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Abstract

1. Introduction

The European Union is currently undertaking
unprecedented efforts to increase its use of renewable
energy sources by 20% with respect to 1990’s levels. In
this perspective, heat pumps represent a powerful low
carbon energy resource towards achieving the
2009/28/EC Directive’s targets. Despite their benefits,
heat pumps are still being implemented below their
potential rates in large parts of Europe. In the aim of
rising the market penetration of heat pumps at
European Union level, this paper performs a qualitative
feasibility study - strengths, weaknesses, opportunities
and threats analysis – based on knowledge provided by
the main stakeholders of the branch (institutional
actors, industry, building professionals, power sector,
and demand side). The study shows the main barriers
(weaknesses and threats) to be: i.) Price ratio between
alternative energy sources and electricity, ii.)
Investment costs as well as iii.) Installation costs. In
contrast, major drivers (strengths and opportunities)
are: i.) Policies and legislation, ii.) Research and
innovation, and iii.) Innovative heat pump systems. The
pinpointing of the above barriers and drivers is capable
of supporting in particular institutional actors in
formulating
possible
policy
and
legislative
developments to accelerate the penetration of heat
pumps in Europe.

The EU is currently facing unprecedented energy,
climate, economic, and social challenges. In an effort to
confront them, its 20/20/20 targets formulate a set of
measures aimed at reaching by 2020 a 20% increase
with respect to 1990’s levels in the use of renewable
energy sources (RES), the reduction of greenhouse gas
(GHG) emissions and the decrease of primary energy
consumption by improving energy efficiency [1].
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Not all EU Member States (MS) are currently on the right
track towards achieving the RES share objectives by
2020 and further efforts are required to reach the 2020,
2030 and 2050 goals [2].
Heating and Cooling (H&C) account together for
approximately 50% of Europe’s total energy
consumption, considering residential, service and
industrial sectors. Whereas heating demand is
forecasted to decrease, cooling is expected to grow
incrementally in the next decades. In this perspective,
the promotion of RES in H&C is key in achieving the
2009/28/EC Directive’s targets. Within the European
technological platform, heat pumps (HPs) represent a
powerful resource towards the realization of the
European Commission’s (EC’s) goals. Synergies between
HP technologies – on the demand side – and
decarbonisation – on the supply side – could
significantly contribute in achieving the low carbon
energy challenge [3].
Despite their benefits, HPs are being implemented
below potential rates in large parts of Europe [4]. Their
under-deployment raises a number of questions – in
particular:
• What are the main barriers and bottlenecks
towards increasing HPs penetration?
• What are the major drivers raising the European
HP market?
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• What are the most meaningful drivers in
overcoming market obstacles?
Answers to these questions have been sought through a
detailed analysis of the HP market, investigating realities
from multiple perspectives (technical, economic,
political, legislative, regulatory, social, etc.). The main
purpose of our study is to deliver a clear understanding
of the EU HP market starting from its current state of
inadequacy and inconsistency of specialized literature
data sources (e.g. [5-7]).
Towards this objective, we apply a so-called SWOT
analysis: a qualitative methodology considering
strengths, weaknesses, opportunities and threats. First
developed by Humphrey [8], this methodology has been
widely adopted for performance evaluation of both
single enterprises and markets. In the present case,
market data referring to strengths, weaknesses,
opportunities and threats are arranged as entries of a
SWOT matrix (Figure 1). We collected input matrix data
interviewing stakeholders of the analysed field and we
elaborated them to provide insights on its future
development after acquiring a better understanding of
its underlying mechanisms.

2. Methodology
Our SWOT analysis is especially addressed to
institutional actors (policy makers, legislators and
regulators - competent administrative bodies and
agencies) as a support in policy and legislative measures
to accelerate HP penetration in Europe. However, our
results are extendable also to all other actors operating
in the HP market.
We compared the knowledge provided by the main
stakeholders of the EU HP market with the information
derived from scientific literature.
Available documentation on HP barriers and drivers was
especially provided by the:
• European Heat Pump Association (EHPA) [9];
• Renewable Heating & Cooling Platform (RHCPlatform) [10];
• International Energy Agency Heat Pump
Programme (IEA HPP) [11].
An empirical survey helped us to identify both the
stakeholders of the HP market and the factors
determining the SWOT analysis input data. In a first step,
we carried out expert interviews to determine the
stakeholders of the field and their specific role. Here
experts designate professionals working in the HP field
at EU level since at least ten years.

In a second stage, we asked the stakeholders to fill in a
questionnaire identifying barriers and drivers of the
European HP market.
Stakeholders were asked to provide exclusively
empirical information; their representatives to
elaborate on previously occurred barriers and drivers.
A sample size of n=30 experts served the purpose of
finding stakeholders, while an additional sample of 30
stakeholders’ representatives, resulting from the first
survey, was interviewed with regard to barriers and
drivers.
To generate an adequate statistical sample we used the
rational of considering a minimum of 30 cases, following
[12-14].
We designed our questionnaire following a two-step
process: first, assembling relevant questions through an
internal brainstorming process. Second, following a
pretesting process submitting a first version to only a
part of the interviewed (one third – ten experts). The
procedure aimed at identifying questions considered
irrelevant/not clear by respondents. Thus, we were able
to create a concise (five questions) and easy to compile
questionnaire, entailing the possibility of adding
information whenever not covered by previous parts of
the questionnaire [15].
A sample of our questionnaire is reported in the
Appendix, while completed questionnaires are omitted
for privacy issues. Interviews have been carried out by
phone in order to allow for immediate clarifications on
possible misunderstandings.
The SWOT analysis following the questionnaires
includes factors (weaknesses and threats) harming the
HP market sector as well as factors (strengths and
opportunities) boosting HPs penetration.
Throughout the analysis, strengths and weaknesses
were assumed as “internal factors”- characterizing the
EU HP market itself, while opportunities and threats as
“external factors” – relating to the surrounding
environment [8].
Allocating a factor within the SWOT matrix entries is
difficult since items might have floating limits: whenever
the assignment to an entry was uncertain, we chose to
allocate the factor by evaluating its affinity to an entry
compared with each of the others.
The factors were ranked within the four sections of the
SWOT matrix (strengths, weaknesses, opportunities and
threats) by the number of times mentioned by
interviewees – indicated as percentage of the
interviewees mentioning a specific barrier or driver. The
most indicated factors thus appear first.
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Figure 1. Qualitative approach of the utilized SWOT matrix

After assigning the percentage value to each factor in
the SWOT matrix, the values are summed up for each
section and the total sum is computed.
In the final step of the process, we surveyed stakeholder
representatives to identify the most relevant drivers to
overcome weaknesses and threats. This step is depicted
in Figure 1 by black arrows.
The SWOT analysis represents an applied methodology,
rather than a theoretical research approach, providing
institutional (and other) market actors with a deeper
knowledge of the HP branch and increasing their
operating efficiency.

3. Results
Our first survey aimed at identifying the most relevant
stakeholders in the European HP market, determined
the following professional groups (interest groups are
ranked by the highest number of entries received by
expert interviews – please find in brackets, expressed as
a percentage, how often the above described factors
have been named):
• Institutional actors (i.e. policy makers, legislators
and regulators such as relevant competent

administrative bodies and agencies) developing
policy, legislative and regulatory instruments
influencing the penetration of HPs at EU,
national and local levels (52%);
• Building professionals (e.g. architects, engineers,
installers, energy managers etc.) and
intermediaries (e.g. associations like the
associations of engineers etc.) advising
consumers on HP solutions (33%);
• HP industry (e.g. manufacturers etc.) bringing
constantly new HP solutions on the market with
higher energy efficiencies (29%);
• Demand side (i.e. consumers, investors such as
real estate companies or project developers
etc.) acquiring and applying HP solutions instead
of conventional H&C systems (25%);
• Power sector (e.g. energy supply companies
etc.) providing adequate tariff schemes for HPs
utilization (11%).
As indicated above by the percentage values,
institutional actors weigh twice as much as the second
most indicated group (building professionals) and
almost five times as much as the third one (power
sector).
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Two were the issues relating to the list of stakeholders
above which were highlighted by the experts
interviewed:
i.) Building professionals – in particular installers –
play an extraordinarily important role being final
users’ advisors on H&C installation type for their
homes and thus hold a remarkable power within
the market’s system.
ii.) The power sector influence through the creation
of advantageous tariff schemes for the
utilization of HPs played a crucial role in HP
penetration in a handful of European countries
(e.g. Switzerland [16]).
The results of the first survey set the ground for the
outcomes of the second, thus providing the information
for the questionnaire on barriers and drivers to feed in
the SWOT analysis.
We exploited the second survey’s outcomes to identify
the most frequent barriers and drivers of the HP market:
over 40 barriers and almost 30 drivers covering
especially technical, policy, legislation and economic
fields.
This section describes the significance of the three most
named factors per SWOT section and specifies their
classification (strength, weakness, opportunity, or
threat).
— Multifunction (strength)
While conventional H&C equipment uses multiple
machineries and fuels to provide thermal services, the
HP technologies can provide heating, cooling and DHW
with a single appliance. The resulting advantages are
plural: reduction of equipment costs, decrease in
expenses for system maintenance, space savings etc.
[17, 18].
— Environmental protection (strength)
HPs offer an energy efficient way to provide thermal
services. Hence, the investigated technology represents
one of the most promising technologies to save energy
and reduce greenhouse gas (GHG) emissions [19, 20].
— Safety (strength)
HPs are safer to operate than conventional H&C
systems: they do not involve fuel combustion, do not
emit dangerous gases and reduce maintenance.
— Investment costs (weakness)
Compared to conventional H&C systems (e.g. oil and gas
burners), HPs are characterized by relatively high
investment costs. The market price of HPs within the EU
is two to three times higher than competing products
[21]. A rational costumer would choose on the basis of
the calculated total cost of ownership (TCO) over the

expected useful life time of each alternative product.
Based on this evaluation, a higher initial investment in a
system can be overcompensated by lower operating
costs. In reality, investors typically decide on short-term
investment considerations, ignoring the TCO
perspective [22].
— Installation costs (weakness)
HP installation and its coupling with other technologies
(e.g. shallow geothermal systems for ground source
HPs) is often complex in dense urban environments.
Installation costs typically vary depending on the
country, the system type, HP size, price and the installer
company size [21] reaching up to 30% of the entire
system’s expenses [19].
— Building professionals’ know-how (weakness)
Malfunctioning of HP applications because of
suboptimal installation and inaccurate design
represents a major obstacle to their diffusion in Europe.
Thus, forming building professionals (i.e. architects,
engineers, installers, energy managers etc.) on how to
overcome these issues is a crucial mean of accelerating
HP market penetration [23].
— Policies and legislation (opportunity)
The HP market relies upon a vital political and legislative
support aimed at accelerating its growth: a set of
institutional and financial subsidies/incentives to
increase energy efficiency and RES exploitation, at
national and EU levels [22, 24, 25].
— Research and development (opportunity)
Research and development (R&D) is especially
important to rise energy efficiency values of HP
applications and consequently reduce primary energy
consumption, decrease carbon dioxide (CO2) emissions
and rise the amount of renewable energy usage.
Another important aspect of R&D activities in the field
of HPs concerns the reduction of environmental impact
by replacing ozone-depleting refrigerants [18, 22, 2628].
— Innovative heat pump systems (opportunity)
Innovative HP applications deserve a special focus since
they foster the further extension of renewable
generation capacity by supporting electricity grid
stabilization (e.g. by innovative system integration).
Additionally, innovative systems offer cost reduction
potentials (e.g. state of the art integrated power
management) by reducing maintenance costs and
assuring expected lifetimes of HP systems [18, 29-31].
— Price ratio between alternative energy sources
and electricity (threat)
This factor describes the price of (fossil) fuels compared
to electricity. In most EU MS the price ratio has
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significantly decreased (as a result of fossil fuel prices
reduction and an increase of electricity prices)
decreasing even further the operating cost advantage of
HP technology [22].
— Awareness (threat)
In spite of the technology enhancements and economics
improvements, consumer awareness is still low and
corresponds to a low confidence in the product for both
installers and end user side [22, 32, 33].
— Inertia (threat)
Inertia refers to resistance towards adopting a new
technology and accounts also for aspects as behavioural
changes and development of new habits. Inertia can
occur in both individuals and organisations, leading to
an inefficient use of resources [34].
An additional factor mentioned by a relatively high
percentage of interviewees (22%) either as a barrier or
as a driver - for nearly the exact amount of times was
the:
— Construction and refurbishment market
(opportunity/threat)
HP sales volumes greatly depend on the rate of
construction and refurbishment activities. At a
European level, the construction/refurbishment sector
lived through several years of decline - a trend further
supported by the economic crisis. Should the market
develop following its 2014 turnaround, it should impact
positively on the development of the HP market as well
vice versa continue to hamper it [22].
Table 1 indicates how often the above described factors
have been named (in percentage). The following factors
are ranked by the highest number of entries received by
expert interviews.
As exhibited in Figure 2, the highest total entries’ sum
(about 300%) is given by the weaknesses of the SWOT
matrix. This section is marked by the highest amount of
factors mentioned by interviewees (26). Opportunities,

with almost 200%, have the second highest entries value
(20 factors). The third highest entries number of
approximately 150% corresponds to the threats (17
factors). Strengths received the lowest total entries
value, nearly 100% (11 factors).
Counter positioning the sum of entry values of internal
factors (strengths and weaknesses), the weaknesses
exceed the strengths by three times - both in terms of
entries percentage sum as well as total number of
factors per section. The opposite holds for the external
part of the obtained SWOT matrix (opportunities and
threats). In this case, the opportunities overtop the
threats with regard to both sum of entries percentage
and total amount of factors per section.
The three drivers used to overcome the barriers most
frequently mentioned by experts (ranked by the highest
number on entries received by expert interviews –
expressed as percentage in brackets) are:
— Policies and legislation (69%)
Almost three quarters of stakeholders interviewed
mentioned policies and legislation as the most valuable
solution to overcome barriers of the European HP
market. The interviewees related their indication in
particular to incentives and subsidies, useful to
overcome the high costs of HP applications.
— Awareness (44%)
The second most named factor turned out to be
awareness, with nearly half of the interviewees’
indication. Creating awareness both for the concept of
TCO as well as for the benefits (reduction of GHG
emissions, new jobs creation, monetary savings,
increased efficiency in the energy sector etc.) of HP
systems is crucial for accelerating their EU market
uptake.
— Research and development (28%)
The third most indicated driver was identified to be
R&D. Almost one third of the queried stakeholders

Table 1: Number of entries per factor (barriers and drivers)

FACTORS
• Price ratio between alternative energy sources and electricity (threat)
• Policies and legislation (opportunity)
• Investment costs (weakness)
• Installation costs (weakness)
• Building professionals’ know-how (weakness)
• Awareness (threat)
• Research and development (opportunity)
• Innovative heat pump systems (opportunity)
• Inertia (threat)
• Multifunction (strength)
• Environmental protection (strength)
• Safety (strength)

ENTRIES (%)
34%
31% (31.4%)
31% (31.2%)
29%
27%
25%
22%
20%
16%
15%
13%
11%
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Figure 2. provides the key factors identified using the SWOT analysis

underlined that R&D will be beneficial to the HP market
by performing investigations on how to rise the energy
efficiencies of HPs and reduce their environmental
impact due to the use of ozone-depleting refrigerants.
Finally, experts were asked to provide a prognosis on the
future development of HPs in Europe within the next
decade. Lumping up the statements of 67% of
interviewees, the EU HP market turned out to have
slightly positive future projections following the
recovery of the economic crisis.

counter positioning external factors (opportunities and
threats) shows that these external factors support the
diffusion of heat pumps within the European Union.
As shown in the strengths, weaknesses, opportunities
and threats matrix, negative internal factors result to be
nearly three times higher than positive ones. This means
that the internal section of the market results to be
persistently unfavourable.

4. Conclusions

The most impactful factors appear to be price ratio
between alternative energy sources and electricity,
policies and legislation as well as investment costs. All
three are directly or indirectly cost related.

The qualitative results of the strengths, weaknesses,
opportunities and threats analysis show that the
European heat pump market is characterized by
promising potentialities, which have not been exploited
yet.

The entries number of internal factors indicates that the
most mentioned strengths are multifunction,
environmental protection and safety. This information
leads to conclude that high technical feasibility is
eminently important for the HP market.

Comparing internal factors (strengths and weaknesses)
between them, we find that these internal factors
hinder the penetration of heat pumps in regards to the
heating and cooling market in Europe. In contrast,

The most meaningful weaknesses are investment costs,
installation costs and building professionals’ know-how.
Thus, costs result to be relevant even compared to
professional concerns.
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Among the opportunities, the most indicated by
stakeholders are policies and legislation, research and
development and innovative heat pump systems. Once
more cost related issues show their overhand with
regard to other matters.

EC

European Commission

EHPA

European Heat Pump Association

EU

European Union

GHG

Greenhouse gas

The most discussed threats are price ratio between
alternative energy sources and electricity, awareness
and inertia. In this case, again an economical factor is
top ranked.

H&C

Heating and cooling

HP

Heat pump

HPP

Heat Pump Programme

Policies and legislation is the most commonly used
driver to overcome barriers. As this factor also has the
highest entries value of all drivers in the strengths,
weaknesses, opportunities and threats matrix, it is safe
to conclude that policies and legislation is the key driver
of the present SWOT analysis.

IEA

International Energy Agency

MS

Member states

O&M

Operation and maintenance

RES

Renewable energy sources

RHC

Renewable heating and cooling

R&D

Research and development

SWOT

Strengths, weaknesses, opportunities, and
threats

TCO

Total cost of ownership

It has to be stressed that the main barriers of the
investigation carried out (costs), the most important
driver to overcome these hurdles (policies and
legislation), and the most named stakeholders of the
European heat pump market (institutional actors) are
strictly connected. In fact, our study indicates political
and legislative measures, such as subsidies and
incentives, as the key to overcome heat pumps costs
obstacles.
Our investigation sheds light on the most relevant
drivers, internal, and external barriers of the European
heat pump market. It can assist market players by
indicating possible risks and opportunities. These
barriers and drivers also relate to a number of important
considerations awaiting decision makers who consider
entering this market. However, the main target group of
the present work is represented by institutional actors
who are supported by our findings in formulating
possible policy and legislative developments to
accelerate the penetration on heat pumps in Europe.
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Appendix
Barriers and drivers questionnaire utilized to feed the SWOT analysis
Data

Profession

Institution

Contact person

1. Which are in your opinion the most significant barriers for the European heat
pump market? Please name at least three in order of significance.
2. Which are in your opinion the most significant drivers for the European heat pump
market? Please name at least three in order of significance.
3. Which are in your opinion the most suitable drivers to overcome related barriers of
the investigated branch? Please state at least three concrete examples.
4. How do you estimate the future development of the heat pump market in Europe
within a time range of ten years?
5. Are there any further relevant information on the heat pump market in Europe you
would like to add?
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