studies use a willingness to pay (WTP) approach.

In Canada, Spetic et al. (2005) measure preferences for healthy home attributes using a nationwide survey with
3,592 participants. Individuals taking the survey were asked a dichotomous question on whether they would be
willing to pay extra —but not how much— if a guarantee could be made to them that their new houses would
have i) better indoor air quality, i) better lighting systems, and iii) better acoustics. Knowledge of the concept
of "healthy homes", along with age, income, gender, level of physical activity, and level of satisfaction with and
importance placed on indoor air quality, were significant predictors of willingness to pay for better indoor air quality
at home.

In Switzerland, Banfi et al. (2008) estimate the marginal WTP of 142 homeowners (and 163 households in rented
apartments) for energy-saving characteristics such as window, facade, and ventilation system. They use a discrete
choice experiment where the respondents could choose between the actual current situation and a hypothetical
housing with different energy-saving characteristics and a different price (ceteris paribus). The resulting WTP
for the ventilation system was estimated at 4% of existing houses’ price, 12% of new buildings’ price, and 8%
of apartments’ rental price.® The authors did not find heterogeneous effects of households characteristics and
socio-economic variables on estimated WTP.

In Wuhan, China, He et al. (2019) estimate heterogeneous WTP for attributes of Green housing using a discrete
choice experiment on a sample of 313 households. They find indoor air quality to be high among the attributes
people were ready to pay for. Moreover, they conducted a post-estimation clustering analysis yielding findings
suggesting that households can be classified according to socio-demographic characteristics and knowledge of
Green housing, whereas the environmental concern could not be used to classify them.

A second strand of studies that intersect our interests are those that include the “'experience” factor in their analysis.
Chau et al. (2010) have implemented a discrete choice experiment to infer whether residents with experience in
living in a green residency have different WTP values for building enhancements than residents in conventional
buildings. Generally, both green and conventional residents were willing to pay more for improving various aspects
of environmental performance in green residential developments. They are found to be willing to pay more for energy
conservation, than indoor air quality improvement and noise level reduction. However, no significant differences
are found in the preferences between green and conventional residents for energy conservation, indoor air quality

improvement or indoor noise reduction.

Golbazi et al. (2020) have studied answers provided by around 1,000 student residency occupants in conventional
and green building residencies in the US. Participants were asked a multiple choice contingent valuation question
on how much they were willing to pay extra for living in a green building as compared to a non-green building.
Students in green residencies report higher satisfaction on thermal, lighting, and overall comfort levels, and report
higher positive impact of their living environment on the quality of their studying. However, they find that the
willingness to pay of students to reside in a green building upon graduation are comparable in both the study and
the control population with 35% to 40% indicating no willingness to pay extra.

®Banfi et al. (2008) assume a house price of 650,000 CHF for new houses and and 686,000 CHF for existing single family
houses. This corresponds to a WTP of 27,440 CHF and 78,000 CHF. Households in rented apartments expressed a WTP
of 8% of the monthly rent. Assuming a rent of 1330 CHF/month for flats in existing buildings and 2030 CHF/month for
flats in new buildings, Banfi et al. (2008) estimate a monthly WTP of 106-162 CHF /month.



Summarising, there are just two studies that have empirically estimated the value of (co-)benefits of energy efficient
housing by gathering preferences of individuals that have a living experience in this type of buildings. As already
mentioned previously, we think that the “experience dimension” is essential for the empirical valuation of co-benefits
from energy efficient dwellings. The present study contributes to this nascent literature by providing estimates of
values assigned to co-benefits from energy efficient houses by residents in Switzerland —which is particularly
relevant given that European residents have been overlooked by this literature despite their potential contribution
to tackle climate change via adoption of energy efficient dwellings.

3. Analytical framework

This study estimates the value of co-benefits from energy saving and comfort ventilation systems (ESV) —indoor
air quality, noise reduction, and thermal comfort. As these co-benefits are bundled with energy savings —i.e. they
all are delivered together simultaneously—, no market data are available that may allow for variation in co-benefits
that could be associated with variation in prices, and thus revealed preferences methods are not useful in this
context. Consequently, we resort to a stated preferences method to approximate the value of those co-benefits.
These methods estimate measures of economic value through analysis of responses to survey questions. These
questions are most commonly formulated either in a close-ended format to which only a yes- or a no-answer can
be provided —a strategy called contingent valuation (CV)— or in a discrete choice experiment (DCE) format to
which respondents react by expressing their preference among two or more multi-attribute alternatives (Johnston
et al., 2017).

Both CV and DCE are feasible alternatives in our context. A DCE, for instance, may represent hypothetical
variations in each co-benefit and corresponding changes in prices of ESV. However, this variation may be perceived
as extremely unrealistic —recall, all four co-benefits are delivered as a bundle. Thus, we have decided to implement
a CV protocol that simulates a scenario in which a home owner holds off on using their ESV. This scenario implies

a change in all co-benefits at once, and we deem it more realistic.

Value of co-benefits of ESV can be approximated either from a willingness to accept (WTA) perspective or from
a willingness to pay (WTP) approach —and both approaches are equivalent theoretically (Haab and McConnell,
2002). We have highlighted that co-benefits from ESV can be thought as attributes of an experience good —i.e.
a good that cannot be appraised accurately unless it is experienced. Thus, we use a WTA approach to gather
stated preferences from home owners that have experience with co-benefits under study. Consequently, this section
describes our analytical framework in terms of WTA compensation.

According to canonical definition and referring to the decision of holding off on using ESV embedded in Minergie
homes, we refer to WTA as the change in income that a home owner requests to be indifferent between the status
quo (i.e. using ESV) and holding off on using ESV. Formally, WTA is defined implicitly in the following equality:

V(p, qi(e a t.n),y + WTA) =V(p, qo(e, a t,n),y) (1)

where
V(p.g.y) = max{U(x, q)lp-x < y}

In equation (1), V stands for home owner's indirect utility, and results from maximizing utility function U subject
to home owner's budget restriction (p-x < y). V is a function of income (y) and prices (p) of private goods (x)

—one of which is the energy saving ventilation system (q).” The energy saving ventilation system is decomposed

"As WTA and WTP applications are usually implemented in contexts dealing with changes in quality of public goods, ¢
is usually described as a vector of public goods. As our application deals with a private good, we take the approach of using
g to denote characteristics (co-benefits) of the private good of interest here (see Haab and McConnell, 2002, p.5).



in its four co-benefits g(e, a, t, n): savings in energy costs (e), indoor air quality (a), thermal comfort (t), and
noise reduction (n). Subscripts 0 and 1 in g; denote, respectively, the status quo scenario in which a home owner
uses their energy saving and comfort ventilation system, and the scenario in which a home owner holds off on using

their energy saving and comfort ventilation system.

Keeping in mind that our WTA protocol has presented home owners to a single-bounded dichotomous choice
question, the random utility model (RUM) is the theoretical model providing the elements to translate equation
(1) into an empirically estimable model on answers to dichotomous WTA questions (Hanemann, 1984).2 RUM's
departure point is that home owners know exactly the factors determining their indirect utility functions and,
consequently, their answers to a WTA question. However, researchers cannot observe a number of such factors
and, therefore, they can only observe home owners’ indirect utilities in an imprecise way —which ultimately implies
that while indirect utilities are not random by nature, they behave as random variables from the researcher’ point
of view. Consequently, researchers can only make probabilistic statements about observed indirect utility functions
(u):

Pr(yes;) = Pr(ui(y; + bid;, qii, zi, €1;) > uo(¥i, Goi, Zi, €0;)) ()

Granted a single-bounded dichotomous choice CV protocol presents each home owner with a randomly selected
compensation or bid, Pr(yes;) in equation (2) stands for the probability that home owner i answers yes to the
presented bid. This probability is equal to the probability that home owner’s observed indirect utility is higher when
holding off on using their energy saving ventilation system and receiving compensation —u1 (y; + bid;, g1, Zi, €1;)—
in comparison to observed indirect utility when remaining in status quo conditions —ug(y;, qoi, Zi, €0;). In addition
to depending on income (y), bid and benefits from energy saving and comfort ventilation (gj;), observed indirect

utilities (u;) are functions of home owner’s characteristics (z;) and an indicator of researcher's uncertainty (¢€j;).

Empirical estimation of equation (2) is feasible once two modelling decisions have been taken —form of utility
functions u;, and distribution of error terms €;;. Assume linear utility functions —i.e. that u; are linear in income

and covariates—:

Uoi = YYi + Bqoi + aozi + €o;

and
i =Yy + bidi) + Bay + a1z + €3

where =y stands for income’s marginal utility, 8 stands for marginal utility provided by energy saving and comfort
ventilation, and a; is a vector of parameters reflecting how utility under scenario j is influenced by home owner's

characteristics. Accordingly, equation (2) can be expressed as
Pr(yes;) = Pr(ybid; + BAqg; + az; +€; > 0) (3)

where €; = €1, — €0;; Agi = q1j — qoi; and a = a; — ag.

Recall that the energy saving ventilation system provides four co-benefits —i.e. ¢; = gi(e, a, t, n). Subscript i
attached to g denotes that the energy saving ventilation system provides a private service that is not uniform across
home owners. This variation in service is direct consequence of variation in home owners’ own experience with the
energy saving ventilation system. This experience depends both on whether a home owner perceives or experiences
co-benefits from energy saving ventilation and on the number of experienced co-benefits. Assume availability of
home owner-level information that allows for statistical variation in perceived co-benefits—that we denote ¢, a;, t;,
and n;. Then, the change in private service provided by the energy saving ventilation system can be decomposed as
Aqg; = Aej+ Aa;+ At;+ An;, where any or all four of the specific changes can take value zero depending on whether

8We have also considered the design of a double-bounded dichotomous question so that welfare measures are estimated
with lower standard errors (Hanemann et al., 1991). The main reason for which we have chosen a single-bounded format
is that our contingent valuation protocol has been part of a relatively lengthy survey gathering energy-related decisions of
respondents.



home owner i perceives or experiences the corresponding co-benefit. Thus, equation (3) can be re-expressed as

Pr(yes;) = Pr(ybid; + BeAej + B,Aa; + B:At; + B,An; + azi + ¢, > 0) (4)

In this study, parameters v, Be, Ba, B, Bn, and a are estimated via a logit specification which assumes that ¢; are
independently and identically distributed, following a mean-zero logistic distribution —which results from assuming
that eg; and €1, follow a extreme value distribution each.® With estimated parameters at hand, conditional average
WTA for holding off on using the energy saving and comfort ventilation system can be calculated as (see Haab
and McConnell, 2002; Hanemann, 1984, for details):

_ BeAe,- +BaAa/ +BtAt,' + énAn/ + az;

E(WTA7.8.a) = s (5)

4. Contingent valuation protocols

4.1 Elicitation questions and bids

We have implemented two contingent valuation (CV) protocols —one of them gathers willingness to accept
(WTA) compensation, and the other one gathers willingness to pay (WTP). As co-benefits from energy saving and
comfort ventilation can be appraised once those co-benefits have been experienced, main findings in this study rely
on answers by owners of Minergie houses to the WTA question. However, there is a potential for overestimation
when analyzing answers to WTA questions —an empirical regularity that holds when studying public goods but only
to a lesser extent when it comes to private goods (see Horowitz and McConnell, 2002, 2003; Tuncel and Hammitt,
2014). Thus, the WTP protocol has been designed to explore the magnitude of this potential overestimation.

All respondents to our CV protocols were presented to the following information:

We spend plenty of time in our house, particularly at night. Good indoor air quality therefore con-
tributes significantly to our well-being and health. A so-called comfort ventilation system offers an
advanced alternative to classic window ventilation: even with closed windows, the exhaled air is re-
moved as needed and replaced by fresh outside air filtered from fine dust and preheated via a heat
exchanger. This ensures good air quality, thermal comfort and reduced noise pollution. /n ad-
dition, the supplied air is filtered from pollen, thus relieving allergy sufferers. The ventilation is also
energy-saving. \Waste heat is recovered from the polluted air, which would otherwise escape unused

through the window.

Owners of Minergie homes have experienced the ventilation system described above as it is embedded in their
homes, and thus they have provided dichotomous answers (yes/no) to the following WTA question —numbers

listed in brackets are the six bids randomly presented to respondents—:

Please, assume that the ventilation system in your dwelling has a defect at the beginning of a winter
season. The ventilation system company informs you that it is a problem that they can fix but there
is a shortage of staff at the moment. Therefore you would have to wait about 3 months before the
ventilation system can be repaired.

Do you find that CHF [40/80/120/160/200/240] per month is a reasonable compensation for the

waiting time?

9A probit specification is also feasible if we assume that €o; and €1; follow a normal distribution. Welfare measures arising
from both specifications are, in practice, identical unless the implicit distribution present large tails —for which situation, a
logit specification is preferred.



Owners of conventional (non-Minergie) homes have not experienced energy saving and comfort ventilation as
described in the introductory paragraph, and thus they have responded to the following WTP question:

Would you be willing to pay CHF [40/80/120/160/200/240] on a monthly basis during 20 years for
a comfort ventilation as described above?

A first feature we highlight is that duration of the change implied by our CV question is different depending on
whether we explore WTA or WTP. On one hand, the WTP question implies a permanent change from not owning
to owning an energy saving and comfort ventilation system. On the other hand, the WTA question implies a
change that would last three months. This difference in duration arises from the impracticability in simulating
WTA scenarios implying an identical duration than WTP scenarios.

A WTA scenario implying a permanent change —from using/owning to not using/not owning an energy saving
and comfort ventilation system— is not a realistic scenario. As energy saving and comfort ventilation is embedded
in Minergie homes, simulating a permanent change in use/ownership of ventilation would imply a disutility due to
changes beyond those associated with co-benefits of ventilation. Instead, presenting a temporary malfunction due

to a repairable flaw is more realistic in this context.

A WTP scenario implying a temporary change —from not owning/not using to owning/using an energy saving
and comfort ventilation system— is not realistic. For instance, an alternative to simulate a temporary change is
to explore WTP to leasing a ventilation system. However, installation of an energy saving and comfort ventilation
system for renting purposes becomes impractical due to installation costs —these costs represent a good portion of
initial costs and they become sunk costs once they have been afforded. Another possibility to simulate a temporary
change is to explore WTP for renting a house with an energy saving and comfort ventilation system. However, as
our respondents are owners of their dwellings, simulating a rental market may be particularly unrealistic to them.
A more realistic scenario in this context is to request that respondents consider the possibility of buying an energy

saving and comfort ventilation system.

To assure comparability of welfare measures arising from both CV protocols, we have presented respondents to
bids expressed on a monthly basis. Not only these bids are standardised in terms of periodicity but the range and
set of values covered are identical across WTA and WTP questions —CHF 40, CHF 80, CHF 120, CHF 160, CHF
200, and CHF 240.

In pondering whether the range of monthly values covered by those bids is reasonable, keep in mind two back-
of-the-envelop calculations. On the one hand, we have estimated that acquiring an energy saving and comfort
ventilation system would represent monthly expenses within CHF 88 and CHF 96.1° On the other hand, we have
estimated that average premium for Minergie certification ranges somewhere between CHF 108 to CHF 218.1!
These numbers reflect approximations to the value of all four co-benefits either as revealed in the energy saving and
comfort ventilation market —CHF 88 to CHF 96— or as revealed in the rental market —CHF 108 to CHF 218.
Bids in our CV protocols closely cover the range of values delivered by those two back-of-the-envelop calculations.
We have added CHF 40 at the lower tail of our estimated range so that we allow for lower stated WTP than our

lower estimates in the revealed preferences space; similarly, we have added CHF 240 at the upper tail so that we

©1n arising to these numbers, we have considered that a ventilation system as the one described in this study can be
purchased for something between CHF 18,000 to CHF 20,000. We have assumed a lifespan of 20 years, and maintenance
costs of CHF 150 on an annual basis. Leaving aside discount rate, a simple calculation on a monthly basis yields at least
CHF 88 —[18000/(20 % 12) + (150/12)]—, and at most CHF 96 —[20000/(20 * 12) + (150/12)].

" These numbers arise from OLS regressions on 21 observations reflecting monthly rental prices of apartments with 2.5
to 3.5 rooms in Zurich —zip codes 8008, 8004, 8041, and 8048. Regressions on rental prices and logarithm of rental
prices have controlled for zip code fixed effects and a binary variable capturing whether an apartment is Minergie certified.
While those regressions yield coefficients reflecting positive point estimates, standard errors do not allow rejection of the
null hypothesis that premium is zero. Considering that we have analysed only 21 observations —10 of which correspond to
Minergie apartments—, we deem these coefficients appropriate back-of-the-envelop calculations. Information was gathered
manually from https://en.comparis.ch/.



allow for higher stated WTA than our upper estimates in the revealed preferences space.

4.2 Administration

Data have been collected via a survey implemented in 2020 in the Canton of Zurich, Switzerland. This survey
was implemented in cooperation with the Statistical Office of the Canton of Zurich. We sent out personalised
invitation letters by postal mail directly to a random sample of households. The invitation included a link to an
online survey which was created using the software "Surveymonkey”. Respondents answered the online survey in
the period between 05.02.2020 and 13.03.2020.12 In total, the Canton of Zurich sent out 16,700 letters on Feb.
3, 2020 on our behalf. The response rate was relatively high: 2,846 respondents out of 16,700 invitations, which

implies a response rate of 17%.

More precisely, we divided the invitation sample into two groups: 1) 14,629 letters were sent to a stratified sample
of single family homes and 2) 2,071 letters were sent to all Minergie certified single-family homes in the Canton of
Zurich. The stratification for the first sample was implemented according to the following rules: only single-family
homes, year of construction prior to 1990, 50% with renovation permits during the last 5 years; large buckets for
age and household size. In the Canton of Zurich, there is a total of 127,950 single family homes, 10,737 out of
which applied for a renovation permit during the past 5 years. Out of this first sample, 2,322 households responded
to our survey. We refer to this sample as conventional houses sample. Out of the second sample where the letters
were sent to Minergie homes, 524 households responded to our survey. We refer to this sample as Minergie houses
sample.

Although our sampling strategy targeted a population of homeowners of single-family houses, a small number of
respondents did not fall into this category. We had 161 tenants and also a small number of respondents (n=23)
living in an apartment. Those observations are excluded for our analysis. Once missing values have been excluded,
our working samples include 485 (Minergie houses sample) and 2,042 (conventional houses sample) observations,
respectively.

4.3 Descriptive statistics

4.3.1 Respondents

Table 1 describes both samples under analysis —the Minergie houses sample (n=485), and the conventional houses
sample (n=2,042). Respondents are not expected to be similar across samples. To begin with, owners of Minergie
houses are expected to differ from owners of regular (non-Minergie homes) across dimensions such as income,
ages and composition of the households because Minergie houses are more expensive and has been built with some
frequency only in the last 20 years. Further, as most Minergie houses have been built in recent times, dwelling
characteristics are expected to differ as well. Nevertheless, Table 1 reports t-tests from comparison of means to

gain insights on the dimensions across which respondents differ.

The first row in Table 1 reports average bid presented to respondents. This variable, by design, is expected
to be similar across both samples —the same set of bids has been presented randomly to respondents in both
samples. Accordingly, respondents in Minergie houses sample faced an average bid of CHF 135 and respondents
in conventional houses sample faced an average bid of CHF 139 —and a t-test statistic of 1.05 suggest that we

cannot reject the null hypothesis that the difference between these means is zero.

12Note that the Swiss government declared an “extraordinary situation” (putting the nation into a semi-lockdown) only
on March 16, 2020.



Next, Table 1 describes variables reflecting how important is each service provided by ESV —savings in energy
costs, indoor air quality, thermal comfort, and noise reduction— for respondent’s satisfaction with their home. In
particular, while around 70.5% of respondents in the Minergie houses sample consider energy costs as an important
feature for satisfaction with their home, only 46.9% of respondents in the conventional houses sample consider so.
The corresponding percentages for, respectively, indoor air quality, thermal comfort, and noise are 81.6% versus
33.1%, 80.6% versus 56.0%, and 78.1% versus 61.0%. Thus, a general comparative characterisation is that a
larger proportion of respondents in the Minergie houses sample considers that each service provided by ESV is
important in comparison to respondents in the conventional houses sample —t-test statistics for all four services
suggest that we can reject the null hypothesis that the differences across samples are zero. This characterisation
is intuitive as we would expect that respondents that have already experienced ESV are aware of its services.

As the premise of this study is that respondents in the Minergie houses sample have experienced the services provided
by ESV but respondents in conventional houses sample have not, we request respondents in the conventional houses
sample to report whether household members suffer allergies, and use this variable as a proxy of relevance of indoor
air quality had these respondents experienced ESV. Thus, Table 1 reports proportion of respondents at households
with members suffering respiratory allergies at home. In particular, while 49.7% of respondents in the Minergie
houses sample report respiratory allergies, 34.3% of respondents in the conventional sample report so. That
is, a larger proportion of respondents in the Minergie houses sample report allergies at home in comparison to
respondents in the conventional houses sample. This characterization is intuitive as we would expect that, ceteris
paribus, households suffering allergies more likely own a home equipped with ESV that delivers services such as

indoor air quality.

Respondent’s socioeconomic and demographic characteristics is the next category of variables described in Table
1. The percentage of female respondents in, respectively, Minergie and conventional houses samples is 22.5% and
21.7%. Average respondent’s age in Minergie houses sample is 52.5; and 58.9 in the conventional houses sample.
Around 71.3% of respondents in Minergie houses sample are college educated; and around 60.4% in conventional
houses sample. While 85.8% of respondents in Minergie houses sample are employed or self-employed, only 62.6%

are employed in conventional houses sample.

In terms of households’ monthly gross income, Table 1 reports proportion of respondents for six categories of
income. These categories are i) below CHF 8,000; ii) between CHF 8,000 and CHF 12,000; iii) between CHF 12,000
and CHF 16,000; iv) between CHF 16,000 and CHF 20,000; v) over CHF 20,000; and vi) not reported/missing.
The percentages for each of these categories, following the same order as listed above, are i) 6.4% (Minergie
houses sample) versus 17.6% (conventional houses sample); i) 24.3% (Minergie houses sample) versus 33.2%
(conventional houses sample); iii) 23.3% (Minergie houses sample) versus 19.1% (conventional houses sample);
iv) 19.4% (Minergie houses sample) versus 9.6% (conventional houses sample); v) 16.9% (Minergie houses sample)
versus 9.9% (conventional houses sample); and vi) 9.7% (Minergie houses sample) versus 10.6% (conventional
houses sample). Based on those income ranges and corresponding percentages, average monthly gross income for
the Minergie houses sample is calculated at CHF 13,665, and at CHF 10,901 for the conventional houses sample.13

As part of socioeconomic and demographic characteristics of respondents, we have gathered information to create
binary variables denoting that a respondent scores highest in terms of i) energy-related financial literacy, and ii)
environmentally friendly behaviours.'* Energy-related financial literacy is defined as “the combination of energy
cost-specific knowledge, financial literacy and cognitive abilities that are needed in order to take decisions with

respect to the investment for the production of energy services and their consumption” (Blasch et al., 2021).

13We have left the missing category out of this calculation.

4The motivation to focus on binary variables identifying respondents scoring the highest in each dimension is the relatively
high lineal correlation between both dimensions —around 44%. By creating two binary variables, we argue, the potential
collinearity is taken care of —around 5% of respondents have scored high in both dimensions, and a chi-squared test on
the corresponding contingency table cannot reject the null hypothesis that the two binary variables are independent, with a
p-value of 0.25.



Similar as in Blasch et al. (2021), we have approximated our respondents’ energy-related financial literacy through

t:15 17 iv) calculation of lifetime

five questions involving i) compound interes ii) inflation;® iii) risk diversification;
energy costs;'® and v) energy cost knowledge.!® We have built an index that assigns one unit to respondents for
each correct answer which implies that a respondent can score as high as 5 and as low as zero. Then, we have

created a binary variable identifying respondents scoring the highest in terms of energy-related financial literacy.

Following Blasch et al. (2017), we extend their approximation of energy-saving behaviours to incorporate a wider
range of environmentally-friendly behaviours through four questions involving i) frequency with which respondents
perform energy-saving behaviours such as running only fully load washing machines, turning off lights when leaving
a room, and completely shutting down electronic devices;?° and ii) whether respondents have recently donated to
an environmental NGO.?! A respondent that engages in one energy-saving behaviour —either always or often—
is assigned one unit; and if he/she has made a donation, she/he also gets a unit. Thus our index can reach a
maximum of 4 and a minimum of zero. With this index at hand, we have created a binary variable that identifies
respondents scoring the highest in terms of environmentally-friendly behaviour. According to Table 1, around 24.3%
and 21.8% of respondents in, respectively, Minergie houses and conventional houses samples score highest in terms
of energy-related financial literacy. For environmentally friendly behaviours, the corresponding numbers are 26.2%

and 25.3% of respondents in, respectively, Minergie houses and conventional houses samples.

We have also gathered information about household composition. Around 68% of respondents in Minergie houses
sample belong to a household composed by a couple with children; and 45.4% is the corresponding number in
conventional houses sample. Couple without children represent around 21.2% of respondents in Minergie houses
sample, and 42.6% in conventional houses sample. The rest of respondents are classified in categories that reflect

a single person with or without children, other type of household, and those that did not answer the question.

Keeping in mind t-test statistics, a first component of a general description in terms of socioeconomic and de-
mographic characteristics focuses on similarities across samples. Respondents to both samples include similar
percentages of i) female respondents, ii) respondents scoring highest in energy-related financial literacy; and iii)
respondents scoring highest in environmentally friendly behaviours. A second component of a general description
in terms of socioeconomic and demographic characteristics focuses on differences across samples. Respondents in
the Minergie houses sample are younger, and a larger percentage are college educated, employed or self-employed,
wealthier, and in households composed by a couple with children. Differences across these dimensions are also
intuitive because, due to only recent availability of Minergie houses, we would expect people owning these houses
to be younger, better educated, wealthier, and in more stable conditions —as reflected by employment status and
raising of children— than people who live in conventional houses.

Table 1 also describes dwelling's characteristics such as size in square meters, and decade in which the dwelling
was built. As Minergie homes are of recent development, it does not come as a surprise that while 39.6% and
38.1% of respondents in Minergie houses sample own dwellings built, respectively, between 2000 and 2010 and
2010 or later, the corresponding numbers for the conventional houses sample are 0.5% and 1.2%, respectively.

On the other hand, while most respondents in the conventional houses sample (98.3%) own dwellings built prior

15 Suppose you have CHF 100 in a savings account and you will receive 2% interest per year on this savings account. You
will not make any further deposits or withdrawals on this account. What would be the balance after 5 years?

18 Now suppose that instead you receive 1% of interest per year and that inflation in the same period is 2%. How much
could you afford with the money in your account after one year?

71s this statement true or false? “The purchase of shares of a single company usually offers a safer return than buying
shares of several companies.”

18 Suppose that two heating systems are available on the market. Heating system A costs CHF 24,000 (lifetime: 20 years)
and is expected to yield an annual heating bill of CHF 1,800. Heating System B costs CHF 18,000 (lifetime: 20 years) and
is expected to yield an annual heating bill of CHF 2,300. Which heating system minimises the total cost over the lifetime?

Y¥'\What do you think is the price of electricity that you are currently paying (low tariff), in cents/kWh?

2 How regularly do you engage in the following activities in your daily life? a) Let washing machine or dishwasher only run
with a full load; b) turning off the light when leaving a room for short period; c) complete shutdown of electronic devices.

2L have you made a donation to an environmental organisation within the last 12 months?
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Table 1: Descriptive statistics of, respectively, Minergie houses sample (n=485) and conventional houses
sample (n=2,042), and comparison of means

Minergie  Conventional

houses houses Std.
Variable  sample? sample? Diff. Errors t-test
Bid (hundreds CHF)¢ 1.349 1.386 0.037 0.035 1.046
Factors that are important for respondent’s satisfaction with his/her home
1 if energy costs 0.705 0.469 -0.236  0.023 -10.070
1 if indoor air quality 0.816 0.331 -0.485 0.020 -23.742
1 if thermal comfort 0.806 0.560 -0.246 0.021 -11.678
1 if noise/acoustic factors 0.781 0.610 -0.172  0.022 -7.927
Whether allergies are suffered by household members
1 if respiratory allergies 0.497 0.343 -0.154  0.025 -6.135
Respondent’s socioeconomic and demographic characteristics
1 if female 0.225 0.217 -0.008 0.021 -0.370
Respondent’s age 52.505 58.952 6.447 0.502 12.834
1 if college-educated 0.713 0.604 -0.109 0.023 -4.696
1 if employed or self-employed 0.858 0.626 -0.231 0.019 -12.082
1 if hh monthly gross income is below 08K 0.064 0.176 0.112 0.014 8.052
1 if hh monthly gross income is 08K to 12K 0.243 0.332 0.089 0.022 4.012
1 if hh monthly gross income is 12K to 16K 0.233 0.191 -0.042 0.021 -1.991
1 if hh monthly gross income is 16K to 20K 0.194 0.096 -0.098 0.019 -5.118
1 if hh monthly gross income is over 20K 0.169 0.099 -0.070 0.018 -3.839
1 if hh monthly gross income is missing 0.097 0.106 0.009 0.015 0.589
1 max score in energy-related financial literacy? 0.243 0.218 -0.025 0.022 -1.178
1 max score in environmentally-friendly behaviours? 0.262 0.253 -0.009 0.022 -0.413
1 if couple with children 0.680 0.454 -0.226  0.024 -9.458
1 if couple without children 0.212 0.426 0.213 0.022 9.883
1 if single with children 0.058 0.029 -0.028 0.011 -2.522
1 if single without children 0.025 0.058 0.034 0.009 3.828
1 if no answer or other type 0.025 0.032 0.008 0.008 0.939
Dwelling’s characteristics
Decade in which dwelling was built
1 if 1940 or earlier 0.064 0.255 0.191 0.015 12.959
1 if between 1941 and 1950 0.025 0.076 0.052 0.009 5.622
1 if between 1951 and 1960 0.023 0.112 0.089 0.010 9.158
1 if between 1961 and 1970 0.035 0.109 0.074 0.011 6.840
1 if between 1971 and 1980 0.037 0.207 0.170 0.012 13.655
1 if between 1981 and 1990 0.014 0.212 0.198 0.011 18.735
1 if between 1991 and 2000 0.025 0.012 -0.013  0.007 -1.743
1 if between 2000 and 2010 0.396 0.005 -0.390 0.022 -17.520
1 if 2010 or later 0.381 0.012 -0.369 0.022 -16.621
Size of dwelling (m?)
1 if 80 or less 0.006 0.017 0.010 0.005 2.299
1 if between 80 and 100 0.008 0.067 0.059 0.007 8.532
1 if between 100 and 120 0.041 0.165 0.123 0.012 10.100
1 if between 120 and 140 0.087 0.161 0.074 0.015 4.887
1 if between 140 and 160 0.148 0.169 0.020 0.018 1.128
1 if between 160 and 180 0.157 0.123 -0.033 0.018 -1.844
1 if between 180 and 200 0.177 0.092 -0.085 0.019 -4.608
1 if between 200 and 220 0.118 0.055 -0.063 0.015 -4.048
1 if between 220 and 240 0.095 0.046 -0.049 0.014 -3.498
1 if between 240 and 260 0.037 0.028 -0.009 0.009 -0.932
1 if between 260 and 280 0.025 0.022 -0.003 0.008 -0.412
1 if 300 or more 0.078 0.036 -0.042 0.013 -3.265
1 if not reported 0.023 0.020 -0.003 0.007 -0.349
Outdoor characteristics
1 if urban area 0.501 0.619 0.118 0.025 4.712
PM 10 annual median  127.377 128.508 1.131 0.465 2.434

2 Respondents in the Minergie houses sample have been presented to a willingness to accept (WTA) question,
as described in section 4.1.

b Respondents in the conventional houses sample have been presented to a willingness to pay (WTP) question,
as described in section 4.1.

¢ Respondents to both WTA- and WTP protocols have been randomly faced to the same six bids —CHF 40,
CHF 80, CHF 120, CHF 160, CHF 200, CHF 240.

4 In approximating energy-related financial literacy and environmentally-friendly behaviours, we have closely fol-
lowed Blasch et al. (2017). Section 4.3.1 reports the battery of questions that we have implemented and
provides details on our calculations.
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2000, the corresponding number for respondents in Minergie houses sample is 22.3%. In terms of size, dwellings
of Minergie houses respondents are bigger in average —as reflected by the smaller percentage among Minergie
houses respondents of dwellings size 140 m? or less, and larger percentage of dwellings sizes between 180 m? and
240 m?, and 300m? or more.

The last two rows in Table 1 describe variables capturing outdoor characteristics that may be relevant to infer values
assigned to co-benefits of ESV. The first variable captures whether respondent resides in a urban area —50.1%
of Minergie houses respondents and 61.9% of conventional houses respondents reside in urban areas. The second
variable refers to PM10 annual median, measured as ug/m?® —average value for Minergie houses respondents is
127.3, and 128.5 for conventional houses respondents.?? Together, and keeping in mind the t-test statistics, these
numbers suggest that Minergie houses respondents less likely reside in a urban location and they face less outdoor

pollution on an annual basis.

To gain insights into whether respondents to our CV protocols are similar to the overall population in the canton
of Zurich, we compare sample averages to Census statistics. For example, while the average age of the population
over 20 years is 49.57 in the canton of Zurich, the average age in the Minergie houses sample is 52.5, and 58.9
in the conventional houses sample (Federal Statistical Office, 2020) —i.e. respondents to our CV protocols are
older than residents over 20 years old. The average monthly gross income among households in the canton of
Zurich is CHF 8,268 according to the national household budget survey (Federal Statistical Office, 2019a). As our
estimates of average gross income are CHF 13,665 (Minergie houses sample) and CHF 10,901 (conventional houses
sample), it seems that respondents to our CV protocols are wealthier than average households in Zurich. That our
respondents are older and wealthier than average residents do not come as a surprise because our respondents are
home owners and the average numbers for residents in Zurich include tenants —which tend to be less wealthy and

younger.

In terms of dwelling characteristics, the national census median category of owner-occupied dwellings is 120-159m?
(Federal Statistical Office, 2019b). This number is similar to the median in the conventional houses sample (140-
160m?), but smaller than the median the Minergie houses sample (180-200m?). This pattern is also not surprising:
as Minergie houses are owned by wealthier residents (as our own samples illustrate), they are likely bigger than
conventional houses and median dwellings. Summarising, respondents to both of our samples are on older, earn a
higher income, and occupy larger dwellings than the average residents in the canton of Zurich. And this pattern is

not unexpected as our respondents are owners of single-houses.

4.3.2 Unconditional WTA and WTP

An initial check-up for consistency of responses to CV protocols consists in drawing a line illustrating the pattern that
percentage of yes-responses follows as initial bid increases. Percentage of yes-responses to WTA bids is expected
to monotonically increase; and monotonically decrease, for the case of yes-responses to WTP bids. Figures 1 and
2 support consistency of responses to, respectively, WTA bids and WTP bids. In addition, these figures motivate

econometric findings reported in Section 5.

Figure 1 illustrates the percentage of yes-responses to WTA bids. The solid line reflects percentages arising from
the entire Minergie houses sample (N=485). As expected, these percentages increase as bids increase —with
exception of yes-responses to CHF 80. Around 30% of respondents answered yes to the lowest bid (CHF 40);
and the highest bid (CHF 240) received around 59% of yes-responses. Figure 1 also illustrates the percentage of
yes-responses by whether indoor air quality (IAQ) is important for respondent’s satisfaction with their home. The
dotted line lying above the solid line reflects percentages arising from the sub-sample of respondents that consider

IAQ as important for satisfaction with their home. The dotted line lying below the solid line reflects percentages

2PM10 emissions data on ZIP code level were kindly provided from the Canton of Zurich, Building Department, Office
for Waste, Water, Energy and Air, for a map see Figure 6 in the Appendix.
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arising from the sub-sample of respondents that consider IAQ as not important for their satisfaction. Indeed,
Figure 1 visually suggests that respondents in the Minergie houses sample that consider IAQ an important element

of satisfaction require higher compensation to hold off using ESV.

Figure 2 reports the percentage of yes-responses to WTP bids. The solid line reflects percentages arising from
the entire conventional houses sample (N=2,042). As expected, these percentages decrease as bids increase —in
contrast to patterns in Figure 1, this decreasing pattern is monotonic. Around 38% of respondents answered yes
to the lowest bid (CHF 40); and the highest bid (CHF 240) received around 19% of yes-responses. As respondents
to WTP bids have not experienced IAQ provided by ESV, a binary variable reflecting whether there are household
members with allergies is used as proxy of relevance of IAQ. Thus, Figure 2 also illustrates the percentage of
yes-responses by whether household members suffer allergies. The dotted line lying above the solid line reflects
percentages arising from the sub-sample of respondents with allergies at home. The dotted line lying below the solid
line reflects percentages arising from the sub-sample without allergies at home. Consistently with the visual finding
in Figure 1, Figure 2 visually suggests that respondents in the conventional houses sample that report allergies at

home are willing to pay more for ESV.
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Figure 1: Percentage of yes-responses to WTA bids by whether indoor air quality (IAQ) is important
for respondent’s satisfaction with his/her home —WTA question was asked to respondents in Minergie
houses sample (n=485).
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Figure 2: Percentage of yes-responses to WTP bids by allergies at respondent’s home —WTP was asked
to respondents in conventional houses sample (n=2,042).

5. Results

We deem willingness to accept (WTA) estimates as more informative than willingness to pay (WTP) estimates
when it comes to the value assigned to co-benefits of energy saving and comfort ventilation systems because these
co-benefits can be thought as attributes of an experience good. Indeed, due to the potential of overestimation
embedded in WTA estimates, we also report WTP estimates. WTA estimates arise from responses provided by
owners of Minergie houses, and WTP estimates arise from responses by owners of conventional houses. When
comparing estimates arising from both samples, we keep in mind that respondents differ across samples in socioe-
conomic and demographic characteristics —as documented in section 4.3.1, respondents in the Minergie houses
sample are younger, wealthier, and better educated.

5.1 Econometric specifications and welfare measures

Table 2 reports three logit specifications. The first two specifications —(WTA |) and (WTA II)— are estimated
on binary answers (yes/no) to the WTA question, which has been answered by respondents in the Minergie houses
sample. The third specification —(WTP |)— is estimated on answers to the WTP question, which has been
answered by respondents in the conventional houses sample. In addition to including the bid (in hundreds CHF),
all four specifications include four binary variables reflecting factors —i.e. energy costs, indoor air quality, thermal
comfort, or noise— that respondents consider important for the satisfaction with their home. Specification (WTA
) is estimated on the entire working sample of Minergie home owners (n=485). Specification (WTA 1) is estimated
on a sample that excludes protest zeros from Minergie home owners (n=444).23 Specification (WTP 1) is estimated
on the entire working sample of regular (non-Minergie) home owners (n=2,042) —this sample already excludes
protest zeros. As coefficients from logit specifications are not interpretable as marginal effects, we direct our
description of Table 2 towards the direction of the associations, and go into the discussion of magnitudes when

BWe have classified as protest zeros those who reported that they did not understand the scenario (n=2); and those who
responded that it is the duty of the company to repair the ventilation (n=39).
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reporting implied welfare measures.

A first feature that we highlight in Table 2 is the home owners’ responsiveness to the range of bids. As economic
theory suggests, a higher bid increases the probability that Minergie home owners are willing to receive compensation
to hold off using their energy saving and comfort ventilation system (ESV); and a higher bid decreases the probability
that owners of conventional houses are willing to pay for ESV. These associations are statistically significant at a
p-value lower than 0.001.

A second feature in Table 2 that we highlight is that respondents considering energy costs an important feature
for the satisfaction with their home are more likely to answer yes to both WTA and WTP questions. The positive
association for the WTP case is intuitive —a respondent is more willing to acquire an ESV when he/she cares
about energy costs as these costs are expected to decrease once an ESV is installed. The positive association for
the WTA case is less intuitive but insightful. It suggests that Minergie home owners that only care about energy
costs can be more easily convinced to hold off using their ESV.

A third feature in Table 2 worth highlighting is that, from among all three co-benefits under study, indoor air quality
is the only one with a statistically significant, negative association with the probability of accepting compensation
to hold off using ESV. This implies that Minergie home owners that care about indoor air quality are less likely to
be convinced to hold off using ESV. Putting together the energy costs and indoor air quality associations, it implies
that a Minergie home owner that does not care about energy costs but cares about indoor quality would be less
interested in accepting compensation to hold off using ESV in comparison to a respondent that cares about both

co-benefits.

While the negative association between indoor air quality and probability of answering yes holds for the WTP case,
it is not statistically significant. This result does not come as a surprise, as we have posed that co-benefits of
ESV are valued once they are experienced. Instead, we would expect that presence of respiratory allergies at home
is relevant among respondents in the conventional houses sample, and this is a finding that we want to highlight
next. According to specification (WTP 1), the willingness to buy an ESV increases with the presence of allergies
at home. Mirroring the finding with respect to lack of statistical association between indoor air quality and WTP,
allergies are not statistically associated with WTA.

Figure 3 reports estimates of WTA and their 95% confidence interval that arise from specification (WTA |) —which
is estimated on the entire working sample of Minergie house owners (n=485). The first value (CHF 98) refers
to the conditional WTA for holding off using ESV —this parameter is calculated by including only the intercept
of specification (WTA 1) in the numerator of equation (5). The second value (CHF 7) refers to the WTA for
holding off using ESV of respondents that consider energy costs as important for home satisfaction —this value is
calculated by including the intercept of specification (WTA ) and the coefficient reflecting the effect from energy
costs in the numerator of equation (5). The third value (CHF 205) refers to the WTA for holding off using ESV
of respondents that consider indoor air quality as important for home satisfaction —it is calculated according to
equation (5) in a similar fashion as the the previous welfare measures. The fourth value (CHF 161) refers to the
WTA for holding off using ESV of respondents that consider thermal comfort as important for home satisfaction.
The fifth value (CHF 118) refers to the WTA for holding off using ESV of respondents that consider noise reduction
as important for home satisfaction. The sixth value (CHF 197) refers to the WTA for holding off using ESV of
respondents that consider energy costs and all three other services (indoor air quality, thermal comfort, and noise
reduction) as important for home satisfaction. The seventh value (CHF 288) refers to the WTA for holding off

using ESV of respondents that consider all services but energy costs as important for home satisfaction.

The last value (CHF 190) in Figure 3 reflects the WTA for all three co-benefits under study —indoor air quality,
thermal comfort, and noise reduction. It is calculated as the difference between seventh and and first values (CHF
288 - CHF98 = CHF 190) reported in Figure 3. The 95% confidence interval takes on values from CHF 95 to
CHF 300.
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Table 2: Logit specifications on answers to single-bounded dichotomous questions —willingness to accept
(WTA) question has been answered by respondents in Minergie houses sample; and willingness to pay
(WTP) question, by respondents in conventional houses sample.

(WTAI) (WTAII) (WTP 1)
Minergie Minergie Conventional
houses houses houses
(entire (excluding (excluding
working sample) protest zeros) protest zeros)
Bid (hundreds CHF) 0.744*** 0.761*** -0.550***
(0.145) (0.150) (0.0761)

Factors that are important for respondent’s
satisfaction with his/her home

1 if energy cost 0.676** 0.680** 0.225**
(0.239) (0.246) (0.108)

1 if indoor air quality -0.800** -0.977** -0.0334
(0.289) (0.308) (0.121)

1 if thermal comfort -0.466 -0.414 0.182
(0.301) (0.309) (0.124)

1 if noise/acoustic factors -0.149 0.0121 0.0744
(0.267) (0.275) (0.119)

1 if respiratory allergies -0.0481 -0.0687 0.644**
(0.196) (0.205) (0.105)
Intercept -0.728** -0.608* -0.747***

(0.338) (0.352) (0.139)

Observations 485 444 2042

Pseudo R? 0.0776 0.0841 0.0419
Loglikelihood -302.2 -279.1 -1142.7

AIC 618.4 572.2 2299.4

BIC 647.7 600.8 2338.8

Standard errors in parentheses
* p<0.10, ™ p < 0.05 ™ p < 0.001
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Figure 3: Willingness to accept (WTA) estimates on Minergie home owners (n= 485).
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Figure 5: Willingness to pay (WTP) estimates on regular (non-Minergie) home owners (n=2,042)

Figure 4 illustrates that WTA estimates are robust to exclusion of protest zeros. Values reported in this figure
follow the same structure as in Figure 3, and arise from specification (WTA II). Thus, the value at the bottom of
Figure 4 reflects the WTA for all three co-benefits under study —indoor air quality, thermal comfort, and noise
reduction. This number (CHF 181) is not only similar in terms of point value but its confidence interval amply
overlaps with the confidence interval in Figure 3. Thus we conclude that WTA estimates are robust to protest

Zeros.

Figure 5 reports estimates of WTP and their 95% confidence interval that arise from specification (WTP ). Values
reported in this figures follow the same structure as in Figure 3. Thus, the value at the bottom of Figure 5 reflects
the WTP for all three co-benefits under study. The point estimate is CHF 163, with a confidence interval that
takes on a range of values from 0.95 to 2.35. Indeed, the entire confidence interval of the WTP estimate is

included in the confidence interval of the WTA estimate —both when including and when excluding protest zeros.
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Thus the amply intersection of confidence intervals of both WTA and WTP estimates imply that a null hypothesis
that the difference between these numbers (CHF 181 and CHF 163) is zero cannot be rejected.

The similarity in point estimates is striking if we bring into the conversation the differences in age, income, and
education across our samples —respondents in the Minergie houses sample are younger, wealthier, and more
educated. We would expect that these differences would translate into substantially higher WTA estimates in
comparison to WTP —not only respondents in the Minergie houses sample are the ones that have experienced
co-benefits of ESV but they are also wealthier. Indeed, it is reassuring that WTA and WTP are similar even when
they arise from samples that differ in terms of income, education, and age. At this point, it is also worth pointing
out that this similarity in WTA and WTP estimates is consistent with previous empirical studies concluding that
WTA estimates tend to be closer to WTP when a private good is under study, in contrast to the case where a
public good is studied (Horowitz and McConnell, 2002, 2003; Tungel and Hammitt, 2014).

5.2 Econometric specifications controlling for additional factors, and robustness checks

We have performed a number of specifications that control for all variables described in Table 1 —sequentially and
all together. Findings from these specifications are reported in Appendix A —Table A1 (WTA question) and Table
A2 (WTP question). In comparison to specifications reported in Table 2, specifications controlling for additional
factors provide only marginal improvement in statistical fit —as expressed by likelihood criteria such as AIC and
BIC. This lack of improvement in statistical fit is rooted in the lack of statistical significance of most of the control
variables. A number of specifications yield statistically significant coefficients for age, income, and employment
status, but it does not substantially improve statistical performance of the model. In general, findings arising from
specifications in Table 2 hold —both in direction and magnitude— under specifications reported in Tables Al and
A2.

Indeed, concerns may arise about whether our main finding —i.e. a striking similarity between WTA and WTP
estimates— would hold in a case in which the conventional houses sample were similar in socioeconomic and
demographic characteristics to the Minergie houses sample. Thus, as a way to check for the robustness of our
main finding, we have carried out additional specifications on a sub-sample of conventional houses respondents.
This sub-sample arises from a propensity matching score specification that has paired 315 conventional houses
respondents (out of 2,042 respondents in our working sample) to 485 respondents in the Minergie houses sample.
Table A3 reports a comparison of weighted means of variables used in the propensity score matching —weights
reflect the number of Minergie houses to which a conventional house has been paired to. The main message in Table
A3 is that the paired sub-sample of conventional houses owners may be considered a statistical twin of the Minergie
houses sample in terms of socioeconomic and demographic characteristics considered in the propensity matching
score.?* We have estimated logit specifications on the conventional houses sub-sample, and have calculated WTP
estimates of the value of co-benefits under study. Figure 7 reports a WTP of CHF 269 for all three co-benefits.
This robustness check suggests that the more similar conventional houses owners are to Minergie houses owners,
the higher WTP estimates become —to the point where point WTP estimates may be substantially higher than
WTA estimates.

Considering our findings and robustness checks all together, we conclude that WTA estimates are backed up by
WTP estimates in that CHF 181 is a reasonable estimate of the value of all three co-benefits of ESV —which is
mostly dominated by the valuation of indoor air quality.

2*Indeed, we have considered dwelling characteristics in our pairing strategy. However, matching becomes more difficult
under these stricter requirements. We acknowledge that this is a limitation in this robustness check. However, keep in mind
that the study has not been designed to yield statistical twins across samples.
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6. Conclusions

For household decision makers and real estate companies that have to decide between building a new house equipped
with an energy saving and comfort ventilation or a new conventional house, it is important to consider costs and
benefits of both alternatives. In particular, benefits in this context arise not only in the form of energy savings
but also as co-benefits such as improvement in indoor air quality, noise reduction, and thermal comfort. However,
information about the monetary value of such co-benefits is rather rare and household decision makers as well as

real estate companies thus tend to not consider them in their investment analysis.

This study provides insights into the value assigned to co-benefits of an energy saving and comfort ventilation system
by Swiss home owners that have experienced such co-benefits —respondents to our willingness to accept protocol
own a house with an embedded energy saving and comfort ventilation system. Based on a willingness to accept
(WTA) protocol, average monthly value of those co-benefits is estimated at CHF 181 —a value dominated mostly
by indoor air quality. A general downside of WTA estimates is the potential for overestimation. For this reason,
we have also estimated willingness to pay (WTP) for those co-benefits on a sample of owners of conventional
houses. Average monthly WTP is CHF 163 —a value dominated mostly by presence of allergies at home, which
is our approximation to relevance of indoor air quality for respondents that have not experienced an energy saving

and comfort ventilation system yet.

Informing a cost-benefit analysis with our WTA estimates of the value of co-benefits (CHF 181) yields benefits that
are twice as much as costs —thus justifying investment in energy savings and comfort ventilation systems in the
residential sector. Estimated costs used in this cost-benefit exercise arise from a back-of-the-envelope calculation
yielding a range of values between CHF 88 and CHF 96 for monthly expenses arising from acquiring an energy
saving and comfort ventilation system.?®

We can also compare our estimates to values reported in previous studies. For instance, Banfi et al. (2008) estimate
the marginal willingness to pay of Swiss homeowners and households living in rented flats for energy saving and
comfort ventilation systems. The resulting WTP for the ventilation system was estimated between 4% and 12%
of the house price. Assuming a rent of 1330 CHF/month for flats in existing buildings and 2030 CHF/month for
flats in new buildings, Banfi et al. (2008)’s percentages are equivalent to a monthly WTP between CHF 106 and
CHF 162 —notice that the upper bound of this range is close to our WTP estimates (CHF 163).

Our findings have implications for real estate companies as well as policy makers. Real estate companies may use
estimates reported in this study to inform their investment decisions when it comes to construction of new buildings
or renovation of old ones. From an energy and climate policy point of view, our findings suggest that adoption of
energy saving houses may be boosted if government agencies underline the presence and value of non-energy related
co-benefits —in particular, indoor air quality. Public campaigns and educational programs for house construction
companies, architects, and household decision makers are two options to communicate co-benefits of energy saving

houses.

In the light of recent evidence, both information campaigns and educational programs may be designed to include
tools that support decisions makers in companies and households. For instance, Blasch et al. (2022) have docu-
mented that an online lifetime calculator can boost Swiss residents’ ability to identify energy efficient appliances. A
similar calculator can be designed to support a residents’ ability to identify energy efficient homes. This calculator
can provide a fuller picture of benefits and costs of energy saving investments by informing it with our estimates
of value of co-benefits .

In addition, government agencies may want to consider the designing of a label reflecting not only energy saving
features of houses but also communicating the presence and value of co-benefits from such energy saving features
—e.g. a “Comfort and Energy Saving House" label. Current labels aiming to inform decision makers in Switzerland

25\We have reported the details of this calculation in section 4.1.
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—e.g. Minergie houses— and elsewhere mainly focus on the energy savings component.

As the value of co-benefits from energy efficient ventilation system is dominated by indoor air quality, we want
to highlight that three million residents in Switzerland are currently affected by some form of respiratory allergy
—e.g. around 20% of the population suffer from a pollen allergy.?® These people can directly benefit from living in
a house with an energy saving and comfort ventilation system. Further, these individuals represent the low-hanging
fruit for public policies that may include information campaigns, educational programs, and decision support tools.
As COVID-19 has made it clear, improvement of indoor air quality has become a matter of public health because
residents in urban contexts spend more than 90% of their time in indoor environments, most of which have poor
air quality (The Economist, 2021).

Shttps://www.aha.ch/swiss-allergy-centre
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Table A3: Comparison of weighted means of variables used in propensity matching score —Minergie
houses sample contains 485 observations and conventional houses sub-sample contains 118 observations,
which have been weighted based on the number of Minergie households that have been paired to.

Minergie Conventional

houses houses Std.
Variable sample? sample® Diff. Errors t-test
Bid (hundreds CHF) 1.349 1.359 -0.01  0.044 -0.226
1 if energy cost 0.705 0.724 -0.019 0.029 -0.639
1 if indoor air quality 0.816 0.798 0.019 0.025 0.732
1 if thermal comfort 0.806 0.825 -0.019 0.025 -0.744
1 if noise/acoustic factors 0.781 0.761 0.021 0.027 0.764
1 if respiratory allergies 0.497 0.522 -0.025 0.032 -0.77
1 if female 0.225 0.216 0.008 0.027 0.309
Respondent'’s age 52.505 52.237 0.268 0.626 0.428
1 if college-educated 0.713 0.713 0.000 0.029 0.000
1 if employed or self-employed 0.858 0.866 -0.008 0.022 -0.372
1 if hh monthly gross income is below 08K 0.064 0.06 0.004 0.015 0.266
1 if hh monthly gross income is 08K to 12K 0.243 0.252 -0.008 0.028 -0.297
1 if hh monthly gross income is 12K to 16K 0.233 0.247 -0.014 0.027 -0.526
1 if hh monthly gross income is 16K to 20K 0.194 0.175 0.019 0.025 0.744
1 if hh monthly gross income is over 20K 0.169 0.165 0.004 0.024 0.172
1 if hh monthly gross income is missing 0.097 0.101 -0.004 0.019 -0.215
1 max score in energy-related financial literacy 0.243 0.256 -0.012 0.028 -0.445
1 max score in environmentally-friendly behaviors 0.262 0.276 -0.014 0.029 -0.506
1 if couple with children 0.68 0.722 -0.041 0.029 -1.403
1 if couple without children 0.212 0.194 0.019 0.026 0.718
1 if single with children 0.058 0.047 0.01 0.014 0.719
1 if single without children 0.025 0.014 0.01 0.009 1.158
1 if no answer or other type 0.025 0.023 0.002 0.01 0.211
1 if urban area 0.501 0.489 0.012 0.032 0.385
PM 10 annual median 127.377 126.695 0.682 0.591 1.155
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Figure 6: PM10 imissions in the canton of Zurich, 2015. Source: Canton of Zurich, Building Department,
Office for Waste, Water, Energy and Air (German: Amt fiir Abfall, Wasser, Energie und Luft (AWEL)
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Figure 7: Willingness to pay (WTP) estimates on sub-sample (n=315) conventional houses owners paired
to Minergie houses owners.
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