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1. Introduction

SUNRISE is a Co-ordination Action type project financed within the 6™ Framework Programme.
The main aim of the SUNRISE project is to support the key objective to reduce costs of PV
systems by achieving further growth to compete in the liberalised energy market of the future.
The co-operation with important stakeholders and networking with the European PV industry
needs will lead to cost reduction as a direct result of stimulating market demand. With the
anticipated reduced levels of subsidies, the manufacture of PV systems needs to be more cost-
effective if the PV industry wants to be competitive with conventional energy production.
Therefore, the SUNRISE project delivers the basis for ensuring a cost-effective supply of PV
products by improving interaction and production processes within the European PV industry
and through involving all relevant stakeholders, in particular those in the construction sector,

utilities, planners and architects.

Work Package 1 “PV Diffusion in the Building Sector” aims to improve the cooperation with and
uptake of BIPV in the building sector. The main target group of this work package are architects,
planners and PV module manufacturers. On the one hand, architects (and also construction
companies) need to be convinced that PV systems are a reasonable alternative or
complementary competitive solution in satisfying energy needs in comparison with other
solutions. On the other hand, PV module manufacturers and the building sector have to
collaborate in developing new products — not only for roof-top installations but for building-
integrated PV modules that not only generate electricity but also replace other traditional
construction materials (e.g. sun-breakers, roof tiles, and glass panes). All energy related
features of buildings, e.g. energy consumption characteristics, play an increasing role in the
sustainability and life cycle costs of buildings. Therefore a PV system can contribute significant

added value to buildings in terms of value and image.

The main objectives of Work Package 1 are:
To identify the barriers that militate against the integration of PV in buildings
The transition from Wp to Wh to help architects in the calculation of KWh / year produced by
the PV modules integrated into buildings
Draft proposal for standardisation and regulation for PV modules to be integrated in buildings

in order to match the standards and regulations applicable in the construction sector.
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The Work Package includes awareness raising events in particular a Campaign for BIPV,
targeted at the interfaces between stakeholders potentially interested in introducing BIPV
products and additional workshops aimed at raising the awareness of architects and builders in
order to encourage them to integrate PV and Renewable Energy Technologies in their designs.
Information on the SUNRISE project will be presented during the major European events
arranged across the building and construction sector to ensure that architects and builders

become increasingly aware of the added value and advantages offered by BIPV.

This report focuses on the identification of the barriers that prevent or discourage the integration
of PV in the building sector. At the beginning of the study, a draft document describing Legal &
Administrative Barriers, Market Barriers, Technical Barriers and Perception Barriers has been
developed by WIP and AIE. The document has been circulated among the Sunrise partners in
order to identify other possible barriers. FIEC contacted different representatives of the CEBC
(European Consortium of Building Control) in order to obtain the experience in various European
countries in using BIPV and in particular potential barriers and dis-incentives likely to arise as a
consequence of town and country planning consents as well as technical regulations applicable
to installers of BIPV. The barriers identified during this survey carried out by FIEC were in line
with those mentioned in the draft document. All the Sunrise partners provided feedback on the
draft document. Based on the information gathered during the feedback assessment, the

barriers have been set out in the chapters 3.
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2. Overview of the current Building Integrated PV ( BIPV) sector

The aim of the Photovoltaic Building Integration (BIPV) is to balance the technical and
aesthetical aspects of photovoltaic technology with those of the building envelope without
compromising the functional characteristics of each other. Indeed, a correct integration of
photovoltaic modules into the building allows matching the photovoltaic electricity production
with the aesthetical parameters of the building. Besides electricity production, PV can be used in
the building envelope to provide:

- Weather Protection

Heat insulation

Sun Protection

Noise protection and

Modulation of daylight

Furthermore, PV systems can also be used as small stand-alone power units. They can be used
to regulate the intake of daylight to a building by powering an automatic sun-blind, operate an
engine-driven ventilation opening or even as emergency lighting. PV also acts as a public

demonstration of a building owner’s green, ecological and future-oriented image.

In the BIPV, the PV modules are fully integrated into the building, since they form an integral
part of the buildings into which they are integrated. Therefore, PV modules are part of the whole
building design replacing traditional construction materials.

Integrated PV can be applied to:

- pitched roofs

- flat roofs

- External Building walls (facade)
- Semi transparent Facades

- Sky lights

- Shading Systems
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2.1 PV modules on pitched roof

Figure 1: Carden_taft_solar_shingles (Source: Solar Century)
Figure 2: Herne Hill School, UK (Source: Solar Century)

2.2 PV modules on flat roof

Figure 3: Membrane Evalon Solar (Source: Alwitra)
Figure 4: Kindergarden Remerschen, Luxemburg (Source: Alwitra)
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2.3 External Building walls (facade)

Figure 5: CIS_Tower, Manchester, UK (Source: Solar Century)
Figure 6: _Oekotherm, Schérflingen, Austria (Source: ERTEX)

2.4 Semi transparent Fagade

Figure 7: Tourisme Office, France (Source : Total)

Figure 8: Schott Iberica Barcelona, Spain (Source : Architekturbiro Hagemann)
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2.5 PV skylights

Figure 9: Train station, Berlin (Source : Sheuten Solar)

Figure 10: Outdoor skylight (Source: Isofoton)

Figure 11: Ludesch — Austria (source ATB)
Figure 12: university of East Anglia, Norwich, UK (Source: BP Solar)
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2.6 Shading Systems

Figure 13: Shading system (Source: BP Solar)

Figure 14: St._Georges_school (Source: Solar Century)

11
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3. ldentify Barriers

The following barriers have been identified:
Legal & Administrative Barriers
Market Barriers

Technical Barriers

Perception Barriers

3.1 Legal & Administrative Barriers

Legal and Administrative barriers are defined as problems concerning the policies of different

parties involved in the introduction of PV.

- BIPV.is not allowed on listed buildings

A listed building is a building officially designated as being of special architectural, historical or
cultural significance. Therefore, a listed building may not be demolished, extended or altered
without special permission from the local planning authority. This implies BIPV cannot be used in

a part of the existing buildings.

- BIPV. is not sufficiently defined as an enerqgy-efficient technology

In the BIPV, the photovoltaic modules are fully integrated in the building replacing the building
material. Despite this clear advantage in avoiding the cost for renting or purchasing area for the
installation of the PV modules, the BIPV modules are still not sufficiently defined as an energy-

efficient technology which makes possible the production of energy on demand.

- BIPV is still subject to complex planning procedures in some member states of the EU.

However, this consideration only really constitutes a possible (if minimal) barrier where
existing buildings are concerned, since the inclusion of BIPV in new buildings can be

provided for in the planning application that is in any case mandatory.

12
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- Difficulties in the access to the electricity grid

A much more significant barrier is that in general, in most EU countries, the right access to
the low voltage grid still has to be regulated and procedures for the grid-connection have to
be simplified. Specifically for BIPV, standards are still lacking in order to develop this
application. Moreover, a sustainable and long-term PV implementation programme and long-

term targets are lacking in many countries.

These barriers can be easily removed by informing the target group about the truth and
providing them with clear facts. A first attempt has been done with the development of the

brochure and to disseminate them at specific events.

3.2 Market Barriers

Market barriers are related to the cost of BIPV and to the lack of knowledge concerning the
added value of PV products for the building sector.

- Innovations in the Building sector are often independent and local

- Solar module prices are indicated in €/W, for architects €/m?is more useful

- Added value of BIPV as a multi-functional building component is not known

- BIPV is still too expensive

Very often, PV systems are not considered in the initial building design because of the high cost
of the components. It is a fact that PV modules are expensive when compared with more
traditional building materials which BIPV can replace such as roofing tiles, laminated glass,
parapet units and of course low cost traditional bricks. But what it is neither sufficiently realised
nor taken into account is the fact PV modules can generate electricity. This means that the total
energy consumption of a building will be decreased and therefore the material itself (PV module)

will (ultimately) pay back its initial investment cost.
PV modules are multifunctional building components and, besides the electricity generation, they

can fulfil many other functions such as shading systems, weather protection, heat insulation and

sunlight modification creating excellent lighting effects.

13
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Furthermore, the integration of renewable energy sources in a building will give to the building
designer/owner a “green image”, developing positive relations with “green investors” and

achieving better ranking in “green investment funds”.

Many tools already exist in the market in order to calculate the estimated energy production of
the system during its whole life time. Those programs normally calculate the produced electricity
(KWh) based on the nominal power of the system (KWp) and considering irradiance, weather
conditions and type of system (technology, orientation, inclination, possible shadows, losses,
etc.). Photovoltaic Geographical Information System (PVGIS) is a free and on-line existing tool

from the Joint Research Center, EC. It is available on http://re.jrc.ec.europa.eu/pvgis/index.htm

Due to the reasons mentioned, nowadays the only effective way to compare different modules
and technologies and to rate the module’s price is through its nominal power (measured under

standard test conditions STC).

Many construction stakeholders and investors are not familiar with the concept of Wp and they
would rather prefer to estimate the price of PV modules on €/m2. For the moment, this is a very
complex exercise because BIPV modules are still not mass-produced in significant quantities but
rather in the form of more specific application-oriented (tailor-made modules). Therefore, the

price varies depending on the application.

This is especially true for the case Crystalline Silicon c-Si modules. Thin film modules are more
favourable for BIPV systems since conventional thin film modules can be easily installed/ used in

the building environment.
The SUNRISE project consortium is currently drafting a report that will show existing BIPV

projects with a comparison of prices (with and without using PV modules). This report aims to

give a clearer picture of the real price of integrating Photovoltaics in buildings.

14
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3.3 Technical Barriers

Technical barriers are related to the structural problems engineers, architects and installers

encounter when designing, engineering and installing PV systems into the building envelope.

The typical PV system consists of a number of interconnected modules (Photovoltaic array) and
attached to a collection of inverters that convert the electric energy produced by the modules to

the electrical characteristics of the network.

The modules are placed at a specific pitch depending on the PV system’s location, avoidance of

falling into areas of shade and orientation to the south.

Some may think it is not difficult to put modules on the roof of a building. But some roofs have
not been designed to support the additional weight, or they don’t have the right orientation, or
even, there is some shade due to the building itself or buildings close by which require

substantial modifications when installing PV systems.

Hence it is important to be able to consider the integration of Photovoltaic energy systems from

the beginning, i.e. from the inception of the design of a building project.

- Missing link between engineers and architects/technical requirements

PV systems constitute a reasonable alternative for construction materials to be considered by
architects. Next to replacing an existing building component, PV systems also produce energy
making it a multi functional building component. Nevertheless, today architects neglect this

renewable technology because of lack of knowledge and understanding.

To bridge the gap between the architects and the electrical engineers, architects should consider
the use of renewable energy sources from the design phase. Therefore much better
communication and information on the photovoltaic technology needs to be done towards

architects.

15



038589 SUNRISE Barriers for the introduction of Photovoltaics in t he building sector

The possibility of using solar modules as a new building component such as for roofs, fagades or
blinds offers a wide new spectrum and very important new design lines and challenges for both

architects and panel manufacturers.

However active involvement of building developers, engineers, architects, panel manufacturers
and installers should drastically increase from the project design phase to help in resolving the
total integration of the module on the roof so as to avoid potential problems with leaks,

dampness and insulation that may occur.

- Standards for PV are still lacking

The present status is that each European country has its own regulations and demands on

certificates or guarantees for BIPV, which makes it difficult to enter the market.

European projects as IP Performance www.pv-performance.org are working on the development

of a unique European standard for PV modules in building which considers aspects like fire
safety test, mechanical and electrical loads for construction requirements, water tightness and

temperature behavior.

- Producers develop their own standard modules in terms of dimensions

Each manufacturer of solar panels develops its own size, dimensions and efficiency of its
modules. The fact that these are not standardized doesn't facilitate the designer’s work for the

integration of the photovoltaic panels into the buildings.

Equally the manufacturers of inverters should try and achieve some kind of integration, and
connection criteria in order to facilitate the high speed connection of panels, working voltage and

power standardization.

Last but not least, structural manufacturers should try to get some standard on solar panels
installation over the photovoltaic structure, thereby avoiding the need for the installer or architect

to design the connection of the panel to the structure.

- In some instances BIPV (the units are quite heavy) can cause structural overload of existing

buildings

16
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Standard photovoltaic modules are relatively light, around 10 to 15 kg per square meter. This

means that in most circumstances there is no need to reinforce existing structures.

Made-to-order modules may be heavier - insulated double and tripled glazed modules, often
used in sunroofs and atria will be 2 to 3 times heavier. Other factors that may affect the weight of

a photovoltaic system are the type of module frame and the selected connection method.

However, most existing (old) buildings weren’t designed to support the additional load of the
photovoltaic systems on the structure. Some problems could therefore appear due to wind load,
water tightness, snow and ice, etc. Therefore the structure of the roof needs to be checked with
the architect or structural engineer so as to ensure a successful and safely installed photovoltaic

system. This is of vital importance for photovoltaic systems installers.

On existing buildings it is equally important to ensure that future buildings, close to a building
with a photovoltaic system won't cause any shadows and that the structure can support the

overloads of the photovoltaic system put on the roof without any problem.

For new buildings it is recommended to adapt the new roof to the pitch and orientation

requirements for photovoltaic systems.

17
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3.4 Perception Barriers
Perception barriers are defined as the lack of knowledge and the misleading statements in the
media that underestimate the added value of PV system thus hindering their integration into the

buildings.

- The advantages of PV are not clear for architects and clients

- For some architects BIPV is not attractive/aesthetical

- Knowledge of planners, developers and architects about BIPV is limited

- Change of behaviour and procurement criteria is needed from public authorities

- Acceptance by architects, contractors, building developers and end-users of the need to

integrate from the project inception through the whole construction process

- Lack of awareness of the increasing role of electricity consumption in the value

determination of a building

- The perception of the PV technology is usually outdated which consequently leads to a bad

image

The two main target groups that must be addressed in order to promote BIPV and make it
popular are builders and architects. However, those target groups must be addressed with

completely different arguments.

Whereas the construction sector must be convinced that the cost of the initial investment is
viable, and therefore detailed economic aspects for BIPV must be addressed (Return of
investment of the PV system, whole life-time of more that 25 years, save of money by replacing
other building components, etc.); the architects must be addressed by the design and the

aesthetics, therefore existing successful projects must be demonstrated as examples.

Architects normally use photovoltaic installations when they are specifically requested to do so
by clients. When this is the case, architects who don’t have enough knowledge about PV must
do their own research about the technology. For this reason, it is our obligation (as the PV

community) to provide them with easy access to this information.

At the present time, very few architects are seriously involved in specifying Photovoltaics

although there are a few noteworthy exceptions; this is the case for instance of Sir Norman

18
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Forster with great BIPV examples such as the London Town Hall. The best way to involve other

architects is probably through this and similar examples.

The Sunrise project consortium has focused efforts on the production of a brochure completely
oriented towards architects. All the applications that PV can offer to the building are presented
with high quality pictures of successful BIPV projects. It is important to note that Photovoltaics,
besides providing electricity, are multifunctional devices and can be use as for instance, shading
systems, weather protection or daylight Modulation systems creating fabulous light effects. This

brochure will be delivered during the main convention events for Architects and contractors.

19
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4. Recommendations & Conclusions

This report has attempted to identify as many barriers related to BIPV as possible and it will
be difficult to remove all barriers with the Sunrise project. Therefore we will concentrate on

the removal of the most important barriers by a favourable interaction of the following points:

Easy access of information about PV for architects, planners and the construction sector.
Demonstrate the aesthetical advantage of integrating PV

3. Increased dissemination of case studies demonstrating the advantages offered by PV
and the economic aspects of such investments; PV is the only component in the building
which has an return of investment
Improve communication to other sectors
An increase - and the widespread availability by electric utility companies — of more
attractive feed-in tariffs

6. Increased demonstration and awareness raising of the economic viability of investments
in BIPV

7. Increased dissemination of case studies demonstrating the advantages offered by PV
and the economic aspects of such investments

8. Encourage manufacturers to produce PV products that are more easily integrated in to

buildings, based on a range of standard sizes

20
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6. Glossary

Charge controller : Charge controllers are typically used in off-grid photovoltaic power systems.
The primary function of a charge controller (or regulator) is to maintain the battery at the
highest possible State Of Charge (SOC) and provide the user with the required quantity
of electricity, while protecting the battery from deep discharge (by the loads) or extended
overcharge (by the PV array). Additional features such as battery temperature or wire
compensation, meters and alarms can enhance the ability of the charge controller to

meet the load demand and extend battery lifetime.

Electric Energy: The amount of work accomplished by electrical power, usually measured in
kilowatt-hours (kwWh). One kWh is 1,000 Watts and is equal to 3,413 Btu.

Feed-in Law: A legal obligation on utilities to purchase electricity from renewable sources.

Feed-in Tariff: The price per unit of electricity that a utility or supplier has to pay for renewable

electricity from private generators. The government regulates the tariff rate.

Grid-Connected PV system: A PV system in which the PV array acts as a central generating

plant, supplying power to the grid.

Ingot: A mass of metal or semi-conducting material, heated past the melting point, and then

recast, typically into the form of a bar or block.

Inverter: Device that converts direct current (d.c.) into alternating current (a.c.) either for stand-

alone systems or to supply power to an electricity grid.

Off-grid PV System: System installed in households and villages that are not connected to the
utility grid. Usually, a means to store electricity is used (most commonly lead-acid

battery). Also known as "stand-alone photovoltaic power system".
On-grid PV System: Systems connected to the utility grid.

Payback Time: The length of time it takes for the savings received to cover the cost of

implementing the technology.

Photovoltaic (PV) Module or Panel: A solar photovoltaic product that generally consists of
groups of PV cells electrically connected together to produce a specified power output
under standard test conditions, mounted on a substrate, sealed with an encapsulate, and

covered by protective glazing. Available as mounted on an aluminium frame. A junction

22
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box, on the back or underside of the module is used to allow for connecting the module

circuit conductors to external conductors.

Photovoltaic (PV) Peak Power (Wp): PV modules are rated by their total power output. The
peak power is the amount of power output a PV module produces at standard test
conditions (STC) of a module operating temperature of 25 degrees Celsius in full
sunshine (irradiance) of 1 000 watts per square meter. This is a clear summer day with

sun approximately overhead and the cells faced directly towards the sun.

Photovoltaic (PV) System: A complete set of components for converting sunlight into electricity

by the photovoltaic process, including the array and balance of system components.

Silicon (Si): A chemical element, atomic number 14, semi-metallic in nature, dark grey, an
excellent semiconductor material. A common constituent of sand and quartz (as the
oxide). Crystallizes in face-centred cubic lattice like a diamond. The most common

semiconductor material used in making photovoltaic devices.

Solar Cell: A basic photovoltaic device, which generates electricity when exposed to a light

source such as solar radiation. All photovoltaic cells produce direct current (d.c.).

Solar Wafer: A thin sheet of semiconductor material made by mechanically sawing it from a

single-crystal or multi-crystal ingot or casting.
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