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Abstract 

This one year PDEng project emerged from the Interreg V ‘PV OpMaat’ project that aims to develop 
three demonstrators that show promising applications of Thin Film Photovoltaics in building 
elements. 

The PDEng project supported the ‘product and process development’ in the PV OpMaat project while 
securing the inclusion of both technology push and market pull factors in the development of the 
Thin Film technology. In order to reach this goal the six-step Method of Design Thinking and theories 
regarding Technology Transition were selected to be implemented in the PV OpMaat project and 
evaluated on their effectiveness. 

Based on insights that followed from understanding TF technology and observing the market, a 
design challenge was defined. This resulted in the ideation of three demonstrator concepts:  

1. Super flexible, custom-sized Thin Film foil from the roll on lightweight substrate for building 
applications 

2. Thin Film Solar glazing in different transparencies for façade application 
3. Custom sized and coloured Thin Film panels for solar façade application 

The third concept was elaborated on in the prototype phase and tested with the help of writing a 
business plan. This plan is presented as a separate report ‘Business plan Solar Façade: Making the 
ordinary extraordinary’, which explains how a Solar Façade could find its way to the market. 

 

The next page gives a visual summary of the PDEng project and shows how two steps of product 
development – ‘From technology to prototype’ & ‘From prototype to product’ – came together. 
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Extensive Summary 

This PDEng project emerged from the Interreg V ‘PV OpMaat’ project, which is a cross-border project 
based on a collaboration between eight research institutes and universities. Together with private 
and public parties in the construction and PV chain three demonstrators will be developed with the 
aim to show promising applications of Thin Film PV in building elements. The PDEng projects targets 
to support ‘product and process development’ in the PV OpMaat project while securing the inclusion 
of both technology push and market pull factors in the development of the technology. In order to 
reach this goal the six-step Method of Design Thinking and theories regarding Technology Transition 
were selected to be implemented in the PV OpMaat project and evaluated on their effectiveness. 

UNDERSTAND 
In the understanding phase the current status of Thin Film Technology and Building Integrated 
PhotoVoltaics was analyzed. It was found that a slow growth in the BIPV market is expected (from 1% 
to 3% of the total PV Market) and that there is a lot of uncertainty regarding the growth of Thin Film 
Technology (current market share of less than 10%). The current relatively low total amount of Thin 
Film BIPV products, could be explained by the low production capacity of Thin Film, which, due to 
economies of scale, has consequences for the price of Thin Film technology. Despite the claims that 
Thin Film can be produced cost-effective, this price (€/Wp) is similar for Thin Film as for c-Si while 
having lower efficiencies (% or Wp/m2).  

At the same time, it is found that when considering all BIPV products that are developed, a relatively 
high percentage of the applied PV technology is Thin Film. The reason for this choice of technology is 
unknown. A Unique Selling Point (USP) overview of Thin Film technology is made to understand the 
possible drivers. This overview shows that Thin Film technology scores better than c-Si regarding 
aesthetics (semi-transparent panel, standard panel and, possibly, the coloured panel) and can offer 
more freedom in design (flexibility in dimensions and, possibly, (light) weight). Next to this, the costs 
per square meter are lower, which makes it suitable to cover large surfaces for lower initial costs.  

The above led to an initial problem description: 

Problem description  
Thin Film technology is yet not largely applied in the construction market due to high costs compared 
to efficiency, however Thin Film technology does offer possibilities to be suitable for BIPV products 
due to its superior aesthetics and offered freedom in design. 

 

OBSERVE 
In the observation phase, relevant stakeholders and their needs and wishes regarding TF (BI)PV were 
analyzed by carrying out a workshop and exploratory interviews. From the observations it was 
concluded that still many barriers are seen in the development of BIPV. A barriers-considerations 
template for innovative façade products was developed in this project. It gives insight into what 
barriers and considerations need to be taken into account when developing a technology towards a 
prototype (innovation project) or when trying to go from prototype to product applied in the market 
(building project). By being aware of these barriers and considerations, the design process can be 
improved and optimized 

Furthermore the problem description was reformulated based on the new insights: 
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Problem description 2.0 
Thin Film technology is yet not largely applied in the construction market due to high costs compared 
to efficiency; ignorance regarding the current possibilities of BIPV and Thin Film Technology; 
uncertainty regarding the functioning of the product; and uncertainty regarding changing regulation 
and legislation. However Thin Film Technology does offer possibilities to be suitable for BIPV products 
due to its superior aesthetics and offered freedom in design. 

 

DEFINE 
In this phase, the above findings were evaluated by using the theories of Technological Transition. TF 
BIPV is still in a phase of development in which it is important to create a protective space. In this 
‘niche’ the technology can be shielded, nurtured and empowered before it can adopt to or reform 
the existing regimes within the construction and PV market. Experimentation initiates three 
processes that are crucial for the development of the niche: 

• Product development: accumulating facts and data 
• Consortium development: forming a group of enthusiastic actors 
• Networking: reaching various target audiences 

Taking into account these insights it was found to be very relevant to build demonstrators, that are 
more than just experimental objects, to support the development of TF BIPV. Based on the problem 
description and insights from the theoretical framework evaluation, a design challenge was 
formulated.  

 

Design Challenge 
Thin Film technology is yet not largely applied in the construction market due to high costs compared 
to efficiency; ignorance regarding the current possibilities of BIPV and Thin Film Technology; 
uncertainty regarding the functioning of the product; and uncertainty regarding changing regulation 
and legislation. However Thin Film Technology does offer possibilities to be suitable for BIPV products 
due to its superior aesthetics and offered freedom in design. The goal of this design project is to build 
demonstrators, according to the set criteria in the PV OpMaat project, which can nurture the Thin 
Film BIPV niche by accumulating facts and data about the technology, forming a group of actors and 
reaching various target audiences.  

 

IDEATE 
In this phase three demonstrator ideas were selected from a large pool of ideas that were a sub-
output from the workshop during the observation phase. A market size – product complexity matrix 
was developed to analyse the various ideas on their opportunities in the market. The USP list of TF 
technology was used to analyse how well the ideas could demonstrate the competitive aspects of the 
technology. Based on these insights three demonstrator concepts were developed: 

1. Super flexible, custom-sized TF foil from the roll on lightweight substrate for building 
applications 

2. TF Solar glazing in different transparencies for façade application 
3. Custom sized and coloured TF panels for solar façade application 
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PROTOTYPE 
In the prototype phase the choice was made to elaborate on the design (process) of one 
demonstrator: the Colored, Custom sized Solar Façade concept. Next to the project partners within 
the PV OpMaat project, external partners were selected to become part of the team to build the 
’Solar Façade’. This Solar façade consortium was selected as such that it mimics a ‘real’ construction 
process. After various feedback sessions, the project plan for the demonstrator was defined to 
consist of three tasks: a desk study in which an iconic building is virtually redesigned using the solar 
façade; a ‘simple’ field test in which various colored PV panels are tested in a rain screen cladding 
façade; and a demonstrator that shows truly integrated colored PV panels in a façade element. In the 
development of this Solar Facade demonstrator it was agreed upon to focus on technological 
research, Public Relations, business modelling and the whole construction process. 

TEST 
In the testing phase the client should be solicited about the demonstrator that is created. Since the 
demonstrator was not completed within the time-scope of this project this part of the testing did not 
take place. Since this feedback session is very important for the further development of the product, 
it is highly advised to make sure this testing will take place. The product has ‘theoretically’ been 
tested by writing a business and financial plan for a hypothetical Solar Façade Product. This plan 
showed that in the current situation, based on the made assumptions, the Solar Façade product yet 
cannot compete with other facades (both solar and passive) regarding costs (initial costs and Net 
Present Value). However, a Solar Façade offers more value than merely financial value. In the 
business plan it is suggested that extra value can be created regarding organisational performance, 
user performance and energy performance. A figure has been made that shows the complex network 
of Tangible and Intangible values related to the Solar Façade. To find out whether the Solar Façade 
product could be interesting for the client, a next step should be to find out what these values 
exactly are and how these values could be measured and compared. 

 

 

The aim of the PDEng project was to support ‘product and process development’ within the PV 
OpMaat project, while considering both technology push and market pull factors. By using a 
methodology in which the Design Thinking method and Transition Theories were combined, all 
PDEng objectives related to the PV OpMaat project (represented in this extended summary as 
underlined, italicized sentences) were met.  Even though the methodology cannot assure an 
‘optimal’ integration of both technology push and market pull factors, it did secure that both factors 
were studied and incorporated in the design challenge. Furthermore, the clear six-step approach of 
Design Thinking supported product and process development by clearly structuring the design 
process. The Transition Theories unveiled the need to build demonstrators that are beyond the level 
of merely experimental objects. It gave input on what the goals of these demonstrators should be. As 
such the combined methodology of Design Thinking and Transition Theories proved to be valuable 
being applied in the PDEng project.  
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Introduction 
Project background 
Photovoltaic (PV) panels applied as Building Applied PV (BAPV) or Building Integrated PV (BIPV) 
become more common in the built environment. However, the panels are mostly supplied in 
standard sizes that do not provide full freedom in design. The emerging technology of Thin Film PV 
appears to have a lot of potential to be used within BIPV since, due to its production process, it is 
expected to be easily customized and produced cost-effective. However, BIPV products in general 
and Thin Film technology in specific face huge competition from established products and 
technologies such as BAPV and crystalline silicon cells which are mass-produced and developed by a 
large number of parties.  

The above issues are addressed by the Interreg V project ‘PV OpMaat’ that started at the beginning 
of 2016. This three year, cross-border project is based on a collaboration between eight research 
institutes and universities: TNO & ECN (represented by SEAC and Solliance in this project), Imec, 
Forschungs-Zentrum Jülich, Eindhoven University of Technology, KU Leuven, Hasselt University and 
ZUYD hogeschool. In a later stage of the project, at least ten corporate companies, addressed to as 
Project Partners Light, will be attracted in order to collaboratively make the integration of solar 
panels in buildings more efficient, more aesthetically pleasing and cost-effective. Over time, the aim 
of PV OpMaat is to design a self-improving chain to develop, manufacture and apply building 
components based on integrated, customized Thin Film Photovoltaics. In collaboration with private 
and public parties in the construction and PV chain, three demonstrators will be developed. The 
initial aim of these demonstrators is to show promising applications of Thin Film PV in building 
elements. Furthermore these demonstrators should give direction and focus in the research into new 
methods of manufacturing, integration and the determination of performance and life span of the 
technology. 

The one year PDEng project ‘Technology - Prototype - Product: a two-step approach to bring building-
integrated Thin Film PV to the market’ has directly emerged from the PV OpMaat Project. The stated 
objectives of the PV OpMaat project introduce the need for thinking about how product and process 
development1 can be supported, while taking into account the whole process of innovation 
management2, as classified in Figure 1. Furthermore, the PV OpMaat project description indicates 
that a strong interaction between science and practise is pursued. This interaction is essential to 
come to demonstrators that are both useful for further Thin Film R&D processes and for further 
development as a marketable BIPV product for the construction market. This gives rise to the 
question how this interaction between science and practise can be accomplished. Literature shows 
that demonstration projects are often organized in an overly contained way, following too much of a 
technology push approach (Schot J. G., 2008). The narrow focus comes through in perceiving users 
with given needs and preferences.  

 

  

                                                           
1 Product and process development: where the tasks of innovation management (i.e., creating and commercializing 
inventions) meet the tasks of technology management (i.e., external and internal creation and retention of technological 
know-how) (Jawahar Babu, 2012) 

2 Innovation management: A systematic planning and controlling process, which includes all activities to develop and 
introduce new products and processes (Brem, 2009) 

https://en.wikipedia.org/wiki/Innovation_management
https://en.wikipedia.org/wiki/Technology_management
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Failed product developments could often be related to minimal involvement of outsiders in the 
experiments and a lack of second order learning (e.g. attention for questioning underlying 
assumptions such as social values, and the willingness to change course if the technology does not 
match these assumptions). Literature stresses that the involvement of outside actors and second-
order learning does not happen easily and by itself (Schot J. G., 2008). These findings from literature 
prove it to be very relevant and challenging for the PDEng project to focus on both technology and 
market, and involve both science and practise in the product and process development in the PV 
OpMaat project (Figure 1).    

 

 

Figure 1 PV OpMaat project and PDEng project positioned within the Classification of technology, R&D and innovation 
management based on (Specht, 2002). The red colored parts represent the elements that are in the direct scope of the 
PDEng project. 

 

The PDEng project takes place in the first year of the PV OpMaat project (Figure 2). The PV OpMaat 
project proposal is formulated in such a way that it defines the scope, objectives and higher-level 
project approach, without a completely worked-out step-by-step plan. So especially in the first year 
of the project, goals within the PV OpMaat project need to be further defined and the scope should 
be narrowed down. The timing of the PDEng project offers the possibility for the findings within this 
project to be directly implemented in and to give direction for the further development of the PV 
OpMaat project. Next to this, it gives the opportunity to take part in the initial collaboration with 
external Project Partners Light.  

 

 

Figure 2 Timeline PV OpMaat project, PDEng project and participation of Project Partners Light in the PV OpMaat project. 
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Problem description 
A subsidized project - initiated from a governmental body, carried out by research institutes and 
joined by corporate companies in a later phase – often has a main focus on technology development 
in the innovation process. The recently finished Interreg Vlaanderen-Nederland Solar Flare project, 
which was the predecessor of the PV OpMaat project, can be used as an example to demonstrate 
this supposition. In this project, various research institutes and companies worked together to make 
solar-energy more efficient and cost effective. This led to a comparison and further development of 
process technologies. However, where the Solar Flare project had a clear focus on technology 
development, in the PV OpMaat project the focus is on ‘valorization’3 of the technology. One of the 
aims is to develop three demonstrators relevant for the building industry that can reach the end 
market. These demonstrators do not only require for taking into account technological aspects but 
also for market aspects. The challenge is now to make sure that both technological aspects 
(technology push) as markets aspects (market pull) are taken into account in this project and that 
there is no single focus on technology nor on merely the market. Even though technology push or 
market pull cannot be declared as the right or the wrong way to manage sustainable innovation, they 
jointly determine the success of an innovation (Brem, 2009). Therefore an understanding and 
inclusion of both market pull and technology push activities in this PDEng project is crucial.  

Project Scope and objectives 
This project targets to support product and process development and to secure the inclusion of both 
technology-push and demand-pull factors in the development of Thin Film technology (Red colored 
parts in Figure 1). In order to reach this goal the Method of Design Thinking and theories regarding 
Technology Transition were selected to be implemented in the PV OpMaat project and evaluated on 
their effectiveness. 

Related to the PV OpMaat project, the objectives are to: 

• Analyze the current status of Thin Film Technology and Building Integrated PhotoVoltaics 
• Analyze relevant stakeholders and their needs and wishes regarding Thin Film (BI)PV 
• Develop ideas for useful technology demonstrators 
• Support the design (process) of one demonstrator 
• Develop a business plan for a Thin Film BIPV product 

Related to the implementation and evaluation of the methodology, the objective is to: 

• Derive Lessons learned from Design Thinking and Transition Theories in product and process 
development, to reflect whether this approach was of value to be applied in the PV OpMaat 
project. 

  

                                                           
3 Valorization: apply newly developed technology and knowledge for the benefit of society (Roobeek, n.d.). 
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Methodology: Methods & Theory 
The methodology used in this project is selected based on the need to support the Product & Process 
development of Thin Film BIPV taking into account technology push and market pull factors. 
Furthermore the methodology should offer the possibility to come up with design solutions (three 
demonstrators). A combination of the Design Thinking Method and Technological Transition Theories 
was selected to together form this PDEng Project specific Methodology. 

 
 

 

 

 

 

 

 

 

 

 

Design thinking 
Over the past years, a methodology for innovation has emerged that integrates human, business and 
technical factors: ‘Design Thinking’ (Hasso-Plattner-Institut, n.d.). Design Thinking supports the 
development of innovative solutions for complex problems, by deliberately incorporating the 
concerns, interests and values of humans into the design process (Geissdoerfer, 2016). This 
methodology is not a new phenomenon as a design practice for professional designers, but it is new 
as a universal tool for problem solving and innovation (Hassi, 2015). Over the last years, design 
methods are increasingly performed in areas beyond the traditional design context. Design Thinking 
differs from traditional scientific, engineering and management approaches since Design Thinking is a 
solution based approach – starting with a goal (a preferred future situation)- instead of problem 
based, where a specific problem is solved. With the goals of the PV OpMaat project in mind and with 
the challenge to take into account both technology push and market pull factors, it was decided to 
use this methodology in the PDEng project. 

Design Thinking has a characteristic six-step process: understand, observe, define, ideate, prototype 
and test.  Each of these steps represents one chapter in this report. Within the various steps, 
different research methods, like literature study, interviews, workshops and team discussions are 
used to develop and evaluate ideas. The purpose of each step is briefly explained: 
 
  

Support  product and 
process development 

including both technology 
push and market pull 

factors 

Design Thinking 
 

Method 
 

PDEng Project Methodology 
 

Technological 
Transition 

Theory 
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Understand  
Starting from an initial problem description, the goal of the first stage of the Design Thinking process 
is to get an understanding of the state of the art situation and the ‘real’ problem. Therefore, in this 
chapter the initial problem description is given and the current state of Thin Film technology and 
BIPV are studied by doing literature review, conducting interviews and visiting an international PV 
exhibition. 
 
Observe 
In the observation phase, the goal is to understand people within the context of the specific design 
challenge. In this project, it is critical to know what drives and hinders the market in its choice for 
(BI)PV. The motives for choosing (BI)PV are expected to differ per construction segment. To find out 
what these motives are, the outcomes of an exploratory workshop and interview amongst different 
stakeholders are presented.  

Define 
The definition phase is the phase in which the empirical findings from the observations are 
interpreted and translated into goals and needs for the design. The Transition Theories are used to 
interpret the findings from the understanding and observing phase, which leads to the definition of 
goals for the development of the three Thin Film demonstrators.  

Ideate 
In the ideation phase the focus is on idea generation. It typically is a diverging process in which there 
is a push for the widest possible range of ideas from which options can be selected instead of finding 
a single, best option. In this project, based on the output from interviews, workshops and team 
discussions, various design options are generated that address the earlier defined boundary 
conditions. 

Prototype 
In the prototyping phase, one or more prototypes are created to elicit useful feedback. In later stages 
both the prototypes and problem statement may get more refined. In this project, the prototyping 
phase is used to elaborate on one of the three demonstrators that are to be built.  

Test 
The test phase is when feedback from the users is solicited about the prototypes that are created. It 
offers another opportunity to gain empathy for the people that is designed for. Since this project 
finishes before the demonstrators are built, the test phase is used to theoretically test the product 
based on findings from writing a business and financial plan. 
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Even though these 6 steps seem to take place linearly, Design Thinking is a highly iterative process. In 
this process, the (initial) problem statement is constantly tested and, if needed, adapted so that it 
leads to the definition of a design challenge. Various steps can take place simultaneously and gone 
through more than once. This can lead to intermediate design solutions that are also potential 
starting points of alternative paths (separate projects). 

Figure 3 summarizes the six steps and shows how the PV OpMaat project is incorporated in the 
Design Thinking framework and which methods are used.  
 

 
 
 
Figure 3 Design Thinking method for PDEng technological design 
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Technological Transition Theories  
Transition theories such as the Multi Level Perspective and Strategic Niche Management are often used in 
Innovation management and clearly address both push and pull factors as will be elaborated on in this 
chapter. The theories, however, do not provide a coherent step-by-step guideline for experimenting in 
practise, as they have been mainly effective in analysing and explaining historical transitions and emerging 
innovation (Mourik, 2006). In this PDEng project, the Design Thinking Method does provide step-by-step 
guidelines and the theories are actively deployed to support the Design Thinking Method. When needed, 
this is done by analysing and immediately reflecting upon the steps that are taken. The specific 
combination of these theories and the Design Thinking method is thus chosen to complement each other. 

Technological innovations have occurred throughout history and rapidly increased over het modern age. 
Technological Transition (TT) describes how these technological innovations come about and are 
incorporated into society. For a technology to have use, it must be linked to social structures and fulfil a 
specific need. Both technical and non-technical aspects of an innovation therefore need to be considered 
to understand how it can influence an existing sociotechnical system. (Geels F. W., 2002) 

To look at the phenomenon of technological innovations and transitions more thoroughly, this chapter 
describes the theories that form the theoretical framework for this study about Thin Film technology as 
an emerging technology in BIPV. This chapter also visualizes these theories in diagram form (Figure 4). The 
two main frameworks this chapter explains are the Multi Level Perspective (MLP) and Strategic Niche 
Management (SNM). 

 
Figure 4 Overview Socio-Technical System using Multiple Level Perspective and Strategic Niche Management. The various rows 
show the different levels that build up the Multi Level theory. The top row shows the Macro, Landscape level; the middle row shows 
the Meso, Regime level; the bottom row shows the Micro, Niche level. The latter level visualizes the three internal processes that 
are described in Strategic Niche Management: shielding, nurturing and empowering. The right column shows the structural 
components of the whole socio-technical system.  



16 
 

Multi Level Perspective 
The link between technology and society is conceptualized in the framework provided by the multi-
level perspective (MLP). The multi-level perspective explains long-term transformations as 
interactions between micro-, meso- and macro- level.  
 
At the macro-level, the landscape includes all exogenous elements that affect the development of 
niches and regimes, but which are largely outside the influence of niche and regime actors (Geels F. 
W., 2002) (Top-row Figure 4). 
 
At the meso-level, regimes represent the dominant ways of fulfilling a societal function (Geels F. , 
2004), including  “engineering practices, production process technologies, product characteristics, 
skills and procedures, ways of handling relevant artefacts and persons, ways of defining problems; all 
of them embedded in institutions and infrastructures” (Geels F. W., 2002) (Middle row Figure 4). 
 
At the micro-level, niches form the socio-technical environment where novelties emerge and 
disappear, where ideas and technologies are found and tested before they (might) enter a broader 
market. (Kemp R. R., 2001) (Schot J. , 1998) (Bottom-row Figure 4). Comparative novelties in niches 
can co-exist and have a positive or negative interaction. 

The interaction between the three levels is complex, dynamic and non-linear.  Transformation of 
regimes starts in early niche markets. However, this rarely happens in a linear or directed way. 
Instead, radical innovations might come up spontaneously at a certain time and under specific 
conditions and actors’ constellation, which form the required social network. Niches can challenge the 
regime by new emerging technologies or ideas that might promise improvements or progress in 
regime (infra-) structures. Due to vested interests and other stabilising factors acting as barriers for 
innovations, novelties often remain in the niche for a long time until a window of opportunity opens 
up, which provides a breakthrough of the innovation at regime level. Breakthroughs can be triggered 
by changes at landscape level (e.g. through new regulatory measures or shifts in consumer 
preferences), which challenge regimes to open up windows of opportunities. In conclusion, it is a 
complex interplay between the landscape and the niche level, which opens up opportunities at regime 
level for novelties to become influential, which at the long term can facilitate transition. 

The structural components of the whole socio-technical system are (right column Figure 4):  

(i) Material and technical artefacts:  
These compromise all elements pertaining to production (e.g. production system and 
industry structure), distribution (e.g. markets and user preferences), and use (e.g. fuel 
infrastructure, maintenance network, and cultural meaning) of technology 

(ii) Networks of actors and social groups: 
These actors are groups of organizations and social groups that are involved in the socio-
technical system. 

(iii) Formal, normative and cognitive rules: 
These rules guide the activities of the actors and can be formal (e.g. traffic laws), 
normative (e.g. perceptions, expectations), or cognitive (e.g. search routines and user 
practices)  (Geels F. W., 2002). 
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Strategic Niche Management 
Niche internal processes have received attention in the literature of Strategic Niche Management 
((Smith A., 2014), (Smith A., 2012) (Schot J. G., 2008)). According to Smith (2014) niches can be 
defined as ‘protective spaces’ where real world experimentation and development of sustainable 
technologies can take place and supportive constituencies can be built. (Smith A., 2014) states that 
effective protective spaces facilitate three important processes (Bottom-Row Figure 4):  
 

1) Shielding: This involves both the exploitation of relatively ‘passive’, pre-existing situations – 
such as the opportunities for PV in remote off-grid locations – or more pro-active shielding 
through deliberate policies that counter selection pressures, like the Feed-in-Tariff 
intervention in electricity markets. 

 
2) Nurturing: This involves experiments and case studies to develop: 

a) Positive expectations that are robust (shared by many actors), specific and credible 
(substantiated by multiple projects);  

b) Social networks that ensure support is broad (plural perspectives) and deep (substantial 
resource commitments); 

c) Social learning processes that not only  accumulate facts, data and first-order lessons, 
but also generate second-order learning about underlying assumptions and  values about 
an innovation and its application. 
 

3) Empowering: This can take two forms: 
a) One form involves the niche innovation becoming competitive under prevailing selection 

environments: it is able to fit and conform into incumbent regimes. A clear example is 
the rapid cost price reductions in PV modules resulting from improved production 
processes, economies of scale and learning in the installation of PV systems, and 
improved PV module designs. Any legitimate need for protective space falls away, and 
the PV technology can compete in relatively open markets.  

b) Another form of empowerment involves protective measures influencing reforms to 
prevailing selection environments: the niche innovation is able to stretch and transform 
incumbent regimes. Measures constituting niche protective space become 
institutionalized into a reformed regime, including re-structured markets (e.g. those 
which internalize environmental costs). 
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UNDERSTAND 
 

‘The first step in designing a solution, is understanding the problem.’ 
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1. Understanding Thin Film technology and Building Integrated PhotoVoltaics 
Starting from an initial problem description, the goal of the first stage of the Design Thinking process 
is to get an understanding of the state of the art situation and the ‘real’ problem. This chapter ends 
with a problem description to be tested in the observation phase. 

1.1 Initial problem description 
PV panels applied as Building Applied PV (BAPV) or Building Integrated PV (BIPV) become more 
common in the built environment, but mostly in standard sizes that do not provide full freedom in 
design. The Thin Film technology is claimed to have a lot of potential to be used within BIPV since it 
can be customized and produced cost-effective. However, not many Thin Film BIPV products are yet 
available on the market.  

To get an understanding of the current state of Thin Film BIPV, some general background information 
about Thin Film technology and Building Integrated Photovoltaics (BIPV) is acquired.  Furthermore 
the potential of Thin Film technology is explored by comparing its unique selling points to the 
competing technology of Crystalline Silicon. 

PV technologies 
Solar cells are devices that convert sunlight directly into electricity. Solar cells are made of layers of 
semiconductor materials. When sunlight is absorbed by these materials, the solar energy knocks 
electrons loose from their atoms, allowing the electrons to flow through the material to produce 
electricity. Currently, different PV technologies are developed to produce solar cells. (NREL, 2016) 

The first-generation of solar cells are crystalline silicon based. The cells are made from thin wafers of 
either an ingot which itself is a large single crystal of silicon (monocrystalline) or from an ingot that 
has many different sized crystals jumbled up in it (polycrystalline). 

About 20 years ago, Thin Film cells started to be researched. Thin film solar cells use layers of 
semiconductor materials only a few micrometres thick. The first thin film cells were made from 
amorphous silicon (a-Si) material. Nowadays there are many types: a-Si:H; micro-crystalline Silicon 
(μc-Si); cadmium Telluride (CdTe) and Copper Indium Selenide (CIGS). These are called the second-
generation solar cells.  

The third generation of cells are being made from a variety of new materials besides silicon, including 
solar inks using conventional printing press technologies, solar dyes, and conductive plastics. Some 
new solar cells use plastic lenses or mirrors to concentrate sunlight onto a very small piece of high 
efficiency PV material. The PV material is more expensive, but because so little is needed, these 
systems are becoming cost effective for use by utilities and industry.  

BAPV versus BIPV 
For PV systems installed in or on buildings there is a distinction between Building Applied 
PhotoVoltaics (BAPV) and Building Integrated PhotoVoltaics (BIPV). Various definitions of BIPV and 
BAPV have been adopted in literature. There is however no general consensus within the PV 
community about the exact definition.  
 
According to the NEN-EN 50583-1:2016, PV modules are considered building-integrated if the PV 
modules form a construction product, thus the BIPV module is a prerequisite for the integrity of the 
building’s functionality. If the integrated PV module is dismounted, the PV module would have to be 
replaced by an appropriate construction product. The BIPV system thus functions as a substitute for a 
conventional building material as well as a device to generate electricity (Figure 6). 
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BAPV photovoltaic modules are considered to be building-attached, if the PV modules are mounted 
on a building envelope and the integrity of the building functionality is independent of the existence 
of a building-attached photovoltaic module (Figure 5). The PV system then has no other function in 
the building envelope. (Jelle, 2012) 
 

 

Figure 5 Example BAPV 

 

Figure 6 Example BIPV, AERspire, Eindhoven 

Market Shares Thin Film 
Thin Film PV technology holds much promise regarding being produced cost-effective. During the 
height of the polysilicon supply bottleneck between 2004 and 2009, Thin Film was able to grow its 
market share to 18% of the total market at the end of 2009 (Figure 7). While the installed capacity of 
Thin Film technology continued to grow, cheap crystalline silicon dominated the industry from 2010 
onward, and the market share of Thin Film technology dropped. In 2011, crystalline silicon PV prices 
dropped by over 40% over the course of the year, undermining the value proposition of Thin Film 
solar cells. Yet, despite the low prices for crystalline, the future of Thin Film has not disappeared. Top 
Thin-Film suppliers as Solar Frontier (CIGS) and First Solar (CdTe) continue to ramp up their facilities.  

However, the future (market share) of Thin Film technology remains hard to predict. Some still claim 
that Thin Film PV will be produced cost-effective and therefore become competitive for crystalline 
silicon (Shiao, 2012). Others believe that silicon solar cells will continue to have a dominant role in 
the large scale solar park segment, but that thin film will find profitable niche markets like small scale 
off-grid products and BIPV products. (Lindström, 2016) 

 

Figure 7 Percentage of Global Annual Production (Fraunhofer Institute for Solar Energy Systems (ISE), 2016) 



21 
 

Market outlook BIPV 
At this moment the BIPV market covers 1% of the total PV market. Without extra incentives, this 
percentage is believed to grow to 3% in 2020. A more positive and innovative prognoses aims at a 
growth up to 5% worldwide.  

 

Figure 8 Prognosis BIPV-market Berenschot in collaboration with SEAC (Van den Hurk, 2015) 

Currently, the dominant PV technology used in BIPV is crystalline silicon (c-Si). According to a study of 
SUPSI/SEAC 8% to 29% of the BIPV products for roof and facades are using Thin Film technology (Figure 
9). This is a very high technology share for Thin Film, considering that only about 9% of all worldwide 
PV production in 2014 (45 GWp) are made using Thin Film technology. (Fraunhofer Institute for Solar 
Energy Systems (ISE), 2016). This implies that Thin Film indeed offers possibilities for being used in 
BIPV products. 

 

Figure 9 Pie Chart of the technology used in BIPV roof and facade applications (Frontini, 2015) 
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Unique Selling Points Thin Film Technology 
To define the potential of Thin Film technology, it is important to know which Unique Selling Points (USP)4 Thin 
Film Technology has compared to its major competing technology being crystalline silicon. To find out what 
these USPs are, researchers within Solliance were consulted as part of this study. Next to this, datasheets from 
various Thin Film Panels were studied to find out what producers and suppliers define as USPs for Thin Film 
Technology (Van den Donker M. G., 2016). Based on this information, it proved hard to define what the ‘real’ 
USPs of Thin Film technology are. It was difficult to separate assumptions from facts, since various assumed 
USPs appeared insufficiently scientifically substantiated.  A visit to the Intersolar Exhibition (Munich 2016) 
helped to check whether various assumed USPs of Thin Film, really could be adopted as USP. Table 8 gives an 
overview of the proven (unanimously scientifically substantiated) and non-proven USPs of Thin Film 
technology. 

1.2 Understanding the current situation 
This chapter shows a slow growth in the BIPV market and a lot of uncertainty regarding the growth of Thin Film 
Technology. The current lack of Thin Film BIPV products, could be explained by the low production capacity of 
Thin Film, which, due to economies of scale, has consequences for the price of Thin Film technology. Despite 
the claims that Thin Film can be produced cost-effective, this price (€/Wp) is still higher for Thin Film than for c-
Si.  
It was also discovered that Thin Film technology is often applied as PV technology for BIPV products. The 
reason for this choice is unknown. The USP overview of Thin Film technology is made to understand the 
possible drivers. This overview shows that Thin Film technology scores better than c-Si regarding aesthetics 
(semi-transparent panel, standard panel and, possibly, the coloured panel) and can offer more freedom in 
design (flexibility in dimensions and, possibly, (light) weight). Next to this, the costs per square meter are lower, 
which makes it suitable to cover large surfaces for lower initial costs.  

Problem description  
Thin Film technology is yet not largely applied in the construction market due to high costs compared 
to efficiency, however Thin Film technology does offer possibilities to be suitable for BIPV products 
due to its superior aesthetics and offered freedom in design. 

 
1.3 Further reading 

A considerable amount of information is available about BIPV. Only a minor part of the available information is 
discussed in this report. However for further reading, four reports have been selected that give a good 
overview of the current status of BIPV in the Netherlands. Furthermore a few interesting, running projects to 
keep track of are summed up. 
 
Reports 

• Van den Hurk, L., Teunissen, E. (2015) Bouwen aan BIPV: Roadmap Building Integrated PhotoVoltaics. 
Berenschot: Utrecht 

• Van Horrik, M., Ritzen, M., Vroon, Z. (2016) Belemmeringen voor BIPV: Opschaling en uitrol in de 
Nederlandse markt van gebouw geïntegreerde PV systemen. NEBER: Heerlen 

• Frontini, F., Bonomo, P, Chatzipanagi, A., Verberne, G., Van den Donker, M., Sinapis, K., Folkerts, W. 
(2015) Building Integrated Photovoltaics: report 2015. Lepori e Storni: Lugano 

• Tabakovic, M., Fechner, H., Knoebl, K. (2016) Framework and Requirements’ analysis: Development of 
innovative educational material for Building-Integrated PV. Dem4BiPV Consortium 

 
Projects  
OPZuid 2014-2020, PV Opmaat 2016-2019, IEA PVPS Task 15, PVsites, DEM4BiPV 

                                                           
4 Unique Selling Point: a factor that differentiates a product from its competitors 
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Table 1 USPs Thin Film technology versus crystalline Silicon. Input from Barend Vermeulen (Solliance), Dorrit Roosen-Melsen 
(Solliance), (Van den Donker & Vossen, 2016) & booth visits Intersolar Exhibition (Munich 2016). 
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OBSERVE 
‘To create meaningful innovations, you need to know your users and care about their lives.’ 
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2. Observing the market 
To better understand why there are not many Thin Film BIPV products in the market, it is critical to know 
what drives and hinders the market in its choice for (BI)PV. The motives for choosing (BI)PV are expected 
to differ per construction segment, which creates the need to understand who the stakeholders are. To 
find out what the stakeholder’s motives are, an exploratory workshop and interview has been carried out. 
The observations that are done in this phase are used to evaluate the problem description. 

2.1 Stakeholders 
As explained in the theoretical framework, for a technology to be useful for society, it must be linked to 
social structures and fulfil a specific need of the society. Therefore, knowing which stakeholders are 
involved in the development of Thin Film technology in BIPV is essential for the developers of Thin Film 
BIPV products.  

The BIPV sector is not only dependant on the PV industry but also to a great extent on the construction 
industry. The construction industry in Europe is generally considered as being conservative and slow to 
change (Toke Reichstein, 2005). A large part of the construction companies are not sufficiently interested 
in the already available BIPV products or do not see the need to depart from the current construction 
methods and products (Van den Hurk, 2015). To be able to gain more insight into how BIPV-products and 
thus Thin Film technology could find its way to the market, it is important to understand who this market 
is. Therefore an overview of the stakeholders is made, based on actors that are active in the construction 
of buildings and production of PV panels (Figure 10).  

Figure 10 Overview stakeholders relevant for the development of BIPV products. An indication is given of which stakeholders 
are part of the supply side of the market and of the demand side of the market. 
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2.2 Workshop PV OpMaat  
As part of the PV OpMaat project a kick-off event for companies and partners within the PV OpMaat 
consortium was organized. This event served as an open invitation for companies to actively take 
part in the PV OpMaat project. One element in the kick-off day, was an interactive workshop. The 
workshop was designed as an exploratory workshop for observing needs, wishes and opinions of 
different parties within construction and PV. An extended report about the workshop can be found in 
Appendix A. 

Introduction and aim 
The aim of the workshop was firstly to find out the participants’ attitude towards Thin Film BIPV and 
secondly to find out what the various parties envisioned as the next step that needs to be taken to 
further develop thin film BIPV. 

The 53 participants consisted of representative companies for different segments of the construction 
chain for (BI)PV, being contractors, financers/funders, suppliers, manufacturers, consultants, 
distributors, installers and architects. Furthermore, researchers (whether or not being a project 
partner of the PV OpMaat project), representatives of the government and reporters attended the 
workshop. However, most participants represented the supply side of the construction market (as 
defined in Figure 10). 

The participants were subdivided in 11 groups to take part in the various activities in the workshop. 

Results and discussion 
In the first part of the workshop the participants were asked to answer to the following open 
question ‘Will Thin Film BIPV become successful and why?’. The response of the participants was 
recorded and later subdivided in 13 response-groups, based on grouping similar responses (the 13 
types of responses are shown in Figure 11). 

  

Figure 11 Response to the question 'Will Thin Film BIPV become successful and why?' (n=53) 
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The participants clearly interpret the question in different ways, as is usual in exploratory workshops. 
Some of the participants answered the question as given above, however, others left the ‘Thin Film’ 
part out and again other explained what factors could play a role in the development of (Thin Film) 
BIPV. 

• What stands out first is that 22 out of 53 participants (42%) indicate that they foresee a 
successful future for BIPV, whether or not in short term, while they doubt (or have no opinion) 
about the future of Thin Film technology. It is often not clearly stated why these respondents 
think Thin Film will be not or less successful.  

• Furthermore, 10 participants see opportunities for thin film technology because it can provide 
freedom in design. As examples of freedom of design, flexibility, weight and color are mentioned. 

• It is also noted that although the participants are all familiar with the world of BIPV, 10 
respondent have no clear opinion. This means that they either declare that they had no clear 
point of view or they did not mention why they thought thin film BIPV would become successful 
or not. 

In general there can be concluded that only few people had an opinion about Thin Film Technology, it 
is unclear whether that is because of unawareness, uncertainty or other reasons. And even though 
many people said BIPV will become successful in the future, still many (possible) barriers were 
named that are having an inhibiting effect on the further development of BIPV. 

During the second part of the workshop, in a brain writing session, the participants were asked to 
give creative ideas to bring Thin Film BIPV one step further in its development. One of the aims was 
to collect as many ideas a possible for the development of three Thin Film BIPV demonstrators as 
part of the PV OpMaat project. 

The creative ideas that were given were grouped within 8 themes, as depicted in Figure 12. 

  

Figure 12 Eight themes of ideas to bring Thin Film BIPV one step further in its development 
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Almost all groups came up with practical applications for Thin Film technology. What strikes is that 
even though the question was to bring Thin Film BIPV one step further, people came up with a lot of 
practical ideas outside the field of BIPV, even outside the field of the built environment. Popular 
applications for Thin Film seemed the transport-sector. Furthermore, often temporary applications 
such as tents were named.  

Strikingly, 8 out of 11 groups mentioned ideas related to the ‘Plug and Play’ concept. This shows a 
desire for modular units that can easily be installed, connected and replaced. As is mentioned often 
in theories about transition processes of emerging technologies, also in this workshop 3 out of 11 
groups mentioned that regulations should be changed to stimulate the need for (BI)PV. 
Dissemination seemed another important theme. Information about products should be easily 
accessible (for customers, installers and constructors) and the products itself should be shown in 
shops. Design tools for different types of PV and catalogues were mentioned as examples. It also 
seemed a matter of course for most participants that values different from financial values should be 
found and exploited for Thin Film technology. For example by combining functionalities, the value 
perception of PV could change. Next to this, service and monitoring were mentioned. Applications 
such as smart-meters and services like Qbis could help customers and installers to monitor the 
output and manage the system. 4 out of 11 groups specifically referred to the ‘Op Maat’ part of the 
PV OpMaat project. Interesting to see was that participants mentioned that not 100% of choice 
liberty is necessary. This matches the concept of plug and play were a fixed number of modular units 
should be available (at least in the first stage of the development of Thin Film technology). A last 
theme refers to the production process. The advice was given to find analogies in the process 
industry and make multi-material automatization production lines. However, no clear ideas on the 
practical application on this topic were given. 
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2.3 Interviews construction segment 
Whereas the workshop mainly got input from the supply side of the market, the interviews were 
aimed to get more insight in the demand side of the market. An extended report about the interview 
can be found in Appendix B. 

Introduction 
The goal of the interview was to explore answers to the following questions and themes: 

• To what extent do the various building segments already apply BIPV (current situation)?  
• Which parties (building segments) are the key decision makers/ key influencers in the 

process of applying BIPV? 
• What are the Unique Buying Reasons for BIPV? 
• What opportunities and barriers in applying BIPV are experienced and/or expected? 
• What is the market outlook for BIPV? 
• What could BIPV-products look like in the future (development strategy)? 

When selecting participants for the interview, the overview of different construction segments 
(Figure 10) was used as a basis.  The participants did not need to have specific knowledge about PV 
technology in general or BIPV in particular. This was decided in order to avoid merely interviewing 
parties that are aware of PV technology. This would not give a realistic representation of the real 
construction market which also includes parties without any knowledge about PV. An overview of the 
10 parties that were interviewed is found in Appendix B. 

Results and discussion  
In this section not all results are discussed, only the for this study most important ones. Per theme 
the most interesting outcomes are shown. 

Current situation 

Main driver/Reason for applying PV Reason for not applying PV 
Meeting certain standards (EPC-value) or goals 
(CO2 reduction, local government) 

No demand from client 

Being forerunner Lack availability suitable product 
Distinguishing quality  
Desire to be sustainable  

 
Most important considerations (Unique Buying Reasons) for the choice for BIPV  

 

Chart 1 Unique Buying Reason BIPV; times mentioned (participants could choose a top 3) 
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As was expected, most interviewees (7/10) chose Total Cost of Ownership as one of the three most 
important considerations when choosing a solar energy system (PV). The choice for other 
considerations was more divided.  

The housing associations and the advisor of the housings associations all ticked ‘guarantees’, with the 
addition that they want to specifically have a guarantee in yield. Costs are very important for social 
housing corporations. Their core business is to provide for comfortable houses with low rent and 
housing/living prices. A guarantee in yield assures them that the housing prices can be lowered.  

The supplier (PV product developer), manufacturer (roof product developer), the appraiser group 
and the architect all chose aesthetics as a main consideration. The supplier (PV product developer) 
sees aesthetics as the unique selling point for their product. The architect ticked aesthetics because 
its sees it as a way to create an added value to their design which can lead to competitive advantage 
in architectural competitions. The manufacturer does not think aesthetics is important as an isolated 
consideration however they do think that especially the combination TCO, Aesthetics and Integral 
solution is important. The façade builder did not tick aesthetics, but considered it as self-evident that 
you need Aesthetics in order to create a good Image, which they did tick as a main consideration. 

Key decision maker - Key influencers 
The interviewees named the ‘project owner’ as key decision maker. Who this project owner is 
however depends on the exact project. As example of project owners house owners, project 
developers and social housing corporations were named. 

During the interviews it however became clear that for the development of BIPV it is not only 
important to focus on the key decision makers, but also to look at the people that advice and 
influence the key decision makers. Therefore an overview of the key influencers was made. 

 

Chart 2 Key influencers; times mentioned (participants could give more than 1 answer) 

Even though installers are seen a key influencer, they do not yet play this role and are requested to 
provide more information about the available products. The government was only named 4 times a 
key influencer, while regulations and subsidies were a topic of discussion in every interview. 
Furthermore, it was striking that various parties named the contractor as a disturbing factor in the 
process of deciding for a (BI)PV system. This was explained by saying that contractors have interests 
that can negatively influence the choice and application of (BI)PV systems. Since contractors are 
expected to aim for the lowest price and to work with parties they know instead of objectively 
looking for products and parties with the best price-quality ratio.  
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Opportunities & Barriers 

Opportunities BIPV Barriers BIPV 
Potential cost savings because of savings in 
material and labor 

Perception of the market 
• Unfamiliarity with the product 
• Unawareness (of both product and 

importance sustainability) 
• Uncertainty about effectiveness 

product 
Multi-functionality: solar shading + generating 
electricity + creating a beautiful image + having 
combined financial and social impact (providing 
a way for communication and providing 
identity) 

(Perceived) high costs 

 Uncertainty changing legislation (mainly 
regarding net-metering) 

 BIPV might cause problems in juridical aspects 
(ownership) and financial aspects (merely 30% 
of the VAT can be reclaimed compared to 100% 
for BAPV) 

 

Market outlook 
Current PV market  
Most interviewees see an increase in application of PV on rooftops over the last few years. The PV 
installer even talked about a market shift from early adopters to the mass market. These changes are 
thought to be due to legislation, improved costs and efficiency of PV-panels, initiatives like the 
Stroomversnelling and due to growing awareness about sustainability in general and PV panels in 
specific. Furthermore the application of more aesthetical solutions, especially for private house 
owners, was observed. However, the façade builder did not see a change in demand for PV panels 
from his clients (utility/commercial market) and especially mentioned the lack of application of PV in 
the façade.  

Future BIPV market 
The private housing market is expected to be the most interested market in BIPV and could act as 
early-adopter. In specific environmentalists with a higher income were mentioned.  The commercial 
market that is interested in a green image could be another early-adopter. Furthermore, it was 
mentioned that the newly built market would be an easier market to enter than the renovation 
sector, since then you could have an immediate cost-advantage by savings costs not installing a 
standard roof solution but immediately a BIPV system. Next to this, the design could be optimized to 
fit the BIPV-system.  
The Social housing market was expected to become interested as soon as there is an acceptable price 
tag. Commercial buildings were another market that was mentioned. The façade builder, who works 
for the commercial buildings market, however stated that adoption of BIPV might be slow because of 
the complicated decision making process. So he expected them not to be the early adopters but the 
early or late majority. However this market is very interesting since it offers a big surface area to be 
used. 
The above has been visualized in a technology adoption curve in Figure 13. 
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Figure 13 Technology adoption curve BIPV according to interviewees 

(BI)PV in the future 
Various participants expected that in the future it is especially important to find a total energy 
solution. PV panels on your rooftop are not the only solution for a green future, but just part of it. 
Not only electricity should be considered but also heat and the way how to store this energy should 
be taken into account. 

Focusing on a BIPV product the interviewees were especially interested in transparent solutions and 
most interviewees hoped there would be variety in color and size in the future. Furthermore the 
concept to apply PV as a plug & play was mentioned. This includes a very easy installation, easily 
accessible systems and the possibility to effortlessly replace panels. 

Other 
Regulations & subsidies 
Even though subsidies were not seen as one of three most important considerations in applying PV, 
‘Regulations & Subsidies’ was a topic that was discussed in every interview. In general the 
interviewees were not in favour of relying on subsidies since they think that a technology should be 
able to survive without help from the government but developed based on the market. However, it 
was agreed that the net-metering, or a similar scheme, is very important for the development of 
(BI)PV.  
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2.4 Insights from observations 
Based on the output from the workshop and interviews an overview of observations has been made. 

Table 2 Observations regarding Thin Film BIPV based on workshop and interviews 

 Observations 
Supply side  The supply side seems to have no prepossession about BIPV nor thin film technology 

and its future.  

The parties in the supply side do see opportunities for Thin Film technology if it can 
create freedom in design. 

A ‘Plug & Play PV concept’ could bring (BI)PV one step further. This indicates the 
desire for design freedom.  

Regulations should be changed to stimulate the need for (BI)PV. 
Dissemination & information should be optimized to make (BI)PV and thin film 
technology more visible 

Demand side  The main reason for applying (BI)PV is to meet standards or goals. Furthermore, 
(BI)PV is applied to be a forerunner, offer a distinguishing quality or because of the 
desire to be sustainable. The main reason for not applying (BI)PV is the lack of 
demand from the client and the lack of suitable products. 
The most important consideration when buying (BI)PV is based on the Total Cost of 
Ownership of the product, followed by the aesthetics of the product and the 
guarantees that are provided with the product. 
The project owner is the ‘key decision maker’ in the process of deciding for (BI)PV. 
However, the decision maker is highly influenced by installers, architects, advisors 
and the government. 
Opportunities in BIPV are seen in the potential cost savings when using BIPV, due to 
savings in material and labor. Furthermore, the multi-functionality of BIPV is highly 
valued. Barriers are seen in the perception of the market that is unfamiliar with, 
unaware of, and uncertain about BIPV. Furthermore, BIPV products are associated 
with high costs. The market is also uncertain because of changing legislation and 
unclear juridical aspects. 

 
From the observations it can be concluded that still many barriers are seen in the development of 
BIPV. Since these barriers play a large role in this development and as a reaction to this observation, 
a barriers-considerations template for innovative/sustainable façade products/elements is 
developed. This template is presented in the following two pages and a further explanation is given 
in the Appendix C. The template gives insight into what barriers and considerations need to be taken 
into account when developing a technology towards a prototype (innovation project) or when trying 
to go from prototype to product applied in the market (building project). By being aware of these 
barriers and considerations the design process can be improved and optimized. The template is still 
incomplete and can be seen as an intermediate design solution5 of this PDEng project. The long-term 
goal is, with the help of various actors in IEA SHC Task 56, to turn this template into a quick scan for 
prototype and product developers or partners in an innovation project to streamline and optimize 
their process. 

                                                           
5 As described in the Methodology, the method of Design Thinking might lead to ‘intermediate design solutions’. These 
design solutions might not directly relate to the design challenge but can be starting points of alternative paths and 
separate projects. 
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Barriers - Considerations 
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Based on the observations presented in Table 2 the problem description has been evaluated. 

Problem description  
Thin Film technology is yet not largely applied in the construction market due to high costs compared 
to efficiency, however Thin Film technology does offer possibilities to be suitable for BIPV products 
due to its superior aesthetics and offered freedom in design. 

 

The first part of the problem description does not fully hold. Even though TCO is considered as an 
important consideration while buying (BI)PV, costs are not the only barrier that prevents Thin Film 
technology from being largely applied.  Both at the supply side and demand side of the market there 
is a lot of ignorance and unawareness regarding what the current possibilities of BIPV and Thin Film 
technology are. People are unaware of the products that are already available and uncertain about 
the functioning of the product. Furthermore, there is a lot of uncertainty regarding changing 
regulation and legislation. 

The second part of the problem description does meet the insights gained from the market as 
aesthetics and freedom in design are repeatedly mentioned as factors that play an important role in 
BIPV.  

The above leads to a revised Problem description: 

Problem description 2.0:  
Thin Film technology is yet not largely applied in the construction market due to high costs compared 
to efficiency; ignorance regarding the current possibilities of BIPV and Thin Film Technology; 
uncertainty regarding the functioning of the product; and uncertainty regarding changing regulation 
and legislation. However Thin Film Technology does offer possibilities to be suitable for BIPV products 
due to its superior aesthetics and offered freedom in design. 
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DEFINE  
 

‘Framing the right problem is the only way to create the right solution’ 
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3. Definition of the problem 
The definition phase is the phase in which the empirical findings are interpreted and translated into 
goals and needs (the design challenge) for the design. The goals and needs that are defined create 
boundary conditions for the further development of Thin Film BIPV demonstrators. 

3.1 Thin Film BIPV in theoretical framework 
To interpret the findings of the understanding and observing phase, the theoretical framework 
(Figure 4) is used to evaluate the current state of Thin Film technology applied in BIPV (Figure 14).  

Figure 14 Overview Thin Film BIPV evaluated in the theoretical framework of SNM and MLP 

When looking at the structural components of the whole socio-technical system (i.e. the material and 
technical artefacts, actors, rules and technological development) it is indicated that not all components of 
Thin Film BIPV are yet strong enough to lead to a transition. Uncertainty about regulations and 
unawareness of and unfamiliarity with TF technology form main barriers for the TF niche to change the 
regime. Furthermore price levels of TF are still high compared to c-Si, whilst the existing PV market is cost 
driven. However, also strengths of Thin Film BIPV are discovered: TF outperforms c-Si regarding aesthetics 
and freedom in design and BENG regulations can form a strong incentive for applying PV. Thin Film BIPV 
seems to be in a phase in which it is still important to put effort in developing a protective space in which 
the three important processes of shielding, nurturing and empowering of the technology can take place.  

As presented in the introduction, one of the deliverables in the PV OpMaat project is to design and build 
three demonstrators. Experimentation, meaning building prototypes and demonstrators, forms an 
important component in the nurturing process. Based on both the outcome of the theoretical framework 
as the goals of the PV Op Maat project, building prototypes is a logical next step in this design process. 

 



39 
 

3.2 Goal of the demonstrators 
As mentioned in the theoretical framework, experiments initiate three processes that are crucial for 
the development of niches: social learning, expectation development and networking. For this 
project the three goals of prototyping are translated into: Product development, Consortium building 
and Networking, which can be explained as: 

 

3.3 Prototype criteria 
It is not only the goals defined in the PDEng study that have to be kept in mind while designing the 
prototypes, but also the various criteria that were defined in the PV OpMaat Project proposal. The 
criteria form a set of rules that the demonstrators need to live up to and are the following: 

1) There should be 1 semi-transparent, 1 colored and 1 non-transparent demonstrator  
2) The Surface of the demonstrator should at least be 5 m2  
3) The demonstrator should have a Technology Readiness Level (TRL) of 6:  

System/subsystem model or prototype demonstration in a relevant environment 
4) The demonstrator should be Building related (so no ‘other objects’ or infrastructure) 
5) The demonstrator should be scalable 

3.4 Design challenge 
Based on the problem description and insights from the theoretical framework evaluation, a design 
challenge is formulated.  

Design Challenge 
Thin Film technology is yet not largely applied in the construction market due to high costs compared 
to efficiency; ignorance regarding the current possibilities of BIPV and Thin Film Technology; 
uncertainty regarding the functioning of the product; and uncertainty regarding changing regulation 
and legislation. However Thin Film Technology does offer possibilities to be suitable for BIPV products 
due to its superior aesthetics and offered freedom in design. The goal of this design project is to build 
demonstrators, according to the set criteria in the PV OpMaat project, which can nurture the Thin 
Film BIPV niche by accumulating facts and data about the technology, forming a group of actors and 
reaching various target audiences.  

PRODUCT 
development

Accumulating facts and 
data about the 

performance (yield, 
degradation, life-span, 

thermal aspects) of Thin 
Film Technology in BIPV 
compared to crystalline 

Silicon technology.
Get insight in assumptions 
and values (mainly related 
to aesthetics and freedom 

in design) about the 
application of Thin Film 

technology in BIPV

CONSORTIUM
building

Form a group of actors 
(e.g. parties from different 

construction segments, 
Project Partners Light, 

partners of the PV OpMaat 
consortium) that take the 

lead in designing the 
prototype and have the 
same expectations from 

the prototype. Make sure 
that the expectations are 

discussed, tested and 
shared and make them 

robust, specific and 
credible.

NETWORKING

Develop a communication 
strategy to reach various 

target audiences in an 
appropriate way.

Test whether the  market 
shows real interest in the 

prototype (resource 
commitment).

Ensure support from the 
network of the consortium 

is broad and deep
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IDEATE 
 

‘It’s not about coming up with the ‘right’ idea, it’s about generating the broadest range of 
possibilities’  
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4. Ideating Thin Film BIPV demonstrators 
In the ideation phase design options are generated that address the design challenge. The steps as 
described in the ideation phase of this project deviate somewhat from the way ideation is described 
in Design Thinking. In Design Thinking the ideation phase is merely a diverging process in which as 
many ideas as possible are generated. However since the generation of ideas was a sub-output from 
the workshop during the observation phase, in this chapter the focus is more on the converging 
process in which ideas are selected from a large pool of ideas. 

4.1 Selecting demonstrators 
The selection of ideas for demonstrators was a convergent process as visualized in Figure 15.  

 

Figure 15 Demonstrator selection procedure 
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The selection started from a large pool of ideas for Thin Film BIPV products, generated during the 
workshop. During the interviews interesting markets for BIPV were determined and more 
information about the various ideas was gathered. The ideas were then grouped in different clusters 
(Figure 16). According to the criteria set for the prototypes, all ideas in the market ‘infrastructure’ 
and ‘other’ were rejected. 

 

Figure 16 Overview ideas for Thin Film BIPV products based on output workshop and interviews. A subdivision is made based 
on market (roof, façade, shading, infrastructure and other), module type (foil and glass), appearance (semi-transparent, 
color and non-transparent) and, if applicable material of sub construction (metal, other). 

A shortlist of ideas remained. To analyze the ideas on their opportunities in the market, the market 
share-market growth matrix was taken as an exemplary method (Investopedia, n.d.). This matrix was 
created to help corporations to analyze their business units. It ranks the business units on the basis 
of their relative market share and growth rates (Figure 17).  

 

Figure 17 Market Share - Market Growth Matrix (TaskoConsulting, n.d.) 
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For the analyses of the Thin Film BIPV product ideas, this matrix was redesigned into a market size – 
product complexity matrix, considering both aspects of the market and aspects of the technology. 
The market size provides insight into the amount of m2 of a specific product, yearly produced in the 
Netherlands. A big market size might offer more opportunities for a product than a small market size. 
This depends on whether the full market size is captured and what the ambitions for a specific 
product are. The product complexity indicates how complex the technology is that is needed to 
develop a specific product. A more complex technology might appeal to a bigger market, however, it 
needs more time to be developed and has a bigger technological risk due to its complexity. A 
straightforward technology might offer less opportunities regarding market size, but is already 
available in the market and can be applied on shorter term. However, at the same time, this type of 
technology is more likely to have competitors. A third aspect that is shown in the market size – 
product complexity matrix is the market segment that can be addressed by a specific product. This is 
visualized using colored dots representing specific market segments. Figure 18 presents the matrix 
used to analyse the various Thin Film BIPV product ideas. The market sizes are roughly estimated 
based on input that can be found in Appendix D. 

 

 

Figure 18 Market size estimation for various Thin Film BIPV products. The y-axis shows the market size, explaining how many 
new produced m2 per year is available in the Netherlands. The x-axis shows the product complexity which indicates how 
complex the technology is that is needed to develop a specific product/prototype. The colored dots show for which 
construction markets the ‘product’ is interesting. 
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Whereas the market size – product complexity matrix mainly focusses on market outlook, the USP 
list of Thin Film technology (Table 1) was used to study how well the various ideas could represent 
the USPs of the technology. 

During team discussions at SEAC, both the matrix and USP list for the various ideas were discussed to 
bring the shortlist down to three Thin Film demonstrator concepts. The evaluation of the three 
concepts is summarized in Table 3. The concepts are defined as such that (on the short or on the long 
term) various products could be developed based on the output of the demonstrators. This group of 
products is represented by the three grey dotted circles in Figure 16.  

As a final step the concepts were presented to all partners in the PV OpMaat project. Based on this 
presentation the partners approved to develop the three concepts into Thin Film Demonstrators. 

Table 3 Evaluation of three Thin Film demonstrator concepts 

 The demonstrators should have a positive market 
outlook 

The Unique Selling Points 
of Thin Film Technology 
should clearly be exposed 
in the demonstrator 
 

Super flexible, 
custom-sized 
TF foil from 
the roll on 
lightweight 
substrate for 
building 
applications 

When the production process is further developed, 
enabling flexible foil from the roll in assembly hall, 
and, techniques to attach the foil to various 
construction materials are invented, numerous 
markets could be entered (including flat roof, 
façade & infrastructure). This market size is more 
than 10M m2/a. 

Exposes possibilities of TF 
to be super flexible which 
cannot be equalled by c-Si. 
Optimally exploits the 
possibility of TF to be cut in 
any size. 
 

Solar glazing 
in different 
transparencies 
for façade 
applications 
 

When the technology is optimized, meaning that 
the solar glazing is fully transparent (instead of the 
current state of semi-transparency) all glass 
markets could be entered (windows, glass 
roofs/covers, tinted glass etc.). This market size is 
about 4M m2/a. 

Large aesthetic difference 
to c-Si (façade) 
 

Custom sized 
and coloured 
panels for 
façade 
applications 
 

When the panel is integrated in existing façade 
systems, the opaque façade market can be 
entered, starting with the glass panel market. This 
market size is about 2M m2/a.  

Aesthetic difference to c-Si 
(façade) and exploits the 
possibility of TF to be cut in 
any size. 
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4.2 Three Thin Film demonstrator concepts 
The following pages will elaborate on the three Thin Film Demonstrator Concepts.
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4.3 Presenting the concepts  
As presented in chapter 3.2 two of the three main goals of the demonstrators are ‘networking’ and 
‘consortium building’. Already in the preparation of the demonstrators, both networking and 
consortium building can take place. At the office building of one of the partners of PV OpMaat 
(Solliance) a wall at the entrance hall was available to be covered as a ‘BIPV Inspiration Wall’. The 
opportunity was then taken to make a design for this wall that can show both employees and visitors 
of Solliance, what the possibilities of Thin Film Technology in BIPV products are.  As such the wall 
supports consortium building by making the employees enthusiastic about the technology they are 
developing and improving, while networking is done by generating interest for TF BIPV products 
amongst the visitors, and potential clients of Solliance and thus TF products. 

 

Figure 19 Design BIPV Inspiration wall Solliance office building. Three PV panels show the technological possibilities of TF: 
hexagonally cut flexible TF foil, hexagonally cut semi-transparent TF and hexagonally cut, colored TF. The accompanying 
posters show what products can be made with the technology, how big the market size is and what USPs of TF are 
represented in these products. Furthermore the posters inform on what technological developments are still needed to 
optimize the production of the various products. The standing woman-figure is used as scale.  
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PROTOTYPE 
 

‘Build to think and test to learn.’ 
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5. Detailed prototype description 
In the prototyping phase, one or more prototypes are created to elicit useful feedback on the design. 
In this project, the prototyping phase is used to elaborate on the design of the demonstrator to be 
built at the SolarBEAT test site.  

5.1 Decision for prototype 
In the ideation phase three most promising demonstrators were defined. In the PV OpMaat project 
three test sites are available for prototyping. Based on the preferences and possibilities of every test 
site, one demonstrator per test site has been assigned.  

Test site Demonstrator 
De wijk van morgen, 
hogeschool Zuyd 
(Heerlen) 

Thin Film Foil on lightweight substrate for building application.  
Based on the preference of Hogeschool Zuyd a demonstrator will be developed 
that offers a solution for the replacement of lightweight asbestos rooftops used 
in agriculture. 

VLIET building, KU 
Leuven (Leuven) 

Semi-transparent solar glazing  
 

SolarBEAT, SEAC & 
TU/e (Eindhoven) 

Colored, custom sized, Solar Facade 6 
 

 

5.2 Potential of the Solar Façade 
SEAC and the TU/e requested the Solar Façade to be assigned to the SolarBEAT test location because 
it is expected that this demonstrator and consequential product can address various markets on a 
short term. This makes it interesting for an external project partner to support the development of 
this prototype. The above expectations are based on the following two insights: 

• Product complexity (as represented in Figure 18) 

Colored PV panels (both TF and c-Si) for façades are already available on the market and can be 
made custom sized at some additional costs. Various BIPV facades are on the market as well. An 
overview of manufacturers of colored PV-Panels and BIPV facades is presented in the separate 
report ‘Business Plan Solar Façade: making the ordinary, extraordinary’. With the PV technology 
and BIPV façade examples available, it is expected to be rather straightforward to develop a 
marketable Solar Façade on the short term. 
Even though there are various suppliers of semi-transparant c-Si glass (e.g. Scheuten, Orange, 
Hermans Techniek, Romag, Soltech, Issol, Sunovation, Onyx, Ertex and Gaia) and a couple 
suppliers of semi-transparant TF glass (e.g. Advanced Solar Power, Manz, Antec and Sanko Solar) 
the technology for semi-transparant TF PV panels for any window application is not optimized 
yet regarding transparency, associated yield and costs. Furthermore, based on insights from the 
BIPVpod project (personal communication Menno van den Donker, SEAC, December 19, 2016), in 
practise it is hard to have delivered custom sized semi-transparent TF glass. Super flexible foil 
integrated in building materials is in an early stage of development as well. Various companies 
already provide flexible TF foils (e.g. Flisom, Miasolé, HyET, Ascent, Global Solar, Solopower, 
Powerfilm and Renovagen), however the foil is not yet easy to obtain custom sized nor 
(aesthetically) integrated in a building material. 

  

                                                           
6 The colored, custom sized, solar facade will be referred to as Solar Façade in the remaining part of the Report. 
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• Interesting entry markets  

From the observations it was found that the interviewed parties highly value aesthetics and 
freedom in design. The Solar Façade addresses both needs. Furthermore, there are very 
interesting entry markets for the Solar Façade. For both governmental and commercial newly 
built, high-rise buildings, the Solar Façade seems promising on the short term because of the 
following reasons: 

o At the end of 2018, BENG regulations apply for newly built governmental buildings, while 
at the end of 2020, newly built commercial buildings need to meet BENG regulations. This 
regulation gives developers an extra incentive to choose for energy-generating products 
like a Solar Facade.  

o Specifically for high-rise buildings, the roof surface to cover with PV panels will not be big 
enough to meet the BENG requirement. This regulation requires that the share of 
renewable energy in the building has to be 50%. Extra surface will be needed to generate 
enough energy through PV. The Solar Façade could then offer a solution. 

o For high-end commercial buildings the building is used as the business card of the 
company. Aesthetics and sustainability are highly valued by the building owner. This 
offers a big opportunity for the Solar Façade, which is more expensive than other PV 
solutions but has the unique selling point of being more aesthetically pleasing. 

o The government set as a goal for its buildings to have an exemplary role and to act as a 
source of inspiration for other buildings. Furthermore Governmental clients are highly 
willing to offer space to test innovations in their buildings and will act as a launching 
customer. This offers opportunities to include Solar Facades in their buildings. 

o The real estate industry has increased its focus on sustainability performance in general, 
and specifically energy consumption, for which the Solar Façade is of added value.  

Further information concerning the above can be found in the separate report ‘Business Plan Solar 
Façade: making the ordinary, extraordinary’.  

5.3 Design team 
Various parties work together on the development and design of the Solar Façade. First these are the 
partners within the PV OpMaat consortium, of which SEAC and TU/e take the lead regarding the 
development of the Solar Facade. Next to this ‘Project Partner Light’ companies (PPL) are attracted to 
help define and develop the demonstrator. A certain level of commitment is enforced by asking for a 
financial contribution as condition for the formal participation in the PV OpMaat project and 
receiving subsidy. The above mentioned partners and companies will together form the ‘Solar Façade 
consortium’. 

The goal of the demonstrator is to be of interest for both PV technology development as for 
awareness in the construction market. Therefore external parties are approached that operate in 
both the construction and PV industry. Next to this, during the observation phase it was found out 
that in the decision for PV, project owners are highly influenced by ‘Key influencers’. Installers, 
architects, advisors and the government were determined as most important influencers. Since the 
key influencers are the people that have to promote the product in the market, the aim is to include 
these parties in the consortium. Furthermore, by mimicking a conventional construction process and 
construction team during this project, the gap between developing a demonstrator and developing a 
product is expected to be minimized. 
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All in all, by including research institutes (SEAC & TU/e) and parties from PV and Construction 
segments, it is expected to develop a demonstrator that is both interesting for technology as for 
product development. 

The proposed consortium for the Solar Façade is presented in Figure 20. Based on this team various 
parties are approached to become PPL. The negotiations to make these parties official partners in the 
PV OpMaat project are ongoing as this report is written. The proposal of the team of external 
partners is to be approved by an independent committee within PV OpMaat. 

 

  

Architect 

Facade 
builder 

Commercial & 
Governmental 
high end, high rise 
non-residential 
buildings 

Integrate active façade in 
energy system building 

Design façade, PR, Contribute to follow-up 
pilot projects 

Contractor PV Professional 

Installation 
professional 

TU/e, SEAC 

Provide Test location 
solarBEAT & measurement 
equipment, analyse data, 
support business modelling 

Design, 
manufacture 
and install 
Facade 

Advice on and 
supply colored 
and/or semi-
transparent 
solar panels 

Prototype 
& Pilot 
project 

Manage 
construction 
process 

PV OpMaat 

Figure 20 Team proposal of the Solar Façade Consortium 



53 
 

5.4 Prototype of the Design  
As part of the prototyping phase, a first sketch design is made (presented at page 55) to act as a 
‘prototype’ to elicit feedback from both the partners within PV OpMaat and from the external 
parties. This sketch is based on the goals of the partners within PV OpMaat, input from interviews, 
literature study and architectural considerations.   

Goals partners PV OpMaat 
The overall goal of the PV OpMaat project is to make the integration of solar panels in buildings more 
efficient, more aesthetically pleasing and cost-effective. However, various partners also have their 
individual goals within the PV OpMaat project. Solliance wants the demonstrator to demonstrate 
which techniques Solliance has to offer. Furthermore, Solliance aims for a demonstrator in which 
they can try out new processes, like the customization of thin film modules and the stitching 
together of separate panels to construct one large sized panel. The University of Hasselt is challenged 
by designing power electronics that can deal with variating electricity output. SEAC aims for a 
demonstrator that can be used to do measurements over a period of one year. The goal of these 
measurements is to map the operation and yield of colored panels and to do a comparative research 
between c-Si and TF technology. At the TU/e, after the PDEng project has finished, a PhD candidate 
will continue to take part in the PV OpMaat project. For this PhD research it is interesting to study 
the relationship between a PV façade and thermal aspects. A demonstrator should provide the 
possibilities for this kind of study.  

Architectural considerations 
Architectural issues related to the building integration of solar technologies can be structured into 
the three Vitruvian categories of architecture: Functional (utilitas), Construction (firmitas) and 
aesthetic issues (venustas). Functional issues refer to e.g. the efficiency, yield and life span of a solar 
façade. Construction issues are described in the standards and norms a façade product has to comply 
with (e.g. resistance against mechanical and thermal stress and fire safety). Aesthetic issues are 
about form and shape. However, compared to the other issues, for aesthetics it is harder to define 
what is ‘good’. This however is a very important topic since it was found from the observation phase 
that ‘aesthetics’ are a key reason for people to decide for (BI)PV. The search for a ‘good’ shape that 
fits a technology can repeatedly be found back in history. Exemplary is the design of the first iron 
bridges, such as the ‘Iron bridge’ (1779), which mimics the architecture of wooden bridges (Figure 
21). While recently built iron bridges, like the Millau Bridge (2004), express their own, steel specific, 
architecture (Figure 22) (Bonomo, 2016).  

 

 
Figure 21 Iron bridge (1779) 

 
Figure 22 Millau bridge (2004) 

 
Figure 23 PV roofing tile 
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While designing a BIPV prototype it is important to keep these aesthetic issues and the development 
of design in mind. Is for example a roofing tile the best application for flexible thin film PV (mimicking 
ceramic roofing tiles, Figure 23)? Or should an application be found that exploits the specific 
characteristics of the (PV) material? In the design of the prototype it is suggested to mimic an existing 
façade. Since the technology is still in an early phase of Technology Transition, the goal is to first 
convince people of the technology by designing an application they are used to. In a later phase, 
when the technology is accepted, an optimal application might be found that suits the technology. 

Design parameters 
In the design of a custom sized and coloured solar façade, size and color are crucial design 
parameters. Initial input on these parameters is obtained through personal contact with various 
construction parties (Rockpanel, DiederenDirrix, AWG Architecten, ABT, LEVS, TGM & Best 
Architecten) and a study from (Munari-Probst, 2008). It was found that preferably all sizes should be 
available in PV panels. However, if standards need to be chosen, a multiple of 300mm is desirable, 
based on the construction grid (stramien) as used in the Netherlands. Regarding colors, mostly 
‘neutral’ colors and greys are requested and applied. ‘Sparkling’ colors are applied as well, but to a 
much lesser extent.  
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30cm 

SOLAR FAÇADE  
The coloured façade elements demonstrator is an 
assembly of multiple coloured PV panels, differing in size 
and power output, that are put together on a façade 
(6.35m wide, 4.55 m high) as a mosaic. The panels are 
integrated with building elements in such a way that the 
demonstrator can function as a ventilated façade. The 
electronics are designed to accommodate the different 
outputs that are expected from the various elements that 
make up the mosaic. 

Dimensions dummy façade solarBEAT 
(Eindhoven): 635cm x 445 cm (wxh) 
 
 
 
3 types of panel technologies 
Thin film, c-Si, ‘Passive’ panel  
 
 
 
Colours (based on input various architects) 
White, Shades of grey, Sparkling color, Black 
 
 
 
Various sizes 
Preferable a multiple of 30cm 
Exact dimensions based on: 
* Input architects  
* Standard sizes available in construction 
* Possibilities offered by supplier/manufacturer 
 
 
Texture 
To be decided, depending on possibilities 
offered by the manufacturer and wishes 
architect/facade builder/PPL (Matt or shiny) 
 
 
 
Jointing 
To be decided, depending on possibilities 
offered by the manufacturer and wishes 
architect/facade builder/PPL 
 
 

CRITERIA FOR THE DESIGN OF THE DEMONSTRATOR 
 

Sketches of possible lay-out facade 
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5.5 Feedback Prototype 
The prototype was presented to the PV OpMaat project partners and preliminary Colored Solar 
Façade consortium for feedback. As the PV OpMaat project partners were already largely involved in 
the design of the prototype, the feedback did not result in design changes. However, the external 
parties within the preliminary Solar Façade consortium proposed various changes in the design and a 
shift in the focus of the demonstrator. Three main points of feedback were the following: 

• Public Relations 

As was discussed in 3.2 Goal of the demonstrators, demonstrators should initiate three processes 
that are crucial for the nurturing of the niche: ‘Product’, ‘Consortium’ and ‘Client-network’. According 
to the external parties, the focus on ‘client – network’ is not strong enough in the current design of 
the demonstrator. To be able to ‘reach the various target audiences’ the design should be changed to 
provoke more reactions.  

• Construction process 

Furthermore, the external parties asked for more attention for ‘Consortium’. In the current design of 
the prototype the focus is merely on the product and not on the process of making the product. 
However, a lot could be learned from collaborating on the design of an innovative product within a 
construction team. This asks for a different collaboration between parties than in a traditional 
construction team. Since the construction process will be mimicked in the development of the 
demonstrator, it can be used as test case for other construction processes. Findings and conclusions 
from this process should be reported and shared with other construction parties.  

• Business modelling 

As also was found out in the observation phase, costs and specifically Total Cost of Ownership do 
play an important role in the choice for a product. According to the external parties, the opportunity 
should be taken to develop a business model and business case for the Solar Façade. 
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5.6 Revised Design 
Based on the feedback on the prototype, a project plan has been made regarding the design of the 
demonstrator. 
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TEST 
‘Testing is an opportunity to learn about your solution and your user.’  
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6. Testing the Solar Façade  
The test phase is when feedback from the client is solicited about the prototypes that are created, 
from the users and have another opportunity to gain empathy for the people that is designed for. 
Since this project finishes before the demonstrator is built, advice is given on how the demonstrator 
should be tested. Furthermore, the test phase is used to theoretically test the Solar Façade product 
based on findings from writing a business and financial plan.  

6.1 Test the demonstrator 
In the test phase, the client and network should be approached. Mainly two questions are important 
in this project: 

1. Was the client-network reached? 
2. How is the demonstrator evaluated by the client-network? Is there real interest7 from the 

client and network for the product? 

To answer these questions, the client first needs to be defined. Governmental and commercial newly 
built, high-rise buildings were mentioned as interesting entry markets for the Solar Façade. The 
decision-makers for these buildings could therefore be approached as client. Both this client and 
parties within the network of the Solar Façade consortium should be invited to answer the above 
questions. A similar method as was used in the understanding phase can be applied, being an 
exploratory interview. In the test, it is very important that the client and parties within the network 
can ‘experience’ and ‘compare’, to reveal latent needs (Hassi, 2015). Therefore it is essential that 
they have seen the demonstrator, get information from the one-year-measurements and that the 
business plan shows comparative products. With this input, the following aspects can be evaluated: 

• Do the conclusions from the observations still hold? 
• Was the design challenge framed right?  
• On what aspects does the demonstrator succeed and on what aspects does it fail? 
• How could the product be improved? 

6.2 Business plan and Financial plan 
To test whether the demonstrator can be used as a promising starting point for the further 
development of a marketable product, a business and financial plan for a Solar Façade product has 
been written. These plans are presented in a separate report of which the executive summary is 
given in this section: 

As the Paris Agreement in 2015 showed, the seriousness of the problem of climate change is 
increasingly recognized all over the world.  A paradigm shift towards sustainable and smart cities 
seems inevitable and asks for smart energy solutions. To fulfil our need for electric energy and to 
create a beautiful environment at the same time, we offer the design, construction and installation of 
an aesthetic BIPV façade element, available in various sizes and colours, optimized for any project. By 
not only offering a façade that people are used to but also by offering a product that generates 
electricity at the same time, this product makes the ordinary, extraordinary! 

The team that works on the development of this product is a consortium of five construction parties 
(being a façade builder, contractor, PV specialist, installation advisor and architect) and two research 
institutes (being SEAC and TU/e). We started the development of the Solar Façade Element within the 
Interreg Vlaanderen-Nederland PV OpMaat project that will last until the end of 2018. As part of this 

                                                           
7 Real Interest: commitment to buy the product 
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project, we will build a Solar Façade prototype in the first quarter of 2017, and test it for a full year in 
outdoor conditions. These tests will give input for the further development and optimization towards 
an operational product that can be applied in the built environment in 2019. The development and 
further implementation of a final product in the market will be done by a B.V. that will be founded 
when the PV OpMaat project finishes and consists of the five construction parties. 

In theory, our coloured Solar Façade is suitable for every building that has opaque façade parts. 
However, since the technology we offer is a very innovative one, it needs a protective market to 
develop itself. We therefore first want to penetrate the Dutch façade market by entering a niche 
market consisting of commercial and governmental newly built, high rise office buildings. 

This beach head market, with an estimated size of 45.000m2 per year, is interesting because of the 
following reasons: 

• At the end of 2018, BENG regulations apply for newly built governmental buildings, while at 
the end of 2020, newly built commercial buildings need to meet BENG regulations. This 
regulation is a strong drive for focussing on the newly built market, since it gives developers 
an extra incentive to choose for energy-generating products like the Solar Facade.  

• Specifically for high-rise buildings, the roof surface will not be big enough to meet the BENG 
requirement that the share of renewable energy in the building has to be 50%. Extra surface 
will be needed to generate enough energy, and here the Solar Façade offers a solution. 

• For high-end commercial buildings the building is used as the business card of the company. 
Aesthetics and sustainability are highly valued by the building owner. This offers a big 
opportunity for our Solar Façade product, which is more expensive than other PV solutions 
but has the unique selling point of being more aesthetically pleasing. 

• The government set as a goal for its buildings to have an exemplary role and to act as a 
source of inspiration for other buildings. Furthermore Governmental clients are highly willing 
to offer space to test innovations in their buildings and will act as a launching customer. 

• The real estate industry has increased its focus on sustainability performance in general, and 
specifically energy consumption, for which our product is of added value.  

A second market is found in transformation and renovation and is interesting because currently more 
renovation and transformation than newly-built is performed. Yet, this second market has to deal 
with less strict incentives regarding energy generation. However, the need for sustainable renovation 
is continuously increasing by upcoming legislation, which makes it interesting as a later market to 
enter. 

Currently there is a lack of awareness amongst the potential clients about the availability of PV 
products, therefore it is very important to invest time and money in smart marketing. We aim to 
create this awareness by being present at trade fairs and exhibitions, by showing our product in 
prototype- and demonstration projects and by writing blogs and articles for various construction 
related websites and magazines. 

To start the product development, Interreg Vlaanderen-Nederland granted a subsidy in which they 
will pay 50% of the R&D costs during the project period of the PV OpMaat project. The remaining 50% 
of the costs is paid by the five external construction parties. These initial investments make up for 
about €250.000. When the PV OpMaat project is finished, an additional investment of €200.000 is 
needed to continue and optimize the design, production and installation of Solar façade elements. 
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Based on a base case sales scenario and an initial sales price of  440 €/m2 we expect to break even in 
the sixth year and have a cumulative cash flow of €387.162 at the end of the 8-year period we made 
financial projections for.  

However, with this product we do not only create value for the company, but also value for our 
clients. Since we aim to sell our product as a façade system instead of a PV product, we do not focus 
on short term financial aspects like low initial prices but we focus on the long term value of the 
façade, including both tangible value (e.g. TCO and NPV) and intangible value (e.g. Aesthetics, 
corporate social responsibility and ecological footprint). 

The business plan includes all the details about the product, including a market analyses, competition 
analyses, marketing plan, risks and contingency plan and all details about the financial projections. 

To sum up why this product is so interesting: 

With our Solar Façade product, we will be able to: 

1) Have a competitive advantage over conventional facades, by offering freedom in design and 
an aesthetic product, whilst generating energy 

2) Meet regulations and demands regarding energy use, company image, comfort and 
sustainability  

3) Reach a big market, starting with commercial and governmental newly built high-rise 
commercial buildings, quickly followed by the renovation and transformation market, public 
buildings and commercial buildings – not being office buildings - for example schools, 
shopping malls, hospitals and cinemas. 

4) Create tangible and intangible value for both the Solar Façade B.V. as for the client. 

The creation of extra-ordinary buildings is within reach! 

6.3 Conclusions from the business plan and financial plan 
The business plan and financial plan is useful to test whether the product, in theory, is interesting for 
the ‘client-network’.  

As found out in the understanding phase, the Unique Buying Reasons for BIPV for the client are Total 
Cost of Ownership, Aesthetics and Guarantees. Especially TCO is tested in the business and financial 
plan. The calculations show that in the current situation, based on the made assumptions, the Solar 
Façade product yet cannot compete with other facades (both solar and passive) regarding costs 
(initial costs and Net Present Value). However, a Solar Façade offers more value than merely direct 
financial value. In the business plan, it is suggested that extra value can be created regarding 
organisational performance, user performance and energy performance.  

To find out whether the Solar Façade product could be interesting for the client despite the lower 
financial returns, a next step should be to find out what these values exactly are and to make the 
values measurable.  

A first step towards the definition of these values related to the Solar Façade is given in the following 
section and can be seen as an intermediate design solution8 of this PDEng project. 

                                                           
8 As described in the Methodology, the method of Design Thinking might lead to ‘intermediate design solutions’. These 
design solutions might not directly relate to the design challenge but can be starting points of alternative paths and 
separate projects. 
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6.4 Values related to the Solar Façade 
In literature, various studies can be found that support the insight that (energy related) interventions 
in the built environment can create more value than merely financial value. According to Heijer 
(2013), for the stakeholders investing in a building intervention, costs need to be balanced with 
benefits. These benefits do not need to be directly financial, but need to add value to the 
performance of the accommodated organization and/or individuals. Furthermore it is found that 
organizational energy decisions can be strategic rather than economically rational (Gliedt, 2015). 
Strategic decisions include topics such as environmental sustainability and corporate social 
responsibility. In these strategic decisions, economic returns are often indirect.  

Based on a study of (Den Heijer, 2013) an overview of values that might be influenced by the Solar 
Façade is given (Table 4).  

Table 4 Values of Interventions in the Built Environment based on a study of (Den Heijer, 2013). 

Values Examples 
Strategic value 
Organisational performance based on 
organisation’s identity & goals 
 

Corporate social responsibility, Image, Brand, 
Attraction of employees/users, Retention of 
Employees/users, Vacancy-rates 

User value 
User activities & user satisfaction 

Productivity 

Energy value 
 

Carbon emissions, Ecological footprint, Energy 
use 

 
Financial value 

Initial costs, Life cycle costs, Total Cost of 
Ownership, Net Present Value, Real Estate Value, 
Payback time, Market Value 

 
A few examples of strategic and user values, that are often mentioned in literature, are elaborated 
on in the following section. 

Strategic values 
Corporate Social Responsibility: According to (Auer, 2016) over the past decade, socially responsible 
investment (SRI) has become a major trend in the mutual fund industry and a key topic in financial 
research all around the world. SRI can be broadly defined as an investment process that involves 
identifying companies with high corporate social responsibility (CSR) profiles where the latter are 
evaluated on the basis of environmental, social and corporate governance (ESG) criteria. It implies 
that investors do not primarily wish to derive financial utility from their investment decisions but also 
strive for non-financial utility resulting from holding portfolios that are consistent with personal and 
societal values.  

Attraction and Retention of employees/users – based on green image: Based on empirical research, 
(Pellegrini-Masani, 2011) found a positive correlation between the environmental profile of a 
company and its attractiveness towards prospective employees. OVG confirmed this insight and 
indicated to have a considerable increase in job-applications since they developed and house the 
‘most sustainable office building in the world’ (personal communication Nena Rood, OVG, October 
2016).  
Attraction and Retention of employees/users – based on aesthetics: (Remoy, 2010) pointed out 
that office users highly rank the appearance of a building, indicating that they are more likely to be 
retained in a building that has an aesthetically pleasing exterior according to the users. Furthermore, 
research showed that 36% of British students rejected a university due to the (poor) quality of its 
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estate (Den Heijer, 2013). This indicates a link between the aesthetics, image and appearance of real 
estate and desire to work for a company/study at a university.   

Vacancy rates: (Devine, 2015) shows that commercial office buildings with labels that attest to 
higher levels of energy efficiency or sustainability are typically found to have slightly higher rents, 
higher occupancy rates and higher sales prices. Furthermore (Remoy, 2010) found that the 
appearance of the building has an effect on structural vacancy since Facade material and the facade’s 
technical quality were explicitly mentioned in his interviews as aspects that matter when preventing 
vacancy or coping with vacancy.  
 
User values  
Productivity: Research has demonstrated that improved indoor environmental quality is associated 
with better health outcomes (Macnaughthon, 2016). Furthermore, research has demonstrated an 
impact of the indoor environment on cognitive function. As such it can be stated that Productivity 
thus has a clear relationship with the quality of the indoor climate (e.g. indoor air quality, thermal 
comfort, daylighting and lighting, noise, interior layout). On its turn, the indoor climate can be highly 
affected by the design choices that are made.  

How to measure and compare values? 
The question arises how to measure and compare ‘value’ and relate it to choices in design and 
engineering and – in this case – to a sustainable and aesthetic Solar Façade. Many studies already 
attempted to find ways to measure the impact of aesthetic and sustainable interventions in the built 
environment. Since the impact of an intervention related to value is often indirect, there seems yet 
not to be one ‘magic formula’ for measuring the impact (JLL, Lend Lease, Skanska, World Green 
Building Council).  

An attempt has been done to understand and visualize the complex valuation of a Solar façade. For 
this a simplified Means-End Chain model is used. This model explores the connection between a 
value and a product through the construction of an associative network between product attributes, 
functional and psychosocial consequences linked with product use and ultimate values (Gluszak, 
2016) (Pieters, 1995).  

As shown in Figure 24, the links between consequences are sometimes clear (few intermediate steps) 
and measurable such as for Energy Value and Financial Value, which can be turned into measurable 
units such as monetary units, hectares per capita (ecological footprint), kWh and CO2. 

In other cases the links are more complex, harder to measure and multiple consequences need to be 
connected in order to be linked to a certain value, such as for Strategic and User value. For these 
values the links are complex since it is often unknown to what extent one consequence affects 
another consequence. Furthermore, various consequences are hard to turn into measurable units, 
such as aesthetics and sustainability.  

Based on the above insights a distinction is proposed between tangible values and intangible values: 

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 = 𝐼𝐼𝐼𝐼𝑎𝑎𝐼𝐼𝑎𝑎𝐼𝐼𝑎𝑎𝐼𝐼 + 𝑑𝑑𝐼𝐼𝑑𝑑𝑑𝑑𝐼𝐼𝑎𝑎𝑑𝑑𝐼𝐼𝐼𝐼 𝐼𝐼𝑡𝑡 𝑚𝑚𝐼𝐼𝐼𝐼𝑎𝑎𝑑𝑑𝑎𝑎𝐼𝐼 

𝑇𝑇𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 = 𝐼𝐼𝑎𝑎𝐼𝐼𝐼𝐼𝑡𝑡𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼9 + 𝐼𝐼𝐼𝐼𝑎𝑎𝑒𝑒 𝐼𝐼𝑡𝑡 𝑚𝑚𝐼𝐼𝐼𝐼𝑎𝑎𝑑𝑑𝑎𝑎𝐼𝐼 
 

                                                           
9 Actionable data: data which is trustworthy and a series of actions can be taken when using it (Intelligent Data Group, 
2016) 
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Figure 24 Simplified Means-End Chain Model Solar Façade giving examples of consequences and values related to the Solar 
Façade.  (*) Generally accepted measurable unit, (-) No generally accepted measurable unit. 

 
Two figures are made that place the consequences found in Figure 24 in a matrix, showing to what 
extent they are Tangible or Intangible (Figure 25, Figure 26). In an ideal situation, to be able to 
compare various values, it is needed that all consequences are linked in such a way that they result in 
a tangible ‘end value’ that is easy to measure and actionable, represented in the right upper corner 
of Figure 26.  



66 
 

 

Figure 25 Ideal Network of Tangible and Intangible consequences of a Solar Façade resulting in one comparable end value 
(black spot in upper right corner). 

However, in reality the network and intermediate steps between tangible and intangible 
consequences are considerably more complex, as visualized in Figure 26. This results in end-values 
that are yet difficult to measure and compare. However, when the links between the consequences 
are better understood, the desired link towards one comparable unit could be found. 

 

Figure 26 Network of Tangible and Intangible consequences of a Solar Façade.  

As this is a first attempt in understanding the valuation of a design decision, further research is 
needed to verify the information in Figure 24, Figure 25 and Figure 26. Furthermore, information 
needs to be collected to define the exact influence of one consequence on another in order to reach 
one comparable unit. 



67 
 

Discussion 
In the discussion both the objectives related to the PV OpMaat project as to the implementation of 
the method of Design Thinking and Transition theories are discussed. The discussion is both 
described per step as for the whole process. 

Discussion per design step 
The understanding phase was used to understand why Thin Film technology is not yet largely applied 
in the construction market and to find out about the current status of TF technology and BIPV. An 
enormous amount of information seemed available about BIPV. Therefore it was very important to 
determine the focus of this understanding phase in order not to drown in the details. In this project 
this led amongst others to a focus on getting more insight in USPs of Thin Film technology, which is 
needed to understand technology push factors.  

During the observation phase needs and wishes of the market, market pull factors, were unveiled. 
This led to a change in the understanding and description of the problem. Not only high costs 
compared to efficiency was discovered to be a barrier for Thin Film technology to enter the market 
on a large scale, but the perception of the market regarding Thin Film Technology was found to be a 
likely even bigger barrier. This changed understanding proves that merely looking at technological or 
market needs might not uncover the full scope of a problem.  
Furthermore it is important to realize that the target audience of the final ‘design’ is not always yet 
known in the observation phase, as was the case in this project. This ‘audience’ was not defined until 
the prototyping and test phase. The needs that were observed represent the needs of various parties 
within construction, and might not represent the needs of the later defined client. This makes 
iterations so important in the Design Thinking process. Due to the iterative process, later gained 
insights can still be used to improve the steps that are taken earlier. Insights from testing the realized 
demonstrator (not in the scope of this project) might thus change the problem description. 

The first two steps of the Design Thinking process led to a situation in which already in an early phase 
of the project, both technology push as market pull factors were studied. So at that point using 
Design Thinking, already proved to be useful regarding the project target to secure the inclusion of 
both technology-push and demand-pull factors in the development of technology. Both factors could 
effectively be incorporated in the design challenge that was defined in the next step.  
In the definition phase the theoretical framework was used to evaluate the findings from the 
understanding and observing phase. On the one hand it was useful as a check to see if all information 
was gained by using the structural components of the socio-technical system. Based on the gained 
information, the framework helped to see what barriers exist in the introduction and diffusion of 
Thin Film BIPV. It also showed the need for building demonstrators. However, on the other hand the 
framework leaves a lot of space for interpretation, since it is hard to quantify the impact and weight-
factor of the various components. Different people might therefore come to different conclusions 
and definitions of the design challenge. Furthermore neither Design Thinking nor the Theoretical 
Framework can assure an ‘optimal’ combination of technology push and market pull factors in the 
design, since what is ‘optimal’ is hard to define and might be different for every project. However, it 
does make sure that both factors are taken into account.  

The ideation phase was mainly used to narrow down the amount of ideas for TF demonstrators that 
were generated. However, it proved to be very complicated to make well defined decisions. It is a 
real challenge to, depending on the goal of the design, find the right method to approach this 
decision making. A complicating factor in this project was the fact that many actors, that all had a 
saying in the decision making, operated in the PV OpMaat project. Due to these actors there were 
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various, often subjective, opinions and interests that were not always easy to fathom. However, in 
this PDEng project, the market size-product complexity matrix appeared a suitable and objective tool 
to base the decision upon.  

The next, prototyping step, has clearly proven its usefulness in the design process of the 
demonstrator. The written a4 paper prototype, that was far from elaborated, gave opportunity to 
start a discussion in which people felt comfortable to give feedback since the design could still easily 
and quickly be changed. Based on this input the design was revised and improved.  
Reflecting on the ‘final’ design of the Solar Façade demonstrator as defined in this report, the design 
was chosen to adapt to the current façade industry. According to Technological Transition theories, 
this is called a ‘fit & conform’ strategy in which the design is adapted to the incumbent regime. On 
the one hand, this strategy was chosen for this technology to be able to address various markets on a 
short term with the Solar Façade. On the other hand, this strategy was a consequence of the fact that 
the technology and production process is yet not developed far enough to lead to the ‘Stretch & 
Transform’ strategy in which the existing regime is changed into a reformed one. As such the Solar 
Façade can be classified as an incremental innovation. One of the other two prototypes (Super 
flexible, custom-sized TF foil from the roll on lightweight substrate for building applications) however 
is a more radical innovation that needs many changes in the structural components of the socio-
technical system. 

In this project, part of the test step (namely the writing of the business plan) took place 
simultaneously with the prototyping step. This parallel process had an immediate influence on the 
definition of the demonstrator, since findings from the business plan changed the focus in the goals 
of the demonstrator. Unfortunately the testing of the customer regarding the demonstrator could 
not take place within the PDEng project. This was due to the fact that the demonstrator was not yet 
realized in the time-frame in which the PDEng project took place. This testing phase verifies whether 
the right design challenge was defined and was successfully translated in the demonstrator design. 
However, this conclusion cannot be drawn in this project. 

Discussion of the Process 
Even though the six step method of Design Thinking seems a linear process, in practise it proved to 
be a largely iterative process in which various steps were taken simultaneously. This led to various 
revisions of the initial understanding of the problem. It is however important to have a flexible 
attitude to be able to go back and forth in the design process and be open to changes in the problem 
definition. This is challenging since it often implies, going back a few steps.  

Furthermore, the methodology used in the PDEng process, helped to gain insight on how a TF BIPV 
product might overcome the chasm between the early market and the mainstream market (as shown 
in Figure 13).  In the first two steps, various technological and market barriers in the further 
development of TF BIPV products were found. The Transition Theories used in the Definition step 
showed that transforming a technology into a prototype and consequently into a real product means 
overcoming these barriers. It is important to realize that for the introduction and diffusion of a 
technology it is not about overcoming one single barrier but rather a whole range of barriers (Kemp 
R., 1998).   
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Table 5 discusses barriers that were found during the project and shows possible ways to overcome 
these barriers 

Table 5 Action point to overcome barriers in the further development of TF BIPV products 

Barrier Field of action Action point 
• High (perceived) costs 

(unclear valuation of TF BIPV 
product) 

Research Quantify intangibles as defined in chapter 
6.4 ‘Values related to the Solar Façade’ 

• Lack of available TF BIPV 
products 

• High costs compared to 
efficiency 

Technology Develop self-improving chain to develop, 
manufacture and apply building 
components based on integrated, 
customized Thin Film Photovoltaics 

• Ignorance regarding the 
current possibilities of BIPV 
and Thin Film Technology 

• Uncertainty regarding the 
functioning of the product 

• Uncertainty regarding 
changing regulation and 
legislation. 

Education  Offer education at schools and training for 
construction and PV professionals 

Design Diversify products to meet the needs of 
various target audiences 

Communication Marketing aimed at a target audience 

 

Due to the fact that the PV OpMaat project proposal was written in such a way that it was open for 
various interpretations, decisions in the first phase of the PV OpMaat project were taken slowly and 
chaotically. This also had to do with the fact that in the PV OpMaat project many actors were 
involved. A slow and chaotic process can often be seen as a side effect of incorporating a wide 
variety of positions and knowledge (Dickinson, 2014). At the start of the PDEng project, this also 
affected the PDEng design Process. The Design Thinking method however appeared to be a useful 
tool to structurize the design process within the PV OpMaat project.  Even though it does not assure 
the design process to be done as efficient as possible, it did make sure that progress was made step 
by step. A certain sequence was followed in which no steps were skipped, and by regular reflection 
and keeping the bigger picture and final goal in mind, conscious design- and process decisions could 
be made. As such the method met the project target to support product and process development.   
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Conclusion 
The aim of the PDEng project was to support product and process development within the PV 
OpMaat project, while considering both technology push and market pull factors.  

By using a methodology in which the Design Thinking method and Transition Theories were 
combined, all PDEng objectives related to the PV OpMaat project were met. The methodology 
secured that both technology push and market pull factors were studied and incorporated in the 
design challenge. It however cannot assure an ‘optimal’ integration of both factors, since what is 
‘optimal’ is hard to define and is different for every project. Furthermore, it leaves a lot of space for 
free interpretation of the person using the methodology. This means that not every person that uses 
this methodology would come up with the same design challenge or design solution. 

Furthermore, the clear six step approach of Design Thinking supported product and process 
development by clearly structuring the design process. Next to this, the Transition Theories unveiled 
the need to build demonstrators that are more than just experimental objects and gave input on 
what the goals of these demonstrators should be. 

As such Design Thinking and Transition Theories proved to be valuable being applied in the PDEng 
project. It is however unknown whether the combined methodology was the best method to be used 
in the PDEng project since this methodology was not compared to other methodologies. There can 
only be assumed that by using a traditional scientific, engineering and management approach, a less 
comprehensive design solution would have been found.  

A two-step approach 
In general the whole PDEng project and applied methodology can be summarized as a project in 
which two steps of product development came together (Figure 27). The bigger picture that was kept 
in mind during this project was the ‘optimal future situation’. This was envisioned as a situation in 
which TF BIPV can find its way to the market in such a way that value is created for the three bottom 
lines: People, Planet and Profit (The Economist, 2009). To get there, a first step needs to be taken to 
go from technology to prototype. For this it is crucial to understand what the technology has to offer, 
and, what the customers’ expectations from the technology are. As such, both technology push and 
market pull factors should be taken into account, even though there might be a small emphasis on 
technology. Based on these insights, a prototype should be developed. The second step is then to go 
from prototype to product. In this step the prototype is optimized based on feedback from the 
further defined customer and based on what in practise has been proven to be technically feasible. In 
this step the emphasis is most likely to be on the market.  
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This two-step approach might seem obvious, however, in practise the one step is often taken without 
keeping in mind the other. This has repeatedly led to mismatches between market demand and 
technological developments. If the two-step approach is conducted well there is a considerably 
bigger chance that the ‘valley of death’ between R&D and market introduction can be bridged. 

 

 

 

Figure 27 Two-Step Approach as used in the PDEng project. The red colored parts represent the elements that are in the 
direct scope of the PDEng project. 

 

 

Further research 
As explained in the Chapter ‘Methodology: Methods & Theory’, the occurrence of intermediate 
design solutions is inherent to the method of Design Thinking. In this PDEng project as well, two 
intermediate design solutions were found that are potential starting points for further research.  
 
1) The Barriers-Considerations Template is still incomplete and further research is needed to study 
the possibilities to turn this template into a useful quick scan for prototype and product developers 
to streamline and optimize their process. 

2) The complex network of Tangible and Intangible values related to design decisions should be 
studied further to collect more information to define the exact influence of one consequence on 
another in order to be able to measure and compare values.  

Next to this, the Test phase could not be completed in this PDEng project, it is however of great 
importance for the acceptance of the product in the market to know how the demonstrator is 
evaluated by the target audience(s). Therefore, further research, for the development of the Solar 
Facade specifically, is needed to complete the test phase and give input for new design-iterations. 

  

Technology push Market pull 

Fundamental 
research

Technology 
development

Pre-
development 

activities

Product and 
process 

development

Product and 
market 

introduction

Theory Technology Prototype Invention Innovation 
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Appendix 

 

A. Exploratory workshop 

Introduction 
As part of the PV OpMaat project a kick-off event for companies was organized at March 15th, 2016. 
This event served as an open invitation for companies to actively take part in the PV OpMaat project. 
One element in the kick-off day, was an interactive workshop. To be useful for this PDEng project as 
well, the workshop was designed as an exploratory workshop. 

In the exploratory workshop, the question areas are pre-determined but the respondents are 
allowed some latitude to answer in their own way and the interviewer may probe for more 
information in promising areas. The exploratory interview is particularly valuable at the early stages 
of a project to identify issues and find out what concepts and terminology various groups of people 
use. (IMA, 2009) 

Aim 
The aim of the workshop was twofold: 

• First to find out the companies’ attitude towards Thin Film BIPV 
• Second to find out what companies envisioned as the next step that needs to be taken to 

develop thin film BIPV further.  
 
Method 
The workshop was part of an kick-off event that took place at the 15th of March from 13.30h to 
17.30h at the Solliance building at the High Tech Campus, Eindhoven. As one of the project partners, 
Solliance was this time the host of this event.  The workshop was scheduled to last 45 minutes.  

For the event 87 participants subscribed, of which 53 took part in the workshop. The attendees 
existed of representative companies for different segments of the building chain for (BI)PV, being 
contractors, financers/funders, suppliers, manufacturers, consultants, distributors, installers and 
architects. Furthermore there were researchers (whether or not being a project partner of the PV 
OpMaat project), representatives of the government and reporters. 

Before the workshop started and based on the registrations, the group was subdivided in 13 groups 
of 6 participants. Due to participants leaving earlier or not showing up at the day itself, only 11 
groups were eventually formed. The groups were composed in a way that the participants in one 
group all represented different segments of the building chain and thus became a mixed group. This 
was done in order to make sure that during the discussions different opinions were represented and 
could be expressed. Furthermore this was done in order to find out how different segments could 
complement each other while coming up with new ideas or improving existing ideas. 

Furthermore, every group was guided by one moderator. These moderators existed of employees of 
SEAC, Solliance and IMEC of which most of them are involved in the PV OpMaat project as project 
partner. All moderators were instructed for their role before the start of the workshop. The role of 
the moderator was to facilitate the activities that were designed as part of the workshop and to help 
participants when they were stuck.  

The whole group was guided through the workshop by the two owners of LikeAPro who gave the 
general instructions per phase in the workshop and kept track of the time.  
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The workshop was based on the principle of design thinking. This is a formal method for practical, 
creative resolution of problems and creation of solutions, with the intent of an improved future 
result. Because of lack of time, only the first stages of the design thinking process were used. Which 
resulted in a workshop divided in different phases with a tight time-schedule. 

Workshop Schedule 
The workshop existed of different phases as represented in Table 6 Workshop schedule. 

Table 6 Workshop schedule 

 Start  End  Min  What  Detailed description 

1 15.55  16.00  5   Forming group and to the tables ( 
explain role of moderators)  

The participants go to their assigned 
group and moderator 

2  15.45  15.50  5  Finn’s Intro  Finn gives an introduction to the 
workshop and explains the goal 

3  15.50  15.55  5  Like a Pro Intro (Cristian & Tom)  Like a Pro explain their role in the 
workshop 

4  16.00  16.05  5  Drawing  
In order to set a creative mood, 
participant are asked to draw their 
neighbor 

5  16.05  16.10  5  Brainstorming Rules  

Short explanation of brainstorming 
rules: suspend judgement, every idea 
is a good idea and listen to each 
other. 

6  16.10  16.20  10  Business Cards and Smiley  
Participants are asked to introduce 
themselves and answer the first 
exploratory question 

7  16.20  16.30  10  Brain writing  
Every participants is asked to come 
up with creative ideas answering the 
second exploratory question. 

8  16.30  16.40  10  Categorization  
Participants discuss the ideas among 
their group and categorize the ideas 
on a paper 

9  16.40  end    Idea selection + subscription while 
borreling  

In this last phase all participant are 
encouraged to peruse ideas from 
other groups 

 
The most important phases in this exploratory workshop were phase 6, 7 and 8 which will be 
described more into detail. 

• Phase 6: Business cards and smiley 
During this phase, Participants will be asked to read their business card to the group (to keep 
personal introduction brief and to the point) and will place their business card on an A3 
paper in the middle of the table. The A3 paper will show a happy face, a sad face and a 
neutral face (see Figure 28) 
Participants will give one reason why they chose the face they chose, in relation to the 
following question: Do you think thin film technology used in BIPV will become successful 
(in your market) and why?  
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Figure 28 Business card game paper 

 
Figure 29 Brain writing paper (1st round) 

By doing this game an informal setting is created for people to introduce themselves and give a first 
opinion. By asking the specific question, there is tried to find out what opportunities or drawbacks 
for thin film BIPV participants foresee (in their building segments). This part of the workshop is 
recorded in order to process the outcome.  

• Phase 7: Brain writing 
1) Every participant receives a stack of post-its and simultaneously all participants in a 

group write 3 creative ideas on 3 post-its, creating a row on top of an a4-paper (Figure 
29. The ideas answer the question ‘Give creative ideas to bring thin film BIPV one step 
further! e.g. (new) product, process, service, financial strategy, policy’. 

2) Participants pass the A4 they created to their neighbor on the left. Participants have 2 
minutes to fill in the second row (only one row per round) with creative ideas, using as 
inputs the ideas they received from their neighbor written on the first row. 

3) There are 3 rounds like this. People that are stuck are given input by the moderator, like:  

• Imagine your product/process/project is located in Greece, how would that change 
the product? 

• Imagine the thin film technology is used outside the field of buildings, what could you do with it? 
• What bothers you about the current PV-industry? How could that be changed?  

 
The methodology of brain writing is used to give everyone the chance to contribute to the (silent) 
discussion, since everyone needs to come up with ideas individually. Next to this, the brain writing 
forces the participants to think about the ideas other people came up with. Since the participants in 
the group all represent different building segments, every round there is elaborated on ideas by 
people with different expertise and background. 

By asking a specific question there is tried to find out what participants/companies envision as the 
next step that needs to be taken to develop thin film BIPV further. Instead of only giving opinions and 
reasons why something is good or bad, the participants really need to come up with solutions. 

Phase 8: Categorization  
In this phase the participants are encouraged to discuss all ideas written on the post-its among their 
group and categorize the ideas on a paper. This phase makes sure a first selection round takes place 
and participants get a clear overview of the ideas they came up with. The categories are later used to 
process all the inputs given by the groups. 
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Participants 

Table 7 Participants 

Researcher 17 
Contractor 1 
Financer/Funder 4 
Supplier 10 
Manufacturer 4 
Government 3 
Other 8 
Consultant 1 
Installer/distributor 2 
Architect 2 
Reporter 1 
Total 53 

 

 
 
The big amount of researchers can be explained by the fact that a lot of project partners of the PV 
OpMaat project were present.  

Results 
Business card game 

   

The response of the participants is subdivided in 13 response-groups, based on grouping similar 
responses. Participants gave 1 or more opinions which all could be subdivided in 1 or more response-
groups. 

Discussion 
During the business card game the participants clearly interpret the question in different ways, as is usual in 
exploratory workshops/interviews. Some of the participants really answered the question as given above, 
however, others left the ‘thin film’ part out and again other explained what factors could play a role in the 
development of (thin film) BIPV. 
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BUSINESSCARD GAME
Wil l  th in  f i lm  B IP V beco m e succesfu l  and 

why  (n=53 )

1. Reliability technology: 
Life-span, efficiency, maintenance 

2. Design freedom: 
Flexibility, weight, color 

3. BIPV will become successful:  
              Whether this counts for Thin Film is unknown 

4. Decentralized energy generation 

5. No clear opinion 

6. Inform the client 

7. Acceptance of the general public 

8. Offer comprehensive solution 

9. Price 
10. Big market: agriculture, africa,  
        big surfaces in built environment 

11. Energy performance standards 
12. Competition from Silicium Technology 
13. Look into different market than BIPV for Thin Film  
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• What stands out first is that 22 out of 53 participants (42%) indicate that they foresee a successful future 
for BIPV, whether or not in short term, while they doubt (or have no opinion) about the future of thin film 
technology. It is often not clearly stated by these respondents think thin film will be not or less successful.  

• Furthermore, 10 participants see opportunities for thin film technology because it can provide freedom in 
design. As examples of freedom of design, flexibility, weight and color are mentioned. 

• It is also noted that although the participants are all known in the world of BIPV, 10 respondent have no 
clear opinion. This means that they either declare that they had nog clear view or they did not mention 
why they thought thin film BIPV would become successful or not. 

The end customer, i.e., the building owner/manager, was not represented in this workshop. Previous research 
among homeowners (Van Dijk, 2015) shows that in this group of customers aesthetics and reliability of 
operation and services during and after the purchase are factors of decisive importance in the choice of a PV 
system. These factors are however rarely mentioned by the participants of the workshop. Only once 
‘maintenance’ is mentioned. 

Furthermore, housing associations mention in previous research (W/E rapport, 2015) mainly technical barriers 
through difficult obstacles in the roof where the current PV panels cannot be placed in an aesthetically pleasing 
way. This matches the response of the 10 participants that see changes for thin film technology because of its 
design freedom.  

Brain writing 
The creative ideas given by the participants to bring thin film BIPV one step further are grouped in 8 
groups. These groups are based on the categories the groups made themselves in the last phase on 
the workshop, and based on the grouping of similar ideas that were given in different groups. This 
grouping is thus partly a free interpretation of the writer and could be made different by another 
reviewer. Next to each separate group, there is indicated by how many groups the topic was 
mentioned) 
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1) Regulations (3 out of 11) 
a. Increase CO2 price 
b. Keep energy price constant high 
c. Tighten energy requirements 
d. Provide for EU certification 
e. Standardization energy performance BIPV (including materials, finishing and cabling needed 

for the system) 
2) Applications (8 out of 11) 

a. Vehicles (VIPV) 
Airplane, cars, trucks, caravans, sail ship, seagoing ships, electric bike, water-ski, tractor 

b. Transport (TIPV) 
Charging station, parking spot, solar road, noise barrier, bridge 

c. Buildings (BIPV) 
Carport, Festival tent, (refugee) tent, orangery, greenhouse,  

d. Building parts 
façade covering (Trespa), roof tiles, hinge roof, rainwater piping, window, prefab roof, solar 
screen, chimney, foil, plastic, sticker, plaster, wallpaper, construction materials, sandwich 
panel (inside OPV, outside TFPV), laminate,  

e. Built environment 
Lantern post, bench, chair, parasol, trees, traffic light 

f. Clothing (CIPV) 
Picnic blanket, backpack, solar cap, camouflage 

g. Other 
Off-grid application, kite, cellphone charging, integration every electric gadget, satellite, 
irrigation agriculture 

h. Temporary use 
Cover fields not in use (agriculture) 

3) Plug & Play (8 out of 11) 
• Make a basic, modular unit (LEGO), combined with growing markets for building products, easy to 

install or self-assemble, simple electronic connections , demountable, individual replaceable 
• On-site customization  
• IKEA 
• 1) Look for product in catalogues 2) use design tool 3) order online 4) DHL delivery 5) DIY 

installation 6) Flex app for monitoring  
• Recycling: cradle to cradle 
• No cabling: Wi-Fi-connection 

4) Dissemination (5 out of 11) 
a. Catalogs BIPV product: fuse PV sector with suppliers of building products 
b. Showroom (Gamma/Praxis): PV on Roll available in the shop 
c. Near zero energy Disneyland/PV land 
d. Design tool for PV / Building design kit 
e. Educate installers, constructors 
f. Demonstrators 
g. Platform and knowledge network 
h. Session ‘meet the expert’ 
i. PV-TV infotainment 
j. Design-competition 

5) Value (3 out of 11) 
a. Value is more than only finance, forget about pay-back-time 
b. By combining functionality; decrease costs 
c. Cost-neutral 
d. Cost-effective; ‘nul-op-de-meter’ counts >> allowed to cost money 
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6) Service & monitoring (3 out of 11) 
a. Monitoring app 
b. UNETO-VNI  
c. Qbis-service: service and support management software 
d. Combination smart-meter (Toon) 

7) Size & shape (4 out of 11) 
a. 100% choice liberty is not necessary 
b. Cut on site 
c. 3d printed 
d. Transparency 
e. Relief 
f. Flexible electronic patterning 
g. Color change 
h. Change fixation thin film 

8) Production process (2 out of 11) 
a. Find analogy in process industry 
b. Multi-material automatization production lines 

Discussion 
Most ideas that were given were as expected. As is mentioned often in theory about transition 
processes of emerging technologies, also in this workshop 3 out of 11 groups mentioned that 
regulations should be changed to stimulate the need for (BI)PV. Furthermore, almost all groups came 
up with practical applications for thin film technology. What strikes is that even though the question 
was to bring thin film BIPV one step further, people came up with a lot of practical ideas outside the 
field of BIPV, even outside the field of the built environment. Earlier, during the business card game, 
2 participants already mentioned the possibility to look into different market than BIPV for Thin Film. 
Popular applications for thin film seemed the transport-sector. Furthermore, often temporary 
applications such as tents were named. Strikingly, 8 out of 11 groups mentioned ideas related to the 
‘Plug and Play’ concept. This shows a desire for modular units that can easily be installed, connected 
and replaced. Dissemination seemed another important topic. Information about products should 
easily be accessible (for customers, installers and constructors) and the products itself should be 
shown in shops. Design tools for different types of PV and catalogs were mentioned as examples. It 
also seemed a matter of course for most participants that different values than finance should be 
found in thin film technology. For example by combining functionalities the value perception of PV 
could change. In contrary to the earlier business card game, service and monitoring were named 
here. Applications such as smart-meters and services like Qbis could help customers and installers to 
monitor the output and manage system. 4 out of 11 groups specifically referred to the ‘Op Maat’ part 
of the PV OpMaat project. Interesting to see was that there was mentioned that not 100% of choice 
liberty is necessary. This matches the concept of plug and play were a fixed number of modular units 
should be available (at least in the first stage of the development of thin film technology). As a last 
group there is referred to the production process. The advice was given to find analogies in the 
process industry and make multi-material automatization production lives. However, no clear ideas 
on the practical application on this topic were given. 
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B. Exploratory interview  
To create a market pull instead of a technology push situation, it is important to be aware of the 
needs and interests of the market. For this project it is important to know what drives and hinders 
the market in the choice for (BI)PV. The motives to choose (BI)PV are expected to differ per 
construction segment. To find out what these motives are, an exploratory interview amongst the 
different stakeholders has been done. The barriers and opportunities that can be discovered based 
on the customer’s perspective, will give boundary conditions for the development of demonstrators. 

Scope of the interview 
The goal of the interview is to explore answers to the following questions: 

• To what extent do the various building segments already apply BIPV (current situation)?  
• Which parties (building segments) are the key decision makers in the process of applying 

BIPV? 
• What are the Unique Buying Reasons for BIPV? 
• What opportunities and barriers in applying BIPV are experienced and/or expected? 
• What is the market outlook for BIPV? 
• What could BIPV-products look like in the future (development strategy)? 

The questions are adapted (and focus more or less on BAPV, BIPV or thin film technology) depending 
on the knowledge a person has about BAPV, BIPV or Thin film technology. 

Based on these topics, we formulated a full list of questions. The interviews were all held in person, 
one-on-one, and were semi-structured, based on the questions formulated. All interviews were 
recorded and later summarized.  

Subjects 
When choosing interview participants, we took the overview of different construction segments as a basis for 
this selection, and an interview party was selected per construction segment. This selection was based on 
contacts that people within SEAC, the TU/e or PDEng Trainee Finn Vossen already had with these parties. These 
parties were more than willing to participate in an interview. This was less so with parties that had no previous 
relationship to SEAC, the TU/e or Finn herself. The interview participants did not need to have specific 
knowledge about PV technology in general or of BIPV in particular. We made this decision in order to avoid 
merely interviewing parties that are aware of PV technology because this would not give a realistic 
representation of the real construction market which also includes parties without any knowledge about PV. An 
overview of the interviewees can be found in Table 8. Most of the parties were represented by one person per 
interview. The exeptions were Emergo, where four people joined a combined interview/meeting, and the 
appraiser group, where a one-to-one interview with an appraiser was followed up with an interview/meeting 
with a group of appraisers and brokers in the Region South-Limburg. 

Table 8 Overview Interviewees per construction segment 

Construction Segment Company 
Supplier (PV product developer) AERspire 
PV Installer New Energy Systems 
Manufacturer (roof product developer) Emergo 
Architect Inbo 
Advisor Atriensis (EPC advisor) 
Advisor / manufacturer  (façade product developer) TGM (façade builder) 
Social Housing Corporation Woonbedrijf 
 Goed Wonen Gemert 
House owner Edwin de Jong van den Brand 
Appraiser/Broker Group South-Limburg 
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Scope and limitations 
First of all, it must be emphasized that the research in this report is mainly of a qualitative nature. 
Finding explanations for an observation can be considered an interpretative task. Not every 
researcher collecting information about this subject and analyzing this information will obtain exactly 
the same results. It is therefore reasonable that different researchers come up with different 
explanations or theories (Van de Ven, 2014). Furthermore, it must be noted that the interviewees do 
not speak for the entire company and certainly do not speak for a construction segment as a whole. 
Each interviewee works at a certain department and answers question from that perspective and 
their own experience. Next to this the opinions of customers can change. Therefore the results from 
these interviews must not be regarded as a static fact of the stance of the company or construction 
segment, but rather as an indicative direction.  
 
Questions 
The questions are adapted (and focus more or less on BIPV in general and thin film technology in 
specific) depending on the knowledge a person has about PV, BIPV or Thin film technology. 

1. Introductory question: 

1.1 Within building segment would you place the company you work for: 
Government, researchers, suppliers, manufacturers, distributors, architects, (EPC)advisors, 
Installers, Financers, Contractors, Housing associations, Project developers, house owners, 
grid operators, appraisers, brokers. 

1.2 Do you know what BIPV is? If yes, can you explain what it means? 
1.3 Are you aware of the different PV technologies? 

2. Experiences: 

2.1 Did you already apply solar energy systems (PV)?  
 If yes:  2.1.1 which PV product did you apply (roof, façade, technology (thin film, c- 
  Si), BAPV, BIPV)? 
   2.1.2 What experiences do you have with applying PV? 
   2.1.3 How is the PV system valued by your client? 
  2.1.4 What was the intrinsic reason for applying PV? 
   2.1.2 What is the main goal for applying PV? 

  If no:  2.2.1 What is the reason you chose not to apply PV? 

3. Key decision maker/key advisor:  

 3.1 Which party (building segment: government, researcher, supplier, manufacturer,  
 distributer/wholesaler, architect, advisor, financer, contractor, subcontractor, housing  
 association, project developer, house owner, grid operator, appraiser) makes the decisive  
 choice for the application of PV? 
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4. Unique Buying Reason 

4.1 Which considerations play the most important role in the choice for solar energy systems  
(PV)?  
4.2 Choose the three most important considerations from the following: Initial costs, 
aesthetics, image, service costs, Total Cost of Ownership, certificates, freedom in color, shape 
and size flexibility, transparency, guarantees, improved (building technical) application, 
installation technical application, life-span, integral solution, enough product information, 
efficiency product, subsidies, exploitation costs + own addition 
4.3. What should BIPV offer to make you apply this product? 
4.4. What is your Unique Buying Reason for PV? 

5. Opportunities/barriers 

5.1 How does BIPV fit into your organization?  
5.2 What opportunities do you foresee applying BIPV? 
5.3 What barriers do you foresee applying BIPV? 

6. Market 

 6.1 What changes in the market demand (your client, your building segment) for PV do you  
 observe? 
 6.2 Do you think there is a market demand for BIPV? If yes, from which market? 

7. Future PV product 

7.1 How do you see the role of PV in the future? > In what way will PV technology develop in 
the built environment? 
7.2 How would PV products better fit your needs (and the needs of your client)?  

8. Closing question 

8.1 Would you want to stay involved in this research? (Later input might be useful when  
 feedback on demonstrator is needed or when parties want to be involved in the realization  
 of the demonstrator). 
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Results 
1. Current situation 

1.1 Experience 

 Supplier Installer Manufacturer Architect Advisor Social housing 
corporation 

House 
owner 

Appraiser 
/ Broker 

  AERspire New 
Energy 
Systems 

Emergo Inbo Atriensis TGM Woon- 
bedrijf 

Goed 
wonen 
Gemert 

Edwin 
de Jong 
–v.d. 
brand 

Group 
South-
Limburg 

BAPV  
project 

 x x x x  x x  x 

BIPV 
project 

x   x   x    

Other Developed 
1 BIPV 
product 

 Developed 1 
BAPV product 

  Developed 
1 BIPV 
test 
façade 
and 1 
BAPV 
Mock-up 

  BAPV 
product 
on new 
house 

 

 

From the group of interviewees three parties have applied BIPV in their projects before. Of course 
AERspire, who developed a BIPV product that roughly has been applied 6 times so far. Next to this 
Woonbedrijf, who applied the AERspire product in one lighthouse project. Next to this they applied 
BAPV in one other project. Inbo is the third party and applied a semi-transparant PV façade as BIPV 
product. Furthermore they apply BAPV in other projects, the number of projects is however 
unknown. 

Two parties never applied PV at all. The first party is TGM, this company however did built a test 
façade near their company to study transparent pv in the façade and they built a mock-up for a BAPV 
application. Next to this, house owner E. De Jong never applied PV. He did however consider BAPV in 
his current house and will apply BAPV on his flat rooftop in his newly built house. 

The remaining parties all had projects in which a BAPV product was applied: Goed Wonen Gemert 
started the first application three years ago, with offering a ‘Zonnepakket’ where tenants could opt 
for solar panels themselves. Furthermore GWG developed EPC zero houses, passive houses and 'nul-
op-de meter' houses, for which BAPV was requiredd. ‘On-roof’ solutions are mostly used for the 
existing building stock. For newly built houses they also consider ‘In-roof’ options (which were mostly 
too expensive). New Energy Systems offers both ‘In-roof’ and ‘On-roof’ solutions where the rooftop 
is sometimes 100% covered and sometimes there is still a rooftile or zinc finishing. Atriensis often 
prescribes BAPV solutions for their clients, mostly in order to reach a desired EPC value. Emergo 
developed and applied a BAPV roof solution itself and is now developing a BIPV roof system. For the 
appraisers and brokers the amounts of applications really depended on the age of the houses they 
sold. For older houses (roughly older than 50 years) there was hardly any experience with BAPV 
products, but ‘new’ houses, there are regularly BAPV applications.  
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1.1 Feedback 
  Feedback from client 
Supplier AERspire • Bystanders during construction are interested in the product because 

of its novelty.  
• Tenants (social housing) do not really care.  
• House owners are proud and interested in the yield. 

Installer New Energy 
Systems 

- 

Manufacturer Emergo Both positive and negative experiences: no real reaction on PV (social 
housing tenants). It is more about experiences and feeling during the (re-
)construction phase.  

Architect Inbo Did not receive feedback. But stated that people like to see the effect of 
PV (yield) 

Advisor Atriensis The social housing corporation is happy when the EPC demands are met 
and sometimes asks for even better performance to get extra financial 
benefits of EPC. The tenant has no outspoken opinion; but likes to really 
see his energy use going down. 

TGM - 
Social housing 
corporation 

Woonbedrijf Positive feedback from the inhabitants of the houses with BAPV systems 
since the tenants saw their energy bill go down. No feedback on BIPV 
system. 

Goed Wonen 
Gemert 

No feedback from renters: people consider it as normal that things are 
changed but complain when rent goes up. The renters that deliberately 
choose for the 'Zonnepakket' (where you get 6 panels in return for a 
small rise in the rent) do see the positive aspects of energy and thus costs 
savings and are very enthusiastic. 

House owner E. de Jong - 
Appraiser / 
Broker 

Area South-
Limburg 

In general the client does not care about PV when buying a house. In an 
exceptional case the client sees PV as an asset in a house, because of 
energy savings and thus cost savings. At the same time clients often 
indicate that they dislike the aesthetics of the PV panels. 

 

The direct client of the parties interviewed always differs. In this case they were contractors, social 
housing corporations, tenants, homebuyers, project developers and private house owners. 

In general it can be said that contractors and social housing corporations are satisfied if the PV 
system can live up to certain standards they have to meet.  Tenants and the homebuyers do not care 
about PV in particular because it is just seen as one small part of their house. Private home owners 
show the most interest and feedback because they deliberately chose for the systems and positively 
react since they see their energy use and bill go down. 
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1.3. Main driver for applying (BI)PV (in the near future): 
  Main driver for: 
Supplier AERspire - 
Installer New Energy 

Systems 
Applying semi-BIPV (in-roof BAPV): demand from the client for more 
‘beautiful’ products.  

Manufacturer Emergo Developing BIPV products in near future: Strategic choice: the company 
has the will to be progressive and a forerunner 

Architect Inbo Applying (BI)PV: demand from client and ability to offer distinguishing 
quality. 

Advisor Atriensis Applying PV: meet standard or specific EPC value.  
TGM Not applying PV: no demand from the client and not being able to find a 

suitable (costs, aesthetics, guarantees) product yet.  
Social housing 
corporation 

Woonbedrijf Applying BAPV: legislation, subsidies and meeting the goals of 
municipality of Eindhoven. 
Applying BIPV: lighthouse project, show desire to become sustainable 
(image) 

Goed Wonen 
Gemert 

Applying BAPV: being sustainable (meaning: good for our children’s 
world, saving energy, provide comfortable living for tenants meaning that 
they do not have to pay high housing/living costs). Influenced by 
legislation even though this is not considered strict enough so GWG chose 
to set itself higher demands. 

House owner E. de Jong Going to apply BAPV: Environmental friendliness and being independent 
from electricity supplier. 

Appraiser / 
Broker 

Area South-
Limburg 

- 

 
The driver most mentioned for applying PV systems was meeting certain standards (e.g. EPC-value) 
or goals (e.g. municipal guidelines). Other drivers are to be a forerunner or to be able to distinguish 
themselves from other companies and the desire to be sustainable.   

2. Considerations in the choice for solar energy systems (PV) 
2.1. All considerations 

  Considerations 
Supplier AERspire Aesthetics, costs, novelty product, reliability manufacturer 
Installer New Energy 

Systems 
Guarantees, life-span, costs, TCO, yield, aesthetics 

Manufacturer Emergo Price, certificates, certain level of design freedom, technical operation, 
acceptance, aesthetics, environmental issues, building physics, energetic 
aspects, economic aspects, reliability, guarantees, comfort 

Architect Inbo Distinguishing quality, aesthetics, integrated product 
Advisor Atriensis Costs, life-span, service and maintenance costs, guarantee of 

performance 
 TGM Financial feasibility, image, sustainable thinking, aesthetics, 

homogeneous (transparent) product, transparency, freedom in size,  
risks, guarantees, certificates 

Social housing 
corporation 

Woonbedrijf Legislation, subsidies, social impact, financial aspects 

 Goed Wonen 
Gemert 

Efficiency, performance under shadows, streetscape 

House owner E. de Jong Efficiency, yield, costs, aesthetics, maintenance costs, write-off, 
technological development, replace-ability, recycling (LCA), sustainability 
aspects 

Appraiser / 
Broker 

Area South-
Limburg 

Aesthetics, subsidies, legislation 



88 
 

 

2.2. Three most important considerations 
 supplier 

Installer 

m
anufactu

rer 

architect 

advisor 

housings 
associa-
tion 

house 
ow

ner 

Appraiser 
/Broker 

 AERspire 

N
ew

 Energy 
System

s 

Em
ergo 

TG
M

 

Inbo (client 
inbo *) 

atriensis 

G
oed W

onen 
G

em
ert 

W
oon-

bedrijf 

E.De Jong 

Area South-
Lim

burg 

Initial costs x         X 
Aesthetics x (x) x  x     X 
Image    x       
Service           
Costs (TCO)  X x x * x x x x  
Certificates           
Freedom in 
color 

          

Shape and 
size flexibility 

    x  x    

Transparancy     x      
Guarantees     * x x x   
Improved 
(building 
technical) 
application 

        x  

Installation 
technical 
application 

 x         

Life-span  (x)         
Integral 
solution 

 (x) x     x   

Enough 
product 
information 

          

Efficiency  x   *    x  
Subsidies          X 
Exploitation 
costs 

     x     

Other:    sustainable 
character 

create added value 

 optim
al 

com
bination w

ith 
other installations 

   

* Consideration that Inbo expects to be the most important for their client 
(x) Considerations that NES expects to become the most important in the near future 
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As was expected, most interviewees (8/10) chose Total Cost of Ownership as one of the three most 
important considerations when choosing a solar energy system (PV). The choice for other 
considerations was more divided.  

The housing associations and the advisor of the housings associations all ticked ‘guarantees’, with the 
addition that they want to specifically have a guarantee in yield. Costs are very important for social 
housing corporations. Their core business is to provide for comfortable houses with low rent and 
housing/living prices. A guarantee in yield assures them that the housing prices can be lowered.  

AERspire, Emergo, the appraiser group and Inbo all chose aesthetics as a main consideration. 
AERspire sees aesthetics as the unique selling point for their product. Inbo ticked aesthetics because 
its sees it as a way to create an added value to their design which can lead to competitive advantage 
in architectural competitions. Emergo does not think aesthetics is important as an isolated 
consideration however they do think that especially the combination TCO, Aesthetics and Integral 
solution is important. TGM did not tick aesthetics, but considered it as self-evident that you need 
Aesthetics in order to create a good Image, which they did tick as a main consideration. 

3. Key decision maker 
The interviewees named the ‘project owner’ as key decision maker. Who this project owner is 
however depends on the exact project. As example of project owners house owners, project 
developers and social housing corporations were named. 

During the interviews it however became clear that for the development of BIPV it is not only 
important to focus on the key decision makers, but also to look at the people that advice and 
influence the key decision makers. Therefore an overview of the key influencers was made. 

 Supplier 

Installer 

M
anufact

urer 

Archi-tect 

Advisor 

Housing 
corpora-
tion 

House 
ow

ner 

Appraiser 
/ Broker 

 AER-spire 

N
ew

 
Energy 
System

s 

Em
ergo 

Inbo 
(client 
inbo *) 

Atri-ensis 

TG
M

 

G
oed 

W
onen 

G
em

ert 

W
oon-

bedrijf 

E.De Jong 

Area 
South-
Lim

burg 

Government  x   x x    x 
Researcher           
supplier           
Manufacturer   x        
Distributors           
Architects x   x  x   x  
Advisors x   x  x  x   
Installers  x  x  x x  x  
Financers  x         
Contractors           
Housing 
corporations 

    x  x x   

Project 
developers 

        x  

House owners           
Grid operators           
Appraisers -
brokers 
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• Installers were mentioned most often (5 times) as key influencer. Even though installers 
were considered as key advisors, various interviewees said that installers have too little 
information about available products. Furthermore, the installer that was interviewed said 
that the image of the installers is harmed by the many ‘PV-cowboys’ that are now offering 
services. 

• Architects, the government and advisors were all mentioned 4 times. Even though the 
government was not always named as a key influences, regulations and subsidies were a 
topic of discussion in every interview. 

• GWG, TGM and Emergo all named the contractor as a potential disturbing factor in the 
process of deciding for a (BI)PV system. This was explained by saying that contractors have 
interests that can negatively influence the choice and application of (BI)PV systems. Since 
contractors are expected to aim for the lowest price and to work with parties they know 
instead of subjectively looking for products and parties with the best price-quality ratio.  

4. Opportunities & barriers 
  Opportunities 
Supplier AERspire BIPV: simplicity of the product, potential in cost price (saving on cost for 

extra material and installation), aesthetics, integrated product, creates a 
beautiful streetscape.  
Thin Film: homogeneous black surface, less prone to 
orientation/positioning towards the sun, flexibility in size, different 
standard size 

Installer New Energy 
Systems 

BIPV:  

Manufacturer Emergo BIPV: saving material and (labor) energy. 
Architect Inbo BIPV: being a special product, offer multifunctional product (solar 

shading, generation electricity, beautiful image) 
Advisor Atriensis BIPV: avoid extra service costs 
 TGM BIPV: Aesthetic advantage and potential savings in costs due to savings in 

extra material and installation. 
Thin Film: application of homogeneous semi-transparent solution 

Social housing 
corporation 

Woonbedrijf BIPV: double function: both financial and social impact (communication 
and identity).  
Thin Film: Flexibility and low costs per m2 makes thin film suitable for 
application in façade. 

 Goed Wonen 
Gemert 

BIPV: get rid of using double roof which can save costs. BIPV can be used 
in projects with deviating shapes. 

House owner E. de Jong BIPV: chance to match pv and design, since the product is designed 
during the design process and not unscrupulously added later 

Appraiser / 
broker 

Area South-
Limburg 

BIPV: opportunity to improve streetscape 

 

As opportunity for BIPV most often the potential in savings on costs because of savings in material 
and labor was mentioned. Furthermore multi-functionality was named as an opportunity, such as 
offering solar shading, generating electricity, creating a beautiful image, having a financial impact and 
a social impact (providing a way for communication and providing identity). 
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  Barriers 
Supplier AERspire BIPV: unfamiliarity with the product, insecurity about risks and problems, 

lack availability information, too high price/costs 
Installer New Energy 

Systems 
BIPV: too high price, PV systems are not valued by appraisors and brokers 
yet when selling the house, uncertainty about guarantees for life-span. 

Manufacturer Emergo BIPV: the perception of the market is very important. Currently people 
(installers) are afraid of applying a not proven technology 

Architect Inbo BIPV: appearance of PV product can become outdated in a short time 
(due to quick technological developments), however since the PV is then 
part of the building, it is not easy to replace it. Standard BIPV products 
limit you in design freedom.  

Advisor Atriensis BIPV: uncertainty about the product. BIPV is not tested well enough to be 
trusted. Competition from standard PV panels (which are already 
optimized in costs and efficiency). Net-metering an play a negative role. 
Integration might cause problems in juridical aspects like ownership. 
BAPV is totally decoupled from real estate processes. 

 TGM BIPV: there are expectations in sustainability and yield BIPV should live up 
to. Political barriers: lack of companies that work together and lack of 
support from government to encourage this. Lack of support from 
government to big companies that can make a change. Competition from 
established products imported from China. 

Social housing 
corporation 

Woonbedrijf BIPV: people are ignorant, lack awareness and are scared of new 
technology (adoption new technology). So every barrier, such as net-
metering, has a big influence.  

 Goed Wonen 
Gemert 

BIPV: lack availability products. Too little advice on products. Too little 
collaboration in construction chain.  

House owner E. de Jong BIPV: reliability, total life span, costs of finished product 
Appraiser / 
Broker 

Area South-
Limburg 

BIPV: costs, lack availability information about product that people really 
want, lack of awareness 

 
According to the interviewees the main barrier for BIPV was the perception of the market: people are 
unfamiliar with, unaware of, and uncertain about the product and therefore might not trust the 
product. Furthermore the high costs are a barrier and changing legislation (net-metering) could be a 
barrier. 
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5. Market outlook 
5.1 Perceived change in market 

   
Supplier AERspire Shift in application from traditional blue cells with white frame to all-

black panels at private houses. This indicates that aesthetics start to be 
valued by the market. 

Installer New Energy 
Systems 

The market changed from a niche market of private house owners where 
price was not an issue, towards a mass-market we price does play a role 
and aesthetics are valued (shift from blue cells + white frame to all-black 
panels). 

Manufacturer Emergo People become more and more aware of the value of sustainability 
and/or feel the pressure to meet standards. This can be seen in initiatives 
like the Stroomversnelling. However, the number of completed projects is 
still limited. 

Architect Inbo In big projects sustainability has always been a topic of interest since 
more money was available and it was considered important to stand out. 
But now the demand for sustainable solutions (so not specifically PV) in 
housing grows as well, due to new regulations for housing. 

Advisor Atriensis Clear increase in application of PV panels. 10 years ago panels were twice 
as expensive and had a lower efficiency. Now that costs went down while 
the efficiency went up the panels are interesting for housing 
corporations. There is a duplication in application in the last 2-3 years. 
Furthermore housing corporations want to meet the EPC-value and even 
higher standards since this could lead to cost-benefits (EPV). Furthermore 
there is seen that more people know what PV panels are and get more 
used to the technology (because it is more visible in the streets). 

 TGM Hardly any application of PV in façade. No request from client TGM 
(commercial buildings).  

Social housing 
corporation 

Woonbedrijf - 

 Goed Wonen 
Gemert 

Many housing corporations started pilots and are drafting sustainability 
policies. For corporations and developers sustainability is a topic/activity 
of interest. The number of PV panels on rooftops rises, more passive 
houses, electric cars and people choose sustainable products in the 
supermarket. This shows that people more consciously choose on which 
product they spend their money.  

House owner E. de Jong No real perception of change. Whether or not PV is a topic of interest for 
people really depends on the phase of life they are in and the type of 
house they have (rent, temporary private house, long term private 
house). 

Appraiser / 
Broker 

Area South-
LImburg 

Increase in houses with PV that have been sold. Especially young people 
show to care more about sustainability and the environment. Especially 
more application of PV is seen in a higher price range of houses 
(>€250.000) 

 
Most interviewees see an increase in application of PV since the last few years. They think this is due to 
legislation, improved costs and efficiency of PV-panels, initiatives like the Stroomversnelling and due to 
growing awareness about sustainability in general and PV panels in specific. Furthermore the application of 
more aesthetical solutions, especially for private house owners, was observed.  

Inbo mentioned that there was a specific increase in request for sustainable solutions instead of PV solutions in 
specific. TGM, did not see a change in demand for PV panels from his clients and especially mentioned the lack 
of application of PV in the façade. He however did noticed that rooftop PV applications in the housing market 
did increase. Over the last 8 years, RES noted a market shift from early adopters to the mass that now wants to 
have PV panels.  
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5.2 Expected interested market 
   

Supplier AERspire Private housing market 
Installer New Energy 

Systems 
Private housing market, especially newly built 

Manufacturer Emergo The senior citizen with a green heart which is willing to pay for a more 
beautiful product. 

Architect Inbo Architects, housing, commercial and innovative buildings 
Advisor Atriensis People with green heart 
 TGM Housing market as early adaptors. When there is financial incentive 

commercial buildings are interesting, especially because the big area that 
can be used. 

Social housing 
corporation 

Woonbedrijf Offices, corporate buildings, green industry, social housing. 

 Goed Wonen 
Gemert 

Private housing market.  
Housing corporations as soon as there is an acceptable price-tag. 

House owner E. de Jong Private housing market 
Appraiser / 
Broker 

Area South -
Limburg 

Private housing market  

 
The private housing market was expected to be the most interested market in BIPV and could act as early-
adopter. In specific people with a green heart and a higher income were mentioned. Furthermore, it was 
mentioned that the newly built market would be an easier market to enter than the renovation sector, since 
then you could have an immediate cost-advantage by savings costs not installing a standard roof solution but 
immediately a BIPV system. Next to this the design could be optimized to fit the BIPV-system.  
The Social housing market was expected to become interested as soon as there is an acceptable price tag. 
Commercial buildings were a third market that was mentioned. TGM, who works for the commercial buildings 
market, however stated that adoption of BIPV might be slow because of the complicated decision making 
process. So they are not expected to be the early adopters but the early or late majority. However this market 
is very interesting since it offers a big surface area to be used. 

6. Development strategy 
In this section the interviewees was asked to think about the role of PV in the future and what PV products 
there could be. 

New Energy Systems, Emergo, E. De Jong and Goed Wonen Gemert expected that in the future it is especially 
important to find a total energy solution. PV panels on your rooftop are not the only solution for a green 
future, but just part of it. Not only electricity should be considered but also heat and the way how to store this 
energy should be taken into account. 

Focusing on a BIPV product, Inbo, TGM and E. De Jong were especially interested in transparent solutions and 
most interviewees hoped there would be variety in color and size in the future. Furthermore the concept to 
apply PV as a plug & play was mentioned. This includes a very easy installation, easily accessible systems and 
the possibility to effortlessly replace panels. 

Regulations & subsidies 
Even though subsidies were not seen as one of three most important considerations in applying PV, 
‘Regulations & Subsidies’ were a topic that was discussed in every interview. In general the interviewees were 
against subsidies since they think that a technology should be able to survive without help from the 
government but develop based on the market. However, it was agreed that the salderingswetgeving, or 
something similar that replaces the salderingswetgeving, is very important for the development of (BI)PV.  
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C. Explanation barriers-considerations template 
 

Objective  
The goal of this template is to collect information and harmonize expertise and experiences regarding barriers 
and considerations that are encountered in the development and application of innovative Building Integrated 
Solar Envelope Systems for HVAC and Lighting. 
Our longer term goal is to use this information to design an easy to use quick-scan to help innovators in finding 
market penetration strategies. This may lead to e.g. ideas for new business models, production improvements or 
technological changes. Its also aims at identifying bottlenecks in enabling factors, such as regulations or building 
design process related issues. 
The immediate next step is to improve and extend this template, to make it more suitable for a wider range of 
innovative projects. We hope to achieve this by interacting with the members of IEA SHC Task 56. 

  
Methodology 
This initial version of the template was developed by Finn Vossen and Roel Loonen, Eindhoven University of 
Technology. It is based on (i) 10+ interviews with stakeholders from the construction industry focused on thin-film 
BIPV products (ii) a literature review, and (iii) experiences with product development projects at TU/e. 

  
How to use this template? 
This template can serve as a guide in interviews with the various stakeholders in building and innovation projects. 
It helps to discuss the full process of innovation and building in a structured way: per theme and per phase. It can 
also be used to document the innovation process of specific case studies (by entering extra information and 
removing irrelevant cells).  

 
Definitions and explanations 
This template divides the R&D process into two phases. There is one tab for each phase. 
Building projects involve design teams who are contemplating the application of innovative/sustainable 
technologies in the design of a new building or refurbishment 
Innovation projects come one step earlier in the process, and focus on innovators who are in the process of 
successfully developing an innovative/sustainable façade component or building product. 
 
Barriers and considerations: 
 
1. Technical barriers: 
Concerning technology, material properties, performance, building physics, the installation and simulation of 
innovative/sustainable façade components or building products. 
 
2. Political and regulatory barriers: 
Concerning demands and legislation which are applicable to the innovative/sustainable façade components or 
building products 
 
3. Economic barriers: 
Concerning cash flows related to the innovative/sustainable façade components or building products 
 
4. Architectural barriers: 
Concerning the appearance and design of innovative/sustainable façade components or building products. 
 
5. Social barriers: 
Concerning non-tangible beliefs, perceptions and expectations regarding the innovative/sustainable façade 
components or building products, often created by the culture of the community 
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6. Information: 
Concerning all means that can inform various parties involved in the process about the innovative/sustainable 
façade components or building products. This can be in the form of e.g. data, tangible information and 
knowledge/education. 
 
7.Process and production: 
Concerning the whole process of combining various material inputs and immaterial inputs (plans, know-how, 
(groups of) people) in order to make innovative/sustainable façade components or building products for 
consumption. 

  
Stages in the development of a building 

  
1. Initiative and finance: 
A concrete construction project starts with a future owner that has the intention to start a project. In this phase, 
the use and goal of the building is defined and a program of requirements and wishes is developed. Depending on 
the type of initiator (housing association, project developer, building owner/user), decisions are made based on 
the financing available, business models, risk analyses, image building and emotion. 

  
2. Definition and design 
Based on the program of requirements, the design team (architect, contractor and advisors) develops a design 
that is assessed against the goals and requirements of the client/initiator and meets the legislation and the zoning 
plan. In this stage, general goals are translated into concrete building products. 

  
3. Construction and realisation 
This phase starts with the construction of the project and goes on until the completion. A multidisciplinary team 
of contractors and subcontractors is involved and weights design decisions on risk or pricing. 

  
4. Use and operation 
After the completion of the building this is the stage in which the user, owner or financer of the building is 
responsible for the management of the building, and thus the costs and benefits related to use and operation. 
    

  
TRL levels (innovation projects) 
1-3 Research  
4-7 Product development 
8-9  Demonstration and market introduction 
>> Diffusion / Expected use and operation 
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D. Estimated market size  
Product Source 
Pitched roof B., Hauck (2014) Bring Energy2 to Residential Building Roofs. Eindhoven: Eindhoven University of 

Technology 
Lemmens, J. Burgt, van der, J. Bosma, T. et al (2014) Het potentieel van zonnestroom in de 
gebouwde omgeving van Nederland. KEMA Nederland B.V. Arnhem 
CBS (2012) Voorraad woningen; mutaties en bouw, 1921-2011. Retrieved July 8 from 
http://statline.cbs.nl/StatWeb/publication/?DM=SLNL&PA=71527NED&%20D1=6&D2=79-
90&VW=T 
CBS (2016) Voorraad woningen en niet-woningen; mutaties, gebruiksfunctie, regio. Retrieved July 
8 from 
http://statline.cbs.nl/StatWeb/publication/?VW=T&DM=SLNL&PA=81955NED&LA=NL 
Rijksoverheid (2015) Voorraad woningen en niet-woningen, mutaties en gebruiksfuncties, 2014. 
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