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Abstract: Recent discussion about future energy production promotes the recovery of industrial heat
as a potential solution to reduce carbon emissions. Experts call for an expansion of central heating by
renewable energy systems to ensure a decarbonization of energy systems. In this context, district
heating could play a significant role in city and district planning. Nonetheless, for private households,
environmental aspects are only one factor amongst others as, e.g., capital costs, comfort and security.
In this study, we focus on private household preferences and willingness-to-pay for district heating
and district heating from renewables compared to gas condensing boilers and heat pumps. For the
study, we decided to apply a discrete-choice experiment and collected data on attitudes towards
sustainability, economic aspects and demands for providers of heat supply as dimensions for a factor
and cluster analysis in order to apply a market segmentation. The results show that district heating
by renewables is the most preferred heating option for households followed by district heating from
fossil fuels, heat pumps and gas boilers. Furthermore, the study offers more profound insight into
the willingness-to-pay for each heating option and reports interaction effects for the different market
segments that could be identified in the analysis.
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1. Introduction

The heating system is an essential component of the maintenance and improvement of comfort in
a home, as heat energy is required for heating rooms, incoming air and domestic hot water. Space
heating demand accounts for a significant fraction of the overall residential energy demand. Private
households in Germany consumed about 1570 PJ for heating in 2015; this means more than 69% of
the total final energy demand for residential purposes [1]. In Germany, residential heat supply is
mainly based on two fossil fuels, heating oil and natural gas. According to the German federal ministry
for economic affairs and energy [2], in 2016 about 47% of existing homes were using gas for heating,
while about 24%, had an oil-based residential heating system (RHS). Moreover, 44% of the newly built
homes were equipped with a gas-fired RHS [3].

Due to this vital role of oil and gas, residential heating is strongly linked to policy considerations
related to global warming, the security of energy supplies and increasing energy prices [4].
Several studies emphasized the potential for renovations to reduce greenhouse gas emissions (GHG) [5].
Moreover, the expansion of district heating is an essential option for becoming independent of fossil
fuels [6]. Studies show that in the future district heating will be more cost-efficient, and especially in
large cities the capital costs will become rather low [7,8]. District Heating offers the possibility to use
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a variety of heat sources. On the one hand, it can use heat sources that are often wasted; on the other
hand, heat from renewables can be used to produce carbon-neutral energy [9–11].

From many experts district heating from renewables is seen as one crucial path for decarbonizing
the EU energy system [12–14]. Furthermore, studies show that district heating produced by
a biomass-based combination of heat and power (CHP) is the most widely acceptable heating
alternative in some areas [15–17]. Nonetheless, the renovation of building stocks, optimized isolations
and passive houses can lead to new energy efficiency and therefore to a lower energy demand that can
become challenging to district heating providers [18,19]. In this scenario, a gradual expansion of district
heating to private households could be a future solution. For this purpose, it requires a long-term
planning process that should include costs, resources and environmental and climate aspects [12,20].
In Germany, district heating is becoming more and more important [21,22]. While in the year 2000 only
7% of all new constructed private buildings were supplied by district heating, this value increased to
24% in 2016 [23].

Policy goals for GHG emission reductions and energy efficiency are lacking new policy measures
in building new houses and renovating existing houses. For this purpose, it is crucial to identify the
key determinants and heterogeneity of these choices. Besides newly constructed housing, in particular,
old houses with oil boilers have a significant potential for the replacement of non-renewable fuel
with some alternative heating system or fuel with lower GHG emissions [24]. In 2017, 0.49 million
Germans indicated they would renovate their private heating systems within the next two years.
Another 1.26 million are thinking of renovating, but the final decision has not yet been made [25].
Therefore, existing houses represent a significant potential source of emission reductions as well,
compared to new house construction.

This paper is focused on private households’ preferences for district heating and district heating
from renewables. Both homeowners and renters are included. We applied a Discrete-Choice Experiment
(DCE) to compare the preferences and willingness-to-pay for different heating alternatives (district
heating from fossil fuels, district heating from renewables, heat pump and gas condensing boiler).
The DCE-method allows for a detailed analysis of household preferences for the different heating
alternatives. From the results, the additional willingness-to-pay a price premium for district heating
from renewables is derived.

In previous studies employing choice modelling, the focus was on customer, home and spatial
characteristics, whereas heating system attributes have not been considered. Furthermore, these
studies mostly relied on ownership data; in such cases, the choice is understood as ownership or
availability rather than the actual or planned purchase of a heating system. For example, Vaage (2000)
and Braun (2010) analyzed the determinants of (actually) owning the heating system, using Norwegian
and German cross-sectional household data, respectively [26,27].

Our study extends previous works employing choice modelling by explicitly presenting
environmental impacts for each labelled heating system as absolute emission levels and customizing
the choice sets according to the availability of district heat. Utilizing our choice modelling results,
we then aim to calculate the willingness-to-pay for different heating systems. In order to analyze the
Willingness-to-Pay (WTP) for different household and market segments, a cluster analysis was carried
out based on the attitudes of the households towards local providers, sustainability and economics of
heating systems. The final clusters were connected to the WTP. Furthermore, we considered, concerning
WTP changes, if the household is in the process of planning a renovation of the heating system.

2. Materials and Methods

2.1. Questionnaire and Sampling

The objective of this study is to analyze preferences of individuals who are making or planning
heating system decisions. Correspondingly, the study sample comprises individuals who are currently
building or planning a new detached house. Homeowners who are replacing or planning to replace their
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existing heating system enter the sample as well. A third group are renters who consider the heating
system and the associated costs when they are looking for a new flat (i.e., all adult Germans potentially
belong to this group). The consumer sample of the survey was drawn from an online panel from the
company Respondi. Respondi is an international ISO-certified panel provider. The internationally
valid ISO 26362 standard evaluates the design and the operating effectiveness of quality management.
Four hundred and ninety-two respondents completed the survey. Table 1 presents descriptive statistics
for the sample.

Table 1. Demographics of end-users in Germany.

Characteristic Sample Germany

Gender (n = 482) (Genesis 2018)

Male 49.2% 49.35%
Female 50.8% 50.65%

Income

< 1,300€ 21.1% 22.9%
1,300–2,600€ 37.0% 39.2%
2,600–3,600€ 23.5% 17.6%
3,600–5000€ 12.5% 12.6%

> 5000€ 5.9% 7.8%

Age

18–30 22.4% 18,4%
31–45 26.6% 21,9%
46–65 42.9% 35,6%
> 65 8.1% 24,1%

Place of residence

Small Town (pop. <5000) 16.2% 14.2
Small City (5,000–20,000) 19.9% 26.4

Medium City (20,000–100,000) 22.8% 27.5
Big City (> 100,000), centre 18.7%

31.9Big City (> 100,000), periphery 22.4%

The data show that the sociodemographic of the sample is quite similar to the German population.
Nonetheless, within the sample, the generations above 45 years old are underrepresented, and people
in big cities are overrepresented.

Besides sociodemographic data, the questionnaire consists of data about households’ experiences
with different forms of heating systems, images of different heating systems, attitudes about providers,
price and sustainability of heating systems, scenarios about the future and discrete choice sets with
varying prices and different selections of heating systems.

2.2. Discrete-Choice Experiment

In addition to questions on socio-demographic characteristics and agreements with statements on
energy and heating systems, a DCE for heating systems was included in the questionnaire. After the
DCE, respondents were asked about their current heating system, whether they had replaced the
original heating system in the last years and whether they had any plans to replace or renovate the
current primary heating system in the future.

The DCE method is based on microeconomic theory according to which individuals always try to
maximize their benefit [28].

In a choice experiment, respondents indicate their preference through (repeated) decisions, with
which they choose the one alternative out of different alternatives or goods (evoked set) that they
prefer most. The choice can be interpreted as the discrete variable that possesses the characteristics
‘chosen’ or ‘not-chosen’. According to Lancaster (1966), a good or product can be understood as
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a bundle of different objective characteristics from which a consumer derives utility for this good [29].
The Nobel price winner McFadden (1974) refined this approach with recourse to the random utility
theory of Thurstone (1927) [28,30]. Hereby, it was possible to calculate the utility that consumers derive
from the different product characteristics based on choice decisions via logistic regression models.
The DCE method has the advantage of accounting for the multi-attribute nature that characterises
most behavioural decision-making processes.

As mentioned, in DCEs, individuals must choose from a set of different products offered at
determined prices. The products differ regarding the tested product attributes (e.g., annual operation
costs, etc.). According to microeconomic theory, participants will choose the product with the highest
benefit. Employing DCEs, individuals’ benefit for each tested product attribute can be measured, as
well as the influence of each product attribute on the probability of purchasing the product.

On the basis of the attributes in Table 2, an experimental design plan was developed for carrying
out a discrete-choice experiment. A choice design consists of sets of several alternatives, and each set of
alternatives is called a choice set. Each single alternative can be described by the different attributes and
attribute levels. The chosen attribute levels are based on literature research and on expert judgment.
The final choice task for the respondent is to choose the alternative she or he prefers most out of the
given set.

Table 2. Attribute and characteristics in the Discrete-Choice Experiment (DCE).

Attribute Characteristic 1 Characteristic 2 Characteristic 3 Characteristic 4

Heating system District heating from
fossil fuels

District heating
from renewables

Ground
heat/heat pump

Gas
condensing boiler

Annual operation costs/m2 6 € 8 € 10 € 12 €

Investment costs in € * 4 k 6 k 8 k 10 k

Primary energy factor 0.0 0.7 0.8 1.1

CO2-emission in kg CO2/ m2/a 0.4 13 14 20

Price risk low middle high

* (without 3 k € for ventilation system).

The DCE of heating systems was conducted using choice sets offering three heating system
alternatives with varying level attributes: (1) Annual operating cost, (2) investment cost, (3) primary
energy factor, (4) CO2 emissions and (5) price risk (Table 2). The heating systems in the choice sets
were (1) district heating from fossil fuels, (2) district heating from renewables, (3) ground heat/heat
pump and (4) gas condensing boiler. The investment costs had the levels 4000 €, 6000 €, 8000 € and
10,000 € for private households.

The respondents were asked to choose for each choice set the heating option they would choose if
they were to buy/construct a new house or renovate their actual systems, and if there were no other
options available. Moreover, they were told that they should assume that their house or flat was
currently either located near a heating network or connected to such a network. The investment costs
were related to a house/flat measuring 120 m2.

The choice of attributes and their levels (Table 2) was based on earlier studies, on feedback from
experts and on a pre-test of the questionnaire. The same levels of investment cost and required
own work for both house size classes were chosen, as these attributes vary significantly. The annual
operating cost and CO2 and fine particle emissions were calculated based on the energy consumption
of an average detached house, the efficiency of a heating system and the unit price/emission of a fuel
and expressed as annual totals in the choice experiments.

In total, 12 different (unlabeled) choice sets were generated using the Software NGene [31],
allowing for the main effects to be identified and estimated without confounding. For that purpose,
all parameters mentioned in Table 2 were used to set up an efficient design by using priors based on
expert judgement (e.g., negative priors for cost parameters).
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Each choice set consisted of three alternatives and each respondent had to make all 12 choice
decisions. Nonsensical choices were eliminated by using restrictions in the generating process of
the experimental design. The choice sets had different orderings of the heating systems to eliminate
possible ordering effects in choices. See Table 3 for a choice set example.

Table 3. Choice set example.

Alternative 1 Alternative 2 Alternative 3

Characteristic District heating renewables District heating fossil fuels Heat pump

Annual operation costs/m2 12 € 12 € 6 €

Investment costs 6000 € 6000 € 8000 €

Primary energy factor 0,0 0,7 0,8

CO2 emissions in kg CO2/m2/year 0,4 14 13

Price risk low low high

Our model is estimated in WTP space using a DCE that accounts for unobserved heterogeneity in
correlated WTP coefficients and observable user group and demographic (homeowners vs renters)
characteristics. Train and Weeks [32] recommend this approach and reparametrize the random
parameter (mixed) logit model (RPL) by defining the distribution of WTP directly. Thus a generalized
multinomial logit model (GMNL) is applied [33]. Interaction terms for WTP measures and user
group and demographic variables are included in it. Consequently, significant differences in monetary
valuations of product traits can also be explained based on observable respondent-specific attributes.
The calculated WTPs relate to the annual operation costs per m2 and year because this parameter was
used for GMNL estimation for the monetary evaluation. In the Supplementary Materials a detailed
overview about the applied model is given.

As a further important feature, unlike most other WTP space studies, we allow for correlations
between the random WTP coefficients of different attributes.

2.3. Cluster Analysis

During the survey, attitudinal statements were given to the respondents on a five-point rating
scale from “important (1)” to “unimportant (5)”. Overall, 13 variables were used to learn about the
attitudes of the consumers towards local providers, sustainability and economics of heating systems.
For market segmentation of the households, these 13 variables were reduced to a lower number of latent
variables, utilizing principle component analysis. The aim is to display the high quantity of variables
while simultaneously obtaining a low loss of variance. The final number of factors was determined
by the Kaiser criterion (Eigenvalue > 1) and crosschecked by plotting a scree plot [34]. For a more
straightforward interpretation of the factors, varimax rotation was applied. Finally, Cronbach’s alpha
scores were used as a measure for internal scale reliability.

In order to achieve a customer segmentation, k-means clustering was applied to the factors.
Cluster analysis was used for the minimization of variance within different groups of costumers in the
dataset. For calculating the distance between the individuals, squared Euclidean distance was used.
For the determination of the final number of clusters, the Ward method was performed beforehand.
Additionally, outliers were eliminated by single linkage clustering. Initially, the dendrogram and the
elbow criterion were observed to determine the final number of clusters.

3. Results

3.1. Cluster Analysis

In a first step, the analyses focused on participants’ expectations about energy suppliers.
These expectations were analyzed by 13 items concerning price, transparency, form of partnership and
environmental impact (see Table 4). For each item, a five-point-rating scale was used with a range from
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important to unimportant. A principal component factor analysis was conducted on the 13 items with
varimax rotation. The Kaiser–Meyer–Olkin (KMO) measure verified the sampling adequacy for the
analysis, KMO = 0.904, and all KMO values for individual items were higher than 0.84, which is well
above the acceptable limit of 0.5 [35]. As the criterion for extracting the final factor solution, an initial
analysis was run to obtain eigenvalues for each factor in the data. Three factors had eigenvalues over
Kaiser’s criterion of 1 and in combination explained 67.11% of the variance.

Table 4. Factor loadings from principal component factor analysis: Communalities, eigenvalues,
percentages of variance, and alpha value for items of preferences of heating systems (N = 492),
KMO = 0.904.

Factor Loading

Item
1

Price and
Financial Security

2
Local Provider

3
Sustainability Communality

Reasonably priced heating system 0.84 0.11 0.10 0.72
Reasonably priced initial outlay 0.78 0.20 0.12 0.66

High security of supply 0.75 0.13 0.33 0.69
Low fluctuations in prices 0.70 0.35 0.10 0.61

Transparent accounting 0.70 0.20 0.31 0.63
High trust in provider 0.52 0.45 0.38 0.61
Local contact person 0.25 0.82 0.04 0.73

Local provider 0.01 0.75 0.33 0.68
Direct contact to the provider 0.33 0.70 0.17 0.62

Long-term partnership 0.28 0.68 0.23 0.55
Low pollution 0.17 0.21 0.86 0.80

High share of renewable Energy 0.18 0.23 0.83 0.77
Future efficiency of energy source 0.46 0.21 0.62 0.64

Eigenvalue 6.13 1.46 1.14
Variance explained in % 47.13 11.20 8.78

α 0.83 0.78 0.79

Note. Boldface indicates the highest factor loadings.

Table 4 shows the factor loadings after varimax rotation. The items that cluster on the same factor
suggest that factor 1 represents a preference for price and financial security (F1), factor 2 represents
a preference for local providers (F2) and factor 3 represents responsibility for the environment and
sustainability (F3). Cronbach’s α measured the reliability of the factors. All factors had high reliability;
all Cronbach’ α were above 0.78, which is considered “good” regarding internal scale reliability.

Factor 1 combines positive attitudes towards price and financial security. The variables reflecting
these factors mainly include reasonable pricing, transparency and stable prices. Further variables of
this factor are high trust in the provider and high security of the supply. The second factor identifies
mainly locally attitudes towards the important characteristics of heating systems. Direct contact to
a local provider and a long-term partnership belong to factor 2. F3 pools items which display the
importance of sustainability (e.g., pollution of a high share of renewable energies).

Based on the three factors, three clusters were identified after eliminating six outliers (see Figure 1).
The results confirm the existence of different consumer segments regarding attitudes towards heating
systems. The first and largest cluster, “The Locals”, represents 56.3% of the sample. These consumers
show less sensibility for prices and prefer a local provider. At the same time, they show some
preferences for sustainability.

The second cluster, “The Price Sensitives”, is characterized by high scores for the factor “price and
financial security”; the factors “local provider” and “sustainability” are not as relevant as in the other
clusters. The third cluster “The Ecologists” consists of people who take care of environmental aspects.
People in this cluster exhibit a relatively high sense of responsibility for environmental issues, but do
not care about a local provider.
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3.2. Discrete-Choice Experiment

The results in Table 5 demonstrate that district heating from renewables is the most preferred
heating system in this study based on the annual operation costs and under the assumption of identical
investment costs for the heating systems under consideration. The households indicated a WTP of
10.32 € per m2/a for this alternative, compared to the reference gas condenser boiler. In second place
follows district heating from fossil fuels with a WTP of 5.43 € per m2/a. Compared to the reference,
ground heating had a positive and significant WTP as well.

The parameter for the investment costs revealed that for an increase of these costs of 10,000 €,
the households must be compensated with decreased annual operation costs of 3.45 €/m2/a for
evaluating both as equivalent. For a house or flat with 120 m2 and an assumed physical life of
20 years for all components of the heating system, this compensation adds up to 8,280 € (120 m2

× 20a × 3.45€/m2/a). The uniform lifetime was assumed for better comparability, and it is known
that some individual components of the heating system have a significantly longer lifetime. These
investment costs are more critical for the household choice of the heating system compared to the
annual operation costs.

Table 5. Results estimation in Willingness-to-Pay (WTP) space.

Parameters and Interactions WTP in €/m2/a
(coeff.)

Std. Error z-Value

mean estimates random parameters
district heating from fossil fuels 5.43 *** 0.46 11.89
district heating from renewables 10.32 *** 0.44 23.45

ground heat/heat pump 3.29 *** 0.32 10.29
investments costs * 10.000 −3.45 *** 0.48 −7.13

sd. mean estimates random parameters
district heating from fossil fuels 3.03 *** 0.32 9.49
district heating from renewables 3.29 *** 0.23 14.23

ground heat/heat pump 2.10 *** 0.24 8.89
investments costs * 10.000 2.08 *** 0.56 3.69
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Table 5. Cont.

Parameters and Interactions WTP in €/m2/a
(coeff.)

Std. Error z-Value

mean estimates interaction ‘ecos’
district heating from fossil fuels × ecos −1.71 ** 0.59 −2.91
district heating from renewables × ecos 1.41 *** 0.37 3.78

ground heat/heat pump × ecos 0.26 0.34 0.77
mean estimates interaction ‘price sensitives’

district heating from fossil fuels × price sensitives −3.03 *** 0.68 −4.43
district heating from renewables × price sensitives −3.34 *** 0.36 −9.18

ground heat/heat pump × price sensitives −1.03 ** 0.37 −2.79
mean estimates interaction ‘locals’

district heating from fossil fuels × locals −0.37 0.31 −0.79
district heating from renewables × locals 0.31 0.47 0.93

ground heat/heat pump × locals −1.05 *** 0.31 −3.39
mean estimates interaction ‘house owner’

district heating from fossil fuels × house owner −2.38 *** 0.47 −5.07
district heating from renewables × house owner −2.53 *** 0.28 −8.92

ground heat/heat pump × house owner −0.73 ** 0.26 −2.82
mean estimates interaction ‘plan’

district heating from fossil fuels × plan 1.58 ** 0.60 2.63
district heating from renewables × plan −0.38 0.37 −1.04

ground heat/heat pump × plan −1.17 ** 0.36 −3.26
sd. mean estimates correlated random parameters

district heating from fossil fuels/district heating from r. 1.02 ** 0.32 3.23
district heating from fossil fuels/ground heat 0.99 *** 0.22 4.59

district heating from fossil fuels/investment costs −6.10 *** 0.42 −14.53
district heating from r./ground heat 3.26 *** 0.24 13.83

district heating from r./investment costs −6.27 *** 0.32 −19.46
ground heat./investment costs 0.75 3.11 0.24

scale (mean) −3.83 *** 0.08 -5.12
scale heter (τ) 0.90 *** 0.07 14.02

observations 5,784
Log likelihood −4,077.20

Note: ***, **, * significant at the 0.1%, 1% and 5% levels, respectively.

If the fact that investment costs for access to district heating are in general lower in comparison to
investment costs for gas condensing boiler is accounted for, the WTP for district heating is reduced;
e.g. if the difference is 10.000 €, the calculated 3.45 €must be subtracted (WTP-district-heating fossil
fuels reduced = 5.43 € – 3.45 € = 1.98 €). In Germany in 2018, the cost difference between district
heating and gas condenser boiler was on average about 2.30 € per m2/a [36]. Therefore, the revealed
WTP in the survey for district heating from fossil fuels reduced by the difference in investment costs is
about the cost difference that can be found in the market. Nevertheless, full cost accountings for gas
boilers and district heating show smaller cost difference between the heating systems, especially for
multi-family housing [37].

It should be highlighted that in this study households stated a significant additional price premium
just for the fact that the district heating is coming from renewables instead of fossil fuels. However,
it has to be considered that households could have overstated their WTP because they were only
making a hypothetical choice. Despite this fact, the results are still a good indicator for the preference
ranking of the different heating system. All standard deviations of the random parameter coefficients
in the GMNL model are significantly different from zero. Respondents weight the attributes differently
and averaging these weights across respondents leads to statistical insignificance.

3.2.1. Interaction Effects

Concerning the different clusters, a high degree of heterogeneity between the segments can be
found, as can be seen from the numerous significant interactions. It appears plausible that Ecologists
revealed a significantly higher WTP for district heating from renewables (∆+1.41 €), whereas they
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pay less for district heating from fossil fuels (∆–1.71 €). This finding is in line with research for green
electricit; e.g., Hille et al. [38] found that ecologically orientated people are willing to pay a price
premium for electricity produced from renewable energy sources.

Price sensitives show a lower WTP for district heating from fossil fuels (∆–3.03 €) and district
heating from renewables (∆–3.34€). For this group, it can be hypothesized that these do not want to
be bound for a long time on only one system so that they can switch to the cheapest heating option
or cheapest supplier. Interestingly, house owners had a below-average WTP for each kind of district
heating (∆WTPfossil: –2.38 €, ∆WTPrenewables: –2.53 €). The reasons for that behaviour are unclear.
It could hypothesize that house owners have a higher need to be free in their energy supplier choice or
that they are satisfied with the current heating system.

Respondents in the process of planning a new heating system revealed an above-average WTP for
district heating from fossil fuels (∆+1.58 €) and the WTP for district heating from renewables is not
reduced in comparison to the rest of the sample. Therefore, it can be stated that even when it comes to
the real-world decision, district heating is still highly preferred.

It should be noted that, concerning calculation of the WTP, for one of the mentioned segments,
the interaction effects have to sum up to the main effect; e.g., for the price sensitives and district heating
from renewables, the calculation is:

WTP for district heating from renewables for the segment price sensitives =

WTP district heating from renewables + WTP district heating from renewables × price sensitives

For the mentioned case, the WTP for district heating from renewables for the segment price
sensitives is 6.98 € (10.32 €–3.34 €) and 2.40 € (5.43 €–3.03 €) for district heating from fossil fuels.

3.2.2. Interactions between Attribute Preferences

The random parameters are defined as being correlated with each other. Table 6 presents the full
correlation matrix of the random parameters for the GMNL-WTP-space model. There is a statistically
significant positive association between the preference for district heating from fossil fuels and district
heating from renewables, i.e., those respondents who exhibit a higher WTP district heating from fossil
fuels are more likely to value district heating from renewable alternative as well. This correlation is
less strong between ground heating and the district heating options.

Table 6. Correlation matrix random parameters.

Parameters d.c. from
Fossil Fuels

d.c. from
Renewables Ground Heat Investments Costs

d.c. from fossil
fuels 1.00 0.85 0.44 −0.89

d.c. from
renewables 0.85 1.00 0.58 −0.89

ground heat 0.44 0.58 1.00 −0.24
investments costs −0.89 −0.89 −0.24 1.00

3.2.3. Scale Heterogeneity

Besides preference heterogeneity, we also find statistically significant scale heterogeneity. Therefore,
the assumption of identical scales across individuals should be rejected. The value of the parameter
of scale heterogeneity (0.639) showed a considerable scale heterogeneity for respondents (Table 5).
The rather quantitatively tremendous value implies that a certain degree of randomness existed in their
choice decisions, and hence a certain degree of uncertainty. A plausible explanation for this specific
degree of uncertainty was that many respondents might not be able to disentangle sophisticated
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ecological and environmental attributes and discern the utility changes associated with different
heating options.

4. Discussion

The results clearly show that ‘district heating from renewable energies’ is the most preferred
heating option for the analyzed households. The ranking of the other alternatives is ‘district heating
from fossil fuels’, ‘heat pump’ and ‘gas’. It should be highlighted that the participants revealed
a significant additional WTP for ‘district heating’ just for the fact that it is from renewable energies.
The WTP is about 5 € higher for this option than for ‘district heating from fossil fuels’. Nevertheless,
the WTP differs between different consumer segments in the market. During the study, we could
identify more than 18% of the participants in our survey as price sensitive. Within this group, the WTP
for district heating from renewables but also district heating from fossil fuels is much lower than for
the average participant in the survey. On the other hand, we can see a segment of more than 25% that
has an above average WTP. We call this segment “The Ecologists”; this cluster of people stated a high
preference for low pollution and a high share of renewable energy. Furthermore, the cluster we called
“The Locals” also has a high WTP for district heating, especially for district heating from renewables.
“The Locals” represents about half of the sample.

Even if we reconsider that the probability of overestimating the WTP is very high in a discrete choice
experiment, the data show significant preferences for district heating and renewable energy systems.
Another issue is the representativeness of the sample. In our sample we have an overrepresentation of
people age 45 and younger and an underrepresentation of people age 45 and older. This may affect
the results in both ways; on one hand, older people do usually have a better financial background;
on the other hand, younger people often have a more positive attitude towards ecofriendly technology.
Nevertheless, the findings demonstrate that house owners and renters in Germany are aware of the
association of energy and global warming and are willing to pay a higher price for ecofriendly energy.
Thus, from a demand side, most parts of the population do already favour district heating. Therefore the
discussions about using district heating for decarbonization [6,9,10] seem to be supported by the
German population. Especially people who plan to build a new heating system prefer district heating,
while house owners have a lower WTP for district heating. Considering the review of Werner [24],
which shows that especially old houses with oil boilers have a high potential for reducing greenhouse
gas emissions, the results show the positive attitudes of consumers towards this potential. On the
other hand, house owners, in general, seem to be more sceptical. This could mean that house owners
who do not plan to renew their heating systems are satisfied with their current situation. In general,
it seems to be possible to use district heating for decarbonization from the demand side.

“The Price Sensitives” show a low WTP for district heating. Based on the current study, we cannot
explain the reasons for this behaviour. It seems obvious that, especially in this cluster, the estimated
installation and operating costs play a major role. It is possible that district heating is seen as
a complex system that deals with long-lasting contracts up to 10 years (maximum contract period in
AVBFernwärmeV §32). This could give rise to fears that this would be expensive in the long term.
However, district heating is characterized by stable prices, which may only be adjusted according to
defined rules (Preisänderungsklausel AVBFernwärmeV §24). The volatile prices of energy sources
such as gas or oil only lead to minor price fluctuations due to the pro-rata consideration. To analyse
the different motives and drivers for the different clusters of consumers, more research is necessary.

This study was conducted under the assumption that the various heating alternatives are available
to all end customers and that the decision is primarily based on economic and ecological aspects and
personal preference. In reality, however, in addition to the willingness of the customer, the technical
and organizational requirements must also be met. One condition is the existence of a district heating
network to connect to, which is usually possible mainly in urban areas. About 30% of the total German
population live in the 70 largest German cities, and at the same time more than 50% of the total
district heating sales are generated there [39]. This is because district heating has its advantages above
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all when as many heat consumers as possible can be connected per meter of pipeline, so densely
populated urban areas with apartment buildings are particularly suitable. However, especially in
the case of apartment buildings, the individual cannot determine his or her own type of heat supply
independently of the other occupants/co-owners of the house owner.

Since the energy supplier must ensure that its heat generation units can meet the customer’s heat
requirements, the expansion of the district heating grid needs to be planned in detail, especially because
the construction of a new production plant and new pipeline is associated with high investment costs.
In order to minimize the entrepreneurial risk, analyses of potential customers are an important part of
the planning process, also because the connection rate has a massive influence on the heat generation
costs of the individual system [40].

In recent years, the importance of district heating networks for achieving climate targets has been
demonstrated in numerous studies. European legislators have also taken note of this and no longer
concentrate solely on electricity and transport, but recognize that a successful energy turnaround
is not possible without the heat sector. Large unused potential has been identified in the heating
sector. Today, heating and cooling are seen as the key to accelerated decarburization of the energy
system [41]. This has also led to demands for corresponding investments at the political level national
and in Europe [42].

If today large amounts of heat are still obtained from highly efficient CHP processes, the integration
of renewable energies is particularly important for the future. The 40/40 strategy drawn up by the
German District Heating Association shows that, in combination with the energetic renovation of
buildings, a reduction of CO2 emissions by approximately 80% can be achieved by 2050 (compared
to 1990). This requires innovative systems and solutions, which are predominantly accompanied by
massive investments and thus make it more difficult to achieve economic viability and, above all,
to compete with conventional fossil supply alternatives. Through suitable support programs and
investment incentives, these potentials can be better utilized in the future [43].

From a technical point of view, numerous renewable alternatives are already available as potential
heat sources (e.g., solar thermal, biomass, geothermal, power to heat, surplus or waste heat from
industrial companies, etc.). The challenge in many places is to adapt existing district heating systems
so that the technical integration of volatile sources (solar radiation can vary greatly) is possible at
the required temperature level. That this is possible has already been demonstrated by successful
lighthouse projects [44] and the steadily growing number of solar thermal heat sources. The thermal
capacity of solar heat in German district heating grew by around 50% in 2019 to a total of 70 MW [45].
The continuing need for research is underlined by ongoing national and international research projects
in the field of renewable energies (e.g., Upgrade DH, ReUseHeat, Solnet 4.0, etc.). It is also an important
part of the 7th German Federal Government’s energy research programme [46].

At the end we would highlight the fact that in surveys respondents sometimes tend to give
answers that they think are expected or favoured by those conducting the survey, which may lead
to a gap between the stated WTP and actual the WTP. Furthermore, DCE studies have shown that
respondents often ignore one or more attributes when making choices, which may lead to biased WTP
estimations [47,48]. Therefore, it is planned to merge the collected data with data from other sources to
calibrate and to identify an appropriate scaling factor for the found WTPs. Nonetheless, we assume
that the measured preference structure of the household, that is the relative importance of the attributes
to each other, is stable.
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