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Introduction

A contemporary building must 
produce energy. From an architect’s 
point of view, solar technology can 
seem intimidating. However, after 
familiarizing with the basics, one 
can design with solar materials just 
like with any other material. Solar 
cells and modules come in lots of 
different shapes and sizes and it’s still 
a fast-evolving industry. In principle 
it is often like building with glass, 
especially when designing a custom 
module.
From a technical, economical, and 
ecological perspective, building 
integrated photovoltaics (BIPV) make 
a lot of sense. This handbook aims 
to help architects integrate solar 
materials into their design workflow. 
It shows the wide spectrum of 
possibilities and gives the architects 
the necessary knowledge to start 
the planning process. In this way 
widespread adoption is possible 
with the same level of architectural 
integration as with any other material. 
The solar industry is a rapidly evolving 
market. Efficiencies and durability 
increase yearly. The fundamental 
building blocks of the modules don’t 
change that drastically.

 A series of solar cells are put together 
to a string of cells and the strings 
are connected to form a module. 
The module has to be protected to 
ensure durability. A module basically 
consists of 3 main layers:
     - Front cover
     - Solar cell layer
     - Rear cover
The materiality of these 3 layers 
affects the visual appearance and 
the technical performance of a solar 
module. When designing a custom 
module, architects can be in control of 
these layers and select the materiality 
best suitable to the project. The 
handbook shows in different chapters 
the technical basics about each 
layer. There are traditionally two 
encapsulation layers in between 
these layers to hold everything 
together. This configuration is called 
a laminate. Other configurations are 
also possible. To alter the appearance 
and texture of the module, additional 
layers may be introduced.
Lastly, the mounting system has to 
be considered. Different options are 
shown in a seperate section in the 
handbook.

cell cell string module series of modules
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Photovoltaics - how it works
‚Photovoltaics‘: invented word composed of 
“photon” (light quantum) and “volt” (the unit of 
electric potential)

The basic elements of a solar power plant are 
solar cell and solar module. The solar cell 
consists of a semiconductor (e.g. silicon). 

If the solar cell is exposed to light, charge carriers 
(electrons) are set free from the crystal lattice and 
carried through the electric field to the contacts. A 
voltage of about 0.5 V occurs. 

In order to achieve usable voltages of 20-50 V, 
cells are connected in series within a module.

In addition, cells are protected against 
environmental conditions such as humidity by 
mechanical means (glass etc.). 

Source: Mertens, Photovoltaik, Hanser

Source: Mertens, Photovoltaik, Hanser

Radiation

Solar cell

Solar module

Source: Detail Praxis: Photovoltaik

 cell		 cell string	    module	 	 series of modules		 	 generator

PV-Module 

Source | 01
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layers in a solar module

PV-cell layer

front cover

optional layer
(textural element)

rear cover

encapsulant

encapsulant

GSEducationalVersion
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Module Fabrication

At first the module fabrication should 
be considered. As mentioned in the 
introduction, the standard way to 
produce a module is to laminate all 
the layers together (laminate). A lot 
of variation and design decisions can 
still be made with this approach. 
The PV-cells can be varied (cell 
variation). PV-cells are available in 
various colours, shapes and with 
different efficiencies. This can already 
alter the appearance of the module 
substantially. 
The other Layers can also be changed 
(layer variation). The materiality of 
the front and rear cover as well as 
an additional layer can also alter the 
colour and texture of the module. 
A different strategy would be to 
design a module for disassembly 
(design for disassembly). The aim of 
this strategy is to plan the eventual 

reuse at the end of a module’s life 
span. The longest guarantees of 
manufacturers today are 30 years. 
PV-cells energy yield degrades 
over time. Additionally, the cell 
technologies available on the market 
improves every year. This means a 
reuse of parts of the module during 
the lifetime of the building is almost 
inevitable. Different assembly tactics 
can be used, for example a sealing 
band. Laminated modules are almost 
impossible to disassemble.
Another strategy is to give the 
module more depth (section depth 
variation). Additional depth can give 
the module a different look and 
disguise the electricity production. 
A surface with more texture is often 
visually more pleasing than clean flat 
surfaces.

GSEducationalVersion

Module

Fabrication
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design for
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cell variation

desgin for disassembly section depth Variation

layer variation

GSEducationalVersion

GSEducationalVersion

GSEducationalVersion
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PV-Cell Layer

For the PV-cell layer there are 2 
core technologies to choose from. 
Wafer-based technologies and thin 
film technologies. Both have sub-
technologies and variants.
The technologies differ in a few key 
factors. They vary in efficiency, cost, 
long term stability, and appearance. 
Some contain hazardous components. 
The wafer-based PV-cells, especially 
the crystalline silicone based ones, are 
currently the most common used PV-
cells. The widespread adoption has 
brought the cost down and improved 
their efficiency. Lots of colours and 
shapes are available. There are also 
less established wafer-based cells 
available. Due to their cost, they are 
typically used for more specialized 
applications, for example in satellites.
Thin-film technologies include 
chalcogenide cells (CIGS, CdTe), 

organic cells (OPV) or dye-sensitized 
cells, and perovskite solar cells. Thin-
film technologies in general are not 
yet as common as wafer-based ones. 
Still, the CIGS cells represent the 
second-most relevant technology 
after the crystalline silicone-based 
cells and offer a few exciting 
advantages. CIGS cells can be glued 
to a bigger range of geometries and 
their homogenous black appearance 
is very discret. Current available 
products contain hazardous elements 
in small quantities (Cd and lead). They 
can reach a similar level of efficiency 
as crystalline silicone based cells. 
OPV and perovskite solar cells are still 
upcoming new cell technologies with 
a high potential. Especially the lack 
of hazardous materials is promising. 
In terms of efficiency, they still lack 
behind the other technologies. 

GSEducationalVersion

PV-cell

layer
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Polycrystalline 
Sillicon

Crystalline silicone cells

Polycrystalline 
Sillicon

Monocrystalline 
Sillicon

Monocrystalline 
Sillicon 
(with conducting foil)

18 - 20%

18 - 20%

20 - 24%

20 - 24%

76 x 76 mm

156 x 156 mm
125 x 125 mm

125 x 125 mm

161 x 161 mm

161 x 161 mm

Efficiency:

Efficiency:

Efficiency:

Efficiency:

26x78mm

var.

110mm wide

76x76mm

156x156mm 1/2
76mm

None

None

None

None 
(Possible to cut)

Polycrystalline 
Silicon

Polycrystalline 
Silicon

Polycrystalline 
Silicon

CIGS

Organic solar cell 
(OPV)
bidirectional
solar tape

15-17%

up to 22%

15-17%

15-17%

>3%

CELL TYPES
Appearance & Size (1:1) Size Variants Type Efficiency

26x78mm

var.

110mm wide

76x76mm

156x156mm 1/2
76mm

None

None

None

None 
(Possible to cut)

Polycrystalline 
Silicon

Polycrystalline 
Silicon

Polycrystalline 
Silicon

CIGS

Organic solar cell 
(OPV)
bidirectional
solar tape

15-17%

up to 22%

15-17%

15-17%

>3%

CELL TYPES
Appearance & Size (1:1) Size Variants Type Efficiency

Monocrystalline  
Silicon
w/o front grid 
lines

125 x 125mm 1/6
20mm

1/2
62.5mm

1/2
62.5mm

1/4
62.5x62.5mm

None

None

1/3
41mm

161x161mm

125x125mm

161x161mm

Monocrystalline 
Silicon
w/o front grid 
lines

Monocrystalline 
Silicon

Monocrystalline 
Silicon

18-22%

18-22%

18-22%

18-22%

CELL TYPES
Appearance & Size (1:1) Size Variants Type Efficiency

Monocrystalline  
Silicon
w/o front grid 
lines

125 x 125mm 1/6
20mm

1/2
62.5mm

1/2
62.5mm

1/4
62.5x62.5mm

None

None

1/3
41mm

161x161mm

125x125mm

161x161mm

Monocrystalline 
Silicon
w/o front grid 
lines

Monocrystalline 
Silicon

Monocrystalline 
Silicon

18-22%

18-22%

18-22%

18-22%

CELL TYPES
Appearance & Size (1:1) Size Variants Type Efficiency

Wafer-based Technologies

When designing with wafer-based 
technologies it’s important to consider, 
that a standard module will always be 
much cheaper than a custom one. 
Crystalline silicone-based cells are 
currently the most common in the 
market and the most developed. The 
manufacturer warranty normally is 25 
years or more. The degradation rate 
of approx. 0.5% per year is also lower 
than with other technologies. The 
silicone-based cells are best suited 

for well oriented building surfaces 
with direct radiation. However, in 
Zurich BIPV is economically viable in 
all orientations.
The individual cells can be connected 
with conventional visible wires or with 
conducting foils and edge connectors 
for a more even appearance.
The following pages show a selection 
of wafer-based cells to give a first 
improession.
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1/2
76m

m

None

None

None

None 
(Possible to cut)

Polycrystalline 
Silicon

Polycrystalline 
Silicon

Polycrystalline 
Silicon

CIGS

Organic solar cell 
(OPV)
bidirectional
solar tape

15-17%

up to 22%

15-17%

15-17%

>3%

CELL TYPES
Appearance & Size (1:1)

Size Variants
Type

Effi
ciency

Thin-film Technologies

CIGS CdTe

OPV
bidirectional 
solar tape

Perovskite

15 - 19% 15 - 19%

10 - 12%

15 - 18%

Thin-film technologies have some 
advantages for façades. A lot of 
the radiation on façades is diffuse 
radiation (even on sunny days). Thin-
film solar cells respond very well 
to diffuse radiation. They are also 
lighter and therefore use less raw 
material which makes them more 
environmental. Their materiality also 
makes them flexible, which makes 

them more suitable for adaptive solar 
configurations.
At the moment they are not as 
common as the wafer-based cells, 
which is why they have a shorter life 
expectancy and a degradation rate 
of approx. 1% per year. Obviously, 
the figures change from product to 
product and will change rapidly in the 
future. 
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Design Possiblities | PV-cell Layer

The spacing and arrangement of the 
individual cells can be changed. The 
only requirement is that the individual 
cells still have to be connected to 
fotm strings and modules.

irregural arrangement

spacing between cells 

Obviously, more space between the 
cells negatively affects the module 
efficiency, but shading, natural light 
and passive solar gains can more 
than compensate  these losses. 

Patterns 

energy-relevant and economic properties of PVShade glazing wereinvestigated by measurement and model-based simulation [112].Fig. 20 shows a so-called Mosaic Module [101,142] [107]. Theconcept of the Mosaic Module allows significantly higher degreesof design freedom than the typical pattern that can be realizedwith conventional crystalline silicon PV cells, by using freely posi-tionable solar cells that are flexible in size from 2 � 2 cm2 to 156 �156 mm2. For this purpose back-contact metal wrap through solarcells (MWT) are used, which have a higher cell efficiency becauseno front contacts are applied which would shadow the cell surface.The cells are contacted via an electrically conductive backsheet,consisting of a polymer backsheet with a copper layer. A pick-and-place production process based on a six-axis robot was usedto ensure accurate placement of the cells, which is importantbecause of the high sensitivity of the human eye to small devia-tions in regular patterns.
Fig. 21 shows the Design2PV module concept [103,41,100]. Thebasic idea is that a PV cell does not have to consist of one contin-uous surface, but that instead a ”cell cluster” of several distinct cellsegments that are connected electrically in parallel can be used.The cell segments can have any shape as long as all cell segmentsare correctly contacted and as long as the sum of the segment areasis identical for each cell cluster. Each cell cluster occupies a certainbase area, which also includes the area between the cell segments.The size of the base area can be different for the different cell clus-ters, which means that even gradients in the coverage density of

cell segments can be realized. This gives architects a high degreeof design freedom. A software tool based on image recognitioncan be used to automatically check whether a pattern complieswith the aforementioned design rules [103].

5.2. Using color to conceal the PV cells

BIPV modules with invisible PV technology can be realizedeither by monochromatic dark modules in cell color (e.g. black)or by colored layers, behind which the also necessarily dark celllayer cannot be seen [42,157,158,162,154]. In the case of black ordark modules in cell color, the fact that the solar cells themselvesare dark is used and all other surfaces in the module are masked bydarkening them to same color. This applies, for example, to thebusbars or the white backsheet of conventional modules. Thismeans that there is no need to apply an (absorbing) painted layerin front of the cells in dark modules, such that the efficiency is onlyslightly affected by the darkening of the module (0% to 3% relativelosses [104]). Fig. 22 shows the example of the 21-storey high-risebuilding Grosspeter Tower [165,159], with a complete BIPV glassfacade with black modules.
Another technical option to achieve invisible PV technology isto place semitransparent, colored layers in front of the PV celllayer. The visual effect of such semitransparent colored layers gen-erally improves when the color of the dark cell layer becomes morehomogeneous. In order to reduce the impact on the efficiency of

Fig. 20. The illustration shows a so-called Mosaic Module [101,142] [107]. The concept allows higher degrees of freedom by using freely positionable MWT solar cells of
different sizes. For the pick-and-place module production process, a six-axis robot was used as shown in the photo on the right.

Fig. 21. Design2PV module concept [103,41,100]. The illustration on the right explains the basic principle. The idea is that a PV cell does not have to consist of one continuous
surface, but that instead a ”cell cluster” consisting of several distinct cell segments that are connected electrically in parallel can be used. The cell segments can assume any
shape as long as they are all correctly contacted and as long as the sum of the segment areas is identical for each cell cluster. The Figure on the lower left shows a first fully
functional prototype module. The Figure on the upper left shows the initial visualization of a BIPV application using Design2PV modules.

T.E. Kuhn, C. Erban, M. Heinrich et al.

Energy & Buildings 231 (2021) 110381

16

two layers of a-Si thin-film PV cells is shown in Fig. 19. The PV glaz-
ing was installed only in the spandrel zone, as this zone is almost
irrelevant for the supply of daylight in areas of the room distant

from the facade. However, the view that it allows downward of
the outdoor surroundings increases the feeling of ”transparency”
indoors. Over the course of several research projects, the technical,

Fig. 17. This Figure shows various BIPV modules using c-Si PV cells as the basic elements of patterns. In the three illustrations on the left, the cells are connected by two
busbars, where nowadays more and thinner busbars would be used. The right Figure shows two cells connected according to a multistring concept. Pictures � Fraunhofer ISE
and Christoph Erban.

Fig. 18. Designing with patterns of conventional PV cells. Compagnie Parisienne de distribution d’TlectricitT, Rue Raymond Losserand, Paris, France.

Fig. 19. The Figure shows the angle-selective PVShade glazing unit based on a-Si thin-film PV cell technology. Two layers of PV cells are integrated into the outer pane. On the
left side, a cross-section of the glazing unit can be seen [111]. The right side shows the element as installed in the spandrel zone of a seminar room in Freiburg, Germany.

T.E. Kuhn, C. Erban, M. Heinrich et al. Energy & Buildings 231 (2021) 110381
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Modules: Colours, Shapes, Transparencies

Source: CSEM, solaxess.ch

Source: www.detail.de

Source: Detail Praxis: Photovoltaik

Source: http://www.solar-constructions.com/wordpress/
transparente-solarmodule/
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Construction

Source: Schittich, Detail Solar Architecture

Technical Data of the PV System

Size 117 m2

Power Output 10,07 kW

Orientation, Inclination South, 90°

Yield app. 6800 kWh/a

CO₂ Savings 1 app. 4000kg/a

Type of Construction post and beam facade with 

aluminium clamping strip

Modules

  Number

  Dimensions

  

  Construction

  Manufacturer

custom-built product

98 

main module: 2115 x 1096 mm

frameless

insulating glass

Saint-Gobain Glass Solar, Aachen

Cells

  Manufacturer

polycrystalline, blue

ersol, Erfurt 

Special Features glare-free while allowing for even 
illumination of the interior space

light-diffusing PVB foil

light transmission direct radiation = 0.0

light transmission diffuse radiation = 0.3

1)  In Germany, the use or feeding into the grid of solar electricity substitutes conventional 
electric power and thereby avoids the emission of app. 0.584 kg CO₂ per kWh.


Source | 02

Source | 03 Source | 04
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Another possibility is to cut the indi-
vidual cells into various shapes. The 
cells can be cut with a laser and then 
arranged in clusters. The only requi-
rement for such clusters is that all the 

PV-cell clusterPV-cell seperation

Module with custrom wafer shape

segments are correctly contacted and 
that the total area of the segments in 
the clusters is the same. Connection 
between the segments can be achie-
ved with parallel wires. 

Separation

energy-relevant and economic properties of PVShade glazing were
investigated by measurement and model-based simulation [112].

Fig. 20 shows a so-called Mosaic Module [101,142] [107]. The
concept of the Mosaic Module allows significantly higher degrees
of design freedom than the typical pattern that can be realized
with conventional crystalline silicon PV cells, by using freely posi-
tionable solar cells that are flexible in size from 2 � 2 cm2 to 156 �
156 mm2. For this purpose back-contact metal wrap through solar
cells (MWT) are used, which have a higher cell efficiency because
no front contacts are applied which would shadow the cell surface.
The cells are contacted via an electrically conductive backsheet,
consisting of a polymer backsheet with a copper layer. A pick-
and-place production process based on a six-axis robot was used
to ensure accurate placement of the cells, which is important
because of the high sensitivity of the human eye to small devia-
tions in regular patterns.

Fig. 21 shows the Design2PV module concept [103,41,100]. The
basic idea is that a PV cell does not have to consist of one contin-
uous surface, but that instead a ”cell cluster” of several distinct cell
segments that are connected electrically in parallel can be used.
The cell segments can have any shape as long as all cell segments
are correctly contacted and as long as the sum of the segment areas
is identical for each cell cluster. Each cell cluster occupies a certain
base area, which also includes the area between the cell segments.
The size of the base area can be different for the different cell clus-
ters, which means that even gradients in the coverage density of

cell segments can be realized. This gives architects a high degree
of design freedom. A software tool based on image recognition
can be used to automatically check whether a pattern complies
with the aforementioned design rules [103].

5.2. Using color to conceal the PV cells

BIPV modules with invisible PV technology can be realized
either by monochromatic dark modules in cell color (e.g. black)
or by colored layers, behind which the also necessarily dark cell
layer cannot be seen [42,157,158,162,154]. In the case of black or
dark modules in cell color, the fact that the solar cells themselves
are dark is used and all other surfaces in the module are masked by
darkening them to same color. This applies, for example, to the
busbars or the white backsheet of conventional modules. This
means that there is no need to apply an (absorbing) painted layer
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slightly affected by the darkening of the module (0% to 3% relative
losses [104]). Fig. 22 shows the example of the 21-storey high-rise
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Another technical option to achieve invisible PV technology is
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layer. The visual effect of such semitransparent colored layers gen-
erally improves when the color of the dark cell layer becomes more
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Front/Rear Cover

Like all parts of the module, the front 
and the rear cover fulfill functional 
as well as aesthetical functions. The 
front and sometimes the rear cover 
are directly visible and therefore play 
a huge role in the appearance of the 
module. They also have to withstand 
environmental forces. In certain 
applications they even need to fulfill 
fireproofing regulations. They must 
fulfill these functions at a reasonable 
cost and yield the maximum possible 
amount of electricity. 
Therefore, the most commonly used 
material for BIPV is glass. Glass is 
highly transparent, mechanically 
stable, non-combustible, and well 
known within the building industry. 
In simple terms, building with BIPV 
is like building with glass. When 
using a glass front and back cover, 
a BIPV module can be classified as 
laminated safety glass. Similarly to 

other applications with glass, it’s 
surface can be structured, coated, 
or finished with various effects. For 
example, structured glass is great to 
reduce glare and reflections. 
Even though glass can be recycled, 
it needs a lot of energy to produce, 
which harms it’s environmental 
footprint. Polymers offer a great 
alternative. Various sorts of polymers 
or polymer compounds can also 
provide enough protection from 
environmental impacts, but are 
much lighter and with less embodied 
emissions. Polymers are currently 
hard to use when strict fireproofing 
regulations apply. Additives can be 
used to achieve certain properties, 
for example to increase the module‘s 
protection against wear and tear. 
Additionally, there are pigments 
which are used to achieve a coloured 
impression. 
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Mounting Systems

Solar modules can be mounted in lots 
of different ways. Most importantly, 
the mounting system has to provide 
ventilation from the back to prevent 
efficiency loss caused by overheating. 
Battens and counter battens are 
commonly used to achieve this.
The connections between modules 
can also be made in the ventilation 

space. The visible fixtures can be 
project specific. In general, the more 
complicated, the more expensive 
it will be. Four possible mounting 
systems for modules are shown 
below. 
More construciton examples can be 
found at https://solarchitecture.ch

6.2. Constructional integration of the modules into the building
envelope

The front cover of BIPV modules can be made of either glass or
polymer material. Products with a polymer front cover are often
used in roofing membranes or firmly bonded to other components.
In most BIPV applications, however, glass front covers are used and
the module is often designed as a glass-glass module. Therefore,
this chapter focuses on constructional integration of BIPV modules
with a glass front cover.

In general, there are no fundamental technical difficulties with
the constructional integration of BIPV systems into the building
envelope. Technical solutions are commercially available. The chal-
lenge is that BIPV systems have to be planned interdisciplinarily
across trades, that consequently responsibility is often spread over
several shoulders and that some actors are not yet familiar with
such components. Hence, the planning and installation of a BIPV
system is not always fast, reliable or cost-effective. Conflicting
requirements originating from guidelines and regulations issued
by different independent institutions are another aspect that can
lead to difficulties in planning, manufacturing and installation.
Important requirements and corresponding organizations are:

� Minimum requirements for the service life of (BI) PV products are defined in the international standard IEC 61215 [120,126]. They are de facto binding
in many cases since banks often require this IEC certificate as security when granting a loan.

� Minimum requirements for the electrical safety of (BI) PV products are defined in the international standard IEC 61730 [121,122]. The electrical sys-
tem is treated in IEC 62446 [123]. These requirements are internationally agreed and accepted: normally no additional local electrical product safety
regulations are added (see e.g. Low Voltage Directive 2014/35/EC [124]).

� A precondition for the marketing of construction products is the proof of conformity with the corresponding standards for construction products
and the documentation of conformity with these standards and the specification of performance metrics via product labelling (see e.g. the rules of the
US National Fenestration Rating Council (NFRC) or the European Construction Product Regulation CPR 305/2011 [125] for ”CE-marking” in Europe).

� The permission to use a construction product at a specific location for a specific construction type is determined by national or local (e.g. federal)
construction authorities [139]. Examples of specific local requirements are post breakage integrity requirements. While several glass-glass BIPV mod-
ules meet the product requirements for laminated safety glass according to EN ISO 12543 [134], some of them do not meet local requirements (e.g.
[135–138] in Germany) for post breakage integrity, which must ensure that no one can fall out of the building, even if the product was already broken
before impact. Hereby, the post-breakage integrity is strongly influenced by the support system, the breakage characteristics of the glass and the sta-
bility of the embedding material (e.g. laminating interlayer) used, together with the processing conditions during manufacturing. Glass qualities,
which break into large pieces, such as (partially) heat-strengthened glass [130], are particularly important here.

� Additional safety guidelines are often defined by insurance associations, e.g. by employer’s liability insurance associations, which are part of manda-
tory insurance policies for employers. In some cases, this adds e.g. indoor post-breakage safety requirements, even for category D-2 of Table 4.

� Additional characteristics might be required for Environmental Product Declarations, for the assessment of the environmental performance of build-
ings and for the certification of the sustainability of buildings (see e.g. LEED [138], BREEAM [132], and DGNB [133]).

Fig. 26. Renovation of the Hanwha Headquarters building in Seoul, South Korea. The facade has been designed by UNStudio. This building shows an example of a facade in
which the BIPV modules were not arranged vertically. The inclination of the modules increases the electrical yield. The concept and the ideas behind the design are explained
in [115,116]. Pictures UNStudio, Amsterdam, the Netherlands.

Fig. 27. Common support types for glazing elements [119], pictures �Haldimann.
The single glass pane shown in the figure is to be replaced by a BIPV-module.
Additional requirements may have to be considered for the case of structural
sealant glazing (SSG) or point fixings to ensure mechanical safety (e.g. front cover
and back cover bonded separately to the sub-structure) and electrical safety
(sufficient safety distance between holes and electrical components).
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� Minimum requirements for the electrical safety of (BI) PV products are defined in the international standard IEC 61730 [121,122]. The electrical sys-
tem is treated in IEC 62446 [123]. These requirements are internationally agreed and accepted: normally no additional local electrical product safety
regulations are added (see e.g. Low Voltage Directive 2014/35/EC [124]).

� A precondition for the marketing of construction products is the proof of conformity with the corresponding standards for construction products
and the documentation of conformity with these standards and the specification of performance metrics via product labelling (see e.g. the rules of the
US National Fenestration Rating Council (NFRC) or the European Construction Product Regulation CPR 305/2011 [125] for ”CE-marking” in Europe).

� The permission to use a construction product at a specific location for a specific construction type is determined by national or local (e.g. federal)
construction authorities [139]. Examples of specific local requirements are post breakage integrity requirements. While several glass-glass BIPV mod-
ules meet the product requirements for laminated safety glass according to EN ISO 12543 [134], some of them do not meet local requirements (e.g.
[135–138] in Germany) for post breakage integrity, which must ensure that no one can fall out of the building, even if the product was already broken
before impact. Hereby, the post-breakage integrity is strongly influenced by the support system, the breakage characteristics of the glass and the sta-
bility of the embedding material (e.g. laminating interlayer) used, together with the processing conditions during manufacturing. Glass qualities,
which break into large pieces, such as (partially) heat-strengthened glass [130], are particularly important here.

� Additional safety guidelines are often defined by insurance associations, e.g. by employer’s liability insurance associations, which are part of manda-
tory insurance policies for employers. In some cases, this adds e.g. indoor post-breakage safety requirements, even for category D-2 of Table 4.

� Additional characteristics might be required for Environmental Product Declarations, for the assessment of the environmental performance of build-
ings and for the certification of the sustainability of buildings (see e.g. LEED [138], BREEAM [132], and DGNB [133]).

Fig. 26. Renovation of the Hanwha Headquarters building in Seoul, South Korea. The facade has been designed by UNStudio. This building shows an example of a facade in
which the BIPV modules were not arranged vertically. The inclination of the modules increases the electrical yield. The concept and the ideas behind the design are explained
in [115,116]. Pictures UNStudio, Amsterdam, the Netherlands.

Fig. 27. Common support types for glazing elements [119], pictures �Haldimann.
The single glass pane shown in the figure is to be replaced by a BIPV-module.
Additional requirements may have to be considered for the case of structural
sealant glazing (SSG) or point fixings to ensure mechanical safety (e.g. front cover
and back cover bonded separately to the sub-structure) and electrical safety
(sufficient safety distance between holes and electrical components).

T.E. Kuhn, C. Erban, M. Heinrich et al. Energy & Buildings 231 (2021) 110381

20

lineary supported
(two, three or four sided)

local edge supports

structural silicone 
sealant

local point supports

Source | 02
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Electricity Yield

At an early design stage, the exact 
electricity yield might not be very 
important. To get a rough estimate, 
there are a few things to consider. 
Firstly, the global radiation (G), which 
is 1200 kWh/m2 per year for Zurich. 
Secondly the orientation of the 
surface of the modules (FF). Thirdly, 
the module Surface (A) and fourthly, 
the module efficiency (   ). The module 
efficiency is manly dependent 
on the cell technology, the cover 
materials used and the spacing of 
the individual cells. Lastly, everything 

gets multiplied with the performance 
ratio (PR). It accounts for losses within 
the entire system, such as reflection 
losses, module contamination, snow 
coverage, shading, and distribution 
losses. Well planned roof systems 
achieve a performance ratio of 
app. 75%. Façade systems normally 
realize a performance ratio bellow 
70% due to unfavorable conditions. 
For a more detailed calculation go to 
PV-GIS (https://re.jrc.ec.europa.eu/
pvg_tools/en/tools.html#PVP).
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Input C – Scaling up your small module and exploring the potential building expression of BIPV  
 
 

 
Overview: 

 
In this module, you will be introduced to approaches for architectural integration. You will be asked to visualize 
how your design strategy might be integrated into a building volume and to consider how PV integration impacts 
or could impact building expression. 
 

 
Objectives: 

 
1) To be able to scale up your module graphically. 
2) To be able to integrate your module graphically on an appropriate building volume(s). 
3) To be able to calculate the expected electricity production of your integrated PV solution.  
4) To be able to discuss your design choices and the expressive impact/potential impact of your approach. 
 

 
Input: 

 
You will get introduced to typical PV panel sizes, examples of panel configuration and architectural integration 
and how to estimate yearly/monthly electricity production. 
 

 
Exercise: 

 
1) Scale up your panel size using photoshop or indesign, etc. 
 
2) Select an existing building from the Details inspiration section, using the filters ‘Switzerland’ and ‘Zurich’. (You 
all have access through your library account. There you can select a case study project of your choice. Plans, 
sections and a perspectives are provided.   
 
https://inspiration.detail.de/projekte.html?country=586cea81c8211&city=Zurich&query=&attrib-filters=&cdate-range-from=&cdate-range-to= 

 
 
3) Apply your pv module to the building form you have selected. (ie. You can create 3D wireframe model from the 
plans and sections provided, or create a photoshop collage, etc.) 
 
4) Calculate the electricity production. 

 
 
Output: 

 
Using the provided layout guide, drop in renderings of your scaled up PV module and provide building 
perspectives which best show the application and integration of your scaled up module. Write a short text (3-5 
sentences) describing the synergistic relationships between the application of your module, the choice of building 
type and function. Consider how your module alters or might potentially define the building expression. 
 

 
Upload: 
Date / 03.26  
Time / 10:30 

 
1) Submit your packaged layout files (pdfs, idml., indd + linked images) to the Schlueter student server  
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Module Efficiency:

Electricity Production:
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Input A – Understanding the material components of photovoltaics 

 
 

 
Overview: 

 
In this module, you will be introduced to the material assembly of a photovoltaic panel. 
 

 
 

 
Objectives: 

 
1) To understand the main elements of a photovoltaic component. 
2) To be able to measure the optical efficiency of your  selected material combination. 
3) To be able to estimate the PV module efficiency 
 

 
Input: 

 
You will get introduced to PV fundamentals, material limitations, performance, transparency, as well as PV design 
basics including material properties and how to measure the optical efficiency of your selected material 
combination. 
 

 
Exercise: 

 
1) Select materials 
2) Take photo of each material in plan. 
3) Measure the transparency (optical efficiency fcover) of your selected material combination. 
4) Estimate the efficiency of your PV module via the following calculation method (ηPV). 
 

 
 
Output: 

 
Using the provided layout guide, drop in your photos and enter your measurements, both measured and 
calculated. Templates are located on the Schlueter student server. 
 

 
Upload: 
Date / 03.22 

 
1) Submit your packaged layout files (pdfs, idml., indd + linked images) to the Schlueter student server  
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Energy- and Climate Systems III
21

Placing PV Modules on the Building Envelope

Relative annual irradiation on surfaces with different orientations in relation 
to the horizontal axis

Source: Detail Praxis: Photovoltaik Source:Roberts, Guariento: Building integrated photovoltaics / a handbook, Birkhäuser

Options of placing PV on the building envelope

North

East 
(West)

South

type of installation

facade

pitched roofflat roof

roof sun shading

static systems dynamic systems

on the roof roof-integrated on the roof roof-integrated ventilated 
facade

non-ventilated 
facade

glass roof fixed slats
 sliding 
elements

movable slats


relative annual irradiation on surfaces with 
different orientations in relation to the hori-
zontal axis in Zurich (FF)

typical efficiencies of PV-technologies (     )
https://www.nrel.gov/pv/module-efficiency.html

GSEducationalVersion

Monocristalline silicone Polycristalline silicone
GIGS

CdTe

Perovskite OPV

20 - 24 % 18 - 20 % 15 - 19 %

15 - 18 % 9 - 11 %

Amorphous

Silicon

5 - 9 %
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GSEducationalVersion

normal glass low iron glass structured glass

fibre glass colour layer

 70 - 85 % 80 - 95 % 70 - 85 %

75 - 85 % 50 - 70 %

polymer

80 - 95 %

Source | 01
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Cost Calculation

The cost is always a key factor in 
the building industry. Solar systems 
are always connected with higher 
investment costs, but when the 
location is good, the investment will 
be amortized within 5 to 10 years. A 
solar system usually is profitable.
If a solar installation is cost effective 
is dependent on location and 

orientation of the modules. The 
better the orientation, the faster the 
amortization. The swiss government 
does subsidize the cost of a solar 
system and there are tax savings 
as well. A great first cost estimate, 
especially for renovations, can be 
done at www.sonnendach.ch. 

amortization:  5 - 10 years

net investment cost:  200 - 300 CHF/m2

350 - 700 CHF/m2

roof system (standard)

(with good orientation)

facade system (custom)

Key factors
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Examples from the BIPV Workshop
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Section @ same scale
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Section Photo or Section Concept Sketches 

Butyl cord seperates EVA glue from the cell

ETFE foil

Induction coil

Solar cell

Adhesive layer

Butyl cord

ETFE foil

ETFE

ETFE

EVA

Butyl cord

Bytul cord

0.2
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Design Stategy
The cell is in a waterproof bag and is protected from 
the glue by a plastic cord. The cells can be expanded 
to whole modules. The current is transmitted via 
induction to not have to penetrate the shell of the 
module.

The very thin waterproof unit can be mounted 
between to layers that protect against mechanical 
forces.

The functional separation of waterproofing and 
protection against mechanical forces allows the cell 
to be removed from the module without damage.
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Moving module
due to the functional separation of waterproofing and 
mechanical protection, the single cell can be removed 
from the module. inductance coils transmit the 
current so that no openings in the module are 
required

the long, srtipe shaped modules can work as curtains 
in the building by agps architecture.

the replacement of the curtains with the moduel 
strips extends the shading with production of 
electricity

MODULE C // TEAM 8
Stricker & Endres
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Porous PV 
This semi-transparent PV module is a 5 cm thick panel 
containing cones with a reflective inner surface, 
which concentrate the sunlight onto smaller, highly 
efficient multi-junction PV cells.

From the outside, the reflection of the PV cell in the 
cones creates a mesmerizing effect. The appearance 
changes depending on the view angle.

The backside of the round solar cells is covered with 
colored circles. Together with the visible cones and 
the cone shadows, it results in a playful visual 
composition, changing with the movement of the sun.

The module is suitable for glass facades, windows and 
skylights. 

MODULE B // TEAM 2
JOSIEN DE KONING & LUCAS LAMBERTI
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For Module C we chose the residential and commercial 
Building of Schlotterbeck. It is an extension to a 
protected Building, therefore we only worked on the 
new structure. 
We tried to replace the thin prefabricated fiber 
concrete elements with PV panels. We kept the 
original composition of the facade. With slight 
diffrences in color of the PV panels we highlighted the 
depth variantions of the facade. 
The ornament glas face of the panels can give a 
elegant texture like the fiber concrete elements. 
The different color to the original changes the 
apperance, but with our panel design there are a lot of 
diffrent color options. 

MODULE C // TEAM 4
Leandro Barroso & Ralf Zwahlen
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Layer Variation
& Design for Disassembly
The elements are formed out of a PV module and an 
additional layer of ‘Ornamentglas’ added to the 
module.
Module
• Conceived for disassembly, cells are not soldered 

into an adhesive sheet
• PV cells mounted on the backsheet.
• Front conver (texturized glass) is mounted on a 

sealing band (and has space between itself and the 
PV cells)

Ornamentglas
• Attached to the modules with brackets

Play of light and textures by overlaying different 
textured materials

MODULE B // TEAM 4
Nahuel Barroso & Ralf Zwahlen
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