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a b s t r a c t 

To achieve carbon targets, the European Union (EU) aims to promote nearly zero-energy buildings (nZEB). To 
enable the necessary transition, technical solutions need to converge with socio-economic factors, such values 
and awareness of stakeholders involved in the decision-making process. In this light, the aim of this paper is to 
characterise perceived drivers and barriers to nine energy-efficient technologies (EET), according to key decision- 
makers’ and persuaders of the technology selection in the EU residential building context. Results are collected 
across eight EU countries, i.e. Belgium (BE), Germany (DE), Spain (ES), France (FR), Italy (IT), Netherlands 
(NL), Poland (PL), and United Kingdom (UK). The stakeholders’ selected are architects, construction companies, 
engineers, installers and demand-side actors. Data from a multi-country survey is analysed to calculate the share 
of 15 drivers and 21 barriers (aggregated to 5 groups), being selected for each EET and country. The 5 groups 
considered to analyse drivers and barriers are environmental, technical, economic, social, legal. The perceived 
barriers and drivers were further studied for their association across the countries using the Pearson’s Chi2 and 
a Cramer’s V tests. The results demonstrate that across all EETs and countries, the technical and economic driver 
groups are perceived to have the highest potential to increase the implementation rate of EET. In terms of barriers, 
economic aspects are seen as the foremost reason that EET are not scaling faster. In both drivers and barriers 
legal aspects are the least often selected. In overall the barrier groups show significant variation across countries 
compared to driver groups. These findings provide an evidence-basis to better understand arguments in favour 
and against specific EETs and, in this way, support policy makers and other interested parties to increase the 
market share of the selected solutions. 
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. Introduction 

.1. Motivation 

In the European Union (EU), buildings are currently the single
iggest contributor of GHG emissions, responsible for approximately
0% of energy consumption and 36% CO 2 emissions. Furthermore,
bout 35% of the building stock is over 50 years old and more than
5% is considered to be energy inefficient [1] . In view of these facts,
he EU aims to promote nearly zero-energy buildings (nZEB) [2] . In line
ith requirements from the European Commission, EU countries had

o develop and submit nearly zero-energy buildings national plans, de-
cribing how they intended to increase the number of nZEBs in their
espective country to comply with the directive [3] . Although technol-
gy options to decrease building’s energy demand to nZEB standards are
eadily available and, in many cases, economically viable [4–9] , aver-
ge annual construction and retrofit rates in the residential sector are
till around 1% [10] . Of these, less than 5% are reaching these standards
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11] . This implies that, despite their availability and economic viability,
nergy efficient technology solutions are not deployed at the required
ate to meet EU’s carbon reduction targets. 

The discrepancy between the techno-economic potential and actual
arket behaviour has been coined as the ‘energy efficiency gap’ and im-
lies that non-technical hurdles are preventing the large-scale diffusion
f these solutions [12] . Any factor slowing the large-scale deployment
f these technologies or limiting market success for cost-effective tech-
ology is referred to as a market barrier [13] . In this way, to foster the
doption of energy-efficient technologies, a pan-EU knowledge about
he market-specific barriers and drivers is needed. This information can
e particularly meaningful if it is based on evidence from the stakehold-
rs involved in the technology selection, such as technology adopters,
rchitects, engineers, constructors, and installers [14] . 

Against this background, the goal of the present study is to better
nderstand what is impeding the large-scale deployment of these solu-
ions. More specifically it focuses on gathering empirical evidence on
he drivers and barriers for the available technology solutions allow-
ng for differences across (1) stakeholders (potential adopters of the
020 

lsevier B.V. on behalf of KeAi Communication Co. Ltd. This is an open access 
nd/4.0/ ) 

https://doi.org/10.1016/j.enbenv.2020.08.002
http://www.ScienceDirect.com
http://www.keaipublishing.com/en/journals/energy-and-built-environment/
mailto:camarasa@chalmers.se
https://doi.org/10.1016/j.enbenv.2020.08.002
http://creativecommons.org/licenses/by-nc-nd/4.0/


C. Camarasa, L.K. Kalahasthi and L. Rosado Energy and Built Environment 2 (2021) 290–301 

t  

t  

b  

g  

m

1

t

 

c  

i
 

h  

w  

b  

r  

P  

b  

h  

i  

b  

b  

E  

c  

D  

o  

t  

e  

e  

p  

a  

t  

a  

i  

s  

o  

s  

e  

e  

q  

f  

o  

s  

U  

t  

c  

h  

U  

w  

n  

t  

t  

c  

i  

o  

t  

t  

a  

a  

e  

o  

i  

a  

l  

c  

T
a
b

le
 
1
 

Q
u
ot

a 
fo

r 
d
ri

ve
rs
 
an

d
 
ba

rr
ie

rs
, 
pe

r 
st

ak
eh

ol
d
er
 
gr

ou
ps

 
an

d
 
co

u
n
tr

ie
s.
 

Q
u

o
ta
 

B
E
 

D
E
 

E
S
 

F
R
 

IT
 

N
L
 

P
L
 

U
K
 

T
O

T
A

L
 

#
 

S
ta

k
e

h
o

ld
e

r 
g

ro
u

p
s 

D
ri

v
e

rs
 

B
a

rr
ie

rs
 

D
ri

v
e

rs
 

B
a

rr
ie

rs
 

D
ri

v
e

rs
 

B
a

rr
ie

rs
 

D
ri

v
e

rs
 

B
a

rr
ie

rs
 

D
ri

v
e

rs
 

B
a

rr
ie

rs
 

D
ri

v
e

rs
 

B
a

rr
ie

rs
 

D
ri

v
e

rs
 

B
a

rr
ie

rs
 

D
ri

v
e

rs
 

B
a

rr
ie

rs
 

D
ri

v
e

rs
 

B
a

rr
ie

rs
 

1
.1
 

A
rc

h
it

e
ct
 

1
1
 

1
3
 

1
3
 

1
4
 

2
9
 

3
0
 

2
8
 

2
7
 

2
3
 

2
3
 

1
9
 

1
9
 

2
4
 

2
2
 

8
 

8
 

1
5

5
 

1
5

6
 

1
.2
 

E
n

g
in

e
e

r 
1

6
 

1
6
 

1
6
 

1
9
 

2
8
 

2
9
 

1
6
 

1
8
 

1
9
 

1
8
 

1
2
 

1
0
 

3
4
 

3
3
 

9
 

1
0
 

1
5

0
 

1
5

3
 

1
.3

. 
C

o
n

st
ru

ct
io

n
 
co

m
p

a
n

ie
s 

1
4
 

1
6
 

2
0
 

1
9
 

2
6
 

2
6
 

1
6
 

1
5
 

3
7
 

3
7
 

2
8
 

2
7
 

2
8
 

2
6
 

7
0
 

7
0
 

2
3

9
 

2
3

6
 

1
.4
 

In
st

a
ll

e
rs
 

1
9
 

1
9
 

2
0
 

1
9
 

2
6
 

2
6
 

2
5
 

2
3
 

3
1
 

3
2
 

2
2
 

1
9
 

6
 

5
 

6
 

4
 

1
5

5
 

1
4

7
 

1
.5
 

D
e

m
a

n
d

-s
id

e
 
a

ct
o

rs
 

3
1
 

3
4
 

6
6
 

7
5
 

1
1

4
 

1
2

1
 

6
7
 

7
1
 

1
1

0
 

1
2

7
 

8
5
 

8
6
 

8
8
 

9
3
 

6
6
 

6
6
 

6
2

7
 

6
7

3
 

T
O

T
A

L
 

9
1
 

9
8
 

1
3

5
 

1
4

6
 

2
2

3
 

2
3

2
 

1
5

2
 

1
5

4
 

2
2

0
 

2
3

7
 

1
6

6
 

1
6

1
 

1
8

0
 

1
7

9
 

1
5

9
 

1
5

8
 

1
3

2
6
 

1
3

6
5
 

echnologies, architects, engineers, constructors and installers), (2) EE
echnologies, and (3) EU countries. Findings can be used as evidence-
asis to support policy makers further develop instruments and strate-
ies, and companies or industry associations aiming to increase their
arket share of energy-efficient solutions. 

.2. Literature overview: drivers and barriers to energy efficient 

echnologies in buildings 

There is a broad literature on the drivers and barriers to energy effi-
iency in buildings. Several of these contributions discuss the situation
n EU countries. 

The reviewed scientific papers focus on empirical evidence on house-
old’s adoption of energy efficient systems, more particularly those
hich have collected the perception of key stakeholders involved in
uilding projects within the last two decades (years 2000–2020). Most
etrieved studies focus on a single country or stakeholder ( Table 1 ).
ersson and colleagues investigated the existence and significance of
arriers and driving forces for the implementation of energy-efficient
ouses in Sweden, interviewing construction companies to gather this
nformation. They concluded that there is a need to demonstrate to
oth construction companies and potential customers the viability of
uilding passive houses and that future building regulations from the
uropean Union are identified as a regulatory driver [15] . Cagno and
olleagues conducted an exploratory investigation analyses to a set of
utch manufacturing enterprises and other agencies to map the views
f stakeholders in the decision-making cycle. Their findings lead them
o conclude that much greater attention should be paid to issues, such as
xtending policies from industrial final users to all companies supplying
nterprises with capital, technologies, services, information, and com-
etences [16] . Likewise, the purpose of the paper developed by Beillan
nd colleagues was to analyse the weight of socio-economic factors in
he decision-making process of multiple energy efficiency technologies
cross various European countries. For this they selected case studies
n Germany, Switzerland, Italy, Spain and France. For each case on-
ite surveys were conducted, including qualitative interviews with the
wners, the residents and the involved professionals. Results from their
tudy showed that (1) people getting involved in projects of energy-
fficient refurbishment aren’t mainly and exclusively motivated by en-
rgy savings; (2) there’s a lack of skilled work force able to meet the re-
uirements of energy-efficient retrofitting; (3) public support schemes
or retrofitting measures play a crucial role; (4) the local embedding
f projects is important [17] . Cooke and colleagues reported on the re-
ults of a qualitative study about building project stakeholders in the
K —their experience of alternative energy technologies (AETs), the fac-

ors that influence assessments and their views on how to improve the
hances of using AETs in future projects. Among other conclusions, they
ighlighted the lack of experience of installing AETs in buildings in the
K, and the understanding of these technologies is variables - in line
ith the results from Persson and colleagues. Also, that there were a
umber of drivers and barriers to the use of AETs in buildings at the
ime of the study, and that the relevance of each of these varied be-
ween projects, with time and with the technology [18] . Achtnicht and
olleagues identified key drivers and barriers for the adoption of build-
ng energy retrofits in Germany by analysing data from a 2009 survey
f more than 400 owner- occupiers of single-family detached, semide-
ached, and row houses. They found that private owners who are able
o afford it financially, for whom it is profitable, and for whom there is
 favourable opportunity were more likely to undertake energy retrofit
ctivities [19] . Stieß and colleagues offered a comparison of homeown-
rs applying low and zero carbon technologies versus those carrying
ut standard refurbishment measures. They concluded that the dissem-
nation of information and transfer of knowledge played a key role in
chieving energy-efficient refurbishment measures [20] . Likewise, Pe-
enur and colleagues link demographics with barriers to energy effi-
iency measures adoption in residential sector in the UK [21] . Michelsen
291 



C. Camarasa, L.K. Kalahasthi and L. Rosado Energy and Built Environment 2 (2021) 290–301 

a  

m  

G  

s  

n  

e  

c  

n  

(  

c  

t  

e  

[  

o  

m  

T  

f  

t  

t  

b  

i  

e
 

h  

e  

t  

c  

a  

t  

O  

w  

m  

s  

a  

D  

a  

l  

b  

t  

s  

r  

D  

m  

P  

6  

a  

m  

r  

t  

g  

c  

d  

t

2

 

d  

s  

a  

d  

f  

s  

C  

w  

t  

o

2

 

c  

B  

l  

c  

i  

p  

c  

p  

n  

e  

p  

w  

o  

a  

h  

s  

u  

(  

s  

p  

f  

s  

d  

e  

c  

i  

m  

t  

t  

b  

c  

w  

l  

s
 

g  

a  

v  

s  

c  

l  

a  

s  

d  

d  

c  

r  

c  

m  

a  

fi  

w  

h  

T  

s  

a  

e  

d  

n  

s  
nd Madlener explored the multi-dimensionality of the homeowners’
otivation to decide between competing residential heating systems in
ermany, concluding that adoption motivations can be grouped around

ix dimensions: (1) cost aspects, (2) general attitude towards the tech-
ologies, (3) government grant, (4) reactions to external threats (i.e.,
nvironmental or energy supply security considerations), (5) comfort
onsiderations, and (6) influence of peers [22] . In Germany too, Kester-
ich and colleagues derived factors that increase the willingness to pay
WTP) of homeowners for energy efficiency in the specific case of an up-
oming move. Their estimation results suggested that the WTP is not de-
ermined by socioeconomic attributes like household income or formal
ducation, but rather by environmental concerns and energy awareness
23] . Likewise, Caird and colleagues surveyed consumers’ (i.e. technol-
gy adopters) to study the reasons behind adoption of energy efficiency
easures and renewable energy systems, including drivers and barriers.
he reasons for considering but rejecting these technologies include the
amiliar price barriers, as well as other obstacles that varied according
o the technology concerned [24] . Finally, Heiskanen offered a litera-
ure review on renewable energy technology deployment in residential
uildings, in which concluded that a research gap exists because build-
ng owners across Europe are quite diverse, and the European markets
xhibit different stages of maturity [25] . 

This literature overview shows a body of knowledge covering
ousehold-level factors influencing the adoption of building-scale en-
rgy efficiency solutions. Yet, each study addresses a distinct country,
echnology solution(s) and stakeholder´s perspective. The only cross-
ountry analysis of household adoption of energy efficient technologies
nd behavioural practices we are aware of is the OECD report “Assessing
he Impacts of Climate Change ” (2011) [26] . Results across the selected
ECD countries included in the study were found to vary considerably
ith respect to appliance stock, investments in energy-savings equip-
ent, energy savings behaviour, government support received for in-

tallations of energy- efficient technologies, environmental concerns and
ttitudes, or motivations to reduce energy consumption. For example,
utch households are most likely to turn off their electronic appliances
nd devices. In comparison, households in Australia, the Czech Repub-
ic and South Korea are the least likely to switch off appliance in stand-
y mode, while households in Sweden and Norway are the least likely
o turn off lights when leaving a room. The June 2011 Eurobarometer
urvey also hints at differences across EU Members in terms of envi-
onmental concerns and actions [27] . For instance, in Luxembourg and
enmark 34% and 31% of the population, respectively, considers cli-
ate change to be the single most serious problem facing the world. In
ortugal and Ireland, this share is only 7% and 13%, respectively. In the
 months prior to the survey, about three quarters of Swedes, Slovenes
nd Luxembourgian report to have taken personal actions to fight cli-
ate change, but less than a third of Poles, Romanians or Estonians

eport the same. However, given the diversity of local and national con-
exts, studies from one country or specific technology cannot be readily
eneralized to other region or technology, even within the EU. Thus,
omparing findings across studies and countries is not possible, as these
iffer in terms of technologies selected, behavioural practices, explana-
ory variables, and methods. 

. Materials and methods 

This section describes the survey instrument used to retrieve the
ata as well as the analysis applied. The data collected from a large-
cale multi-country survey are displayed and analysed for the percent-
ge of respondents across the countries stating the relevance of various
rivers and barriers for EETs. The perceived barriers and drivers were
urther studied for their association across the countries using the Pear-
on’s Chi2 and a Cramer’s V tests. The lower the p-value for Pearson’s
hi2, the higher the level of association, i.e. how the preference to-
ards a driver or barrier varies across the selected countries. Similarly,
292 
he higher value of Cramer’s V (between 0 and 1), the higher the level
f association. 

.1. Data collection: a multi country online survey 

The empirical analysis is based on data collected from a multi-
ountry online survey distributed in 2019 across 8 European countries:
elgium (BE), Germany (DE), Spain (ES), France (FR), Italy (IT), Nether-

ands (NL), Poland (PL), and United Kingdom (UK). To enable cross-
ountry comparability of the results, all countries used a common survey
nstrument translated into the local language and jargon with the sup-
ort of a market expert team and stakeholder representatives from each
ountry. The overall sample contains 7231 responses [28–30] . Since the
opulation of interest (i.e. residential building projects in the EU) is sig-
ificantly large and heterogeneous, and there was a need to represent
ven small subgroups of the population (e.g. stakeholder groups, com-
rehensive refurbishment projects, etc.), a stratified sample approach
as considered as the most appropriate. To characterise the population
f interest, the sample was then divided into three stratification axes,
s of the main elements building projects are composed of: (I) stake-
older group, (II) building typology, and (III) project type. Based on the
tratified approach, there was no maximum number of responses stip-
lated but rather a minimum quota for the three axes of stratification
Annex II, Table A2 ). One stratification axis is controlled ex-ante (i.e.
takeholder group) and two are controlled for during the survey or ex-
ost (i.e. building typology and project type). A number of steps were
ollowed to control the ex-ante axis in the survey distribution. The first
tep was to study the structure of the axis in each country, which was
one in terms of number of companies and sizes (i.e. number of employ-
es). This information was collected from Eurostat [31] . This source was
hosen because it ensured the cross-comparability of the statistics. This
nformation was then transferred to a market research institute, com-
issioned for the distribution of the survey across the selected coun-

ries. The market research institute was then responsible for collecting
he contacts for the selected stakeholder groups according to the num-
er of companies and sizes specified by the Eurostat database for each
ountry. The contact directory for each stakeholder group and country
as constructed from different sources, namely: yellow pages, online

ists, purchase of list from different suppliers (e.g. green book) or even
ometimes from random telephone selection [32] . 

The original survey contained responses from seven stakeholder
roups: (1) Conceiving, planning, and consulting services; (2) Material
nd technology supply; (3) Construction & installation; (4) Enabling ser-
ices; (5) Operation and maintenance services; (6) Institutional demand
ide, and (7) Private demand side. However, the present study focuses on
ollecting the perspective of key decision-makers in the technology se-
ection. Therefore, some stakeholder groups had to be excluded from the
nalysis. To select what stakeholder groups were included in the analy-
is, a literature review was performed. In this, several sources identified
emand-side actors, (e.g. institutional and private demand side) are key
ecision-makers in the technology selection [33 , 34] . Nevertheless, re-
ent findings demonstrate that in the technology selection process in EU
esidential buildings, many other stakeholders are involved and inter-
onnected in these decisions, some of which can have the same or even
ore power and communication than the demand-side actors, namely

rchitects, engineers, construction companies and installers [14] . These
ndings substantiate some earlier results from Beillan and colleagues,
hich had identified that architects played a key role for orienting
omeowners towards comprehensive energy-efficient retrofitting. [17] .
his supports the investigations from Heiskanen that indicated that in-
tallers are often the main source of information for building owners,
nd their recommendations have significant weight in the choice of sev-
ral building systems or components [23] . On this basis, the barriers and
rivers are based on the following perspective: architects (1.1), engi-
eers (1.2), construction companies (1.3), installers (1.4), and demand-
ide actors, including institutional demand side, such as housing compa-
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Table A2 

Minimum quota defined in the survey. Breakdown per stratification axis. 

Stakeholder Project type Sub-total Grand-total 

New built 
Deep 

refurbishment 

All other measures 

(including 
maintenance, 
refurbishment) 

Group Sub-groups SDB MDB SDB MDB SDB MDB SDB MDB SDB + MDB 

1. Conceiving, planning, and 

consulting services 

Architects and engineers 9 9 9 9 9 9 27 27 54 

2. Material and technology 

supply 

Material or technology 

manufacturer or retailer 

9 9 9 9 9 9 27 27 54 

3. Construction & installation Construction companies and 

installers 

10 10 10 10 10 10 30 30 60 

4. Enabling services Local authorities, banks and 

other financial services 

9 9 9 9 9 9 27 27 54 

5. Operation and maintenance 

services 

Energy supply/utility and 

ESCO, facility managers: 

commercial, administrative, 

technical, maintenance, etc. 

10 10 10 10 10 10 30 30 60 

6. Institutional demand side Investors, developers, housing 

companies for profit, 

public/part 

Governmental/non-profit 

15 15 15 15 15 15 15 45 60 

7. Private demand side Private house owners, flats 

rented out or self-owned 

26 26 26 26 26 26 78 78 156 

Total 88 88 88 88 88 88 234 264 498 
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ies (for profit), housing company or housing association, cooperative
public/part governmental/non-profit) and private demand side, includ-
ng: private owner (1.5). 

In order to collect the information to identify the respondent’s role in
he building value chain, the respondents were asked: “Are you working
rofessionally in one of the following companies or organisation types? ”
ollowed by a list of 21 options, including “Other company or organi-
ation type in the building or construction sector ” and “No, I do not
ork professionally in any company or organisation type related to the
uilding and construction sector ”. To encompass all demand-side actors
ncluding private owners, for those interviewees who had indicated not
o be working professionally in an organization from the building sec-
or, there was the follow-up question “Do you privately own one or more
esidential home(s) or flat(s)? ”

Since the analysis focused on a specific stakeholder groups (i.e. ar-
hitects, engineers, construction companies, installers and demand-side
ctors), a subset of the complete database was used. Subsequently, the
nal sample used for this study consists of 1782 responses, with the fol-

owing distribution across countries: BE = 115, DE = 181, ES = 317,
R = 209, IT = 329, NL = 216, PL = 204, UK = 211. The subset ob-
ained for the above-mentioned stakeholder groups are further divided
nto two parts, one each for drivers and barriers. Based on the contact
ollection approach, it is reasonable to assume that these subsets are
andomly collected. Because the scope of this study is limited to pro-
ide a basic analysis on the choice of drivers and barriers by country,
takeholder and technology separately. The inclusion of sample weights
ould be appropriate for performing an aggregated analysis where all

hree strata (country, stakeholders, and building typology) are studied
ogether. In this way, the response to the above questions on drivers and
arriers was another dimension defining the sample size. The parts are
ased on the valid responses to analyse the driver or barrier groups (i.e.
t least one of the answer options in the question checked). This division
s necessary as the respondents were given the freedom to answer either
arriers or drivers or both based on their level of experience and knowl-
dge. The complete list of stakeholders and their respective quotas in
he final dataset with valid observations for driver and barrier groups
re described in Table 1 . The datasets for driver and barrier groups have
326 and 1365 responses respectively. Among the stakeholders, nearly
0% quota belongs to the demand-side actors (1.5), followed by the
onstruction companies (1.3). The architects (1.1), engineers (1.2), in-
tallers (1.4) have almost equal quota. Among the countries, the highest
293 
uota belongs to the IT and lowest is for the BE. The lower sample size
or the architects (1.1), engineers (1.2), and installers (1.4) in the UK,
lso for the installers (1.4) in the PL, does not affect the analysis, as
ll these stakeholders are treated as a single entity. The combined sam-
le size matters in case of estimating the shares for drivers and barriers
or various EETs. The fact that the number of responses is not exactly
atching is because the respondents could answer either of the driver

r barrier or both. The selection of drivers and barriers as well as the
ain categories were extracted from the literature study [22 , 35 , 36] . The

uestions related to drivers and barriers can be found in the Appendix I.
or the entire questionnaire refer to [32] . 

To collect the information on the drivers for the EETs, interviewees
ere asked “What should happen to scale%tech% in%country%? ” for
 randomly selected technology. They were offered 15 answer options,
rouped into the same 5 categories: environmental, technical, economic,
ocial and legal. Again, they also had the option to select “Other ” and “I

on’t know ”. We also included the option “I don’t want this technology to

e scaled ”. The valid observations shown in Table 1 exclude the respon-
ents who answered, “I don’t know ” and “I don’t want this technology to

e scaled ” for the drivers . The complete list of drivers and driver groups
re shown in Table 2 . 

As a follow-up question, to identify perceived barriers, they were
sked: “What are the key barriers for %tech% in the current%country%
arket? ” for the same technology and were provided with 21 answer

ptions, clustered into the same 5 categories as the drivers: environmen-
al, technical, economic, social and legal. Along with the choice “Other ”
nd “I don’t know ”. The complete list of barriers and barrier groups are
hown in Table 3 . The valid observations shown in Table 1 exclude the
espondents who answered, “I don’t know ” for barriers. 

The final sample sizes for drivers was (1326) and (1365) for bar-
iers respectively. The fact that the numbers of responses are not ex-
ctly matching is since the respondents could answer either of the driver
r barrier or both. The selection of drivers and barriers as well as the
ain categories were extracted from the literature study [22 , 35 , 36] . The

uestions above can be found in the Appendix I. For the entire question-
aire refer to [32] . 

The format of the survey allowed participants to choose more than
ne answer option out of 15 drivers and 21 barriers displayed in
ables 2 and 3 . Based on this, Table 4 shows the number of observa-
ions making 1 or more number of choices in both drivers and barriers.
or example, in IT and for building automation, 7 observations choose
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Table 2 

Breakdown of drivers and groups. 

Driver Group Driver Definition 

Environmental 1 Improvement of the technology’s environmental performance (e.g. less energy consumption or carbon emissions) 

2 Energy input such as electricity, district heat, gas, oil should be produced more from renewable energy sources 

Technical 3 Improvement of the reliability and functionality 

4 Easier installation process 

5 Improved user-friendly 

6 Better design 

7 Improving Advertising / Technical Information Technology 

Economic 8 Price decrease and shorter payback time 

9 Energy cost saving and low running costs 

Social 10 Better marketing of technology 

11 Improved consideration of demands by tenants and building owners 

12 Improved communication in project teams 

Legal 13 Enforcement of building codes or by other legal requirements 

14 Promotion of energy-efficiency, low-carbon or sustainability labels for buildings 

15 Information campaign of authorities 

Table 3 

Breakdown of barriers and groups. 

Barrier Group # Definition 

Environmental 1 Lack of ambitious and clear political environmental targets 

2 Lack of environmental awareness 

Technical 3 Lack of reliable technologies 

4 Lack of high-performance technologies 

5 Lack of simple production process 

6 Lack of comprehensive information about alternatives and advantages/disadvantages 

Economic 7 Lack of affordable products 

8 Low energy prices 

9 Lack of subsidies 

10 Lack of tax incentives 

11 Lack of trust / awareness of lower life cycle / running costs 

12 Lack of comprehensive financing models 

13 Lack of qualified organizations / employees (e.g. for installation, construction) 

Social 14 Lack of trust / awareness in higher acoustic comfort 

15 Lack of trust / awareness in heat comfort 

16 Lack of interest in attractive design 

17 Lack of short or easy installation or maintenance 

18 Lack of education 

Legal 19 Lack of a comprehensive legal framework 

20 Lack of a comprehensive building standards 

21 Lack of implementation of legal standards 
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ust one driver, and 6 observations choose just one barrier. The data
hows that there is nearly an equal number of respondents making 1
o 5 choices in both drivers and barriers, in each EET. The distribution
lso varies among technologies and countries. For instance, in Building
utomation & smart metering IT, NL and UK have a higher number of
esponses between 1 and 2 choices than BE, DE, ES and FR, where the
ighest number of responses have selected between 3 and 5 drivers or
arriers. Based on the numbers from Table 4 , the authors decided to
arry out the analysis at the level of group of driver and barriers, due
o two major reasons. One of the reasons is, there are too many options
or both drivers and barriers to make a cogent analysis. Also, most of
he arguments can be correlated. For instance, a respondent may select
lack of affordable products ” an argument which can be linked to “lack
f subsidies ”. In such cases, calculating the shares (probabilities) at the
ndividual driver or barrier level to estimate the aggregate share for the
roups will lead to an underestimation of the shares. Thus, the shares
stimated at the group level does not include the number of drivers or
arriers selected in that group. For instance, any respondent choosing
t least one of the barriers from 3 to 6 in Table 3 is considered as an
bservation selecting the Technical barrier group. 

.2. Data analysis: overview of methodology 

The data analysis is comprised of two parts. The first part estimates
he probability of selecting each driver and barrier group for each EET
nd country combination. As shown in Eq. (1) , the probabilities are the
294 
atio between the number of respondents thought a driver/barrier is
ignificant ( r i ) and the total number of respondents that answered the
urvey ( N i ). These P i are presented as percentages of respondents select-
ng the drivers and barriers in Sections 3.1 and 3.2 . 

 𝑖 = 

𝑟 𝑖 

𝑁 𝑖 

(1)

In the second part, the level of two-way association between these
robabilities and the eight countries is estimated using the Pearson’s
hi2 and Cramer’s V test. These statistics measure the two-way depen-
ency between the probabilities of drivers/barriers among the countries.
he Pearson’s Chi2 is estimated from the number of observations in the
atrix ( n ij ) as shown in the Eq. (2) below where, i is country (rows),

nd j is if a driver/barrier is selected or not selected (columns) for an
ET and country [37] . Hence, there are eight rows ( i = 1, 2, 3 …, 8 )
epresenting the countries and two columns ( j = 0,1 ) where j = 1 if a
river or barrier is selected for a given EET, and j = 0 if not selected. 

ℎ𝑖 2 = 

∑
𝑖 

∑
𝑗 

(
𝑛 𝑖𝑗 − 𝑚 𝑖𝑗 

)2 
𝑚 𝑖𝑗 

; where 𝑚 𝑖𝑗 = 

(∑
𝑖 𝑛 𝑖𝑗 

)(∑
𝑗 𝑛 𝑖𝑗 

)
∑

𝑖 

∑
𝑗 𝑛 𝑖𝑗 

(2)

Since there are eight countries and two options (a driver/barrier se-
ected or not selected), the Chi2 obtained above has a total degree of
reedom equal to seven i.e., (8–1) ∗ (2–1). The Cramer’s V is defined as
iven in Eq. (3) below where, n is the sample size and t is the mini-
um of number rows minus and number of columns minus one, t = 1 in

urrent paper as the number of rows equal to eight (countries) and the
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Table 4 

Number of choices per EET, across selected countries for drivers and barriers. 

1. Building automation & smart metering 2. District heating 3. Electric storage 

1 2 3 4 5 6 7 > 7 1 2 3 4 5 6 7 > 7 1 2 3 4 5 6 7 > 7 

BE Drivers 1 1 3 0 1 1 0 2 0 4 4 1 2 0 2 1 1 0 2 1 2 1 0 1 

Barriers 0 1 3 0 2 0 0 3 0 2 5 3 2 0 1 3 2 1 3 1 1 0 0 2 

DE Drivers 1 2 0 2 4 2 1 1 2 2 0 3 5 0 0 0 4 3 2 0 2 0 0 2 

Barriers 1 1 2 2 3 2 2 0 4 3 2 2 4 0 1 0 4 4 2 0 2 0 1 1 

ES Drivers 0 4 4 6 2 3 1 0 2 1 5 4 3 6 2 1 2 6 6 5 6 3 1 2 

Barriers 1 4 4 5 5 2 2 0 2 7 2 5 8 1 3 1 2 2 6 4 5 5 1 3 

FR Drivers 0 2 7 3 3 0 1 3 2 1 1 3 3 1 2 2 2 3 1 1 7 2 1 0 

Barriers 0 3 4 3 3 2 0 2 0 5 2 1 2 2 1 3 1 1 2 3 4 1 1 3 

IT Drivers 7 3 7 3 2 1 0 0 6 6 5 3 1 2 0 1 4 10 5 2 0 1 0 0 

Barriers 6 7 4 3 5 0 0 1 6 11 7 1 2 0 0 1 8 10 5 1 0 0 0 0 

NL Drivers 5 1 7 2 2 2 1 0 1 7 6 2 4 0 0 0 8 1 2 1 2 0 0 0 

Barriers 6 3 3 0 4 0 2 1 0 7 6 1 3 1 1 0 8 3 0 0 3 0 0 0 

PL Drivers 1 0 1 4 4 2 2 4 3 2 1 0 6 4 1 1 2 5 3 3 5 1 0 0 

Barriers 1 0 1 2 7 1 2 4 1 2 2 1 4 3 3 1 1 3 4 1 4 2 1 2 

UK Drivers 4 6 0 2 5 1 1 3 5 0 1 2 4 1 0 2 3 3 3 1 3 1 1 0 

Barriers 4 4 2 2 5 1 0 3 3 2 4 2 1 0 0 4 4 2 3 0 5 0 0 1 

Total Drivers 19 19 29 22 23 12 7 13 21 23 23 18 28 14 7 8 26 31 24 14 27 9 3 5 

Barriers 19 23 23 17 34 8 8 14 16 39 30 16 26 7 10 13 30 26 25 10 24 8 4 12 

4. Heat Pumps 5. High-performance windows 6. Insulation 

1 2 3 4 5 6 7 > 7 1 2 3 4 5 6 7 > 7 1 2 3 4 5 6 7 > 7 

BE Drivers 2 1 3 1 0 0 0 2 1 3 3 2 1 0 0 1 1 3 6 2 0 0 0 0 

Barriers 2 0 3 1 0 2 0 2 1 4 3 1 0 2 0 1 1 4 6 1 1 0 0 0 

DE Drivers 3 2 0 2 4 1 1 1 1 6 2 2 3 0 0 0 2 1 2 0 2 1 1 1 

Barriers 4 2 0 1 5 2 0 2 4 1 3 1 4 0 1 0 2 2 1 1 1 0 0 4 

ES Drivers 3 3 7 2 2 5 0 2 4 1 7 7 2 1 1 0 5 5 10 5 0 3 0 0 

Barriers 0 6 6 3 5 2 1 1 1 2 6 4 4 3 3 0 4 4 6 4 8 3 0 1 

FR Drivers 2 6 0 1 4 1 2 1 5 3 3 2 5 0 1 2 0 1 5 0 5 1 2 0 

Barriers 3 2 1 2 2 0 0 4 3 4 2 4 6 1 0 3 2 1 3 0 4 2 2 2 

IT Drivers 12 9 3 3 1 0 0 1 10 7 2 5 1 0 0 0 8 6 3 3 1 1 0 1 

Barriers 11 4 8 3 1 0 0 1 11 6 4 1 3 0 0 0 8 7 2 3 1 2 0 0 

NL Drivers 10 6 3 0 1 0 0 0 1 3 3 3 3 0 1 0 4 6 2 1 3 0 0 0 

Barriers 2 6 3 1 3 0 0 1 2 1 1 4 3 1 0 0 10 0 2 1 2 0 0 0 

PL Drivers 7 1 3 4 2 1 0 0 2 3 4 2 6 3 3 2 2 3 2 3 6 3 1 5 

Barriers 4 0 4 4 3 1 0 2 0 3 3 1 7 1 3 6 2 1 1 4 6 2 2 7 

UK Drivers 2 3 1 1 3 1 1 2 2 2 4 2 2 2 2 2 4 4 4 5 3 1 0 3 

Barriers 1 2 4 1 3 1 0 2 2 3 3 2 1 1 3 2 5 3 5 1 8 1 1 1 

Total Drivers 41 31 20 14 17 9 4 9 26 28 28 25 23 6 8 7 26 29 34 19 20 10 4 10 

Barriers 27 22 29 16 22 8 1 15 24 24 25 18 28 9 10 12 34 22 26 15 31 10 5 15 

7. Photovoltaic systems 8. Solar thermal systems 9. Ventilation (with heat recovery) 

1 2 3 4 5 6 7 > 7 1 2 3 4 5 6 7 > 7 1 2 3 4 5 6 7 > 7 

BE Drivers 0 5 4 1 1 1 0 1 2 0 1 1 1 0 0 2 0 1 5 1 0 1 0 0 

Barriers 1 1 5 2 1 1 1 1 0 1 2 2 0 0 1 1 0 3 2 0 2 0 0 1 

DE Drivers 2 2 4 3 4 2 1 3 3 6 0 2 6 6 0 1 2 0 1 2 5 2 0 2 

Barriers 2 2 2 5 4 6 1 1 6 3 5 0 4 3 0 3 2 0 1 2 6 2 0 2 

ES Drivers 4 3 5 4 5 3 0 0 6 4 3 4 7 1 0 2 2 5 5 4 4 0 1 1 

Barriers 4 5 3 5 4 1 2 1 3 4 6 7 3 2 1 0 4 6 2 4 1 5 0 2 

FR Drivers 0 0 4 2 3 4 2 2 2 4 1 2 4 2 0 1 4 2 3 1 2 4 0 0 

Barriers 0 2 4 3 2 0 1 6 2 2 3 3 3 3 0 2 4 2 0 2 5 1 0 2 

IT Drivers 3 7 5 7 3 0 0 0 4 13 3 2 2 0 1 0 7 8 2 4 3 0 0 0 

Barriers 7 7 4 1 5 1 1 0 6 7 7 6 1 1 0 0 4 14 5 3 2 0 1 0 

NL Drivers 9 4 4 2 3 1 1 1 3 5 5 1 3 2 0 0 6 6 2 1 1 1 1 0 

Barriers 10 5 4 1 2 0 0 3 5 3 4 3 4 2 0 1 8 5 0 2 1 2 0 1 

PL Drivers 2 5 5 1 3 0 2 3 1 1 3 3 5 2 2 2 1 0 1 1 6 0 2 6 

Barriers 3 1 5 1 7 2 2 1 1 0 2 1 9 2 2 2 0 0 1 2 5 1 1 8 

UK Drivers 2 4 2 2 6 1 2 1 0 3 6 0 5 1 0 1 3 1 6 2 1 1 0 1 

Barriers 5 3 0 3 3 0 3 1 2 5 1 2 0 0 2 0 5 5 1 3 0 1 1 

Total Drivers 22 30 33 22 28 12 8 11 21 36 22 15 33 14 3 9 25 23 25 16 22 9 4 10 

Barriers 32 23 30 18 28 14 8 16 24 22 34 23 26 13 4 11 22 35 16 16 25 11 3 17 
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h
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umber columns is equal to two (if a driver or barrier selected or not).
he value of Cramer’s V varies between zero and one, one showing the
igh correlation [38] . 

 𝑟𝑎𝑚𝑒𝑟 ′𝑠 𝑉 = 

√ 

𝐶 ℎ𝑖 2 
𝑛𝑡 

(3)

The Pearson’s Chi2 and Cramer’s V test evaluates the following hy-
otheses ( H 0, H A ) : 
e  

295 
• Null Hypothesis (H 0 ): There is no change in the influence of a driver or

barrier for an EET (j) across the countries (i). 
• Alternative Hypothesis (H A ): There is a change in the influence a driver

or barrier for an EET (j) across the countries (i). 

The test statistic for Pearson’s Chi2 estimated in Eq. (2) is compared
ith the Chi2 distribution with degrees of freedom seven and the sig-
ificance level 5% (i.e., absolute value of Pr in Table 5 is less than or
qual to 0.05). If the test statistic is significant the H 0 could be rejected,
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Table 5 

Pearsons Chi2 and Cramers V, across selected EET for drivers and barriers. 

EET Category Drivers Barriers 

Obs. Pearson Chi2 Pr Cramér’s V Obs. Pearson Chi2 Pr Cramér’s V 

1. Building automation and smart metering Environmental 144 13.01 0.07 0.30 146 10.63 0.16 0.27 

Technical ∗ ∗ ∗ 16.56 0.02 0.34 17.28 0.02 0.34 

Economic ∗ ∗ ∗ 10.91 0.14 0.28 14.28 0.05 0.31 

Social 12.51 0.09 0.30 12.24 0.09 0.29 

Legal ∗ ∗ 18.13 0.01 0.36 10.08 0.18 0.26 

2. District heating Environmental ∗ ∗ ∗ 142 12.01 0.10 0.29 157 20.59 0.00 0.36 

Technical ∗ ∗ ∗ 9.88 0.20 0.26 15.44 0.03 0.31 

Economic ∗ ∗ 14.58 0.04 0.32 3.16 0.87 0.14 

Social 11.72 0.11 0.29 12.55 0.08 0.28 

Legal ∗ 23.48 0.00 0.41 19.32 0.01 0.35 

3. Electric storage Environmental 139 8.21 0.32 0.24 139 12.03 0.10 0.29 

Technical ∗ 25.35 0.00 0.43 27.89 0.00 0.45 

Economic ∗ ∗ ∗ 7.90 0.34 0.24 20.77 0.00 0.39 

Social 9.02 0.25 0.26 13.23 0.07 0.31 

Legal ∗ 24.42 0.00 0.42 21.81 0.00 0.40 

4. Heat pumps Environmental ∗ ∗ 145 23.12 0.00 0.40 140 7.81 0.35 0.24 

Technical ∗ ∗ ∗ 9.18 0.24 0.25 16.13 0.02 0.34 

Economic 8.88 0.26 0.25 7.52 0.38 0.23 

Social 12.43 0.09 0.29 11.61 0.11 0.29 

Legal ∗ ∗ 37.16 0.00 0.51 12.47 0.09 0.30 

5. High-performance windows Environmental ∗ ∗ ∗ 151 5.36 0.62 0.19 150 21.72 0.00 0.38 

Technical ∗ ∗ ∗ 11.41 0.12 0.28 19.54 0.01 0.36 

Economic ∗ 22.45 0.00 0.39 17.76 0.01 0.34 

Social ∗ 25.04 0.00 0.41 26.60 0.00 0.42 

Legal ∗ 19.93 0.01 0.36 15.56 0.03 0.32 

6. Insulation Environmental ∗ ∗ ∗ 152 13.97 0.05 0.30 158 16.09 0.02 0.32 

Technical ∗ ∗ ∗ 8.28 0.31 0.23 17.25 0.02 0.33 

Economic ∗ ∗ 17.13 0.02 0.34 13.25 0.07 0.29 

Social ∗ 30.85 0.00 0.45 16.72 0.02 0.33 

Legal ∗ 24.37 0.00 0.40 25.51 0.00 0.40 

7. Photovoltaic systems Environmental 166 13.08 0.07 0.28 173 10.92 0.14 0.25 

Technical ∗ 22.44 0.00 0.37 21.88 0.00 0.36 

Economic 6.69 0.46 0.20 12.78 0.08 0.27 

Social ∗ ∗ 17.25 0.02 0.32 7.32 0.40 0.21 

Legal ∗ ∗ ∗ 11.70 0.11 0.27 21.87 0.00 0.36 

8. Solar-thermal systems Environmental 153 7.46 0.38 0.22 157 10.01 0.19 0.25 

Technical ∗ ∗ ∗ 10.28 0.17 0.26 19.33 0.01 0.35 

Economic 11.68 0.11 0.28 5.10 0.65 0.18 

Social ∗ 15.77 0.03 0.32 15.08 0.04 0.31 

Legal ∗ 32.81 0.00 0.46 14.80 0.04 0.31 

9. Ventilation (with heat recovery) Environmental ∗ ∗ ∗ 134 12.56 0.08 0.31 145 19.75 0.01 0.37 

Technical ∗ 21.30 0.00 0.40 20.68 0.00 0.38 

Economic ∗ 21.43 0.00 0.40 14.36 0.05 0.32 

Social ∗ 16.61 0.02 0.35 24.24 0.00 0.41 

Legal ∗ 28.97 0.00 0.47 38.91 0.00 0.52 

Note: Significant at 5% level: 1. Drivers ( ∗ ∗ ∗ ), 2. Barriers ( ∗ ∗ ), and 3. Both drivers and barriers ( ∗ ). 
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roving a significant change in the influence a driver or barrier across
ountries. 

. Results 

.1. Drivers for EET adoption 

Key drivers vary across EET as well as across countries. Across all
f the selected EETs, the technical and economic drivers have the high-
st share, except for IT and NL, where technical arguments are not so
redominant. In the case of BE, another key group is the social. The tech-
ical driver group has a major share in the UK across all EETs with 100%
n electric storage. The social driver is less selected in countries like ES
cross all technologies, being technical and environmental conditions
he strongest motives. The least often selected driver across all countries
re legal related matters. In BE, main arguments in favour of EETs vary
ubstantially across the solutions. For instance, for building automation
nd smart metering, as well as for electric storage, social and/or envi-
onmental arguments are the most common. Whereas in district heating,
eat pumps, insulation and solar thermal, it is related to technical con-
erns. It is noteworthy that across all technologies except photovoltaic
296 
ystems, economic drivers are among the least often selected. In DE,
he most often selected driver across all EETs is technical-related mat-
ers, except for district heating which is led by environmental concerns.
gain, across all technologies, the least often selected argument are le-
al ones. This is quite the opposite picture to ES, where legal-related
rguments are the most often selected ones across all EETs, except pho-
ovoltaic systems where economic aspects are identified to lead their up-
ake. In FR, driver groups vary substantially across the various EETs. In
uilding automation and smart metering, district heating, photovoltaic
nd solar thermal systems, and ventilation (with heat recovery) tech-
ical drivers are the first or second most selected driver. Whereas for
lectric storage, heat pumps, high-performance windows and, insula-
ion it is economic parameters. These results can also be seen in IT,
here techno-economic arguments are the most predominant across all

echnology solutions, except electric storage and ventilation (with heat
ecovery), where the technical aspects are among the least relevant. In
L, across all technologies except ventilation (with heat recovery), the
ost often selected drivers are the economic-related ones. Whereas the

east often selected ones are on environmental and legal matters. In PL,
echno-economic matters are always among the most predominant, ex-
ept in photovoltaic systems and solar thermal systems where the tech-
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ical aspects are not so relevant. Finally, in the UK, driver groups vary
cross EETs. For instance, for building automation and smart meter-
ng, district heating, electric storage, and ventilation with heat recovery
echnical and environmental aspects are the most relevant. While for
eat pumps and high-performance windows it is the techno-economic
elated ones. It should also be noted that given the respondent was able
o cross more than one driver, it could be that in some countries, the
ercentages for some groups are high. This does not necessarily mean
hat it is much more relevant than others, but simply that they could
elect more than one options in that same group. 

.2. Barriers for EET adoption 

As in the case of the drivers, barriers to EET vary across the sampled
olution and countries and the economic barrier group has the high-
st share (except electric storage EET in the DE). Economic arguments
re followed mainly by technical aspects. As in the case of the drivers,
egal arguments have the least number of responses across countries
nd technologies. When looking at each of the examined countries it
an be depicted that in BE, main arguments impeding the large-scale
eployment of the selected technologies are economic-related. These
re followed by social-related barriers. When it comes to the least often
dentified arguments in BE across all EETs, it is legal and environmen-
al matters. In DE, technical and economic aspects are the most often
elected. Against legal matters which are the least often. In ES, eco-
omic aspects are also identified across all EETs as the most important,
hereas, as in the other cases, legal aspects are the least relevant. Once
gain, in FR economic aspects are of most relevance, followed by tech-
ological impediments. The results for IT are quite similar to the ones
ortrayed in ES, where economic-related arguments are perceived as
rucial in the drawback of their implementation in residential building
rojects, closely followed by technical and social. In the case of the NL,
conomic matters are clearly the most relevant hurdle impeding the up-
ake of all of the selected EETs, whereas legal matters play a minor role
n their restriction. In the case of high-performing windows, social as-
ects are also identified as quite relevant in their limitation. In PL, key
mpediments are related to technical or economic aspects, with the only
xception of high-performance windows and insulation, where the en-
ironmental are much more predominant than technical. In the case of
entilation (with heat recovery), economic and social have the same cru-
ial weight in their blockage. Finally, in the UK, across all technologies
echnical and/or economic related matters are of utmost importance
hen it comes to barriers to EETs. In this way, in overall, BE and PL

how the most distinct results of all countries. Again, given the respon-
ent was able to cross more than one choice, it could be that in some
ountries, the percentages for some groups are high. This does not nec-
ssarily mean that it is much more relevant than others, but simply that
hey could select more than one options in that same group. 

.3. Pearsons Chi2 and Cramers V test 

Table 5 shows the Pearson’s Chi2 and Cramer’s V test statistics be-
ween various EETs and driver or barrier groups. There are 45 combina-
ions (number of rows in Table 5 ), 9 EETs and 5 groups for each driver
nd barrier groups. Overall, out of these 45 combinations, the Chi2 are
ignificant at 5% level for 15 EET and driver or barrier group combi-
ations ( ∗ ), 6 for EET and driver group combinations ( ∗ ∗ ); and 13 for
ET and barrier group combinations ( ∗ ∗ ∗ ). Table 5 also highlights the
roups for which the Chi2 is not significant at 5% for both driver and
arrier groups. It is worthy to note that the choice of legal driver and
arrier groups in seven out of nine EETs is found to vary significantly at
% level across the countries, except the building automation and heat
umps (which is significant in driver groups but not in barrier groups).
his shows that the legal aspects vary from country to country consid-
rably. Also, Cramer’s V for legal driver and barrier group vary between
297 
.3–0.5, proving the strong association between the stakeholder choices
nd country. 

Comparing Table 5 with the above Figs. 3.1.1–3.1.9 for drivers, and
igs. 3.2.1–3.2.9 for barriers, the ventilation EET and legal group has the
ighest significance, at 1% level for Chi2 with Cramer’s V close to 0.5
n both driver (25% in IT to 94% in PL) and barrier (10% in IT to 73%
n DE). In case of driver groups, the legal drivers for heat pumps show
he most significant variation across countries i.e., the choice having
ighest association with countries (10% NL to 78% in BE). In case of
arrier groups, environmental barriers for ventilation show the most
ignificant variation (38% in FR to 87% in DE) ( Figs. 3.2.1–3.2.9 ). 

. Discussion and conclusions 

The goal of this study was to characterise perceived drivers and barri-
rs to EETs adoption according to key decision-makers and persuaders in
he technology selection. The selected solutions were building automa-
ion and smart metering, district heating, electric storage, heat pumps,
igh-performance windows, insulation, photovoltaic systems, solar ther-
al systems, and ventilation (with heat recovery). To this end, results

rom a multi-country survey were collected and assessed in order to
etter understand the market similarities and differences across these
ountries. 

Findings show that drivers and barriers to EETs adoption differ de-
ending on the specific solution and country. Yet, some general con-
lusions can be extracted. When it comes to potential drivers for the
mplementation of EETs, key decision-makers and persuaders identified
conomic and technical aspects as being the most relevant, especially
mong district heating, heat pumps, photovoltaic, solar thermal, and
entilation (with heat recovery). When it comes to barriers impeding
he selection of these technologies, it is economic-related arguments,
uch as “Lack of trust / awareness of lower life cycle / running costs ”,
he most often selected ones. 

This outcome indicates that the assumed economic viability of these
olutions is not sufficiently acknowledged or appealing to foster their
arge-scale deployment in the selected countries. This coincides with
ome of the findings from previous studies [39] , which try to mone-
ize other impacts of the energy efficiency measures in order to make
hese actions more appealing to the decision-makers [39 , 40] . In turn, it
trengthens the results of the study by Stieß and colleagues, highlight-
ng the critical role that the dissemination of information and trans-
er of knowledge play in achieving energy-efficient refurbishment mea-
ures. Likewise, the fact that environmental aspects are not the most
ften selected ones, also suports the findings from Beillan and col-
eagues indicating that people getting involved in projects of energy-
fficient refurbishment aren’t mainly and exclusively motivated by en-
rgy savings. Results of this study further compliment the findings from
ichelsen and colleagues, concluding that adoption motivations for can

e grouped around the various dimensions [22] . This study also sug-
est that inasmuch these various dimensions exist, they do not entail
he same weight across technologies and countries. Finally, the results
rom this paper shed light to the findings from Caird and colleagues,
hich identified that obstacles for energy efficiency that varied accord-

ng to the technology concerned [24] , by providing an overview on how
hese barriers (and drivers) might vary across solutions and geographies.
n terms of geographies, is worth noting that within this study, results
ary across countries even within the same EU climatic zone (e.g. IT
nd ES). This emphasises the presence of values and awareness in the
doption of EET technologies at a national level, along with the im-
ortance of developing policy measures that address this matter at a
ountry-scale. 

Future research should focus on extending the findings of this study
o the remaining EU countries, as well as non-residential buildings. Like-
ise, advancing the understanding on how the various arguments vary
cross the specific stakeholder groups. Findings from this study could
e used to develop evidence-base policy instruments (national and pan-
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Figs. 3.1.1–3.1.9. The percentage of respondents choosing a driver group across the selected EETs and countries. 
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Figs. 3.2.1–3.2.9. The percentage of respondents choosing a barrier group across the selected EETs and countries. 
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U) aiming to foster the large-scale diffusion of energy-efficient tech-
ologies. In particular, findings from this paper could support the iden-
ification of key barriers and drivers per technology solutions, as well
s the linkage of these to the particular stakeholder groups. 
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ppendix A. Survey Questions 

Are you working professionally in one of the following company or

rganisation types? 

Please tick the most relevant (work more than 30% of your working
ours). 

MATERIAL AND TECHNOLOGY SUPPLIER 

• Raw resource provider 
• Technology or component manufacturer (e.g. HVAC, PV) 
• Material or technology trader 

SERVICE PROVIDER AND ENABLER 

• Architect office 
• Engineer office 
• Consulting company 
• Installer company 
• Construction company 
• Public authority 
• Bank / other financial service company 
• Facility management office - administrative 
• Facility management office - technical 
• Energy supply/utility or Energy service company (ESCO) 
• Research institute 
• Non-governmental organisation (NGO) 
• Business association, agency 
• Media company 

DEMAND-SIDE ACTOR (demanding materials, technologies and

ervices) 

• Investment or development company 
• Housing company (for profit) 
• Housing company or housing association, cooperative (public/ part

governmental/ non-profit) 

OTHER company or organisation type in the building or con-

truction sector: 

Please insert text 

• No, I do not work professionally in any company or organisation
type related to the building and construction sector 

Do you privately own one or more residential home(s) or flat(s)? 

• Yes 
• No 

What are the key barriers for%tech% in the current%countryadj%

arket? 

The technology is randomly selected and assigned to you. 

• Environmental 
○ Lack of ambitious and clear political environmental targets 
○ Lack of environmental awareness 

• Technical 
○ Lack of reliable technologies 
300 
○ Lack of high-performance technologies 
○ Lack of simple production process 
○ Lack of comprehensive information about alternatives and ad-

vantages/disadvantages 
• Economic 

○ Lack of affordable products 
○ Low energy prices 
○ Lack of subsidies 
○ Lack of tax incentives 
○ Lack of trust / awareness of lower life cycle / running costs 
○ Lack of comprehensive financing models 
○ Lack of qualified organizations/ employees (e.g. for installation,

construction) 
• Social 

○ Lack of trust / awareness in higher acoustic comfort 
○ Lack of trust / awareness in heat comfort 
○ Lack of interest in attractive design 
○ Lack of short or easy installation or maintenance 
○ Lack of education 

• Legal 
○ Lack of a comprehensive legal framework 
○ Lack of a comprehensive building standards 
○ Lack of implementation of legal standards 

• Other: Please describe 
• I do not know 

What should happen to scale%tech% in%country%? 

The technology is randomly selected and assigned to you. 

• Environmental 
○ Improvement of the technology’s environmental performance

(e.g. less energy consumption or carbon emissions) 
○ Energy input such as electricity, district heat, gas, oil should be

produced more from renewable energy sources 
• Technical 

○ Improvement of the reliability and functionality 
○ Easier installation process 
○ Improved user-friendliness 
○ Better design 

• Economic 
○ Price decrease and shorter payback time 
○ Energy cost saving and low running costs 

• Social 
○ Better marketing of technology 
○ Improved consideration of demands by tenants and building

owners 
○ Improved communication in project teams 

• Legal, standards and labels 
○ Enforcement of building codes or by other legal requirements 
○ Promotion of energy-efficiency, low-carbon or sustainability la-

bels for buildings 
○ Information campaign of authorities 

• Other: Please describe 
• I do not think this technology should scale up 
• I do not know 

The complete questionnaire can be accessed through the link:
ttps://chalmersuniversity.box.com/v/SurveyQuestionnaire . 

ppendix B.Survey minimum quota 
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