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ARTICLE INFO ABSTRACT

Keywords: Building integrated photovoltaics (BIPV) is one of the most promising contributors to net-zero energy buildings,
Building integrated photovoltaics while also increasing the aesthetic value of the built environment. Nevertheless, it currently is predominantly
BIPV operating in a niche market of ~ 1% of the global photovoltaics market. In this paper we provide a thorough
Photovoltaics

Aesthetics
Built environment
Multi Criteria Decision Analysis

Multi Criteria Decision Analysis of the BIPV ecosystem (markets, stakeholders, and policy and legislation) in
various European countries, i.e. the Netherlands, France, Germany, Switzerland, and the United Kingdom.
Environmental legislation and building requirements were found to be similar, as all countries have the

European Energy Performance of Buildings Directive (EPBD) in common. It was found that implementation of
the EPBD differs per country, evidenced by different support schemes in effect. Also, harmonisation of building
codes hampers BIPV development. The analysis provides a basis for developing a BIPV ecosystem, which may
differ per country. Also, clearly the BIPV sector crosses national boundaries, and should therefore be reviewed
and developed from an international perspective.

1. Introduction

The market for Photovoltaics (PV) has been turbulent in the past
years, with sharp price reductions in 2012 and increasing interest in the
technology and its gains. It now has entered a more mature phase, after
a severe shakeout of PV companies. Prices have stabilized, market vo-
lumes show a healthy growth and national support schemes are being
reduced or redefined. At the same time an interesting market segment is
emerging: building integrated photovoltaics (BIPV) [1-4], that in-
tegrates PV into the building envelope.

The contribution of photovoltaics to renewable electricity genera-
tion is 1.8% globally (status end 2016) [5], and in the 28 member states
of the European Union (EU28) PV electricity is responsible for ~ 10% of
the total renewable energy production [6]. Also, the EU28 is well under
way to reach the 20% renewables target in 2020 [6], and policy is now
being developed to reach the 27% renewables target in 2030 [7]. Roof
and facade PV potential have been analysed and a near 1 TWp capacity
for EU has been determined [8]. Compared to the present PV capacity
of 103GW in EU28 a huge potential exists, especially noting that a
considerable amount of PV is installed in large-scale field installations.
In fact, another paper [9] reported that PV integrated or added to
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buildings would be able to cover 24% (France) to 40% (Italy) of elec-
tricity demand in various EU member states.

The main definition of BIPV is that it involves (construction) ele-
ments in the building envelope that contain at least one additional
function besides generating electricity (e.g. insulation or exterior
weather barrier). Generating decentralized energy within the built en-
vironment aids to provide a redundancy of the current electricity net-
work, defines a state of independence, improves energy efficiency in the
building and avoids transportation losses in electricity grids [10]. Its
key market driver is the European Energy Performance of Buildings
Directive (EPBD) 2010/31/EU [11], which is being renewed in the so-
called ‘Winter Package’ [12]. The present directive states that all new
buildings of the 28 EU member states should be nearly zero energy
buildings (NZEBs) by 2020. Clearly, one possible solution to realize
NZEBs is the generation of renewable electricity on-site, by means of
(BI)PV, or even urban wind.

Adding PV on the roofs of buildings, especially when these buildings
are taller than 3 storeys, may not be generating sufficient energy to
meet the building electricity demand. Facades offer additional potential
for PV [8], either applied to the facade surface itself (Building Added/
Attached/Applied PV, BAPV), or integrated in the facade (BIPV) in
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particular as the use of large glass facades is a growing trend. Specific
BIPV designs and engineering have been reviewed recently, see, e.g.,
[1-4,13-16], and references therein. BIPV applications offer the pos-
sibility to replace regular building envelope components into prefab
integrated components that at the same time generate electricity [3]
BIPV applications are flexible in size, shape, colour, and appearance
and can be combined with materials commonly used in construction,
such as glass or metal [2]. This contributes to the aesthetic value of a
building, allowing flexibility in architectural design [17]. Performance
of BIPV in urban areas depends on orientation and tilt, just like PV
panels on roofs, but more importantly on the surrounding buildings or
other shadow-casting structures. Modeling of performance to predict
annual yield of BIPV is more complex than regular PV [18].

The present size of the global BIPV market is about 2.3 GW (or ~ 1%
of the global PV market) [19], with Europe constituting the largest
market (42% of global market) in particular due to attractive incentives
in France, Italy and Germany. The BIPV market is still a niche market.
Based on the EPBD and its renewal to include building renovations a
ten-fold increase of the European BIPV market is estimated for 2020,
leading to a market share of 3% of the global PV market [19]. Several
barriers need to be surpassed though, which relate to integration of the
PV industry and the building industry. This may hamper the relative
market size of BIPV to the market size of PV itself. Interestingly, about
two-thirds of the European BIPV market is realized in new buildings,
and one-third in renovation [20]. Facade BIPV accounts for half of the
projects. A recent inventory shows hundreds of BIPV products offered
[4].

On a global level, Europe and the United States dominate the BIPV
market, while Asia is addressing BIPV as well [21]. Table 1 shows the
results of a BIPV market analysis by region including expectations up to
2020. Irrespective of the region, the compounded annual growth rate
is > 30%, except for Japan. This is envisaged as the costs are expected
to decrease fast while the attractiveness of BIPV in terms of aesthetics
and flexibility lead to market growth. In addition, the construction in-
dustry is recovering from the economical crisis, allowing for new con-
structions and renovation of buildings in the commercial and re-
sidential sectors.

In support of the development of BIPV in the Netherlands a BIPV
roadmap has been developed, which identifies eleven of challenges in
the field of technology (T), market (M) and ecosystem (E) to achieve a
5% BIPV share of total PV capacity in the Netherlands by 2020 [22], see
Fig. 1. These challenges are integration of functions (T1), flexibility in
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Table 1
Global market BIPV development and forecast from 2014 to 2020 in MW and
compounded annual growth rate (CAGR) [19].

Region/Country 2014 2015 2016 2017 2018 2019 2020 CAGR (%)
Asia/Pacific 300 492 772 1159 1672 2329 3134 47.8
Europe 650 967 1441 2103 2929 3807 4838 39.7

Rest of world 81 125 184 263 355 451 561 37.9

USA 319 476 675 917 1200 1491 1766 33.0
Canada 42 61 86 119 157 190 228 326
Japan 143 201 268 349 434 520 612 275

Total (GW) 1.5 2.3 3.4 4.9 6.7 8.8 11.1

colour, shape and size versus acceptable cost (T2), flexibility in colour,
shape and size versus acceptable efficiency (T3), flexible choice of
substrate materials (T4), unifying demand (M5), collective market ap-
proach (M6), information/communication of BIPV (M7), new business
models (M8), collaboration in the value chain (E9), cross-sectorial
collaboration (E10), BIPV in education and training (E11).

A first BIPV ecosystem analysis for the Netherlands was presented
recently [23], and the present study has continued on these outcomes
by reviewing the international situation for BIPV and the role of the
Netherlands in this. The focus countries that were studied in this re-
search are France, Germany, Switzerland and the United Kingdom. The
purpose of this research was twofold, to determine what a specific
country can learn from the situation for BIPV in other European
countries (internal analysis) and to assess which countries show inter-
esting opportunities for BIPV companies from that particular country
(external analysis). Such a combined internal and external analysis
could be performed for every country, but in this paper the Netherlands
is taken as a case study example.

2. Methodology

The steps that were taken during the study are shown in Fig. 2. By
using a stakeholder analysis and a so-called DESTEP-analysis (Demo-
graphic, Ecological, Socio-cultural, Technological, Economic and Poli-
tical ecosystem factors) it was assessed per country, which parts of the
ecosystem are already well established, and which gaps are still ex-
isting. This information was analysed in both an external and internal
analysis for the case of the Netherlands, from which recommendations
were derived.

Goal 2020
11 challenges for 5% BIPV

T1 Integration of functions

T2 Flexibility (color, shape and size)
versus acceptable costs

T3 Flexibility (color, shape and size)
versus acceptable efficiency

T4 Flexible choice of substrate materials

MS Unifying demand

M6 Collective market approach

M7 Information / communication of BIPV

M8 New business models

E9 Collaboration in the value chain

E10 Cross-sectorial collaboration

E11 BIPV in education and training

L

Fig. 1. Challenges to achieve a 5% BIPV share of total PV capacity in the Netherlands by 2020 [22].
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2.1. Stakeholder analysis
The stakeholder analysis consisted of the following phases [24]:

1. Inventory of involved parties: The inventory was made at the sec-
torial level. The parties have been identified in consultation ac-
cording to the Triple Helix model (Government, Industry and
Academia) [25]

2. Define interest of each stakeholder: For the stakeholders that were
identified in phase 1, market parties were identified and their in-
terests as well as their perspective on BIPV were defined.
Information was acquired from desk research and through
Netherlands Business Support Offices (NBSO) and Dutch Embassies.

3. Determine relationship(s) between involved parties and their posi-
tion within the ecosystem: This step visualizes how the stakeholders
are related to each other within the BIPV sector. Points of differ-
entiation for primary stakeholders, secondary and tertiary stake-
holders were used as a guidance.

2.2. DESTEP-analysis

A DESTEP (demographic, ecological, socio-cultural, technological,
economic and political-legal)-analysis is a generic marketing tool,
which provides an overview of the environment a specific sector is
operating in and what developments, trends and uncertainties it faces.
It provides a systematic analysis of the external factors the sector is
subjected to [26], as shown in Fig. 3. By focusing on six categories, a
context was provided to prevent the research from becoming too broad.
In this paper, we focus on the BIPV sector. Each category was qualita-
tively described by means of desk research on all impacts that are ap-
plicable to the BIPV sector. Main sources for the desk research were the
statistical databases of the focus countries, the World Bank and

Demographic
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= Population density

Socio-cultural

= Standards & Values

= Lifestyle

= Behaviour (existing + potential
clients)

= Communication / awareness

Economic

= Market characteristics

» Financial trends (GDP, interest
rate, inflation)
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Fig. 2. Schematic representation of the methodology
structure of the research.

1
1

Eurostat, as well as scientific literature and reports from the Interna-
tional Energy Agency (IEA) and the United Nations Development Pro-
gramme (UNDP). Where necessary, additional information was ac-
quired by contacting NBSO and Dutch Embassies.

2.3. Single country case: the Netherlands

2.3.1. External analysis

The purpose of the external analysis was to determine which
countries show interesting business opportunities for Dutch BIPV
companies. By taking the following steps, a comparative review was
made between the focus countries:

1. Based on the outcomes of the stakeholder and DESTEP analyses,
fifteen criteria were identified that would influence the im-
plementation potential of BIPV. For each of the countries it was
known from the stakeholder and DESTEP analyses how they score
on each criterion, using a scale of 0 (no influence) to 5 (high in-
fluence)

2. These criteria were presented to 21 stakeholders that are active in
the BIPV industry, mostly manufacturers and suppliers. This was
done by a digital survey, distributed per e-mail. The stakeholders
were asked to indicate what weight they would give to each of the
criteria on a scale of 0 (no weight) to 3 (heavy), when determining
market potential for BIPV.

3. From the responses to the survey, an averaged weighting factor
could be determined for each of the criteria.

These steps served as a basis to compare the different countries by
means of a Multi Criteria Decision Analysis (MCDA). Such an analysis
provides the possibility of making decisions based on a weighted
comparison of qualitative information. The focus countries were rated

Ecological

= Geographical characteristics
= Natural resources

= Emissions

Technological

= Know-how & Knowledge gaps
= Trends

= |Innovation / developments

Political (& legal)

= Legislation

= Political climate / stability
= Subsidy schemes

= Licenses

Fig. 3. Schematic representation of a DESTEP analysis.
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on the fifteen weighted criteria, based on the information that was
acquired in the stakeholder and DESTEP analyses. The scoring is not
absolute, rather relative.

Multi Criteria (Decision) Analyses (MCDA) have been performed in
many fields, including in (renewable) energy studies, see, e.g., for en-
ergy planning [27,28], location of wind turbines [29], best to use
shading device with integrated PV [30], investment possibilities for PV
systems based on local policies [31], and have been reviewed recently
[32-34]. There are several methods that have been used in the MCDA of
which the most common one is to include the following aspects [35]:
problem determination and choice of possible alternative scenarios,
criteria choice and description, evaluation of each criterion by priority,
classification of each criterion, evaluation model, definition of possible
restrictive criteria depending on the subject of the research problem,
and final classification of possible scenarios by score. The scenario with
the best score is deemed the most suitable.

2.3.2. Internal analysis

The purpose of the internal analysis was to determine what a
country, in this case the Netherlands, could learn from the situation
regarding BIPV in other countries. The results from the stakeholder and
DESTEP analyses for the different countries were now compared in a
qualitative way. To frame this comparison, the eleven challenges that
have been identified for the Dutch BIPV sector were used as a basis
[22]. The challenges were evaluated separately by comparing the ap-
plicable information that was found for the focus countries. Based on
this, recommendations were made for the Dutch BIPV ecosystem to
address each challenge.

3. Results
3.1. Stakeholder analysis

3.1.1. Inventory of involved parties

The identified parties are presented in Table 2 and checked with the
preference of small and medium enterprises (SMEs) that are active in
the BIPV sector of the Netherlands [10].

3.1.2. Interests of involved parties

A detailed description of interests, perspectives and challenges for
the various market parties in BIPV in the Netherlands is given in
Table 3.

3.1.3. Relationships between involved parties and their position within the
ecosystem

The stakeholders that are part of the BIPV ecosystem are mapped in
Fig. 4. The primary stakeholders are the ones who initiate the main
activities and are responsible for execution of the work: they are dis-
played in the inner shell. The second shell represents the secondary
stakeholders, who are the key partners without whom operations would
not be possible, e.g., direct suppliers or customers. The tertiary stake-
holders have a mainly supporting role and are positioned in the out-
ermost shell. Some stakeholders are positioned in between the shells,
e.g., contractors are a customer in the first place but also highly in-
fluence the product output.

Table 2

Renewable and Sustainable Energy Reviews 90 (2018) 1027-1040

3.2. DESTEP analysis

Relevant impact factors on the BIPV national ecosystems are listed
in Table 4.

3.3. External analysis

Based on the outcomes of the stakeholder and DESTEP analyses,
fifteen criteria have been identified that potentially influence the im-
plementation potential of BIPV, see Table 5. As the DESTEP analysis
methodology is a generic tool, the number of criteria per DESTEP ca-
tegory generally can differ, and the criteria do not necessarily have to
be equally spread over all categories. DESTEP rather provides a fra-
mework by which a sector should be analysed. In the BIPV case, this
leads to 1, 2, or 3 criteria per category, as detailed in Table 5, with
different weights. The fifteen criteria serve as a basis to compare the
different countries by means of the Multi Criteria Decision Analysis. The
weighting of the criteria is determined through a survey among the 21
stakeholders in the BIPV industry. The scoring of the focus countries on
these criteria is based on the outcomes of the stakeholder and DESTEP
analyses. Table 4 presents the results of the survey providing the input
for the MCDA.

The outcomes of the MCDA per country are presented in Fig. 5,
showing the results when weighting is applied. Note that a score of
100% reflects full compliance to all criteria. Germany and Switzerland
score best when it comes to opportunities for Dutch BIPV companies,
with a total score of 75% and 74%, respectively. The United Kingdom
and the Netherlands score the lowest, i.e. 54%. France is in the middle
with 62%. When no weighting would be applied results are not very
much different: Germany still scores best, with 75%, closely followed
by Switzerland with 72%. The United Kingdom then has the lowest
score, i.e. 53%. The Netherlands and France respectively score 56% and
63%.

Stakeholder criteria #1 and #2 (for details see Table 5) show the
main differences for the availability of research centers for BIPV
(technology). Demographic criteria (#3, #4, and #5) show little dif-
ference between the focus countries. Germany has a significantly higher
established PV capacity per capita, indicating interest in the tech-
nology. In Switzerland the unemployment rate is considerably higher
than in the other focus countries, indicating a more stable economy.
Low influence can be seen from the ecological factor for large amount
of solar radiation (Criterion #6). This is expected to be of minor im-
portance compared to the efficiency and orientation of PV applications.
Socio-cultural criteria (#7, and #8) show average to high influence on
the attractiveness of a country to implement BIPV. Especially criterion
#8, high share of expenditures to energy and housing, is weighted with
2.48 out of 3. This indicates a willingness to reduce the electricity bill
by potentially using BIPV. The impact of economic criteria (#9, #10,
and #11) is average to minor. Although criteria #9 and #10 are re-
lated, the housing market situation was taken as a separate criterion. A
flourishing economy would provide sufficient equity for investment in
general, while BIPV investment is expected to benefit from a flourishing
housing market. Criterion #11, relating to differences in currency, was
weighted as the least important, i.e. 1.19 out of 3. The fact that Swit-
zerland and the United Kingdom do not have the Euro as a currency is
therefore not regarded as a potential threat. The highest weighting by

Inventory of parties that are involved in the BIPV sector, classified according to the Triple Helix model [25].

Triple Helix parties BIPV stakeholders

Government
Industry
Academia
End Users

Research institutes; Universities

European Union; National government; Provinces & Municipalities; Federation spatial quality & Design Review Committees
BIPV manufacturers/suppliers/wholesale; Construction industry (contractors; material suppliers; PV-module installation; architects); Industry associations

Housing associations and their tenants; Business Rental (office spaces); Private homeowners
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Table 3 (continued)

United Kingdom

Switzerland

Germany

France

Netherlands

Interests, Perspective and

Challenges

Stakeholder

Housing associations can decide themselves to implement BIPV in their buildings, but can also be influenced by the wishes of their tenants or the municipality. Housing associations are responsible for energy supply being

Housing

sustainable and affordable, which can be realized by investments in the real estate to decentralize electricity production [47]. Furthermore, housing associations have a social role since other buildings within the residential

environment can be influenced by their decisions.

associations
+ tenants

In the Netherlands, both private rental and rental organized by housing associations is abundant. Housing associations in the Netherlands can almost be seen as a governmental body with specific rights and duties [41]. In

other countries, the rental sector is not regulated that much. Housing associations are not as abundant, and rental is mostly organized by private investors [41]. These are less influential in (BDPV implementation.

Buildings that are rented for business purposes can be important initiators of BIPV projects. The building can have various purposes, e.g. office spaces for both private companies and the government, parking area, shopping

area or a venue for events. The building can also be an indication of how much attention a business has for green activities. BIPV can therefore contribute to the message a business wants to convey [48].

Business rental

(office spaces

Private

Various reasons exist for private individuals to invest in renewable energy projects [49]. Homeowners can for example be interested in the technology, want to produce electricity themselves, have the wish to become self-

sufficient, want to demonstrate a green or dedicated image to their environment et cetera. Through these visible investments, they can influence their direct environment. The amount of private homeowners that implements

(BDPV in their home is growing in the Netherlands [50].

homeowners
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the stakeholders was given to political-legal criteria #13 and #14, re-
lating to the renewable energy and building performance strategy of
countries, i.e., 2.48 out of 3. Commonalities between the ecosystems of
the focus countries stem from the fact that they all have to comply with
the same EU directives. Therefore, the basis of their building perfor-
mance and renewable energy strategies are similar. However, the way
each country has interpreted and translated these directives into a na-
tional strategy differs.

3.4. Internal analysis

The internal analysis is aimed at identifying lessons and re-
commendations for the Dutch BIPV ecosystem. The developments in the
BIPV market are dependent on market drivers and market restraints.
Market drivers that are applicable to PV in general are the rising energy
demand, the increasing costs of fossil fuels, the increasing need to dif-
ferentiate the energy mix to enhance security of supply, the increasing
environmental concerns about conventional energy, and government
subsidies and financial incentives. Examples of market restraints are the
high reliance on government subsidies and incentives, relatively high
PV electricity costs and high administrative barriers in some countries
[13].

The Dutch Roadmap for BIPV has identified eleven challenges in the
field of technology, market and ecosystem to achieve a 5% BIPV share
of total PV capacity in the Netherlands by 2020, as was shown in Fig. 1
[22]. It was found throughout this research that market drivers could be
found in the perceived aesthetic benefits of BIPV and the need for en-
ergy efficiency and renewables in the built environment to achieve net
zero energy buildings. Market restraints however are the higher costs
compared to regular PV, low awareness of the public, the government
and the construction industry, the limited collaboration between the
PV- and construction industry, and the compatibility with existing
buildings and building practices. This section proposes ways to deal
with these challenges, by assessing how other countries act upon them.
This is based on the information that was acquired in the stakeholder-
and DESTEP analysis and some additional sources, and resulted in the
lessons and recommendations for the (Dutch) BIPV sector presented in
Table 6.

4. Discussion

This research focused on the Netherlands and four additional focus
countries, i.e., Germany, France, Switzerland and the United Kingdom.
This has provided many insights, however for a more complete image of
the international situation for BIPV, additional research on other
countries would be valuable. In our view, the present study therefore
mainly serves as a starting point.

The stakeholder analysis provides a rather complete overview of the
parties that are involved in BIPV at the academic, industrial and gov-
ernmental level at the time of writing. However, since BIPV is a rapidly
changing market, it has to be acknowledged that this situation is subject
to change as well. Shifting regulatory regimes highly influence the
composition of the market and its active stakeholders. This has to be
kept in mind when using this information. Furthermore, some in-
formation for the stakeholder analysis could not be easily acquired from
literature; this pertains mainly to information regarding the role or
architects and contractors in the focus countries. In these cases, a
combination of literature and expert opinions from various parties has
been used. This could have led to biased results.

The DESTEP analysis provides an extensive overview of the recent
dynamics in the demographic, ecological, socio-cultural, technological,
economic and political-legal factors of the focus countries. In reality,
more parameters may play a role in these factors, some more relevant
than others. For the purposes of this study however, it can be said that
the reviewed parameters are sufficient. If parties are interested to ex-
pand their business activities to one of the focus countries, it is
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Table 5
Criteria, weighting and scoring for the MCDA of the focus countries.

Renewable and Sustainable Energy Reviews 90 (2018) 1027-1040

#

Criterion

Average
criterion weight

Scoring based on stakeholder and DESTEP analyses

NL FR GER CH UK

10

11

12

13

14

15

Large amount of established BIPV companies,
indicating a flourishing but high entry market

Availability of (BI)PV research center(s), indicating
research potential and knowledge transfer

Low unemployment rate, indicating a more stable
economy

High share of homeowners vs. renters, indicating a
larger potential market

Large established PV capacity per capita, indicating
interest in PV but at the same time a possibly high
entry market

Large amount of solar radiation

High level of environmental concern, indicating
willingness to implement environmental friendly
measures

High share of expenditures to Energy & Housing,
indicating willingness to reduce the electricity bill

Economic welfare

Flourishing housing market

Part of Eurozone (EMU), indicating no risk of losses
due to currency changes

High degree of trust in government, indicating a

politically stable environment

Clear renewable energy strategy and targets

Clear policy on energy performance of buildings

Availability of feed-in tariff schemes (or other
specific financial support)

1.38

1.43

1.57

1.62

1.57

2.14

2.48

2.29

1.81

1.19

2.29

2.48

2.48

2.05

3 3 3 3 2

BIPV suppliers, manufacturers and wholesale companies are present in all countries, and the amount is
growing. The UK seems to lag a little behind the other focus countries.

4 2 3 4 2

Switzerland has a research center specifically for BIPV. The Dutch PV research center SEAC collaborates
at a high level with the Swiss and has a major focus on BIPV. Germany’s Fraunhofer ISE
performsspecialized PV research, but BIPV expertise seems to be less abundant. The research institutes
of France and the UK were found to be less specialized.

3 2 4 5 4

The unemployment rate in Switzerland was found to be very low, i.e. 3.36%. The UK and Germany
score almost as good with respectively 5.4 and 5.0%. In the Netherlands, unemployment rate is 7.4%
and France was found to have the highest unemployment rate, at 10.3%.

4 4 2 4

The share of homeowners in the Netherlands, France and the UK were found to be similar, respectively
67%, 65% and 64%. In Germany 53% of households owned their home, in Switzerland this was only
44%.

2 3 5 3 2

Germany obviously has the highest share of PV capacity per capita, at 436 W/cap. France and
Switzerland score significantly lower, at respectively 71 and 92 W/cap. The Netherlands and the UK
only have an established PV capacity of respectively 40 and 53 W/cap.

2 4 3 4 2

France and Switzerland have the highest average annual solar radiation, at respectively 1,300 and
1,250 kWh/m? In Germany 1,100 kWh/m? is average, followed by the Netherlands and the UK (1,000
and 900 kWh/m?).

2 3 4 4 2

In Switzerland and Germany, research shows that the average citizen is very willing to invest in
renewable options to protect the environment. French also were found to be supportive of
environmental friendly measures. For the Netherlands and the UK, no clear evidence for a high level of
environmental concern could be found.

2 3 4 3 2

The expenditures to Energy and Housing in Germany was found to be very high, i.e. 30.3%. France and
Switzerland score almost as high with respectively 26.8 and 27.7%. In the Netherlands, energy and
housing expenditures are 23.3% and the UK was found to have the lowest expenditures to this category,
at 18.0%.

2 2 3 4 3

The Swiss economy was found to perform best, with the highest disposable income and purchasing
power, as all as significant economic growth. The situation for the UK and Germany was found to be
relatively similar, with moderate economic growth and average purchasing power. In the Netherlands
and France, purchasing power and disposable income were relatively average, however economic
growth was found to be lower.

1 2 3 3 3

In Germany, Switzerland and the UK, house prices are increasing again. In France house prices were
found to be slowly deceasing over the last few years, but are still higher than 2010 levels. In the
Netherlands, recovery seems to slowly be taking place, however house prices are still significantly lower
than 2010 levels.

5 5 5 1 2

The Netherlands, France and Germany are in the European Union and all have the Euro as a currency.
The UK is part of the EU, but not part of the EMU. Switzerland is not in the EU and neither in the EMU.
3 2 3 5 2

The Swiss have the highest trust in their government, i.e. 80%. In the Netherlands and Germany,
respectively 51% and 50% trusts their government. For France and the UK, these numbers respectively
are 19% and 37%.

2 3 5 4 3

Germany is very clear and ambitious in their renewable energy strategy. Switzerland closely follows
this example. France and the UK are less ambitious, but the targets are clearly defined in a renewable
energy act. The Netherlands has a relatively clear and ambitious strategy, however these objectives are
not defined in the form of a mandatory act.

4 4 4 4 4

All countries have translated the European Building Performance Directive into their national
strategies. However, not much difference in types of targets and level of ambitiousness can be found
between them.

3 5 4 5 3

France and Switzerland have feed-in tariffs and support schemes specifically for BIPV. Germany also
offers well-regulated feed-in tariffs for PV, but does not offer specific incentives for BIPV. The feed-in
tariffs of the UK are also not specifically for BIPV and the Netherlands does not offer feed-in tariffs, but
has a net metering principle. Less future security is provided for consumers in the last two countries.

1037



F.J.W. Osseweijer et al.

European Union

Dutch Government

Provincial
Governments/
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Federation
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Quality
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Business Ecosystem:
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or consulting partners

Extended Enterprise:

Secondary stakoholders; Key
partnors, customors, suppliors

Core Business:
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for execution of the work

~ Industry End user - Academia

Fig. 4. Stakeholder map for the BIPV ecosystem.
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Fig. 5. Multicriteria analysis of the focus countries, providing a quantitative
comparison of their relative compliance to 15 criteria that influence BIPV im-
plementation.

recommended to conduct a more in-depth research on the DESTEP
factors.

Policy measures have been reviewed mainly at the federal/national
level. For all renewable energy measures, including BIPV, it is expected
that regulations at the regional or even municipal level are abundant
and can be influential. Especially since many countries are subdivided
in smaller regulatory provinces, further detailed research on such more
locally oriented incentive schemes is recommended to parties who are
interested to start business activities.

Lastly, a few things can be pointed out on the MCDA. First of all, the
number of respondents to the online survey was 21. More respondents
would have led to more reliable results with less noise. However the
opinions of respondents appeared to be well in line, so the low number
of respondents is not expected to impact the results to a large extent.
Secondly, the relative scoring of the focus countries on the fifteen cri-
teria has been done based on qualitative information gathered
throughout the research. This could have led to biased scores,

1038

potentially influencing the outcomes of the MCDA. Finally, the MCDA
showed that energy policy and building performance policy are main
drivers for BIPV implementation. This study also identified the need for
new innovative business models for BIPV, to provide the possibility to
survive as an individual industry, without governmental support or
mandatory regimes. One possibility could be to vertically integrate the
roles of different stakeholders, as shown in Fig. 6, to increase efficiency
and competiveness. If these business models find their way in the near
future, this would alter the criteria that business developers regard as
important and therefore change the outcomes of this analysis.

5. Conclusion

This research continued on the Dutch roadmap for BIPV by placing
the outcomes in an international context. The purpose of this research
was twofold, to assess which countries show interesting opportunities
for Dutch BIPV companies and to determine what the Netherlands can
learn from the situation for BIPV in other countries.

Based on the fifteen criteria that were weighted by the preferences
of Dutch BIPV stakeholders and evaluated for the focus countries in the
MCDA, Switzerland and Germany show the most interesting opportu-
nities for Dutch BIPV companies. Main drivers in this are their clear
renewable energy targets and strategies. Both countries offer interesting
support schemes for PV, Switzerland even provides legislation and in-
centive schemes specifically for BIPV. Companies indicated that poli-
tical stability and a high level of trust in the government could be an
important factor, on which Switzerland scores very high worldwide.
Also, the level of environmental concern in society appears to be higher
in both Switzerland and Germany, thus providing opportunities for
BIPV implementation. It has to be stated that this research merely
provides an insight based on a limited amount of selection criteria on
which the alternatives were scored relative to each other. Individual
companies will need to reflect on their personal values, assets, and
strategies, which could lead to different outcomes. The information
provided in this paper can provide guidance in this.

In addition, the situation for BIPV in the Netherlands was compared
to the other focus countries. The Netherlands was found to stand out in
the following points:
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Table 6

Renewable and Sustainable Energy Reviews 90 (2018) 1027-1040

Lessons and recommendations for the (Dutch) BIPV sector.

Responsible parties

Lessons and recommendations

Government
European and national governments

CENELEC and IEC, EU and national governments

Industry

Manufacturers, suppliers and construction
industry

Suppliers, wholesale, construction industry,
architects

Manufacturers, construction industry
Existing PV industry associations, BIPV industry

Manufacturers, suppliers, media

Governmental regulations and financial incentive schemes need to provide security for the future, and reflect the higher cost
of BIPV systems compared to regular PV. Harmonisation of building codes with energy performance requirements and
aesthetics is necessary for BIPV to gain ground.

General standardization and certification for BIPV needs to be developed, as well as a generally accepted definition.
Legislation needs to provide a clear distinction from PV.

Given the shifting regulatory regimes, business models are required that survive without the need of subsidies or that
optimally capture subsidies offered in the current regime.

BIPV needs to follow requirements and developments in the construction sector. This means among others that prices should
be expressed per m? and not per Wp, aesthetics and materials comply with current standards and the added value of BIPV is
understood.

In manufacturing, further automation of processes and digitalization of information needs to be adopted. This should simplify
the integration process.

An industry association specifically for BIPV needs to be developed at an international level, bringing together BIPV
stakeholders to find complementary products and activities and collectively prepare market approaches.

The advantages and possibilities of BIPV and outcomes of projects need to be clearly communicated to the public, the

government and the construction industry.

Academia

Universities; educational institutions
development.

Research institutes
new and dynamic sector.

Education specifically for BIPV needs to be provided at all stakeholder levels, e.g. construction, design and technological

Internationally coordinated research and development is already happening, but knowledge sharing remains important in this

Main contractor

PV installer

Building element
installer

Building element
producer

PV producer

Glass
producer

present

Main contractor

Py building element &
installer

PV building element
producer /

future

Fig. 6. New business model of vertical integration of present stakeholder roles to future roles to increase efficiency and improve competitiveness.

e Interesting support schemes are provided to stimulate SMEs to col-
laborate in the field of innovation, sustainability and renewable
energy, e.g. IPC [56], SIB [57] and PIB [58].

o All homes require an energy label and this information is openly
accessible.

e Most municipalities have a Design Review Committee (Federatie
Ruimtelijke Kwaliteit), showing that aesthetics in the built en-
vironment is valued high.

e The Dutch research institutes (SEAC, Solliance and Hogeschool
Zuyd) conduct valuable research on BIPV, making pioneering at an
international level possible.

The main lessons for the (Dutch) BIPV sector that can be drawn from
the comparative review were summarized in Table 6. The re-
commendations are clustered according to the Triple Helix to provide
information on the main responsible parties. Some of these were found
to have an international character. The information that was provided
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throughout this research and the conclusions that were drawn should
be taken into account by the government, academia and the BIPV in-
dustry when further designing the BIPV (export) strategy for the
Netherlands. It has become clear that the BIPV sector crosses national
boundaries, and should therefore be reviewed and developed from an
international perspective.
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