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a b s t r a c t

The replacement of fossil-fuelled heating systems with systems using renewable energy sources is a
central energy and climate policy concern and one of the prerequisites for reducing CO2 emissions to
a climate-friendly level. The Swiss decarbonization strategy considers the use of electric air-to-water
heat pumps (HP) operated with electricity generated from renewable sources or from a power mix
with low CO2 content. However, the installation of HPs, which is essential for decarbonizing heat
supply in buildings, is proceeding very slowly, and fossil fuel heating replacement is still the rule
rather than the exception. This study investigates how a strong climate protection law (Energy Act of
Basel-Stadt) has managed to overcome resistance to the installation of HPs, which is observed in many
other Swiss cantons. The research question to be answered is whether the experience made with HP
implementation in one location (with Basel-Stadt as forerunner canton) would be similarly viable in
another location (Canton of Geneva). The results indicate that although the two cantons have different
characteristics in terms of building stock, the potential of buildings where HP installation is considered
‘easy’ is high in both cases (50% in Basel-Stadt and 40% in Geneva). This is equivalent to 40% (in both
cities) of the energy used for thermal use that is currently produced by fossil energy and that could be
instead generated with HPs. Although there are many factors to take into account in order to design
effective policies that are truly effective for the extensive installation of HP, it is worth remembering
that there are many cases where it is already possible to easily install a HP today, and these should
be the starting point.

© 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

1.1. Background

Existing buildings account for approximately 40% of the energy
onsumption in the European Union (EU) placing them among
he most significant CO2 emission sources in Europe (Odyssee
Project, 2018). The decarbonization of the built environment is
highlighted as a priority to achieve the EU’s long-term energy and
climate goals (EU Parliament, 2018). The replacement of fossil-
fuelled heating systems with systems using renewable energy
sources is a central energy and climate policy concern and one
of the prerequisites for reducing CO2 emissions to a climate-
riendly level (Fajardy and Reiner, 2021). In Switzerland, the
ederal Council has been developing the Swiss Energy Strategy
050 (ES-2050) since 2011 (Bundesamt für Energie BFE, 2021).
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The ES-2050 is based on three strategic objectives: increasing
energy efficiency, increasing the use of renewable energy, and
withdrawal from nuclear energy (Prognos, 2012). The strategy
for the retrofitting of buildings falls into the first two areas and
recent studies suggest that more attention in energy retrofitting
should be paid to mitigating emissions from heat supply (Cozza
et al., 2020a; Streicher et al., 2020).

As a result of the ES-2050, alternative heat generation tech-
nologies are becoming increasingly important. Electric air-to-
water heat pumps (HP) are expected to play an important role
in heat supply (Steinke et al., 2018). The decarbonization strat-
egy considers the use of HP operated with electricity generated
from renewable sources or from a power mix with low CO2
content (Freyre et al., 2021). HP have proven themselves espe-
cially in single-family houses and in new buildings with high
thermal performance. For a long time, however, HP were con-
sidered impractical for the replacement of heating systems in
existing residential buildings, because they pose greater chal-
lenges in terms of system size, noise protection, and visibility
rticle under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Varga et al., 2018). Still today HP face obstacles in urban ar-
as, they are considered to be noisy, aesthetically unsatisfactory,
ot very energy-efficient, and the systems installed outside of-
en trigger complaints (Steinke et al., 2018). The installation of
eat pumps, which is essential for decarbonizing heat supply
n buildings, is proceeding very slowly, and fossil fuel heating
eplacement is still the rule rather than the exception (econcept
G, 2020). For example, about two thirds of the properties in
asel-Stadt currently have a fossil heating system. In the city of
urich, this applies to 80% of the dwellings, and for Geneva the
ercentage is even higher (more than 85%) (FSO, 2017). In the
ast ten years, for the entire Swiss residential building stock, the
xisting heating systems were replaced with heat pumps in only
0% of the energy retrofits performed (Cozza et al., 2020b). This
eavily undermines the energy targets of the confederation and of
any cantons. It is therefore very important not only to increase

he rate of energy retrofitting but also to ensure that the heating
ystems installed release practically no CO2 emissions. And to this
nd, the legal framework conditions set by the federal govern-
ent (Bundesamt für Energie BFE, 2021) and the cantons (Office

ederal de l’énergie, 2018) are central to the choice of energy
ource for heating system replacement. They are the strongest
evers for influencing the choice of heating system. The cities and
unicipalities must act within these legal boundaries (econcept
G, 2020).
The canton of Basel-Stadt (German for: Basel city, BS) is a good

example in this respect, as it has been pursuing a progressive
energy and environmental policy for many years (Müller et al.,
2014). The vision of a ‘‘greener’’ society is anchored as a leitmotif
in the government’s current legislative plan (Basel-Stadt, 2019).
The decarbonization of heat generation in buildings is the core
part of the canton’s Energy Act of 2017 – revised in 2020 – on the
basis of the cantonal model regulations for energy (Conferenza
Cantonale dei Direttori dell’Energia CDE, 2014). By means of legal
requirements, a sustainable energy supply is to be ensured by
2050 and the share of fossil fuels is to be reduced to one tonne
of CO2 per person and year (Ott et al., 2014). The use of fossil
fuels for heat supply is to be reduced with various measures.
These are strictly regulated in the ordinance to the Energy Act
that came into force in autumn 2017 (Kanton Basel-Stadt, 2020).
One important aspect is the replacement of existing heating
systems using fossil fuels. The revised Energy Act of Basel-Stadt
specifies: ‘‘When replacing the heating system in existing buildings,
a switch to renewable energy must be made if this is technically
possible and if there are no additional costs compared to oil or
gas heating ’’. The higher investment costs associated with this
switch are compensated with subsidies from Basel-Stadt’s energy
promotion fund (Steinke et al., 2018). In locations where it is not
possible to switch to district heating and given the restrictions for
biomass boilers for reasons of air pollution, heat pumps typically
represent the main option in this context, with air source heat
pumps mostly being preferred over ground source heat pumps
(Forster and Varga, 2018). While before implementation of the
new Energy Act the overwhelming majority of all oil and gas-
fired boilers were again replaced by fossil fuel-fired boilers, a
turnaround in favour of renewable heating technologies has been
achieved since then (Amt für Umwelt und Energie Kanton Basel-
Stadt, 2021; Sprecher et al., 2014). This is particularly clear from
the evolution of the shares of installed power by type of heating
system (Fig. 1). The figure also shows the drastic decrease of
installed heating systems in total, indicating that many owners
postponed the replacement of their heating system following the
entry into force of the Energy Act and that heating system re-
placement has not yet reached a steady state (these observations
were confirmed by Mathys (2021)). This makes Basel-Stadt an

excellent case study for other Swiss cantons and for countries

14049
with similar climate and urban morphology, raising the question
whether the experience is replicable in other locations.

The success of policies depends on many factors (chosen reg-
ulatory design and its effective implementation, permit proce-
dures, level of incentives, susceptibility of population, willingness
of owners, and readiness of installers), with the physics of the
building stock and other local conditions being among the de-
cisive factors for the decarbonization of cities. Conditions differ
across locations, e.g.: thermal performance of buildings differ
across regions and countries, urban density differs, and so does
the availability of waste heat and presence of district heating
infrastructure. These factors should therefore be considered when
aiming to transfer the experience made in one place to another
place.

1.2. Aim and scope

While the canton of Basel-Stadt is leading the transition to
heat pumps in Switzerland, a major transition is still pending in
most other Swiss cantons including Geneva as well as in most
other European countries. In Switzerland, HP are quite com-
mon in new well-insulated single-family and multi-family houses
while they are only sporadically installed in existing residential
buildings (albeit more frequently in single-family houses than
in multi-family houses; (Amt für Umwelt und Energie Kanton
Basel-Stadt, 2021)). There has been a perception that technical
challenges make heating replacement with HP difficult (Varga
et al., 2018). In the case of renovation of multi-family buildings,
there is a general fear that HP will no longer function properly in
winter (Freyre et al., 2021). The canton of Geneva, for example,
has tried to counteract this mentality with subsidies, but so far
without success (Geneve-ReC, 2017). For some years now, the
canton has been running an information and training programme
for experts on heat pumps together with the local utility SIG
(Geneve - ReC, 2019). However, according to experts, the pro-
gramme has not led to an increase in applications for subsidies,
only to a greater diversity of applicants (private homeowners,
institutional owners etc.) (Freyre, 2019). In this work, we aim
to study the implications of the experience of the canton Basel-
Stadt for applying a similar approach to Geneva. This analysis is
not only relevant for the transfer of successful approaches from
Basel-Stadt to Geneva but also to other Swiss cantons, and given
their similar building stock and climate, also for other countries
in Northern Europe.

We aim to answer the question whether the experience made
with HP implementation in one location (with Basel-Stadt as
forerunner canton) would be similarly viable in another location
(and if not, to which extent it would be viable). Specifically, we
aim to assess the extent of exemptions to HP implementation
that can be expected for perceived technical barriers in another
location (e.g., Geneva) when applying the strategy implemented
in a forerunner location (e.g., Basel-Stadt). Since, as mentioned
above, successful policy implementation depends on many soft
factors we focus here on hard factors describing the building
stock in cities.

We examine the following questions:

• What is the current status of Geneva, in comparison with
Basel-Stadt, with regard to switching to HP for heating pur-
pose?

• Which are building stock characteristics (indicators) that
should be considered to assess the easiness of implementing
HPs?

• How can the indicators be used to establish the likely result-
ing share of the building stock for which a relatively easy

installation of HP can be expected?
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Fig. 1. Decarbonization in Basel-Stadt: Share of installed power of heating systems (a) and number of new/replaced heating systems (b) as a consequence of the
ew Energy Act implemented in 2017 (Mathys, 2021).
• How can any differences between the cities be explained
and what can be learned from the differences?

he novelty of this work lies not only in concrete empirical
nsights for the two cantons studied, but more generally also in
he development and testing of a methodology for assessing the
pplicability of a successful HP implementation policy.

. Method and data

.1. Method

In this work, datasets on building stock characteristics have
een used. As a first step, we studied the differences and similar-
ties between the building stocks of the two cantons, comparing
he age of the buildings, their size, the current heating systems,
nd the heating demand. The different efficiency of the buildings
s important for the installation of HP, since HP efficiency is
educed in buildings with relatively poor thermal performance,
ue to the higher water supply temperature which reduces the
oefficient Of Performance (COP) (Dominguez et al., 2020). The
hermal performance of the buildings was assessed by studying
nergy consumption per m2 based on the Swiss Cantonal Energy

performance Certificate for Buildings (CECB) (SIA, 2016), to un-
derstand the differences between the building stocks in the two
city-cantons. Starting from the total number of residential build-
ings in Basel-Stadt, we identified for which of these buildings HP
cannot be easily installed (for different reasons) and defined a
sub-sample of buildings for which it is possible to do so.
14050
The list of perceived barriers that make the installation of HP
in buildings more difficult, and thus the filters used in the analysis
to identify the final sub-sample, were identified by means of
literature, cantonal laws, and the help of experts in the field
(e.g. energy utility, installer, energy consultant) (Amt für Umwelt
und Energie Kanton Basel-Stadt, 2021; Basel - AUE, 2018; CSD
Ingenieurs, 2020; Geneve - ReC, 2019; Lutz, 2019a). First, all
buildings currently connected to the district heating network, and
with already installed heat pumps, were removed. We dropped
buildings with an installed thermal power above 50 kW as there
are not turnkey solutions ready for the residential sector (Lutz,
2019b; Märki et al., 2018) (while industrial HPs above this size
are commercially available). Moreover, in buildings of this size, it
is usually necessary to reinforce the electrical connection if a heat
pump is to be installed (Sprecher et al., 2014). A further limitation
to install a HP is the dimension and inclination of the roof of the
building (Forster and Varga, 2018; Steinke et al., 2018). In many
multi-storey urban buildings, there is little or no surrounding
space available for the installation of an external HP or its heat ex-
changer, in which case the roof may be the only option. However,
there are architectural, aesthetic, and neighbourhood barriers to
installing HP on inclined tiled rooftops in Switzerland. Therefore,
all buildings with a sloping roof are excluded in first instance.
It makes sense to relax this constraint in additional calculations
because HP installation in the attic may well be possible if the
statics allow to do so, if it is not occupied by apartments and if
it is not used for other purposes. Buildings with flat roof areas of
less than 2 m2 were also removed due to the too limited space
for HP installation. The last filter is related to protected buildings,
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Table 1
Steps and references used.
Steps References

1 — All residential FSO (2017)
2 — Minus District Heating FSO (2017)
3 — Minus Heat Pump already
installed

FSO (2017)

4 — Minus Power more than
50 kW

Amt für Umwelt und Energie Kanton
Basel-Stadt (2021), Lutz (2019b),
Märki et al. (2018), Sprecher et al.
(2014)

5 — Minus buildings with
sloped roof

econcept AG (2020), Forster and
Varga (2018), Steinke et al. (2018)

6 — Minus the protected
buildings

Günther et al. (2020), Varga et al.
(2018)

which therefore cannot undergo external changes in the facades
or roof, which is usually required when installing an outdoor unit
of a HP (Günther et al., 2020). A complete list of the steps, and
the respective references are reported in Table 1.

2.2. Datasets

In this section we present the six datasets used for the analy-
is. They all have in common a key value that allowed to combine
hese different datasets. This value is the Federal Building Iden-
ifier (EGID), a unique identification number for each building in
witzerland, mainly determined by its address.
The main data source for this study has been the Swiss Fed-

ral Register of Buildings and Dwellings (RBD) (FSO, 2017). The
BD contains information on all buildings with residential use in
witzerland and their dwellings, and it is continuously updated
y communal building departments (last version used for this
aper of June 2021). The RBD dataset includes general building
etadata (location, closest climate station, construction year), ge-
metry (dimensions, energy reference area (ERA), orientation) as
ell as type of heating system (fossil, heat pump, solar thermal).
his dataset was used mainly to characterize the buildings in
he studied cantons as well as to determine the installed heating
ystem.
Another important source for this work has been the Swiss

ECB (SIA, 2016). This dataset (Conferenza Cantonale dei Direttori
ell’Energia, 2020) reports the energy efficiency of the building
nvelope and the energy requirements (under the assumption
hat the building performs in compliance with the standards).
his applies both to existing and new buildings. The calculated
erformance is then categorized into the energy labels A to G
very efficient to very inefficient). The rating is performed based
n primary energy demand, including space heating, domestic
ot water, and other loads (e.g., appliances). The CECB has been
sed to compare the energy label distribution (i.e., the thermal
erformance) of buildings in the two cantons.
In both above databases, information on the installed power

f energy systems for space heating and energy consumption are
issing. These values were identified using the model developed
y Schneider et al. (Schneider et al., 2019). In their paper they
resent a bottom-up model simulating the hourly heat demand
oad curve for space heating and domestic hot water production
or all buildings listed in the RBD. Their model was calibrated
n the actual heat demand load curves of several building types
nd predicts the demand as function of external temperature and
olar irradiation. The model has been found to be very reliable
n predicting the installed power, as the aggregated simulated
oad curve was compared with the measurements from a large
istrict heating network, demonstrating that the peak load was
ell reproduced.
14051
The Sonnendach database (Klauser, 2016) was used to obtain
information about the dimension and inclination of the roofs. This
dataset was originally intended to show the degree of suitability
of roofs for the use of solar energy, together with the potential
yield. The Sonnendach tool provides information on the solar
energy potential of buildings. The data is suitable for obtaining
initial estimates of the potential for solar energy use on a roof or
façade, but it also provides physical data on the roof itself (size,
inclination, orientation). This dataset is compiled nationwide and
periodically updated.

Finally, we also used datasets containing all protected build-
ings, which must not be modified or renovated, in the canton
of Basel-Stadt (Kanton Basel-Landschaft, 2007) and Geneva (Re-
publique et Canton de Geneve - Office du patrimoine ed des Sites,
2008). These lists are official documents and they have legal value
in case of building retrofit.

3. Results

3.1. Comparison of the building stock in Basel-Stadt and Geneva

In this section we present the results of the comparison be-
tween the residential building stocks of the cantons Basel-Stadt
and Geneva. The findings about the differences and similarities
between the building stocks are important in order to understand
whether and how the results obtained due to the progressive
decarbonization policy in Basel-Stadt are transferable to Geneva
or any other location for which the same methodology could
be applied. An important advantage of using the RBD dataset is
its geographical coverage of Switzerland as a whole. According
to the RBD, at the end of 2020, there were 2 million buildings
in total In Switzerland of which 1.7 million were residential
(of which about 37 thousand in the canton of Geneva and 19
thousand in the canton Basel-Stadt). Of these, 57% were SFH and
26% MFH (FSO, 2017). The residential buildings account for 32% of
Switzerland’s final energy consumption, representing a total of 67
TWh/y including space heating, cooling, ventilation, domestic hot
water, lighting, and general electricity consumption. The largest
share of this energy consumption is devoted to space heating and
domestic hot water, i.e. 55 TWh/y (Bundesamt für Energie BFE,
2021), representing the focus of this study.

In Fig. 2, the building construction period is compared, show-
ing a large difference between the two city-cantons for buildings
constructed until 1960 (and especially between the 1919 and
1945). This can be partially explained by the origins and devel-
opment of the two cities. Basel has an older and more extended
historic centre, while Geneva has fewer residential buildings in
the old town. We can only speculate as to the reasons behind the
other discrepancies shown in Fig. 2. The more even and stable
distribution of buildings in Geneva between the 1919 and 2010
may be explained by the simultaneous steady growth of the city
in terms of population and constructed area (Freyre, 2019).

The different urban development of the two cities is also re-
flected by the comparison of the average building size. According
to Fig. 3 showing the distribution of the buildings according to
their energy reference area (ERA) that the values are normally
distributed around 150 m2 in Geneva, while a more uneven dis-
tribution is found in Basel-Stadt, especially due to its higher share
of larger buildings (more than 300 m2). One reason may be that
canton of Geneva includes 44 municipalities with a size between
1 000 and 35 000 inhabitants, and only 40% of all 500 000 inhabi-
tants lives in the city of Geneva (Office cantonal de la statistique -
OCSTAT, 2020). In contrast, the canton of Basel-Stadt is essentially
urban with almost 90% of the 200 000 inhabitants living in the
city and most of the rural municipalities falling into the neigh-
bouring canton Basel-Landschaft (BL) (Präsidialdepartement des
Kantons Basel-Stadt, 2021).
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Fig. 2. Comparison share of residential buildings as a function of the con-
struction period between Geneva (blue) and Basel-Stadt (orange). RBD — 2021
(Ferderal statistical office - OFS, 2021). (For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of this
article.)

Fig. 3. Energy reference area (ERA) distribution of residential buildings in
Geneva (blue) and in Basel-Stadt (orange). RBD — 2021 (Ferderal statistical office
- OFS, 2021). (For interpretation of the references to colour in this figure legend,
the reader is referred to the web version of this article.)

For this work, the first consequence of the different size of the
uildings is the different power of the heating systems (i.e., the
reater the ERA the greater the power of the system). Fig. 4
hows the distribution of the power for each building. The trend
artly follows the one in Fig. 3: Geneva with a normal distribution
round 5 kW and Basel-Stadt with a tendency to higher powers
above 10 kW).

The heating systems and energy sources used to provide these
owers are also very different. Fig. 5 compares the heating system
sed in the buildings in Geneva and Basel-Stadt, revealing some
ifferences. The mismatch for oil and district heating (DH) can be
xplained with the large DH network in Basel-Stadt (connecting
lmost 30% of residential buildings), which is currently much less
eveloped in Geneva, where most buildings still have oil-fired
oilers. In both cities, the presence of HP is still very minimal.
Finally, another important comparison for this study is the

inal energy consumption per m2. Indeed, as reported in several
tudies (Dominguez et al., 2020; Wingfield et al., 2011), the
fficiency of a HP is very different depending on the type of
uilding in which it is installed. In less performing buildings, with
igher consumption and losses, the HP works less efficiently and
ith a lower COP, while in more performing buildings with lower
14052
Fig. 4. Distribution of the power of heating systems of residential buildings in
Geneva (blue) and in Basel-Stadt (orange). Based on Schneider et al. (2019).
(For interpretation of the references to colour in this figure legend, the reader
is referred to the web version of this article.)

Fig. 5. Heating system type distribution in residential buildings in Geneva (in
blue) and Basel-Stadt (orange). RBD — 2021 (Ferderal statistical office - OFS,
2021). (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article.)

consumption, the COP of the HP is higher. Therefore, the different
building stock efficiency (expressed in final energy consumption
per m2) of the two cantons was studied. Fig. 6 presents the energy
distribution for the two cantons, and even if distributions are
similar, the mean value in Basel-Stadt is lower than in Geneva
(these data are climate corrected using the Heating Degree Days
in order to be comparable; HDD GE = 1312.0; HDD BS = 1352.3
(Chambers et al., 2019)).

The results in Fig. 6 suggest a higher efficiency – due to
lower consumption per m2 – of the building stock in Basel-
Stadt than in Geneva (by approximately 30 kWh/(m2 y)). To
test this hypothesis, we used the energy labels in the CECB
certificates. This database contains all the buildings that have
been awarded with an energy label in Switzerland. It is im-
portant to note, however, that new buildings (with their much
higher thermal performance than old ones) typically do not have
this energy label. They are instead characterized by compliance
with the building codes of a given year/period (SIA, 2016) or by
(voluntary) high-performance certification (especially Minergie
(Minergie, 2018)). In both cantons, however, new buildings (built
after 2015) represent less than 1%, making the building stock
comparison using this database (CECB) valid and reliable. Fig. 7
shows the distribution of the number of buildings as function
of the energy label in the CECB dataset. In both cantons, most
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Fig. 6. Final energy distribution (climate-corrected) of residential buildings in
Geneva (blue) and in Basel-Stadt (orange). Based on Schneider et al. (2019).
(For interpretation of the references to colour in this figure legend, the reader
is referred to the web version of this article.)

buildings (more than 30%) have a D label. However, there are
clearly more B and C-labelled buildings in Basel-Stadt than in
Geneva and the opposite is true for the labels E, F and G. The
residential building stock in Basel-Stadt is hence more efficient
than in Geneva.

Finally, Fig. 8 shows age and energy label distribution accord-
ing to the CECB dataset in the two cities. Fig. 8 clearly summarizes
how different the buildings in Geneva and Basel-Stadt are, both
in terms of age and efficiency/performance.

3.2. Exclusion of buildings based on constraints

In this section, we present the results of the analysis on the
number of residential buildings in Geneva for which installation
of a HP are expected to be rather straightforward, when applying
the same constraints as in Basel-Stadt. As shown in the first
row of Table 2, there are currently 36616 residential buildings
in Geneva and 18158 in Basel-Stadt, which consume 1825 GWh
and 860 GWh per year, respectively.

The first reduction is due to the buildings already connected to
the district heating, which will not switch to HPs because they are
already connected to a network. As shown in Fig. 9, the difference
between GE and BS is very large for the transition from Step 1 to
Step 2. Almost 30% of the buildings in BS are already connected
to the DH according to the RBD (Ferderal statistical office - OFS,
2021) and therefore do not require a decentralized zero-carbon
heating solution, while the reduction in GE is in the order of few
percent. The difference is even more evident looking at Fig. 10,
where this 30% of buildings in BS count for 40% of the energy
demand.
14053
In the transition from Step 2 to 3 we excluded all buildings
that have already installed a heat pump. As can be seen from
Fig. 9, the impact of this constraint is much more pronounced for
Geneva, where the use of heat pumps is more widespread (due to
the higher share of suburban and rural areas with single-family
houses). The observed impact of this constraint in BS is so small
that a lack of completeness in the heat pump installations data
cannot be excluded as a reason for the differences.

From Step 3 to 4, we excluded all buildings with an installed
thermal power above 50 kW. As shown in Fig. 9, in GE about 10%
of the buildings are dropped, however (Fig. 10) they count for
about 40% of the total energy demand. This figure is very different
in BS, where only 2% of the buildings and less than 10% of the
energy are excluded by application of this constraint. The reason
is that most large buildings with a power of more than 50 kW
th are already connected to the district heating network in BS. In
Step 4 to 5 we eliminated buildings that do not have a sufficiently
large flat roof to accommodate the outdoor unit of the HP. In this
case in GE we lose almost 50% of the buildings but only 20% of
the energy, while in BS almost 20% of the buildings and 15% of
the energy. This indicates a clear difference in the architecture of
the cantons and in the type of buildings. Finally, in the last Step 5
to 6 we removed the buildings that for historical or legal reasons
are protected and are therefore subject to major constraints for
retrofitting. As shown in Table 2, the effect of protected buildings
is negligible in both cantons.

As displayed in Fig. 9, it is rather straightforward to imple-
mented HP in 50% of all buildings in Basel-Stadt and in less than
40% of all buildings in Geneva. However, these findings are much
more similar in terms of energy demand: according to Fig. 10
it is rather straightforward to implement HP for almost 40% of
the final energy demand both in Basel-Stadt and Geneva. The
two figures above are combined in Fig. 11, which shows the
reductions in energy and buildings for the two cantons.

The analysis offers a basis for reflection whether the replace-
ment of fossil by zero-carbon decentralized heating systems,
as successfully demonstrated in Basel, should also be viable in
Geneva. The fact that the percentage of buildings and – even
more so – the percentage of their energy use is quite similar
in Basel and Geneva after having applied the various constraints
represented by the steps discussed above is a first indication
of the viability. It implies that decentralized zero-carbon heat-
ing systems need to be implemented for buildings representing
nearly 40% of the energy demand of the building stock in both
locations. However, a number of limitations of this analysis need

to be considered which will be discussed in the next section.
Fig. 7. Energy label distribution by share of residential buildings in Geneva (a) and in Basel-Stadt (b). CECB — 2021 (Conferenza Cantonale dei Direttori dell’Energia,
020).
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Table 2
Remaining residential buildings (number, final energy use and ERA) after application of each constraint (2021). Final energy values
are not climate-corrected.
Steps GENEVA (GE) BASEL-STADT (BS)

Buildings Final energy
demand
[GWh]

Total ERA
[m2]

Buildings Final energy
demand
[GWh]

Total ERA
[m2]

1 — All residential 36616 1825.1 17113076 18158 860.1 7897651
2 — Minus District Heating 36221 1767.7 16542915 13127 510.5 4647078
3 — Minus Heat Pump
already installed

34419 1718.6 15983659 13008 506.1 4592401

4 — Minus Power more
than 50 kW

32010 1080.9 10328128 12818 459.6 4167785

5 — Minus buildings with
sloped roof

13912 640.9 6159771 8866 321.6 2930789

6 — Minus the protected
buildings

13888 639.6 6145811 8820 319.6 2912605
t
t
i
u

Fig. 8. Energy label distribution of residential buildings in Geneva (a) and
asel-Stadt (b) as a function of construction period. CECB — 2021 (Conferenza
antonale dei Direttori dell’Energia, 2020).

. Discussion

.1. Limitations of the analysis

In order to better understand whether the analysis presented
bove allows to draw conclusions about the transferability of
he successful policy from Basel-Stadt to Geneva, the constraints
nd the implications for the final results need to be revisited.
tep 2 (removal of current DH), Step 3 (already implemented
eat pumps) and Step 6 (removal of protected buildings) are not
roblematic because they reflect facts for which there is little
ncertainty. On the other hand, Step 4 (50 kW th power limit)
nd Step 5 (sloped roof limitation) warrant further discussion.
14054
Fig. 9. Number of buildings in % remaining after application of each constraint.

Fig. 10. Final energy demand in % available after application of each constraint.

Two aspects need to be considered, i.e. whether the thresh-
old of 50 kWth is justified and what the implications are for
he district heating. First, the 50 kW limit is supported by the
echnical literature (Günther et al., 2020; Märki et al., 2018):
n fact it is relatively easy to find commercially available HP
p to 50 kWth. The current problems limiting the power of HP

are mainly space availability, visual constraints, and noise. Space
is partly addressed by Step 5 implying that HP can only be
installed if the building has a flat roof. This entails that heat
pumps or – in the case of split-HP – their heat exchangers cannot
be installed on buildings with sloping roofs. These are strong
assumptions which were chosen to exclude buildings for which it
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Fig. 11. Number of buildings and final energy demand in % available after each
tep.

ight be more difficult (and expensive) to install a HP. In reality,
here are examples of HP installations in attics (sloping roofs),
n basements as well as in the surrounding space. On the other
and, even in the case of flat roof, in which availability of space
an generally be assumed, statics of the building/roof may make
nstallation impossible, may call for a specific HP configuration, or
ay alternatively make roof reinforcement necessary. These are

he reasons for which this step must be considered very carefully.
A recent study made assumptions and demonstrated how

pace constraints can be overcome (CSD Ingenieurs, 2020). Five
ases were distinguished. These are HP installation on the roof
outside), in the attic, in the basement, outside on surround-
ng area as well as a split-HP with the core part of the HP
n basement and the heat exchanger being placed outside (CSD
ngenieurs, 2020). It would require building-specific information
bout both the required and the available space in the surround-
ngs, in attics and basements as well as about the accessibility
f basements from outside (Lutz, 2019a) to assess whether this
et of configurations indeed allows to install HP in practically
ll residential buildings (also large multi-family houses) under
urrent constraints. No detailed study going beyond singular case
tudies and instead considering a larger sample of buildings has
een conducted on these aspects to our knowledge. Visual and
oise constraints are closely related to spatial aspects. To address
isual aspects, numerous solutions were developed in Basel-Stadt
or different building types with several constraints, therefore
ccounting for most of the limitations that can occur when in-
talling a HP (Amt für Umwelt und Energie Kanton Basel-Stadt,
021). Due to the high share of large buildings connected to
istrict heating in Basel-Stadt these solutions concern small and
id-sized multifamily houses, raising the questions about the

ransferability to other locations. The noise aspect has been ad-
ressed with modelling (Jakob et al., 2020) and regulatory (SIA,
011; Steinke et al., 2018) approaches. Modelling has so far been
ather simplified, mainly based on the idea of checking whether
he required installed power for HP installation in a given cluster
f buildings exceeds the legally defined acceptable noise levels.
ut this method does not take much account of the improvement
n the noise level of the HP. In order to address this gap, we
onducted a rough assessment of the effect of different heat pump
oise levels for the diffusion potential of air source heat pumps
n the city of Basel and the canton of Geneva (see Appendix
). Three noise levels were distinguished, i.e., Low, Medium and
igh, all of which are far below the levels required according
o existing EU noise regulation (Fig. A.1). They partly exceed the

COLABEL noise thresholds but only up to a heating capacity of

14055
9 kWth for the Medium noise level and up to mere 1.5 kWth
or the Low noise level. The calculations show that the diffusion
otential of air source heat pumps is only meaningful if they
omply with the Low noise threshold levels. Under this condition
he heat pumps can be implemented in most parts of the cities
nd the noise constraint is violated only in the densest urban
reas (see appendix for details). If air source heat pumps are
oreseen as predominant solution for decarbonizing cities, major
fforts will be hence required to avoid noise problems. So far,
omplementary sound protection measures and noise deflection
ere the preferred solutions (Steinke et al., 2018) but these are
nlikely to be sufficient in the case of large-scale air source heat
ump deployment in cities.
With regard to regulatory conditions it has been suggested

o develop a standardized measurement procedure for the de-
ermination of HP sound data for noise verification, and to then
mplement it (Steinke et al., 2018). This can create confidence
n the sound data and in the quality of the noise protection
ertification, and it should help to prevent noise complaints. On
he other hand, there still seem to be unresolved issues with
he night-time silent mode significantly reducing HP efficiency
due to a higher share of direct resistance heating); and a HP
anufacturer is reported to take their ultra-silent (and costly) HP

rom the market due to lack of demand (Omlin, 2021).
There are only few alternative solutions for (mainly large) pre-

xisting buildings for which decentralized electric heat pumps are
ot viable. These are (i) the use of biomass as fuel, (ii) bivalent
hybrid) systems consisting both of an electric heat pump and
ossil fuel heating and iii) district heating. In Switzerland, biomass
s fuel is avoided in dense urban centres for pollution reasons.
ybrid systems may create a lock-in and they may delay the
ecarbonization of the building stock for some decades. This
xplains why cities with ambitious climate objectives, e.g. BS, GE
nd Zurich, aim for a much higher share of buildings connected to
istrict heating (with the heat originating from municipal waste
ncineration plants, biomass combustion with pollution preven-
ion and large-scale electric heat pumps). To avoid that building
wners chose a gas-fired heating system instead of district heat-
ng, the city of Zurich decided not only to expand district heating
ut to also dismantle the natural gas grid (Sprecher et al., 2014)
In order to ensure that the entire building stock is decar-

onized, all buildings where the installation of an electric air
ource heat pump is not straightforward (beyond 50 kWth ac-
ording to our earlier assumption) could be connected to district
eating system. While ambitious district heating expansion plans
o exist, we are not aware of systematic GIS-based and eco-
omic analyses assessing the viability of district heating systems
ulfilling these requirements. In other words, strategies for the
xpansion of decentralized heat pumps should be aligned to
istrict heating strategies; further work is required in this area.

.2. Discussion of results

Having discussed above the principal limitations and their
mplications, we now turn to a discussion of the results and
f policy conclusions. Our results indicate that even for a very
ifferent building stock situation (Section 3.1), the number of
uildings in which HP can potentially be installed is similar in
he two cantons and is very large (more than 40% of existing
esidential buildings). In this work we quantified the number of
uildings where it considered to be ‘‘rather straightforward’’ to
nstall heat pumps according to current practice and understand-
ng. However, it is important to highlight that the perception of
‘rather straightforward’’ in terms of the building characteristics
or installation are somewhat simplistic and that they depend in
eality on many other factors such as alternative technologies,
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aturity of the market, knowledge, and experience of installers.
ll these factors can be improved, hence increasing the number
f buildings that can more easily install a HP.
The first and most important aspect that needs improvement

s the regulatory one. As expected, the major obstacles are the
onstruction requirements of the cantons, as well as the noise
rotection requirements. It is difficult to understand why the
utdoor installation of air heat exchangers for cooling purposes
s possible without further formality in protected zones, but
he same installations for heating purposes cannot be allowed
Sprecher et al., 2014). The approval procedure for HP is currently
ore complex and the processing time is longer than for other
eat generators. On the one hand, the design integration of
xternally installed HP into the cityscape plays an important role.
n the other hand, the noise emissions of HP affect the interests
f third parties, which is why compliance with noise protection
equirements must be verified and tested. Important suggestions
ave been made for the further development of the authorization
rocedure include (Steinke et al., 2018) simplification of the
rocedure, also to minimize processing time; improved quality of
he application material with more support for users; definition
f ‘‘standard cases’’ for further development of standard proce-
ures and guidelines; focus on the replacement of fossil fuel-fired
oilers; motivation of building owners to plan in advance the
eplacement of their heating system; more guidance for the ap-
licants to reduce the amount of consultation with the authorities
nd to reduce the number of rejections; integration of the design
nto the cityscape; and compliance with the legal requirements as
ell as respect for the interests of third parties (especially noise
rotection).
A second very important aspect to make the installation of HP

asier is also to raise awareness on this technology and explain
he advantages of the HP to the homeowner. A recent study
as shown that there is a lack of information on the topic of
P in MFH (Varga et al., 2018). In many cantons, the desire for
pecific information material on the topic has been expressed,
specially for example of ‘‘good practice’’. Unfortunately, such
xamples can hardly be found in the available studies. To provide
complete example of good installation, it is important that, in
ddition to the technical system itself, the actual investment costs
ncurred and the real operating data of the HP are also reported.
oreover, also the bad experiences of the companies involved
ith difficulties during implementation can be very valuable if
dequately shared and communicated (Forster and Varga, 2018).
Another important point raised that requires attention is the

ow level of knowledge of the average installer (Freyre et al.,
021). It is important to understand the needs of this professional
roup more precisely and to find new ways of providing them
ith further training (Freyre, 2019). Research, also across national
orders, can possibly reveal innovative approaches (e.g. awards,
n-house competitions, bonus models) that promise more success
han the usual information and training campaigns (Varga et al.,
018). In Switzerland, the most important energy policy levers
re still in cantonal hands. Thus, the Confederation has no direct
nfluence either on the level of subsidies, or on the application
f the Article 1.29 from the 2014 MuKEn (Conferenza Cantonale
ei Direttori dell’Energia CDE, 2014). However, the Confederation
an also have a networking effect here and, for example, show
xamples of success, information material, tools developed and
sed in some cantons, so that other cantons could follow.
Finally, there are also economic considerations to be made.

n contrast to small detached houses with sufficient outdoor
pace, the cost of installing a HP in large existing buildings is
ignificantly higher. The cost of the HP is only a fraction of
he total costs, which include structural and noise protection

easures, often an extension of the electrical connection, and
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much more. The investment cost is 2.5 to 4 times higher than the
cost of directly replacing heating with fossil fuels (Sprecher et al.,
2014). Therefore, several forms of subsidies (e.g., from cantons,
confederation) should be considered to increase the uptake of
HPs.

5. Conclusions

The potential for CO2 reduction through a change of heating
ystem is generally high in residential buildings, as the majority
f them in Switzerland are still heated with fossil fuel sources.
witching to HP system operated with zero or low to very low
arbon electricity can significantly reduce the emissions related
o space heating and domestic hot water. However, in most
wiss cities, fossil substitution has been the rule, while renew-
ble substitution is the exception. This change is happening very
lowly, due to a mix of technical and administrative issues, and
ome barriers that are perceived as such by all the stakeholders
nvolved.

This study investigated how a strong climate protection law
Energy Act of Basel-Stadt) has managed to overcome resistance
o the installation of HPs, which is now observed in some other
antons. In spite of many technical limitations related to the
eatures of the pre-existing buildings the imposition of a law that
bliges (with some exceptions) the substitution of fossil fuels
ith a renewable source has had a very positive impact on the
iffusion of this solution. This case study is important because
t allows to learn lessons for other cantons, to see if a similar
olicy can be implemented, how to improve it, and what results
o expect. The crucial point is to compare conditions, both from
legislative and a technical point of view. Concerning the first
oint, almost all cantons are comparable in energy matters. The
econd point concerns mainly the characteristics of the buildings
n the cantons. A direct comparison of cantonal decarbonization
olicies and achievements would require that the typology of
he buildings in the compared canton (in terms of age, size,
erformance, etc.) is comparable with those of the fore-runner
anton (i.e., Basel-Stadt). Since this is hardly ever the case, it is
ecessary to compare cantons in terms of their building stock.
his study is the first of its kind to do so, with the ultimate
bjective of understanding how and to what extent, the results
btained in one can be extended to the other.
The results indicate that although the two cantons have differ-

nt characteristics in terms of building stock, and they are starting
rom very different situations, the potential of buildings where HP
nstallation is considered ‘easy’ is high in both cases (50% in Basel-
tadt and 40% in Geneva). This is equivalent to 40% (in both cities)
f the energy used for thermal use that is currently produced
y fossil energy and that could be instead generated with HPs.
onsidering the different emission factors of fossil fuel systems
er MJ of useful heat (e.g. 0.069 kgCO2/MJ for gas) compared to an

HP (0.017 kgCO2/MJ) (KBOB, 2016), the savings in CO2 emission
are very significant. Based on a projection of the emission factors
for electricity and gas for 2030 with a conservative (optimistic)
forecast, CO2 savings were calculated to be between 50% and 70%
when installing HPs.

The analysis shows that the benefits are indeed clear, and the
technical solutions are available too. However, changing the en-
ergy system often leads to a comprehensive construction project
and therefore requires more (preparation) time, more qualified
personnel, more financial means, and many other additional con-
ditions that must be met. The installation of the HP in the attic or
on the roof is, in many cases, the only option in urban areas due
to the limited space available. However, if static reinforcements
have to be carried out, their costs exceed the subsidies received
for the HP (if subsidies are granted, which is not the case in
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ll cantons), discouraging property owners. Moreover, increased
ttention will need to be paid to noise issues in cities if air source
eat pumps are the technology of choice. All these factors must
e taken into account in order to design effective policies that
re truly effective for the extensive installation of HP. However,
t is worth remembering that there are many cases where it is
lready possible to easily install a HP today, and these should
e the starting point, without further delay. Further research is
equired to define in more detail other barriers encountered in
ther cantons, and to classify a degree of ‘‘severity’’ related to
hese barriers. Potentially all these barriers can be overcome,
ut it is important to understand on which buildings to start
oncentrating efforts in order to spread the use of HP in an
fficient and extensive way.
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ppendix. Assessment of the effect of different heat pump
oise levels

In order to assess the constraint of maximum acceptable noise
evels for the diffusion of heat pumps at the urban scale, a
implified model was developed consisting of the following three
teps:
First, stylized relationships between the heating capacity

power in kWthermal) and the sound pressure level for night
peration were established. Due to the wide range of noise
evels of commercially available heat pumps for a given heating
apacity (see blue dots on Fig. A.1) the stylized relationships have
ather normative character. They could be seen as anticipating
ategorization according to noise level labels assigned to heat
umps (such labels do not yet exist to our knowledge). The three
oise levels (Low, Medium and High) are far below the levels
equired according to existing EU noise regulation (see Fig. A.1).
hey exceed the maximum noise thresholds of the EU ECOLABEL
ntil heating capacities of 1.5 kWth, 9 kWth and 20 kWth for Low,
edium and High noise respectively; but beyond these values, all

hree levels are below the EU ECOLABEL thresholds.
Second, based on Swiss planning guidelines for HVAC instal-

ation, the minimum distance d (in m) between the noise source
Fig. A.1. Acoustic Emissions from commercially available heat pumps in relation to heating capacity (blue dots; from Swiss Association for Heat Pumps (2019)),
assumed noise levels (low, medium and high) and comparison with EU Parliament (2013), Reichl (2021), Stocker (2013).
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Fig. A.2. Medium noise level scenario results for Basel City.

Fig. A.3. Low noise level scenario results for Basel-City with zoom-in areas.
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Fig. A.4. Low noise level results for the Canton of Geneva.
and the noise recipient can be calculated according to the equa-
tion d = 10(1/20·(SPL−38 dB)), with SPL representing the Sound Power
Level at night in dB (derived from (Swiss Association for Heat
Pumps, 2019) for residential areas). In combination with the first
step, this equation allows to establish the relationship between
thermal capacity (power, in kWthermal) and the required distance
.
Using GIS (and more specifically the Shapely and Geopandas

ackages of the Python programming language), a circle was then
rawn around each heating system, with the radius being the
equired distance. Buildings for which the circles do not intersect
ere defined as viable, i.e., these are buildings where a heat pump
an be safely installed without causing any noise issues. This
alculation was conducted for the three noise levels distinguished
n Fig. A.1. In this way, the buildings were identified where heat
umps can be safely installed in the cities of Basel and Geneva.
his is based on the assumption that the building on which the
eat pump is installed is insulated from its own noise, in line with
xisting regulation.
When graphically presenting the results, viable buildings are

isplayed in green, all other buildings are displayed in grey. In the
mages below, the grey circles correspond to the noise radiuses
rom heat pumps, whereas the polygons represent buildings.
arker grey areas result from overlap of multiple noise radiuses.
s shown in Fig. A.2, hardly any buildings have been identified as
iable in Basel-City under the assumption that only heat pumps
ith medium noise level are installed.
In contrast, at low noise levels, the noise constraint is violated

nly in the densest part of Basel City (Fig. A.3).
For the low noise scenario, air source heat pumps become
iable for 71% of the buildings, corresponding to 45.4% of the floor

14059
area. Similar results are found for the canton of Geneva where air
source heat pumps are estimated to be become viable for 86% of
the buildings and 60.5% of the floor area (see Fig. A.4).
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