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Abstract: Researchers have reported that despite technological development in photovoltaic tech-
nology and substantial cost reduction, there is still a narrow interest in architectural photovoltaic
applications (APA). Lack of interest is correlated to various bottlenecks, and one of them is a lack of
knowledge among architects on the possibilities and approaches to adopt APA. In response to the
issues mentioned, the aim of the research presented was collecting qualitative and quantitative in-
formation from architects as lessons learned and perceptions in regards to APA. In total, 30 archi-
tects with and without experience of using photovoltaics (PV) were invited and interviewed. They
were asked about their experience, design and decision-making process with PV, their understand-
ing of integration, and the decisive factors to use APA. The results showed apparent differences
between the experiences and perceptions, and they highlighted the lessons learned from realized
projects. The analysis of the visual implication of PV integration shows that, to the eyes of architects,
integration of PV into architecture does not depend on the PV product used, but instead, that when
PV is part of the design concept and design process, the outcome is seen as a meaningful integration.

Keywords: BIPV; PV; photovoltaic; integration; net-zero energy building; in-depth interview; de-
sign studies

1. Introduction

At present, there is a trend in the application, research, and development on the use
of photovoltaic technology in the built environment. This trend began in the 1970s and
has had its growth supported and hindered due to various external factors. Since its in-
ception, a market has emerged for installing conventional and industry-standardized PV
modules onto pitched or flat roofs, commonly referred to as rooftop applications or, as
some researchers categorize, building-added photovoltaics (BAPV). In parallel, architects
and other researchers urge development of exclusive PV products for building applica-
tions, which can be multifunctional and replace the conventional building materials
known as integrated applications or building-integrated photovoltaics (BIPV) [1]. In the
definition given by the EN 50583:2016 standard [1], “Photovoltaic modules are considered
to be 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 (in the case of structurally bonded modules, dismounting in-
cludes the adjacent construction product), the PV module would have to be replaced by
an appropriate construction product.”
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In response to climate change and international agreements to reduce carbon emis-
sions, European countries are implementing some schemes to promote the use and appli-
cation of photovoltaic technology within urban areas, e.g., to achieve nearly zero-energy
buildings (nZEB) [2,3]. Particularity regarding nZEB [4], in additional to the measures for
increasing building energy efficiency, the energy demand of the building should be sup-
plied by renewable sources onsite or nearby. Nonetheless, many architects and designers
do not seem to be interested in the appearance of conventional PV modules (black or blue
cells and silver frames), nor in the approach of addition/attachment of PV modules to their
designs [5]. During the last several years, technological advancement in PV technology
and module manufacturing techniques allowed for the development of new PV products
with various sizes and colors to increase the popularity of PV technology among architects
[6]. However, despite the overall growth, cost reduction, market maturity, and commod-
itiation of conventional PV modules for large-scale and rooftop applications, the inte-
grated products (BIPV) account for only 2% of all PV installed worldwide) [7,8]. The same
report also indicates that 35% of these products, which were already available in their
report published one year before, are no longer available, as the manufacturers failed to
maintain their businesses.

In a survey conducted on the causes of the unpopularity of building-integrated pho-
tovoltaic products, issues regarding lack of knowledge and costs were dominant among
the respondents [9]. In the framework of International Energy Agency (IEA) Task 15,
building owners were interviewed to explore suitable business plans applicable to PV
technology in the built environment [10]. According to another survey conducted about
IEA Task 41 (concerning the integration of solar energy systems and architecture), after
the socioeconomic aspects, which were perceived as a major hurdle, lack of sufficient ar-
chitecturally oriented literature on the different aspects of photovoltaic technology was
found to be the second most important barrier [11]. In various research articles focusing
on the integration of PV technologies to the historical and monumental buildings, it has
been highlighted that the legislative process for any changes in regards to aesthetic ap-
pearance and historical values has been addressed as another hurdle in addition to eco-
nomic issues for adoption of PV technology to these buildings [12,13].

Throughout the years, there have been many instances of architects using PV tech-
nology in their projects. They used different types of PV products and implemented them
using different approaches. In literature, despite the effort made in IEA tasks [14], we have
found no document addressing the experiences of architects with the focus to use of PV
products in their designs [15]. Nonetheless, in order to meet the mentioned sustainability
targets within the built environment, we need to identify the bottlenecks and challenges
in the decision-making process, and to learn the expectations and considerations of archi-
tects as the lead stakeholders in design and decision-making processes.

Therefore, considering the gap in knowledge regarding the experiences of architects
from realized projects with PV, the challenges and considerations to work with PV men-
tioned in literature and the relevance of knowing architects’” opinions about the use of PV
technology in buildings, we conducted an explorative study aiming to collect a mix of
qualitative and quantitative data from architects and other designers. In order to achieve
this, we interviewed 30 architects with and without experience in using PV technology.
The aim was to find information regarding the design process, challenges in the use of PV
products, bottlenecks within decision-making, and the overall experience. In addition, the
authors aimed to see if “integration” as a concept holds any visual implication to archi-
tecture and if a definition of “integration” could be made, including design specifications.

In the following sections, the method to set up the interview and the recruitment of
interviewees is explained. Subsequently, in this paper, the findings from the interviews
regarding the design and decision-making process and the aspects influencing the inte-
gration of PV in a project are presented and interpreted. Finally, we conclude with insights
about the further implementation of the lessons learned.
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2. Methods

The main objective of this study is to document the experiences and perceptions of
architects and other designers regarding architectural photovoltaic applications (APA).
The research team has opted to apply an in-depth interview method to collect and explore
the architects’ perspectives on the topic and to acquire more in-depth insight compared to
what is available in literature. This method has recently been used by several researchers
and is shown to be a practical approach for collecting qualitative data, primarily when
experts and experienced respondents are targeted. For a similar topic, the adaptive facade,
Attia et al. [16] used this approach and concluded that the in-depth interview method
provided comprehensive information for understanding the experiences and expectations
of the respondents. In addition to the in-depth interview, one segment of the study aimed
to collect quantitative information when respondents were required to rank important
factors in the decision-making process.

In accordance with [17], based on the three types of interviews, an open-ended nature
was selected for the in-depth interview regarding qualitative data. Since the respondents
were asked about the objective facts of a subject as well as their opinion, they were re-
quested to propose their insight on certain occurrences. Such an approach allows the in-
terviewer to use such propositions as the basis for further inquiry. In addition, in certain
parts of the interview, some of the questions were designed to be responded by a group
of predefined answers. This quantitative data helped the research team in approaching a
more straightforward conclusion regarding the effects of certain factors in the decision-
making process. This approach allowed us to gain broader insight into the results by being
able to extract two types of data from one source. It is to be noted, however, that in this
model, the two data types are not influenced and are not related to one another: they exist
parallel to one another and have separate methods of interpretation.

As shown in Figure 1, the interview process is composed of three steps; in chrono-
logical order, these are: research design, data collection, and content analysis.

Research design Data collection Content Analysis

: " Candidate " :
Questionnaire Prototype & . Interview _— - Thematic
& Selection & A Transcription Summarization 5
design rehearsal session analysis
arrangement

Figure 1. Interview process by research design, data collection, and content analysis.

2.1. Research Design

In order to design the framework for the in-depth interview, the main areas and top-
ics that had to be covered were drafted and, accordingly, a list of questions was framed.
These questions were clustered together into four broader thematic sections:

1. Experiences and lessons learned,
2. Insights and perceptions,

3. Understanding integration,

4. Decision-making factors.

In an early stage, the research team decided to divide the interviewees into two
groups, A and B. Group A consisted of architects who have previously used PV technol-
ogy in their design. Group B consisted of architects that have not yet managed to use this
technology in their design. This division was important because we could include both
experiences that come out of the realized project and perceptions from the architects who
yet have not yet used the technology. Therefore, a more comprehensive range of infor-
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mation could be collocated, and comparison in the received responses could be made be-
tween the two groups. It is a common approach in interview methods and known as con-
trol group approach [18].

The interview was divided into three parts (Figure 2). The first two parts were aimed
at collecting qualitative data, whereas the third part collected quantitative data. This ap-
proach is known as the mixed-method approach [19] and proved to be useful and rele-
vant, as we needed to collect qualitative data for objective thoughts including experiences,
perceptions, and understandings in the first two parts. In the last part, we needed to be
able to collect quantifiable information. This approach allows the researcher to gain
broader insight into having two types of data instead of one. Although these data are not
related to each other in this model, they stand side by side and have their method for
interpretation [19].

Figure 2 presents the three steps designed in the questionnaires.

Part |
Part Il
Part Ill
Group A Experiences & lessons learnt
Understanding of integration H Decision-making factors
Group B Insights and perceptions

Figure 2. Stages in the questionnaires.

In part I, each group was questioned differently.
For Group A, the questionnaire covered the following aspects:

e Project background, motivation and key drivers
e Design process with PV
e Lessons learned and takeaways

For Group B, the questionnaire covered the following aspects:

e Drivers and barriers
e PV and architectural design
e  Expectations of the PV product

Sometimes, similar questions were asked to both groups. However, it was essential
to distinguish the data that were generated from the experience of an architect with spe-
cific cases, or the data that reflect the architect’s insights and perceptions.

Part II was similar for both groups and revolved around “understanding of integra-
tion”. In this part, it was requested that interviewees outline their verbal understanding
of the implication of the term “integration”. They were then presented with the images of
six projects realized with different design approaches to PV technology or PV configura-
tion and then were asked whether for each project they think PV is “integrated” or not,
and questioned about the reasoning for their answer. Finally, the architects were asked
which one(s) among the projects best describes the best example for the definition of inte-
gration.

For Part 111, also similar for both groups, a list of predefined influencing factors in
decision-making was designed. Interviewees were asked to indicate the relevance of these
factors, based on a scale ranging from 0 to 9.

The questionnaires were tested in a series of pilot sessions conducted among peers
and members of the research team, aiming to simulate an interview session, resolve any
potential ambiguity in the questions, and refine the process based on received feedback.
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As the final stage, the research team assessed the relevance and clarity of the questions in
an iterative process. Subsequently, a definitive list of questions with an ordered sequence
was prepared. This list is available in Appendices A and B.

As per official data collection requirements at the Delft University of Technology (TU
Delft, The Netherlands), the interview documents, including questionnaires and proce-
dures of the interviews, were presented to TU Delft Human Research Ethics Committee
(HREC) and received approval.

In order to recruit suitable interviewees, the research team took a purposive sampling
approach [18]. Thus, candidates were consciously selected and invited. For Group A, a
previous study by the author on 30 realized projects was used as a baseline. In the study
mentioned, some categorization was made by the design approaches to PV, and each pro-
ject was studied through the lens of four different parameters: 1. visibility (of the PV mod-
ule) in overall design, 2. mounting strategy, 3. level of adaptation, and 4. additional func-
tionality. Therefore, one or two sample cases from each category were selected, and the
architect was invited to participate in the interview. The research team also invited a few
other architects/designers whose projects had been highlighted in professional networks
because of the novelty of the PV products they used or because of the new approach they
had implemented.

For Group B, architects who had no experience of working with PV technology were
targeted. For the selection of suitable candidates, the research team tried to include archi-
tects/designers from construction typologies differing in function and sector. The catego-
rization of building typologies made by Euroconstruct reports was used [20], and accord-
ing to each typology, different candidates were invited. For this group, a clear preference
had been given to architects/designers who were available and accessible via the profes-
sional network of the research team, some of whom professionally linked to Faculty of
Architecture at TU Delft.

2.2. Data Collection

In this study, 30 interviews were conducted from October 2018 to June 2020 in five
different countries in addition to national visits within the Netherlands. The interviews
were recorded with a digital voice-recording device (a Sony PX470, Sony, Minato City,
Tokyo, Japan) with the consent of interviewees. The duration of interviews ranged from
50 to 75 min. From the 30 interviewees, 15 were architects with one or more projects real-
ized with PV and 15 were architects without such a project. In the following parts, the
interviewees will be addressed by their number from the table in Appendix C.

According to Attia et al. [16], transcription is an essential and inevitable step for any
form of analysis on qualitative content [19]. In this study, manual transcription methods
were used for the majority of the interviews, and some automated transcription software
was tested. For this research, the “Google live transcription” mobile application (Google,
Mountain View, CA, USA) was used for some of the interviews. This Google app is able
to transcribe with high accuracy; however, it has its shortcomings related to the exporta-
tion of transcribed texts. Therefore, a manual review on the automated transcription was
also essential to prevent any errors or missing parts.

2.3. Content Analysis

The step after transcription consisted of summarizing each interview and highlight-
ing common areas, topics, and themes that were mentioned frequently. According to the
research goals and research questions, relevant themes were selected as basis for the anal-
ysis. This is known as the deductive approach, in which the data are analyzed based on
predefined themes [19]. A spreadsheet was created containing keywords and a summary
of the interviewees’ answers. Afterward, the research team analyzed the different view-
points and experiences of the interviewees concerning each topic and produced an inter-
pretation and overview, including some quotes from the interviewees. The findings were
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also clustered in four themes mentioned earlier; these are presented in the following sec-
tion. The results have been summarized in tables in the beginning of each section. Each
table includes the finding and remark that was discussed, reference to the interviewees
who made that point, the observation of the authors, and quotes that support and com-
plement arguments.

3. Results and Discussions

In this section, the findings and analysis of findings are presented under the four
thematic sections that the interview was based upon. Under each theme, there are subsec-
tions that focus on certain topics discussed with the interviewees. In addition to the results
of the analysis and quotes from interviews, each subsection presents the interpretation of
the research team.

3.1. Experiences and Lessons Learned

This section presents the findings and information collected from the first 15 inter-
viewees, who had applied PV in projects. In these 15 interviews, the respondents were
asked to share their experiences of working with PV technology in their project. The re-
sults, presented in Table 1, have been classified into three subsections: (1) project back-
grounds, motivations, and key drivers; (2) PV and architectural design; (c) lessons learned
and takeaways.

Table 1. Experiences and lessons learned.

Project Backgrounds, Motivations, and Key Drivers

Topics Findings Interviewee Observations/Interprets
L. Complying with external incentives—Harvest- . Photovoltaics (PV) were
ing on-site renewable energy to address sustain- 46812 found to be the best way to pro-
able development goals T duce energy on-site and meet SD
goals
) ) o Considering PV from early
1. Green architecture—Concept and potentials for La570 stages of design is a challenging
the use of technology T task—making a balance between
form and function
Motivations
and key driv- II.  Marketing and demonstration—The building * PViis perceived as a sign for
ers owner’s image + education + testing and pro- 1,2,10,11, 12, sustainability, and in the majority
motion of photovoltaic businesses 13,14, 15 of cases, this aspect helped with its
acceptability for investors
Quotes:
Architect 1: “We wanted to make people believe that PV panels are a material that has no problem being
used in the facades, that they can look normal and working with them is quite easy.” (referring to II and III)
Architect 3: “The site allowed having plenty of south-facing surfaces and was ideal for capturing solar
energy before they cause overheating in the building.” (referring to II)
Design process and PV
PV in the de- L There were intentions to show PV in the project, 1,3,4,6,7,8 Condition of visibility of PV

sign concept

either by the architect or owner 12,13

system in design concept is linked
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1L Specific PV product was chosen by the project
owner, but the architect used creativity to blend

to the original motivation of the
project and also the general view-

11,15
the modules into his design concept point of the architect in regards to
the having exposed or hidden
I Preferred to have PVs invisible or not as part of building services
the design concept 5,9,10, 14
Quotes:
. Architect 1: “PV is like a normal material, and it is not important making it visible and expressive.” (refer-
ring to I)
L PV product was considered from the early 1,234,579, ° It can be seen that applying

stages of the design process. 15

1L Surface for applying PV allocated during early

phases, but the modules are chosen later 6,8,10,12,13

Design process

PV in a building requires precau-
tions that an architect must con-
sider in the early stages of the de-
sign.

. When PV came late in the
process, the possibilities and unifi-
cation between the PV component

with PV
and building design became lim-
ited and challenging
Quotes:
. Architect 9: “With the intention of working with holistic sustainability concepts, you can’t develop a

building without good integrated design process, and you need to start from scratch with all the advisors.” (re-

ferring to I)

L Facade used when the roof space was not

enough to supply the energy demand 1,7,8

1L Sloped roof or fagade used in projects when vis-
ibility and external communication about the
PV was important

3,4,6,11,13,15

. Based on local conditions,
the motivation, and initial design
concept, the architect opted to use
PV on different surfaces in the
buildings. Such a decision heavily

1L Roof space used for external communication in
X-large scale projects 5,12 influences the design concept of
the building and the outcome of
Building sur- ;
face to agpply Iv. The designer op.te.d to use surrounding build- the projects.
PV ings or add additional structure to apply PV 2,3,4,9 12
due to various reasons
Quotes:
. Architect 2: “A great solution for dense urban areas with limited surfaces and municipal restrictions for

changing the building facade is to add additional floor level with a PV system, which can increase the building

service area and is a sweet incentive for investors.” (referring to IV)

. Architect 3: “The design concept allowed the building to receive light from three directions, and the use
of a shading component to control the heat gain in the design was essential. The owner wanted to keep the fa-
¢ade opening as transparent as possible for outdoor vision, and therefore we designed an additional component

with PV to act as shading”. (referring to IV)

L Certain PV products were dictated by the pro-

ject owner/developer or chosen by the contrac- 3,10,11, 13, 15

The PV product tor

applied - - - -
1. Architects were involved in the design and de-

velopment of the PV product 4,7,9,14

i In projects when architects
had some freedom to choose the
product and customize the existing
product, they experienced many
limitations, losses of efficiency, and
a higher final cost.
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I Some architects urged for custom sizes, colors,
or transparency, which was not either possible 5813
or was too expensive.
IV. In some location, additional tests and certifica-
tions for safety issues were needed 9,12
Quotes:
. Architect 13: “We spent a long time to find a supplier of nonstandard PV in our market, we found very

few, and they mostly had products for roof application. During the construction, we changed three times the
supplies as the mounting system and modules were not reliable and safe for fagade application” (referring to

11I)
Lessons Learned and Takeaways
I Overall positive experience with working with
PV, success for the firm All except4 o Despite the challenges men-
tioned, the majority found it a great
experience which made them rec-
1L They are already busy with more projects with ommending it to their peers and
PV and definitely would do it again. L9 redo it on other projects
o When the driver of the pro-
1. They would have done it differently or would ject was the energy yield of the sys-
not advise to do it again as it is 4,8 tem, making a balance between the
Experiences design and energy yield were a
challenge.
Quotes:
. Architect 6: “We should use PV and other energy-producing technology on a larger scale; doing it in only
a few buildings is not functioning well; we should see it in more buildings.” (referring to II)
. Architect 7: “Working with PV has been easier than expected, more predictable, not very different than
with a lot of more construction material”. (referring to I and II)
. Architect 14: “We faced many problems during the process but after the inaugural of the building, we
received huge interest and requests from visitors from all over the world to visit the project. Although the PV
modules are not visible, many people want to know about it and see it. This is what we are proud of.” (referring
tol)
I They faced design challenges working with
standard modules which limited their design 8,12
and possibilities . These challenges and the fi-
nal result of projects show how
1L In the fagade application, making a balance be- sometimes a challenge can be
tween openings and PV —Window to wall ratio 6,9,14,15 turned into an opportunity; that’s
where an architect’s role in this
Challenges, II.  Accessibility of PV systems for maintenance process became evident.
watch-its, and and cleaning and replacement 3,4,8 . How small considerations
take always within the design of the system can
Iv. Safety consideration with PV modules and sup- highly influence the final Perfor-
porting structure 49 mance of the system, and indeed
knowing them and considering
V. Modules tilt and angles—for optimal yield in t}.1em from th.e carly stage of the de-
. sign process is key to success.
summer and winter and prevent overshadow- 1,3,5,9, 14

ing of the modules
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VL

Required space for ventilation and cables of
modules while being weather-tight 1,58,11,12, 14

Architect 14:“Having the maximum number of PV on the fagade and enough light during all seasons to

have a good learning environment for the school was a challenge”. (referring to II)

Architect 4: “Because of fire safety issues, we were forced to put frames all around the panels and two

brackets to support the frames”. (referring to IV)

3.1.1. Project Backgrounds, Motivations, and Key Drivers

The overall result of interviewing the first group shows that each project had a dif-
ferent starting point, which eventually influenced the outcome of the project. The inter-
viewees were asked to state the concept behind each project and outline the motivation
and the role of the stakeholders in the deployment of PV in the projects. Regarding initial
motivations to use PV in the project, various responses were received.

The most common reason mentioned for using PV was producing on-site renewable
energy to address sustainable development goals in the built environment and to comply
with external incentives. They argued that even energy-efficient buildings require large
amounts of energy to operate, and in order to meet these demands, photovoltaic technol-
ogy was found to be the best way to produce energy on-site.

Another motivation mentioned by two of the interviewees is the potential for har-
vesting energy in the design concept and the tendency of the design team to work with
principles of green buildings.

Other motivations include marketing and demonstration, the building owner’s im-
age, and the testing and promotion of photovoltaic businesses. In these projects, the
amount of energy that could be produced by the PV system was considered 2nd or 3rd
priority: external communication was the key driver. Looking at the stakeholders, in the
majority of cases, the project owners showed interest in using PV and requested its inclu-
sion in the project. In others, the architect and design team convinced the client to utilize
the technology.

To conclude, different motivations and starting points to use PV have directly influ-
enced the design process, design concept, and decision-making process. As indicated, to
use PV in the projects, building owners were the most influential stakeholders in the de-
cision-making process, followed by architects.

3.1.2. Design Process and PV
A. PV in the design concept

The conventional photovoltaic panel is an element with a specific appearance, which
often makes it difficult for architects to integrate PV into their designs. Nonetheless, there
are also products in which PV cells are invisible, as defined by [21]. Some of these were
used to realize some of these projects. During the design process, it is essential that the
design team and project owner decide about the visibility of PV panels in the building to
the eyes of visitors. The interviewees were asked whether having PV visible or concealed
in their design was intentional and whether this was a part of the design concept or a
product of circumstance due to limitations with PV products available at the time.

The majority of interviewees had chosen to have PV visible, but each had their rea-
soning and motivation. In some cases, such as with interviewees 15 and 11, specific PV
products, conventional with visible cells, were chosen at the behest of the client, but the
architect managed to implement them into the design concept through creative innova-
tion. There were architects who preferred to have the PV cells invisible, or not to take PV
as part of design concept; they were not interested in showing or exposing PV in their
design.
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These experiences show that the condition of visibility of a PV system in the design
concept is linked to the original motivation of the project. It also indicates the viewpoint
of the architect in regards to having exposed or hidden building services.

B. The design process with PV

The moment to bring PV into the design process is an important factor and influential
for the final design concept. In this part, interviewees were asked to mention when they
introduced PV during the design process.

According to the interviewees, in spite of diverse outcomes and a symbiotic relation-
ship of PV with the design, the idea of using PV came into the design process at an early
stage of the concept development. These interviewees believe that it is necessary to think
about PV from the beginning of the design process, as they want the PV to be felt as a part
of the architecture and not merely as an add-on. In cases where PV took over some other
functionalities in the building, it became even more vital to consider PV application from
the beginning of the design process.

The significant difference was whether the team also decided at the early stage on
the type of product they were interested in or planned to use. There were many projects
in which the surfaces onto which the modules were to be installed had already been allo-
cated in the design concept, but in which the electrical team or contactor later detailed it
with conventional and cost-effective modules with optimal configuration of the module.
In these projects, the modules were relatively separated from the design concept.

To conclude, in most cases, PV was considered in the early decision-making process,
which reflects its involvement in the overall building design. It can be seen that applying
PV in a building requires precautions that an architect must consider in the early stages
of the design. Therefore, when it came late in the process, the possibilities and unification
between the PV component and building design became limited.

C. Building surface to apply PV

In building applications, in order to capture energy from the sun using photovoltaic
panels, these are commonly placed on the roof or facade. Embedding panels on the roof
or fagade is dependent on various factors. For many architects, the default place to put PV
was the roof surface. One of the factors that led some of architects to consider using the
facade for PV application was the amount of energy that the building needs to produce.

Some other architects used PV on a sloped roof and on the facade for external com-
munication. According to interviewee 6, the project was big enough to allocate PV mod-
ules on the sloped roof, based on the function of the project: the design team placed the
PV system in such a way that PV could be seen from the ground level to demonstrate the
application of sustainable energy in their building. In large-scale projects, with formal de-
sign concepts, PV installation was also done on the roof area for external communication.
Examples of these can be seen from the projects discussed with architects 5 and 12; in these
projects, the roof area supplies only a portion of the energy demand, but the PV modules
are not visible to pedestrians. In the project discussed with architect 10, the design team
had also installed PV modules on the roof area, as the owner clearly urged to hide PV
from visitor’s view; therefore, small PV arrays had been placed on a canopy installation
on the roof area, which was fully hidden and not accessible to visitors.

When the service area on the roof was insufficient, the building owner considered
adding more space by renting roof area of surrounding buildings and asked the design
team to include an additional structure and space in the design concept. For the project
discussed with architect 2, site restrictions led the design team to arrive at a unique ap-
proach. They designed a pavilion-like additional structure on the roof to hold the PV sys-
tem. A similar approach had been used by architects 3 and 4 for a newly built project. In
these two examples, an additional structure was designed on the facade to hold the mod-
ules. These architects ensured that these additional structures became a part of their de-
sign concept and were not just add-ons.
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To conclude, based on local conditions, the motivation and design concept, the archi-
tects opted to use PV on different surfaces in the buildings. Such a decision heavily influ-
ences the design concept of the building and the outcome of the projects.

D. The PV product applied

The PV product selected for the project has a strong influence on the final outcome
of the project. For this section, we asked the interviewee to outline what the decision-
making process behind selecting the PV product was, how they found the product, and
what their expectations were.

As discussed eatlier, in some of the projects, the use of certain PV products was dic-
tated by the project owner/developer, so they played a key role in product selection. In
other cases, the main contractors had already selected a product and provided it to the
designer; the architects did not play a role in choosing the product.

For the projects where the architects had to select a product, they tried to find the
product through various means—for example, by going to conferences related to solar
power, searching the Internet and inviting PV manufacturing companies to acquaint
themselves with their products. Such close contacts allowed the design team’s involve-
ment in product development. For these projects, a certain degree of modification and
customisation was possible, but for some, this only remained a wish. This was the case
with interviewee 1, who asked for custom-sized modules and who preferred thin-film
technology; the customization was not financially viable. In the cases of architects 4, 5, and
8, who wished for transparent glass-like PV panels, these were not available to them at
the time. Architects 8 and 13 wished for a larger variety in color; however, such a product
would have less efficiency and, therefore, would be unfavorable to meet the project’s en-
ergy target.

To conclude, there are many new possibilities with the customization of PV modules
for fitting the design concept better; however, applying these changes to the product will
increase the panel’s price, sometimes influence the accessibility of the modules for mainte-
nance, and finally increase the operation cost of the building, which overall will make the
owners and architect hesitant to opt for them.

3.1.3. Lessons Learned and Takeaways
A. Experiences

Overall, all architects interviewed, barring architects 4 and 8, were positive about
their experiences and considered working with PV to be a success. Some, i.e., architects 1
and 9, mentioned that the projects discussed were not their first and would not be their
last. Some of them were involved in other projects utilizing PV at the moment of the in-
terview.

Opposite to the positive stories, architect 4 was doubtful about the effectiveness of
the technology in Central and Northern Europe because of lower solar radiation. Architect
8 had utilized a PV system in their project but received negative feedback from the news
and media, as they found the design of the PV system ugly. He explained that because of
energy efficiency ambitions for the building, they needed to produce the entire energy
demand of the building; as it was a social housing project, they were forced to keep the
price as low as possible and work with the highest efficiency and cheapest PV module.
This resulted in a building that appeared to be fully covered in PV cells. He mentioned
this was a challenging project as they were limited in terms of design.

To sum up, the architects” experience shows that decision-making included many
important issues and some watch-outs that had to be considered. Most of them consider
that experience positive: a successful project within their portfolio, which they are proud
of.

B. Challenges, watch-its, and takeaways
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In this part, we asked the interviewees to share their experiences, lesson learned,
challenges they faced, and considerations for applying PV in their projects.

Projects in which a certain amount of energy production was targeted suffered from
changes to the PV module. Striking a balance between the aesthetics of the system and
energy yield was mentioned as one of the most challenging parts of using PV in the build-
ing. Another challenge lay in the design of openings in combination with PV modules in
the facade. Some architects took measures to solve this problem; for example, architect 4
stated that “The building was designed with the idea of leaving the facade free to admit
daylight and look better, so the PV was installed with a space of 1.2 m in front of facade.”

One other important issue mentioned was accessibility for maintenance; all inter-
viewees stated this as a factor that needs to be considered in the design process. The panels
must be designed and installed on the building in such a way that they can be easily re-
placed, when necessary.

The next consideration is about the structure that is supposed to hold the panels. In
addition to having sufficient strength to hold the panels, this structure must also be com-
pletely safe and comply with fire safety codes.

Another important point of consideration is a gap for cabling and for ventilating the
module. Without proper ventilation, the panel’s temperature will rise, affecting the energy
yield and also transmitting the heat into the building. In addition, weather robustness and
rainwater tightness of the system was a challenge that needs detailed engineering.

In order to maximize the energy yield, the PV panel needs to be at a certain angle, so
architects must consider this when placing panels on roofs or facades while avoiding over-
shadowing of the PV module. Some architects, such as 14 and 9, played with this feature
in the facade application and designed a vibrant 3D facade system.

To sum up, working with PV as with other technologies and materials requires con-
sideration with regards to design, technical aspects, safety and operation. Many of these
considerations were mentioned by the interviewees. These can be valuable takeaways for
a targeted audience of this research.

3.2. Insights and Perceptions

In this part, sets of general insights provided by the interviewees, independent from
any specific project, are presented. Due to the nature of the questions, said insights are
mainly from Group 2; however, general input from Group A is also considered. The find-
ings have been analyzed and clustered in Table 2 as follows: drivers and barriers, PV and
architectural design, and expectations of PV products.

Table 2. Insights and perceptions.

Insights and Perceptions

Topics

Description Interviewee Observations/Interprets

Drivers and

. By nature, architects with no
experience working PV have more

Barriers

I External incentives and regulatory frameworks doubt to use the technology, and
were perceived to play a crucial role 8,28 external pressures can be a good
instrument to make them try this
technology
1L Inve_stment needed for .PY system + higher op- . From the architects who
erational cost of the building 225,28 have not used PV in their projects,
more questions, doubts, and con-
I Short-term interest in the buildings makes in- siderations were raised. The major-

vestment for PV difficult for developers 12 ity of these concerns are valid and




Buildings 2021, 11, 62

13 of 25

IV.  Doubts and unclear guidelines during the use showed the complexity of applying
phase of the building and PV system —who is PV technology in the building, but
responsible for maintenance and cleaning— 14,17,18 it seems that some of them can be
renter, owner, owner’s association, etc.? handled easier than perceived by

some architects

. There are some variants of
V. Lack of diverse products with reasonable price PV products with competitive
with reliable after-sale services 12,15, 24 prices in the market, but they are
struggling to find their rote-to-mar-
ket.
o A guideline for the archi-
VI Lack of knowledge and experience among ar- tects, including all the steps needed
chitects and designers 24 for the use of PV in a building, can
help to address this issue.
. Considering the 50-75 years
VIL.  Shorter service life of PV modules compared to lifespan of the average building in
buildings difference between 6,12 Europe, and the 25-30 years for a
PV module, the product will need
to be replaced at least once
Quotes
o Architect 18: “In the dwelling, logically, the housing associations would be responsible for PV mainte-

nance; maintenance is one of the reasons why architects often put PV separately on the roof.” (referring to V)

. Architect 24: “PV was not really made for facade application; it is tough to find the right product to make
a fagade. With PV, the building would look black or blue, and people would not like it.” (referring to V)

. Architect 16: “Designers may work with this material in order to see what specific qualities it holds or
what potential it has. Photovoltaic technology is quite advanced, yet architecturally, PV products are a bit
clumsy, and more experimental product development is needed.” (referring to VI)

PV and Architectural Design

Design Process

I The earlier PV comes into the design process,
i it i i 16, 22, 25, 26
the better it would fit into the design concept. . A conclusion can be derived
that the question of where to apply
1L PV could always be considered even after fin- PV is relative to the question of

ishing construction, such as roof application or when to think about using it and
when you want to use it as an external shading 14, 24, 28 which product to use.
component

Quotes

o Architect 21: “Instead of putting a solar panel on a sloped roof, which is not nice, or printing it as a pat-

tern on the facade, the designer should start working with it during the design process and consider its size and
texture when designing the fagade”. (referring to I)

. Architect 28: “In some buildings, PV comes last in the building process; so, it can be added on. Moreover,
if the PV modules were not integrated into the building, such as by placing it on the roof, it’s easily able to be
replaced or upgraded.” (referring to II)

Building sur-

L Application of PV on the roof is more practical

. . . . . It is perceived that the easi-
and easier with installation, maintenance, clean- 5 12 25, 28

est option for PV is using it on the

ing, and replacement roof space, and the demand for

face to apply
PV

- — - higher yield seems to be the main
IL When applying PV on a facade, it is more im- driver for thinking about other sur-
portant to be careful with design and aesthetics;

faces. The designer can be prag-
in an urban area, it is difficult to integrate it as 10,29

matic about using a standard low-
part of the architecture cost, high-performance product.




Buildings 2021, 11, 62

14 of 25

II.  Inbuildings that the PV is not part of the main There is a minimal complaint re-
concept, it comes last in the design and then it is 2% garding the ugliness of the stand-
placed on the roof ard panels, as they are only seen

from a top-down view.

Quotes

. Architect 25: “Based on calculations when there is enough space on the roof, the designer puts the PV
there. This is the best solution if the client thinks that the PV panel is ugly.” (referring to I)

. Architect 27: “We believe that the facade should not only be utilized as thermal insulation for the build-
ing but also to generate energy and communicate and interact with the city and environment.” (referring to II)
. Architect 28: “When displaying a building’s ability to produce energy is important, a transition occurs in
the design where PV is slowly removed from the roof and comes to facades.” (referring to II)

L Making compromises and adaptation is a part
of the responsibilities of the architect and, as 14, 16
they were used to it, found it easy to do so

J Creating a balance between
the energy yield and aesthetical
values is directly linked to the

overall cost of the system, which is

1L If PV considered from early staged, the adapta- one of the bottlenecks with the use
Energy yield vs tion of design would be needed 23 of PV technology in  rchitecture.
design
Quotes
. Architect 16: “Architects modify materials in order to make it fit in with the design; adapting a design
depends on what kind of limitations the architect is confronted with”.
. Architect 23: “Architects have to be creative when selecting a technology and adapt it from the beginning
and make it simple in order to encourage others to use it”.
L It depends on the design concept and it is the
architects say to hide or expose PV 15
1L When the design is strong enough, and panels
are a part of the design, it is fine to have the PV 18,28, 30
visible as a seamless building service. . -
o Architects opinion on the
visibility of PV is diverse, and it is
1L Visibility of the PV system is important because difficult to make a clear statement
it is a new technology and that the building 7 on their preferences. However, it
should achieve a unique look using it can be concluded that if the PV
product is tangled as part of the
1v. It is up to the client or project owner to decide design concept, there are fewer
on the visibility or when the project’s concept concerns with the visibility of the
Visibility of PV ce.r‘ltre? Wlthm the use of green energy and sus- 20,24 system.
. . tainability
in design
V. Within the intercity refurbishment projects with
municipal restriction, we need to hide PV in the 24,26
design concept
Quotes
. Architect 16 mentioned “Of course people often try to say that if I invest in it, I want to show the world

that I am doing the right thing. That is good for the first phase when people want to demonstrate that they are
responsible citizens of this planet, but that’s not the end goal. The end goal should be that PV becomes an evi-
dent element in a building and that, for me, it is not necessary to expose the fact that it's a PV panel.” (referring
to IV)

. Architect 14: “The solar cell should be considered as part of a family. Designers must view it as a group of
words that must be assembled into a sentence by the architect. It must fit into the systematic process of the pro-
ject, and the system’s productivity has to be in balance with its beauty. It is an interesting challenge.”
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J A majority of these architects
were not aware of new technologi-

cal developments within PV manu-
facturing. This indicates a large gap

I Architects are limited to what suppliers possess, between science and the market
which are modules that come in either black or 28 Others who were aware of recent
blue with a thick aluminium border advancements mentioned that

these developments increase the
overall cost of the PV system and
make it less appealing for inves-
tors.
1L Semicustomisable PV module can be a good so- R This suggestion seems to be
lution—PV modules where generic modules are ideal for both parties to maintain
produced using a standard process but can 23,30 the standard production line and
have additional features added to them after the allow particular optional feature
order. upon delivery
1L Among the participants, around 17% preferred
Expectations of standard PV modules, 40% asked for custom- ° Based OTT the design concept
PV Products ized PV modules, and around 43% mentioned _ and role of PV in the project, both
that both types (standard and customizable) standard PV modules and customi-
products should be available zable systems are needed.
Iv. Interviewees express the important physical
features of a PV module: . The industry should seek to
* color9.1% . develop and manufacture standard
¢ tr.ansparfncy 84.6% PV modules that come in a diverse
¢ sie 76.'9%’ ) range of sizes and colours that
¢ reﬂe_cflfnty 76'(? o make it easier for architects to uti-
* flexibility 42.3% lize them in their designs
o weight 30%
Quotes
. Architect 1: “This is a problem shared with other building materials, too; standard varieties exist that are

cheap and always in stock, but once you need to deviate from the standard model, cost and manufacturing time
increase dramatically.” (referring to I)

o Architect 30: “Photovoltaic panels are a new technology, and are going to improve in the future. PV will
improve and arrive at a level where clients no longer argue with architects on why PV is included in the design,
but rather why it is not included.”

3.2.1. Drivers and Barriers

In the first step, interviewees were asked what factors could drive them to utilize PV
in their projects. The respondents outlined their perceived obstacles and bottlenecks in
their decision-making.

External incentives and regulatory frameworks were perceived to play a crucial role
in most cases of adoption of PV in buildings. Architect 28 believes that government incen-
tives and legal frameworks for promoting PV in buildings are the only way to convince
investors to use PV.

From the other side, the majority of architects mentioned that the investment needed
to use PV had been the most significant consideration. Not only the cost of the PV panels
themselves but also the cost of labor required to install and maintain them will increase
total building costs. This is especially true when an architect suggests involving nonstand-
ard PV in their design; decision-making for the investor becomes much more difficult as
the payback period is extended.
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Architect 14 also mentioned hindrance factors for architects surrounding legal issues
in terms of responsibilities and guarantees regarding the PV product. Some doubt was
raised several times by the architects about the responsibility for cleaning and mainte-
nance of the module: the building owner, building operator, or tenant. This issue influ-
enced the building design; sometimes, the architect preferred to install PV on the roof to
solve these problems.

Lack of diverse products with reasonable prices was also mentioned as a hindrance.
The image of the current average PV is the stock-standard modules that are used in large-
scale solar parks, which also find popularity with single-family houses with pitched roofs.
Considering this perception, several architects indicated that the issue lies with the lack
of products. The research team reflected that various products are available, but due to a
lack of knowledge, these technologies are perceived as expensive and not commercially
available. This perception includes lack of trust and credibility regarding quality assur-
ance of PV products.

Lack of knowledge and experience among architects and designers is mentioned as
another limiting issue. Despite the fact that the electrical and technical design of the sys-
tem would be handled by an engineering team, similar to other areas of building design
(e.g., structural, mechanical), architects need to understand and be familiar with the basics
of the system in order to have a leading role in the design and decision-making process.
A guideline for architects, including all the steps required for the application of PV in a
building, can help to solve this issue.

To sum up, from the architects who have not used PV in their projects, more ques-
tions, doubts, and considerations were raised. The majority of these concerns are valid
and showed the complexity of applying PV technology in a building. However, the archi-
tects who already had adopted this technology raised fewer of these challenges. It means
some of the challenges can be handled easier than perceived by some architects. On the
other hand, the complexity to implement PV technology in the building is still evident.
This will be especially true if it is to be a part of the building system itself. This influences
architects to keep PV as an independent system, treating it as an add-on to the building,
in order to ease the difficulties.

3.2.2. PV and Architectural Design
A. Design Process

While there was no mutual consensus among the respondents, there was an apparent
belief that PV should be introduced as early as possible in the architectural design process.
Such an approach matches with the responses received from Group A.

There were, however, those opposed to this. They argued that they could always
consider using PV even after finishing construction, such as a roof application or an ex-
ternal shading component.

Such polarized opinions on this issue show the interrelations and complexity of de-
cision-making, such as some architects linking the question where to apply PV to when to
consider using it. These findings verify that there is a direct link between the moment
when PV is introduced to the concept and design process, the suitable PV product, and
the surface used for the application of PV.

B. Building Surface to Apply PV

On the question of where PV should be installed, many interesting ideas were posed.
As mentioned previously, some architects insisted on utilizing the practicality and ease of
installation when the PV module is mounted on the roof. Based on the responses received,
in the situation that PV is placed on the roof, the designer can be pragmatic about using a
standard low-cost and high-performance PV product. There is minimal complaint regard-
ing the ugliness of the standard panels as they are only seen from a top-down view.

In contrast, concerns arise when the PV modules are placed on the facade, as these
are difficult to blend as a part of the architecture. However, when the space on the roof is
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limited, the architect is forced to give it a chance. Architect 27 brought up another reason
for mounting the PV on the facade: “We believe that the fagade should not only be utilized
as thermal insulation for the building, but also to generate energy and communicate and
interact with the city and environment”. In addition, the client’s desire to advertise a sus-
tainable building was also noted.

To sum up, the choice to put PV on the roof, hidden from the visitors” views, seems
to be popular response from the architects without experience. It gives less responsibility
to the designer and allows the system to be independent and separable.

C. Energy yield vs. design

As explained earlier, in order to use PV in design, on several occasions, architects
needed to make a compromise between the functional performance of the PV modules
and their design concept. The following section presents the architects’ view on this issue.
Few of them mentioned that making compromises and adapting are a part of the respon-
sibilities of the architect and, since they were used to it, found it easy to do so.

Some others believed that if PV was considered from the beginning of the design
process, there would be no need to adapt the design later.

To conclude, making a balance between the energy yield and aesthetical values in a
project is directly linked to investment and payback period of the system. Indeed, this
issue seems to be a one of biggest bottlenecks of using PV technology in architecture.

D. Visibility of PV in design

In another part, the respondents were asked about the visibility of PV in the design
concept. Similar to the first group with experience, the second group gave a range of var-
ying feedback.

Some architects responded that it depended on the design concept itself, whether or
not the photovoltaic cells were to be visible. They believed that when the design is strong
enough, and panels are a part of the design, it is fine to have the PV visible as a seamless
building service. Some of these architects believed that visibility of the PV system is im-
portant because it is a new technology and that the building should achieve a unique look
using it. It could be the case that the client and project owners want the PV to be seen, as
they have monetarily invested in it and wish to show it off and use it for external commu-
nication.

Some others were in favor of hiding PV in the design concept. They argued that, es-
pecially on listed buildings or in the intercity refurbishment projects where municipal re-
strictions apply, PV changes the appearance of the building, and so, it should not be visi-
ble. For these projects, there is an apparent demand for the development of PV products
that resemble or replicate conventional building materials.

Indeed, the feedback received verified that the opinion of architects on the visibility
of PV is diverse, and that it is difficult to make a clear statement on their preferences.
However, it can be concluded that if the PV product is tangled as part of the design con-
cept, there are fewer concerns with the visibility of the system.

3.2.3. Expectations of PV Products

In the following part, results regarding the interviewees” expectations of PV products
are presented. The majority of respondents spoke more on the physical characteristics of
the modules and less so on the technical performance. Architect 16 mentioned that “Cur-
rent PV is modern and developed from a technical perspective, but it would be good if
developers take the product’s beauty into account”. The majority also mentioned that, in
order to use PV in the building, customizability of the product is essential. Several archi-
tects complained about the physical limitations of current PV modules, considering it a
challenge to include them in the design. However, a majority of these architects were not
aware of new technological developments within PV manufacturing. This indicates a
large gap between science and market. Others who were aware of recent advancements
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mentioned that these developments increase the overall cost of the PV system and make
it less appealing for investors.

To conclude, it is clear that for projects where the architect is faced with a limited
budget, a stock-standard PV product is required that can be ordered off-the-shelf. In pro-
jects where architects are less burdened with spending restrictions, however, they would
enjoy the choice of being able to utilize custom-built modules, tailor-made to suit the pro-
ject at hand. The industry should seek to develop and manufacture standard PV modules
that come in a diverse range of sizes and colors that make it easier for architects to utilize
them in their designs with limited budgets.

3.3. Understanding of Integration

In the context of using PV technology in the building, there is an emphasis on the
integration of PV technology. The term BIPV (building-integrated photovoltaics) is used
in the field of application of photovoltaic technology in buildings. Since integrated is an
important issue that has a high impact on building design: what does integration mean to
designers and what kind of applications can be considered? There are several definitions
outlined by scientists and practitioners, which have been reviewed by Haghighi et al.
(2020). In this portion, the architects, as stakeholders leading in the design process, were
asked to express their understanding of the subject.

The results have been analyzed and are presented in Table 3.

Table 3. Understanding of integration.

Understanding of Integration

Topics

Description Relevant Quotes

Verbal
definition of Integration

L]
PV being a true element in the design
concept in contrast to it being merely an
add-on element

. Architect 29: “PV is integrated when it looks like it
belongs to the building and is designed in a way that is
not just something that is added to the building design.”
Architect 14: “To integrate is an aesthetic acknowl-
edgement. At the same time, the actual technical compo-
nent (the PV), that is either hidden or exposed, is some-
thing that is brought into the traditional ways of architec-
tural thinking. Once you accept this, you can’t refer to it as
integration; you could consider it a part of the overall pos-
sibilities of the materials you possess.”

. Architect 11: “PV has to serve some architectural
function in addition to its energy generation function—a
rain screen module, for example.”

PV product should serve additional e Architect 16: “Why not have PV panels that are
functions in the building, other than energy structurally sound enough that they become part of the
production, in order to be considered structure itself? They should be incorporated in a way that
integrated the architecture itself is renewed by the new possibilities.

It should be noted, however, that the architecture should
not become a slave to these new possibilities (PV technol-

ogy).”

PV should be treated as another building :
material and not expect it to take over
functions

Architect 20: “PV should be treated as just another
building material, like a brick that is only a brick or a win-
dow that is only a window. PV can be part of the assembly
of the building”.
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Integration of photovoltaics could only be e Architect 9: “ Integrated design process and inte-
achieved if we implement an integrated grated product design and integrated manufacturing all
design process and involve all the parties addressing the fact that all parties should work together
involved from the early stages from scratch to reach an integrated outcome.”

. Architect 30: “When we talk about bricks, we only
talk about bricks. You may get some that are handmade
and are so nice and fantastic, and then you can get ugly
ones that come from factories, which are completely dead
in the structure. That’s the range of it, but we still call it a
. s brick and I think that with photovoltaics, we should just
Integration as a range of possibilities and . . i !

. . . call it photovoltaics, knowing that there is a range of prod-
diverse =~ meaning depending on a2,

. . . ucts that you can use and like.
architectural style, project, local condition, . Y L
. Architect 4: “Integration is such a broad concept. It

has many meanings and has to be defined by the architect
in his own architecture; sometimes PV is more pro-

and design concept

nounced, sometimes less. Sometimes it’s visible, and
sometimes it’s hidden. So, this is not a choice, it’s about a
response to an idea, the idea of a project, and it’s always
going to be different.”

. Architect 6: “Having nice architecture is important,
Against integration in the meaning of but PV should be made a separate element because PV has
unification of PV with design to be replaced in 15-20 years. If it serves other functions, it

will cause many problems for the building.”

Visual examples of inte-
gration

. Case 1: where state-of-the-art colored PV modules were used where the PV cells are nearly invis-
ible and had been used as a cladding product. The architect had also tilted each of the colored modules
to create a pattern on the fagade.

. Case 2: where standard PV modules are used but made a specific shape out of this module, akin

to the scales of a fish

For the majority (more than 70%) of the architects interviewed, the word “integra-
tion” can be defined as “PV being a true element in the design concept in contrast to it
being merely an add-on element”.

In addition, roughly half (around 50%) of the interviewees stated that the PV product
should serve additional functions in the building, other than energy production, in order
to be considered integrated. On the other side of promultifunctionality, there were oppos-
ing opinions with interviewees, who suggested PV be treated as normal monofunctional
element, like other building services or materials.

Another opinion received from two architects was the belief that the integration of
photovoltaics could only be achieved if we implement an integrated design process and
involve all the parties involved from the early stages of a project. A few other architects
described integration as a range of possibilities, depending on the projects, local condi-
tions, and design concept.

One architect, however, was against the idea of integration. He believed integration
is not necessary because PV needs to be replaced and changed earlier than the end of life
of a building and, therefore, should not be unified with it.

As presented, the ideas and opinions of what integration means to the architects were
quite diverse and covered a wide range of stances. It can be said, however, that the ma-
jority of architects, whether directly or indirectly, believe that PV should be a part of the
design concept. In order to understand the visual implication of given definitions and
determining what can be considered “part of the design concept”, we showed pictures of
realized projects to the interviewees. We believe the visual implication of integration is a
quality that cannot be measured in an objective capacity, varying wildly from person to
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person and from project to project. Therefore, the research team reflects this by not pre-
senting the result of the qualitative assessment: which of the presented projects had re-
ceived the most votes in terms of integration by the interviewees. Instead, we asked them
to explain why they consider it integrated or nonintegrated.

In the responses received, despite subjective opinion on the projects, the majority of
the interviewees referred to the same two cases as the example of integration.

One was a project where state-of-the-art colored PV modules were used, where the
PV cells are nearly invisible and had been used as a cladding product. The architect had
also tilted each of the colored modules as to create a pattern on the facade.

The second project took a different approach. The architect had used standard PV
modules but made a specific shape out of this module, akin to the scales of a fish. In con-
trast to the first project, the PV modules are visible, and the architects could easily spot
the modules.

Considering the results presented, the following conclusion can be made: integrated
usage of a PV product in a project does not necessarily require design flexibility in the
product itself. In other words, integration takes into account the design concept as a
whole: it is not necessarily dependent on aspects of the PV product itself, such as the range
of customizability, but rather the creativity and innovativeness of an architect and their
ability to implement PV products properly into a project.

3.4. Decision-Making Factors

This section presents the results from the quantitative assessment of the important
factors in the decision-making process for utilizing PV in buildings. The interviewees
were asked to answer on a scale ranging from 0 to 9 to each of the factors listed, based on
their importance and on the impact of the decision to implement PV in a given project.
Figure 3 presents the average score among all 30 interviewees, ordered from most to least
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Figure 3. Decision-making factors.

The figure illustrates that several factors strongly influence the decision-making pro-
cess when working with PV. Although most of the scores are relatively close to each other,
it can be seen that design and aesthetic aspects of the product and customizability regard-
ing different physical aspects (e.g., shape, color, size,) are scoring higher than other fac-
tors. In terms of significance, the technical performance of the product and financial in-
vestment needed are next. Interestingly, marketing and branding of the PV module scored
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as the least important aspect by the architects interviewed. It is important to note, how-
ever, that a few of the architects consider the branching of companies such as Tesla into
the photovoltaic market has had a noticeable impact on the acceptability of the technol-

ogy.

4. Conclusions

The study presented in this paper investigated the input from architects in regards
to various aspects of architectural photovoltaic applications (APA). Some of this input is
coming from the architects” experience with realized projects and some concern their opin-
ions, perceptions, and other experiences. We utilized the mixed method in this study,
which showed to be a useful approach in collecting input in the form of both qualitative
and quantitative data.

The main results can be summarized by the following points:

. In regards to PV and architectural design, there is a direct link between the time
when PV is introduced to the design concept, the suitable PV product, and the sur-
face used for the application of PV.

. Comparing the experiences of Group A (architects that had applied PV already) and
the insight and perceptions of Group B (architects and other designers that had not)
showed that working with PV technology in practice was not as difficult and com-
plicated as Group B had expressed. It should be noted that the majority of these
realized projects are larger-scale projects and had the background context and
budget necessary for the experimentation with PV. Therefore, Group B’s insights
are still of value and relevant to architects who have yet to utilize this technology in
their architectural designs.

. The findings highlighted several practical considerations for APA that need to be
taken into account within the design concept:

*  Space required for ventilation and cables of modules

* Overshadowing of the modules

*  Window-to-wall ratio, size of building openings

*  Accessibility of the system for maintenance and cleaning of modules
= Safety considerations with PV modules and the supporting structure
=  Weather tightness of the PV system

. This research concludes that versatility in color, transparency, size, and reflectivity
of module products are the most requested options by architects. The industry
should seek to develop and manufacture standard PV modules that come in a di-
verse range of sizes and colors, which make it easier for architects to utilize them in
their designs.

. Regarding the understanding of architects on the concept of “integration”, we
learned that architects are interested in seeing PV as part of the design concept itself.
It is treated as the most important concern. Assessing this quality, however, is
mainly subjective and left to the discretion of the architect. It can be concluded that
beside functional integration, having PV serves secondary functions in the building,
and architectural integration, assimilating PV into the design concept, are aspects
that can be important in determining the scope of integration.

As a reflection, it should be noted that the method applied in this research entails a
time-consuming process, from the design and validation of the questionnaire, via the se-
lection of architects and arrangement of interviews, to the transcription and analysis of
data. Nevertheless, it remains the best suited approach, which can provide a comprehen-
sive view of the topic for different stakeholders of the subject area.

As a recommendation for future studies, it would be enlightening to see an in-depth
analysis of the role that stakeholders and other bodies play in the widespread adoption of
PV technology in buildings.
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Appendix A. Questionnaire Type A
Appendix A.1. Experiences & Lessons Learnt
1.  When and by whom the idea of PV came up within this project?

Appendix A.2. Pre-Design (Decision-Making Process)

What were the main driving force and barrier to the idea of using PV in the project?

What was the role of the different stakeholders in the decision-making process?

Were they any urge of using specific PV product/type? (any technology or integrated)

Was PV part of the design concept of the project? Or was an add-on to final design?

Were there clear preferences to have PVs visible/invisible in the project?

How did you find this product? What channels did you use to find PV product?

To what extent the Design adapted to physical characteristics of PV product? What aspects have

been imposed? Was it your call or market decision?

9. If you were involved in the product development of this product, what would you change/im-
prove?

10. Could there be an alternative way to design with PV in this project?

11. Could there be an alternative fabric to use for PV? (e.g., facade/roof?)

12. What were the challenges/difficulties during construction process working with the PV prod-
uct?

13. How does the owner feel about the experiences of using PV in the project?

14. Overall what are the lessons learnt from using PV in this project?

15. Considering all the issues/experiences (a) would you use PV again in this project? (b) What are

do and don’t as takeaways?

® NGB

Appendix A.3. Understanding of Integration

16. In general, do you think the term “integrated PV” is appropriate for the use of PV in the build-
ing?

17. What would you define it in this context?

18. Looking at the pictures (is printed in large format) of different typologies for the use of PV in
buildings,
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19. Which can be closer to your definition of integration?
20. Which one do you think is a better approach? Or all are fine?

Appendix A.4. Decision-Making Factors

21.

To what extend below aspects can be decisive during the decision making the process for choos-
ing PV product? Scale 1-9 Please consider that some of their values are in contrast with each
other.

o Economic/Financial aspects (e.g., payback period, initial investment, business plan)
. Political/external incentives (e.g., feed-in-tariff, nZEB, sustainability certificates)

o Technical performance (e.g., efficiency, shade resilience, durability)

o Multi-functionality (e.g., shading devices, fenestration, rain screen)

o Aesthetical aspects (e.g., form, homogeneity)

. Customizability (e.g., size, shape, pattern)

o

Sustainability/circularity aspects (e.g., recyclability, embodied energy)
Marketing and branding aspects (e.g., Tesla campaign for tesla roof)
o Other?

Appendix B. Questionnaire Type B

Appendix B.1. Insights and Perceptions

1.

Please select one of your projects in your mind and please mention, would you include one of
these PV products in the project?

\!
WA/
4 VAN

If yes:

2. Considering the same Architectural design, wherein this project would you use PV?

3.  How would this decision influence other aspects of your design?

4. Who (from the different stakeholders) do you think would be against this decision? Why?

5. Could there be an alternative way to design with PV in this project? Could there be an alterna-
tive fabric to use for PV? (e.g., facade/roof?)

6. What challenges/difficulties would you envision during construction process working with a
PV product?

7. Considering all the mentioned issues/problems resolved, would you use PV in your next pro-
ject?

If no: Why?

8. Itis because products are not meeting your expectation? What are your expectations?

9. Don’t you find the use of PV in buildings interesting?

10. What can make PV interesting? Multi-functionality? Different Business Plan?
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11.
12.
13.
14.

Are they expensive? Or what else?
In what situation would you consider using? What could drive you to such a decision?
Who (from the different stakeholders) do you think would be against this decision? Why?

Considering all the mentioned issues/problems resolved, would you use PV in your next pro-
ject?

Appendix B.2. Understanding of Integration

15.

16.
17.

In general, do you think the term “integrated PV” is appropriate for the use of PV in the build-
ing?

What would you define it in this context?

Looking at the pictures (will be printed in large format) of different typologies for the use of PV
in buildings,

18.
19.

Which can be closer to your definition of integration?
Which one do you think is a better approach? Or all are fine?

Appendix B.3. Decision-Making Factors

20.

To what extend below aspects can be decisive during the decision making the process for choos-
ing PV product? Scale 1-9 Please consider that some of their values are in contrast with each
other.

Economic / Financial aspects (e.g., payback period, initial investment, business plan)
Political/external incentives (e.g., feed-in-tariff, nZEB, sustainability certificates)
Technical performance (e.g., efficiency, shade resilience, durability)
Multi-functionality (e.g., shading devices, fenestration, rain screen)

Aesthetical aspects (e.g., form, homogeneity)

Customizability (e.g., size, shape, pattern)

Sustainability/circularity aspects (e.g., recyclability, embodied energy)

Marketing and branding aspects (e.g., Tesla campaign for tesla roof)

Other?

Appendix C. List of Interviewees

Group A: Architects with Realized PV Projects Group B: Other Parties
No Architecture Firm  Interviewee Project No Architecture Firm Interviewee
. De Willem en de Dutch Government .
1  NBA Architect Harold van de Ven .. 16 . Floris Alkemade
Zwijger Architect
2 Sunsoak Jean-Didier Bota Solar 17 Architekturbtiro Ingo Hagemann
Steenackers Hagemann
Mario Cucinella . . . . . .
3 . Mario Cucinella Sino-Italian 18 Van Schagen Arjan Gooijer
Architects
Renzo Plano Felixx Landscape
4 Building Bernard Plattner Paris Courthouse 19 . P Marnix Vink
Architect
Workshop
Renzo Plano Stavros Niarchos
5 Building Giorgio Bianchi . 20 EOC Engineers James O’Callaghan
Foundation

Workshop
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6 Broekbakema Steven Schulze Energy Academy 21 Octatube Mick Eekhout

7  SGP Architects  Simone Giostra GREENPIX, 22 KAAN Architecten Kees Kaan

8 Mecanoo Dick van Gameren De Spakler 23 Marjan van Aubel Marjan van Aubel

9  OZ Architects Wouter Zaaijer Breeze Hotel 24 MVRDV Nathalie de Vries

10  Dam Architect Diederik Dam Europear(lEI;i;e)nt Office 25 Haskoning Architects Sven Spierings

11 Kiss and Cathcart Greg Kiss APS Fairfield PV 26  Braaksma & Roos Job Roos

12 Foster + Partner  Paul Kalkhoven HQ in California 27 Solarix Studio Marloes van Heteren

13 Vanden Berg Dlﬁe‘;i\l;de Hoornbeeck College 28  Superuse Studios Jos de Krieger

14 C.F. Moller Mads Mandrup Copenhagen School 29 Bear-id Tjerk Reijenga
Hansen

15 UNStudio Ger Gijzen Hanwa HQ 30  Arup Architecture  Nille Juul-Sorensen
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