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Abstract

Background Compared to other sectors, the building sector is seriously lagging in efforts to mitigate climate
change. In particular, heat provision needs to move to low-carbon options at greater speed. Municipalities are essen-
tial players in the transition to low-carbon heating. However, little is known about their experiences in developing
heat provision infrastructure and their expectations of low-carbon options, such as district heating based on renew-
able energy. To explore how the experiences and expectations of municipalities concerning low-carbon heating are

related, we conducted a survey of officers responsible for heating technology in municipal authorities across Ger-
many. The questionnaires were analysed using multiple quantitative data analysis techniques.

Results Our findings suggest that officers in larger municipalities have more positive expectations of low-carbon
heating technologies than those in smaller and medium-sized municipalities. They also have more experience

with these technologies. We identified four different clusters of municipalities based on their attitudes towards heat-
ing systems. The findings suggest that attitudes and experiences have a significant influence on the desirability

and expected feasibility of the expansion of district heating. Furthermore, there are differences between south, north,

and east Germany.

Conclusions Exchange of experiences and expectations between larger and smaller municipalities could facilitate
the transition to low-carbon heating. Public policy could strategically provide spaces for the required exchange, but it
also needs to engage with more complex questions of finance and regulation.

Keywords Buildings, District heating, Survey, Municipalities, Experiences, Futures

Background

Efforts to mitigate climate change are gaining traction,
but the building sector is seriously lagging behind [1].
Three-quarters of global energy generated are currently
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consumed in cities, where space limits imply challenges
to low-carbon energy supply [2]. Cities can be power-
ful actors in curbing energy-intensive and greenhouse
gas-emitting heat supply, but the lack of resources and
expertise in mid- and small-sized towns calls for bet-
ter integration of these actors in research efforts [3].
Municipalities are usually important actors in the
energy supply, as they own critical infrastructures and
have resources for planning energy supplies [4]. This
is decisive for district heating, because it can include a
range of low-carbon technologies and be the most eco-
nomical heat supply in locations with sufficiently dense
buildings through economies of scale [5, 6]. Although
energy-saving technologies such as insulation seem to be
generally useful to lower carbon emissions independent
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of location, heat pumps have been suggested as a comple-
mentary technology for less densely built-up spaces [6].
However, researchers argue that policy strategies, such as
those of the European Union, risk ignoring the benefits
of district heating, especially in urban areas, when they
focus primarily on heat pumps and energy savings in the
building sector to fulfil greenhouse gas emission targets
[7]. In its energy efficiency directive, the European Union
stated that district heating has great potential, including
for small and medium-sized suppliers, but only if regula-
tion is conducive [8]. The extent to which such regulation
could be supportive and what other factors could drive
district heating have not been established. Even when
regulation aims to support district heating, it may not be
effective, as municipal companies often provide incum-
bent technologies, such as gas grids and boilers. Moreo-
ver, because municipalities’ views on alternative heating
technologies, such as district heating, have not received
research attention thus far, there may be further barriers
that have not yet been uncovered. Whether and under
what circumstances municipalities will embrace low-car-
bon technologies remain open questions.

In this paper, we empirically explore the expectations
of persons in municipal authorities who are responsible
for heat provision technologies, including district heat-
ing and heat pumps as low-carbon options and gas-based
systems as currently popular technology. Our quantita-
tive analysis draws on a survey of officers responsible for
heating technologies in municipal authorities across Ger-
many and links their future expectations of heating tech-
nologies to their experiences and locational attributes.
Focusing on district heating, the analysis suggests that
municipal officers differ in their experiences with and
expectations of heat provision technologies, especially
concerning climate change mitigation. Responsible offic-
ers in larger municipalities and municipalities in certain
regions generally have greater experience with district
heating, which could be shared with smaller municipali-
ties that lack such experience.

Our study adds to the limited previous social and
economic research on district heating and energy gov-
ernance at the municipal level. Transitions research
that complements the approaches of transitions man-
agement and of the multi-level perspective with inves-
tigations of development arenas and path dependency
suggests that high investment costs of district heating,
combined with very low marginal costs, imply only
slow changes and path dependencies [9, 10]. However,
economic modelling has shown that the capital costs of
district heating are comparatively low, even concerning
competing heat supplies and typical prices when cities
are dense [11]. In these areas, district heating should
cope with reduced heat demand when energy savings
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are made [11]. Economic drivers may still be insuffi-
cient for rolling out district heating at scale. Transitions
research with a focus on path dependency of technol-
ogy and governance of heating systems points out that
the provision of district heating infrastructure can have
a long tradition in cities, including combined heat and
power, thus implying great expectations of reliable pro-
vision [10]. Although external factors, such as oil and
gas crises, can destabilise existing arrangements, rea-
lignment of policy and these actors is required to
implement alternatives. Such realignment seems more
straightforward when district heating is already present
because it integrates expertise and interest.

Another application of the multi-level perspective
shows that actors matter, particularly because dis-
trict heating is often combined with electricity within
municipal utility firms [12]. These markets were given
up when municipalities sold these firms [12]. A new
trend is the re-municipalisation of such utilities, which
varies among locations, as studies on municipal util-
ity governance from Sweden and Germany suggest
[12-14]. In Germany, municipalities have a great influ-
ence on local infrastructure and planning, founded on
the German constitution, but to pursue heat provi-
sion objectives, they also need to have control over
regional utilities [9, 15]. In the UK, for example, regula-
tion of relevance to district heating is still aligned with
incumbent energy regimes, as suggested by a study on
approaches of socio-technical systems and infrastruc-
ture governance [16].

Similar studies on local energy governance and plan-
ning emphasise the role of actors and regulations, par-
ticularly of local authorities. When new heat grids are
planned, local authorities can be key actors within larger
networks of stakeholders. Part of their networks can be
community energy groups with detailed expectations and
private district heating firms with expertise and experi-
ence in other projects [17]. Although experiences and
expectations can be shared in such networks, coordina-
tion costs can be very high if no mutual priority areas
or supportive regulation and financing mechanisms are
in place [18]. Moreover, the lack of experience of local
authorities in district heating can imply stronger risk per-
ceptions [17]. However, local authorities can also write
requirements for certain heat technologies in develop-
ment plans to which developers then need to respond
[19]. When municipalities plan alternative energy sup-
plies, they can consider multiple objectives and technolo-
gies. In practice, economic feasibility can be a driving
concern early on, limiting the scope of possibilities [20].
Local authorities may have great or even over-ambitious
expectations in influencing improved energy provi-
sion, which falters when projects seem less feasible than
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previously thought and when poor experience with previ-
ous projects builds up [21].

The ease of implementing and running financially via-
ble alternative heating infrastructure of municipalities
would also depend on their acceptance among citizens
and heat consumers. However, research on the perspec-
tive of heat consumers is limited. A survey of district
heating users in Germany identified costs, energy source
dependence, organisation, security of supply, environ-
mental impacts, and construction works as the most rel-
evant factors identified by consumers regarding district
heating [22]. Network design and supply security were
the next most important attributes. Mirroring these find-
ings, a discrete choice experiment found district heating
based on renewables as the heat source with the high-
est willingness to pay by far among participants [23].
The findings suggest that user requirements should be
considered in grid planning, and communication about
district heating should be improved. Similarly, pricing
mechanisms for consumers may need to be adapted to
new consumer demands and sustainable development
of district heating, among others, with more transparent
prices and seasonal rates [24]. However, as a case study
based on socio-technical transitions theory suggests,
even municipalities that are frontrunners of using renew-
able energy and energy saving, because of proactive local
groups, benefit from national institutions, regulation, and
support programmes [25].

Against this backdrop, the German government aims at
an almost carbon-neutral building sector by 2050, while
about 35 percent of energy is still consumed for heat and
hot water [26]. Besides energy savings, it aims at higher
shares of renewables for heating, including district heat-
ing, for which it provides planning subsidies. Grants and
soft loans for renewable heating technology are available
to private persons, businesses, and public utilities that
municipalities often run. Municipalities are key actors in
Germany’s energy transition, as they engage in renewable
energy and energy-saving projects and the re-municipal-
isation of utilities [14]. They are also involved in devel-
opment planning that can help support heat supply
alternatives. However, it is still unclear how national heat
policy incentives connect to the experiences and expec-
tations of persons engaged in municipalities and which
heating technologies they would prefer to implement.

In Germany, municipal utilities are traditionally part of
large cities as well as smaller towns. Even in the periph-
ery, some municipal utilities resisted the liberalisation of
energy markets from 1990 onwards and partly grew again
[14]. However, larger utility companies gained shares in
smaller municipal utilities and fully bought them, and
new mergers occurred or were re-municipalised. This
led to very diverse municipal energy companies (see also
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[13]). It is, therefore, unclear whether persons responsi-
ble for heating in German municipalities have different
experiences with and expectations of alternative heat-
ing technology. Answers to this question are important
for developing effective strategies to develop low-car-
bon heating infrastructure at the required pace to meet
greenhouse gas emissions goals.

This paper contributes to filling this gap in knowledge
on how municipalities engage with the transition to low-
carbon heating. The empirical methods of our study are
set up to explore how the experiences of persons respon-
sible in municipalities influence expectations of heat pro-
vision. This study aims to answer the following research
questions:

a) Does the experience of municipal officers with dis-
trict heating have a positive influence on their pref-
erence for district heating and their desirability to
expand it?

b) Do their attitudes towards heating systems in gen-
eral influence the stated preference for district heat-
ing and the stated feasibility of implementing it at the
municipal level?

¢) Do their attitudes towards heating systems in general
and district heating in particular differ across loca-
tions in Germany?

Our empirical analysis is the first to offer insights into
the experiences and expectations of the persons respon-
sible for heat and energy at the municipality level. The
findings of our quantitative survey of municipal officers
in Germany can inform strategies to empower munici-
palities to develop low-carbon heat supplies, which is an
inherently complex task.

In what follows, we first introduce our sample of per-
sons responsible for heating in German municipalities,
the methods of our survey, and the subsequent steps of
quantitative analysis. This includes descriptions of the
use of complementary demographic and geographical
data. The next section presents the results in detail. After
a subsequent discussion of our findings, we conclude
with key implications for research and policy.

Data and methods

Data and sampling

We use quantitative approaches to uncover the experi-
ences and expectations of different heating systems in
German municipal authorities with a focus on district
heating. The German Federal Statistical Office pro-
vided a list of the email addresses of German municipal
authorities, of which #=4973 had valid email addresses.
We considered all of them suitable and invited them to
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participate in the survey. In the cover letter, we asked to
forward the link to the online survey to a person respon-
sible for energy and buildings. In total, #=677 munici-
pal officers accessed the online survey that was hosted
via the EFS Survey by the company Questback, result-
ing in a participation rate of 13.6 percent. Out of these,
n =320 respondents finished the questionnaire (termina-
tion rate of 47.3 percent). Considering the high workload
of the target group, we did not force the respondents to
answer all the questions. Consequently, the responses
per question varied between n=226 and n=274. Majors
made up 22.6 percent of the sample (full-time: 14.9 per-
cent; unsalaried: 7.7 percent), another 19.2 percent had a
leading function in the administration, 43.7 percent had
a specialist function in the administration, and 14.5 per-
cent had other positions. Table 1 provides an overview of
the sample.

Municipalities in southern Germany (Baden Wiirttem-
berg, Bavaria, Hesse) are overrepresented in the sample.
Besides demographic data on the municipalities, the
online questionnaire captures experiences with differ-
ent forms of heating systems (gas boilers, heat pumps,
and district heating), attitudes towards heating systems,

Table 1 Sample of the surveyed municipalities

Sample of Municipalities in

municipalities Germany in % [27]

in %
Federal states (n=226)*
Baden Wirttemberg 204 9.96
Bavaria 36.3 18.60
Berlin - 0.00
Brandenburg - 377
Bremen - 0.00
Hamburg - 0.00
Hesse 84 3.85
Lower Saxony 84 8.55
Mecklenburg Western Pomerania - 6.81
North Rhine-Westphalia 13 358
Rhineland Palatinate 7.5 20.85
Saarland 2.7 047
Saxony 7.5 3.82
Saxony-Anhalt 35 1.97
Schleswig-Holstein 4 10.04
Thuringia 35 7.68
Population (n=264)*
Small town (pop. < 5000) 364 73.50
Small city (5000-20,000) 375 20.17
Medium city (20,000-100,000) 189 5.60
Large city (> 100,000), centre 72 0.72

" Respondents were not forced to answer questions. Therefore, the response
rates per question can vary
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providers, price, sustainability of heating systems, and
perceptions of future scenarios of district heating in the
municipalities.

Methods

The methods used in this study serve several purposes.
First, the methods measured the attitudes that officers in
German municipalities have towards different forms of
heating systems and their experiences with these heat-
ing systems. Second, clusters were generated based on
statements regarding environmental protection, local
supply, and economic preferences. These were measured
on 5-point scales and reduced via factor analysis. Third,
the clusters and the knowledge and attitudes were linked
to perceptions about future scenarios of heating sys-
tems that the survey participants rated in terms of desir-
ability and feasibility. Lastly, the findings were related
to the socio-demographic and geographical data of the
municipalities. These analytical steps help uncover com-
prehensive and contextualised pictures of how persons
responsible in municipalities experience different heat-
ing systems and what they expect from them. Where our
analysis focuses on differences between municipalities
and not on individual respondents, we refer to munici-
palities as such and not to specific officers in municipal
authorities.

The analysis began with a description of experiences.
On a five-point scale, the respondents rated their experi-
ence with the three heating systems that were most often
newly installed in residential construction in Germany in
2019. Based on data from the Federal Office of Statistics
in Germany, these were gas boilers (36.8 percent), heat
pumps (29.8 percent), and district heating (26.5 percent)
[28]. As the experiences with the different heating sys-
tems correlate significantly with each other (p<0.001)
and with medium-sized effects (»=0.468 to 0.551), we
summarised the experiences with the heating systems
to a sum scale. A semantic differential that measures the
connotative meanings of each heating system is used to
describe the expectations of different heating systems.

Next, we estimated the extent to which experiences
affect the different clusters of municipalities that rate
the attributes of heating systems homogeneously estab-
lished via cluster analysis. The segmentation of these
homogeneous clusters is based on the rated attributes of
heating systems. For the segmentation, we used 13 items
with a five-point rating scale ranging from “important”
(1) to “unimportant” (5), covering responsible officers’
statements on their attitudes towards the environment,
providers, and economics of heating systems. We used
principal component analysis to reduce the 13 state-
ments to a lower quantity of latent dimensions, since
cluster analysis faces problems of multicollinearity and
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complexity if too many statements are included. The
final number of the latent dimensions was determined by
the Kaiser criterion (Eigenvalue>1) and compared with
the visual scree plot [29]. Varimax rotation was applied
to improve the interpretation of the results. Cronbach’s
alpha scores were used to measure internal scale reli-
ability. Subsequently, we performed a k-means cluster
analysis to segment the municipalities into homogene-
ous subgroups. The cluster analysis reduced the variance
within the different groups of municipalities and hence
led to a solution that offered homogeneous subgroups.
After we eliminated outliers through single linkage clus-
tering, we used the Ward method to determine the final
cluster solution with the squared Euclidian distance to
calculate the distances between the municipalities. We
used a dendrogram for visualisation and the elbow crite-
rion to identify the optimal number of clusters.

We also estimated the influence of the clusters of
municipalities in which the officers responsible rate heat-
ing systems attributes similarly and their experiences on
the desirability and subjective probability of different
future scenarios, for which the respondents assessed two
different predictions of the relevance of district heating
in 2030. Concerning the first scenario, we asked the par-
ticipants to rate the desirability and feasibility of a strong
increase in district heating mainly based on renewa-
bles and to estimate the percentage of households con-
nected to district heating. For the second scenario, they
rated the desirability and feasibility of a publicly financed
expansion of district heating. The respondents also had

45
Gas boiler (M: 3.46; Md:4; SD: 1.02)

40 District heating (M: 3.25; Md:3; SD: 1.12)
35 M Heat pump (M: 3.23; Md:3; SD: 0.99)
30
& 25
=
c
3
S 20
a.
15
10
5 .
0

not at all little
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to determine the percentage of investment costs of dis-
trict heating that should be publicly funded.

Lastly, we compared the results with the demographic
aspects of the municipalities with the help of Nielsen-
Areas for marketing research. Nielson differentiates Ger-
many into seven Nielsen areas that include one or more
coherent federal states, based on economic strength
and consumer behaviour [30]. For our research, we cat-
egorised areas 1, 2, and 3A as the west, areas 3B and 4
as the south, and areas 5, 6, and 7 as the east. East con-
sists of municipalities in Berlin, Brandenburg, Mecklen-
burg Western Pomerania, Saxony, and Saxony-Anhalt.
The south consists of Baden Wiirttemberg and Bavaria.
North consists of municipalities in Bremen, Hamburg,
Hesse, Lower Saxony, North Rhine-Westphalia, Rhine-
land Palatinate, Saarland, and Schleswig—Holstein. This
approach ensured a sufficient number of participants for
each geographic area.

Results

Experiences with and perceptions of heating systems

Of the 274 surveyed German municipalities, 239 respon-
sible officers reported at least little experience with all
three heating systems (Fig. 1). The respondents had the
most experience with gas boilers. However, 25.2 percent
of the sample claimed high or very high levels of experi-
ence with each kind of heating system. Much more (62
percent) reported at least some experience with each
heating system.

some high very high

Self-reported levels of experience

Fig. 1 Levels of experience with different heating systems among German municipalities
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We used the variable “experience” for further calcu-
lations, which consisted of a sum scale of the experi-
ence with all heating systems. This variable had values
from O (“no experience”) to 12 (“very good experi-
ence”) (M=6.93, Md=7, SD=2.53). Persons respon-
sible in larger municipalities reported significantly
higher levels of experience with heating systems than
persons responsible in smaller municipalities (Pearson
correlation, p <0.001, r=0.349).

Figure 2 shows how the respondents perceived gas
boilers, heat pumps, and district heating systems on
a semantic differential. Heat pumps were considered
the most modern and environmentally friendly heating
system but also the least reliable and the most expen-
sive one. Gas boilers were perceived as polluting and
obsolete systems. Further, district heating seemed to
be perceived as a compromise between good practi-
cability, low prices, great reliability, environmental
friendliness, and modernity.

Pearson correlations of experiences with the heating
systems with perceptions of heating systems attrib-
utes showed that the higher the experience, the more
flexible (p=0.044; r=— 0.122), reliable (p=0.006;
0.166), and the less expensive (p=0.046;
r=0.121) district heating was perceived. With greater
experiences, gas boilers were perceived as more nega-
tive with respect to environmental issues (p<0.001;
r=0.263) and modernity (p<0.001; r=0.317) but
more positive regarding practicability (p=0.004;
r=— 0.175). With greater experience with them, heat
pumps were perceived as less environmentally friendly

r=-—

Practicable

Eco-friendly

Low priced

Reliable

Flexible

Modern
1 1,5 2

-+ District heating
Fig. 2 German municipalities’ perceptions of different heating systems
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(p=0.018; r=0.144). However, the effects of experi-
ences on these perceived attributes were small.

Segmentation of municipalities

Table 2 shows the results of a principal component analy-
sis with 13 items on the attributes of heating systems. The
results yielded three factors after varimax rotation: pref-
erence for a local provider (F1), preference for price and
financial security (F2), and responsibility for sustainable
development (F3). The factors explained 56.61 percent
of the total variance. Cronbach’s alpha scores were above
0.70 for all factors, which is considered a “good” internal
scale reliability.

Based on these three factors, four homogeneous clus-
ters of municipalities that rate the attributes of heating
systems similarly were identified via cluster analysis, as
shown in Fig. 3. In the cluster analysis, one municipal-
ity was identified as an outlier and was eliminated. The
results suggest that there were different segments of
municipalities that had heterogeneous demands for heat-
ing systems. The largest cluster, “Local Ecologists’, repre-
sents 45.4 percent (n=119) of the municipalities of the
sample. These municipalities wanted reliable provid-
ers and sustainable systems. The second largest cluster,
“Price Sensitives’, represents 19.8 percent of the munici-
palities (n=52). Municipalities within this cluster found
environmental and sustainability aspects unimportant
while considering price and financial security as the most
important. The “Ecologists” cluster consists of 18.7 per-
cent of the municipalities (n=49). Municipalities in this
cluster demanded environmental sustainability but did

Detailed

Polluting

High priced

Unreliable

Unflexible

Obsolete
3,5 4

Gas boiler

—O— Heat pump
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Table 2 Factor loadings from principal component factor analysis.*
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Factor loading

Item 1 2 3 Communality
Reliable provider Price and financial Sustainability
security

Local contact person 0.804 0.001 0.005 0.646
Direct contact to the provider 0.755 0.133 0.066 0.592
Long-term partnership 0.640 0.270 0.083 0.490
High trust in provider 0.600 0.354 0214 0.532
Local provider 0.563 0.000 0.359 0446
Reasonably priced heating system 0.022 0.810 —0.004 0.657
Reasonably priced initial investment 0.126 0.795 —-0.027 0.649
Low price fluctuations 0373 0.598 -0.017 0.497
Transparent accounting 0.220 0.503 0378 0.444
High security of supply 0.125 0.482 0453 0453
High share of renewable energy 0.155 —0.151 0.832 0.739
Low pollution 0.122 0.000 0.784 0.629
Future efficiency of energy source 0.009 0.408 0.646 0.585
Eigenvalue 4.082 1.765 1.512

Variance explained in % 19.707 19.523 17.380

a 0.752 0.730 0.710

" Communalities, eigenvalues, percentages of variance, and alpha values for ratings of attributes of heating systems (N=263), KMO = 0.794. Boldface indicates the

highest factor loadings

-1,5 -1

Ecologists (18.7%)

Local ecologists (45.4%)

Pragmatic locals (16,0%)

Price Sensitves (19.8%)

= Reliable Provider

= Price & financial security

L mi

Sustainability

Fig. 3 Four clusters of municipalities that rate attributes of heating systems in similar patterns

not care that much about a local provider. The cluster
“Pragmatic Locals” represents municipalities that rated
different items moderately. In this cluster, all factors had
a lower importance than the average of the municipali-
ties in the survey. The municipalities in this cluster had a
more pragmatic view on the attributes of the heating sys-
tems and rated them with a tendency towards the neutral
position. Nevertheless, a reliable provider was by far the
most important demand in this cluster.

An analysis of variances between the four clusters of
municipalities and the variable on experiences with heat-
ing systems showed a significant difference between the
cluster of Ecologists and the cluster of Price Sensitives.
Based on a Bonferroni post hoc test, the Ecologists (M:
7.94; SD: 2.55) had a significantly higher experience level
(p=0.004) than the Price Sensitives (M: 6.25; SD: 2.35).
There were no significant differences between the Local
Ecologists (M: 6.89; SD: 2.27) and Pragmatic Locals
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(M: 7.10; SD: 2.78) or between these clusters and other
clusters.

A comparison of the perceptions of different forms
of district heating that were measured via the seman-
tic differential showed no differences for gas and dis-
trict heating among the four clusters of municipalities.
However, heat pumps were perceived as more practi-
cable (»p=0.027), eco-friendlier (p=0.047) and modern
(p=0.009) by the Local Ecologists than by the Pragmatic
Locals.

Scenarios

In the next step of the questionnaire, the participants
were asked to rate the desirability and feasibility of two
different scenarios of future district heating. Concerning
the first scenario, they had to rate the desirability and fea-
sibility of district heating based mainly on renewables in
2030 (see Fig. 4).

The desirability of the scenario in which district heating
mainly based on renewable energy dominates municipal
heat provision in 2030 is rated highly, while its feasibility
is rated at a medium level. However, only around 20 per-
cent of households are expected to be connected to heat
grids. The desirability of this scenario increased slightly
with greater experience (p=0.016; r=0.084) and size of
the municipalities (p=0.049; r=0.122). Both desirability
(p<0.001; r=0.267) and feasibility (»=0.001; r=0.204)
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expectations increase with greater preference for sustain-
ability. Otherwise, there were no significant correlations
between the experiences and sizes of municipalities with
the scenario attributes.

The second scenario focuses on allocating the costs of
installing district heating to the public.

Figure 5 shows that the desirability and feasibility of
the scenario in which district heating plays an impor-
tant role and the costs of expanding grids are borne by
the public in 2030 were rated at medium levels. On
average, less than a quarter of the costs of grid expan-
sion were expected to be borne by the public (median:
10 percent). The desirability of this scenario decreased
with an increased preference for price and financial
security (p<0.001, r=— 0.224). By contrast, it increased
with an increased preference for sustainability (p <0.001,
r=—0.214).

Geographic differences

The experience with district heating differed between
the southern (M: 7.10; SD: 2.56) and eastern (M: 6.45;
SD: 2.17) parts of Germany. A one-way ANOVA with a
Bonferroni post hoc test revealed that the experiences
of the persons responsible were significantly greater in
the southern part than in the eastern part (p=0.004).
However, the experiences did not significantly dif-
fer from those of persons responsible in the northern
part (M:6.89; SD: 2.57). As shown in the correlation of

Low Medium High

Feasibility

Desirability

Fig. 4 Feasibility and desirability of district heating mainly based on renewable energy in 2030 (corners indicate quartiles and medians

of the rating)

Low Medium High

Feasibility

Desirability

Fig. 5 Feasibility and desirability of allocating investment costs of district heating to the public (corners indicate quartiles and medians

of the rating)
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Table 3 Regional differences in the frequencies of German
municipality clusters with similar demands for heating systems

East South North Total
Ecologists 0 (0%) 28(22.4%) 12 (20.0%) 40
Local ecologists 14 (45.2%) 61 (48.8%) 27 (45.0%) 102
Pragmatic locals 4 (12.9%) 16 (12.8%) 12 (20.0%) 32
Price sensitives 13 (41.9%) 20 (16.0%) 9 (15.0%) 42
Total 31 (100%) 125 (100%) 60 (100%) 216

(¢ (6)=17,93, p=0.006, Cramer V= 0.204)

experience with the semantic differential, this difference
entailed diverging perceptions of gas and district heat-
ing. In the eastern part of Germany, district heating was
perceived as less modern than in the southern (p <0.001;
r=0.302) and northern (p <0.001; r=0.295) parts of Ger-
many, whereas gas was considered more modern in the
eastern part than in the southern (p=0.022; r=0.178)
and northern (p=0.002; 0.221) parts. There were no sig-
nificant differences regarding the heat pumps.

The municipalities in the different geographic areas had
a similar preference for reliable providers. Nevertheless,
in eastern Germany, the factor “price and financial secu-
rity” was significantly more important than in the north-
ern part (p=0.021). The factor “sustainability’} in turn,
was significantly less important in the eastern part than
in southern Germany (p=0.031). There was no signifi-
cant difference between the northern and southern parts.
Reflecting these differences in the factors, there were also
significant differences in the clusters of municipalities
with similar demands on heating systems between the
geographical areas (x> (6)=17,93, p=0.006), as shown
in Table 3. However, the effect size was small (Cramer
V=0.204).

Discussion

The study offers first insights into the experiences and
expectations of persons responsible for heat provision
technologies in German municipalities. However, the
sample used in this study has some limitations. All 4973
German municipalities were invited to participate in
the survey, of which 320 officers responsible for heating
completed the questionnaire. Hence, the response rate
is adequate but not sufficient to suggest that the sam-
ple is representative. An unequal spatial distribution of
responses across Germany could have affected our find-
ings on geographical differences. Moreover, we only
assumed that the participants in the survey were respon-
sible for heat infrastructure in their municipalities, as
it was not possible to control who exactly answered the
questionnaire.
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Nevertheless, the empirical analysis of experiences and
expectations with different heating systems of persons
responsible in German municipalities uncovered key dif-
ferences among the municipalities that are relevant for
the transition to widespread low-carbon heating. The
segmentation of the municipalities into different homo-
geneous clusters based on their demands on heating sys-
tems shows that reliable and ideally local providers are
most important for municipal officers responsible for
heating technology. This is neither influenced by expe-
rience nor by the expectations of the officers or by the
demographic attributes of the municipalities. As reliabil-
ity also includes long-term partnerships, the importance
of these attributes could lead to the preference of munici-
palities for district heating. A closer look at the semantic
differential indicates that heat pumps and district heat-
ing were perceived as modern and eco-friendly but also
as complex and expensive. These negative perceptions
decrease with greater experience. Hence, the gradual
accumulation of experiences could lead to increased
interest in alternative heating systems.

The findings clearly show that experiences with heating
systems among municipal officers significantly influenced
preferences for and attitudes towards heating systems.
In line with Rosenzweig et al. [3], we identified a lack of
experience and information among officers responsible
for heating small and mid-sized municipalities, which
directly affected perceptions of heating systems. The
smaller the experiences with heating systems in general,
the higher the preference for gas boilers, which were
perceived as old-fashioned. The greater the experiences
with heating systems, the greater the preference for more
eco-friendly alternatives, such as heat pumps and district
heating. These findings match the suggestion of Lund
et al. [6] that a mixture of heat pumps and district heating
is preferred by more experienced decision-makers, espe-
cially in larger towns and cities. Thus, the more experi-
enced officers of the larger municipalities could represent
useful expertise for smaller municipalities.

This study also shows that more pragmatic and locally
oriented municipalities considered heat pumps less prac-
ticable, less eco-friendly, and less modern than locally
and environmentally oriented municipalities. This pat-
tern correlates with levels of experience. It appears that
for a sustainable shift to low-carbon heating systems,
more information for municipal officers, especially in
small and mid-sized towns, is needed to understand the
complexity of the planning process and the long-term
benefits of low-carbon heating systems that come along
with lower operating costs [7, 9].

Most municipal officers covered in our study per-
ceived district heating as a desirable alternative,
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especially for mitigating climate change. The analysed
scenarios show that the desirability of low-carbon dis-
trict heating was very high. However, economic feasi-
bility seemed to be the main problem, especially when
experiences with heating systems were limited. This is
in line with the findings of Hoppe [21], who found that
local authorities often have ambitious plans for heating
systems but fail due to low experience because imple-
mentation seems unfeasible.

The possibility of using public funds for the develop-
ment of district heating was neither highly desired by
municipal officers nor seen as feasible. Hence, private,
or public utilities need to bear large shares of the costs
for developing the infrastructure to obtain a higher
price for low-carbon energy. Recent research points to
the demand side and shows that the willingness to pay
for district heating from renewables is high in Germany
[22, 23]. Our cluster analysis found that for munici-
palities, eco-friendliness and local providers were the
most important attributes of heating systems. To ful-
fil the desire for local provision and eco-friendliness,
a stronger connection between the demand side and
the supply side is needed. The transition to low-carbon
heating could therefore be facilitated if municipalities
could act as intermediaries for the other actors involved
in developing and operating district heating [31, 32].
They could, for example, mediate tensions between
private heat supply enterprises and private and public
consumers of heat by offering local infrastructure for
respective charges. Further, national and regional asso-
ciations of municipalities and municipal utilities could
act as intermediaries that pool and provide expertise
and facilitate exchange among the actors more evenly
across the sizes of municipalities and space.

Especially in the southern parts of Germany, where
there is much experience with modern district heat-
ing systems, willingness to expand eco-friendly heating
systems was higher. As the financially stronger federal
states are located in southern Germany, the municipali-
ties and heat enterprises could act as early adopters to
help develop a more mature market for low-carbon dis-
trict heating. Larger municipalities generally seemed
more experienced and positive about alternative heat-
ing systems, which makes sense, as they generally pool
more experience and are more likely to have densely
populated districts in which district heating is more eco-
nomical. The larger municipalities could therefore take
the lead in rolling alternative heating systems out, and
the smaller municipalities could learn from them. Such
learning could be organised via larger municipalities
and municipal associations that act as intermediaries, as
sketched out above. If funds and human resources for the
necessary exchange are too limited, European or national
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programmes or offices could be set up to support such
exchange. However, it is important that intermediaries
act flexibly in addressing changing needs and emerging
gaps [32]. Further, smaller municipalities, including those
in the South, could use planning provisions or municipal
taxation to demand or incentivise sustainable heating
and evaluate the effects of such measures.

Our study suggests that municipal officers in the east
of Germany were much less open towards low-carbon
heating in general and particularly district heating while
being very price sensitive. To approach this problem,
deeper insight into the role of experiences in east Ger-
many for expectations of heat grids would be useful,
which our data do not offer. Past experience can affect
current path dependencies of expectations, as has been
shown for the industrial heritage of local communities,
which continues to affect their development pathways
[33]. The municipal officers considered district heating
modern, although it was already widespread in the Ger-
man Democratic Republic, with 30 percent of dwellings
connected [34]. However, district heating did not expand
after the unification of Germany. This suggests that there
was a break of a path and possibly a new path created
after unification, resting on a re-evaluation of past and
current experiences with heat grids and their alterna-
tives. Nevertheless, it appears that it will be much more
challenging in the east of Germany to move towards eco-
friendly heating. This challenge could be tackled through
a more exchange between officers in eastern municipali-
ties and municipal officers from other regions of Ger-
many, which could lead to the development of shared
commitment in strategic networks [35]. However, further
research into the experiences and expectations of the rel-
evant actors in East and West Germany seems necessary
to develop fruitful exchange or other measures that gen-
erate more positive expectations of low-carbon heat grids
in eastern Germany. As large areas of the east are eco-
nomically disadvantaged and municipal finances typically
poor, at least external funds, perhaps national or Euro-
pean, could be used to support sustainable heat infra-
structure and keep the prices of these systems in check.

Conclusion

Municipalities are important players in the transition to
low-carbon heating. However, little is known about the
experiences of persons responsible in municipalities
for developing heat provision infrastructure and their
expectations of low-carbon options, such as district
heating based on renewable energy. To explore how the
experiences and expectations of municipalities con-
cerning low-carbon heating are related, we conducted a
survey of persons responsible for heating technology in
municipal authorities across Germany. The quantitative
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data analysis suggests that officers responsible in larger
municipalities had more positive expectations of low-
carbon heating technology than those in smaller and
medium-sized municipalities. They also had more
experience with these technologies. It seems, there-
fore, likely that larger municipalities will take the lead
in developing their respective infrastructure. Smaller
municipalities could then learn from larger ones. How-
ever, officers in smaller municipalities and the munici-
palities in the east of Germany that have less experience
with these heating technologies expect financial feasi-
bility to be limited. As public funding is generally less
desired by municipalities, it will be difficult to design
effective incentives for developing low-carbon heating
in smaller municipalities.

The findings of our study are empirically grounded
in a survey that covers persons responsible for heating
technology in municipalities across Germany for which
key demographic data are available. This could facilitate
the transferability of the findings outside Germany. This
also implies that the sample and methods led to general
findings for Germany at large. However, they might not
have uncovered specifics in some regions. They are also
restricted to a limited set of technologies, which ignore
further alternatives and do not cover the role of energy
saving in detail. In addition, the findings focus on dis-
trict heating, which should be more relevant to urban
regions than rural municipalities with dispersed heat
consumers. However, these are typical limitations of
large-scale quantitative surveys covering a whole coun-
try, and our study still identified larger patterns of rel-
evance to policy.

Our findings have implications for policy and munici-
pal strategies. Larger municipalities could make their
experiences available to smaller ones, who could then
examine the experiences of others. Officers of larger
municipalities could also share and explain their expec-
tations of low-carbon technologies, such as district heat-
ing based on renewable energy, more strategically with
other municipalities. Thus, municipalities have obvious
roles in acting as intermediaries for low-carbon heat-
ing and forming strategic networks of actors involved
with shared commitment. However, it is still open how
exactly to organise the respective exchanges between
persons responsible for heating technologies in munici-
palities. In part, larger municipalities could transfer
their experiences and expectations through subsidiar-
ies and joint ventures of their municipal energy utilities
to smaller municipalities. Public policy could also facili-
tate exchange and demonstration projects that are stra-
tegically located across Germany. However, our findings
suggest that devising policy for the financial support of
district heating and other low-carbon technology will be
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difficult at the municipal level. Further research could
identify acceptable financial mechanisms and effective
designs for regulatory incentives, especially for smaller
municipalities. Generally, there is still a need for research
that explores the diffusion of experiences and expecta-
tions and effective interventions from both the municipal
and higher levels.

Acknowledgements

We would like to thank Heiko Huther and Sebastian Grimm for assisting in the
set-up of the questionnaire. In addition, we thank our research participants in
the municipalities for filling out or forwarding the questionnaire. Many thanks
also to Regula XXX and team for swiftly organising the language editing by
Scribendi.

Author contributions

TK'is the recipient of the funding and led the survey and analysis of empiri-
cal material, drafted the manuscript, and contributed to further editing.
MHE reviewed the literature, drafted the manuscript, and contributed to
further editing. AP contributed to the statistical analysis. All authors read and
approved the final manuscript.

Funding

This research received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement number 691624.
The funding body had no role in the design of the study or in the collection,
analysis, and interpretation of data and in writing the manuscript.

Availability of data and materials

The data from the questionnaires that were analysed during the current study
are available from author Dr. Thomas Krikser on reasonable request. Secondary
data used for the study are available from The Nielsen Company [30] and
Destatis (www.destatis.de, see references).

Declarations

Ethics approval and consent to participate

We did not collect sensitive or personalised data (e.g. age, gender, income,
education). Hence, based on the ethical guidelines of the University of Kassel,
where the research was conducted, ethical approval by the ethical committee
of the University of Kassel was not necessary.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 12 January 2023 Accepted: 15 December 2023
Published online: 08 January 2024

References

1. UNEP (2020) 2020 Global status report for buildings and construction:
towards a zero-emission, efficient and resilient buildings and construc-
tion sector. United Nations Environment Programme, Nairobi.

2. Kammen DM, Sunter DA (2016) City-integrated renewable energy for
urban sustainability. Science 352:922-928. https://doi.org/10.1126/scien
ce.aad9302

3. Rosenzweig C, Solecki W, Hammer SA, Mehrotra S (2010) Cities lead the
way in climate-change action. Nature 467:909-911. https://doi.org/10.
1038/467909a

4. Palm J (2006) Development of sustainable energy systems in Swedish
municipalities: a matter of path dependency and power relations. Local
Environ 11:445-457. https://doi.org/10.1080/13549830600785613


http://www.destatis.de
https://doi.org/10.1126/science.aad9302
https://doi.org/10.1126/science.aad9302
https://doi.org/10.1038/467909a
https://doi.org/10.1038/467909a
https://doi.org/10.1080/13549830600785613

Krikser et al. Energy, Sustainability and Society

20.

21.

22.

23.

24.

25.

(2024) 14:4

Chittum A, @stergaard PA (2014) How Danish communal heat planning
empowers municipalities and benefits individual consumers. Energy
Policy 74:465-474. https://doi.org/10.1016/j.enpol.2014.08.001

Lund H, Mdller B, Mathiesen BY, Dyrelund A (2010) The role of district
heating in future renewable energy systems. Energy 35:1381-1390.
https://doi.org/10.1016/j.energy.2009.11.023

Connolly D, Lund H, Mathiesen BV et al (2014) Heat roadmap Europe:
combining district heating with heat savings to decarbonise the EU
energy system. Energy Policy 65:475-489. https://doi.org/10.1016/j.enpol.
2013.10.035

EU (2012) Directive 2012/27/EU of the European Parliament and of the
Council of 25 October 2012 on energy efficiency, amending Directives
2009/125/EC and 2010/30/EU and repealing Directives 2004/8/EC and
2006/32/EC. Off J Eur Union 55:1-53

Spéth P, Rohracher H (2015) Conflicting strategies towards sustainable
heating at an urban junction of heat infrastructure and building stand-
ards. Energy Policy 78:273-280. https://doi.org/10.1016/j.enpol.2014.12.
019

Vadén T, Majava A, Toivanen T et al (2019) To continue to burn some-
thing? Technological, economic and political path dependencies in
district heating in Helsinki, Finland. Energy Res Soc Sci 58:101270. https://
doi.org/10.1016/j.ers5.2019.101270

. Persson U, Werner S (2011) Heat distribution and the future competitive-

ness of district heating. Appl Energy 88:568-576. https://doi.org/10.
1016/j.apenergy.2010.09.020

Magnusson D (2016) Who brings the heat?—from municipal to diversi-
fied ownership in the Swedish district heating market post-liberalization.
Energy Res Soc Sci 22:198-209. https://doi.org/10.1016/j.erss.2016.10.004
Becker S, Beveridge R, Naumann M (2015) Remunicipalization in German
cities: contesting neo-liberalism and reimagining urban governance?
Space Polity 19:76-90. https://doi.org/10.1080/13562576.2014.991119
Moss T, Becker S, Naumann M (2015) Whose energy transition is it, any-
way? Organisation and ownership of the Energiewende in villages, cities
and regions. Local Environ 20:1547-1563. https://doi.org/10.1080/13549
839.2014.915799

Bulkeley H, Kern K (2006) Local government and the governing of climate
change in Germany and the UK. Urban Stud 43:2237-2259. https://doi.
0rg/10.1080/00420980600936491

Bolton R, Foxon TJ (2013) Urban infrastructure dynamics: market regula-
tion and the shaping of district energy in UK cities. Environ Plan Econ
Space 45:2194-2211. https://doi.org/10.1068/a45575

Bush RE, Bale CSE, Powell M et al (2017) The role of intermediaries in low
carbon transitions—empowering innovations to unlock district heating
in the UK. J Clean Prod 148:137-147. https://doi.org/10.1016/j jclepro.
2017.01.129

Webb J (2015) Improvising innovation in UK urban district heating: the
convergence of social and environmental agendas in Aberdeen. Energy
Policy 78:265-272. https://doi.org/10.1016/j.enpol.2014.12.003

Smedby N, Quitzau M-B (2016) Municipal governance and sustainability:
the role of local governments in promoting transitions. Environ Policy
Gov 26:323-336. https://doi.org/10.1002/eet.1708

Olerup B (2000) Scale and scope in municipal energy planning in Swe-
den. J Environ Plan Manag 43:205-220. https://doi.org/10.1080/09640
560010676

Hoppe T (2012) Adoption of innovative energy systems in social housing:
lessons from eight large-scale renovation projects in The Netherlands.
Energy Policy 51:791-801. https://doi.org/10.1016/j.enpol.2012.09.026
Zaunbrecher BS, Arning K, Falke T, Ziefle M (2016) No pipes in my back-
yard?: Preferences for local district heating network design in Germany.
Energy Res Soc Sci 14:90-101. https://doi.org/10.1016/j.erss.2016.01.008
Krikser T, Profeta A, Grimm S, Huther H (2020) Willingness-to-pay for
district heating from renewables of private households in Germany.
Sustainability 12:4129. https://doi.org/10.3390/5u12104129

LiH, Sun Q, Zhang Q, Wallin F (2015) A review of the pricing mechanisms
for district heating systems. Renew Sustain Energy Rev 42:56-65. https://
doi.org/10.1016/j.rser.2014.10.003

Rohracher H, Spéth P (2014) The interplay of urban energy policy and
socio-technical transitions: the eco-cities of Graz and Freiburg in retro-
spect. Urban Stud 51:1415-1431. https://doi.org/10.1177/0042098013
500360

27.

28.

29.

30.

31

32.

33

34.

Page 12 of 12

BMWI (2019) Gebdude energieeffizienter machen. In: Gebdude Energieef-
fizienter Machen. https://www.bmwi.de/Redaktion/DE/Dossier/energ
iewende-im-gebaeudebereich.html. Accessed 4 Dec 2019

Destatis (2021) Gemeindeverzeichnis-Informationssystem GV-ISys. In:
Gemeindeverzeichnis-Informationssystem GV-ISys. https://www.destatis.
de/DE/Themen/Laender-Regionen/Regionales/Gemeindeverzeichnis/_
inhalt.html. Accessed 8 Oct 2021

Destatis (2020) Baugenehmigungen und Baufertigstellungen von Wohn-
und Nichtwohngebduden (Neubau) nach Art der Beheizung und Art der
verwendeten Heizenergie - Lange Reihen ab 1980-2020. In: Bau. Wohn.
Baugenehmigungen Baufertigstellungen Von Wohn- Nichtwohngebdu-
den Neubau Nach Art Beheizung Art Verwendeten Heizenergie Lange
Reihen Ab 1980. https.//www.destatis.de/DE/Themen/Branchen-Unter
nehmen/Bauen/Publikationen/Downloads-Bautaetigkeit/baugenehmi
gungen-heizenergie-pdf-5311001.html. Accessed 8 Oct 2021

Cattell RB (1966) The scree test for the number of factors. Multivar Behav
Res 1:245-276. https://doi.org/10.1207/515327906mbr0102_10

The Nielsen Company (2017) Nielsen Micro Regionen. In: Nielsen Micro
Reg. https:/sites.nielsen.com/microregionen/. Accessed 8 Oct 2021
Kivimaa P, Boon W, Hyysalo S, Klerkx L (2019) Towards a typology of inter-
mediaries in sustainability transitions: a systematic review and a research
agenda. Res Policy 48:1062-1075. https://doi.org/10.1016/j.respol.2018.
10.006

Hyysalo S, Heiskanen E, Lukkarinen J et al (2022) Market intermediation
and its embeddedness—lessons from the Finnish energy transition.
Environ Innov Soc Transit 42:184-200. https://doi.org/10.1016/j.eist.2021.
12.004

Huggins R, Stuetzer M, Obschonka M, Thompson P (2021) Historical
industrialisation, path dependence and contemporary culture: the last-
ing imprint of economic heritage on local communities. J Econ Geogr
21:841-867. https://doi.org/10.1093/jeg/Ibab010

Dechent J, Kortmann K, Timm U (2008) Wohnverhaltnisse und Wohnkos-
ten: Wohnen und Bautatigkeit. In: Noll H-H, Habich R (eds) Datenreport
2008—Ein Sozialbericht fur die Bundesrepublik Deutschland. Destatis,
Wiesbaden

. Huggins R, Thompson P (2022) Human agency, network dynamics and

regional development: the behavioural principles of new path creation.
Reg Stud. https://doi.org/10.1080/00343404.2022.2060958

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1016/j.enpol.2014.08.001
https://doi.org/10.1016/j.energy.2009.11.023
https://doi.org/10.1016/j.enpol.2013.10.035
https://doi.org/10.1016/j.enpol.2013.10.035
https://doi.org/10.1016/j.enpol.2014.12.019
https://doi.org/10.1016/j.enpol.2014.12.019
https://doi.org/10.1016/j.erss.2019.101270
https://doi.org/10.1016/j.erss.2019.101270
https://doi.org/10.1016/j.apenergy.2010.09.020
https://doi.org/10.1016/j.apenergy.2010.09.020
https://doi.org/10.1016/j.erss.2016.10.004
https://doi.org/10.1080/13562576.2014.991119
https://doi.org/10.1080/13549839.2014.915799
https://doi.org/10.1080/13549839.2014.915799
https://doi.org/10.1080/00420980600936491
https://doi.org/10.1080/00420980600936491
https://doi.org/10.1068/a45575
https://doi.org/10.1016/j.jclepro.2017.01.129
https://doi.org/10.1016/j.jclepro.2017.01.129
https://doi.org/10.1016/j.enpol.2014.12.003
https://doi.org/10.1002/eet.1708
https://doi.org/10.1080/09640560010676
https://doi.org/10.1080/09640560010676
https://doi.org/10.1016/j.enpol.2012.09.026
https://doi.org/10.1016/j.erss.2016.01.008
https://doi.org/10.3390/su12104129
https://doi.org/10.1016/j.rser.2014.10.003
https://doi.org/10.1016/j.rser.2014.10.003
https://doi.org/10.1177/0042098013500360
https://doi.org/10.1177/0042098013500360
https://www.bmwi.de/Redaktion/DE/Dossier/energiewende-im-gebaeudebereich.html
https://www.bmwi.de/Redaktion/DE/Dossier/energiewende-im-gebaeudebereich.html
https://www.destatis.de/DE/Themen/Laender-Regionen/Regionales/Gemeindeverzeichnis/_inhalt.html
https://www.destatis.de/DE/Themen/Laender-Regionen/Regionales/Gemeindeverzeichnis/_inhalt.html
https://www.destatis.de/DE/Themen/Laender-Regionen/Regionales/Gemeindeverzeichnis/_inhalt.html
https://www.destatis.de/DE/Themen/Branchen-Unternehmen/Bauen/Publikationen/Downloads-Bautaetigkeit/baugenehmigungen-heizenergie-pdf-5311001.html
https://www.destatis.de/DE/Themen/Branchen-Unternehmen/Bauen/Publikationen/Downloads-Bautaetigkeit/baugenehmigungen-heizenergie-pdf-5311001.html
https://www.destatis.de/DE/Themen/Branchen-Unternehmen/Bauen/Publikationen/Downloads-Bautaetigkeit/baugenehmigungen-heizenergie-pdf-5311001.html
https://doi.org/10.1207/s15327906mbr0102_10
https://sites.nielsen.com/microregionen/
https://doi.org/10.1016/j.respol.2018.10.006
https://doi.org/10.1016/j.respol.2018.10.006
https://doi.org/10.1016/j.eist.2021.12.004
https://doi.org/10.1016/j.eist.2021.12.004
https://doi.org/10.1093/jeg/lbab010
https://doi.org/10.1080/00343404.2022.2060958

	Municipal heat provision experiences and expectations in Germany
	Abstract 
	Background 
	Results 
	Conclusions 

	Background
	Data and methods
	Data and sampling

	Methods
	Results
	Experiences with and perceptions of heating systems
	Segmentation of municipalities
	Scenarios
	Geographic differences

	Discussion
	Conclusion
	Acknowledgements
	References


