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Abstract

Electrification of heating via heat pumps is one important step
to improve the building sector and to achieve the European
Commission’s 2030 target of a 40 % share of renewables in the
energy mix. While the use of heat pumps increased steadily
in most European countries, the market share of heat pumps
still varies strongly between market segments and countries.
According to EurObserv’ER 2018, heat pumps are well estab-
lished in new constructions. In the renovation market with
multi-family buildings, the share of heat pumps is much lower,
reaching only around 10 % in Germany, Austria and France
(EurObserv’ER 2018).

The contribution will present results from a stakeholder pro-
cess, which was carried out to better understand the conditions
of market uptake of innovative heat pump systems in different
European countries. The analysis was carried out as part of a
Horizon 2020 funded research project on trigeneration systems
based on heat pumps (https://www.tri-hp.eu/).

The objective was to investigate key social and contextual
factors that influence the social and market acceptance of re-
newable heating and cooling systems. The analysis included a
literature review and in-depth interviews with change actors
in the heat pump markets in Germany, Switzerland, Spain and
Norway. Among others, the perspective of heat pump manu-
facturers, HVAC planners, installers and building owners were
taken into account.

As a result, we could identify important barriers, drivers and
incentives for the adoption of heat pump systems in general
and innovative trigeneration heat pumps systems. Besides eco-
nomic factors, such as high upfront costs, issues of practical
implementation and feasibility emerged as important topics.
Organisational factors, such as the cooperation between differ-
ent trades on the construction site, or country specific heating
cultures also turned out to be important issues.

In the contribution, we will link these findings to the outcomes
of a series of workshops, in which steps to actions were discussed
with key stakeholders on a national and European level.

Introduction
EU and national climate targets call for a shift towards a de-
carbonisation of the building sector in all European countries,
entailing a need to replace outdated fossil heating systems by
newer and less carbon-intensive ones. Electrification of heat-
ing via heat pumps is an important step to achieve the Euro-
pean Commission’s 2030 target of a 40% share of renewables in
the energy mix. In Germany, rapid market penetration of heat
pumps is seen as a priority for national energy policy to reach
the German 2030 targets in the buildings sector (BMWK 2022).
In the last years, the use of heat pumps for heating, cooling
and hot water generation increased steadily in most European
countries. However, the market share of heat pumps still var-
ies strongly between market segments and countries. In new
buildings, heat pumps are well established: According to a mar-
ket analysis in 2017, the market share of heat pumps in newly
constructed single-family houses was above 90 % in Norway,
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Sweden and Finland and around 35 % in Austria and France.
In the renovation market with multi-occupied buildings, the
share of heat pumps was much lower, reaching only around
10 % in Austria, France and Germany (EurObserv’ER 2018). In
the renovation market and in particular in multi-family build-
ings heat pumps have a huge, but largely untapped potential for
GHG reduction.

In this paper we will explore barriers, hindrances and incen-
tives to market adoption of heat pumps in Europe in multi-
family buildings. We present the results of an in-depth em-
pirical investigation of factors affecting the social acceptance
of heat pumps in four European countries. The investigation
included two steps: In a first step, stakeholder interviews were
carried out in Germany, Switzerland, Spain and Norway. In a
second step, the findings of the interviews were discussed and
validated in national stakeholder workshops. Participants of
the workshops were also invited to sketch strategies of action to
overcome these barriers and hindrances.

The paper draws on a stakeholder analysis which was car-
ried out as part of a research project on innovative trigenera-
tion heat pump (TRI HP) systems. These systems are based on
electrically driven natural refrigerant heat pumps coupled with
photovoltaics to provide heating, cooling and electricity to new
and refurbished multi-family residential buildings with an on-
site renewable share of 80 %. The flexibility will be achieved by
allowing the use of three heat sources: solar (with ice/water as
storage medium), ground and ambient air. These systems are
still under development, and only some of the TRI-HP compo-
nents, e.g. natural refrigerants, are entering the market. Only
few stakeholders were familiar with TRI-HP systems and most
of them referred to heat pumps in general. Thus, our paper
has a broader scope going beyond the narrow topic of TRI-
HP systems, including also the views of stakeholders towards
“conventional” heat pumps. If no particular reference is made,
findings refer to heat pumps in general. If TRI-HP systems are
addressed, this is mentioned explicitly.

The paper is structured as follows. First, we outline the back-
ground and objective of our paper. Methodology of data gen-
eration and validation are presented in the third section. In the
fourth section, we give a short overview on the results of the
stakeholder process. Finally, we will discuss main conclusions
that can be derived from these findings.

Background and Objective

SOCIAL ACCEPTANCE OF RENEWABLE ENERGY TECHNOLOGIES

Social acceptance of energy technologies has been a major
topic of social energy research in the past decades. The use of
the term ‘social acceptance’ in research literature is manyfold,
with various interpretations and approaches associated with it.
While the meaning of ‘social’ can range from a general ‘public’
to specific groups of stakeholders (Heiskanen et al. 2014; Wol-
sink 2018), the term ‘acceptance’ is used for attitudes and be-
haviour varying between passive consent and more active par-
ticipation Thus, a distinction can be drawn between ‘acceptance
in principle; which is more interested in general evaluations
and attitudes of people, and ‘acceptance in actual adoption and
use, which looks more closely into actions, decisions, use, and
behaviour of decision makers (Jung et al. 2016: 815).
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Furthermore, social acceptance can be broken down to dif-
ferent levels of acceptance. According to the much-cited dis-
tinction made by Wiistenhagen et al., three dimensions of
social acceptance - socio-political, community and market
acceptance — can be distinguished (Wiistenhagen et al. 2007).
Whereas social-political acceptance deals with the acceptance
of institutional settings, community acceptance refers to local
renewable energy (RE) plants, like windmills, and the reactions
of the local stakeholders. Finally, market acceptance refers to
the diffusion of RE technologies within the market and the ex-
tent to which its participants, such as consumers and compa-
nies, accept them (Schumacher et al. 2019: 316).

OVERALL OBJECTIVE

In this paper, we focus on market acceptance of heat pumps
in multi-occupied buildings in general and specific issues re-
garding innovative heat pump systems. The overall objective
is to explore barriers, hindrances and incentives for actual
adoption and use, distinguishing between different groups
and stakeholders, each with different and often conflicting
interests and motives for action. The focus is on the views and
perspectives of actors which are considered as key stakehold-
ers playing a critical role for adopting heat pump systems in
buildings:

e decision makers (e.g. investors or building owners who
make investment decisions for a building);

¢ planners and technical consultants for the design and tech-
nical functionality of heat pump systems in residential
buildings (architects, HVAC consultants, building engi-
neers, etc.);

e experts for the successful installation of heat pump systems
(installers, tradesmen, plumbers, etc.);

¢ manufacturers and distributors of heat pumps;

¢ building or facility managers in charge of operating and
maintenance of heating systems.

As markets and (climatic, geographical, regulatory, political
and cultural) context conditions for market adoption of heat
pumps vary in Europe, we apply a cross-national perspective,
focusing on four European countries (Germany, Switzerland,
Spain, Norway). These countries represent different climate
zones with differing heating and cooling demand in Europe as
well as different context conditions for market adoption of heat
pumps.

Methodology
The analysis of barriers, hindrances and incentives for actual
heat pump adoption and use included two steps:

e Asafirst step, expert interviews were carried out in Germa-
ny, Norway, Spain and Switzerland in order to explore key
stakeholders’ expectations, benefits, requirements and risk
perception associated with heat pump systems and compo-
nents as well as geographical, legal and cultural differences.

e As a second step, the interview findings were discussed
in a series of national stakeholder workshops in the four
countries. During the workshops stakeholders and experts
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were invited to assess and validate the interview findings
from the point of view of their professional expertise and
the specific conditions in their country. Furthermore, the
workshops were dedicated to elaborate in greater detail
suggestions and conclusions for measures and actions to
improve market uptake of heat pump systems in a national
context.

The methodology of the expert interviews and the stakeholder
workshops is explained in the following sections.

EXPERT INTERVIEWS: SAMPLE AND METHODOLOGY

Semi-structured narrative in-depth-interviews were conduct-
ed in Germany, Norway, Spain and Switzerland with end-us-
ers (owners of multi-family houses) and key stakeholders for
heat pump planning, installation and maintenance. The inter-
views were carried out along an interview guideline with open
questions. The guideline was structured along topics, derived
from comprehensive literature analysis (Friedrich, Stiefl
2019). Each topic was addressed by a small set of questions.
In response to the interviewee’s answer, additional questions
could be asked in order to explore the view of the interviewee
deeper. The order of questions was not fixed (= fully struc-
tured), but could be adapted to the course of the conversation
(=semi-structured). Interviewees were selected according to
a sampling scheme.

The interview partners were recruited using different strat-
egies. First, extensive internet research was carried out via
search engines. Further results were obtained via publicly
accessible contact portals such as websites of professional
associations or LinkedIn. In addition, the project partners
TECNALIA, IREC (Spain), SPE-OST (Switzerland), NTNU
(Norway) and REHVA (Belgium) provided valuable contact
recommendations from their professional networks. Finally,
numerous contact recommendations were made by the inter-
viewees themselves.

Interviews were conducted between March and November
2020. In Spain and Norway, the guideline was translated into
the respective national language. Due to the Covid-19 pandem-
ic, all interviews were conducted by phone or video call. The
response of the interviewees was rather positive and the quality
of the in-depth interviews was very good.

Interviews in Germany and Switzerland were carried out by
ISOE, with support from SPF-OST in Switzerland. In Spain and
Norway, external professional market researchers were entrust-
ed with the interviewing under the guidance of ISOE. Field-
work in Norway was done by Opinion AS (Oslo). Interviews in

Table 1. Sampling structure of expert interviews.
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Spain were carried out by Astrid Zarcos Lamolda (Calig, Cas-
tellon). A universal interview guideline developed by ISOE was
used in all countries.

The final sample included thirty-six expert interviews. Ta-
ble 1 shows the structure of the final sample by country and
stakeholder group. Interviewees were selected according to
their assignment to the stakeholder groups that were identified
as relevant to the implementation and market uptake of heat
pumps. Efforts were made to ensure that the interviewees came
from a variety of regions within the countries surveyed.

The average age of the interviewees was 50 years, with the
youngest interviewee being 28 and the oldest 72 years old.
Only four of the 36 people were women, which reflects the well
above-average proportion of men in this area.

Data management and evaluation were carried out exclu-
sively by ISOE. All interviews were fully transcribed and coded
with the MaxQDA analysis software. The codes were structured
according to thematic clusters. For each topic code, a con-
densed summary was then produced for each of the four coun-
tries studied. The respective content was categorised according
to dominant topics, which in turn were compared with each
other in order to interpret the results. Generalised results were
evaluated with regard to their overarching or country-specific
significance.

STAKEHOLDER WORKSHOPS

The findings from the interviews were discussed in national
stakeholder workshops in Germany, Norway, Spain and Swit-
zerland. The concept and the evaluation of the stakeholder
workshops was provided by ISOE. Each stakeholder workshop
(SWS) was organised by a national partner of the TRI-HP pro-
ject consortium and supported by project partners in terms of
moderation and documentation. Table 2 provides an overview
on the four national SWS and the number of attendees.

All stakeholder workshop had the same structure, however
the number and composition of attendees, the thematic focus
and the schedule were adapted to national contexts. Carefully
selected representatives of the key stakeholder groups identi-
fied in the interviews were invited to the SWS in order to rep-
resent a broad spectrum of different perspectives and interests
and to be able to capture and discuss barriers and drivers in a
most inclusive way. Between seven and 26 stakeholders from
different sectors participated in the national SWS, including
representatives from relevant associations, organisations, com-
panies or practitioners (see Table 3).

All stakeholder workshops were divided into two parts: In
the first part, members from the TRI-HP project consortium

STAKEHOLDER GROUP DE CH ES NO TOTAL
House owner, investor, property manager 1 2 2 2 7
Technical consultant, project planner 3 2 1 2 8
Manufacturer, distributor 2 1 1 1 5
Installer, tradesman 2 1 2 1 6
Architect 3 1 1 1 6
Engineer 1 1 1 1 4
Total 12 8 8 8 36
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Table 2. Overview of the four SWS and number of attendees.

Germany Switzerland
Date and time 09.06.2021 24.06.2021

09:30-12:30 09:30-12:30
SWS organiser ISOE SPF
Moderation and ISOE, SPF ISOE, SPF
support
Participants total 20 19
Stakeholders 7 9

Table 3. Representatives of stakeholder categories that participated in the four SWS.

Stakeholder Germany
Heat pump associations X
Heat pump (component) manufacturer X
HVAC planners / energy counselling X
Installing / tradesmen associations X
Investors / housing company X
Facility management / energy contracting X
Architects / building engineers X

Other

presented key technical achievements of the project (e.g. heat
pumps with CO, or propane as natural refrigerants or coupling
of solar thermal and ice storage systems). In the second part,
key challenges regarding a better uptake of heat pump systems
in general and specific issues regarding innovative heat pumps
were presented and discussed in an interactive session with the
SWS attendees. The challenges were derived from the findings
from the expert interviews and were assessed by the stakehold-
ers. After presenting some of the most important issues that
were frequently mentioned in all interviews, stakeholders were
given the opportunity to add challenges if they missed any, or
they could change or even delete existing ones. In this way, they
were able to contribute and include in the discussion certain
aspects specific to certain stakeholder groups or countries.
After the list of key challenges was deemed complete, a voting
process followed. Each stakeholder could cast a vote on which
challenges he or she thought were most important. Depending
on the voting results, the participants of the SWS4 divided into
moderated small groups in which different challenges were dis-
cussed and action steps were developed.

All SWS were held as virtual events due to the COVID-19
pandemic. In addition to the conference software, virtual
whiteboards and an online voting tool were used.

The main results and conclusions of each SWS summarised
in condensed documentations, which were then subjected to a
comparative analysis. For this purpose, ISOE provided a docu-
mentation template to the national partners. In addition, the
information from the whiteboards and the votes were evalu-
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Spain Norway
23.06.2021 16.06.2021
09:00-11:00 09:30-12:30
Tecnalia NTNU
SPF, Tecnalia, NTNU,  ISOE, SPF
IREC
37 23
26 7
Switzerland Spain Norway
X X
X X X
X X X
X
X X
X X X
X X
X X X

ated. The findings of the SWS process are documented in Frie-
drich, Stief$ (2021).

Results from the expert interviews

In the following, main findings from the stakeholder interviews
on barriers and drivers towards the adoption of renewable
heating and cooling technologies are presented. While barri-
ers and hindrances refer to the adoption of heat pumps more
generally, drivers and incentives point to aspects that might
help overcome these challenges. These aspects include specific
advantages of tri-generation technology as well as external fac-
tors, such as political framework conditions, funding schemes
or new business models that support the market introduction
of tri-generation systems. They also include suggestions from
stakeholders for further action that could improve social and
market acceptance of these systems.

The numerous barriers and drivers that have been identified
in the interviews can be grouped into three categories: econom-
ic-financial, practical implementation and feasibility, and psy-
chological, socio-cultural and organisational aspects.

ECONOMIC-FINANCIAL BARRIERS, DRIVERS AND INCENTIVES

Economic-financial barriers and hindrances

High investment, upfront costs and additional costs, espe-
cially for refurbishment measures that may be required if heat
pumps are to be installed in existing buildings, were the most
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frequently mentioned financial hurdle for heat pump systems.
Additional efforts for drilling in the case of ground source heat
pumps, result in further increase of installation costs.

High electricity prices compared to gas were seen as another
barrier for conventional heat pumps, because they increase
operating costs and reduce the system’s cost effectiveness. This
risk increases when heat pumps are not properly installed and
configured.

The uneven distribution of costs and gains can pose another
barrier when an investor is unable to reap personal benefit from
low operating costs (landlord-tenant dilemma).

Economic-financial drivers and incentives

The low operating costs of renewable heating and cooling
systems and their reliance on basically inexhaustible energy
sources were emphasised by many interviewees. Maximising
self-consumption of electricity generated on site by photo-
voltaic panels is considered a very effective means of keeping
operating costs low and becoming largely independent of the
electricity market. Operating costs can be reduced further
through intelligent system control that can make use of flexible
electricity tariffs.

Carbon taxation and ongoing changes in the regulatory
framework of energy markets are expected to further increase
the competitiveness of renewables. Public subsidies were high-
lighted as a main lever with which to ease the burden of the
high upfront cost of renewable heating and cooling systems and
increase social acceptance of this technology.

Innovative business models, like energy contracting, based
on the investment of a third party who is paid for the heat or
cooling production can overcome the hurdle of high upfront
costs and reduce financial risks for property owners.

Novel forms of cooperation, for example housing coopera-
tives or energy networks, can also help renewable heating and
cooling systems achieve wider market acceptance, as they sup-
portalong-term perspective, rather than seeking a rapid return
of investment.

PRACTICAL IMPLEMENTATION AND FEASIBILITY

Barriers and hindrances towards practical implementation and
feasibility

Poor energy efficiency standards of existing multi-family
buildings have often been mentioned as a practical barrier
that impedes a broader adoption of renewable heating and
cooling systems in this segment of the building market. In
many cases, the efficient operation of heat pump systems re-
quires expensive and disruptive measures such as insulation
of the building fagade or the installation of underfloor heat-
ing.

The technological complexity of advanced renewable heat-
ing and cooling systems and the need to adapt these systems
to different energy consumption profiles were seen as another
challenge, especially with regard to configuration, coordinated
interplay between the individual components, and quality con-
trol.

Other barriers to feasibility relate to a lack of space required
for the technological components and boreholes, plus the noise
emissions of air source heat pumps, which amplify, when the
installation is not done properly.
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Drivers and incentives to practical feasibility

A higher standardisation of heat pump manufacturing could
take the pressure off installers, who would no longer have to
grapple with a variety of barely compatible systems from differ-
ent suppliers. Compact, space-saving systems or modules that
come off the shelf and can be installed and replaced via plug-
and-play increase feasibility for both new and existing buildings.
Ready-made and simple solutions such as combined packages
of, for example, a heat pump with photovoltaic and electrical
storage would be appreciated by investors and installers.

Refurbishment measures are considered important to
achieve a high performance from a heat pump in existing
buildings. A new generation of high temperature heat pumps
can meet the needs of older buildings, having a modest insula-
tion standard and undersized emitters. Disruptive changes to
the heat distribution system can be avoided, if technological
components such as low-temperature radiators are used as an
alternative to underfloor heating.

The individual thermal needs and the social structure of
residents lead to a variety of heat consumption profiles of indi-
vidual residential buildings. These profiles should be assessed
accurately in order to determine the ideal sizes of heat pumps,
photovoltaic panels, heat storages and other technological
components. In multi-family buildings, intelligent control sys-
tems that automatically adapt to individual user behaviour can
help boost the efficiency of the system.

The use of natural refrigerants such as propane or CO, instead
of fluorinated gases further reduces environmental risks. Tech-
nical risks and safety concerns linked to the use of natural refrig-
erants in tri-generation systems were considered to be very low
as installation and maintenance rules were observed. Existing
regulations, for example regarding safety measures in the main-
tenance of heat pumps so that no leakage or contamination can
occur, were evaluated positively. There were a few suggestions,
however, that called for permissible maximum levels when fill-
ing a device with natural refrigerants to be increased for larger
heat pumps installed in multi-family buildings.

Due to technical development and regulations, air source
heat pumps have become significantly quieter in the last years.
Nevertheless, they should be set and programmed in such a
way that noise levels remain constant. Noise protection equip-
ment should be considered and night and quiet times respect-
ed. Complaints from neighbours can thus be minimised.

PSYCHOLOGICAL, SOCIO-CULTURAL AND ORGANISATIONAL ASPECTS

Psychological, socio-cultural and organisational barriers and
hindrances

Lack of awareness of the ecological impacts of fossil heating
and cooling systems and knowledge deficits were seen as im-
portant obstacles to social acceptance of heat pump systems.
Preconceptions about renewable energy technologies and ig-
norance about available funding opportunities by many profes-
sionals and stakeholders in the heating and cooling sector are
further barriers.

A shortage of qualified installers for renewable heating and
cooling systems was described as a “bottleneck” in many coun-
tries. Qualification and training paths as well as the business
model of many heating installers are still rooted in fossil tech-
nologies, hampering a swift decarbonisation of the heating sec-
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tor. The extensive technical and practical knowledge required
for planning, implementation, operation and maintenance of
renewable heating and cooling systems was identified as a ma-
jor challenge.

The increasing demand for information on a multitude of
funding opportunities, regulations, and other framework con-
ditions was seen as another factor that limits broader accept-
ance of renewable heating and cooling systems among heating
installers. Fragmented responsibility and difficulties in coor-
dination between planners and craftsmen on the construction
site can make quality assurance more difficult which in turn
means a higher risk for investors.

Existing country-specific heating and cooling habits of end
users may clash with the specific requirements of low-tempera-
ture systems, thus affecting their efficient operation.

Psychological, social-cultural and organisational drivers and incentives
Awareness raising and trust building among end users and
professional actors are key to increasing social and market ac-
ceptance of renewable heating and cooling systems. Prevailing
prejudices and rumours among end users, heating installers
and architects must be countered with transparent information
on the advantages and benefits of renewable heating and cool-
ing systems.

Close and trusted cooperation between manufacturers and
installation companies were seen as particular important. Heat
pump manufacturers should insist on quality control to guar-
antee proper installation, offer savings guarantees and main-
tenance contracts. The appointment of a single responsible
overall coordinator for complex projects would improve stake-
holder cooperation and enhance customer satisfaction.

Further training for heating installers should be targeted to
technological issues as well as to communication and skills that
are helpful for advising clients or marketing heat pumps more
effectively. Monetary incentives for vocational training and fur-
ther qualification could help address the quantitative and quali-
tative shortage of skilled workers in the field of heating instal-
lation, especially if such incentives are linked to certification.

Public communication should not only focus on technical
aspects and financial benefits, but also address environmental
values that intrinsically motivate stakeholders and end users to
invest in renewable technologies and systems. These include,
for example, the desire to lead a more environmentally friendly
life, to practice energy self-sufficiency, or to participate in the
decarbonisation of the energy system.

COUNTRY-SPECIFIC FINDINGS

In Germany, existing laws, regulations and funding conditions
relevant for the market diffusion of renewable heating and
cooling systems were assessed as basically favourable. A critical
bottleneck is seen in the lack of sufficiently qualified installers.
Low energy efficiency of the building stock is considered a ma-
jor challenge for broader diffusion of heat pumps in the build-
ing stock. A much discussed topic concerns the renovation of
existing buildings and when it is reasonable (and under which
circumstances) to replace an old (fossil) heating system with a
heat pump. The high level of electricity prices in Germany was
considered by most experts to have a detrimental effect on ac-
ceptance of renewable heating and cooling systems. Systems,
like trigeneration heat pumps, with a high share of on-site gen-
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erated electricity might prove to be beneficial, because they can
ease the burden of high operating costs

In Switzerland, the Heat Pump System Module was high-
lighted as a successful quality standard and certification system
which could serve as a best practice example for other coun-
tries as well. The module includes a standard for the planning,
construction and commissioning of heat pumps (<15 kW),
certification, binding procedures, and performance guarantees,
easy-to-understand documentation and regular quality checks.
Also in Switzerland, shortage of qualified heating installers was
raised as an important issue. Tradesmen in Switzerland have
a very influential position, also in multi-family buildings. Ad-
vice of heating installers is often biased towards fossil heating
systems. Alternatives such as heat pumps are rarely discussed.

In Spain, in the building sector there is a strong depend-
ence on fossil paths, and it is only recently that political frame-
works have changed in favour of promoting renewable energy
technologies. But still, renewable energy funding policy is less
elaborated compared to Germany or Switzerland. Compared to
other EU countries, building and apartment owners have only
little economic capacity, and so the upfront costs play a ma-
jor role for many residents. Direct savings on investments are
seen as more important than long-term savings through lower
operating costs. Central heating and cooling systems are gener-
ally not yet very widespread. A reason for this is a strong desire
for individual heating and cooling solutions for each flat. Be-
ing able to consume as much heat or cold as personally desired
without thinking about the immediate costs is seen as an ex-
pression of “quality of life”. Hampering the change to larger cen-
tralized heating and cooling systems in multi-family buildings.

Norway abounds in electricity from hydropower, and elec-
tricity prices are very low. Low cost of electricity offers a great
advantage and a huge potential for heat pump deployment in
Norway. But residents are accustomed to cheap electricity and
the willingness to pay for alternative heating systems is rather
low. Water-based heating systems, as used in Germany and
Switzerland, are the exception. This hampers the introduction
of (water based) tri-generation systems, because they require a
shift in heating distribution systems.

Outcomes from the Stakeholder Workshops
RESULTS

Germany

In Germany, the following main challenges regarding a higher
market penetration of heat pumps in multi-family buildings
were identified

* High planning and coordination effort

e High investment and upfront costs

 Shortage of skilled workers, training and deployment
e Electricity price and electricity market

¢ Complexity of the planning and implementation process for
investors and developers

With regard to the high planning and coordination effort, par-
ticipants emphasised that for proper planning, an understand-
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ing of the overall system is required. Especially when installing
heat pumps in existing buildings, proper dimensioning is im-
portant. This requires an exact and elaborate calculation of the
heat demand of the building.

The following action steps were identified to best tackle the
challenge of high planning effort:

¢ A training offensive should be launched to enable profes-
sional associations and manufacturers to better understand
heat pumps and acquire the knowledge they need to install
heat pumps.

¢ Manufacturers should align heat pumps more with the
needs of installers and design them to be more standardized
and easy to install.

¢ Installers should be provided with a planning manual with
detailed operating steps, including a catalogue of building
types and suitable heat pumps systems.

In order to overcome the barrier of high investment and up-
front costs, it was raised that installation costs must be consid-
ered holistically by taking into account the entire life cycle of
heating and cooling systems. In the case of refurbishment, not
only additional radiators or adding an underfloor heating are
a significant cost factor from an investor’s point of view, but
also the insulation of the building envelope. However, on the
other hand, this can decrease costs of heat pump itself: better
insulation will reduce the energy demand, thus a smaller, less
expensive heat pump will be required. The following steps were
suggested to tackle with

¢ Adequate planning for the entire building must be carried
out, whereby the heat demand of the building must be de-
termined individually in order to be able to calculate the
appropriate dimensioning of the heat pump and potential
additional costs.

¢ Planning should be carried out by an independent energy
consultant, who furnishes a manufacturer-independent ex-
pert opinion and calculates the life-cycle costs for different
scenarios, including future price increases for fossil fuels.

e Awareness should be raised among building owners’ that
good planning saves money rather than being a cost factor.

Switzerland

In Switzerland, the deployment of heat pumps is more ad-
vanced compared to many other countries, which is why the
discussion of the challenges focused more on the specific case
of solar-ice systems. The following issues were seen as the most
urgent challenges concerning renewable heating and cooling
systems:

e high planning and coordination effort
¢ investment and upfront costs
¢ and shortage of skilled workers

With regard to the high planning and coordination effort, it was
emphasised by participants that building owners and architects
need practical examples of solar-ice systems so that they can
build confidence in the technology. Further, they need compar-
ative offers from which they can choose. As another problem it
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was discussed that architects are not remunerated for the extra
work and prior research they have to do on such innovative
systems. In particular, the following actions were suggested:

e More demonstration sites need to be built to enhance confi-
dence in the technology.

e Where such demonstration sites already exist, they need
to be better promoted in order to significantly increase
the awareness of such systems across relevant stakeholder
groups.

¢ Extra work done by the construction management, archi-
tects or planners must be remunerated.

With regard to the investment and upfront costs, it was pointed
out that the installation costs must be considered holistically by
taking into account the entire lifecycle of heating and cooling
systems but also buildings. Opinions differed on the time hori-
zons for which lifecycle costs should be calculated. Periods of
more than 20 years appear not very attractive for investors. An-
other challenge is the tenant-landlord dilemma, which will not
be resolved by a lifecycle assessment alone. In order to tackle
with this challenge the following suggestions were made:

¢ Change in tenancy law is needed to adequately take into
account investment costs for heat pump systems and clear
regulation under which conditions landlords can pass on
costs of investments to tenants.

¢ Depreciation and tax breaks for large investments in energy
efficiency and heat supply should be extended, e.g. by stag-
gering tax deductions over several years.

¢ Funding for innovative heating and cooling systems that
combine several technologies (e.g. heat pumps, solar ther-
mal and PV), should be increased, as well as support for
business models such as energy contracting.

Spain
The Spanish stakeholders rated the following topics as main
challenges:

¢ Investment and upfront costs
¢ Regulatory and administrative barriers
e Shortage of skilled workers

e Lack of available space for heat pumps in densely settled
urban areas

According to the views of the stakeholders, the following steps
could help tackle the barrier of high upfront costs:

¢ Proposals for heating and cooling systems based on heat
pumps should include detailed life cycle assessment, includ-
ing operating costs, to allow a fairer comparison of systems
and avoid an un-due focus on investment costs.

¢ Life cycle assessments should also include refrigerants, e.g.
their global warming potential.

e Awareness raising of all relevant stakeholders should be
done as well as improved dissemination of knowledge about
the benefits and opportunities of heat pumps to enable bet-
ter decision making.

ECEEE SUMMER STUDY PROCEEDINGS 1269



8-245-22 STIESS, FRIEDRICH

Norway

The participants of the stakeholder workshops in Norway
ranked the following topics as key challenges that hamper a
better adoption of heat pumps:

e Lack of ecological awareness

e Investment and upfront costs

e High planning and coordination effort
e Missing water-borne heating

e New building code

The lack of ecological awareness was highlighted as a major
challenge, as many homeowners do not care what heating tech-
nology they use or which refrigerant it contains as long as it is
legal and cost-effective. In Norway, heating is predominantly
powered by electricity, which is commonly understood as
“green’”. Therefore, for the Norwegian population heating is not
seen as an urgent environmental issue, which means that there
is no incentive to switch to renewable and more environmen-
tally friendly heating systems.

The following action steps on how to best tackle the chal-
lenge were worked out by the group:

¢ A labelling system should be introduced that transparently
maps the environmental impact of heating systems and thus
that of houses, so that heat pumps systems with natural re-
frigerants receive a better rating.

e Before building a house, owners should declare which heat-
ing system they choose and why not a more environmen-
tally friendly one.

e For better awareness raising and to demonstrate that it
works, public actors such as schools should step forward.

e Not only positive incentives should be set but also penalties
introduced.

Overall findings

In terms of the overall objectives, the drivers and barriers iden-
tified in the stakeholder interviews were validated and affirmed
during the four country-specific SWS. This applies both to the
ten preselected challenges, none of which was considered ir-
relevant by the stakeholders or even suggested for removal, and
to the modified or added answer options. Aspects from all three
categories of barriers and drivers were vividly discussed in all
SWS.

For example, “investment and upfront costs” were found
among the key challenges in three out of the four country
workshops as well as “shortage of skilled workers” and “high
planning and coordination effort®. As already shown in the in-
terviews, very similar challenges were discussed in Germany
and Switzerland, although the proposed solutions varied due
to different market situations and stakeholder constellations.
The important role of upfront costs, already evident for Spain
in the interviews, was likewise confirmed in the stakeholder
workshops. And the Norwegian stakeholder workshops could
also reaffirm a lack of environmental awareness as a major chal-
lenge in their country.

Another validation of the interview results are the changes
and additions to the answer options, as they are a clear indica-
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tion of country specificity. This applies in particular to the is-
sues of “shortage of skilled workers, training and deployment of
skilled workers”, and “electricity prices and electricity market”
in Germany, “regulatory and administrative barriers” in Spain,
and “lack of water-borne systems” in Norway.

With the joint elaboration of the action steps and the stake-
holders to be activated for this purpose, numerous ideas and
practical suggestions for improvement were developed in all
stakeholder workshops. In many cases, these corroborate the
incentives elaborated from the interviews. This includes, for
example, the frequently made argument that the economic ef-
ficiency of heat pump systems should be considered over the
entire life cycle, or the proposal to support new business mod-
els such as energy contracting. It was also suggested that the
complexity of such systems and their components should be
reduced and that they should be easier to install. Especially in
Germany and Switzerland, the significance of heating install-
ers became evident once again. Further qualification for the
installation of heat pumps but also awareness raising across all
stakeholder groups were frequently mentioned aspects in the
stakeholder workshop.

With regard to the third objective of the workshops, it be-
came clear that the country-specific framework conditions are
very different. This concerns various (future) market develop-
ments, political legislations, funding availability, geographical
and weather conditions as well as cultural contexts. For TRI-
HP systems, it is therefore recommended to consider these
non-technical aspects at an early stage of development.

Conclusions and recommendations
Even though the number of participants in the stakeholder
workshops does not allow for representative conclusions, each
of the suggestions for improvement and recommendations for
action from the national workshops can be checked for plausi-
bility and transferability. As this shows, none of the action steps
seem to be categorically valid only for the country in which
they were developed. For example, the idea that the time and
effort required to adequately plan an energy-efficient and cost-
efficient heat pumps system should be remunerated was men-
tioned in one way or another in several interviews and work-
shops. Addressing this apparent need, e.g. by simplifying the
systems and providing easy-to-use planning tools that signifi-
cantly reduce planning effort and thus planning costs, should
be considered in the development of trigeneration systems.
Moreover, topics and challenges such as raising awareness or
better qualification of installers were recurrently discussed in
stakeholder workshops even if they were not selected as major
challenges in the voting before. This reflects the complex inter-
dependencies that exist between the challenges and why it is
problematic to look at them in isolation from each other.

Approaching the challenges “holistically” was a view that
was put forward repeatedly by many stakeholders in both in-
terviews and workshops. Ultimately, this could explain why the
action steps, which were all discussed and evaluated against the
background of different challenges regarding the common vi-
sion, seem to be largely compatible with each other.

All results developed in the stakeholder workshops can be
understood as stimulating contributions for enhancing stake-
holder” acceptance of heat pump systems. Any measures and



8. INNOVATIONS IN PRODUCTS, SYSTEMS AND BUILDING ...

actions to improve the framework conditions for market ac-
ceptance of advanced heat pump systems — such as new funding
instruments, qualification offers or communication activities
- should therefore take this holistic perspective into account.
To enhance the acceptance of heat pump systems among key
stakeholders, their different needs and expectations as well as
key national challenges should be included in communication
and dissemination approaches.
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