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Abstract 

This paper studies consumer heterogeneity in the valuation of lifetime heating 
energy costs. The valuation is expressed as the willingness to pay higher upfront 
costs to obtain savings over the lifetime of the heating system. The analysis relies 
on administrative register data on new residential houses built by private persons 
in Finland during 2010-2011. The data allow estimating the WTP as a function 
of several observable household characteristics. The median WTP in the estimation 
sample is e8, with a range of e2 to e15. Households with higher income and education 
are estimated to have higher WTP. Other characteristics that impact the WTP are 
household debt, family type and size, current dwelling status and previous experience 
of building a house. 
Keywords: Willingness to pay, Energy efficiency, Consumer heterogeneity 
JEL codes: D12, Q41 
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1 Introduction 

Understanding the different dimensions of individuals’ responses to incentives is key in 
designing efficient policy measures, and in assessing whether such measures are needed 
to begin with (Allcott et al., 2015, 2014; Chetty et al., 2014). In the context of energy 
efficiency, accounting for differences among consumers can be crucial in examining the 
existence and implications of the energy efficiency gap.1 These differences include hetero-
geneity in the pattern and level of energy use, in attention to energy use as well as in the 
ability and willingness to evaluate the costs of longer term energy consumption. 
The goal of this study is to shed light on how households’ valuation of lifetime energy 

costs of a durable good vary with household characteristics. The durable good considered 
is the main heating system installed into new detached houses in Finland. Analysing new 
houses has the advantage that existing structures do not limit the choice set. Furthermore, 
new houses are built by the households themselves acting as developers for their own 
building project. Therefore, the issue of property developers making suboptimal decisions 
in terms of the inhabitants of the house is not present in this setting. 
The analysis relies on extensive administrative register data on new houses, the house 

owners and energy prices. These individual-level data allow explicitly incorporating ob-
servable consumer heterogeneity into the analysis. The advantage of administrative data 
is that issues of self-reporting and self-selection are not present, and the sample size is 
large. According to the results, households’ willingness to pay (WTP) higher upfront 
costs to obtain lower use costs over the lifetime of the heating system varies consider-
ably with household characteristics. The WTP increases with household income and with 
the education of the house owner, and decreases with family size and the amount of to-
tal household debt. Also the current dwelling status of the house owner and previous 
experience of building a house notably influence the WTP. 
This study augments the vast literature dating back to Hausman (1979) and Dubin and 

McFadden (1984) that analyses consumers’ valuation of lifetime energy costs of durable 
goods. This literature exploits the intertemporal choice situation that consumers face 
when purchasing energy-using durables: lower energy costs over the lifetime of the good 
typically require higher costs to be made at the moment of purchase. This tradeoff allows 
estimating how much consumers are willing to pay now to obtain savings in the future. 
Housing and personal transport are interesting sectors to study in this context, because 

they constitute a large share of consumers’ expenditures. Therefore one would expect 
consumers to be attentive to immediate and long-term energy costs of purchasing and 
owning a house or a car. Furthermore, the energy use from these sectors contributes to 
a large share of CO2 emissions. In the light of increasingly stringent emission reduction 
targets, it is especially important to understand how consumers value energy costs. This 
is directly related to the relative effectiveness of price-based policy instruments. 
A number of papers have analysed the valuation of fuel economy in passenger vehicles 

using transaction data from new and used car markets (Busse et al., 2013; Allcott and 
Wozny, 2014; Sallee et al., 2016; Grigolon et al., 2018). The findings imply some under-
valuation of future energy costs, and Allcott and Wozny (2014) interpret this as evidence 
of consumer myopia, whereas Busse et al. (2013), Sallee et al. (2016) and Grigolon et al. 
(2018) conclude that consumers are attentive to future fuel costs. A recent study by 
Gillingham et al. (2021) provides evidence of notable undervaluation and illustrates how 

1The energy efficiency gap, or energy paradox (Allcott and Greenstone, 2012; Jaffe and Stavins, 1994) 
refers to underinvestment in seemingly profitable energy-saving measures, such as energy-efficient appli-
ances, home improvements or renewable energy technology. 
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some of the results in previous literature may be biased toward higher valuation due to 
issues in methodology. 
In the context of residential housing, it has been shown that higher energy efficiency 

labels or energy scores are associated with higher prices (Brounen and Kok, 2011; Walls 
et al., 2017; Mense, 2018). However, Mense (2018) finds that the price premium does not 
vary with heating costs, concluding that it is due to a green marketing effect rather than 
attention to use costs of the dwelling. In contrast, Harjunen and Liski (2014) and Myers 
(2019) find that fuel costs do capitalize into house prices. 
The contradicting conclusions from these studies illustrate the complexity of analysing 

intertemporal choices that incorporate assumptions on product lifetimes, discount rates, 
expected energy prices and expected energy use. Another challenge is that individual-level 
information on consumers is often not available. This means that consumer heterogeneity 
cannot be explicitly addressed. Yet, all the relevant variables are likely to be viewed dif-
ferently by different consumers. Lifetimes and expected energy use will depend on usage 
patterns, especially in the case of cars. Consumers may have different expectations for en-
ergy prices. The wide literature on personal discount rates indicates that time preferences 
vary over individuals.2 This is likely to carry over to investment-specific discount rates, 
which will depend also on individual-specific views of the riskiness of the investment and 
on possible credit constraints. If common lifetimes and discount rates are assumed, these 
dimensions of heterogeneity are unaccounted for. 
In the context of fuel efficiency, Bento et al. (2012) have shown using simulated data 

that ignoring consumer heterogeneity in fuel cost valuation will bias the estimates of fuel 
valuation downwards. Using data on European car markets, Grigolon et al. (2018) illus-
trate that introducing consumer heterogeneity into a model of vehicle choice changes the 
results as well as the policy implications. Similar results have been obtained by Newell and 
Siikamäki (2014 and 2015) in a choice experiment concerning energy efficiency labels and 
choice of water heaters. They document that individual discount rates, and consequently 
the WTP for energy efficiency, vary greatly with observable individual characteristics. 
They emphasize especially the large difference in discount rates associated with the level 
of education. Newell and Siikamäki (2014) note that assigning a common discount rate for 
all consumers can result in erroneous inferences on the optimality of households’ energy-
related behaviour. Finally, Houde and Myers (2019) document large heterogeneity in 
consumers’ perceptions of energy costs for refrigerators, and show that this heterogeneity 
can lead to product standards outperforming Pigouvian taxation. 
In this study, the data provide some advantages to evaluating valuation of energy costs. 

First, I can introduce consumer heterogeneity into the analysis by making the WTP a 
function of observable household characteristics. This is a clear advantage over the studies 
which must rely at best on aggregate information about consumers. Second, although 
expected energy consumption cannot be observed, there is likely to be less variance in 
heating energy consumption across consumers than in passenger vehicle fuel consumption, 
which indicates potentially less measurement error in this key variable. I base the expected 
heat consumption measures on a detailed engineering model of unit heat consumption in 
new detached residential houses, that takes into account regional differences in climate. 
Finally, the analysis considers houses that rely on electricity as the source of heating 
energy. A significant share of the electricity cost comes from the local distribution fee 
of electricity. Distribution fees are regulated and persistent over time, making them a 
relevant measure of expected prices. Furthermore, because distribution must be bought 

2Frederick et al. (2002) provide an extensive review on the issue. Newell and Siikamäki (2015) discuss 
time preferences in the context of energy efficiency. 
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from the local grid operator, I can accurately assign a price to each house based on the 
location. 
This paper is complementary to Sahari (2019), where I use this same data to study 

how sensitive heating technology choice is to electricity prices. In that paper, I use a 
different estimation sample and look at results conditional on household characteristics. 
In contrast, in this paper I focus on the interaction of household characteristics with annual 
heating costs, which are a function of electricity prices and expected heat consumption. 
Furthermore, I also take into account the level of upfront costs, in order to be able to 
express cost sensitivity in terms of a WTP. I discuss the differences in the approach and 
results in more detail in Section 5.3. 
This paper first provides background information on the construction of new residential 

houses in Finland (Section 2). Section 3 presents the main features of the data. Details 
are found in appendices A,B and C. In Section 4 I introduce how the WTP is obtained 
from a model of heating system choice. Section 5 collects the analysis, including estimates 
of WTP, additional results and robustness checks. Section 6 summarizes and discusses the 
results. 

2 Background 

Single-family houses are a common dwelling form in Finland: 40 percent of all dwellings 
are detached houses, and 53 percent of households with more than two members live in 
detached houses. Between 2010-2019, on average 9400 new detached residential houses 
were completed annually. These houses are most often built by the households themselves 
acting as developers for their own building project: in my data, which include years 2000-
2011, 86 percent of houses are owned by private persons at the moment of being built. The 
second largest owner categories are housing cooperatives (7 percent) and private companies 
(4 percent). 
Construction of new homes is strongly regulated by the National Building Code. It 

contains instructions and mandatory requirements concerning all aspects of building, in-
cluding minimum requirements for insulation and the functioning of heat, plumbing and 
ventilation. This sets a common minimum standard for energy efficiency in new buildings. 
Additionally, as of 2008 all new buildings must have an energy performance certificate and 
an energy label. Municipal authorities are responsible for enforcing the National Building 
Code and monitoring the building process. 
Due to the Finnish climate, all residential houses are fitted with a main heating system 

at the moment of building.3 Residential heating constitutes 15 percent of total energy 
consumption in Finland, and households spend on average 4 percent of total expenditures 
on energy (Statistics Finland, b,a). 
When a new house is built, the owner must choose between two main heating tech-

nologies: electric heating via cables or radiators, and central heating. A central heating 
system is based on circulating hot water around the house, and it can accommodate dif-
ferent sources of heat: electricity, ground source heat pumps, wood or oil.4 If the house 
is built within a district heat network, this option is also available. However, the analysis 
will exclude district heat areas, because many municipalities had in place an obligation 
for new houses to join the network during the sample period. 

3It is also impossible to meet the Building Code’s requirements for indoor temperature and humidity 
unless a heating system is installed. 

4Residential use of gas is extremely rare in Finland. 
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The technology choice is a long-term commitment, as heating technology lifetimes are 
long and changes to the system are expensive. It is especially costly to change from 
electric heating to central heating, as this would require fitting the entire house with a 
water circulation system. However, if the house already has central heating, the source of 
heat can be changed. For example, old oil heating systems are often replaced by ground 
source heat pumps. 
The most common heating systems in new residential houses are electric heating, cen-

tral electric heating (referred to as hydroelectric heating) and ground source heat pumps. 
Of these technologies, ground source heat pumps are most expensive to install, being on 
average three times as expensive as electric heating. This technology makes use of heat 
in the ground, and can produce approximately two thirds of the required heating energy 
from this renewable energy source at zero marginal cost. Electricity is needed to operate 
the pump and act as back-up energy source. 

3 Data 

The data combine information from administrative registers, engineering models and com-
mercial data providers. The core of the data is an annual 90 percent random sample of 
all new detached houses built in Finland during 2000-2011, with each building matched 
to information on its owner and the owners’ spouse. These data originate from Statistics 
Finland.5 To construct the cost variables needed for the analysis, the houses are linked to 
local electricity prices, engineering estimates of heat consumption and to information on 
the costs of purchasing a heating system. Data on the purchase costs are available for the 
period 2010-2011, hence the analysis will include houses built during this time. I describe 
the different variables and data sources in detail below. 

3.1 Houses and house owners 

The information on new houses comes from a form the building owner has to submit when 
applying for a building permit. The permit identifies the building owner by the personal 
id number and contains technical details of the house, including the main heating system. 
The heating system is reported by selecting from a fixed range of options. 
The data include only those houses for which the start of building has been docu-

mented. 6 The analysis will include houses owned by a private person, to ensure that 
the future resident of the house is responsible for making the decisions regarding the heat-
ing technology. During 2010-2011, private persons constituted 86 percent of house owners, 
with the second largest ownership groups being private companies (6 percent) and housing 
cooperatives (5 percent). Semi-detached houses that consist of two dwellings are excluded 
from the analysis. This is because the data identify only one owner and one size measure 
for these houses, and it is not possible to define how costs are shared between the residents 
of these houses.7 

Table 1 presents summary statistics on the houses and house owners for the years 
2010-2011. Note that individual-specific variables, such as age or education, refer to the 
building owner, whereas household-specific variables, such as income or debt, are summed 
from the values of the owner and owner’s spouse. Both married and cohabiting couples 
are included. 

5Statistics Finland does not grant access to full samples of individual-level data. 
6Builders must inform the authorities once the foundations of the building are in place, to ensure that 

the building permit does not expire. 
7For most semi-detached houses the owner type is a housing cooperative. 
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The summary statistics reveal that most households are families with children, with 
total annual net income on average e50 00. About half of the households already live in 
their own house while they are building a new one. On average 8 percent of the individuals 
in the the 2010-2011 sample are observed building at least one house during the preceding 
years 2000-2009. Almost all households, 90 percent, are recorded to have debt. This 
measures the total amount of debt, and it is likely that this mostly consists of mortgage. 
The average amount of debt scaled by the size of the new house is around e900 per square 
meter. Most new houses are located in urban or densely populated areas, as measured by 
the presence of a town plan at the building site. The average size of new houses is 182 
square meters, but this varies notably across the heating technologies. 

3.1.1 Discussion on sample selection 

The data are a representative sample of households who were building a new house during 
2010-2011. The external validity of the analysis can be questioned if these households 
are a very selected group in comparison to the full population. An additional issue is the 
potential impact of the 2008-2009 financial crisis. It is possible that households who are 
building immediately post-crisis are a further selected group. 
Table 2 presents a comparison of the data and estimation sample to the full adult 

population as well as all detached house owners. As is to be expected, households who 
undertake a building project earn more than the population on average. However, the 
difference is not large, the median pre-tax earned income of house builders is e28 200 
whereas the median in the full adult population is e21 800 (values for 2010). The difference 
is larger for average values, which indicates that new house builder includes some very high 
earners.8 They are also younger and more likely to have young children. The education 
level is different in the sample and the full population. The share of home builders with 
at least undergraduate level education increases from 32 to 44 percent during 2005-2010 
whereas the share goes from 23 to 26 percent in the full population during the same time 
period. 
The impact of the 2008 crisis is clearly visible in data on construction. Figure 1 plots 

the number of new detached houses that begun construction and the number of houses that 
were finished annually over 2000-2019. There is a decreasing trend in the numbers from 
2005 onward, and a clear dip in construction in 2009. However, construction rebounded 
in 2010 and the number of finished houses indicates that projects were not put on hold. 
Figure 2 plots mean taxable income by person and the share of people receiving any 

form of unemployment benefit in the full population and in the data on house builders. The 
share of unemployment recipients is consistently about 10 percentage points higher in the 
full population, and this variable follows a similar path in both groups over time. Notably, 
no change is visible in the development from 2008 onward.9 The difference in average 
income between the groups increases until 2008, when income development stagnates in 
the house owner group. 
These statistics indicate that the house builders were not less impacted by the crisis 

than the full population, and alleviate concerns that the estimation sample would represent 
a severely selected part of the population. 

8The conclusions on income remain the same if capital income is included. The data do not include 
a measure of total wealth or assets, which would most accurately describe the financial situation of the 
house owners. 

9Note that this variable is simply the count of individuals who received any unemployment benefit, it 
is not the official unemployment rate which is defined differently and is a notably lower value. 
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3.2 Heating system costs 

Total heating costs are composed of the costs of acquiring and installing the heating system 
and of the annual energy costs over the lifetime of the system. Because the data consist 
of new houses that are in the process of being built, there can be no observations of these 
costs and expected values must be constructed for each house. Due to limited data on the 
fuel costs of oil and wood heating, the focus is on technologies that use electricity as the 
source of energy. These include electric heating, hydroelectric heating and ground source 
heat pumps. 

3.2.1 Expected annual heating costs 

Expected annual heating costs are based on engineering estimates of heating energy 
consumption and on local energy prices. The annual heating cost is defined as Cij = 
pj (ai)(

kW h 
2 ), where pj is the price of energy for technology j, ai is the heated area of 

m 
house i measured in square meters and kW h is the heat consumption per square meter. I2m 
describe the components of heating costs briefly here and in more detail in Appendix B. 
Electricity costs are composed of the retail price of electricity and of the distribution fee: 

r dpj = pj +pj . The subscript j refers to distinct prices set for customers with electric heating 
and hydroelectric heating. Ground source heat pumps are assigned the same price as 
electric heating, but the price is divided by three, corresponding to the average coefficient 
of performance of ground source heat pumps during the sample period. Electricity price 
data originate from the Energy Authority, which maintains a record of all retail contracts 
offered by retailers in Finland, and acts as the regulatory authority for distribution pricing. 
Both prices are marginal prices defined in c/kWh. Block rate contracts are not used in 
Finland. 
To construct expected heating costs, each house is matched to the distribution price 

and the default retail price prevailing in the local grid area. There were 87 distribution 
grid areas in Finland during the sample period. The grid areas do not exactly match 
municipalities, which are the relevant administrative areas. Most distribution grids cover 
several municipalities, and grid borders can be located within municipalities. 
The distribution price can be correctly assigned, because distribution is a service that 

is always provided by the local grid operator. The distribution prices are matched based 
on the location of the house defined by the postal code. The retail electricity market 
in Finland is deregulated, and consumers may contract with any retailer who offers to 
sell electricity nationwide. However, it is not possible to observe which suppliers the 
households are contracted with. Therefore, each house is assigned the local default retail 
price. Alternative ways of defining the retail price are explored in robustness checks. 
Expected heat consumption values originate from an engineering model (Sirén and 

Jokisalo, 2014). This model takes as input the outside temperature and produces a value 
for heat consumption based on the thermodynamic properties of the building structures. 
The model has been calibrated to represent an average detached house corresponding to 
the building regulations in place at a given time. The outdoor temperature is defined 
as an average at the level of administrative regions, which produces 18 different energy 
consumption values for houses built in the 18 regions of continental Finland (the island of 
Åland is excluded from the analysis due to missing data). 
The analysis makes use of two sources of exogenous variation in heating costs: the 

variation in electricity costs due to different distribution price areas and the variation in 
heat consumption due to different climate conditions across the country. The unit heat 
need of a new house built according to 2010 building standards varies from 96 kWh per 
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square meter to 133 kWh, which is a 39 percent difference in heat consumption simply 
due to geographical location.10 

Figure 3 displays the variance in heating costs due to electricity price differences across 
the country. The figure shows the range of heating costs in the estimation sample for an 
average house consuming 17 000 kWh of heating energy annually. The variance in costs 
is due to differences in distribution prices and default retail prices across the distribution 
grid areas. The costs range from e1300 to e2400. The figure also illustrates that most 
observations of houses are located around the middle of the total electricity price range. 
Electricity distribution prices are regulated, and pricing is based on the costs of oper-

ating and maintaining the grid. This results in different price levels across the country, 
due to differing conditions such as population density and forest coverage. Because these 
geographical conditions correlate with socio-demographic factors, this creates correlation 
between price levels and other local factors which may influence heating system demand. 
To control for local conditions, the analysis will include controls at the level of municipal-
ities. There are over 300 municipalities observed in the data. 

3.2.2 Heating system purchase costs 

Heating system purchase costs include labour and equipment. I construct these costs 
for each house based a survey of builders in 2010-2011 which includes reported costs of 
installing heating into new detached residential houses.11 Appendix A describes the survey 
data in detail. 
The survey is carried out annually on a random draw of the same population as the 

register data: households who are in the process of building or have recently completed a 
new detached house. In 2010 and 2011, the survey asked respondents to state the total 
approximate costs of their heating system. Out of 3788 survey respondents, 2192 (58 
percent) reported the costs. Table 3 displays summary statistics of reported purchase 
costs by the installed heating system. The sample excludes houses with district heat, to 
make shares comparable to the register data sample. Note that the category ”other” is 
not reported. 
I run an OLS estimation of reported purchase costs on house and household charac-

teristics to produce coefficients that I use to construct purchase costs for the houses in the 
register data. The costs for electric heating and hydroelectric heating are estimated as a 
function of area to heat. The cost estimates for ground heat also include heating degree 
days and and indicators for high income and urban location. The estimation results are 
reported in Appendix C. 
Table 4 presents summary statistics of the constructed costs in the register data by 

the installed technology. Electric heating has the benefit of small investment costs, but 
operating costs are high. Moreover, this type of heating does not include the option of 
switching fuels at a later point in time. Hydroelectric heating in practice has the same 
operating costs as electric heating, but the purchase cost is higher. Paying a higher upfront 
cost in this case can be justified by the option value of later on switching to another heat 
source, such as a heat pump. Ground heat is by far the most expensive heating system in 
terms of purchase costs. However, the low operating cost makes it the cheapest technology 
for larger houses in terms of total lifetime costs. 

10The average annual temperature by region ranges from values of 6 degrees Celsius on the south-western 
coast to around -1 degrees in the north. 

11Access to the survey data has kindly been supplied by RTS Ltd. 
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3.2.3 Discussion on heating costs 

These constructed expected costs will deviate from the expectations that each household 
has. In defining the expected annual heating costs I assume that the house is built accord-
ing to the standards required by the National Building Code. It is however possible that 
the house is better insulated, in which case the heat consumption and resulting annual 
heating costs are overestimated. For a house with very low heat consumption, the pur-
chase costs of the heating system form a larger share of total costs. The estimation will 
include building material as a proxy for insulation, as stone houses tend to have better 
insulation qualities than wood houses. 
The main unobservable factor influencing the purchase cost is the type of ground that 

the house is built on. This impacts the costs of ground heat: drilling the borehole for heat 
extraction is higher in soft soil such as clay. In these cases using average cost measures will 
understate the expected costs of ground heat. Soil consistency and distance to bedrock 
can vary considerably even within very short distances, hence this factor is unlikely to be 
correlated with observable or unobservable household characteristics. 
The unobserved insulation level and soil type both increase the relative importance 

of the purchase cost compared to the average case. Assuming an average cost structure 
for these houses will lead to an underestimated willingness to pay. Other unobservable 
factors that can impact especially the purchase cost include local conditions for heating 
system supply and labour supply. These can be incorporated into estimation by including 
location at the detailed level of municipalities. I also include an indicator for town plan 
areas, which captures factors associated with densely populated areas. 

4 Model and empirical strategy 

In this section I first present the household’s choice problem in a general framework and 
then discuss the empirical strategy and challenges to estimation. 
The household must choose a heating system j out of J possible options. These options 

are limited and the same choice set is available to all households, outside of district heat 
areas. There is no outside option, because a main heating system must be installed. 
Denote by uij the utility to household i from option j. The household will choose 

option j if uij > uim, ∀j 6= m. Separating utility into an observable and unobservable part 
uij = vij + εij , the choice probability can be expressed as 

Pr(uij > uim, ∀j 6= m) = Pr(εim − εij < vij − vim) 

Assuming that εij are distributed extreme value type I, their difference has a logistic 
distribution, which implies a standard logit model of discrete choice, where the choice 
probability has the following form: 

(e vij )
Pij = P 

e(vim)m 

Define utility for house owner i from heating system j as 

TX X 
vij = βi(PCij + δi

t pjtHi) + αikxjk + εij (1) 
t=0 k 

where PCij is purchase cost, δi = 1/(1 + ri) is the discount factor, ptj is the expected fuel 
cost for option j in time t and Hi is the expected amount of heating energy consumed 
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annually. Other attributes besides price are noted by xjk. The variable εij incorporates 
factors that are not observed in the data. 
Assuming that households use the current energy price as their best estimate of future 

energy prices, the present value heating costs over the lifetime of the system can be PT PTexpressed as δi
tpj Hi The multiplier Δi = δi

t incorporates the discount t=0 = ΔiCij . t=0 
rate and the lifetime, and transforms the annual heating cost Cij = pj Hi into lifetime 
operating costs. This gives the following utility function: X 

vij = βi(PCij +ΔiCij ) + αikxjk + εij (2) 
k 

4.1 Empirical strategy 

The empirical counterpart of Equation 2 is the following specification: 

vij = βP Cij + γCij + Aj + εij (3) 

where PCij is the expected purchase cost and Cij is the expected annual heating cost, com-
prised of the sum of the retail and distribution price for electricity multiplied by expected 
heat consumption. Aj are alternative-specific constants which stand for technology-specific 
attributes other than price. 
Note that when the heating costs are defined as an annual value, the coefficient on 

heating costs incorporates the discount rate and lifetime in the form of the discount factor: 
γ = βΔi. Alternatively, the heating costs could be expressed as present value lifetime 
costs ΔCij , in which case the coefficient γ would be interpreted as an ”attention weight” 
or valuation parameter (see Allcott and Wozny (2014) and Gillingham et al. (2021)). Full 
valuation of heating costs at the given lifetime and discount rate would be implied by 
β = γ. 
To incorporate household heterogeneity, I define the coefficient on heating costs as aP 

function of observable household characteristics zmi: γ = γ + γmzmi. I prefer to use m 
the observable characteristics instead of random coefficients, because this allows evaluating 
the sign and magnitude of different characteristics’ impact on heating cost valuation. In 
this case, the equation to estimate is X 

vij = βP Cij + (γ + γmzmi)Cij + Aj + εij (4) 
m 

The object of interest is households’ willingness to pay higher upfront costs for a 
technology to obtain lower use costs over its lifetime. The WTP is defined as the coefficient 

γ βΔ on annual heating costs divided by the coefficient on purchase cost: β = β . This measures 
the change in purchase cost necessary to keep utility constant, given a change in heating 
costs. In other words, the WTP is the increase in purchase costs households are willing 
to pay to save e1 annually over the lifetime of the investment. 
It is possible to re-parametrise the model so that the estimated coefficients directly 

measure WTP (Cameron and James, 1987; Cameron, 1988; Train and Weeks, 2005; Son-
nier et al., 2007). Estimation in WTP-space would be preferred if the estimation included 
random coefficients. Because I do not include random coefficients in the estimation, de-
riving the WTP from coefficients of the utility function gives identical results to direct 
estimation of WTP-values. Furthermore, because the set of household characteristics zi 
includes several indicator variables for household location, estimation in WTP-space runs 
into convergence difficulties. 
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The estimation sample includes houses built during 2010 or 2011 that chose electric 
heating, hydroelectric heating or ground heat as the main heating system. Due to data 
limitations, I must drop oil heating, wood heating and the category ’other’ from the 
estimation sample. These categories make up 10 percent of observations during the sample 
period. By making this restriction, I am assuming that the households in the estimation 
sample did not include these technologies in their choice set. This assumption is supported 
by the survey data, in which a clear majority of respondents (80 percent of those who 
installed electric or hydroelectric heating and 70 percent of those with ground heat) stated 
that they considered at most two alternatives when making the heating system choice. 
To capture important unobservable variables that vary by geographical location and 

type of building site, the estimation includes indicators for municipality and town plan 
area as interactions with annual heating cost. 
Purchase price estimates are not reliable for exceptional house sizes, hence I drop 

houses with more than 300 square meters of area to heat from the estimation sample. 
This coincides with the 99th percentile of the house size distribution. The final estimation 
sample includes 11 418 houses. 

5 Analysis 

5.1 Estimated willingness to pay for heating cost reductions 

Table 5 presents estimation results. Note that all specifications include location type (town 
plan in force or not) and year indicators. Specifications 2-4 also include 311 municipality 
indicators. The indicator variables are introduced as interactions with annual heating 
costs. The values of these coefficients are not reported. 
The WTP is calculated for each observation in the sample, based on the full set of 

coefficients. Hence, in specification 2 which includes no household heterogeneity, the range 
of the WTP comes from the effect of the municipality indicators. Summary statistics 
are presented in the lower part of the table. There are some municipalities with very 
few observations, which results in extreme and very imprecise values of the municipality 
interaction for these observations. This lead to outliers in the WTP values, hence the 
summary statistics report the 1st, 50th and 99th percentile of the WTP distribution 
instead of minimum and maximum values. 
The first column shows results from a specification that includes purchase costs and 

annual heating costs. The ratio of these coefficients implies a WTP of 8, and this is also 
the median value in the sample when accounting for variance due to annual and location 
effects. 
The second specification adds municipality interactions. The impact of annual heating 

costs now varies with location, which leads to WTP values that range between 4 and 
14. The third specification introduces further variance due to household characteristics. 
All interaction effects are statistically significant. In terms of magnitude, the effects are 
largest for the education level, current dwelling status, previous experience of building and 
the material of the new house. The WTP in the estimation sample now varies from 2 to 
15, the median value remaining at 8. 
The fourth specification includes a constant for electric heating. This implies that 

households would compare costs distinctly within the two technology types: electric heat-
ing and central heating.12 Including the technology fixed effect does not impact the results, 

12Results from the survey indicate that households rarely compare heating systems across the two tech-
nology types, see Appendix A 
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and the estimated effect is not statistically significant. 
Figure 4 illustrates how household characteristics impact WTP. For continuous vari-

ables the effect is illustrated for a 1 standard deviation increase. Income and total house-
hold debt measure the financial situation of the household. These have opposite effects on 
heating cost valuation. Higher income increases the WTP. The coefficients indicate that 
a standard deviation increase of about 21 000 in annual income increases WTP by 0.49 
which is 6 percent of the median value of 8. In contrast, a standard deviation increase 
of 560 euros in debt per square meter decreases WTP by 0.27, which is 3 percent of the 
median value of WTP. Also higher age and increasing family size decrease the WTP. 
The discrete variables have the largest effects on WTP. Undergraduate education in-

creases WTP by 0.57, and the effect of graduate education is nearly twice as large at 0.90. 
Also families with children are estimated to have higher WTP by 0.57. Together with the 
impact of family size this indicates that the presence of children causes a discrete increase 
in the valuation of future costs, but each additional family member brings this value down. 
Households who currently reside in an owner-occupied house are estimated to have 

notably lower WTP than households who live in owner-occupied apartments or in rental 
housing at the moment of building. Interestingly, the house owners who are observed 
building a house during 2000-2009 (before the estimation sample period) are estimated to 
have lower WTP. 
The estimated WTP measures the amount of money that households are willing to 

give up now to obtain savings over the lifetime of the heating system. If a lifetime is 
assumed, this value can be solved for the implied discount rate. At a lifetime of 15 years, 
the median WTP of 8 is consistent with an implied discount rate of 11 percent. At the 
low end of the WTP distribution, the value of 2 implies a discount rate of 70 percent, 
whereas the high WTP of 14 implies a discount rate of 1 percent. Although heating 
systems easily last longer than 15 years before needing replacement, minor maintenance 
needs for central heating technologies arise at around this time. Using a longer lifetime 
would require assumptions on potential maintenance costs. 

5.2 Robustness checks 

This section summarizes results from robustness checks related to the definition of annual 
heating costs and heating system purchase costs. Results from these estimations are 
reported in Table 6. The columns in the table correspond to the following alternatives: 

1. Constant retail electricity price The total electricity price is composed of the distri-
bution fee and retail price. In the analysis, the retail price is defined as the default 
price prevailing in the local distribution grid. It is however highly possible that the 
households will not contract with the local default retailer but will buy electricity 
from one of the several nationwide retailers. To assess the impact of retail price 
variation, this check defines the retail price for each observation as the lowest retail 
price that was available nationwide. All cross-sectional variation in prices is then 
due to differences in distribution prices only, which can be correctly assigned to each 
observation. 

2. Constant annual heat consumption Heating energy consumption varies regionally due 
to differences in climate across the country. It is possible that households especially in 
colder parts of the country use additional heat sources such as own firewood to reduce 
the amount of energy purchased for heating. This check eliminates the regional 
variance in heat consumption by setting this value at 100 kWh per square meter for 
all observations. This level corresponds to the heat consumption in southern parts 
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of the country. All variance in heating costs is then due to differences in electricity 
prices only. 

3. Alternative definition of purchase costs This robustness check uses an alternative 
definition for heating system purchase costs. The costs are now based on values 
reported by The Building Information Foundation. The foundation annually pub-
lishes a catalogue detailing the unit costs for all materials and components required 
in building a detached house, including the heating system. This material is targeted 
especially at non-professional builders, that is, households who can use the mate-
rial to draw up a budget for their project. The costs are averages based on prices 
reported by manufacturers and retailers. The costs for heating systems are divided 
into costs for material and labour, and the catalogue includes an index for account-
ing for labour cost differences across the country. The costs for electric heating and 
hydroelectric heating are reported in euros per square meter, whereas the purchase 
cost for ground heat is a lump sum of labour and equipment costs. 

The robustness checks show that the level of WTP is higher when variance in electricity 
costs comes from distribution prices only. Also the alternative definition of purchase costs 
results in a higher WTP on average, although the differences to the base specification 
are not large. However, across these different specifications, the sign and magnitude of 
the household characteristics is consistently similar. This indicates that the heterogeneity 
across households is robustly estimated, even though the level of WTP is sensitive to 
assumptions on the expected costs. 

5.3 Additional results 

This section presents additional results from estimations on register and survey data. Full 
results and details are presented in Appendix E. 

5.3.1 Annual heating costs and technology choice 

As an alternative to the WTP estimation, this section presents results from a conditional 
logit estimation of heating system choice using heating costs only. The specification is oth-
erwise identical to Equation 4, but the purchase cost is dropped from the list of variables. 
The results therefore mirror the results on WTP but are interpreted differently. 
The average marginal effect of heating costs on technology choice is -0.01, indicating 

that an increase of e100 in annual heating costs reduces the choice probability by 1 
percent. This effect varies with household characteristics, however not very strongly. As 
an example, figure 5 plots the average marginal effect of heating cost over the observed 
range of household income. The sensitivity of heating technology choice to annual heating 
costs clearly increases with income, but the difference in the effect is not large, going from 
-0.008 at the lower end of the income distribution to -0.013 at the higher end. 
These results are not conditional on the level of heating system purchase costs, and 

they can therefore be compared to the results obtained in Sahari (2019). In that study, 
I use the same data to estimate the impact of electricity prices on the choice of heating 
technology using a multinomial logit framework. The analysis requires no assumptions 
on heat consumption or purchase costs, and can therefore make full use of the data in 
terms of including all heating technologies and years 2006-2011 for which electricity price 
information is available. 
In Sahari (2019) I find that the average marginal effect of the distribution price of 

electricity on the choice of electric heating is around -0.05 for households building during 
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2010-2011. This effect did not vary strongly with income. Furthermore, out of the other 
household characteristics, only current dwelling ownership impacted the sensitivity to the 
distribution price of electricity. For this characteristic, the impact was opposite to the 
one found here: sensitivity to the electricity distribution price was stronger for households 
who currently owned a detached house. 
These differences in the sensitivity to electricity price versus total annual heating cost 

are likely due to these variables measuring different aspects of the choice situation. The 
impact of electricity prices on technology choice in Sahari (2019) is conditional on house 
size, household characteristics and detailed indicators for location. It measures purely the 
attention to electricity price levels. In contrast, the annual heating cost is an interaction 
of prices, house size and local climate. The annual heating cost is perhaps a more realistic 
representation of what households presumably are considering when they choose the heat-
ing technology. However, because it is an interaction of several variables, it is not possible 
to extract the effect of individual cost components. 

5.3.2 Estimation on the survey data 

The survey data provide an alternative source of information for estimating WTP, as they 
allow using self-reported purchase costs for the chosen heating technology. The drawback 
of these data is the small amount of observations and sample selection; in the survey data 
estimation sample, ground heat is clearly over-represented. For a detailed comparison of 
the survey and administrative data, see Appendix A. 
The WTP estimated from the survey data is very high; the median value in the esti-

mation sample is estimated to be 53. The survey data do not contain as much information 
on the households as the register data, but the WTP is found to decrease with family size 
and be higher for households in the highest income bracket (gross annual earnings above 
e80 000). The impact of household characteristics is therefore similar as in the register 
data. 
The very high level of WTP likely reflects the sample selection and measurement error 

in the heating system purchase costs. The survey unfortunately did not ask to precisely 
report different components of costs, but only asked for ”total approximate costs of the 
heating system”. Some unrealistically low values are reported, as well as extremely high 
values which do not seem reasonable. It is possible that survey participants are not defining 
the purchase cost in the same way. Because the number of observations in the estimation 
sample is small (1129), the extreme values strongly influence results.13 

6 Discussion and conclusions 

This study combines administrative register data on heating system choices in new de-
tached houses with expected heating costs to estimate how house owners value lifetime 
costs of heating in terms of upfront purchase costs. The strength of the analysis lies in 
the extensive information on households, which allows exploring how valuation of heating 
costs varies with household characteristics. The results on household heterogeneity are 
robust, although the level of the valuation does vary with different ways of defining the 
main cost variables. 
The coefficients from heating technology choice estimation imply that the median 

willingness to pay ise8 in upfront costs to receive savings of e1 annually over the lifetime 

13The estimated WTP remains very high even if the most extreme purchase cost values are dropped 
from the estimation sample. 
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of the system. Using a lifetime of 15 years this is consistent with discounting future 
costs at a rate of 11 percent. This is a low valuation, especially considering that heating 
technology lifetimes are very long and that the heating system is one of the most important 
characteristics of a house. However, it is in line with previous research that has found that 
consumers discount investments into energy-using technology at rates that clearly exceed 
prevailing financial interest rates. For example, De Groote and Verboven (2019) obtain 
an average implied discount rate of 15 percent for investments into solar PV technology. 
Furthermore, studies measuring individuals’ time preference have found these values to 
vary widely across individuals and to be on average higher than financial interest rates 
(Andersen et al., 2008; Newell and Siikamäki, 2014; Simon et al., 2015). 
The results show that household characteristics significantly impact the WTP, and 

these effects are robust across several robustness checks. The context of this study does 
not allow identifying what causes these differences across households. I will discuss these 
results below in light of previous research and present possible mechanisms that drive the 
results. 
The house owners’ education strongly affects WTP. Undergraduate level education 

increases WTP by 0.57 and graduate level education by 0.90. Higher education has been 
found to be correlated with environmental awareness, financial literacy and lower personal 
discount rates (Newell and Siikamäki, 2014; Simon et al., 2015; Ramos et al., 2016; Blasch 
et al., 2017). These are all factors that could result in a higher valuation of future energy 
costs in the context of heating technology choice. It is also possible that higher education 
is correlated with a less risky view of the housing market and its ability to capitalise energy 
savings into house prices. 
Interestingly, families with children are estimated to have higher WTP, the impact 

of children being comparable to that of graduate level education at 0.57. It is possible 
that these households view their house as a longer-term investment. This would indicate 
less concern for the resale value of the house and capitalisation of energy costs, if the 
household does not plan on selling for many years to come. Although the presence of 
children increases WTP, each additional family member is found to decrease this value by 
-0.25, meaning that larger families have notably lower WTP. 
The willingness to pay for future cost reductions increases with income. This is con-

sistent with higher income households having better financial resources to give up money 
upfront for future savings. Higher income households may also have lower interest rates on 
loans, again increasing their access to additional financial resources. In contrast, the WTP 
decreases with the amount of household debt per house size. Households that are relying 
heavily on debt to finance the new building may be more constrained in their ability to 
allocate money to the heating system versus other necessary features of the house. 
The results also show that the current dwelling status of the house owner has a strong 

effect on WTP. House owners who live in their own house at the moment of building a new 
house have lower WTP. The effect is similar in magnitude to the effect of high education, 
but opposite in sign at -0.95. It is difficult to interpret this result, especially in light 
of the results in Sahari (2019) where I find that house ownership increases sensitivity to 
electricity prices. This implies that in the context of total heating system costs, house 
ownership incorporates other aspects than purely price sensitivity. 
Finally, house owners who are observed building at least once before in the years 2000-

2009 preceding the estimation sample are estimated to have lower WTP by -0.91. At least 
two factors may explain this result. First, individuals who have experience of building 
may be less sensitive to future heating costs if they tend to stick with the technology they 
are already familiar with. Second, individuals who are observed in the data several times 
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may be building with the intent of simply making a profit by selling the house soon after it 
is finished. Such profit is exempt from capital gains tax, conditional on the owner having 
lived in the house for at least two years. It is not entirely uncommon for private persons 
to engage in this activity. In this case the lower WTP would be indicative of an issue of 
split incentives, where the person making the investment is not minimising total energy 
use or costs for the final resident of the house. 
In terms of policy conclusions, these results reinforce those from previous research, 

which show that consumer heterogeneity is substantial and stress the need for targeted 
policy measures to advance energy efficiency investments especially in the housing sector. 
My results are obtained on a sample which represents households in brand new houses. 
These households are younger, more highly educated and have slightly higher income than 
the residents of the existing stock of detached houses. Even in this sample, the level of 
the valuation of future energy costs is not very high. Given that the results indicate that 
age, lower income and lower education all decrease the valuation, it is highly likely that 
the level obtained here is an upper bound for the average valuation level in the existing 
housing stock. This indicates that energy retrofits, which typically involve high upfront 
costs and long payback times, could be accelerated with policy measures. My results 
indicate that income and education are potentially useful indicators in trying to identify 
those consumers who would mostly benefit from policy interventions. 
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Figure 1: New detached residential houses, started and finished builds. 

Notes: The figure depicts the number of started and finished build of new detached residential houses 
during 2000-2019. The vertical line corresponds to year 2009, to mark the first full year since the financial 
crisis which began in 2008. 
Source: Author’s calculations based on official statistics published by Statistics Finland. 
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Figure 2: Taxable income and unemployment benefit recipients in new house builders and 
full adult population . 

Notes: The figure illustrates taxable earned income in the data on new house builders (light bars) and 
in the full adult population (dark bars). The line depicts the share of individuals receiving any form 
of unemployment benefit in the data on new house builders (dashed line, diamonds) and the full adult 
population (solid line, circles). 
Source: Author’s calculations based on official statistics published by The Social Insurance Institution of 
Finland (KELA) and register data from Statistics Finland. 
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Notes: The figure illustrates the impact of electricity price variation on annual heating costs and the 
density of observations with respect to the electricity price range. All houses in the estimation sample are 
assigned a common heat consumption of 17 000 kWh, corresponding to the consumption of an average 
house. Differences in heating costs then only result from different electricity retail and distribution prices. 
Source: Author’s calculations. 
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Source: Author’s calculations. 
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Figure 5: Average marginal effect of heating costs on technology choice by household 
income. 

Notes: The figure plots the average marginal effect of annual heating costs on heating system choice by 
total household net income. The plotted income range corresponds approximately to the 5th to 95th 
percentile of the observed income distribution. 
Source: Author’s calculations. 
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Table 1: Summary statistics on new houses and house owners. 

Electric Hydroelectric Ground heat Wood Other Oil 
House size (m2) 157 171 210 180 182 194 
Town plan area, share 0.64 0.69 0.57 0.21 0.66 0.52 

Age 39 37 37 38 37 42 
Education, share 0.34 0.44 0.51 0.33 0.41 0.29 
Net Income 45 183 47 425 52 789 41 638 46 470 43 231 
Debt ratio (e/m2) 959 978 855 772 939 737 
Family size 3.28 3.39 3.45 3.26 3.22 3.34 
Young children, share 0.37 0.44 0.46 0.35 0.41 0.38 
Current dwelling: own house, share 0.57 0.53 0.43 0.59 0.49 0.68 
Has built before, share 0.11 0.07 0.06 0.06 0.07 0.09 

Overall share 0.35 0.18 0.37 0.05 0.04 0.01 

Notes: The table presents summary statistics of house and household characteristics by installed heating 
technology for the years 2010-2011. The sample excludes locations with access to the district heat network. 
The total number of observations is 13 598. ’Town plan’ is an indicator for whether a town plan is in force 
at the building site as opposed to a less detailed master plan. The education variable refers to the share 
of home owners with education at least at the undergraduate level. Income is defined as all income and 
benefits net of taxes, in 2010 values. The debt ratio measures total household debt per house size. ’Young 
children’ refers to the share of families with children under 3 years of age. ’Current dwelling’ is an indicator 
which takes value one if the house owner currently lives in an owner-occupied detached house. ’Has built 
before’ is an indicator for if the individual is observed in the data at least once during the preceding years 
2000-2009. 
Source: Author’s calculations based on Statistics Finland register data. 

Table 2: Comparison of house builders to whole population 

Data Estimation sample Full population Detached house owners 
2010-2011 2010-2011 2010 2010 

Income 28 200 28 400 21 800 23 800 
Income 31 442 31 760 25 325 26 887 
Education 0.44 0.44 0.26 0.23 
Age 38 38 49 51 
Family size 3.39 3.37 2.87 3.08 
Young kids 0.43 0.42 0.19 0.15 

Observations 16 163 11 418 4 177 174 1 783 719 

Notes: The table shows summary statistics on individuals who are in the process of building a new house 
(data and estimation sample) and on the full adult population in the corresponding year, as well as all 
detached house owners in the adult population. Income is defined as earned taxable income. Education 
refers to the share of individuals with at least undergraduate level education. ’Young kids’ measures the 
share of households with children under 3 years of age. 
Source: Authors’ calculations based on Statistics Finland register data. 
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Table 3: Reported heating system costs in survey data. 

Electric Hydroelectric Ground heat Wood Oil 
Purchase cost 4400 8500 17 100 12 000 10 500 
House size (m2) 152 165 199 176 192 

2Cost per m 32 53 90 73 57 

Observations 254 197 902 152 13 

Share 0.21 0.14 0.42 0.08 0.01 

Notes: The table presents summary statistics of reported heating system purchase costs from a survey of 
private persons who recently built or were in the process of building a new house for the years 2010-2011. 
The costs refer to the total purchase costs of the heating system, including labour and equipment. The 
costs by square meter are calculated as the reported cost divided by the size of the house. 
Source: Survey data on newly built detached houses, provided by RTS Ltd. 

Table 4: Constructed heating system costs in register data. 

Electric Hydroelectric Ground heat 
House size (m2) 156 171 207 
Expected heat consumption (kWh) 16 197 17 410 20 198 

Purchase cost 5000 9227 17 657 
Annual electricity cost 1077 1112 452 
Annual distribution cost 772 761 329 

Lifetime cost at T=15 and r=5% 
26 040 30 540 27 540 

Notes: The table shows average constructed heating system costs for installed heating systems in the 
register data estimation sample. Purchase costs are constructed based on estimates from the survey data. 
The expected heat consumption is based on an engineering model of heat consumption in new detached 
houses. The annual electricity cost is the cost of electricity purchased for heating. The annual distribution 
cost is the distribution fee for electricity. 
Source: Author’s calculations. 
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Table 5: Results: heating system choice estimation 

1 2 3 4 
Purchase cost -0.224 -0.284 -0.240 -0.268 

(0.006) (0.007) (0.008) (0.015) 

Annual heating cost -1.789 -2.817 -2.704 -2.825 
(0.049) (0.850) (1.026) (1.030) 

Interactions with annual heating cost 

Town plan area -0.027 0.042 0.136 0.103 
(0.031) (0.037) (0.043) (0.046) 

Year 2011 -0.117 -0.057 -0.121 -0.108 
(0.029) (0.031) (0.036) (0.036) 

Household net income -0.061 -0.061 
(e10 000) (0.009) (0.009) 
Household debt per area 0.142 0.131 
(e1000 per m2) (0.036) (0.036) 
Age 0.055 0.052 

(0.021) (0.021) 
Undergraduate education -0.155 -0.153 

(0.042) (0.042) 
Graduate education -0.245 -0.242 

(0.049) (0.049) 
Family with children -0.150 -0.152 

(0.057) (0.057) 
Family size 0.063 0.068 

(0.020) (0.020) 
House owner 0.253 0.253 

(0.036) (0.037) 
Has built before 0.243 0.245 

(0.068) (0.069) 
Material: stone -0.424 -0.417 

(0.064) (0.064) 
Constant: electric heating -0.130 

(0.057) 
No. of households 11 418 11 418 8891 8891 
ll 0 -1.25e+04 -1.25e+04 -9767.762 -9767.762 
ll -1.14e+04 -1.07e+04 -8203.223 -8200.638 
WTP in estimation sample 
Median 8.11 8.42 8.47 8.10 
1st percentile 7.98 3.65 2.16 2.40 
99th percentile 8.63 13.95 15.46 14.43 

Notes: The table presents results from a conditional logit estimation of heating system choice. The 
options are electric heating, hydroelectric heating and ground heat. Indicator variables are: education, 
undergraduate (= 1 if the house owners has undergraduate level education), education, graduate (=1 if the 
house owner has graduate level education), family with children (=1 if a family with children), house owner 
(=1 if current residence is own house), material: stone (=1 if new house built from stone) and has built 
before (=1 if house owner is observed building a detached house during 2000-2009). Specifications 2-4 also 
include 311 municipality indicators interacted with annual heating cost, coefficients not reported. Debt to 
area measures the amount of total household debt relative to house size. Standard errors in parentheses. 
Source: Author’s calculations. 
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Table 6: Robustness checks: heating system choice estimation. 

1 2 3 
Purchase cost -0.278 -0.269 -0.208 

(0.015) (0.015) (0.008) 

Annual heating cost -3.071 -3.277 -3.896 
(1.075) (1.191) (1.036) 

Interactions with annual heating cost 

Town plan area 0.106 0.101 0.430 
(0.054) (0.049) (0.044) 

Year 2011 -0.092 -0.111 -0.275 
(0.043) (0.004) (0.037) 

Household net income -0.071 -0.063 -0.041 
(e10 000) (0.011) (0.010) (0.010) 
Household debt per area 0.146 0.140 0.017 
(e1000 per m2) (0.043) (0.038) (0.038) 
Age 0.064 0.053 0.026 

(0.025) (0.022) (0.022) 
Undergraduate education -0.189 -0.161 -0.134 

(0.049) (0.044) (0.044) 
Graduate education -0.288 -0.251 -0.202 

(0.058) (0.052) (0.051) 
Family with children -0.176 -0.152 -0.180 

(0.067) (0.061) (0.060) 
Family size 0.083 0.071 0.122 

(0.023) (0.021) (0.021) 
House owner 0.294 0.272 0.263 

(0.043) (0.039) (0.038) 
Has built before 0.295 0.260 0.274 

(0.081) (0.072) (0.071) 
Material: stone -0.486 -0.433 -0.345 

(0.077) (0.067) (0.067) 
Constant: electric heating -0.084 -0.134 0.884 

(0.055) (0.057) 0.032 
No. of households 8891 8891 8891 
ll -8174 -8202 -8006 
WTP in estimation sample 
Median 9.62 8.47 11.88 
1st percentile 3.07 2.82 4.80 
99th percentile 16.36 14.68 21.09 

Notes: The table presents results from a conditional logit estimation of heating system choice. The options 
are electric heating, hydroelectric heating and ground heat. Columns correspond to the following robustness 
checks: 1) Electricity retail price set at the same level for all observations, 2) Heat consumption set at 
the same level for all observations, 3) Alternative definition for heating system purchase costs. Indicator 
variables are: education, undergraduate (= 1 if the house owners has undergraduate level education), 
education, graduate (=1 if the house owner has graduate level education), family with children (=1 if a 
family with children), house owner (=1 if current residence is own house), material: stone (=1 if new house 
built from stone) and has built before (=1 if house owner is observed building a detached house during 
2000-2009). The estimation also includes 311 municipality indicators interacted with annual heating cost, 
coefficients not reported. Debt to area measures the amount of total household debt relative to house size. 
Standard errors in parentheses. 
Source: Author’s calculations. 
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Appendix A The survey data 

This appendix describes the survey data which are used to construct estimates of in-
vestment costs. The data are provided by RTS Ltd. This company annually surveys 
households who are in the process of building a new house in order to produce informa-
tion that it publishes in reports and sells to market actors. The survey respondents are 
selected randomly, but location is taken into account so that responses are obtained from 
across the country. The basic structure of the survey remains the same throughout the 
years, but questions related to specific topics vary. 
The survey data are available for the same time period as the full register data: 2000-

2011. Questions related to heating include the installed heating system, the considered 
heating systems, reasons for choosing the installed system and opinions on different heating 
technologies. These are included in the survey every year. The cost of the heating system 
is only included in 2010 and 2011. 
Table A.1 shows summary statistics of the survey data. The sample includes years 

2000-2011 and all heating systems except district heat. Note that the survey data does 
not have a category ”other” for heating. Instead, the survey explicitly includes exhaust 
air heat pumps as a main source of heat. 
In the survey data, the distribution of house size and location across heating systems 

is similar to the register data. There seems to be a slightly higher share of town locations 
in the survey data, however because these are self-reported locations, there may be errors 
in reporting. 
Household characteristics income, age and family size are also similarly distributed in 

both data. The survey data does not have a measure for education, however it does include 
the profession of the respondent. The share of clerical employees, entrepreneurs and 
executives is 59 percent. These professions are likely to indicate at least upper secondary 
education, which implies that higher education is over-represented in the survey data. 
The lower part of Table A.1 presents information on the costs of building. The unit 

cost of building includes all building costs per house size. These are similar across the 
heating systems, except for houses that installed wood or oil heating. The lower costs for 
these houses may be explained by location. The cost of the plot is also notably lower for 
these categories. 
Looking at the shares of heating systems in the survey data reveals that oil heating is 

over-represented, and the amount of exhaust air heat pumps is also larger than the amount 
of houses in the heating category ”other” in the register data. Correspondingly, the share 
of ground heat is lower in the full sample of survey data than in the register data. 
Table A.2 shows further information on heating choices available in the survey data. 

The columns indicate the installed technology. In the first panel, the rows show the most 
common heating technologies and the share of households who had considered these. Only 
around one third of households who installed electric heating had considered hydroelectric 
heating or ground heat as an alternative. Only 5 percent considered wood. This implies 
that the preference for an electric heating system is strong, as a central system is not even 
considered by most households who install electric heating. Conversely, if the household 
installs a central heating system, it seems to be more open to considering alternative 
heat sources; for example half of the households who installed hydroelectric heating also 
considered ground heat. Overall, the number of alternatives considered is low: a vast 
majority of households only considered at most two technologies. 
The lower panel of Table A.2 shows the stated reasons for the chosen heating system. 

The importance of costs is evident: 64 percent of households who installed electric heating 
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Table A.1: Summary statistics on survey data 

Electric Hydroelectric Ground heat Wood Exhaust air Oil 
Area (m2) 161 180 209 195 161 208 
Town plan area, share 0.59 0.65 0.59 0.35 0.65 0.63 

Age 30-39, share 0.38 0.44 0.47 0.41 0.40 0.45 
Gross household income >80 000 0.13 0.18 0.25 0.08 0.13 0.17 
Family size 3.0 3.3 3.4 3.2 3.2 3.3 

2Building cost, e/m 1017 1146 1234 939 1205 882 
2Land cost, e/m 22 27 33 11 25 17 

Overall share 0.39 0.12 0.25 0.10 0.10 0.05 

Notes: The table presents summary statistics of variables in the survey data collected by RTS Ltd. The 
data include years 2000-2011 and the total number of observations in the presented sample is 29 199. All 
monetary values in 2010 values. 
Source: Annual survey of households in the process of building a detached house, RTS Ltd. 

stated low purchase costs as one reason for their choice. Respectively, 77 percent of 
households who chose ground heat stated low use costs as a basis of their choice. The option 
to change the source of heat is clearly relevant for hydroelectric heating. Furthermore, 
environmental aspects play a role in technology choice. 

A.1 Comparison of estimations samples in the survey data and register 
data 

Table A.3 shows summary statistics of both data for the years used in estimation. The 
samples exclude district heat areas. The samples look very similar except for the dis-
tribution of heating technologies. For the estimation sample, the survey data has more 
ground heat than the register data, and less electric heating. The joint share of electric 
heating, hydroelectric heating and ground heat is 77 percent in the survey data, while it 
is 89 percent in the register data. Wood heating and exhaust air heat pumps, which are 
in the category ’other’ in the register data, are over-represented in the survey data. 
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Table A.2: Considered options and reasons for heating system choice. 

Electric Hydroelectric Ground heat 
Heating systems considered, share 
Electric heating 0.23 0.13 
Hydroelectric heating 0.27 0.93 
Ground heat 0.32 0.50 
Wood heating 0.05 0.10 0.14 

Considered at most 2 technologies, share 
0.90 0.79 0.85 

Reasons for heating system choice, share 
Low investment cost 0.64 0.32 0.03 
Low use cost 0.06 0.10 0.77 
Easy maintenance 0.59 0.40 0.36 
Option to change fuel 0.01 0.42 0.09 
Ecological 0.09 0.19 0.60 

Notes: The first panel of the table shows the share of households in each heating category who had 
considered one or more of the four most common heating technologies as an alternative to their final 
choice. The second panel displays the share of households who had considered at most two technologies. 
The third panel lists some of the factors that were stated as the reasons for the installed heating system. 
The columns refer to the installed heating system. 
Source: Annual survey of households in the process of building a detached house, RTS Ltd. 

Table A.3: Comparison of summary statistics from survey and register data 

Survey data Register data 
Gross income>e60 000, share 0.45 0.50 
Pensioner, share 0.08 0.09 
Family size 3.14 3.36 
House size (m2) 173 182 
Town plan area, share 0.61 0.60 
Metropolitan region, share 0.19 0.20 
Electric heating, share 0.21 0.35 
Hydroelectric heating, share 0.14 0.18 
Ground heat, share 0.42 0.37 
Number of households 4489 13 598 

Notes: The table presents summary statistics from the register data on new detached houses and from 
an annual survey of households in the process of building a new house. Both samples include years 2010-
2011. The town plan area refers to the share of houses built on a site where a town plan is in force. The 
metropolitan region measures the share of houses built in the region where the capital city is located. 
Source: Survey data (RTS Ltd.) and administrative register data (Statistics Finland). 
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Appendix B Electricity prices 

To form the expected annual heating cost for each house, the energy price must be mul-
tiplied by the amount of energy consumed for heating. The energy price for technology j 
is the sum of the electricity retail price prj and the distribution fee pdj . For ground heat, 
the electricity costs are divided by three, which is the expected coefficient of performance 
for ground heat pumps.14 

During the sample period, both prices included a fixed fee and a marginal cost in 
c/kWh. In the data provided by the Energy Authority, the fixed fee has been averaged over 
the expected annual load to produce prices that are defined in c/kWh only. The expected 
load is constant within a customer category and across all distributors and retailers. The 
categories relevant for this study are customers with electric heating (expected load 18 
000 kWh) and customers with hydroelectric heating (expected load 20 000 kWh). 
The distribution of electricity is provided by local grid operators, who are responsible 

for maintaining the grid and metering consumption. There were 87 distribution grid 
operators in 2010 and 85 in 2011.15 Distribution pricing is heavily regulated. Prices are 
based on the costs of operating the grid, and distributors are allowed to earn a reasonable 
return on investment. Factors such as population density, forest coverage, snow conditions 
and the length of the grid influence the price level. These factors vary across the country, 
resulting in distribution price differences.16 

The retail market is deregulated, and customers may contract with any of several 
electricity suppliers who operate on the market. It is not possible to know which supplier 
the households buy their electricity from. Therefore, each observation in the data is 
assigned the default retail price in the corresponding grid area. There were 66 retailers 
who acted as default suppliers for a given distribution grid. The default supplier is defined 
as the supplier with a dominant market position within the grid. Typically this is the 
local electricity company, which used to be the incumbent supplier before the market was 
deregulated. 
Table B.1 presents summary statistics on electricity prices. Overall, the pricing for the 

two groups is very similar. Prices for electric heating are on average 10 percent higher 
than prices for hydroelectric heating, but in terms of the range of prices available and the 
development over time, the prices do not differ. The distribution prices for both groups 
increase by over 20 percent from 2010 to 2011. This price increase is due to a large increase 
in the electricity tax faced by consumers. 

14This value is selected based on personal communication with Juha Jokisalo from Aalto University 
Department of Energy Technology and Jussi Hirvonen from the Finnish Heat Pump Association. The 
coefficient of performance used in the National Building Code during this time was 2.5. However, according 
to experts this value had been set as a lower bound, in order to be sure not to overestimate the benefits of 
ground heat. Actual, observed values were typically around 3. 

15The value decreases because of small grids merging with a neighbouring network. 
16The correlations between grid characteristics and distribution price levels are explored in detail in 

Sahari (2019) 
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Table B.1: Summary statistics on electricity prices. 

Distribution prices 
Electric Hydroelectric 

Mean Sd Mean Sd 

Retail prices 
Electric 

Mean Sd 
Hydroelectric 
Mean Sd 

2010 4.41 0.50 3.96 0.44 6.42 0.54 6.13 0.59 
2011 5.36 0.52 4.90 0.45 6.99 0.66 6.70 0.70 

Notes: The table presents summary statistics on electricity prices in the estimation sample. The prices 
are presented for two customer groups: those with electric heating and those with hydroelectric heating. 
Source: Author’s calculations based on price data published by the Energy Authority. 
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Appendix C Heating system purchase costs 

I use information from reported purchase costs in the survey data to construct heating 
system purchase costs for houses in the register data. A standard OLS regression re-
lates observable house and household characteristics to the reported costs, and I use the 
coefficients to construct costs for observations in the register data. 
Table C.1 reports estimation results. For all systems, costs are a linear function of area 

to heat. Introducing a cubic term would increase the fit, but results in negative values 
as house size increases. Costs for electric heating and ground heat are correlated with 
household and location characteristics. Gross household income above 80 000 indicates 
higher purchase costs. This may reflect quality, or be related to high income households 
building in locations where costs are higher. This is typically the case in town locations, 
and indeed the unit purchase costs of ground heat are higher if a town plan prevails 
on the building site. Furthermore, the costs of ground heat are a decreasing function 
of heating degree days. In expectation, the purchase costs should increase with colder 
climate, because the increased heat need means that a deeper hole must be drilled for 
heat extraction. However, higher values for heating degree days are observed in eastern 
and northern parts of the country, which tend to have a lower overall cost level. This 
effect thus seems to dominate the effect of increased heat need. 
The figures below plot the reported costs in the survey data and the cost estimates for 

each heating option. Common features for all the options are that there is a large variance 
in the reported costs and that the observations are concentrated around even sums. For 
example, for hydroelectric heating there is notable concentration around 10 000 and for 
ground heat at values of 15 000 and 20 000. This is probably due to the formulation of 
the survey question: it asked to state heating system costs as ’total approximate costs’. 
Figure C.1 shows costs for electric heating. Most reported costs lie well below 10 

000 euros, but there are two outliers at unrealistically high values of 30 000. The esti-
mated costs capture the average cost level reasonably well, but are estimated on very few 
observations towards the higher end of the house size distribution. 
Figure C.2 shows the costs for hydroelectric heating. Again, the estimated costs match 

the reported average well, but the large variance in the reported costs cannot be captured 
by the estimation. 
Finally, Figure C.3 plots the data and the estimates for ground heat. The reported costs 

show some unrealistically low values close to zero costs. The heat pump and the drilling 
of the borehole both cost around 5000 Euros, hence it is not possible that investment 
costs would be much lower than 10 000 euros. For this reason, costs below 8 000 were not 
included in estimation in order not to make the level of estimated costs too low. 
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Figure C.1: Reported and estimated costs for electric heating. 

Notes: The figure displays the reported costs for electric heating in the survey data, as well as the cost 
estimates based on coefficients reported in Table C.1. The solid line presents costs for households with 
gross annual income above 80 000 euros. 
Source: Survey data provided by RTS Ltd. and author’s calculations. 
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Figure C.2: Reported and estimated costs for hydroelectric heating. 

Notes: The figure displays the reported costs for hydroelectric heating in the survey data, as well as the 
cost estimates based on coefficients reported in Table C.1. 
Source: Survey data provided by RTS Ltd. and author’s calculations. 
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Figure C.3: Reported and estimated costs for ground heat. 

Notes: The figure displays the reported costs for ground heat in the survey data, as well as the cost 
estimates based coefficients reported in Table C.1. The estimates are calculated using at the average value 
of heating degree days. The solid line refers to locations where a town plan is in force. 
Source: Survey data provided by RTS Ltd. and author’s calculations. 

Table C.1: Estimates of heating system purchase costs 
Electric Hydroelectric Ground heat 

Area to heat 29.614*** 56.217*** 33.895*** 
(1.573) (2.199) (4.010) 

High income 1982.809* 1334.834*** 
(1171.762) (358.986) 

Heating degree days -1.132*** 
(0.335) 

Interaction effects with house size 
Location: town 9.950*** 

(1.872) 
Constant 15171.71*** 

(1793.033) 

Observations 216 174 755 
R2 0.61 0.80 0.25 

Notes: The table presents results from an OLS regression of reported heating system purchase costs on 
house and household characteristics. Significance levels: * 10%, ** 5%, *** 1%. 
Source: Author’s calculations. 
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Appendix D Robustness checks 

Estimating the WTP requires assumptions on the level of annual heating costs and on the 
purchase cost of heating systems. The robustness checks examine how results are affected 
by alternative ways of defining these variables and the estimation sample. 
The first robustness check sets the retail price of electricity for all households at the low-

est price available nationwide. Assuming that all consumers buy electricity at the lowest 
price available eliminates retail price variation from the annual heating cost. Differences 
in the total electricity price now originate from distribution prices only. 
The second robustness check assumes that heat consumption is uniform across all 

locations at 100 kWh per square meter. This corresponds to the consumption in the 
southern parts of the country and implies that houses located in colder regions would 
either insulate more or use additional heat sources such as fireplaces to compensate for 
the local climate. Variation in heating costs is now only due to electricity price differences. 
The third robustness check uses an alternative definition of purchase costs. The Build-

ing Information Foundation annually publishes a catalogue of unit prices for all materials 
and labour that are required for building a new house, including the heating system 
(Rakennustieto, 2011). The catalogue is intended to serve as a guide and source of in-
formation for consumers. The foundation annually collects unit prices of materials and 
equipment from manufacturers and importers and publishes average price levels in the 
catalogue. The price information also includes an index for adjusting labour costs region-
ally. 
Table D.1 reports summary statistics on the alternative definitions of purchase costs for 

the chosen technologies in the estimation sample. The costs based on estimates from the 
survey data produce a wider range of values because these are a function of more than one 
variable. The averages are similar except for hydroelectric heating. For this technology, 
the costs reported in the catalogue are much lower than the cost level reported in the 
survey. 
Figure D.1 illustrates how the distribution of annual heating costs changes with dif-

ferent assumptions on electricity prices and heat consumption. Removing the retail price 
variation or the heat consumption variation from the definition of costs causes the annual 
heating costs to be somewhat lower overall, and naturally the spread of the costs is slightly 
reduced. 
The results from the robustness checks are presented in Table 6 in the main text. 
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Figure D.1: Distribution of annual heating costs in the estimation sample at alternative 
definitions of costs. 

Notes: The figure shows the distribution of annual heating costs in the estimation sample for alternative 
ways of defining the electricity prices and energy consumption. ”Base” refers to costs based on local dis-
tribution prices, local default retail prices and heat consumption that varies with local climate. ”Common 
retail” refers to costs where local default retail prices are replaced by the lowest retail price available na-
tionwide. The retail price does not vary across observations. ”Common heat” refers to costs where the 
heat consumption is set equal to 100 kWh per square meter for all locations. 
Source: Author’s calculations. 

Table D.1: Comparison of heating system purchase costs. 

Average Min Max 
Electric heating 
Estimated costs 5000 1481 10 778 
Catalogue costs 4288 1408 8822 

Hydroelectric heating 
Estimated costs 9227 4160 16 696 
Catalogue costs 4585 2006 8360 

Ground heat 
Estimated costs 17 657 10 602 24 830 
Catalogue costs 16 899 16 138 17 827 

Notes: The table presents summary statistics on heating system purchase costs by installed heating system 
in the estimation sample. Costs are constructed for the houses in the sample using two alternative sources 
of information: a survey with reported heating system purchase costs (estimated costs) and a catalogue of 
prices for all materials and labour required when building a house (catalogue costs). 
Source: Author’s calculations based on survey data provided by RTS Ltd. and the catalogue of costs 
published by the Building Information Foundation. 
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Appendix E Additional results 

E.1 Heating system choice and annual heating costs 

This section presents results from a conditional logit estimation of heating choice using 
annual heating costs only. I estimate the following equation on the same sample as the 
WTP estimations: X 

uij = (γ + γkzik)Cij + Aj + κij (5) 
k 

This equation is identical to the WTP estimation, but it omits the heating system 
purchase cost: included are the expected annual heating cost Cij , interactions of this 
variable with household characteristics zik and a constant for electric heating Aj . Table 
E.1 presents the coefficients and average marginal effects from the estimation. A more 
detailed discussion of the heterogeneity in marginal effects can be found in section 5.3 in 
the main text. 

E.2 Estimation on survey data 

The survey data provide additional information, as they allow using reported heating 
system purchase cost for the chosen option in the WTP estimation. This section reports 
estimation results on the survey data, using both the constructed costs and reported costs. 
Note that in both cases the costs for the non-chosen option need to be constructed. The 
survey contains no additional information on expected heating costs and therefore these 
are formed in the same way as for the register data. 
To make the sample comparable to the estimation sample of the register data, the 

sample is restricted to include only electric heating, hydroelectric heating and ground 
heat. Because the survey is not as detailed in household characteristics as the registry 
data, the specifications are not identical. The estimation includes family size, an indicator 
for high income (annual gross household income higher than e80 000) and an indicator 
for location in a town plan area as interactions with the heating cost variable. As in 
the register data estimation, municipality indicators are includes as well as an alternative 
specific constant for electric heating. 
Table E.2 reports the results. Specification 1 is based on the reported heating costs. 

This produces a very high value for the WTP, the median in the estimation sample being 
53. At a 1 percent discount rate, this value is consistent with a lifetime of around 75 
years. This implies that households are extremely forward-looking, perhaps too much so 
for this to be a reliable estimate. Specification 2 is based on constructed heating system 
costs. This estimation results in a WTP which is much closer to the value obtained from 
the register data; the median in the estimation sample is 11. This result is consistent with 
a lifetime of 15 years and discounting at 1 percent. 
In both specifications, the impact of income and location have the same sign as in 

estimations on register data: higher income indicates a higher WTP and a town location 
indicates lower WTP. The effect of family size is very imprecisely estimated. 
Estimation on the survey data produces higher WTP values even when costs are con-

structed in the same way as for the register data. This indicates that there may be a 
sample selection issue with the survey data. The very high WTP estimate obtained with 
the reported costs is likely to be due to the very high variance in the reported heating 
system costs and the small amount of observations. It seems likely that the survey re-
spondents have included different things in their measures of ”approximate total heating 

39 



Table E.1: Annual heating costs and heating technology choice 

1 2 
Annual heating cost -0.073 -0.144 

(0.084) (0.102) 

Interactions with annual heating costs 

Town plan area 0.040 0.044 
(0.003) (0.004) 

Year 2011 -0.030 -0.028 
(0.003) (0.003) 

Household net income -0.001 
(0.000) 

Household debt 0.003 
(0.000) 

Age 0.001 
(0.000) 

Undergraduate -0.018 
(0.004) 

Graduate -0.029 
(0.005) 

Children -0.013 
(0.006) 

Family size 0.001 
(0.002) 

House owner 0.026 
(0.004) 

Experience 0.024 
(0.007) 

Material: stone -0.052 
(0.006) 

constant: electric heating 0.779 
(0.033) 

No. of households 11 418 8891 
ll 0 -1.25e+04 -9767.762 
ll -1.17e+04 -8373.903 

Average marginal effect 
-0.005 -0.010 
(0.000) (0.000) 

Notes: The table presents coefficients from a conditional logit estimation of heating system choice on 
annual heating costs. The options are electric heating, hydroelectric heating and ground heat. 
Source: Author’s calculations. 
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Table E.2: Heating choice estimation, survey data 

1 2 
Purchase cost -0.035 -0.308 

(0.020) (0.033) 
Heating cost -2.464 -3.198 

(0.584) (0.415) 

Interactions with heating cost 
Gross income>80 000 -0.540 -0.679 

(0.183) (0.129) 
Family size -0.038 0.003 

(0.053) (0.039) 
Town plan area 0.455 0.173 

(0.180) (0.126) 
Observations 3387 5889 
Log likelihood -679 -1502 
No. of households 1129 1963 
WTP in estimation sample 
Median 53 11 

Notes: The table presents results from a conditional logit estimation of heating system choice. The options 
are electric heating, hydroelectric heating and ground heat. All specifications include a constant for electric 
heating and municipality indicators interacted with the annual heating cost. Column 1 reports results based 
on stated heating system costs, column 2 reports results based on constructed heating system costs. 
Source: Author’s calculations. 

costs”, as it is not possible that ground heat would have been installed at a cost of less 
than e1000 (the minimum reported cost for ground heat in the survey is e500). 
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