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ABSTRACT: One pillars of the European Union strategy to meet the Kyoto targets is the goal to achieve a 12% share 
of renewables in gross energy consumption by 2010. Moreover, renewables represent an option to mitigate the current 
trend towards increasing energy dependence. In view of these policy commitments the future development of photovoltaic 
is supported through the EU Framework Programmes, for both research and demonstration activities. Research focuses 
on the next generation of PV technologies, including thin film PV, processing and automated manufacturing, cost 
reductions for components and systems as well as research for innovative applications of PV in the built environment. The 
aim of the demonstration activities is to accelerate the market penetration of more cost-effective PV technologies. The 
priorities are to demonstrate innovative production concepts for high efficiency modules and to transfer a new generation of 
PV products to industrial scale, as well as to promote the markets for building integration and autonomous generation 
systems. Incremental progress for PV can only be pursued by maintaining the stability of support programmes and subsidy 
schemes. To accelerate the development, demonstration and market introduction of a new generation of PV systems and 
make the European industry a stronger competitor, the Commission proceeds along a two track approach, combining an 
intense legislative initiative with a strong research and demonstration effort. 
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1 INTRODUCTION 
 

Europe is increasingly dependent on imports of oil and 
natural gas to satisfy its energy consumption. Currently, 
the European Union imports 50% of its energy needs. This 
figure is predicted to rise to 70% at the horizon 2030, with 
an increasing share for fossil fuels, unless bold measures 
are adopted [1]. 

This situation makes the EU particularly vulnerable 
politically, economically, and with regard to the 
environment. Additionally, the European Union has 
committed itself to reducing greenhouse gas emissions. 

Renewables represent one of the most attractive 
options to diversify the EU energy supply because they 
offer additional benefits, notably in terms of 
environmental impact, and development of new industries 
in technological advanced sectors. 

The European policies for the renewable energy sector 
were first set is the White Paper on renewable energy, 
which was adopted in November 1997 [2]. This document 
established the ambitious target of 12% for the 
contribution of renewable sources of energy to the 
European Union gross energy consumption in the year 
2010, and an equally ambitious target of 3000 MW of 
photovoltaic power to be installed by the same date. 
Further clarifications on EU policies for the renewable 
energy sector are contained in the Green Paper on the 
Security of Energy Supplies, which was launched in 
November 2000 [1]. 

In 2002, the Commission published its first report on 
the progress which had been achieved towards the 
objectives given in the White Paper [3]. More recently, the 
Commission has reported on the share of renewable 
sources in the energy balance of the EU Member States 
[4]. 

The latest market analysis reported that the fastest 
growing PV market in Europe was for grid connected 
systems, representing nearly 95% of the newly installed 
PV capacity in 2003 [5]. However PV electricity prices 
are still higher than those of other renewable electricity 
generating technologies. This is why the PV market 
currently relies on subsidies to a considerably higher 
extent than other renewable energy sources. 

Since many of the renewable energy sources are still 
relatively new to the market, there is a need for a targeted 
legislative and commercial infrastructure to encourage 
rapid market growth. At the same time, there is still a need 
for high profile demonstrations and promotional activities 
to raise the confidence of investors. The Commission is 
therefore active in both these areas, with the clear purpose 
of increasing the share of renewable energy sources in the 
energy mixes of the EU Member States. 
 
 
2 LEGAL INSTRUMENTS 
 

The Commission has proposed a considerable number 
of new legal instruments, adopted by the European 
Parliament and Council, to promote renewable energy and 
energy efficiency. The most relevant for the PV sector are 
reported in the following. 
 
2.1 The Green Electricity Directive 
 The Directive 2001/77/EC on the promotion of 
electricity produced from renewable energy sources, sets a 
legal framework for the future development of the 
renewable electricity (RES-E) markets in the EU [6]. The 
Member States are now obliged to establish national 
targets, which are designed to ensure that the future 
consumption of RES-E in the EU-25 will rise from 14% in 
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1997 to 21% by 2010. The Commission will monitor the 
progress made towards these targets. 
 The Directive abstains from proposing a harmonised 
Community wide support scheme for RES-E, but obliges 
the Commission to make a proposal for such a scheme if 
necessary by October 2005, taking into account the 
experiences gained in the Member States with their 
different support schemes. 
 The Directive further obliges Member States to 
assure guaranteed grid access for RES-E, to issue 
guarantees of origin for RES-E, and to ensure that the 
calculation of the costs of connecting new producers of 
RES-E to the grid and of transmitting green electricity are 
transparent and non-discriminatory.  
 Finally, the Directive obliges EU Member States to 
simplify the administrative procedures associated with 
installing RES-E generators and connecting them to the 
grid. This is very important for the PV sector, because it 
does not make great sense to use the same level of 
administrative procedure for a typical 2 kWp – 3 kWp PV 
generator as would be used for a 200 –300 MW 
conventional generator. 
 
2.2 Directive on the Energy Performance of Buildings 
 The Directive 2002/91/EC on energy performance of 
buildings includes a methodology for establishing 
integrated building energy performance standards, that 
takes into account on-site energy production, for example 
through the use of solar technologies [7]. The 
transposition of this Directive into National laws in the 
Member States will provide a valuable opportunity for the 
PV industry. It gives the possibility to demonstrate to 
building owners and users that PV can contribute to 
reducing the 40% of EU final energy consumption, which 
is currently consumed in buildings. 
 
 
3 COMMUNICATION ON RENEWABLES 
 

More recently, in a Communication to the Council and 
the Parliament, the Commission has reported on the share 
of renewable sources in the energy balance of the Member 
States. The Commission analysed the current situation and 
listed the actions that have been undertaken to promote 
renewable energy in Europe. Concluding that current 
progress is still not fast enough to ensure EU targets for 
2010 will be achieved on time, the Commission calls on 
Member States to do more and proposes that more action 
should be taken at Member State level, particularly by 
those Member States which are falling behind [4]. 
 
 
4 STANDARDISATION 
 

In the PV sector, the Commission has supported the 
development of a range of Standards for the testing and 
labelling of PV products and systems, with the help of the 
European Standards organisation CENELEC and its 
international sister organisation IEC. These organisations 
have agreements, which ensure that work on the 
development of new Standards can be done at either a 
European or an International level, and the results made 
available to both. During the past five years, progress on 
PV Standards at the EU level has been disappointingly 
slow. More efforts need to be addressed to this important 

part of PV market development. 
 
 
5 RTD AND DEMONSTRATION OF PV IN EUROPE 
 

The European Commission has been supporting 
research and development in the PV sector in Europe for 
more than 20 years, and has been instrumental in 
providing a framework within which researchers and 
industrialists can work together to develop new 
applications for PV technologies. Through a series of 
RTD framework programmes (FP), the Commission has 
maintained long term support for the development of the 
full range of PV devices, including crystalline and thin 
film solar cells, PV modules and balance of systems. 

5.1 RTD and Demonstration within FP5 (1998-2002) 
The 5th Framework Programme, coordinated by the 

European Commission, has been tailored in short to 
medium term and medium to long term activities for the 
Research and Demonstration in the Photovoltaic sector. In 
total almost 100 PV projects were started between 1999 
and 2003. 

In the short to medium term timeframe, 40 projects 
have been launched in Europe, for a total cost of more 
than €150 M and an EC contribution close to €45 M. 

The lion’s share of the resources (51%) has been 
dedicated to projects aimed at demonstrating the 
economies of scale which are achievable for grid-
connected PV systems when developers, utilities and 
building industry work together from the beginning of the 
project. Projects like SunCities, Hip-Hip, Mediterraneo, 
Universol and PV Enlargement belong to this first 
category.  

The second most important component (more than 
19%) has been for demonstrating innovative concepts for 
better integration of PV into the built environment. Large, 
MW size grid connected plants, and balance of system 
developments absorbed almost 17% and 9%, respectively 
while supporting actions for education, dissemination and 
studies took almost 4% of the contribution. 

The activities with an expected impact in the medium 
to long term correspond to more than 60 projects with 
over €65 M contribution. The main areas of medium to 
long term PV research were: Low-cost and high-quality 
silicon feedstock; Optimisation of crystalline silicon 
process technologies, with particular emphasis on cost and 
efficiency of wafer cell production; Thin-film 
technologies: highly efficient mass production plus an 
understanding of material limitations, aimed at reducing 
costs; Innovative concepts for PV cells and modules 
which have a potential for large cost reductions); Research 
on reducing the cost of other new and innovative 
components and systems. 

PV Enlargement (NNE5-2001-736) is an example of 
the latest FP5 projects launched by the Commission. The 
demonstration of cost-effective and innovative PV 
installations and the technology transfer among old and 
new EU Member States and Candidate Countries are the 
general objectives of the project. The scientific exchange 
is enforced through interconnected monitoring of 
performance data. To improve the performance of large-
scale thin-film PV systems, an inverter technology, that 
does not require the use of transformer, has been applied 
for the first time. The demonstration of a PV system cost 
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lower than 5 €/Wp for system smaller than 50 kWp is a 
specific target of the project. The political impact of this 
project on national level is quite relevant, particularly in 
the new EU Member States and candidates countries 
where, for the first time, 20 kWp grid-connected PV 
systems are being set into operation. After 18 months from 
the starting of the project, more than 50% of the planned 
1000 kWp capacity has been already completed 
 

5.2 The 6th Framework Programme (2003-2006) (FP6) 
Photovoltaics development continues to be supported 

in FP6 through both research and demonstration actions. 
Under this programme, the focus has been put on the 
development and demonstration of integrated approaches 
for new system design options and concepts, with a 
stronger emphasis on cost reduction. In the short to 
medium term, priority has been given to: Innovative 
production concepts for high efficiency cells/modules to 
be integrated into larger scale photovoltaic production 
facilities to lower the cost; and including low cost 
integrated components or devices for grid connected or 
stand alone PV generators; Support actions aimed at kick-
starting Si-feedstock production by EU industries to 
secure a reliable and affordable supply for fostering PV 
cell cost reductions; Transfer to industrial scale of a new 
generation of PV technologies/products to facilitate the 
integration of innovative solutions at lower costs; Large 
area, low cost photovoltaic modules for building 
integrated PV and autonomous solar electricity generation 
systems in industrialised and developing countries; 
Integration of photovoltaic installations in generation 
schemes to feed local distribution grids, closer to the point 
of use and development of new devices and systems to 
manage these installations. 

At the same time the medium to long term part of the 
programme has focused at: Innovative concepts and 
fundamental materials research for the next generation of 
PV technologies (e.g. organic or hybrid solar cells); Thin 
film PV technology (development of cost-effective PV 
cells and modules based on new and improved 
technologies and materials); PV processing and automated 
manufacturing technologies (to reduce the costs and 
improve materials usage in the manufacture of PV cells 
and modules); PV components and systems - balance of 
systems (research into components and their integration 
into the overall system) and the research for innovative 
applications of PV in buildings and the built environment 
(to develop integrated PV module systems which are 
configured for ease of mounting on building roofs and 
facades, hybrid PV/heating systems). 

From the proposals received under the first FP6 Call, 
ten new PV projects have been launched, for a total cost 
of €78 M and an EC contribution of nearly €42 M. Among 
them, PV MIPS is an integrated project aimed at the 
development and demonstration of a new generation of 
PV modules with integrated power conversion system, to 
reduce the cost of the electricity generated by grid 
connected systems The project outcome embraces the 
high-voltage module with integrated inverter without 
transformer. This approach offers tremendous advantages 
when used with high-voltage thin-film modules. For 
crystalline silicon modules an integrated, two-stage 
inverter is also being developed and demonstrated within 
the same project The research will have a strong focus on 
building integrated PV, because the potential for these 

applications is especially high in the dense populated 
areas of Europe. 

 
 

6  INTELLIGENT ENERGY – EUROPE 
PROGRAMME 
 

Non-technological barriers and support for tithe 
promotion of PV applications in the market are tackled 
through Intelligent Energy – Europe, the new programme 
launched by the Commission at the end of 2003 [8]. 

The ALTENER component of this programme, 
dealing specifically with renewables, makes special 
provision for small scale PV applications in individual 
dwellings as well as for larger PV generators integrated 
into electricity supply systems.  

The COOPENER component of the programme 
dealing with international cooperation supports projects 
aimed at encouraging sustainable development and 
poverty alleviation in both rural and urban areas of 
developing countries, through the provision of renewable 
energy services (including PV) together with energy 
efficiency. 
 
 
7 TECHNOLOGY PLATFORM ON 
PHOTOVOLTAIC 
 

A Conference for launching the Technology Platform 
on Photovoltaics will be held in Brussels on Sept 28, 
2004. A technology platform is an instrument which the 
Commission has devised to stimulate public-private 
partnerships between the research community, industry 
and policy makers with the aim of mobilising greater 
research and innovation effort. The elaboration of a 
Strategic Research Agenda is an essential part of the 
Platform implementation strategy. 

The expected impact of the PV Technology 
Platform is to: 

•  raise overall RTD investment; 
•  identify and address obstacles to deployment 

at EU, national and regional levels 
•  facilitate /accelerate the market penetration of 

new technologies.  
The technology demonstration process is recognized to be 
an important element to facilitate the removal of these 
obstacles. 
 
 
8 LESSONS LEARNED  
 

The EU RTD Framework programmes have focused 
on tackling technological barriers to the growth of PV 
markets in recent years, sharing the costs and therefore the 
risks with both public and private sector organisations in 
the different Member States. 
 
8.1 Short to medium term RTD 

Technology innovations have been demonstrated in 
integrating innovative PV modules in the built 
environment and in module integrated inverters. As far as 
possible, demonstration projects are located in high 
visibility locations, where they will be seen and 
appreciated by large numbers of members of the general 
public as well as by key decision makers. For example, 
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with the completion of PV Soundless (NNE5-2000-397), 
two photovoltaic sound barrier generators have been 
installed, in Fresing (Germany) and in the city of 
Helmond (The Netherlands).  

The sound barrier in Freising (500 kWp) has been 
realized with ceramic modules. Standard modules have 
been used, instead, for the smaller sound barrier in 
Helmond (105 kWp).  

A study comparing the module behaviour and the 
energy production of the two barriers is currently under 
way.  

The new sound barrier element installed in Freising 
and developed as a result of the project, consists of a 50 
Wp PV module with the solar cells laminated on a ceramic 
carrier plate. The innovative approach to sound barriers 
solution has demonstrated, for the first time, that ceramic 
modules can be manufactured and assembled in a central 
production facility and that, once on the site, the mounting 
of the sound barrier is quick and easy. The excellent 
acoustic characteristics of the newly developed 
photovoltaic module make it ideal for sound barriers at 
different landscapes, as well as they offer a new 
constructive solution to integrate PV in the built 
environment. The overall costs of the Freising barrier 
resulted in nearly 7.5 €/Wp, including the cost for the 
structural walls upholding the installation and taking into 
account that modules from a pilot production (at 4 €/Wp), 
with structures not fully optimised have been used. 
Usually sound barriers cost is given in €/m² and does not 
include the cost of the structural walls. A construction 
replica would be significantly cheaper. The Freising PV 
sound barrier has been completed along the highway 
connecting Munich to the airport. While the barrier feed 
PV electricity into the grid, thousands of users every day 
travel along the highway, included quite a few high-level 
decision makers. 
 
8.2 Medium to long term RTD 

The medium to long term research actions have 
focused on the development of PV technologies including 
crystalline and thin film cells, and on reducing the costs 
and improving the automation of PV cell and module 
manufacturing processes. 

Cost effective, high throughput Ribbon-Growth-on-
Substrate solar cell technologies: The Ribbon-Growth-on-
Substrate silicon wafer manufacturing technology was 
developed by Bayer AG. It is a very promising cost-
effective, high-speed wafer manufacturing method with 
the potential to lower silicon wafer manufacturing costs 
by approximately a factor two, as the costly wafer-cutting 
step is avoided and almost 100% of the silicon material is 
used in the form of wafers. Therefore the successful 
implementation of the technology will have a major 
impact on photovoltaic manufacturing costs as well as 
energy payback times. 

The main challenge to face is the improvement of the 
as-grown electronic wafer characteristics by optimised 
solar cell process steps. For this purpose, the relation 
between chemical and crystallographic wafer parameters 
and solar cell process steps need to be well understood. 

A cluster of six projects is focused on environmentally 
friendly mass manufacture of Chalcopyrite thin film solar 
cells at low cost. 
 
 

9 DISCUSSION AND CONCLUSIONS 
 

The PV community has to face a double challenge. 
From one side it is crucial to assure the growth of the 
markets for the current generation of PV systems. At the 
same time, it is needed to accelerate the development of a 
new generation of PV technologies, capable to supply 
electricity to the grid on a larger scale and at significantly 
more competitive prices.  

In view of its policy commitments, the EU has 
established a comprehensive policy for the renewable 
energy sector. These advances in the EU policy and 
legislative framework can be expected to accelerate the 
growth of renewable energy markets by a combination of 
targets, obligations, and financial support schemes. 

In addition to the legislative initiative, important 
efforts and resources are devoted to research development 
and demonstration addressing the performance and the 
costs of PV technologies.  

A great deal of progress has been achieved with the 
help of the Commission’s research, development and 
demonstration programmes during the past 20 years. 

Today a growing confidence in the markets for PV 
products and systems has been reached. It is encouraging 
to record that European companies are progressing and 
investing in new capacity for the production of PV cells 
and modules. 

However, the current market for grid connected PV 
systems in the EU is not sustainable without EU Member 
State subsidies. It is therefore vital that these should be put 
in place and maintained to build up capacity and bring 
further down the cost of new PV systems. 

Incremental progress can only be assured by 
maintaining the stability of support programmes and 
subsidy schemes. 

To accelerate the development, demonstration and 
market introduction of a new generation of PV systems 
and make the European industry a stronger competitor in 
the international arena the Commission proceeds along a 
two track approach, combining a relevant research and 
demonstration effort with an intense legislative initiative. 
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