
 

 

 
 
 
 
Contract No. 019718 ( SES )  
 
PERFORMANCE 
 
A science base on photovoltaics performance for increased market 
transparency and customer confidence 

 
Integrated Project 
 
Priority 6.1.ii – Sustainable Energy Systems 
 
 
 
D6.1.1 Current state-of-the-art and best practices of 
BIPV 
 
 
 
 
Due date of deliverable: month 6 
 
Actual submission date: 2007-07-15 (YYYY-MM-DD) 
 
Start date of project:  2006-01-01 Duration: 48 months 
 
Organisation name of lead contractor for this deliverable: Ecofys Netherlands BV 
 
Final draft 

Project co-funded by the European Commission within  the Sixth Framework Programme (2002-2006)  

Dissemination Level  
PU Public  
PP Restricted to other programme participants (including the Commission Services)  
RE Restricted to a group specified by the consortium (incl. the Commission Services) X 
CO Confidential, only for members of the consortium (incl. the Commission Services)  



019718 PV PERFORMANCE D6.1.1 Current state-of-the-art and best practices of BIPV  

 

Final draft  page 2 of 33 

 

Content 
 
1 Introduction ..........................................................................................................................3 
2 Current state-of-the-art...........................................................................................................4 

2.1 Characterisation of the PV market....................................................................................4 
2.2 First classification to categories .......................................................................................5 

2.2.1 Classification to categories.....................................................................................5 
2.2.2 Two Main Topologies .............................................................................................6 

2.3 Inventory of basic principles of PV on buildings.................................................................7 
3 Classification to basic principles .........................................................................................10 

3.1 Safety aspects.............................................................................................................10 
3.2 Mounting principles .....................................................................................................10 

3.2.1 Sloped roof systems.............................................................................................11 
3.2.2 Solar roof tiles ......................................................................................................14 
3.2.3 Flexible roofing materials .....................................................................................16 
3.2.4 Facade systems...................................................................................................17 
3.2.5 Overview..............................................................................................................18 

3.3 Success factors...........................................................................................................19 
3.3.1 Customer perspective ..........................................................................................19 
3.3.2 Installer perspective .............................................................................................19 
3.3.3 Supplier perspective.............................................................................................19 

4 Best practices.....................................................................................................................20 
4.1 The Netherlands..........................................................................................................21 

4.1.1 Langedijk Lagune project .....................................................................................21 
4.1.2 Zwaagwesteinde project.......................................................................................21 

4.2 Switzerland .................................................................................................................23 
4.3 Germany .....................................................................................................................24 
4.4 France.........................................................................................................................25 

4.4.1 Sloped roof integration .........................................................................................25 
4.4.2 Solar roof tiles ......................................................................................................26 
4.4.3 Metal sheet covering with PV ...............................................................................26 

4.5 United Kingdom...........................................................................................................27 
4.6 Italy .............................................................................................................................28 

5 SWOT analysis of BIPV......................................................................................................29 
5.1 Remarks and analysis of the SWOT............................................................................29 

6 Conclusions........................................................................................................................31 
7 References.........................................................................................................................33 



019718 PV PERFORMANCE D6.1.1 Current state-of-the-art and best practices of BIPV  

 

Final draft  page 3 of 33 

 

1 Introduction 
 
Over the last recent years the total number of installed PV systems has seen an enormous 
growth in Europe. The total installed capacity has grown with more than 30% each year. The 
overall share of systems is installed in the built environment on or connected to buildings. Only 
in Germany and Spain so-called ground-based systems are placed. In this subproject we will 
focus on PV as a building product and on the requirements for building integrated PV systems 
and products. 
 
The objective of subproject 6 is to: 

�  Stimulate the development of PV elements as certified building products for roofs and 
facades; 

�  Assessment of standards and performance requirements for BIPV products; 
�  Reinforce the harmonisation of PV products; 
�  Enhance significantly the application of PV in buildings.  

 
In our view PV on buildings is a crucial market. This is so for several reasons. 

�  Electricity generated close to the end-user and thus with high value; 
�  Efficient use of scarce ground; 
�  In principle lower Balance-of-System (BOS) costs are possible. 

 
In order to understand developments, stimulate the market with new products and concepts that 
allow PV to be used as a building product throughout the EU and to successful remove barriers 
that hinder the application of BIPV there is first looked at the current state-of-the-art and best 
practices of BIPV. In the other deliverables focus is put on the relevant codes and standards.  

Figure 1 PV electricity prices compared to consumser prices by 2020 
 
Figure 1 illustrates the importance of PV in the built environment. A prediction by the PV 
technology platform shows that PV electricity prices will met the consumer prices for a large part 
of Europe in 2020. 
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2 Current state-of-the-art  
 
In particular in Germany and the Netherlands enormous progress has been made the last 
decade in the development of standardised PV roof concepts, both add-on as well as roof-
integrated concepts.  
To be able to transfer these successes to new markets, it is essential that the successful 
approaches be classified to basic principles, as regulations and building practices vary widely in 
the European union.  
 

2.1 Characterisation of the PV market 
In Europe nowadays the general practice is the application of grid-connected PV systems 
(compared to stand alone systems). By the end of 2005 the total installed power in Europe was 
3.7 GW of which approx. 86% (3.18 GW) is grid connected. The last few years a strong growth 
of the installed power and the market has been seen. Especially in those countries with a feed-in 
tariff for produced solar electricity there is a strong growth. From this grid connected market (PV) 
a large part of the PV systems is realised at existing buildings. A smaller part is the ground-
based PV systems. Ground-based systems are mainly found in Spain and Germany presently. 
 

 

German Market Distribution PV installed in 2006

Roof mounted

Ground mounted

Façade

 
Figure 2: German market distribution of newly installed grid-connected PV installations in 2006 
(source: AGEE Stat (BMU)/ ARGE PV-Monitoring (BMU)) 
 
 
The amount of façade installations is an estimate. It is however clear that this is a small segment 
of the total market. The total amount of newly installed ground-based systems in Germany is 
showing a little increase from 43 MWp in 2004 to 71 MWp in 2006 [2]. Compared to the total 
amount of roof based systems this is percentage wise (from total) a decrease from 12% to 7.5%. 
 
In Spain also new large ground-based systems are being erected.  
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2.2 First classification to categories 

2 . 2 . 1  C l a s s i f i c a t i o n  t o  c a t e g o r i e s  
At present diversity in PV building products exists. The following scheme categorises the 
products to their application in or on the building.  
 
These are façade, sun shading and roof applications. 

 

   
F a. Facade b. Sun shading c. Flat roof 

Figure 2 Three typical PV applications 
 
In Figure 3 a more detailed overview of the applications is given. For façade applications see-
through PV modules can be placed in the windows. PV modules can also be used as façade 
elements. In that case the modules can be mounted over existing wall covering or be a structural 
part of the façade. 
 
Second group is sun-shading devices. In various forms sun shading is provided. Most common 
way is to use the PV in lamellas. Sometimes the PV modules or lamellas are custom made, in 
other standard modules are used. 
 
The third and most important group is the roof application. As well as flat and sloped roof 
applications are possible. For flat roof systems two mounting principles are used: ballasted 
systems and mechanical fixed systems. A special form of a flat roof system is flexible roofing 
material with PV.  
 
Sloped roof systems can comprise solar tiles replacing normal tiles or just a rail system mounted 
on top of the existing roof. In-roof systems are fully integrated systems. They normally use a 
watertight under-layer and standard PV modules. They can be roof filling or just cover a part of 
the roof. Metal roof coverings with PV are also available. 
 
Mixed configurations are also possible. One can think of atria with see-through modules that 
could be seen as roofs or façades. 
 
In Figure 3 a schematic overview of this categorisation is given. 
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Figure 3 Overview of applications of PV systems in or on buildings  
 

2 . 2 . 2  T w o  M a i n  T o p o l o g i e s  
The above categorisation is based on the function and the location in the building envelop of the 
PV system. 
 
Another approach is looking at the way PV systems are mounted and the type of integration 
technique. A distinction can be made between fully integrated systems and so-called add-on 
systems.  
 
Building Integrated PV (BIPV) systems means that the PV is integrated in the (energetic) design 
and is a structural part of the building. It replaces normal building components. 
 

BIPV �  Part of the building envelop: a structural function  
 
Building Added PV (BAPV) however is PV, which is installed above/on the existing building-
envelop. It has no technical or architectural function for construction. 
 

BAPV �  Without ‘damage’ or loss of function removable 
 
An example of an add-on system is a system that is mounted on frames, which are attached 
above an existing roof. These frames are fixed to the roof by hooks that are screwed onto the 
existing roof. The original roof covering, mostly tiles are underneath the PV system and provide 
the water tightness of the roof.  
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Sloped roof, 2.4 kWp (Germany) Façade application, 7.5 kWp 

(NL) 
Figure 4 Examples of add-on systems 
 
 

2.3 Inventory of basic principles of PV on building s 
In chapter 1 and in Figure 3 a first overview is given of the possibilities to mount a PV system. 
When looked closely it is however possible to make a more detailed classification. 
 
The following classification is used: 

·  Flat roof 
·  Pitched or sloped roof 
·  Facades  
·  Sun shading 
·  Specials  

 
 
Flat roof   

  
Ballasted system Mechanical fixed system 
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Sloped roof  

  

  
Integrated   

 

Add-on system  
 
 
Façade systems  

  
Curtain wall, integrated  Parapet, integrated 
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Sun shading  

 

Lamellae  

  
Roof lights (see-through) Roof lights 
 
Specials  

  
Atria see-through  

  

Secondary facade  Canopy, non see-through 
Figure 5 Overview of basic principles 
 
The sloped roof applications are found mainly in the residential area segment. The flat roof 
applications are found at the larger flat roof buildings (commercial and non commercial offices, 
warehouses etc) and apartment buildings. 
The façade systems, sun shading and specials take a smaller part. They can be found in the 
more high-architectural market segment.  
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3 Classification to basic principles 
 
Looking at the current state-of-the-art and experience and also the importance in the market the 
most interesting applications to look at are the sloped roof applications. Despite this fact we will 
also have a look at flexible roofing systems and façade applications. 
 

3.1 Safety aspects 
Important technical safety factors to take into account are: 
 
1. Resistance to wind loads 
2. Water tightness of the roof 
3. Source of fire, propagation or spread of fire 
4. Internal condensation (moist) 
5. Electrical safety (Safety requirements for PV modules are defined in the standard IEC 61730 
PV module safety qualification) 
 
Another important factor is the operating temperature of the modules, which can cause a risk for 
connectors, cabling and for instance plastic components. The free space between integrated 
modules the roof (or wall) surface is determining the convection and ventilation behind the 
modules. In the worst case temperatures of 40 to 50 degree above ambient temperature can 
occur (compared to 30-35 degrees for free standing modules).  
 
This higher operating temperatures cause an additional degradation of a of insulation materials. 
The maximum operating temperature of insulating materials shall not exceed the RTE value 
minus 20°C (RTE is determined in accordance with IEC 60216-5 Electrical insulating materials � 
Thermal endurance properties � Part 5: Determination of relative thermal endurance index (RTE) 
of an insulating material). In combination with UV irradiation, it must be noted that a 10 K higher 
temperature of a plastic material will cause a doubling of photo degradation. 
 
One source of risk during operation of PV systems is the generation of arcing which is an aspect 
not to be neglected. Especially when PV is integrated in an environment with flammable 
materials (like wood) it can cause an extra risk as a source of fire. Attention should be paid to 
minimising the risk of arcing. Partially, the responsibility for his aspect lies of course with the 
manufacturers (for instance the junction boxes). Despite their evidence, the problem of arcing till 
now is not well investigated. More details on this serious problem must be investigated and 
suitable tests must be defined. In addition flammability requirements for materials which are 
located in potential locations of the module construction must be further defined. 
 

3.2 Mounting principles 
The following applications are selected and presented in more detail: 

1. Sloped roof systems  
A: Sloped roof, add-on 
B: Sloped roof, fully integrated  
C: Sloped roof integrated with watertight under-layer 

2. Sloped roof, roof tiles 
3. Flexible roofing systems 
4. Façade systems 
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� � � � �  � � � � 	 
 � � � � 
 � � � � � 	 � � �
A. Pitched roof system – add on 
Description 
The easiest way to mount a PV system is above the existing roof. The modules are mounted on 
a frame (rail system), which is fixed to the roof in most cases by roof hooks. For different type of 
roofs special designed hooks exists, the principle however stays the same. On top of the frames 
the modules are mounted.  
 
Mounting principle 
An add-on system uses a frame that is placed above the existing roof covering. This is fixed to 
the roof by roof hooks. Standard PV modules are attached to the rail system with the use of 
special clamps. Wiring of the modules is done behind the modules and the DC cabling is fed 
through the roof. 
 

 

 
Schletter, Roof hooks (Germany)  Schueco, roof hooks (Germany) 
 
Figure 6 Roof hooks examples 
 
Technical safety aspects 
Special care has to be taken to the location where the hooks are screwed into the roof. This also 
depends on the structure of the roof. The hooks form the final resistance to wind loads. Wind 
suction due to differences in pressure is an important aspect. 
There are no problems with water tightness because of the watertight underlying roof. In most 
cases enough ventilation will be possible behind the modules so no extra risk for high 
temperatures is present. 
 
Visual appearance 
This mounting principle is most used in combination with standard framed modules. The 
modules lie a few centimetres above the existing roof. Modules can be placed landscape or 
portrait. Systems can be roof filling or just a few modules, which cover a small part of the roof. 
This aspect adds a subjective assessment element to the visual appearance. 
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Figure 7 Examples of an add-on system with a rail system and roof hooks 
 
B. Pitch roof system – integrated 
Description 
The modules or laminates are installed direct on the roof. The systems can be roof filling or 
partially roof filling and lie between the roof tiles that cover the rest of the roof.  The modules can 
be placed landscape or portrait.   
 
Mounting principle 
The modules are mounted with the use of frame system. For most systems the seams between 
connecting modules are made watertight by the use of gutters. 
 
Technical safety aspects 
Due to the fact that the systems are integrated in the roof the system is less sensitive for wind 
suction. Water tightness is an aspect of which special care has been taken in designing these 
mounting systems (the modules and framing system must provide the watertight layer). Point of 
attention is the amount of ventilation that is possible and the temperature of the modules and 
components. Care should be taken with flammable materials. 
 
Visual appearance 
In principle aesthetically pleasing solutions are possible. Systems can be roof filling or just a few 
modules, which cover a small part of the roof but the modules fit perfectly into the roof. There is 
no difference in height with surrounding roof. 
 

 
 Figure 8 Schueco in roof system 
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Figure 9 The InDaX® -100 system from Schott Solar 
 
 
C. Pitched roof system – with watertight under-layer 
Description 
The modules or laminates are installed direct on the roof. The systems can be roof filling or 
partially roof filling and lie between the roof tiles that cover the rest of the roof.  The modules can 
be placed landscape or portrait.   
 
Mounting principle 
A layer of watertight material like EPDM is covering the roof underneath the modules. Mounting 
frames are watertight connected to the roof. The watertight layer can also be a plastic layer. 
The modules are connected the same ways the other two methods use an adjustable frame 
system with clamps.   
 
Technical safety aspects 
There are no problems with water tightness because of the watertight underlying roof. Due to the 
fact that the systems are integrated in the roof the system is less sensitive for wind suction.  
There is a risk for moisture problem due to internal damp. Each roof has to be able to handle a 
certain amount of internal damp or moist. By covering the roof with a non- or semi-permeable 
layer too much accumulated moist can give a problem.   
The system (modules with underlying layer) should be able to resist fly fire.   
 
Visual appearance 
In principle aesthetically pleasing solutions are possible. Modules can be placed landscape or 
portrait. Systems can be roof filling or just a few modules, which cover a small part of the roof 
but the modules fit perfectly into the roof. There is no difference in height with surrounding roof. 
This method differs visually not from the integrated pitch roof system without watertight under-
layer.  
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Water tight roof element EPDM (NL) Intersole water tight under-layer (NL) 
Figure 10 Examples of integrated pitch roof systems with watertight under-layer 
 

� � � � �  � � � � � � � � � 
 � � � � 	 � �
Description 
Solar roof tiles are normal roof tiles used in construction with a number of PV cells added or a 
small PV panel with the same dimensions as certain type roof tiles. It means that the can be 
mounted the same way the ‘normal’ roof tile are mounted. They perfectly fit in between the roof 
tiles. None or almost no adaptations or additional mounting materials are necessary.  
 
Mounting principle 
The mounting principle is the same as the roof tiles without PV cells. In general the solar tiles 
require no additional framing or assembly.  
 
Technical safety aspects 
As the mounting principle is the same as for standard roof tiles no special attention is necessary 
for loads and water tightness.  
Enough ventilation behind the tiles is a point for attention. Solar tiles have relatively less power 
per module and can thus have more length of DC cabling and connectors. Special notice should 
be paid to the fixing of the cabling and connectors. 
 
Visual appearance 
The visual appearance of these systems is in most cases assessed as good. They fit perfectly 
into the roof and blend naturally with almost any rooftop. When red or orange roof tiles are used 
there is a contrast between the tiles and the cells. However also dark blue or grey roof tiles are 
used: in that case the PV is almost invisible especially for black PV cells. 
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Imerys (France)  

 
 

 

Lafarge, PVT800 (Belgium, Germany, UK)  
 

  
SunPower, SunTileTM (USA)  

 

 
SED (Austria)  
Figure 11 Examples of solar roof tiles systems  
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� � � � �  � � 	 � � � � 	 � � � � 
 � � � � � � � 	 � � � � � �
Description 
Flexible roofing materials with PV consist of a layer material, which is mostly a standard roof 
covering material, with a flexible PV layer attached to it. As flexible PV layer a thin-film PV 
module, like an amorphous silicon laminate, is used. This is bonded onto (glued) the roofing 
material. The product replaces the normal building roofing material. 
 
The flexible roofing material cannot only be PVC like roofing material but also a metal sheet roof 
covering. For instance aluminium standing seam sheets can be used. 
 
Mounting principle 
The mounting principles do not differ from the normal way of using the roof materials. The metal 
sheets of a standing seam roof are constructed in the normal manner. 
 
Technical safety aspects 
The same material and mounting principles are used as the products without PV laminates. So 
no special attention is required. Electrical safety aspects are important: temperature of wires and 
risk of fire is an attention point. 
 
Visual appearance 
The visual aspect is for the flexible non-metal roof systems less important then for the metal 
sheets products. In most case these non-metal systems will installed on a flat roof and are not 
directly visible.  Depending on the colour of the layer material the laminates are more visible 
(see pictures). 
Both types of systems can give an aesthetically pleasing solution. No additional fasteners are 
necessary. 
 
 

 

 

Unisolar on EVA/PVC (Evalon Solar 
by Alwitra) 

Evalon Solar (Alwitra) 
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Unisolar on metal roofing (Thyssen) Kalzip® AluPlusSolar (with Unisolar) 
Figure 12 Examples of flexible PV roofing materials 
 

� � � � �  � � � � 
 	 � � � � � 	 � � �
Description 
Facade PV systems are placed vertically to a façade. They are part of the facade (curtain wall, 
second skin facade) or are mounted onto supporting girders, which are mounted to a wall.  
 
Mounting principle 
Modules or laminates can be part of the facade structure or mounted to an add-on rail system. 
See-through modules are always integrated into the facade. 
Modules or laminates are fixed to the framing system by standard module clamps.  
 
Technical safety aspects 
For integrated systems the normal safety requirement hold (vertically placed glass structures)  
Normal standards for glass faced are applicable. Add-on systems have to pay special attention 
to wind loads. Electrical safety is important especially in case of fire. Attention has to be paid to 
the wiring (electrical safety) and cable feed-through (water ingress). 
 
Visual appearance 
Façade applications can provide very aesthetically pleasing solutions. Add-on systems are 
subject of a subjective assessment. High architectural applications of building integrated PV are 
often found in the façade segment. 
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Façade mounting system (Schueco) Bocklemund (Germany) 

 

 
Grenoble (France) Freiburg (Germany) 
 

� � � � �  � � 	 � � � 	 � �
A few examples of building integrated PV products have been given. On the market there are of 
course more manufacturers. A short (not exhaustive) overview is given. 
 
Table 1 Overview other manufacturers BIPV products 
Manufacturer \ product Pitched roof systems Solar tiles Flexible roofing material 
Schweizer Solrif® 

 
- - 

Solstis  
 

Fenix® - - 

BP 
 

Integra® 

 
EnergyTileTM 

 
- 

Würth Solergy 
 

STARfix III - - 

Solar Integrated 
 

- - BIPV Solar Roofing 
Systems 
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3.3 Success factors  
Based on the inventories the different concepts and success factors are determined from the 
perspective of customer, installer and supplier. 

� � � � �  �  � � � � 	 � � � 	 � � � 	 � � � � 	 �
From a customers perspective a reliable system with a high system output is important. Also a 
visual attractive system is an important factor although this is a very subjective topic. A roof 
filling system is sometimes seen as a visual more attractive system than a system that only 
covers part of the roof (patch work). 
 

� � � � �  ! � � � � � � 	 � � � 	 � � � 	 � � � � 	 �
By installer a specialised PV installer (system house) can be thought of but also the local 
installer that is involved in the building process and who works for a contractor (roof installer, 
electrical installation installer). 
From the installer perspective there are also two cases.  
PV systems installed in newly built houses and the situation where installation takes place in 
existing buildings. 
Successful installers have knowledge of the different aspects of a PV system like electrical 
safety and constructional aspects. They should be well trained, skilled PV installers with basic 
knowledge of system layout and design. 
 

� � � � �  �  � � � � 	 � � � 	 � � � 	 � � � � 	 �
A successful supplier can provide solutions for the different applications of BIPV. It means a 
flexible system that can be adjusted for different roof types and dimensions.  
Aspect as water tightness and resistance against wind loads are important as well as good 
product and/or system guarantees. 
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4 Best practices 
For a number of European countries best examples of BIPV project are presented. A selection 
has been made between projects in the mainstream residential housing segment, flat roof 
flexible PV systems and high architectural examples.  
 
To define best practice one could look at indicators like technical solution, economical aspect 
and design factors. For each market segment and type of application however (slightly) different 
criteria hold and it is difficult to weight the different factors. They remain however useful 
indicators. In the work of Task 7 under the IEA PVPS program the following architectural criteria 
have been defined [5]. 
 
Table 2 Overview of Task 7 Architectural Criteria 

1. Naturally integrated 
The PV system is a natural part of the building. Without PV, the building would be lacking 
something - the PV system completes the building 

2. Architecturally pleasing  
Based on a good design, does the PV system add eye-catching features to the design?  

3. Good composition 
The colour and texture of the PV system should be in harmony with the other materials. Often, 
also a specific design of the PV system can be aimed at (e.g. frameless vs. framed modules) 

4. Grid, harmony and composition 
The sizing of the PV system matches the sizing and grid of the building 

5. Contextuality 
The total image of a building should be in harmony with the PV system. On a historic building, tiles 
or slates will probably fit better than large glass modules 

6. Well-engineered 
This does not concern the water tightness of PV roof, but more the elegance of design details. 
Have details been well conceived? Has the amount of materials been minimised? Are details 
convincing? 

7. Innovative new design 
PV is an innovative technology, asking for innovative, creative, thinking of architects. New ideas 
can enhance the PV market and add value to buildings 

 
The assessment of the criteria is still a subjective topic. An example of the use of the above 
criteria 4 is given in Figure 13. The modules are not lined up and one is outside the edge of the 
roof. They also don’t form a closed surface. 

 
Figure 13 Example of a PV design that doesn’t fit the sizing and grid of the roof  
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4.1 The Netherlands  
Although the market has seen a downfall after the end of 2003 because of the abolishment of a 
subsidy scheme still projects are realised. Especially municipalities have a (renewed) interest in 
becoming CO2 neutral and stimulate the realisation of low-energy houses and even new CO2 
neutral residential areas. This offers also possibilities for PV as PV is the only realistic source of 
renewable electricity in the built environment besides small urban wind turbines. 
 
Two examples are chosen for newly built houses with a full and partial roof filling PV system. 
Both projects use a watertight under-layer underneath the PV modules. A framing system is 
used to mount the PV modules. 
 

� � � � �  " � � � 	 
 � # $ � " � �  � 	 � � � � # 	 � � �
The city of the Sun is a large residential area in the municipalities Heerhugowaard, Alkmaar and 
Langedijk) [3]. In total 5 MW of PV projects will be realised.  
 
The project comprises in total 23 dwellings of three different types. The total installed power is 
approx. 131 kWp.  The PV system itself is not watertight but the under-laying layer of EPDM is. 
 

 
 

 
 Figure 14 Lagune: A BIPV project in the City of the Sun, City of Langedijk 
 
Table 3 Langedijk Lagune project 
Architect Tjerk Reijenga, BEAR Architecten, Gouda, the Netherlands 
Total dwellings 23 (3 types) 
PV modules BP Solarex MSX 120, 120 Wp  
System size 2.88; 5.04 and 8.64 kWp 
Inverters Mastervolt, Sunmaster 2500 
 
The project was realised end 2000. 

� � � � �  % � � � � � 	 � � 	 � � 
 	 � � � � # 	 � � � �
24 Newly built low energy houses have been equipped with a 2,88 kWp PV system per dwelling. 
The houses have a very low energy consumption. A ground soil heat exchanger is used in 
combination with a heat pump.  Balanced ventilation with heat recovery reduces the total energy 
demand. The electricity for the heat pump is produced by the PV system. 
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Figure 15 The 24 newly built dwellings in Zwaagwesteinde  
 
The total installed power is 69 kWp. The realisation of the projects was in the second half 2005. 
 
 

 

 

Figure 16 Details of the roof layout and mounting principle 
 
Table 4 Zwaagwesteinde project 
Architect Jan Dorenbos Architect, Roodkerk,  the Netherlands 
Total dwellings 24 dwellings  
PV modules MSK, 160 Wp 
System size 2.88 kWp 
Inverters Siemens Sitop 
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4.2 Switzerland 
In this installation a Sarnafil TG66/TS77 membrane is combined with a-Si triple-junction UNI-
SOLAR module. Since 1989 Sarnafil has installed more than 35,000,000 m2 of this kind of 
membrane. The roofing system is mechanically fastened by means of equipment normally used 
for flat roof construction [4].  
 
Table 5 Swiss thin film project 
Roof 960 m2 flexible polyolefine (FPO) membrane (Sarnafil TG66/TS77) 
PV modules a-Si triple junction Unisolar modules (265 m2) 
System size 15.36 kWp 
Tilt 3 °�

Inverters 3 x SB5000TL (SMA Sunny Boy) 
Building owner AET, Azienda Elettrica Ticinese 
 
 

 

 
Figure 17 Thin film roof system Switzerland  Figure 18 Piz Nair PV system 

(Courtesy: SunTechnics) 
 
The realisation date was 2004. The annual measure yield (Dec 2003-Dec 2005) was 1076 
kWh/kWp. The average yield is 16,580 kWh per year. 
 
A second project is the Piz Nair project in St.Moritz, Switzerland. Located on 3030 m above the 
sea level this is one of the highest grid-connected systems. It consists of 104 photovoltaic 
modules with area about 120 m2.  
 
Table 6 Swiss façade project 
Facade 120 m2 
PV modules 104 SunTechnics modules 
System size 14 kWp  
Inverters 6 x 2,5 kW Fronius inverter  
 
The façade system started operation in 2003.  
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4.3 Germany  
Germany has shown an enormous growth of installed PV systems over the last recent years. 
This is due to the renewable energy program with a feed-in tariff for solar electricity. In 2006 a 
total of 950 MWp new PV systems were installed.  
 
Table 7 New installed grid connected PV 

year MWp 
2004 360 
2005 632 
2006 950 

 
With such a large number of new systems installed each year it is difficult to bring a represen-
tative selection. Therefore a high architectural example was chosen.  
The building is a visitor leisure centre on the shore of the Steinhuder Meer (lake) in the region of 
Hannover. It comprises a restaurant and facilities for the lakeside visitors. 
 

 
Figure 19 Besucherpavillon Steinhuder Meer (source: Elektrizitätswerk Minden-Ravensberg GmbH (EMR)) 
 
It is a ‘Mullion-Transom’ construction (structural glazing) with glass-glass PV modules with 7*14 
c-Si cells each. 
The architect has chosen to make the solar PV system and also a solar thermal system clearly 
visible for the visitors and make it an integral part of the building. 
 
 
Table 8 German see-through PV project 
Architect Archimedes Bauplanungsgesellschaft mbH Hartwig Rullkötter in co-

operation with Randall Stout Architects Inc. Los Angeles 
Roof 155 m2 
PV modules Solon AG glass-glass modules, crystalline Si cells 
System size 16 kWp 
Building owner Elektrizitätswerk Minden- Ravensberg GmbH 
 
The project was commissioned in 2000.  The annual yield is approx. 12000 kWh. 
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4.4 France  
In 2005, the French government would like to promote PV energy production. New fiscal 
measures are aiming at promoting the use by private individuals of materials for heat and 
electricity generation that are based on renewable energy sources. The tax credit has been set 
at 50 % for the year 2006.  
 
Moreover, the feed-in tariff for PV electricity production were set at 0,55 €/kWh for the photo-
voltaic installations integrated into the building and at 0,3 €/kWh for the traditional photovoltaic 
installations.  
 
With this feed-in tariff, the French authorities allow robust and sustainable growth of the French 
market on the market segment of BIPV. The strategy is to give a strong impetus to innovation in 
architectural integration, in order that in the long run photovoltaics could become one construc-
tion material that generates electricity and that is becoming commonplace among the companies 
from the construction industry.  
 
Three examples are chosen with different technical approaches of BIPV. 
 

� � � � �  � � � � 	 
 � � � � 
 � � � � 	 � � � � � � � �
This first installation of BIPV is build by TENESOL on the roof of “la maison des énergies” in 
Chambéry. The integration concept is made by CLIPSOL and allows thermal and PV modules 
on the same roof. 
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The second example presents the photovoltaic tiles of IMERYS Toiture. In the European PV-
STARLET project, in partnership with the Hespul Association, 420 kW of photovoltaic systems 
based on these PV tiles were installed over some 200 homes.  

 

Figure 20 Examples of solar roof tiles projects in France 
 

� � � � �  & 	 � � � � � ' 	 	 � � � � � 	 � � � � � � � � ' � ( ) �
The third example is the product developed by SUNLAND21 and TENESOL. It is solar steel for 
industrial construction. In Chambéry, the shopping centre called Chamnord inaugurated in April 
2007, 200 m2 of photovoltaic panels on its roofs. Produced electricity is consumed by the center. 
On the same site, a project of 1500 m2 additional is in hand. The experiment could be used as 
model for other industrial building. The next photo represents the experimental house were the 
test of these panels was made. 
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Figure 21 The solar steel product (Fr) 

4.5 United Kingdom 

  
Figure 22 The CIS Tower in Manchester city (source: Solar Century) 
 
The CIS tower (CIS stands for Co-operative Insurance Society) tower is set become Europe’s 
largest vertical solar array, when all three sides of the 25 storey building's service tower are clad 
in energy generating solar panels. 7,244 solar photovoltaic panels, designed to convert daylight 
into electricity, will create 183,000 kWh of renewable electricity each year - equivalent to the 
energy needed to power 55 homes for a year. 
The tower is approx. 122 m (400ft) high. For the refurbishment of this 40 year old office tower a 
weatherproof cladding solution by integrating photovoltaics (PV) around the tower's structure 
was designed, thus offsetting building material cost of replacing the traditional mosaic tiles. 
 
A special framing solution was engineered to install the solar cladding solution around the tower. 
In total, 7,244 Sharp 80W modules are used to clad the entire service tower. From this total, 
4,898 PV modules are live, 870 ‘full size’ dummy modules and 109 ‘medium size’ dummy 
modules and 1,367 edge modules were used in order to optimise the system’s electrical 
generation and minimise costs. 
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Table 9 CIS Tower Manchester city 
Installation type  Wall cladding; 3,972 m2 panel area  
PV modules 7244 Sharp 80 Wp 
System size 391 kWp 
Building owner Co-operative Insurance Society (CIS) 
 
This project demonstrates how solar power can be easily incorporated into any building 
refurbishment to provide a cost effective alternative to conventional building materials. 
 
The project was commissioned Feb. 2006. The estimated yearly yield is 183,000 kWh. 
 

4.6 Italy 
The children museum in Rome is located in the historic centre of Rome. A former public 
transportation warehouse has been converted into an exhibition space and multipurpose area for 
the new children’s museum. In total 15kWp PV system has been integrated into the roof as 
skylights and into a canopy as sun shading devices alongside the building.  
 

 

 
Figure 23 The PV roof an canopy of the museum (source: Abbate and Vigevano Architects 
 
For the installation as much as possible standard industrial elements were used. 
 
Table 10 The Children’s museum Rome 
Architect Abbate & Vigevano architect 
Installation type  Roof and canopy integration 
PV modules Eurosolare glass-glass PV modules with poly crystalline cells 
System size 15.6 kWp total (8 kWp roof; 7 kWp canopy) 
Inverter 6 x SMA Sunny Boy 2500 
Building owner Children’s museum Rome 
 
The project was commissioned in 2001. The estimated yearly yield is 18,000 kWh. 
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5 SWOT analysis of BIPV 
During a work package meeting a SWOT analysis was carried out to gain insight in the strengths 
and weaknesses of BIPV. A SWOT analysis means that the four quadrants: Strength, Weakness, 
Opportunity and Threat for BIPV are filled.  
 
Table 11 The 4 quadrants of a SWOT analysis 
 Positive Negative 
Intern Strength Weakness 
Extern Opportunity  Threat 
 
The focus was on BIPV systems but some of the arguments and remarks naturally also hold for 
PV systems in general or are related to the PV modules. 
 
This resulted in the following: 
 
Table 12 Results of the SWOT analysis 
Strength Weakness 
1. Prices drop over time  
2. It is modular 
3. High quality (mechanical tolerances are 

high, lifetime long) 
4. Positive environmental profile 
 

5. High costs 
6. “Storage” required Day/night  

summer/winter 
7. Difficult electrical/geometrical design 
8. Intrinsic difficult material (glass upper 

layer + rain) 
9. Sensitive to defects/shadow 
10. Hazardous chemicals used in production 
11. Confusion about different technology 

options 
12. Detailing (colour etc.) 
13. Dimensions of PV modules (compared 

to building practice) 
Opportunity  Threats  
14. Positive image: visible; high-tech, clean 
15. High market growth, large market 

expected for installer, investors 
16. Independent of grid (feeling) 
17. Increasing public support (financial / 

legislation) 
18. Low external costs 
19. Creates local employment 

20. No experience (yet) with PV 
21. Construction market is not standard 

(sloped roofs) 
22. Roofs: no optimum orientation + shadow 
23. Public support is missing 
24. Support of utility (Grid operator) 
 

 

5.1 Remarks and analysis of the SWOT 
The following analysis of the SWOT resulted: 
 
Strength 
1. Market growth and technology improvement. 

For BOS: reduce labour content: installing, planning and maintenance 
Maintenance costs; effect of failure of 1 string; 

2. A marketing concept could be: small do-it-yourself (DIY) systems for flat roofs; 
3. Not really an advantage for building products; 
4. Solar module industry should work on recycling of modules, higher efficiency of TF and 

more efficient processing of silicon. 
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Opportunity 
14. Provide show cases (developing markets) PV on schools + education; 
15. Communicate the success of the German market; 
16. When short storage (day/week) is feasible real independency of the grid is possible (on 

house or district level); 
17. Communicate the beneficiaries of PV: employment, clean, long-term perspective, 

complementarities. Use EPBD (EU directive), access to the grid, RE obligation; 
18. Communicate this fact that there are low external costs; 
19. Make visible that it creates local employment. 
 
 
Weaknesses 
5. High costs: this is partly a perception. Create value!  People want beautiful PV, not 

worries! Integrate PV in buying a house, which makes PV easier to sell; 
6. Solutions for storage should be investigated; the grid can function as storage; 
7. CAD Library with PV elements (input for standard CAD software to design houses). 

With energy yield calculator; 
8. If it is conceived as a problem, there are many textures possible for glass, there are other 

materials like Lexan (= a durable polycarbonate), PMMA (polymethyl methacrylaat) or 
Teflon; 

9. Indicator whether a module failed, if needed short strings; 
10. Crucial point in developing new processes, cell designs; 
11. Give clear messages; only discuss different material options if needed. 

Catalogue of low-cost options, demand for low-cost solutions (coloured foils, frames); 
12. Standardised database for different actors, assessed via many PV parties; 
13. Harmonisation of modules after inventory of grid dimensions. 

Electrical aspects: simple ‘plug and play’ concepts; think of developing an electronic 
adapter (DC/DC converter) for easy connection. 

 
Threats 
To overcome the threats: 
20. Training to let locals do the job; 
21. Flexibility in interface necessary; develop flexible interfaces between “frame” and roof; 
22. Design chimneys on the north; include orientation in district planning; include the effect of 

shading in CAD tools; 
23. Communicate advantages (employment etc.) and potential. Apply PV on public buildings 

(schools, town halls, ministries); 
24. Create value, involve them in planning, they must benefit from it (green certificates, 

money, etc). 
 
The analysis shows that there are good opportunities for BIPV. The sector needs to work on the 
weaknesses and threats. For instance a threat like ‘21: Construction market is not standard 
(sloped roofs)’ is one that SP6 can address.  
Especially now this is important because PV industry tends to develop more and more larger PV 
modules, which makes it more difficult to integrate them. 
Also on the aspect of safety can good testing methods and standards provide the framework for 
reliable BIPV systems. SP6 can also work on simple ‘plug and play’ concepts and good electrical 
and geometrical design rules. 
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6 Conclusions 
 
 
The current BIPV market shows a variety of systems and solutions for PV mounted on or 
integrated in the building envelop. Examples are given throughout this report. 
A comforting development is that there enter more and more suppliers the market. These 
suppliers are also developing new solutions and products for roof integration. 
 
A trend is visible on the PV market towards larger sized modules. These are for instance used in 
large ground-based PV systems that have acquired their own market share. For building 
integration however large sized modules are not always the best solution for integration and 
complete roof filling systems.  
 
An important aspect is to gain the confidence of the end user and let BIPV become a natural part 
of construction industry. As buildings are not standard there is a need for a customised interface 
from frame to building. 
 
Aesthetics is an important aspect but it is difficult to find a common opinion. However a more 
general felt aspect is that patchwork of modules should be avoided. Correct detailing is in this 
sense an important factor. 
 
The most important market segment for the application of PV differs from country to country. 
However, it will be so that for a substantial market share the existing building stock in Europe is 
important. In the long run renovation will become more important than BIPV on new buildings. 
 
When PV modules become cheaper in the near future costs for mounting systems and labour 
costs become more and more important.  
To reduce the costs complete solar roofs have to be developed which are easy and quick to 
install. A number of products is now on the market. The detailing of mounting systems is very 
important.  
 
For flat roofs additional load is not trivial. Development of light weight thin film PV laminates or 
modules in combination with roof covering are a solution for light industry roofs. 
 
A SWOT analysis shows that there are good opportunities for PV and also BIPV. Needlessly to 
say, that the sector needs to work on the weaknesses and threats.  
 
Topics to be addressed are:  

·  Development of good testing methods and standards that provide the framework for 
reliable BIPV systems; 

·  Simple ‘plug and play’ concepts and good electrical and geometrical design rules; 
·  Flexible interfaces between “frame” and roof; 
·  Investigation of the problem of arcing and elated fire threats. More details on this serious 

problem must be investigated and suitable tests must be defined. In addition flammability 
requirements for materials which are located in potential locations of the module 
construction must be further defined. 
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Important success factors for BIPV are the solutions to safety aspects. The most important 
safety aspects are: 

·  Resistance to wind load 
·  Water tightness of the roof 
·  Source of fire, propagation or spread of fire 
·  Internal condensation (moist) 
·  Electrical safety (Safety requirements for PV modules are defined in the standard IEC 

61730 PV module safety qualification) 
 
Real successful BIPV systems are those systems that deal successfully with these aspects. It 
guarantees PV systems with high output and less operational problems. 
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