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The European Commission is supporting a strong 

portfolio of photovoltaics projects addressing 

a number of key photovoltaic technology development 

and innovation issues. It is now important that the 

results of these projects are effectively exploited and 

turned into real innovation to optimise the economic 

impact in Europe from this investment – essentially 

the development of a strong European photovoltaic 

manufacturing industry.

This Report presents the photovoltaics projects in 

the Nanotechnology and Nanosciences, knowledge-

based multifunctional Materials and new Production 

processes and devices (NMP), Energy, Information 

and Communication Technologies (ICT) and Research 

Infrastructures Programmes, half-way through the 

EU’s Seventh Framework Programme for Research 

and Technological Development (FP7), as well as 

the photovoltaics projects of the Intelligent Energy 

Europe Programme (IIE) of the EU’s Competitiveness 

and Innovation Framework Programme (CIP), running 

in parallel with FP7 for the period 2007-2013. 

A complete overview and analysis of this portfolio 

of projects is given to bring forward the global picture 

of photovoltaic research and innovation in Europe 

and to highlight the impact of nanotechnology in 

this area as a leading-edge opportunity for the 

European photovoltaic industry.

This Report also follows a successful Workshop 

hosted by INES (Institut National de l’Energie Solaire, 

France) and organised by the European Commission, 

in collaboration with, and with the support of the 

SNAPSUN project, co-funded by the NMP Programme. 

The Workshop has launched the EU PV Clusters 

and enabled the nanotechnology and photovoltaic 

communities in Europe to identify joint collaboration 

and application areas, and gain new contacts and 

ideas for strategic industrial partnerships.

For further information:

www.eupvclusters.eu
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introduction

1. InTRoDUCTIon

Europe is well established as the leading worldwide market for photovoltaics (PV) and is also strongly involved in both 
nanotechnology innovation and industrial applications in the field.
Solar PV electricity production is the most obvious energy technology where innovative nanostructured materials and 
nanotechnology are contributing to technology development and to new sustainable, competitive industrial processes.

Though PV has been funded by many Programmes at European level for many years, in the EU’s Seventh Framework 
Programme for Research and Technological Development (FP7) various Nanotechnology and nanosciences, knowledge-
based multifunctional Materials and new Production processes and devices (NMP) projects support PV, in particular 
through various nanotechnology breakthrough applications. As a matter of fact, nanotechnologies and nanomaterials 
are used in several ways in a variety of PV projects funded by European Commission Programmes. Projects are often 
fragmented and results are not fully shared with other communities. There is, therefore, the need to join forces and identify 
common research goals for each given technology of industrial relevance to efficiently support PV innovation in the 
European Research Area (ERA).

The PV projects in the NMP, Energy, Information and Communication Technologies (ICT) and Research Infrastructures 
Programmes, half-way through FP7, were brought together in a workshop, for the first time, with those of the Intelligent 
Energy Europe Programme (IIE) of the EU’s Competitiveness and Innovation Framework Programme (CIP), running in 
parallel with FP7 for the period 2007-2013. The workshop has enabled the nanotechnology and PV communities in 
Europe to identify joint collaboration and application areas and gain new contacts and ideas for strategic industrial 
partnerships.
This report gives a complete overview and analysis of this portfolio of almost 40 projects, to bring forward the global 
picture of PV research and innovation in Europe and to highlight the impact of nanotechnology in this area as a leading-
edge opportunity for the European PV industry.

A strong portfolio of PV projects addressing a number of the key PV technology development and innovation issues 
is supported by the European Commission through FP7 and CIP-IEE. The total funding for the projects analysed is  
EUR 142.8 million, of which EUR 128.6 million are from FP7 and EUR 14.2 million from CIP-IEE. It is now important that the 
results of these projects (which represent a total cost of EUR 210.2 million, with EUR 191.7 million for the FP7 projects 
and EUR 18.5 million for the CIP-IEE projects) are effectively exploited and turned into real innovation to optimise the 
economic impact in Europe from this investment – essentially the development of a strong European photovoltaic 
manufacturing industry. 
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2. The eURopean phoTovolTaICs 
ClUsTeRs of pRojeCTs

The FP7 and CIP projects supporting PV in the NMP, Energy, ICT, Research Infrastructures and IEE Programmes can be 
grouped in the following Clusters and Subclusters:

Cluster 1. Wafer-based PV cells – First generation semiconductor PV cells: crystalline, wafer-based solar cells mainly 
made from silicon materials, i.e. semiconductor wafer-based Si PV technologies.

Cluster 2. Thin film PV cells – Second generation PV cells: thin film solar cells, such as amorphous or microcrystalline 
silicon, CIGS, cadmium telluride, etc.

Subcluster 2.1. – Innovative or improved PV manufacturing processes
Subcluster 2.2. – Innovative PV materials

Cluster 3. Third generation PV cells – PV cells obtained through the application of advanced concepts and mate-
rials, such as various nanomaterials (including quantum dots, super lattices, nanoparticles, nanowires, dyes and organic/
polymer materials), hybrid organic-inorganic concepts, biomimetic materials and combinations of these.

Subcluster 3.1. – Nanodots- or nanowire-based PV
Subcluster 3.2. – Organic PV cells or DSC
Subcluster 3.3. – Innovative nanostructures

Cluster 4. Concentrator PV cells – PV based on optical concentration and tracking.

Cluster 5. Innovative installations & grid interconnections – PV for distribution systems.

Cluster 6. Production equipment & processes – Demonstration of high performance equipment and processes 
for PV.

Cluster 7. Industry support – Cross-cutting issues addressing infrastructure, market, quality, legal and training 
aspects of PV.

the european photovoltaics clusters of projects

A first Workshop bringing together these Clusters was organised at the end of 2010 (in collaboration with, and with the 
support of the SNAPSUN project funded by NMP) in Aix-les Bains (France), hosted by INES.
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the european photovoltaics clusters of projects

The workshop had the following goals:

��  To give a complete overview of the portfolio of PV projects in the NMP, Energy, ICT and Research Infrastructures 
Programmes half-way through the EU’s Seventh Framework Programme (FP7), and of the PV projects of the Intelligent 
Energy Europe Programme (IIE) of the EU’s Competitiveness and Innovation Framework Programme (CIP), running in 
parallel with FP7 for the period 2007-2013.
��  To bring forward the global picture of PV research and innovation in Europe and highlight the impact of nano-

technology in this area as a leading-edge opportunity for the European PV industry.
��  To enable the nanotechnology and PV communities in Europe to identify joint collaboration and application areas, 

and gain new contacts and new ideas for strategic industrial partnerships.
��  To make key recommendations on future research needs in the PV domain to contribute to the set-up of a nano-

technology roadmap to foster the development of PV in Europe.

The full Workshop programme is included in Appendix A.
The projects are categorised, using project acronyms, by Programme and Cluster in the following table:

Cluster Subcluster

EC Programme

FP7 CIP

NMP
Energy

ICT Research 
Infrastructures IEE

R&D Demonstration

1 Wafer-Based PV Cells HiperSol HETSI Ultimate

2 Thin Film 
PV Cells

2.1 Innovative or Improved 
PV Manufacturing 
Process

AlPINE
NOVA-CI(G)S

HIGH-EF
ThinSi

2.2 Innovative PV Materials PolySiMode 
SIlICON-light 

HElATHIS 
hipoCIGS

3 Third 
Generation 
PV Cells

3.1 Nanodots- or Nanowire- 
based PV Cells

SNAPSUN 
NanoPV 

NASCEnT 
AMON-RA

ROD-SOl
IBPOWER lIMA

3.2 Organic PV Cells or 
DSC

INNOVASOl

HIFlEX
ROBUST DSC

EPHOCEll

SANS

3.3 Innovative 
Nanostructures

NanoSpec
PRIMA

SOlAMON

4 Concentrator PV Cells APOllON 
NACIR
ASPIS

5 Innovative Installations and Grid 
Interconnections MetaPV

6 Production Equipment and Processes SOlASyS 
PEPPER 
PV-GUM

7 Industry Support

SOPHIA

PV lEGAl
QualiCert 

PVs in BlOOM
PV-NMS-NET 

PVTRIN

TOTAl PROJECTS            9               3             13 5 3 1 5

Figure 1. Photovoltaics Projects – by Cluster and EC Programme
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project sYnopses

3. pRojeCT sYnopses

In the following sections, an overview is given of the portfolio of the PV projects in the NMP, Energy, ICT, Research Infra-
structures Programmes half-way through FP7, and of the PV projects of the IIE Programme of CIP.
The project overviews are segmented by Cluster.
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Cluster 1 
Wafer-based pv cells

first generation semiconductor pv cells: crystalline, wafer-based solar cells,  
mainly made from silicon materials, i.e. semiconductor wafer-based si pv technologies

HETSI 12
UlTIMATE 14
HiperSol 15
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expected results

It is essential that Europe improves its technological 
base in order to increase and secure its share of this 
important and expanding high technology market. 
The European PV Technology Platform has defined 
a strategic research agenda (SRA) with several research 
challenges that, if properly addressed, will provide 
significant advances to the European industry. Hetero-
junction cell concepts that HETSI will develop, validate 
and optimise are quoted in this agenda among the 
most promising candidates. Also the overall objective 
of improving manufacturing processes corresponds to 
one of the SRA objectives. If success is achieved it is 
expected that companies would be able to quickly set 
up production lines for heterojunction cells. In 2015, it 
is expected that heterojunction solar cells will account 
for more than 15 % of crystalline Si cell production.
Therefore it is very important for European industry to get 
access to all technology options needed for high effi-
ciency devices. So heterojunction technology is an 
important route, where an active and strong R&D land-
scape is urgently needed in Europe. If HETSI objectives 
are reached, Europe will have surpassed international 
best practice regarding the development of this cell con-
cept on small surfaces and European companies will have 
the know-how needed to build up pilot lines, which is 
the first step to enter into the industrial production stage.

further research needs

The objectives of HETSI are ambitious but there are still 
progresses to be done on heterojunction solar cells. 
Indeed, even if the 21 % objective is reached, 23 % has 
already been demonstrated by Japanese competitors. 
So, there is still room for improvements, both on the 
amorphous layers itself, but also at each step of the 
technology, both front end and back end.
Moreover, the demonstration of the real potential of the 
RCC-HET structure still needs to be done. Indeed, even 
if the structure is simulated as the best structure avail-
able for crystalline silicon, there is still an important gap 
between simulations and practical demonstrators; 
One of the major breakthrough will be to demonstrate 
both a high Voc (> 680 mV) and FF( >78).

objectives

HETSI addresses heterojunction concepts (both bifacial 
and rear contact cells) with short and medium term 
targets:

1.	 The short-term target is to demonstrate the indus-
trial feasibility of heterojunction solar cells in Europe:

	� with 50 % cost reduction compared to mainline 
production technology;

	� based on ultra thin silicon wafers: 100-150 µm, 
n-type silicon, 5-6 g/W, 125 mm PS monocrystal-
line and 156x156 mm multicrystalline;

	� with very high efficiencies: 21 % for monocrystal-
line and 18 % for multicrystalline at the cell level, 
20 % at the module level for monocrystalline and 
17 % at the module level for multicrystalline.

2.	 The medium-term target is to demonstrate the 
concept of ultra-high efficiency rear-contact cells 
based on a-Si/c-Si heterojunction (rear contact-HET 
> 22 % efficiency). 

description of the work

The figure on the next page gives an overview of the 
HETSI structure in the form of a Work-plan which shows 
the interrelation of activities in the project. There are 
7 technical work packages (WP) and a management, 
dissemination and exploitation WP: 

�� WP1: Management and innovation related activities. 
�� WP2: Characterization, modelling, roadmap to 25 % 

efficiency. 
�� WP3: Deposited junction and BSF. 
�� WP4: TCO and contacts metallization.
�� WP5: Cell process integration on large area wafers.
�� WP6: Heterojunctions applied to rear contact cells 

and ribbons.
�� WP7: Module technology.
�� WP8: Up-scaling and technology assessment.

heTsI
heterojunction solar 
cells based on a-si c-si

Grant agreement n° 211821

Programme Energy 

Duration 01/01/2008 to 01/01/2011

Co-ordinator Cea-Ines, france

Contact  Pierre-Jean RIBEyRON
pierre-jean.ribeyron@cea.fr 
tel: +33 479 44 46 43 
http://www.hetsi.eu

Project cost EUR 5.05 million
Funding EUR 3.4 million 

 project sYnopses  –  cluster 1      Wafer-based pv cells
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partners
Beneficiary name Country Role

1 french national institute for solar energy 
(cea-ines)

france project coordinator. fabrication and characterization 
of large area heterojunction solar cells. Module 
integration.

2 french national research centre (cnrs) france simulation and characterisation of heterojunctions. 
fabrication of small area solar cells.

3 energy research centre of the netherlands the netherlands Module fabrication and analysis.  
Wafers pre-treatment.

4 universiteit utrecht the netherlands tco development. passivation strategies for 
heterojunction solar cells.

5 italian national agency for new technologies, 
energy and the environment (enea)

italy rear side solar cell fabrication.

6 iMec Belgium rear side solar cell fabrication.

7 université de neuchâtel switzerland fabrication, analysis and characterisation of small/
large size solar cells.

8 helmoltz Zentrum Berlin Germany simulation and characterisation of small size 
heterojunction solar cells. a-si:h/c-si analysis.

9 photowatt france Wafer treatment. substrate provider.

10 Q-cells aG Germany substrate provider. cost analysis.

11 solon Germany Module integration and analysis.

12 alMa consulting Group france Management.

 project sYnopses  –  cluster 1      Wafer-based pv cells

Wp 2 | Characterisation, modelling, roadmap to 25 % efficiency

Wp 5 | Cell Process integration 
on large area wafers

Wp 7 | Module technology

Wp 8 | Up-scaling and technology assessmentW
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Bifacial Heterojunction Solar Cell
short term 

(time to market: 2012-2013)

RCC Heterojunction Solar Cell
Medium term 

(time to market: 2012-2013)

Wp 4 | TCO and contacts 
metallization

Wp 3 | Deposited 
junction and BSF Wp 6 | Heterojunctions 

applied to rear contact cells 
and ribbons
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 project sYnopses  –  cluster 1      Wafer-based pv cells

cells will be adapted in order to maintain standard 
processing yields. Including scaling aspects, this corre-
sponds to a module cost reduction of approximately 
30 % by 2011 and EUR 1.0/Wp, if extrapolated to 2016.  
Furthermore the Si demand can be reduced from 10 to  
6 g/Wp, with significant effect on the eco-impact of PV 
power generation.

expected results

The expected impact of the project’s achievement are 
a PV energy cost reduction of approximately 30 %,  
a significant reduction in greenhouse gas emissions and 
an improved competitiveness of European solar cell, 
module and equipment manufacturers.

further research needs

�� Standardisation of back contact solar cell inter- 
connection.
�� Alternative interconnection materials e.g. foils or 

printed circuit boards.
�� Further improvements in handling of very thin solar 

cells and wafers.

objectives

The overall objective of Ultimate is a significant contri-
bution to the dissemination of PV in order to improve 
the sustainability of the European energy supply, to 
reduce environmental hazards like global warming 
and to strengthen the economic performance of the 
European PV industry. 

description of the work

The approach to reach this overall objective is to dem-
onstrate PV modules using solar cells which are sub-
stantially thinner than today’s common practice. We will 
reduce the current solar cell thickness of typically 200-
250 µm down to 100 µm. If we consider a projected kerf 
loss of 120 µm for 2010, this will enable us to cut more 
than 50 % additional wafers out of each silicon ingot.  
By using advanced solar cell device structures and mod-
ule interconnection technology, we furthermore target 
to increase the average efficiency for these thin cells to 
19 % for monocrystalline and 17.2 % for multicrystalline 
silicon and to reach a module-to-cell efficiency ratio 
above 90 %. The processing and handling of wafers and 

UlTIMaTe
ultra thin solar cells  
for module assembly  
– tough and efficient

partners
Beneficiary name Country Role

1 fraunhofer ise Germany coordinator, process technology, solar cell devices, 
module technology.

2 pse aG Germany Management support, economical and  
ecological evaluation.

3 iMec Belgium process technology, solar cell devices.

4 photowatt international s.a.s. france process technology, solar cell devices.

5 Bp-solar spain Withdrew from the project in july 2009.

6 photovoltech Belgium process technology, solar cell devices.

7 solarWorld innovations Gmbh Germany solar cell devices, module technology.

8 solar factory Gmbh Germany Module technology.

Grant agreement n° 218966

Programme Energy 

Duration 01/10/2008 to 30/09/2011

Co-ordinator fraunhofer society – 
  fraunhofer Ise, Germany

Contact Dr Ralf PREU
  ralf.preu@ise.fraunhofer.de 
  tel: +49 761 4588 5387 
  http://www.ultimate-pv.eu

Project cost EUR 6.35 million
Funding EUR 3.98 million
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for the success of this project. Hence, considerable 
emphasis will be laid on integrating different methods 
seamlessly and consistently, with many possibilities to 
update and improve the different tools.

An important development will be the implementation 
of semi-empirical pseudo-potentials, which can calcu-
late the accurate electronic structure of large structures 
with up to millions of non-equivalent atoms as well as 
methods for calculating the lifetime of charge carriers. 
The multi-scale environment will involve construction 
of reliable inter-atomic potentials for empirical molecular 
dynamics, providing input to first principles calculations 
that in a following stage will be integrated into finite 
element method (FEM) calculations, reaching the size 
and time scales of real devices.

The modelling will focus on real interfaces and be used 
to investigate enhancements to present solar cell 
technology.

The generic nature of the methodology and develop-
ment in HiperSol could certainly be used in many other 
fields within materials science and nanotechnology 
based approaches depending on multiscale modelling. 
Of special importance in this respect is the:
��  Added experience in how to develop an accurate 

multiscale modelling environment covering the rel-
evant physics of a certain system at all the important 
length and time scales, starting from first principles. 
��  Improvement of the Vienna Ab-initio Simulation 

Package (VASP), which has become the industrial 
standard for ab-initio density functional theory (DFT) 
calculations of solids. This includes improved solvers 
and the above implementation of semi-empirical 
pseudo-potentials.

objectives

�� To develop a multi-scale modelling framework based 
on first principles. 
�� To use this framework to accurately describe and 

understand:
	- the resistance at the metal contact-silicon interface;
	- the recombination at the passivation layer-silicon 

interface in standard silicon solar cells. 
�� To enable a decrease of the cost/efficiency ratio of 

solar cell devices.

description of the work

The resistance at the metal contact-semiconductor 
interface and recombination at the passivating layer-
semiconductor interface are two important challenges 
for improving the performance of current solar cells. 
These processes are quantum mechanical by nature, 
but so far most studies and attempts to improve the 
properties of solar cells have been at the device scale.
 
A main reason for this is the great challenges faced by 
theoretical modelling. Accurate descriptions of the geo-
metric and electronic structures are required, which 
necessitate the use of highly sophisticated method-
ologies based on first principles. At the same time, the 
interfaces extend in many cases well beyond the size 
limit of first principles methods, creating the need for 
more efficient methods, which can operate at larger 
time and size scales.

HiperSol aims to fill this knowledge gap by developing 
and implementing a multi-scale modelling environ-
ment. The physics at the various scales will be treated 
by a multitude of techniques, and the boundaries 
between these techniques are of utmost importance 

hipersol
Modelling of interfaces 
for high performance 
solar cell materials

Grant agreement n° 228513

Programme NMP 

Duration 01/12/2009 to 01/12/2012

Co-ordinator stiftelsen sInTef, norway

Contact Jesper FRIIS
  jesper.friis@sintef.no 
  tel: +47 98 23 04 58 
  http://www.sintef.no/  
  Projectweb/HiperSol

Project cost EUR 4.55 million
Funding EUR 3.4 million

 project sYnopses  –  cluster 1      Wafer-based pv cells
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 project sYnopses  –  cluster 1      Wafer-based pv cells

expected results

One of the main objectives of the HiperSol project is 
that the modelling results, in addition to the improved 
understanding of the contacting and passivating inter-
faces, will be used by the industrial partners to improve 
their production line to decrease the cost/efficiency 
ratio in their solar cell devices. In addition it is also 
expected that the added experience on multiscale 
modelling and the improvements of VASP as men-
tioned above will be important for many industrial 
applications of functional materials.

partners
Beneficiary name Country Role

1 stiftelsen sintef norway coordinator and Wp leader for modelling of 
contacting interface.

2 stichting energieonderzoek centrum 
nederland

the netherlands Wp leader for application of passivation  
interface model.

3 international solar energy research centre 
Konstanz

Germany Wp leader for application of contacting  
interface model.

4 sunways aktiengesellschaft Germany provider of industrial input and implementation  
of industrial relevant results.

5 isofoton s.a. spain provider of industrial input and implementation  
of industrial relevant results.

6 universität Wien austria Wp leader for atomistic band structures  
for large systems.

7 the university of sheffield united Kingdom Wp leader for determination of geometric structures.

8 Kungliga tekniska högskolan sweden Wp leader for modelling of passivation interface.

further research needs

The HiperSol project has only been running for 9 months, 
but has already shown some promising results. Because 
of the generic nature of the project and the modelling 
environment that is build up, there will be many possibili-
ties for new applications and further research. Towards 
the end of the project (autumn 2012) a dissemination 
workshop is therefore planned in order to explore the 
possibilities for utilising the results of HiperSol project in 
other fields beyond Si-based photovoltaics, and to define 
new projects.
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hIGh-ef
large grained, low stress multi-
crystalline silicon thin film solar 
cells on glass by a novel 
combined diode laser and  
solid phase epitaxy process

Grant agreement n° 213303

Programme Energy 

Duration 01/12/2007 to 30/11/2010 

Co-ordinator  Institute of photonic Technology, 
Germany

Contact  Dr Silke CHRISTIANSEN
silke.christiansen@mpl.mpg.de 
tel: +49 179 689 41 82 
http://www.high-ef.eu

Project cost EUR 4.47 million
Funding EUR 2.86 million

and reduce the defect density and stress levels of multi-
crystalline thin layers on glass compared e.g. to stand-
ard SPE processes on glass, which provide grains less 
than 10 µm in diameter with a high density of internal 
extended defects, which all hamper good solar cell effi-
ciencies. In addition to the development of a 2D thin 
film solar cell concept, the examination of its techno-
logical potential (with respect to possible efficiency and 
manufacturability) and its experimental realisation, it is 
the strategy of HIGH-EF to develop tooling for in-line 
processing and process control that could directly be 
implemented in the thin film solar cell production line 
of the industrial partner (CSG Solar AG) or any other cell 
production company that is interested. Moreover, the 
application of these new metrology tools is not only 
limited to the PV industry but they can be easily trans-
ferred to microelectronics and elsewhere:
�� This holds for the diode laser array with high power 

long line focus to crystallize modules of 30 x 39 cm² 
(or eventually even 1.1 x 1.25 m²) with a single scan. 
�� This also holds for in-line stress analysis by Raman 

spectroscopy that needs to accompany the crystal-
lization process for materials optimization and quality 
insurance.

further research needs

Since the project HIGH-EF is almost complete, certain 
weaknesses in the cell preparation technique based on 
diode laser crystallisation of a seed layer and subse-
quent epitaxial thickening by SPE of an a-Si layer on 
glass were identified. The diode laser crystallisation per-
mits the realisation of large grained material with com-
parably low internal defect density. However, large 
stresses form in the layers due to expansion coefficient 
differences between the glass and Si layer. Moreover, 
the laser processing yields high local energy transfer at 
macroscopic impurities, particles or processing con-
taminations on the a-Si layer surface or interfaces so 
that the a-Si layer is locally burned away and thus disin-
tegrates all the way to the substrate resulting in holes 
and consequently in electrical shunts. Thus, for large 
area defect free processing it is required that very clean 

objectives

HIGH-EF aims to provide the silicon thin film photo-
voltaic (PV) industry with a unique process to achieve 
high solar cell efficiencies (potential for >10 %) by large, 
low defective grains and low stress levels in the mate-
rial with low consumption of silicon at competitive 
production costs. 

description of the work

This process is based on a combination of melt-medi-
ated crystallization of an amorphous silicon (a-Si) seed 
layer (~100 – 400 nm thickness) and epitaxial thickening 
(to > 2 μm) of the seed layer by a solid phase epitaxy 
(SPE) process (cf. Figure A.). Melting the a-Si layer and 
solidifying large grains (~ 100 μm) will be obtained by 
scanning a beam of a diode laser array. A low cost laser 
process is being developed in HIGH-EF using highly effi-
cient laser diodes, combined to form a line focus (line 
length up to 30 cm) that allows the crystallization of an 
entire module (e.g. 30 cm x 39 cm in a research line) 
within a single scan. Epitaxial thickening of the large 
grained seed layer (including a pn-junction) is realised 
by deposition of doped a-Si on the seed layer and  
a subsequent SPE process by way of a furnace anneal. 
The laser processing may be prone to high stress levels 
in the film due to different thermal expansion coeffi-
cients of Si and glass. Therefore, processing has to be 
optimised to obtain the lowest possible stress levels. 
This can be obtained by proper heating of the substrate 
during the melting and recrystallisation. Monitoring of 
stress states in the silicon layer is carried out by µ-Raman 
spectroscopy and a fast and large area scanning process 
is developed that is based on scanning (with two perpen-
dicular galvo-scanners) the laser beam while collecting 
the Raman signal.

expected results

Such a combined laser-SPE process (see Figure A) rep-
resents a major breakthrough in silicon thin film photo-
voltaics as it will substantially enhance the grain size 
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furnace
anneal

partners
Beneficiary name Country Role

1 institute of photonic 
technology

Germany diode laser crystallized multicrystalline silicon seed layer on glass. 
epitaxy on seed layer by solid phase crystallisation. stress analysis 
of multicrystalline silicon thin films by raman spectroscopy.

2 csG solar aG Germany efficiency tests on new material. test structure processing.  
system integration of laser processing and stress analysis in  
the process line of csG. dissemination, integration and 
standardisation.

3 oclaro aG switzerland development of a high-power diode laser array with line focus 
including optics. integration of laser processing in the process  
line of csG. dissemination, integration and standardisation.

4 horiba jobin Yvon france development of a raman spectrometer for fast and large-area 
scanning to measure the 3d stress in silicon thin films.  
integration of stress analysis in the process line of csG. 
dissemination, integration and standardisation.

5 iness-cnrs/ulp strasbourg france numerical simulation of crystallisation processes.

6 swiss federal laboratories for 
Materials testing and research

switzerland stress analysis of multicrystalline thin silicon by eBsd. 
development of the technique. Mechanical testing of  
the thin layer/glass structures.

7 alMa consulting Group france project management.

8 research institute for technical 
physics and Materials science 
hungarian academy of science

hungary teM based defect structure and population analysis.

a-si

la
se

r

mc-si mc-siseed

scan

a-si a-si

glass glass glass

mc-si

epitaxial regrowth 
by spc 
seed

mc-si

glass

Figure A. 

1    Schematic of the diode laser crystallization process of 
a-Si. large grains (> 50 µm in diameter and > 100 µm in 
length) form due to the melt mediated grain growth 
on glass to act as the emitter. 

2,3  Deposition of a properly doped a-Si absorber on the 
seed layer and epitaxial recrystallisation by a furnace 
anneal at elevated temperatures of ~ 600 °C. 

4    Final multicrystalline silicon thin film solar cell on glass.

surfaces or interfaces are preserved e.g. in a clean room 
environment. This indicates that processing will not be 
particularly cheap. Moreover, the layer thickness that 
can easily and stable be reached is of the order of 
~2 µm. In much thicker layers epitaxial re-growth from 
the laser crystallised seed layer and spontaneous crys-
tallisation (e.g. from the layer surface) compete. There-
fore, a comparably thin layer (~ 2µm) can be realised by 
a single epitaxial SPE process that accounts for only  
a low percentage of absorption of the incident sun light. 
To increase absorption, either several rounds of SPE are 

1

2

4

needed or light trapping by respective structures is 
required. Both measures mean additional processing 
costs. An interesting approach based on nanotechnol-
ogy is to etch the multicrystalline SPE layer on glass wet 
chemically thereby creating nanowires. Our first prelimi-
nary results on processed nanowire-based solar cells 
show a substantial increase in absorption by this etch-
ing procedure. It is also interesting to note that the 
nanowire etching increases the efficiency compared to 
the 2D layer, not only due to enhanced absorption but 
also due to removal of defects through etching.

3
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alpIne
advanced lasers for 
photovoltaic industrial 
processing enhancement

Grant agreement n° 229231

Programme NMP 

Duration 01/09/2009 to 31/08/2012 

Co-ordinator  University of parma (UnIpR), Italy 

Contact  Stefano SEllERI
stefano.selleri@unipr.it 
tel: +39 521 90 57 63 
http://www.project-alpine.eu

Project cost EUR 9.12 million
Funding EUR 5.9 million

accounts for about 60 % of the price of a PV installation, 
any improvement in the scribing process will allow  
a reduction in manufacturing costs, as it is indicated 
in B, and consequently help reducing the overall price 
of solar energy production, contributing to a further 
increase of the share of electricity produced by PV in 
the next years within the European Union. This result 
would be consistent with the so called 20/20/20 target 
for 2020, for the promotion of renewable energies, an 
important priority set by the European Commission.

objectives

The ALPINE project will develop and test laser proto-
types for an extremely exciting and constantly growing 
application, which is the scribing process used for the 
production of solar cells for PV energy production.  
In fact, the average PV industry yearly growth rates over 
the last five years were more than 40 %, which makes 
PV one of the fastest growing industries at present. 
Due to the fact that the price of the PV modules alone 

description of the work

The laser characteristics to be matched by the ALPINE 
project are reported in C. The output wavelength 
should be in the IR, green and UV regions, that is 1 064, 
532 and 355 nm for the MOPA and 1030, 515 and 343 nm 
for the Q-switched configuration, the pulse repetition 
rate between 10 kHz and 200 kHz, the spectral line-
width less than 0.5 nm and the pulse duration from 1 to 
50 ns. The average power should be 100W in the IR, 
50W in the green and 20W in the UV. All the pulse 
parameters, such as width, shape and energy, must be 
programmable in order to better exploit the laser for 
the considered applications.

For comparison and experimental verification of the 
lower pulse duration regime ef fects on material 
processing, a MOPA versatile structure will also be used. 
This source will produce adjustable short pulses with 

Process Process speed
speed expected

Estimated cost reduction by 
gain in process speed and 
application of fiber lasers (rel.)

Estimated cost reduction 
by gain in availability and 
yield (abs.)

Reduction of 
module costs

P1 5 m/s 65 % 0.5 % 3.8 %
P2 3-5 m/s 60 % 1 % + 1.2 % * 4.7 %
P3 3-5 m/s 60 % 1 % + 1.2 % * 4.7 %
Ablation 30 cm²/s 70 % 0.1 % 3.4 %
Summarized reduction of fabrication module costs: 16.6 %

 
Figure B. Estimated cost reduction (*additional gain by larger active module area)

Relevant Specification Targeted Range
Emission wavelength IR          1064 nm, 1030 nm

Green    532 nm, 515 nm 
UV           355 nm, 343 nm

Pulse repetition rate 10-300 kHz
Pulse duration 200 ps-50 ns
Mean power (IR) >100 W
Mean power (green) >50 W
Mean power (UV) 20 W
Output beam quality M² <1.3

Figure C. Main Fibre laser Specifications

duration and repetition rate in the range 200 ps up to 
10 ns, and 100 kHz up to 1 MHz, respectively. The double-
clad fibre based amplification stages will exhibit an 
optical power of 2 W and peak power of 3 kW. 
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Additional double-clad and photonic crystal fibre 
amplification stages will achieve 20 to 50 W depending 
on the application energy needs. Based on the first tests 
with a MOPA system, a Q-switched laser will be devel-
oped that can produce over 100 W of average power at 
1030 nm (the target is 200 W in the IR), 50 W at 515 nm 
and 20 W at 343 nm. The peak power will reach 100 kW 
and the repetition rates will be adjustable between  
10 and 300 kHz. in terms of PV cell development, the 
project aims to prepare efficient PV devices at low cost 
by developing thin film solar cells on flexible and/or 
polymer substrates which are cheaper than standard 
glass substrates. The project will investigate the two 
most appealing and promising approaches, besides the 
standard one based on silicon wafer, namely those 
based on cadmium telluride and copper indium di-
sulfoselenide. For both types of technologies, the 
project is expecting improvements in terms of PV effi-
ciency and reduction of module costs. In particular, the 
project aims to develop a new laser scribing process 
where the laser scribing substitutes for the last two 
mechanical scribing stages of a standard monolithically 
integrated solar module, the so called P2 and P3 pat-
terning processes. By substituting mechanical by laser 
scribing, precision increases and saving of time and 
material will be accomplished, providing an effective 
reduction of PV module costs as already indicated.

expected results

The main goals of the ALPINE project are:
��  the realisation of high quality beam, high power, 

short pulse, and high repetition rate fibre lasers in 
MOPA and Q-switched configurations;
��  demonstration of a PCF platform that allows high 

brilliance, high power laser systems and reliable and 
versatile frequency conversion;
��  the development and manufacture of low cost and 

efficient thin film PV solar cells based on cadmium 
telluride and copper indium di-sulfoselenide;
��  the improvement, in terms of precision and speed, of 

the existing scribing technology in PV modules 
through the usage of high quality beam fibre lasers;
��  the development of a complete system for laser 

scribing which will completely replace mechanical 
scribing in all PV module production steps.

Following from the listed goals, the social and economi-
cal impacts of the ALPINE project, in terms of growth of 
the European laser market, PV module efficiency, solar 
cell costs and volume production, stimulation of the 
photonic research and new production technology 
development, are important.

In synthesis, the main benefits of the ALPINE project are:
��  improvement of the existing scribing technology in 

PV modules, in particular laser scribing – which will 
completely replace mechanical scribing in all the 
production steps and will allow a significantly 
increased processing speed; 
��  demonstration that novel fibre laser concepts can be 

successfully employed in advanced processing of 
semiconductors with a reduction of production and 
maintenance costs;
��  demonstration that PCF based high brilliance laser sys-

tems allow reliable and versatile frequency conversion;
��  because of the significantly higher pulse repetition rate 

of the new fibre laser in comparison to currently used 
diode-pumped solid-state laser systems, the produc-
tivity of the scribing process will be doubled;
��  decrease of 40 % of the total cost of ownership can 

be expected due to the low maintenance and cost-
efficient fibre laser which can offer an expanded sale 
market because especially young companies or 
SME ś are enabled to acquire the new technology;
��  to enable growth in the high volume production of 

flexible thin film solar cells;
��  an improvement in the environmental profile of solar 

modules by the reduction of PV cell and module 
manufacturing costs of at least 16 %;
��  to stimulate the overall economic growth of Euro-

pean laser market;
��  to promote education, training and research in new 

production technologies and photonics.

further research needs

Although it has been demonstrated that CIS can be 
selectively removed without damaging the underlying 
Mo layer, the issue of melted CIS at the edges of the 
grooves is a problem which could cause short-circuiting 
and shunting of cells. This can be addressed with short 
pulses and better focusing. Moreover some developers 
are looking to transform CIS locally as a way to create  
a conductive zone that replaces the direct contact 
between ZnO:Al and Mo. Such laser scribing should be 
addressed when CIS is processed on flexible substrates 
where other alternatives are difficult or impossible due 
to the nature of the substrate material.
The P3 laser patterning step on CIS modules is highly 
critical due to shunting induced by the heat affected 
zones along the laser scribes. Even with advanced beam 
profiling and sub-nanosecond pulses this approach 
may fail, leaving the conventional mechanical scribing 
as the only alternative.
The same problem may arise with the edge cleaning 
process. Here, processing from the rear side through 
the substrate is an option for glass based modules. 
Alternatively, an additional isolation groove can be 
scribed mechanically along the borders of the active 
area of the modules.
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partners
Beneficiary name Country Role

1 university of parma (unipr) italy project coordinator. development and characterization of fiber laser 
prototype (Wp1). design of pcfs (Wp3).

2 nKt photonics (nKt) denmark leader of Wp3 with responsibility for designing, producing and 
testing the pcfs upon which the light sources for solar cell 
processing will be based.

3 Quanta system s.p.a. (Quanta) italy Works on laser design and development, and dissemination. 
develops a high power, highly flexible Mopa based system in order 
to have a highly performing and flexible system for investigating the 
multi-variable process parameters.

4 oclaro switzerland aG 
(oclaro)

switzerland leader of Wp2, involved in developing and providing narrow 
linewidth dfB seed lasers compatible with high frequency operation. 
provides pump lasers with dichroic filters for pump protection.

5 eolite system (eolite) france Work on laser design and development, fiber design and test, beam 
handling and shaping and dissemination. develops a high power 
amplifier based on proprietary rod type technology. develops  
a custom Q-switched laser to produce over 100W average power 
to boost the process efficiency and all the high power frequency 
conversion modules.

6 solar systems & equipment (sse) italy involved in Wp4 as a supplier of solar cells for all the needs  
of project partners (cdte and sputtered ciGs technologies).

7 neXcis france scientific coordinator. fabrication and delivering to laser partners 
of electrodeposited based ciGs solar cells.

8 Zentrum für sonnenenergie- und 
Wasserstoff-forschung (ZsW)

Germany involved in Wp4 for providing cis thin film modules on glass, 
polyimide and steel substrates. involved in laser scribing (Wp5). 
involved in the diagnostic activities (Wp7).

9 Würth solar Gmbh & co. (Ws) Germany delivers relevant samples and modules out of the Ws product family 
for various laser application tests of partners.

10 university of verona (univr) italy involved in Wp4 for the development and characterisation of thin 
film solar cells. involved in Wp5 for the integration of lasers into 
the industrial system.

11 european commission, joint 
research centre (jrc), institute of 
energy, renewable energies unit 
(italy)

ec Measurements of electrical performance (current-voltage iv 
characteristics) at standard test conditions, temperature 
coefficients, and spectral response of all supplied devices. visual 
inspection by optical Microscopy, thermal imaging measurements 
and the laser Beam induced current (lBic) technique.

12 elettrosystem sas (es) italy involved in Wp5 as technical support for beam handling and 
involved in Wp6 as supplier of automation systems.

13 lpKf laser & electronics aG 
(lpKf)

Germany involved in Wp5 to build up an interesting prototype of a solar panel 
scribing system, meeting the specifications gathered with the project 
partners in other work packages.

14 university of ljubljana (unilj) slovenia development of the new approach of the fibre laserQ-switching 
based on single crystal photo-elastic modulator (Wp1).

15 Multitel asbl (Mul) Belgium contributes to the laser design, for instance bringing the expertise 
in design and prototyping of high-power short pulse sources.

Another low risk problem can arise if the production 
process destroy or damage modules. A possible solu-
tion relies on the availability of around 3-5 modules sent 
back by partners to WS to be finished in the production 
line with identical laser parameters. Besides the modules 
can be completed one after another to avoid damages 
for the same reason.
Within the scribing process, problems can appear 
mainly in the design of the beam guiding and shaping 
optics. The optics has to be adjusted to the output 
beam quality of the laser system. It is not sure to reach 
a useful focal length because of the necessary distance 

between the substrate and the optics due to space 
requirements to place exhausting unit or actuator com-
ponents. To avoid this problem, an exact planning has 
to be done and an active inter-exchange in the devel-
opment phase of the laser source especially in the 
selection of the beam guiding fiber is essential.
In addition, it will be surely practicable to perform the 
P1, P2 and P3 processes under laboratory conditions. 
The realization of the e.g. edge deletion method under 
real production surroundings will be more critical. This is 
a very sensitive process and good concepts for the focus-
ing automation and the osculation are indispensable.
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description of the work

The main vision of ThinSi is to develop a solar cell proc-
ess chain for high throughput, cost-effective manu-
facturing of thin Si based solar cells on low-cost Si 
substrates. A set of innovative technological processes 
will be developed to realise this new concept and 
transfer the results it into production.

expected results

A set of innovative technological processes will be 
developed to realise this new concept and transfer the 
results it into production.

further research needs

Optimisation of fabrication of low-cost Si powder based 
substrates and high quality thin Si layers deposited on 
top of such substrates.

objectives

The objectives of ThinSi are to:
��  develop innovative methods for fabrication of low-

cost Si based substrates; 
��  develop a process flow and advanced equipment 

for cost-effective fabrication of thin Si solar cells on 
low-cost Si based substrates, and assembly into 
modules; 
��  analyse the electronic properties of individual solar 

cell materials and their interfaces as well as the rela-
tionship between the deposition parameters and the 
device properties; 
�� develop new methods for optical confinement; 
�� implement the ‘powder-to-substrate’ concept based 

process flows to existing industrial lines.

Thinsi
thin si film based  
hybrid solar cells on  
low-cost si substrates

Grant agreement n° 241281

Programme Energy 

Duration 01/01/2010 to 30/12/2013

Co-ordinator sInTef, norway 

Contact Dr. Alexander UlyASHIN
  alexander.g.ulyashin@sintef.no 
  tel: +47 93 002 224 
  http://www.sintef.no/
  projectweb/Thinsi

Project cost EUR 6.19 million
Funding EUR 4.42 million

partners
Beneficiary name Country Role

1 stiftelsen (sintef) norway development of low-cost si powder based substrates.

2 fraunhofer institute for solar energy 
systems (ise)

Germany deposition of epi-si layers, solar cell processing.

3 iMec Belgium deposition of epi-si layers, solar cell processing.

4 ente per le nuove tecnologie, l’energia  
e l’ambiente (enea)

italy optical characterisation of tco layers.

5 university of nottingham (unot) united Kingdom deposition of tco layers and their characterisation.

6 oxford instruments plasma technology 
ltd. (oipt)

united Kingdom advanced vacuum equipment development.

7 elkem solar as (elKs) norway silicon powder development.

8 pyroGenesis s.a.(pYrG) Greece substrate and solar cell structure producer.

9 nt-Mdt europe Bv (ntMd) the netherlands analytical equipment development.

10 innovative Materials processing 
technologies ltd. (iMpt)

united Kingdom non vacuum technology equipment development.

11 isofoton s.a.(isof) spain solar cell and solar module production.
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nova-CI(G)s
adhesion and cohesion 
at interfaces in high per-
formance glassy systems

Grant agreement n° 228743

Programme NMP 

Duration 01/01/2010 to 01/06/2010 

Co-ordinator  Umicore, belgium 

Contact Fabrice STASSIN
  fabrice.stassin@umicore.com 
  tel: +32 14 24 50 27 

Project cost EUR 6.05 million
Funding EUR 4.5 million

�� WP2: (ZSW as leader)  
CI(G)S layer deposition and activation. 
�� WP3: (TUC as leader)   

Large area deposition and annealing of CI(G)S layer. 
�� WP4: (WERes as leader)  

Exploitation & Dissemination.
�� WP5: (Umicore as leader) 

Management.
The technology developed relies upon the use of inks 
prepared from particles, considering the following 
requirements and benefits:
��  typical particles we consider can be metal alloys, 

metal oxides, metal chalcogenides, other;
��  no or limited need for reduction;
��  no or limited need for selenization;
��  particles prepared by using Umicore’s competences 

on wet-phase chemistry & gas-phase chemistry;
��  concepts other than nanoparticle-based are also 

investigated.

expected results

�� Non-vacuum deposition of the CI(G)S layer while 
maintaining acceptably high efficiency.
��  Non-vacuum deposition of CI(G)S layers realised at 

high speed on rigid & flexible substrates whilst main-
taining acceptably high efficiency on assembled cells.
��  Significant impact on reducing the cost (EUR/Wp) of 

the CI(G)S layer and paving the way to address the 
device’s adjoining layers, ultimately achieving a CI(G)S 
TF module cost of below EUR 0.8/Wp.
��  Accelerated market development of CI(G)S technology 

as an alternative to non-thin film based PV.

objectives

Current production methods for thin film photovoltaics 
typically rely on costly, difficult to control (over large 
surfaces) vacuum-based deposition processes that are 
known for low material utilisation (30-50 %). NOVA-CI(G)
S proposes alternative, non-vacuum ink-based simple 
and safe deposition processes for thin film CI(G)S photo-
voltaic cells. The low capital intensive, high throughput, 
high material yield processes will deliver large  
area uniformity and optimum composition of cells.  
The project objectives are to achieve a competitive 14 % 
small area cell efficiency and to demonstrate the proc-
esses at high speed on rigid and flexible substrates 
while maintaining acceptably high efficiencies. The 
processes reduce the cost of CI(G)S layers by 75-80 % in 
comparison to evaporated CI(G)S, which translates into 
a 20-25 % reduction of total module cost. Major scien-
tific breakthroughs of the project include improved 
materials control in novel precursor materials by using 
nano-sized particles of specific chemical and structural 
characteristics and innovative ink formulation, to enable 
coating by simple processes while avoiding the use of 
toxic gases in subsequent process steps. This industry-
led project constitutes the first essential step towards  
a fully non-vacuum, roll-to-roll process aimed at achiev-
ing a solar module production cost below EUR 0.8/Wp  
that will make photovoltaic directly competitive with 
traditional energy generation.

description of the work

�� WP1: (Umicore as leader)  
Precursor materials and ink formulation. 
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partners

Beneficiary name Country Role

1 umicore sa Belgium development of precursor materials.

2 Zentrum für sonnenenergieund 
Wasserstoff-forschung (ZsW)

Germany ci(G)s layer deposition & activation.

3 eMpa Materials science and technology 
(eMpa)

switzerland ci(G)s layer deposition & activation.

4 technische universität chemnitz (tuc) Germany large area deposition & annealing of ci(G)s layer  
(rigid, flexible substrates).

5 Xennia technology ltd united Kingdom formulation of inks based on developed precursors.

6 Würth elektronik research Gmbh Germany exploitation & dissemination. evaluation of developed 
technologies.

7 flisom ltd switzerland evaluation of developed technologies. large scale 
deposition on flexible substrates.

8 valtion teknillinen tutkimuskeskus (vtt) finland formulation of inks based on developed precursors.

further research needs

�� Control of composition and features of particles for 
development of inks.
��  Development of formulations without the use of too 

much of C-based stabiliser.
��  Control of deposition parameters and reliability of 

deposition technology.

��  Annealing/conversion of deposited layers into the 
CI(G)S absorber layer (phase formation, morphology 
of layer, cracks, impurities, stoichiometric control).
��  Avoid use of hazardous chemicals.
��  Printing of adjacent layers.
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defects in the material. In addition to improved material 
quality, the efficiency of polysilicon modules will also 
be increased by the development of advanced methods 
for light confinement. The active participation of CSG 
within this project will allow the consortium to produce 
in-line module demonstrators (39 x 30 cm) by applica-
tion of the developed process steps in the pilot line of 
CSG and also to accurately determine the influence of 
the developed technologies on the cost-effectiveness 
of polysilicon modules. The main concrete scientific and 
technological objectives of the project are:
��  Development of alternative Si deposition methods, 

having increased growth rates and/or leading to 
higher material quality.  
��  Optimised in-line post-deposition treatments (defect 

annealing and hydrogen passivation) leading to 
improved polysilicon material quality.
��  Improved light trapping schemes that enhance the 

efficiency of polysilicon modules.
��  Improved understanding of the relationship between 

silicon growth parameters, post-deposition treat-
ments and material quality.
��  Thin-film polysilicon modules (39 cm x 30 cm) pro-

duced in-line with efficiencies above 12 %.
��  A Cost of Goods Sold per Watt Peak value for poly-

silicon modules below EUR 0.7/Wp at the end of the 
project.

description of the work

This project builds on the knowledge of experts in the 
field (the major institutes working on thin-film poly-
silicon PV in Europe are present in this consortium) and 
will go beyond what has been done so far. We will aim 
to improve the polysilicon material quality by developing 
novel deposition methods to reduce the defect density 
in the material (WP1), developing post-deposition treat-
ments to anneal and passivate the remaining defects 
more effectively and investigating the use of a-Si for 
surface passivation and heterojunction emitters (WP2). 

objectives

Thin-film polysilicon solar cells have recently emerged 
as a promising thin-film alternative to bulk crystalline Si. 
With Solid Phase Crystallization (SPC) of amorphous Si, 
CSG Solar AG has achieved mini-modules (10x10 cm²) 
with an efficiency of more than 10 %, matching the 
efficiencies of the best European micromorph mini-
modules. In this project, for the first time, the leading 
European institutes in the field of thin-film crystalline-
silicon solar cells (CSG, FZU, IMEC, InESS, ISE, and HZB) 
will join forces to accelerate the further development 
and improvement of cost-effective large-area poly-
silicon modules. Indeed, simulations predict that with 
the proper crystallographic quality of the polysilicon 
material and with advanced device processing, single-
junction polysilicon solar cells with efficiencies as high 
as 15 % are feasible. The aim of this project is to increase 
the efficiency of large-area polysilicon modules to more 
than 12 % and thus to improve their cost-effectiveness. 
While projections for CSG Module Cost of Goods Sold 
per Watt Peak (COGS/Wp) are currently around EUR 1/W 
for 2012, this project aims to reduce that value to 
EUR 0.7/Wp by the end of the project (i.e. in the same 
time frame). This will be achieved by the improvement 
of the crystallographic and electronic quality of the 
active polysilicon material and by the implementation 
of new, advanced methods for light confinement. 
The present device structure and material of the CSG 
modules will be taken as the starting point. By advanced 
characterisation of the polysilicon material and related 
interfaces, a better understanding of the relationship 
between the growth parameters, the electrical and 
optical properties of the material and the resulting 
device properties will be obtained. This information will 
be used to enhance the material quality by the develop-
ment of more effective post-deposition treatments (e.g. 
defect annealing and hydrogen passivation) for poly-
silicon and by the development of improved material 
growth processes leading to a much lower number of 
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partners
Beneficiary name Country Role

1 iMec Belgium seed layer approach, heterojunction emitters, plasma texturing 
and characterisation.

2 csG solar aG Germany cost calculation, demonstration of process steps, pilot line,  
solid-phase crystallisation, e-beam deposition and annealing.

3 fraunhofer ise Germany rtp, ZMr, cvd, post-deposition treatments, pl measurements 
and module characterisation.

4 fyzikalni ustav av czech republic characterisation of microstructures and electronic properties.

5 helmholtz Zentrum 
Berlin

Germany e-beam evaporation, rta, h-passivation, heterojunctions 
and characterisation.

6 cnrs-iness france laser processing, h-passivation, sion deposition and electrical modelling.

Moreover, the light confinement for polysilicon mod-
ules in a superstrate configuration will be enhanced by 
further developing the abrasion-etch texture method 
and by introducing advanced new concepts like plasma 
texturing and multi-layer anti-reflection coatings (WP3). 
A detailed characterisation of the samples will lead 
to a comprehensive understanding of the relation 
between material properties, interface properties and 
processing methods and will therefore open up new 
strategies for further improvement (WP4). We will also 
focus on identifying characterisation methods that are 
best suited for in-line characterisation in a production 
environment and we will try to develop for the very first 
time a standardised measurement procedure for c-Si 
thin-film modules (WP5). Process steps developed 
within the project will be integrated and tested at mod-
ule (30 x 39 cm) level in the pilot line of CSG, while the 
cost-effectiveness of these new process steps when 
implemented in production will be determined (WP5).

expected results

The main channel for exploitation of the project results 
is through commercialisation of the products by CSG 
Solar AG, the industrial partner within the consortium, 
that is currently the only company in the world produc-
ing thin-film polysilicon modules. Improved processes 
developed within work packages 1, 2 and 3 will be 
immediately exploited through direct implementation 
in CSG Solar’s production line, if this does not require 
the purchase of new equipment. For more advanced 
process changes, the project goal is to show improve-
ments at the pilot line scale. In cases where the cost-
benefit analysis carried out in WP5 is positive, these 
process improvements will then be exploited by initiat-
ing internal projects at CSG to scale up to production 
size, buy new equipment if needed and implement 
either in CSG Solar’s existing production facility or in 
subsequent, larger facilities. 
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the semiconductor industry (like e-beam lithography) 
will be applied. To demonstrate that these textures can 
be manufactured on large scale, these methods will be 
combined with large scale production methods that are 
used in the holographic industry. Another aim of the 
project is to develop new TCO layers for thin film silicon 
solar cells. TCO (Transparent Conductive Oxide) layers 
are needed to collect the generated current at the front 
side of the solar cell. Indium Tin Oxide (ITO) is techni-
cally a good candidate but the scarcity of Indium 
requires to investigate alternative materials. Zinc-Oxide 
is a possible alternative but has certain disadvantages 
related to its stability in humid environments. In Silicon-
Light new TCO materials will be developed that should 
combine the advantages of ITO with those of ZnO. 

expected results

The project should lead to improved fabrication proc-
esses for thin film silicon solar cells on foil, leading to 
higher module efficiencies at the same or lower costs 
per module area, than for the present available produc-
tion technologies.

objectives

The general technological objectives of SILICON-Light 
are the development of better materials for single junc-
tion amorphous, microcrystalline and tandem micro-
morph (amorphous/microcrystalline) silicon solar cells 
and to transfer the processing of these materials to an 
industrial production line for these solar cells. 
In more detail, the most important technology objec-
tives are:

��  Development and industrial implementation of tex-
tured back contacts in flexible thin film silicon solar cells.
��  Thin film silicon solar cells on flexible substrates with 

higher efficiencies (> 11 %) than present state of the 
art, through implementation of optimised interfaces, 
improved silicon absorber material and novel light 
trapping methods.
��  Graded or tandem TCO layers which minimise the 

work function barrier between the p-layer and the 
TCO layer, while retaining the present quality of con-
ductivity and transmission of the TCO layers. 
�� Development of new ceramic target materials suita-

ble for the PV industry, combining low costs of AZO 
with the high conductivity and transparency of the 
more expensive ITO.

description of the work

In Silicon-Light methods are being investigated and 
improved to fabricate thin silicon layers with thickness 
of about 1/1 000 of a millimetre from the gas phase on 
foil by means of Plasma Enhanced Chemical Vapour 
Deposition (PECVD). The purpose is to make high quality 
amorphous and micro-crystalline silicon at relatively 
low process temperatures (typically below 200 ºC), 
allowing the usage of cheap plastics as substrate foil. 
Special structures need to be incorporated in the solar 
cells which trap the light to collect all sunlight into only 
one micrometer of silicon. In Silicon-Light we will inves-
tigate methods to create light-scattering textures at the 
rear side of the cell. For the fabrication of these textures, 
with structures on the nanometre scale, methods from 
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partners
Beneficiary name Country Role

1 energy research centre 
of the netherlands (ecn)

the netherlands coordinator and the lead participant for Wp1 and Wp3. ecn will bring 
in their expertise on pecvd of silicon layers for solar cells and light 
trapping.

2 ecole polytechnique 
fédérale de lausanne

switzerland pvlab will be leading Wp5 (high efficiency solar cells) and contribute its 
experience to the other work packages, Wp2 (light trapping) and Wp3 
(silicon layers) in particular.

3 vhf technologies switzerland development of improved efficiency a-si solar cell processes on  
nano-textured substrates; demonstration of roll-to-roll processing of 
nano-textured substrates in pilot-line and improvement of efficiencies 
for a-si:h and microcrystalline-si modules; reliability testing of 
demonstration pv modules produced in roll-to-roll processes;  
final user of project technology.

4 technical university of 
denmark

denmark providing high spatial resolution information about silicon layers and 
solar cells that are fabricated, characterised and tested by the other 
partners using transmission, scanning and focused ion beam electron 
microscopy.

5 nanoptics Germany Manufacturing of nano-textured masters. Manufacturing of shim families 
and production shims (clean room development and production), improved 
pilot production of beam-cured micro- and nano-structured films.

6 university of ljubjana slovenia Modeling and simulation of thin-film photovoltaic devices, optimization  
of surface texture for efficient light trapping, optical and electrical 
characterization of materials and devices.

7 universidad politécnica 
de valencia

spain upvlc will develop processes such uv in combination with e-beam 
lithography using special resists and polymers, to achieve very-high 
aspect ratio features, and will fabricate samples and masters of a variety 
of shapes and designs that will be used as substrates for the deposition  
of the subsequent layers needed to complete a thin-film device.

8 umicore Materials aG liechtenstein umicore will be the lead participant for Wp4. umicore will bring  
its expertise in tco sputtering target development.

9 shanghai jiaotong 
university

china sjtu will bring in their expertise on research and fabrication  
of nanostructure for solar cells and light trapping and fabricate  
new back-reflector structure for testing by partners.
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description of the work

This project develops innovative schemes for silicon 
thin film solar modules for application in large area 
industrial production. This includes most of the optical 
confinement strategies that are presently state-of-the-
art in the highest efficiency amorphous silicon labora-
tory solar cells. The experimental work of the Work Plan 
is structured in relation to the interfaces of the a-Si thin 
film module: Work Package (WP) 2 – Glass front surface – 
is dedicated to the development of anti-reflection coat-
ings for very large area glass surfaces. WP3 – Glass/TCO 
interface – deals with the development of improved 
front TCO layers. Fabrication and optimisation of the 
glass/TCO structure is performed in AGC production 
facilities on large scale. WP4 – Intermediate reflector 
(tandem structure) – is devoted to the development of 
Intermediate Reflectors (IR) based e.g. on PECVD SiOx-
layers for the light management in modules with a-Si/
µc-Si tandem solar cells. Furthermore, new photonic 
structures will be developed on a laboratory scale. WP5 
– Back reflector – is dedicated to the optimisation of the 
back reflector structure and consists, for example, of the 
development of optimiseoptimised sputtering target 
materials for flat targets as well as for rotating targets 
and the development of optimised film properties of 
TCO layers. Finally, WP6 – Advanced characterisation 
methods – contains various tasks related to in-depth 
investigation and characterisation of material properties 
and structures used in the solar module, including new 
materials and new structures developed on a laboratory 
scale. Nanotechnology is under consideration in the 
development of textured structures for TCO-layers, anti-
reflection coatings and IR-layers. The optimisation of 
textured surfaces for perfect light confinement has to 
be simultaneously performed on the nanometre as well 
as the micrometre scale and interaction with the thin 
films of the solar cell structure has to be considered. 
The film thickness of the basic layers of the thin film 
solar cell are in the nanometre scale, so the p-type layers 
and n-type layers are in the range of 10-20 nm and 
amorphous intrinsic silicon layers and layers in the back 
reflector are in the range of a few 100 nm. The exact 

objectives

T-Solar Global S.A. (T-Solar) manufactures amorphous 
silicon (a-Si) thin film modules, producing modules in  
a 45 MW facility, using Applied Materials SUNFAB tech-
nology. AGC Flatglass Europe is the European branch of 
AGC, the world biggest producer of flat glass with sev-
eral facilities worldwide to produce glass covered with 
transparent conductive oxide (TCO), which is the sub-
strate for producing thin film silicon modules. The Insti-
tute for Energy and Climate Research-5 (IEK-5) at the 
Research Centre Juelich (FZJ) is a publicly funded 
research centre that has concentrated its work on thin 
film silicon solar cells and related materials for several 
decades. The Debye Institute for Nanomaterials Science 
at the Utrecht University (UU) has a strategic and 
detailed know-how on thin film deposition processes, 
interfaces, and manufacturing of complete thin film 
multi-junction solar cells. The Utrecht Solar Energy Labo-
ratory has been developing solar cells for many years. 
The Department of Applied Physics and Optics of the 
University of Barcelona (UB) forms part of the Solar 
Energy Group at the university which started activities 
in thin film silicon solar cells in 1984 and actually is focus-
ing its activity on the deposition of thin film silicon solar 
cells at low temperatures and on new strategies for light 
confinement based on hot-embossing technology. 

This project identifies optical light confinement as a key 
point to increase module efficiency in thin film silicon 
solar modules. The optimisation of the properties of 
TCO-layers at the front contact and the back reflector 
has to be achieved for large area deposition. Additionally, 
methods for the reduction of reflection losses at the 
front glass are developed. This optimisation has to be 
done for both single a-Si cell modules and for modules 
with a-Si/micro-crystalline (µc)-Si tandem structure, 
where, in the latter case, an intermediate reflector (IR) 
has also to be considered. 

The objective of the project is to drive the implementa-
tion of optical layers as part of adapted thin film silicon 
solar cells into large scale production facilities. 
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partners
Beneficiary name Country Role

1 t-solar Global s.a. spain project coordination, implementation of new tcos and solar cell 
structures into industrial production line.

2 aGc flatglass europe Belgium development of tco and arc for mass production.

3 research centre jülich Germany development of tco, a-si single and micromorph tandem junction. 
solar cell and material characterisation.

4 utrecht university the netherlands development of a-si single and micromorph tandem junction.  
solar cell and material characterisation and modelling.

5 university of Barcelona spain development of tco and back reflector. development of a-si single 
junction. solar cell and material characterisation and modelling.

control of the film properties to achieve good film uni-
formity on very large area is a challenge and respective 
in-situ and in-line measurement technologies have to 
be applied to maintain process stability. For IR layers 
photonic structures in the nanometre scale are under 
development, implementing e.g. multiple nanometre 
layer structures, quantum dots and nanometre parti-
cles. The challenge for the implementation of these 
structures is the demonstration of feasibility on a labo-
ratory scale. 

expected results

A stabilised module efficiency of 8 % for very large area 
(5.7 m²) single junction modules is scheduled within  
2 years and for very large area tandem modules effi-
ciency of 11 % is projected. On a laboratory scale single 
junction solar cells with stabilised efficiency of 10 % 
and tandem solar cells with stabilised efficiency of 13 % 
is scheduled. Optimised TCO glass will be developed 
and TCO glass production capacity will be made avail-
able for GW-scale module fabrication. Including the 
expected reduction in material costs, module produc-
tion costs of T-Solar are expected to be in the range 
EUR 0.75-0.80/Wp at the end of the project. 

further research needs

At the end of this project the gap between highest effi-
ciency laboratory solar cells and large area modules is 
estimated to be about 2 %. To reduce this efficiency gap 
it will be necessary to up-scale new advanced labo-
ratory or pilot processes which have demonstrated 

improved material properties to achieve cost effective 
large area processes. In addition existing large area 
process machines must be adapted (e.g. the reactor 
geometry or utilising new process materials) to obtain 
process conditions to produce improved material prop-
erties in a specified process window. Furthermore, labo-
ratory solar cells must be improved beyond the existing 
limits by new and advanced process methods to 
approach to theoretical limits – this will also open the 
way for further improvement of industrial modules. 
Apart from increasing the efficiency of thin film mod-
ules, the cost reduction of the different materials 
imcluded in the module has to be significantly 
advanced. An intensive cooperation between module 
component and module manufacturers has to be 
achieved to develop optimised components and to 
increase the variety of equivalent and interchangeable 
components in the market. This will improve and 
secure the material supply and it will create more com-
petition in the supply market. The certification process 
for new module components must be made faster and 
less cost intensive. 
The development of in-situ and large area in-line con-
trol metrology must be advanced, including the inte-
gration of metrology tools into the factory automation 
systems (FAS) and material handling systems (MHS). 
This will permit improved quality control and advanced 
statistical process control (SPC). Control metrology must 
be developed on a wider base to cover the whole 
process chain and to reduce the respective metrology 
installation costs. Standardisation of interfaces between 
metrology tools and FAS/MHS must be realised to 
facilitate easier and faster implementation.
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solar modules. Roll-to-roll production and optimised 
encapsulation are not addressed in this project, but all 
developed processes and materials, such as e.g. the 
vacuum deposited buffer layer, are compatible with 
future roll-to-roll production.

expected results

The project will accelerate the market introduction of 
CIGS modules through novel manufacturing processes 
for high efficiency, low cost and light weight CIGS 
modules. The polyimide, mild steel or aluminium sub-
strates enable integration of CIGS modules in low cost 
and light weight building components and transport 
applications. A direct commercialisation of most results 
is possible via the project partners.

further research needs

Further research may be necessary to develop a suitable 
flexible and long-term compatible encapsulant.

objectives

The main project goal is to develop innovative flexible 
substrate materials and deposition processes for layers 
suited for the inline and/or roll-to-roll production of 
highly efficient flexible solar modules using thinner 
CIGS absorber layers and with potential for low produc-
tion costs below EUR 0.6/Wp. 

description of the work

The objective will be achieved by developing novel con-
cepts for growth of ‘high quality’ layers and interfaces for 
efficiency improvement, aiming for a new world record 
efficiency of 16 % on polyimide and low-cost metal (mild 
steel and/or Al-based) foils. Novel enamels will be devel-
oped to be applied on metal foils for electrical insulation 
and as Na-supply source. Also, the use of in-line compat-
ible buffer improvements to interconnect technologies 
and application of a multifunctional top layer will 
advance the roll-to-roll manufacturability of integrated 

partners
Beneficiary name Country Role

1 Zentrum für sonnenenergie- und 
Wasserstoff-forschung Baden-
Württemberg (ZsW)

Germany project coordination, substrate evaluation, back contact and 
na supply, ciGs deposition, thin absorbers, inline vacuum 
buffer on large area, series interconnection and tco testing.

2 flisom aG switzerland substrate evaluation, back contact and na supply,  
ciGs deposition, thin absorbers, vacuum buffer,  
series interconnection and test of novel tco.

3 corus technology B.v. the netherlands development and supply of mild steel foils and low carbon 
steel for enamelling.

4 pemco Brugge BvBa Belgium substrate development, substrate supply and na doping.

5 Würth solar Gmbh & co KG Germany substrate evaluation, large area evaluation, ciGs results, 
series interconnection and test of novel tco.

6 eidgenössische Materialprüfungs-
und forschungsanstalt (eMpa)

switzerland substrate evaluation, back contact and na supply,  
ciGs deposition, thin absorbers, inline vacuum buffer,  
series interconnection and test of novel tco.

7 nederlandse organisatie voor 
toegepast natuur wetenschappelijk 
onderzoek (tno)

the netherlands substrate texturing, series interconnection, development 
and supply of novel tco layers and barrier layer on top.

8 politechnika Warszawska (Wut) poland correlation of na doping/ciGs quality and of pv performance 
with ciGs doping and defect concentration and assessment of 
meta-stabilities and long-term-stability.
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Cluster 3 
Third generation pv cells

pv cells obtained through the application of advanced concepts and materials, such as various 
nanomaterials, including quantum dots, super lattices, nanoparticles, nanowires, dyes, organic/polymer 

materials, hybrid organic-inorganic concepts, biomimetic materials, and combinations of these.
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partners

Beneficiary name Country Role

1 friedrich-alexander universität erlangen-
nürnberg, Max-planck research Group

Germany vls-cvd growth of Gan and si nrs.

2 swiss federal laboratories for Materials 
testing and research

switzerland chemical etching of nrs, electrical, optical, and mechanical 
characterisation of nr ensembles and individual nrs and 
electrochemical deposition of tco.

3 hungarian academy of science, research 
institute for technical physics and 
Materials science

hungary determination of structural properties of nrs (teM).

4 ait – austrian institute of technology 
Gmbh, nano-system-technologies

austria Metal templates for vls nr growth and optimisation  
of tco layers by magnetron sputtering.

5 vtt Micro- and nanoelectronics finland Metal templates for vls nr growth, fabrication of nrs 
using rie, optimisation of tco layers by ald and doping 
by diffusion following ald deposition of dopants.

6 picosun oy finland optimisation of tco layers by ald and doping by diffusion 
following ald deposition.

7 aixtron aG Germany vls-cvd growth of Gan and si nrs and optimization  
of cvd equipment.

8 Bisol d.o.o slovenia determination of solar cell parameters and demonstration 
of a device based on nr material.

9 isupply deutschland Gmbh Germany technology watch of thin film photovoltaic technologies 
and benchmarking the rod-sol results.

characterisation of the NRs. The targeted thin film solar 
cell processing of NRs includes many materials optimi-
sation steps like the realisation of axial or preferably 
radial p-n junctions and the deposition of transparent 
conductive oxides as front contacts.

expected results

Technology watch of thin film photovoltaic technologies 
and benchmarking the ROD-SOL concept with respect 
to other thin film technologies as well as validation of 
the NR based solar cell material will be carried out. First 
thin film devices are expected to be realised on small 
area substrates within the duration of the project. 

further research needs

Further research is needed to upscale the processes and 
to improve materials properties to approach the effi-
ciency of planar Wafer-based materials.

objectives

The project will explore new innovative concepts for 
thin film solar cells based on nanorods (NR).

description of the work

The nanorods will be fabricated either by the vapour-
liquid-solid (VLS)-CVD growth method on various sub-
strates such as Si-wafers and glass or by wet chemical 
etching or reactive ion etching of thin multi-crystalline 
Si layers on glass or Si wafers. The VLS growth will be 
achieved by statistical or patterned metal templates 
and yields dense ensembles of randomly oriented 
single-crystalline NR. The NR diameter of choice and 
dopant concentration for optimum solar cell efficiencies 
will be derived based on numerical simulations and 
on experiments. The most promising synthesis method 
for high efficiencies and best large area manufactur-
ability will be identified. The materials optimisation is 
based on structural, optical, electrical, and mechanical 

RoD-sol
all-inorganic nano-
rod based thin-film 
solar cells on glass

Grant agreement n° 227497

Programme Energy 

Duration 01/01/2009 to 31/12/2011 

Co-ordinator Institute of photonic Technology,  
  Germany

Contact Dr. Silke H. CHRISTIANSEN
  silke.christiansen@mpl.mpg.de 
  tel: +49 179 689 4182 
  http://www.rodsol.eu

Project cost EUR 4.08 million
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description of the work

To overcome the limitations described above, fully tai-
lored silicon nanoparticles will be optimised, in terms of 
size and size dispersion. These silicon nanoparticles will 
be incorporated into a wide band gap host matrix, such 
as silicon carbide transparent conductive oxides. This 
architecture will allow band gap engineering through 
accurate structure control, together with exceptional 
electrical characteristics (resistivity, carrier lifetime, etc.) 
in order to produce high PV efficiencies above 25 %. 
Control of material structure will arise from the develop-
ment of very promising processes allowing the separa-
tion of silicon nanoparticle generation and host matrix 
co-deposition.

expected results

Vacuum and wet technologies will be used to target 
low-cost solar cells with a target production cost below 
EUR 0.5/Wp.

objectives

Nanotechnologies and nanomaterials show broad 
opportunities to reduce the cost and increase the effi-
ciency of PV solar cells. Indeed, at the nanoscale level, 
energy band gaps depend on nanomaterial architec-
tures (e.g. nanoparticle size, bulk dispersion, interfaces 
with embedding matrix). Silicon nanoparticles allow the 
design of highly efficient PV architectures, like multi-
junction solar cells or low-cost, optimised, thin-film 
solar cells. The usual production technique is based on 
the deposition of multilayers in which excess silicon is 
aggregated into nanoparticles through high tempera-
ture annealing. Control of nanoparticle size and bulk 
dispersion is difficult. Moreover, only limited (silicon 
containing) host matrix materials can be considered. 
This prevents any knowledge-based tuning of the 
nanomaterial properties. The main objective of the 
SNAPSUN project is to develop a novel PV nanomaterial 
with reliable and tailored characteristics, by achieving 
accurate control over silicon nanoparticle and host 
matrix properties.

snapsUn
semiconductor nanomaterial 
for advanced photovoltaic 
solar cells using new concept 
of nanocrystal and 
conductive host

Grant agreement n° 246310

Programme NMP 

Duration 01/06/2010 to 01/05/2013 

Co-ordinator Cea, france 

Contact Simon PERRAUD
  simon.perraud@cea.fr 
  tel: +33 438 78 26 08 
  http://www.snapsun-project.eu

Project cost EUR 3.17 million
Funding EUR 2.29 million

partners

Beneficiary name Country Role

1 cea france vacuum deposition of silicon nanoparticles and nanocomposites 
and semi-empirical nanocomposite modelling.

2 technische universiteit delft the netherlands fabrication of reference nanocomposites, optimisation of novel 
nanocomposites and pv device modelling.

3 safc hitech limited united Kingdom solution synthesis of host matrix precursors.

4 tyndall national institute ireland solution synthesis of silicon nanoparticles and atmospheric 
pressure deposition of nanocomposites.

5 uppsala universitet sweden physical characterisation and ab-initio nanocomposite modelling.

6 stMicroelectronics srl italy pv device fabrication.
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description of the work

The main objective of NanoPV is the removal of a set of 
bottlenecks which have been identified in the applica-
tion of nanostructures for high-efficiency, low-cost 
solar cells.

expected results

A set of innovative technology-based processes will be 
developed.

further research needs

Development of innovative up-scaling technologies 
and equipment prototypes that can be transferred to 
pilot production lines.

objectives

��  To develop technologies that can increase the effi-
ciency and reduce the processing cost of existing sili-
con solar cell technologies using nano-scale effects 
provided by nanomaterials.
��  To design and to fabricate low cost solar cells entirely 

from nanomaterials by using 0D, 1D and 2D nano-
structures.
��  To develop up-scalable cost effective processes and 

equipment in order to implement both enhanced 
standard solar cells and solar cell based on nano-
materials, as well as related modules, to existing pilot 
and industrial lines.
�� To create new market opportunities for the industrial 

partners.

nanopv
nanomaterials and 
nanotechnology for 
advanced photovoltaics

Grant agreement n° 246331

Programme NMP 

Duration 01/03/2011 to 28/02/2014 

Co-ordinator sInTef, norway

Contact Dr. Alexander UlyASHIN
  alexander.g.ulyashin@sintef.no 
  tel: +47 930 022 24 
   http://www.sintef.no/projectweb/

nanopv

Project cost EUR 5.41 million
Funding EUR 3.97 million

partners
Beneficiary name Country Role

1 stiftelsen sintef norway process-sing of nanomaterials for pv.

2 energy research centre of the netherlands (ecn) the netherlands solar cell processing.

3 helmholtz-Zentrum Berlin für Materialien und 
energie Gmbh

Germany solar cell processing.

4 university of valencia spain processing of nanomaterials for pv.

5 Water schottky institute, technical university 
Munich

Germany processing of black si and characterisation 
of solar cell structures.

6 institute of photonic technology Germany processing of nanomaterials for pv.

7 consiglio nazionale delle ricerche, laboratorio 
nazionale MdM (Materials and devices for 
Microelectronics)

italy processing of nano-layers for pv.

8 rudjer Boskovic institute croatia processing of nanomaterials for pv.

9 central laboratory of solar energy and new 
energy sources Bulgarian academy of sciences

Bulgaria processing of nanomaterials for pv and 
characterisation of solar cell structures.

10 oxford instruments plasma technology ltd. united Kingdom equipment development.

11 schott solar aG Germany solar cell and solar module producer.

12 innovative Materials processing technology ltd. united Kingdom non-vacuum technology equipment 
development.
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Feasible novel and high-throughput technologies: 
The technologies used to realise Si NCs in dielectric 
matrices are adapted to enable enhanced process 
throughput. Furthermore, processing is advanced in 
order to enable solid phase crystallisation on mid-
temperature substrates (for c-Si thin-film applications).

Recombination in and charge carrier transport 
through doped and undoped superlattices: 
Charge carrier lifetimes and mobilities are key param-
eters for an efficient carrier extraction from solar cells. 
Based on detailed investigations of recombination and 
transport processes, material and device optimisation 
can be carried out. 

Realisation of novel all-Si wafer- and c-Si thin-film-
based tandem solar cells and cost calculation:
The monolithic integrated connection of the single 
cells, tandem solar cell modelling and novel solar cell 
process sequences for all-Si tandem cells have not yet 
or only in parts been investigated around the world. 
Device parts such as emitters, passivation layers, insulat-
ing layers and tunnel diodes for tandem cell integration 
are developed within this project. 

The consortium created for this project merges the 
scientific and technological competences that are 
necessary to find answers to this numerous questions 
and to perform representative cost calculations for the 
different process routes.

expected results

The project examines in detail open questions regarding 
nanocrystal doping, dielectric host matrices and their 
interfaces properties, mechanisms of charge carrier 
recombination and transport in Si nanocrystals and 
the host matrices. 
These topics are of high scientific interest not only 
for  photovoltaics but also for novel photonic and 
charge storage (flash memory) devices incorporating 

objectives

The overall objective of the project is to develop new 
nanomaterials with new production technologies and 
to fabricate silicon quantum dot materials for all-silicon 
tandem solar cells to achieve increased efficiencies.  
The understanding of electrical transport and recom-
bination mechanisms in these newly developed nano-
materials enables us to design novel solar cell structures 
that help to overcome the efficiency limits of conven-
tional solar cell concepts. Another objective is to ensure 
the compatibility of the newly developed technologies 
with high-throughput processing leading to further 
cost-reduction. Within the scope of this project the 
novel concept of band gap-tuneable quantum dot 
superlattices is exploited in two approaches. In the first 
approach, a quantum dot cell will be developed for 
combination with a wafer-based high efficiency silicon 
solar cell. This approach aims at an ultra-high efficiency 
silicon tandem solar cell. In the second approach,  
the quantum dot solar cell will be realised on thin-film 
solar cell structures in order to achieve a low-cost tandem 
cell. This revolutionary progress in solar cell evolution 
will lead to higher efficiencies for solar cells and to 
ongoing cost-reductions from both a short-term and  
a long-term perspective.

description of the work

In order to exploit the potential of band gap engineered 
silicon nanocrystals for photovoltaics, the following key 
issues that are relevant for a silicon NC solar cell are 
addressed in this project:

Doping and enhanced material quality of silicon 
superlattices: 
The combination of experiments (material fabrication 
and characterisation) with theoretical simulation, com-
paring Si NC superlattices in SiC, SiNx and SiNxOy (Si/SiC, 
Si/SiNx and Si/SiNxOy) provide a deeper understanding 
of segregation, crystallisation and defect engineering.

nasCenT
silicon nanodots for 
solar cell tandem

Grant agreement n° 245977

Programme NMP 

Duration 01/09/2010 to 31/08/2013 

Co-ordinator fraunhofer Gesellschaft zur   
  förderung der angewandten   
  forschung ev, Germany

Contact Dr. Stefan JANZ
  stefan.janz@ise.fraunhofer.de 
  tel: +49 761 4588 5261 
  http://www.project-nascent.eu

Project cost EUR 4.21 million
Funding EUR 2.98 million
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partners
Beneficiary name Country Role

1 fraunhofer-Gesellschaft zur förderung der 
angewandten forschung e.v. (fraunhofer ise)

Germany development and characterisation of tunnel diodes 
and solar cells.

2 universität freiburg (iMteK) Germany Material development and material characterisation.

3 consiglio nazionale delle ricerche Bologna 
(cnr-iMM)

italy Material development and material characterisation.

4 università di Modena e reggio emilia 
(uniMore)

italy simulation of si-quantum dot structures.

5 universitat de Barcelona (Mind-uB) spain development of simplified devices for the  
characterisation of recombination and transport 
effects.

6 univerzita Karlova v praze (cuni) czech republic characterisation of electro-optical effects in newly 
developed materials.

7 aZur space (aZur) Germany development and characterisation of tunnel diodes 
and solar cells.

8 stMicroelectronics (stM) italy development and characterisation of tunnel diodes 
and solar cells.

Si nanocrystals. Moreover the computational routines 
developed and the theoretical results obtained will 
provide a genuine understanding of the dependence 
of the structural, opto-electronic and transport proper-
ties of semiconductor systems on their low- and nano-
dimensionality. The development of device parts such 

as emitters, passivation layers, insulating layers, diffu-
sion barriers and tunnel diodes for the material systems 
under investigation and the optimisation of process 
technologies implies a considerable profit for related 
technologies such as SiC power devices, charge storage 
and optoelectronics. 
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a diameter equal to or greater than λ/n, in which the 
sunlight will be guided through materials with decreas-
ing band gap. The second architecture, called ‘Effective 
Medium’, will consist of denser arrays of much thinner 
wires, where the light waves will experience an effec-
tively averaged medium as they propagate downwards. 
Based on the relative effectiveness of the two archi-
tectures, the project will choose to proceed with devel-
opment of the most promising one to determine its 
potential and limitations.

expected results

In AMON-RA, we combine the excellence in materials 
science at Lund University (ULUND) and the world-
leading experience in photovoltaics at the Fraunhofer 
Institute for Solar Energy Systems (ISE) with the capaci-
ties in processing of nanowire materials and the ambi-
tions in fabricating nanowire-based photovoltaic 
components at the company Sol Voltaics AB (SOL). 
All this is supported by state of the art materials and 
device characterisation and structure modelling. Novel 
ground-breaking photovoltaic materials will be devel-
oped by ULUND using nanowires that will be supplied 
to the Technical University of Denmark and the Johannes 
Kepler University Linz for detailed structural characteri-
sation. SOL will process the PV structures, to be meas-
ured by ISE, supported by modelling from ISE and 
University of Kassel. The ultimate ambition of the part-
ners is to create a dramatically different solar cell archi-
tecture that exceeds the current price/performance 
limitations of commercially available cells and to obtain 
a thorough understanding of fundamental and device-
relevant physical properties of nanowires applied to 
photovoltaic applications.

objectives

The project AMON-RA (Architectures, Materials, and 
One-dimensional Nanowires for Photovoltaics – Research 
and Applications) is intended to result in a new type of 
solar cell, combining advanced nano- and hetero-struc-
tures with silicon photovoltaic technology. For the first 
time, by applying state-of-the-art photovoltaics design 
to semiconductor nanowires, assisted with tailor-made 
theoretical modeling and advanced processing, we aim 
to demonstrate high-efficiency multi-junction photo-
voltaic cells made from previously inaccessible materials 
combinations, capable of harvesting an unprecedented 
amount of energy from the solar spectrum. The main 
advantage of this approach is the freedom of materials 
selection, combining multiple compound semiconduc-
tor materials with different lattice constants without 
strain relaxation, which will make it possible to produce 
such cells relatively cheaply and on inexpensive silicon 
substrates. In AMON-RA we will also prepare a roadmap 
for future industrialisation and upscaling of nanowire 
solar cells. If successfully realised, this technology may 
lead the way to solar energy systems that are much 
more cost competitive with non-renewable electrical 
generation, thus leading the way to broader adoption 
of this renewable energy source.

description of the work

The main idea behind AMON-RA is to make arrays 
of  light-harvesting nanowires on silicon substrates. 
The nanowires will be tandem photovoltaic cells, based 
on heteroepitaxy of III–V semiconductors. Two main 
architectures will be investigated: The first, called ‘Light 
Guiding’, will be made from core-shell nanowires with 

aMon-Ra
architectures, Materials, and 
one-dimensional nanowires 
for photovoltaics – research 
and applications

Grant agreement n° 14814

Programme NMP 
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Co-ordinator lund University, lund, sweden

Contact Knut DEPPERT
  knut.deppert@ftf.lth.se 
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  http://www.amonra.eu
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partners
Beneficiary name Country Role

1 lunds universitet (ulund) sweden coordinator. fabrication and characterisation  
of structures.

2 fraunhofer institute for solar energy systems (ise) Germany characterisation and modelling.

3 eidgenössische technische hochschule Zürich (ethZ) switzerland no longer a project partner.

4 sol voltaics aB (sol) sweden fabrication and processing of structures.

5 johannes Kepler university linz (jKu) austria characterisation.

6 technical university of denmark (dtu) denmark characterisation.

7 university of Kassel (uKas) Germany Modelling.
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expected results

The LIMA project design predicts a 10 % relative 
improvement in efficiency over the baseline reference 
silicon solar cell.

further research needs

The next stage is the development of the chosen plas-
monic nanoparticle layer to optimise its fabrication and 
performance relative to other features of the LIMA 
design. Of particular interest is temperature cycling in 
the fabrication process which may impact the perform-
ance of other design facets of the LIMA solar cell.

objectives

The LIMA project aims to develop novel nanostructured 
surface layers in silicon solar cells to increase light 
absorption in the cell while decreasing surface and 
interface recombination loss. The project includes 
design of a plasmonic layer to couple light efficiently 
into the cell, of underlying quantum confined layers 
to manage light usage efficiently, and finally, design of 
the bulk silicon cell in a geometry consistent with the 
surface layers. 

description of the work

Three different plasmonic nanoparticle fabrication 
techniques will be investigated and microstructural and 
optical characterisation results reported. Elements of 
theoretical modelling, guiding the geometrical design 
process, are also addressed.

lIMa
improve photovoltaic 
efficiency by applying novel 
effects at the limits of light 
to matter interaction

Grant agreement n° 248909

Programme ICT 

Duration 01/01/2010 to 01/01/2013 

Co-ordinator Universidad politécnica 
  de valencia, spain

Contact Guillermo SÁNCHEZ PlAZA
  gsanchez@ntc.upv.es 
  tel: +34 963 87 97 29 
  http://www.limaproject.eu

Project cost EUR 3.19 million
Funding EUR 2.38 million

partners
Beneficiary name Country Role

1 universitad politécnica de valencia spain coordinator.

2 università di trento italy si-Qdot fabrication and characterisation.

3 fondazione Bruno Kessler italy si-Qdot fabrication and characterisation.

4 consejo superior de investigaciones spain plasmonic modelling.

5 international solar energy research center (isc) Konstanz Germany Back contact cells.

6 isofotón s.a. spain industrial applications.

7 arc photovoltaics centre of excellence australia si-Qdot modelling and integrated modelling.
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IBPOWER aims to develop intermediate band solar cells 
in four areas: 
(a)	  quantum dots;
(b)	 indium Gallium Nitrides;
(c)	  thin films;
(d)	  incorporation of transition metals  

in III-V compounds. 

We consider that approach (a), quantum dots, has 
the most obvious involvement of nanotechnology.  
The potential of a quantum dot based intermediate 
band solar cell is equivalent to a 3-junction solar cell 
but without the requirement for tunnel junctions. It is 
difficult, however, to find an optimal quantum dot 
material system and furthermore, develop the tech-
nology to take it to practice.

expected results

We expect to experimentally demonstrate the princi-
ples of operation of the intermediate band solar cell in 
as many material systems as possible, manufacturing 
actual cells for all the systems mentioned in our objec-
tives. Industrial application or commercialization within 
the scope of the Project is not considered, although not 
disregarded, depending on the achievement of an 
actual high efficiency device. 

objectives

�� To manufacture intermediate band materials and 
solar cells based on the incorporation of transition 
elements into a host III-V semiconductor matrix.
�� To manufacture intermediate band materials and 

solar cells based on the incorporation of transition 
elements into a polycrystalline host.
�� To manufacture an intermediate band solar cell 

based on InGaN.
�� To manufacture high efficiency quantum dot inter-

mediate band solar cells.

description of the work

An intermediate band solar cell (IBSC) consists of 
an ‘intermediate band material’ sandwiched between 
two conventional semiconductors of p and n type. 
The ‘intermediate band material’, that gives the name 
to the solar cell, is characterised by the existence of 
a collection of energy levels (intermediate band, IB) 
located between the semiconductor conduction and 
valence bands (CB and VB). 

IbpoWeR
intermediate band 
materials and solar cells for 
photovoltaics with high 
efficiency and reduced cost

Grant agreement n° 211640

Programme Energy 

Duration 01/02/2008 to 31/01/2012

Co-ordinator Universidad politécnica 
  de Madrid, spain

Contact Antonio MARTI
  Antonio.marti@upm.es 
  tel: +34 914 53 35 51 
  http://www.ies.upm.es/ibpower

Project cost EUR 4.61 million
Funding EUR 3.49 million

partners
Beneficiary name Country Role

1 universidad politécnica de Madrid, 
instituto de energía solar

spain coordinator.

2 university of Glasgow united Kingdom development of intermediate band solar cells based 
on quantum dots.

3 helmholtz Zentrum Berlin Germany development of intermediate band solar cells based 
on thin films.

4 riber s.a. france development of intermediate band solar cells based 
on titanium on Gaas.

5 university of nottingham united Kingdom development of intermediate band solar cells on inGan.
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if compared with actual DSC devices, which reach 
approximately 11 %. Materials and technological solu-
tions of INNOVASOL are original and will pave the way 
for future generation of XSCs alternatives to devices so 
far developed both inside and outside Europe.

future research needs

�� Thorough fundamental research (i.e. development of 
innovative preparation routes) on four classes of new 
core materials [i.e. i) Quantum dot light absorbers; 
ii) Molecular relays; iii) Hole transport materials; 
iv) Mesoscopic electron transport materials] is needed 
to reach a drastic improvement of the PV efficiency.
�� The physico-chemical properties of these solids need 

to be studied by using a multidisciplinary experimen-
tal approach, completed by computational studies. 
In this context, novel computation procedures need 
to be defined.
�� Integration of novel nanostructured materials in XSC 

devices is required to assess the impact of the core 
materials developed.
�� Prototypes specifications need to be developed, in 

particular design and validation protocols for product 
development applications.

objectives

INNOVASOL aims to develop radically new nanostruc-
tured materials for photovoltaic (PV) excitonic solar cells 
(XSCs) that are competitive with traditional energy 
sources. The main objective is to leapfrog current limita-
tions of third-generation PV devices through a drastic 
improvement in the materials used for assembling XSCs.

description of the work

The first step is the substitution of the liquid electro-
lytes, currently used in dye-sensitised solar cells, with 
solid-state hole conductors. In parallel, semiconductor 
quantum dots (QDs) with tuned band gap, designed to 
enhance photon capture efficiency, will replace the 
organic dyes as light absorbers. A striking improvement 
is expected from multi exciton generation (MEG) 
effects, overcoming the Shockley-Queisser efficiency 
limit of 31 % for the PV conversion. In a second step, 
highly innovative QDs with supra-molecular hierarchi-
cal nanostructure will be designed and synthesized: 
the QDs will be covered by self-assembled monolayers 
of amphiphilic dye molecules, mimicking the photo-
synthetic antenna system. The dye molecules will act as 
molecular relays (MRs), which connect the QDs to the 
transparent conductive oxide (TCO). Novel TCO archi-
tectures will be developed for efficient interface energy 
transfer and electron diffusion. 

expected results

Six academic institutions guarantee interdisciplinary 
research, based on top level theoretical and experi-
mental approaches. The high degree of knowledge of 
solid-state physics, chemistry, nanoscience and nano-
technology of the researchers assures that the new 
concepts and objectives proposed will be successfully 
pursued. Fiat Research Centre and Solaronix, a SME 
leader in the XSCs production, will provide proof-of-
concept prototypes to validate the innovative materi-
als developed by the academic partners. A 14 % 
efficiency is expected, which would represent a record 

Innovasol
innovative Materials  
for future Generation 
excitonic solar cells

Grant agreement n° 227057
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Contact leonardo MARCHESE
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partners
Beneficiary name Country Role

1 centro interdisciplinare nano-sisteMi, 
università del piemonte orientale

italy coordinator, modelling and preparation of 
nanostructured solid electrolytes.

2 laboratory for photonics and interfaces, ecole 
polytechnique fédérale de lausanne

switzerland integration of Xsc devices.

3 technische universität dresden Germany production of semiconductor quantum dots.

4 nanoscience centre, university of cambridge united Kingdom production of nanostructured n-type conductors.

5 centre of excellence nanostructured 
interfaces and surfaces, università di torino

italy preparation of molecular relays.

6 instituto de Química, universidade estadual 
de campinas

Brazil development of nanostructured solid electrolytes.

7 centro ricerche fiat italy deposition techniques and devices for automotive 
applications.

8 solaronix sa switzerland Xsc devices for portable electronics.
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description of the work

The SANS project addresses all the major components 
in the dye (or quantum dot) sensitised solar cell, with 
the intention of enabling a multiplier effect in enhance-
ment of overall efficiency and lifetime. The project 
focuses on materials design, development, processing 
and photovoltaic characterisation in a holistic format 
utilising specific expertise of particular partners inte-
grated into a whole by the device lead laboratories, in 
conjunction with the industrial partners. The work is 
split into 6 work packages (WPs), drawing on nanoscale 
organisation, adaptive molecular chemistry and multi-
functional surfaces integrated to construct functional, 
low-cost nanostructures for solar energy conversion. 
The first three WPs focus on materials development and 
device integration, with the fourth WP focusing on 
understanding the basic operation of the systems, 
the fifth on materials processing scale-up and device 
stability, and the sixth to create a demonstrator module.  
The underpinning device is based on nano to meso 
scale organisation of a three component solar cell 
(n-type, absorber and p-type) and hence advances in 
bottom-up approaches to nanotechnology are central 
to the developments within this project. 

objectives

�� Realise a new generation of light harvesting antenna 
for sensitised solar cells, including supramolecular 
assemblies and quantum dot absorbers.
��  Create advanced nano to meso structured metal 

oxide electrodes for superior charge collection and 
generation in the sensitised solar cells.
��  Develop more conductive quasi-solid-state electro-

lytes and better performance from molecular hole-
transporters in dye-sensitised solar cells.
��  Greatly advance our understanding of fundamental 

processes occurring in developed solar cells.
��  Realise outdoor stability targets for 20 years opera-

tion, with materials and systems that are industrially 
scalable.
��  Create a demonstrator module form the new tech-

nology.
��  Generate significant scientific output and intellectual 

property.
��  Attain a commercially viable technology.
��  Train researchers in the exciting field of nanotech-

nology based solar cells.

sans
sensitizer activated 
nanostructured solar 
cells

Grant agreement n° 246124

Programme NMP 
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partners
Beneficiary name Country Role

1 the chancellor, Masters and scholars 
of the university of oxford 
(oXford)

united Kingdom Metal oxide architectures (Wp2), solid-state dsc 
optimisation (Wp3), device physics, photophysics (Wp4) 
and solid-state dsc stability. (Wp5).

2 ecole polytechnique fédérale de 
lausanne (epfl)

switzerland Quantum dots, er doped nanoparticles, amphiphilic 
sensitizers (Wp1), device optimisation (Wp3), femtosecond 
kinetics; ionic transport (Wp4) and dsc stability (Wp5).

3 national centre for scientific 
research ‘demokritos’ (ncsrd)

Greece solidified electrolytes (Wp3); micro-raman analysis(Wp4) 
and cell ageing (Wp5).

4 the chancellor, Masters and scholars 
of the university of cambridge 
(ucaM)

united Kingdom Mesostructured metal oxide synthesis using diblock 
copolymer templates,tio2, sno and Wo3 (Wp2).

5 j. heyrovsky institute of physical 
chemistry (hipc)

czech republic Mesoscopic tio2 structures, nanorods and supra-molecular 
templating (Wp2).

6 institute of Molecular sciences and 
technology of the italian national 
research council (istM-cnr)

italy ru complex and Zn-porphyrin synthesis (Wp1); ultrafast 
spectroscopy and kinetics and quantum mechanical 
calculations (Wp4).

7 uppsala university (uu) sweden electronic and optical spectroscopy and characterisation  
of charge transport. (Wp4)

8 technion-israel institute of 
technology (iit)

israel nir nanoparticle synthesis and modification (Wp1).

9 dyesol uK limited united Kingdom electrode electronic doping; materials optimisation (Wp2), 
electrolytes; device design and manufacture (Wp3), device 
investigation (Wp4) and stabilityassessment (Wp5).

10 Greatcell solar s.a. (Gsa) switzerland sensitizer production (Wp1), cell manufacture and test 
(Wp3), cell evaluation (Wp4), up-scaling, semiconductor 
optimisation and cell stability (Wp5).

11 elmarco ltd (elMarco) czech republic synthesis and optimisation of electro-spun nano-fibrous 
tio2 and sno2 (Wp2).

expected results

The main goal of the SANS project is to reach  
a commercially viable solar technology based on 
nanostructured metal oxides (n-type), dye or quantum 
dot light harvesting components (absorbers) and quasi-
solid-state electrolytes or molecular hole-transporters 
(p-type). We expect to make significant advances with 
all three technological areas of development and all 
significant steps will be patented by the individual 
partners. The commercialisation of the technology 
developed within the project is led by Dyesol,  
a company with an extensive track record with dye-
sensitised solar cell technology. Beyond strengthening 
the commercial developments of our industrial 
partners, we envisage new spin-out opportunities 
from developments beyond the core dye-sensitised 
solar cell technology. Furthermore, the interdisciplinary 
approach, which includes aspects of chemistry, physics, 
material science and engineering, is likely to have 
impact into broader technological areas of molecular 
electronics, oxide electronics and catalysis. 

further research needs

The principle of operation of mesostructured solar cells 
has long been demonstrated. Indeed, there are now 
some commercial products using dye-sensitised solar 
cells, targeting attractive markets such as battery charg-
ers for consumer electronics. However, to compete with 
domestic power generation, improvements of both 
solar power conversion efficiency and stability are 
required. The technological advances to be undertaken 
in SANS are those required to bring sensitised mes-
ostructured solar technology into the mainstream. 
Beyond the first stages of commercialisation there is 
however still massive potential for further improve-
ments in efficiency, durability and the incorporation of 
‘further generation’ concepts, such as up-conversion, 
down-conversion and multiple junction approaches to 
lead to potential efficiencies above 45 %. This sets the 
scene for future research rich with exciting and diverse 
avenues of endeavour.
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��  Discovery and development of tools for characteris-
ing the main materials and kinetic parameters of 
DSC before and after cell ageing and development 
of predictive models.

Development line 
�� Definition and collection of sufficient amounts of 

state of the art materials to be applied in the various 
modules. 
��  Some specific critical processes in the manufacturing 

of modules are continuously being investigated like:
1.	 optimising the screenprint step to get homoge-

neous TiO2 layers; 
2.	 optimising coloration protocols when using 

new dyes; 
3.	 improvement of the glass seal encapsulation 

procedures to improve the mechanical stability 
of DSC; 

4.	 the possibility for a hermetic packaging of the 
DSC via laser assisted glass frit sealing. 

��  Manufacturing of a larger series of modules with 
different designs for characterisation and stability 
testing. 
��  Extensive lifetime tests on single cells and modules 

from all module manufacturers. Module specific tests 
like reverse bias ageing were done on partly shad-
owed modules. 
��  Life Cycle Analysis and cost analyses, based on 

selected DSC module designs. 

expected results

This project will result in the demonstration of a new 
scalable, low cost, photovoltaic technology. It will there-
fore form the basis of a potentially substantial business 
opportunity for industry and potential spin outs aiming 
at developing a new solar cell product with attractive 
cost and payback characteristics compared to existing 
technologies. This will benefit the entire European com-
munity by creating viable, accessible solar energy  
technology and significant industrial activity by dem-
onstrating viable production procedures for DSC.

objectives

ROBUST DSC aims to develop materials and manufac-
turing procedures for Dye Sensitised Solar Cells (DSC) 
with long lifetime and increased module efficiencies.
The approach focuses on the development of large 
area, robust, 7 % efficient DSC modules using scalable, 
reproducible and commercially viable fabrication pro-
cedures. In parallel with this objective, more fundamen-
tal research, employing new materials and device 
configurations, will target increasing the efficiency of 
labscale devices to 14 %.

description of the work

The project has followed a research strategy that covers 
the whole value chain from basic research including 
innovative materials development, advanced charac-
terisation and predictive modeling to more applied 
technology development including aspects like up 
scaling of fabrication technology and accelerated and 
outdoor lifetime testing of representative module pro-
totypes. Thus the operational approach is firstly to 
transform the current state-of-the-art lab-scale devices 
into modules (designated as development line). In addi-
tion, the performance of the lab-scale device will be 
boosted (designated as research line) by continuous 
materials development and improved fabrication pro-
tocols. Progress on the cell research line will be fed into 
the module development line immediately. 

The work that has been performed since the beginning 
of this project in the research and the development line 
can be summarised as follows:

Research line 
��  Design, synthesis, characterisation and optimisation 

of new molecules and materials (sensitising dyes, 
modified TiO2) to achieve high efficiency, robust DSC. 
��  Optimisation of the cell fabrication protocols by 

using improved light harvesting sensitisers from WP1 
with the aim to meet the efficiency deliverable of 
13 % in the project. 

RobUsT DsC
efficient and robust dye 
sensitised solar cells and 
Modules

Grant agreement n° 212792

Programme Energy 

Duration 01/02/2008 to 01/02/2011

Co-ordinator eCn solar energy, The netherlands

Contact Dr Jan M. KROON
  j.kroon@ecn.nl 
  tel: +31 224 564 734 
  http://www.hiflexopv.eu

Project cost EUR 5.32 million
Funding EUR 3.98 million
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partners
Beneficiary name Country Role

1 energy research centre of the 
netherlands (ecn)

the netherlands reproducible manufacturing of glass based dsc cells 
and modules, indoor and outdoor lifetime testing and 
life cycle analysis.

2 aB industrial research and development 
corporation (swerea/ivf)

sweden Manufacturing of monolithic dsc cells and modules.

3 fraunhofer institut für solare 
energiesysteme (ise)

Germany reproducible manufacturing of glass based dsc cells 
and modules, design of modules, indoor and outdoor 
lifetime testing and advanced characterisation.

4 ecole polytechnique fédérale de lausanne 
(epfl)

switzerland Materials development, fabrication of small champion 
and robust cells and advanced characterisation.

5 imperial college of science technology 
and Medicine (imperial)

united Kingdom photochemical and photophysical characterisation of 
materials and devices, employing both steady state and 
transient optical and optoelectronic measurements. 
interface engineering of organic/inorganic interfaces 
and modelling.

6 institute of chemical research of 
catalonia (iciQ)

spain Materials development, photophysical characterisation 
and cell/device manufacturing.

7 3Gsolar israel reproducible manufacturing of glass based dsc cells 
and modules , indoor and outdoor lifetime testing,  
life cycle analysis and cost assessment.

8 corning france laser assisted glass frit sealing.

9 G24i united Kingdom Materials upscaling, lifetime testing and 
standardisation issues.

10 universidad autÓnoma de Madrid (uaM) spain synthesis of photoactive materials.
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expected results

This project will result in the demonstration of a new 
scalable, low cost, solution processable photovoltaic 
technology. Materials, device architectures and manu-
facturing procedures for large scale fabrication of OPV 
modules will be developed. 
These will result in increased power conversion effi-
ciencies and lifetimes that are sufficiently long for the 
first commercial mobile applications in the low-power 
market segment (e.g. mobile telephones, PDAs, laptop 
computers). 
It will therefore form the basis of a potentially substan-
tial business opportunity for a new solar cell product 
with cost and payback characteristics which are more 
attractive than existing technologies.

further research needs

��  Materials development.
��  Low cost barrier technology development.

objectives

HIFLEX aims to develop a cost-effective Highly Flexible 
Printed ITO-free Organic Photovoltaics (OPV) module 
technology that matches the particular requirements of 
mobile and remote ICT applications, delivering the 
required efficiency under different light conditions, suf-
ficient lifetime, acceptable cost structure, appropriate 
power-to-weight ratio and fit-for-purpose mechanical 
flexibility. It will accelerate the exploitation of this OPV 
technology for a wide variety of ICT products in the 
mobile electronics market.

description of the work

An application-driven research approach will be fol-
lowed by developing large area, solution processable 
ITO-free OPV using scalable, reproducible and commer-
cially viable printing and coating techniques, enabling 
the low-cost production of highly flexible and light-
weight OPV products. At the same time it guarantees 
technological compatibility with other printed elec-
tronic ICT components and systems. The high flexibility 
and low costs will be addressed by the solar cell module 
design we intend to bring into production. 
Key technical challenges to be addressed are the use of 
ITO free OPV concepts and Roll to Roll production of OPV.

hIfleX
highly flexible printed 
ito-free opv Modules

Grant agreement n° 248678

Programme ICT 

Duration 01/01/2010 to 31/12/2012

Co-ordinator eCn solar energy, The netherlands

Contact Dr Jan M KROON
  j.kroon@ecn.nl 
  tel: +31 224 56 47 34 
  http://www.hiflexopv.eu

Project cost EUR 4.99 million
Funding EUR 3.65 million
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partners
Beneficiary name Country Role

1 energy research centre of the 
netherlands (ecn)

the netherlands coordinator, opv device (cell and module) engineering, electrical 
modelling, long term testing and validation of prototype solar 
cells and modules, lca studies and standardisation activities.

2 fraunhofer institut für solare 
energiesysteme (ise)

Germany development of ito free Wrap through opv cells and modules 
via s2s coating processes and characterisation.

3 tno industrie en techniek/
holst centre (holst)

the netherlands development of low cost, printable, composite anodes consisting 
of printed metal and hole conducting layers.

4 risø national laboratory for 
sustainable energy (riso dtu)

denmark upscaling and large area r2r coating and printing activities for  
the various concepts and opv integration.

5 the uK Materials technology 
research institute (Matri)

united Kingdom exploration of routes towards solution processable barrier  
layer technology, lca, standardisation and coordinator of 
dissemination and exploitation plans.

6 dr. schenk Germany development of in-line and off-line quality and process control 
equipment for opv (surface inspection and optical characterisation 
to determine layer thickness and (in)homogeneities).

7 agfa Gevaert (aGfa) Belgium dedicated development of functional pet substrates and 
transparent organic electrodes based on pedot/pss inks for opv, 
development of metal grids by photographic methods and large 
area coating experiments.
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A polymer-engineering step will be carried out, in order 
to develop a transparent polymer matrix suitable for the 
development by the addition of dioxygen scavengers 
and UV stabilisers. This new generation of polymeric 
matrix will be fully characterised to verify its suitability 
for including the molecular system.
Experimental work for optimising the mixture in terms 
of dispersion, concentration and efficiency will be car-
ried out for obtaining a new generation of luminescent 
solar concentrators. The stabilisation of the active mol-
ecules in the matrix will be investigated and improved 
by means of three main strategies: functionalisation of 
organic molecules, use of coupling agents and copoly-
merisation of the active compounds within the matrix. 
The new active polymer will be fully characterised by 
means of classic polymer analysis and the quantum 
yield of the energy conversion will be evaluated.  
The polymeric matrix and dispersion techniques will 
also be optimised. 
Later, the luminescent solar concentrator will be devel-
oped and optimised. The first step consists of the opti-
cal design of the lenses working essentially on the 
thickness of the active layer and the waveguide proper-
ties for orienting the emitted photons. Both the optical 
and stability (ageing) properties will be evaluated and 
analysed to improve the luminescent solar concentra-
tors in terms of efficiency and life-time. The new lenses 
developed will be placed directly onto organic, GaInP, 
amorphous silicon and Dye Sensitised photovoltaic 
devices and their efficiency will be characterised in arti-
ficial and real conditions. The enhancement of power 
generation will be fully characterised and the position-
ing of the lenses and the architecture of the EPHOCELL 
technology will be optimised (waveguide, distances). 
The stability of the whole system solar concentrator and 
solar cells will be measured. Finally, four demonstrators 
with the four kinds of solar cells will be developed. 

objectives

The EPHOCELL project aims to enhance PV conversion 
efficiency through a process of external modulation, 
based on energy transfer supported by adaptable 
molecular systems. Two simultaneous mechanisms are 
envisaged for both wavelength modulations of high 
and low energy non-used photons: down-shifting and 
up-conversion. Some suitable technologies for cou-
pling are a-silicon, GaInP, organics and DSSCs.

description of the work

The project is initially devoted to the independent study 
of the up-conversion (UC) and down-shifting (DS) proc-
esses in organic and organometallics molecules. Experi-
mental work on molecular design, organic synthesis 
and chemical and optical characterisation will be 
carried out, to develop the compounds necessary for 
obtaining both DS and UC phenomena with respective 
quantum yields of 85 % and 12 %. The separation of  
the studies allows consequent optimisation of the two 
phenomena and description of models that widen the 
scientific knowledge about mechanisms of both UC and 
large DS processes. Both the UC and DS quantum yields 
are measured in solution and in solid state by means of 
the introduction of the molecular systems in a poly-
meric matrix in glove box. The two conversion proc-
esses are joined in a same system that uses a unique 
emitter able to both receive the energy from high and 
low wavelength photons of the solar spectra. The work 
consists of the development of the EPHOCELL molec-
ular system by means of molecular engineering and 
formulation. The characterisation of both phenomena 
in the same mixture will be achieved in solution and in 
the solid state and the optimisation of the molecular 
systems will be achieved avoiding the overlap between 
the absorption of the several sensitisers and antennas 
and the photoluminescence of the emitter.

ephoCell
smart light collecting 
system for the efficiency 
enhancement of solar cells

Grant agreement n° 227127

Programme Energy 
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partners
Beneficiary name Country Role

1 leitat technological centre 
(leitat)

spain project coordination, down-shifting (ds) molecular design, optical 
analysis, polymer formulation, compounding by extrusion, ageing of 
polymer formulation and stability characterisation of polymer lenses.

2 cidete ingenieros s.l. (cidete) spain thermal management in the final prototypes, reliability tests of final 
prototypes and solar simulation radiation analysis.

3 institute of chemistry and 
technology of polymers 
(ictp-cnr)

italy examination of the barrier properties of films and thermal, 
morphological, structural and mechanical analyses of the  
polymer-based system with dispersed emitter molecules.

4 dublin institute of technology 
(dit)

ireland Quantum yield evaluation of down-shifting materials, ray trace 
modelling, spectroscopic and electrical characterisation and 
management of exploitation activities.

5 Max planck institute for polymer 
research (Mpip)

Germany chemical tuning of emitter/sensitiser molecules, design and synthesis 
of supramolecular systems, optical/chemical characterisation of up 
conversion(uc) systems, synthesis of materials ready for polymerisation 
and design and optimization of device parameters.

6 Mp Bata spain outdoor electrical characterisation, monitoring of energy production 
and prototype design and optimisation.

7 Micro and nanotechnology group 
of the polytechnic university of 
catalonia (upc)

spain design, fabrication and characterisation of organic/inorganic pv 
devices.

8 daren laboratories (dlaB) israel design and synthesis of monomer derivatives, formulation of polymers 
and copolymerisation of photoactive molecules.

9 optics and spectroscopy 
department of the physics faculty 
at sofia university (ossu)

Bulgaria Models for description of the uc and dc, experimental determination 
of the rate constants and spectroscopy for determination of triplet-triplet 
absorption bands in hydrocarbons.

expected results

The EPHOCELL project mainly aims to achieve a notably 
efficiency enhancement of ‘state-of-the-art’ PV tech-
nologies. The new methods and materials developed 
for the up-conversion and down-shifting (an emissive 
system capable of transforming solar UV and IR photons 
into visible photons) is expected to substantially 
increase the efficiency of PV cells. The proposed solu-
tion goes well beyond the state-of-the-art with notable 
innovations in materials and sustainable energy as well 
as an industrial solution of a medium/long term nature.

further research needs

The EPHOCELL project does not contemplate the opti-
misation of PV devices and aims to a technology to be 
potentially coupled to ‘state-of-the-art’ PV technolo-
gies. Further research will be needed to optimise novel 
and emerging PV technologies, which are currently 
under development.
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effect versus the characteristics of the nano-particles 
that can be experimentally investigated (nature, size 
distribution, shape, surface density and surrounding 
medium). The SOLAMON project’s approach will allow 
the development of reliable advanced models through 
a systematic analysis of the theoretical and experimental 
properties of the plasmonic structures investigated. 

expected results

The SOLAMON project aims at theoretical and experi-
mental assessment of various solar cells configurations 
utilising Plasmon Generating Nanocomposite Materials 
in 3 real solar cell technologies. Beyond Photovoltaics, the 
results of the SOLAMON project should also be exploit-
able for other applications such as biological or chemical 
sensing, highly efficient organic and inorganic LEDs.

further research needs

The present project is not investigating core-shell nano-
particles, although such systems could be very useful 
for solving charge carrier recombination issues that can 
limit the interest of plasmon resonance effect in solar 
cells. Future technological and theoretical investiga-
tions in that field could be very interesting to extend the 
field of plasmonic applications to new device concepts 
such as plasmon resonance assisted up-conversion or 
plasmon resonance enhanced radial p-n junction 
(nano-wire solar cells).

objectives

The objective of SOLAMON is to develop high potential 
nano-composite materials (matrix + metal nano-particles) 
that will generate a plasmon resonance effect which 
will pave the way to generation III solar cells (high effi-
ciency & low cost). The aim is to enhance the External 
Quantum Efficiency resulting in an increase in the short 
circuit current density of three types of thin film solar 
cells: a-Si:H, organic and dye-sensitised solar cells.

description of the work

To achieve such an ambitious goal, SOLAMON tackles  
a range of challenges related to the optimisation of  
the Plasmon resonance effect in thin film solar cells.  
It includes the development of dedicated numerical 
models to determine the characteristics of optimised 
nano-particles, identify their best location in the solar 
cell and predict the optical and electrical responses of 
solar cells. It also deals with the development of 
advanced nanotechnologies to fully tailor the nano-
particles (nature, size, shape and surface density) 
embedded in a matrix chosen to generate a plasmon 
resonance effect that can enhance solar absorption in 
a specific wavelength range. 
The approach developed in the SOLAMON project, by 
strongly coupling theory (optical and electrical model-
ling) and experiments (finely controlled nano-particles 
deposition and characterisation) will improve the basic 
understanding of localized surface plasmon resonance 

solaMon
plasmon Generating 
nanocomposite Materials 
(pGnM) for 3rd Generation 
thin film solar cells

Grant agreement n° 226820
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partners
Beneficiary name Country Role

1 commissariat à l’energie atomique et 
aux energies alternatives

france project coordination, optical modelling, nanotechnology 
study, characterisation and organic solar cell development.

2 technische universiteit delft the netherlands a-si:h solar cell development and optical and electrical 
characterisation of cells.

3 Mantis deposition ltd. united Kingdom nanotechnology provider.

4 university of ljubljana slovenia numerical modelling and simulation of cells  
(optical and electrical) and dssc cell development.

5 solaroniX sa switzerland dssc cell provider.

6 university of new south Wales, sydney australia expert on plasmonic systems.
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partners
Beneficiary name Country Role

1 iMec Belgium coordinator, fabrication and characterisation of plasmonic 
nanostructures and their integration in silicon and organic solar cells.

2 imperial college united Kingdom Modeling and characterisation of plasmonic nanostructures and 
their application for iii-v quantum well solar cells.

3 chalmers university of 
technology

sweden design, fabrication and characterisation of novel plasmonic 
nanostructures and their integration in dssc solar cells.

4 australian national 
university (anu)

australia integration of metal nanoparticles in silicon solar cells.

5 photovoltech (pvt) Belgium integration of metal nanostructures in an industrial process flow  
and assessment of the resultant plasmonic enhancement.

6 Quantasol united Kingdom provision of cells for the iii-v cell work and assessment  
of the performance enhancement.

The enhanced absorption can ultimately lead to thin-
ner and therefore less expensive solar cells due to the 
use of less semiconducting material. One of the 
remaining issues in this field, that of better physical 
insight in the possible plasmonic enhancement mech-
anisms, will be studied in detail using calculations and 
experiments on structures with different degrees of 
complexity. In parallel, we investigate the manufactur-
ability of these nanostructures and the ease of inte-
grating them into existing process flows for solar cells. 
This will allow us to examine industrially relevant 
structures, integrate them into solar cells and test their 
performance. The performance will be benchmarked 
and assessed by solar cell companies that are partici-
pating in the project. 

expected results

European science traditionally is a leader in both the 
fields of photovoltaics and nanoplasmonics and this 
project helps to maintain Europe’s strong position. 
Moreover it provides the participating industrial part-
ners with a competitive advantage, which should create 
employment and sustainable economic growth in 
Europe, while simultaneously contributing to a reduc-
tion of the emission of greenhouse gases.

objectives

Discriminating the mechanisms responsible for plas-
monic absorption enhancement and applying the 
appropriate mechanism to thin film solar cell technolo-
gies and conventional Si solar cells.
��  Cell-scale fabrication of plasmonic nanostructures, 

compatible with solar cell processing.
��  Integration of plasmonic nanostructures into differ-

ent types of solar cells and benchmarking the meas-
ured efficiency enhancement.
��  An overall cost reduction in EUR/W.

description of the work

The demand for af fordable renewable energy is 
increasing steadily. Electricity generation by photo-
voltaic cells is one of the main players in this field, but 
is hampered by its relatively high cost compared with 
other sources of energy. Within this project we inves-
tigate promising nanotechnology – based strategies 
to enhance the performance and/or reduce the cost 
of different solar cell technologies. Specifically we 
examine the use of metal nanostructures to enhance 
the optical absorption of light into different types of 
solar cells, including crystalline Si, high performance 
III-V, organic and dye-sensitisedsensitised solar cells. 

pRIMa
plasmon resonance  
for iMproving the 
absorption of solar cells

Grant agreement n° 248154

Programme ICT 

Duration 01/01/2010 to 31/12/2012

Co-ordinator IMeC, belgium

Contact Barry RAND
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��  Development of highly ef ficient upconversion 
phosphors.
��  Development of energy selective, high reflection, 

high transmission photonic structures.
��  Implementation of upconverters and nanocrystals 

in new matrix materials.
��  Development of adapted crystalline and thin-film 

silicon solar cells.
��  Integration of all components into one system and 

testing this system outdoors.

expected results

The final system should show significantly higher 
efficiency than a silicon solar cell alone which results 
in the potential for cost reduction.

objectives

The overall objective is to realise an advanced upcon-
verter system. This system comprises silicon solar cells, 
an upconverting material, luminescent nanocrystalline 
quantum dots (NQD) embedded in a fluorescent con-
centrator and photonic structures. The NQD extend 
the spectral range that is upconverted, the photonic 
structures help to direct the light onto the compo-
nents, where it can be best utilised. The fluorescent 
concentrator configuration helps to concentrate the 
light onto the upconverter, and thereby to increase 
upconversion efficiency by exploiting the non-linear 
characteristic of upconversion.

description of the work

The work comprises:

��  Theoretical modelling and simulation of the impor-
tant dynamics and processes.
��  Development of highly efficient, near-infrared emit-

ting NQDs.

nanospec
nanomaterials for harvesting 
sub-band-gap photons via 
upconversion to increase 
solar cell efficiencies

Grant agreement n° 246200

Programme NMP 

Duration 01/06/2010 to 31/05/2013

Co-ordinator fraunhofer Ise, Germany

Contact Jan Christoph GOlDSCHMIDT
  jan.christoph.goldschmidt@ 
  ise.frauhofer.de 
  tel: +49 761 45 88 54 75 
  http://www.nanospec.eu

Project cost EUR 4.17 million
Funding EUR 3.03 million

partners
Beneficiary name Country Role

1 fraunhofer ise Germany solar cells, photonic structures, simulation, assembly of systems 
and characterisation.

2 universität Bern switzerland production of upconverting materials and characterisation.

3 technion, israel institute of 
technology

israel production of luminescent nanocrystalline quantum dots  
and characterication.

4 heriot-Watt univeristy united Kingdom embedding luminescent materials, characterisation and 
simulation.

5 forschungszentrum jülich Germany simulation, theoretical analysis and thin-film solar cells.

6 universiteit utrecht the netherlands production of upconverting material and of luminescent 
nanocrystalline quantum dots and characterisation.

7 philips electronics nederland B.v. the netherlands embedding luminescent materials and photonic structures.
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expected results

The APOLLON consortium has been set up to join the 
two ‘wings’ of the technological innovation: research 
centres and industry. This balanced group is the first 
necessary step towards future commercial exploitation 
of the CPV technology. If the target costs will be 
reached, competitive CPV systems with respect to other 
PV technologies will be produced. At this stage, a strong 
market penetration of the CPV systems can be foreseen. 
The introduction of feed in tariffs is expected to boost 
further CPV market penetration. Solar*Tec and CPower, 
the two CPV system manufacturers in the APOLLON 
consortium have growth plans to grasp the market 
opportunity. 
Different products will be the output of this project:
�� Improved MOCVD growth equipment.
��  Advanced MJ solar cells.
��  Improved optics (lenses & mirror based concentrator).
��  New tracking strategies based on module integrated 

PSS and MPPT devices.
��  Improved measurement methodology & techniques.

This means that the project results will concern a wide 
range of beneficiaries, in different technical fields and 
wide exploitation in different industrial areas can be 
foreseen.

further research needs

Increasing solar cells efficiency is always a constant 
objective of future research. Demonstration of the CPV 
technology in different world regions is important to 
optimise the efficiency of the overall system efficiency. 
Research on reducing the soiling effect is another 
important subject to maintain high CPV system yield.

objectives

The main objective of APOLLON is to develop high 
concentration point focus and dense array systems 
(MBS3) based on monolithic and discrete MJ technol-
ogy with a final target cost of EUR 2/W. This ambitious 
objective is foreseen to be reached after five years of 
research and technological activities concerning all 
the different components of the Concentrating Photo-
voltaic (CPV) systems.

description of the work

To address the industrial need to speed up the pre-
qualification phase of the CPV systems, without hinder-
ing the path toward more attractive solutions that 
require longer developing time, the APOLLON Project 
has been divided in two development phases. In the 
first one, an optimisation of the existing CPV technolo-
gies, from the solar cell component up to the system 
level, has been planned. In the second one, the research 
towards more advanced solution has been foreseen. 
The different technology paths have been addressds 
with due focus on the recognised critical issues related 
to each system component in order to increase CPV effi-
ciency, assure reliability, reduce cost and environmental 
impact. Multi-junction solar cells are manufactured 
using new materials and deposition technologies. Opti-
misation of Fresnel and Prismatic lens along with the 
development of new non-imaging, low F/#, high con-
centration, cell self-protecting stable optics is foreseen 
to get high optical efficiency and wide acceptance 
angles. New concepts are applied for mirror based 
spectra splitting systems which will facilitate elimina-
tion of the cooling. Both the optimised and the new 
technologies are tested to get reliable long life time CPV 
systems. High integration obtained with microelec-
tronic and automotive light technologies for high 
throughput module assembly techniques, along with 
intelligent solutions for accurate, reliable, cost effective 
tracking and reduced mismatch losses are addressed. 
Prototype systems are developed for a full environmental 
and economical assessment.

apollon
Multi-approach for high 
efficiency integrated and 
intelligent concentrating  
pv modules (systems)

Grant agreement n° 213514

Programme Energy 

Duration 01/07/2008 to 30/06/2013 

Co-ordinator Ricerca sul sistema energetico, Italy

Contact Gianluca TIMO
  gianluca.timo@rse-web.it  
  tel: +39 523 43 43 69 
  http://www.apollon-eu.org

Project cost EUR 11.9 million
Funding EUR 8.26 million
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partners
Beneficiary name Country Role

1 rse (ex-erse) italy coordinator, Mocvd solar cell growth, cell and module 
characterisation and development of the pss for intelligent 
module.

2 aiXtron Germany development of a new Mocvd growth chamber.

3 centre national de la recherche 
scientifique -laboratory of photonics 
and nanostructures

france fundamental research activities on epitaxial germanium 
and growth of siGe alloy on si by Mocvd.

4 energies nouvelles et environnment Belgium iii-v solar cell industrial partner and cell supplier for 
solartec and cpower.

5 centro ricerche plast-optica italy development of 2nd generation optics and high throughput 
coB receivers and life time testing on coB receivers.

6 state enterprise scientific research, 
technological institute of instrument 
engineering

ukraine development of secondary optics suitable to be integrated  
in solar tec receivers and advanced cof receivers.

7 european commission, joint research 
centre (jrc)

ec Measurement, testing and calibration of photovoltaic 
devices/modules and pre-qualification testing of the cpv 
components.

8 ente per le nuove tecnologie, 
l’energia e l’ambiente (enea)

italy sic cell optimization, selection of arc, design of plastic 
housing and prismatic/hybrid lenses and outdoor round  
robin characterisation.

9 pv technology department of 
electrical and computer engineering, 
university of cyprus

cyprus out door high insulation cpv module testing and 
dissemination.

10 cpower s.r.l. italy Mirror based spectrum splitting system developer.

11 solar*tec int. aG Germany point focus system developer.

12 energy research centre of the 
netherlands (ecn)

the netherlands environmental and economic assessments of cpv 
technologies.

13 enel ingegneria e innovazione s.p.a. italy Monitoring off-grid and grid connected pf and MBs3 cpv 
system.

14 fundaciÓn robotiker tecnalia spain thermal simulation of cpower receivers, development  
of tracking electronic control, Mppt devices, software  
and control logic for pss.

15 new and renewable energy centre united Kingdom si cell industrial partner. narec will fabricate sic cells  
for cpower.

16 university of ferrara italy design and of MBs3 concentrator.
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expected results

��  International cooperation in the field of CPV’s with 
Mediterranean partner countries including reciprocal 
field testing of devices, establishment of a common 
materials database and inter-comparison of system 
components.
��  Increased acceptance angle of current CPV modules 

in order to minimise the misalignment losses and to 
reduce the rigidity requirements for modules and 
trackers and consequently the tracking structure cost. 
CONCENTRIX and Fraunhofer will follow these objec-
tives by carrying out research which will develop sec-
ondary optics for their current FLATCON technology. 
��  Development of a new concept of compact concen-

trator (FLUIDREFLEX technology), which will simulta-
neously: avoid the problems of condensation, reach 
1 000X, be as thin as 30 mm and show an optical effi-
ciency of more than 80 %.
��  Big CPV systems will be monitored for the first time 

using iso-type cells which, we expect, will allow easy 
and robust control of the solar spectrum during 
power testing.. The power and IV results measured 
with iso-type cells as a reference will be compared 
with continuous spectrometer monitoring.
��  Comparison of the outdoor performance of MJ3 

modules vs. indoor rating characteristics. The fore-
cast for energy generated by these modules, linked 
to the spectrum must be known in order to provide 
customer information for marketing.
��  Compilation of worldwide experiences on CPV’s 

(common materials, database and comparison of sys-
tem components

further research needs

Significant steps for developing a European CPV indus-
try are embedded in the NACIR project. However, the 
next step for progress will require research and invest-
ment in manufacturing. In addition standardisation 
work is probably the most significant to perform to 
achieve bankability and customer confidence. Finally, 
the new technological breakthroughs to be reached 
within NACIR will need promotion and help for transfer-
ring the technology to production and qualification.

objectives

The main goal of this proposal is to join together the 
owners of the most advanced CPV technology, with 
respect to the state of the art, in order to research, from 
a leading position, new applications for CPV systems.  
In addition to opening up new markets, it will unveil 
possible sources of failure in new environments out-
side Europe, in order to assure component reliability.  
The proposed project will also try to improve the cur-
rent technology of the industrial partners (ISOFOTON 
and CONCENTRIX) by accelerating the learning curve 
that CPV must follow in order to achieve a competitive 
market position, and lowering the cost under the current 
flat panel PV significantly within 3-4 years.

description of the work

The use of CPV systems in remote areas, together with 
harsher radiation, ambient and infrastructure conditions 
will help to increase the rate of progress of this technol-
ogy. In addition, ISFOC’s contribution, which brings 
together seven power plants from seven CPV technolo-
gies up to 3 MWpeak, will allow creation of the most 
complete database of components and systems per-
formance to be generated, as well as data on the effects 
of radiation and meteorology on systems operations. 
Finally, regarding the new applications for CPV, 
the project will use a 25 kWp CPV system in a stand-
alone station in Egypt (NWRC) for the first time for water 
pumping and irrigation purposes. In a similar way 
ISOFOTON will connect up a 25 kWp CPV system to the 
Moroccan ONE utility grid. From the research content 
point of view, which is directly addressed by the scope 
of the call, the cooperative research between UPM, 
FhG-ISE and the two companies will be optimised as 
they are all progressing in similar directions, developing 
two-stage optics CPV systems. In addition to these 
technology improvements UPM is very interested in 
developing a new concept of module, recently pat-
ented, which will fulfil all required characteristics of  
a good CPV with less components and reduced cost.

naCIR
new applications for cpv: a 
fast way to improve reliability 
and technology progress

Grant agreement n° 226409

Programme Energy 

Duration 01/01/2009 to 31/12/2012

Co-ordinator Universidad politécnica de Madrid,  
  spain

Contact Gabriel SAlA PANO
  sala@ies-def.upm.es 
  tel: +34 913 36 72 31 
  http://www.ies.upm.es/nacir

Project cost EUR 7.11 million
Funding EUR 4.4 million

 project sYnopses  –  cluster 4     Concentrator pv cells

60



partners
Beneficiary name Country Role

1 universidad politécnica de Madrid spain project coordinator, development of fluid refleX technology  
(a new concept concentrator system), investigation of materials 
suitable for secondaries and participation in creation of standards  
for field testing of cpv.

2 fraunhofer institut für solare 
energiesysteme

Germany design of specific and advanced power conditioning system, 
development of a new module generation as an evolution of 
flatcon concentrator and comparison of outdoor performance 
versus indoor rating.

3 instituto de sistemas fotovoltaicos 
de concentración, s.a.

spain creation of a database of worldwide cpv experiences and creation  
of standards for field testing of cpvs.

4 concentrix solar Gmbh Germany installation of a stand alone cpv system and development of a new 
module generation as an evolution of flatcon concentrator.

5 isofotón s.a. spain installation of 25 kW peak high efficiency isofoton concentrator 
and set up of a manufacturing line for a second generation module.

6 office national d’electricité Morocco Maintenance and data acquisition of the grid connected station  
at one.

7 Ministry of Water resources and 
irrigation

egypt construction of water pumping and irrigation hardware system, 
maintenance and data acquisition.
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partners
Beneficiary name Country Role

1 fraunhofer ipa Germany coordinator and manufacturability.

2 solecta israel technical specifications, mechanics and control.

3 narec united Kingdom pv cell.

4 aci-ecotec Gmbh Germany integration.

5 heriot-Watt university united Kingdom thermal simulation.

6 austrian institute of technology austria testing.

7 iMos-Gubela Gmbh Germany optics.

They were glued on a cooling device which also serves 
as back plate supporting the whole structure. 
To achieve the low concentration of sun light that is 
desired (approx. 10x) the consortium decided to us 
Fresnel Optics. The structured lenses, which could be 
variably positioned according to the inclination of the 
sun, focused the sun light directly onto the active cells 
array. A mechanical subsystem is connecting the optics 
with the back plate and enables the flexible 2D posi-
tioning and focusing according to the inclination angle 
of the sun light. 
Each subsystem was developed from the scratch and 
was fully innovative.

expected results

Based on the promising test results gathered, the con-
sortium started investigating a further prototype which 
will have a higher output while taking into considera-
tion all the experiences the consortium gained during 
the development of the first prototype. 

further research needs

The final prototype will have to be less complex, much 
cheaper and more convenient to be commercialised.

objectives

The main objective of the S&T program is the 
development of methods and technologies leading to 
a working prototype of first-generation Active Solar 
panels. The prototype will use silicon cells designed and 
produced by a partner in the consortium and uni-
directional parallactic tracking. With encapsulated 
optics, concentrating the sun by a factor of 10x, the 
overall system height won’t exceed manageable limits 
for rooftop applications. 

description of the work

The consortium managed to define, design, simulate 
and finally manufacture a complete new solar module, 
internally called the Early Prototype (EP). It only took the 
partners 14 months to finish all necessary tasks. Four 
completely functional prototypes were built as proof of 
concept systems. All those new modules consist of three 
main units that had to be assembled. Close collaboration 
between the partner and beyond the range of single 
Work Packages was performed to achieve success. 

As a basis, 222 tiny cell stripes (60x2mm) had to be pre-
pared by separating them from a monocrystaline wafer. 

aspIs
active solar  
panel initiative

Grant agreement n° 226267

Programme Energy 

Duration 01/01/2009 to 31/12/2011 

Co-ordinator fraunhofer Ipa, Germany

Contact Roland WERTZ
  wertz@ipa.fraunhofer.de 
  tel: +49 711 970 15 05 
  http://www.aspisproject.eu

Project cost EUR 3.76 million
Funding EUR 2.88 million
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Cluster 5 
Innovative installations & grid interconnections

photovoltaics for distribution systems

MetaPV 64 

63



expected results

The authors plan to demonstrate distributed grid sup-
port from PV in a grid where bottlenecks for PV are 
already becoming visible today. As a result, the authors 
expect to be able to increase the hosting capacity for 
distributed generation of the existing grid by 50 % as 
compared to a situation where the grid and the PV sys-
tems are operated conventionally. This increase in host-
ing capacity should be possible at 10 % of the costs for 
a grid reinforcement yielding the same increase in host-
ing capacity.

further research needs

After successful large scale demonstration in the MetaPV 
project the authors consider the demonstrated technol-
ogy and methods ready for large-scale deployment. 
Further research is nevertheless needed in order to inte-
grate the approach in a competitive electricity market 
framework with different kinds of distributed resources 
(commercial and technical virtual power plant).

objectives

With large-scale deployment of photovoltaics (PV), the 
hosting capacity for distributed generation will be sur-
passed in many distribution grids. Grid reinforcement is 
the most expensive way to increase the hosting capac-
ity. Instead, PV inverters can be harnessed to support 
active operation of the distribution system. As one of 
the first projects worldwide, the European project 
MetaPV wants to demonstrate on a large scale how 
active grid operation with PV can be implemented in 
an existing grid.

description of the work

Additional benefits for active grid support from PV will 
be demonstrated in two typical distribution grid situa-
tions in Limburg, Belgium: a residential area of  
128 households with 4 kW each and an industrial zone 
of 31 PV systems with 200 kW each. In this project, the 
enhanced control capacities to be implemented into PV 
inverters are active voltage control, fault ride-through 
capability, autonomous grid operation, and interaction 
of distribution system control with systems.

Metapv
Metamorphosis of 
power distribution: 
system services from 
photovoltaics

Grant agreement n° 239511

Programme Energy 

Duration 01/10/2009 to 31/03/2014

Co-ordinator 3e n.v., belgium

Contact Achim WOyTE
  Achim.Woyte@3E.eu 
  tel: +32 2 229 15 26 
  http://www.metapv.eu

Project cost EUR 9.38 million
Funding EUR 5.52 million

partners
Beneficiary name Country Role

1 3e sa Belgium coordinator, scientific follow up and validation.

2 infrax nv Belgium distribution system operation.

3 Österreichisches forschungs und 
prüfzentrum arsenal Ges.M.B.h.

austria Grid modelling at medium voltage.

4 sMa solar technology aG Germany inverter development.

5 univerza v ljubljani slovenia Grid modelling at low voltage.

6 limburgse reconversie Maatschappij nv Belgium pv system development with Metapv inverters.
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production equipment & processes

demonstration of high performance equipment and processes

SOlASyS 66
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4.	 Laser soldering for the inter-connection of cells to 
modules.

5.	 Laser ablation of dielectric layers for new metallisa-
tion techniques.

expected results

The five laser processes will be demonstrated in an 
industrial-like environment with the following individual 
goals:
�� Achieve 10 000 holes/sec drilling rates to facilitate the 

production of EWT cells.
�� Avoid emitter drive-in during edge isolation to allow 

shallower grooves and less laser damage.
��  Development of a competitive laser doping process 

using the most suitable laser parameters.
��  Establishment of laser soldering as a selective and 

controllable method for cell interconnection.
��  Paving the way for new metallization techniques for 

the front side of the cell by developing an adapted 
low-damage ablation process.

objectives

Today’s solar cell production relies heavily on scientific 
achievements from the last century. Lasers, with their 
unique features (e.g. contactless processing, accuracy 
and throughput), can help new technologies to enter 
the market more quickly. Recent developments of ultra-
short pulse lasers allow new production processes that 
can be used to increase the productivity of existing solar 
cell production lines as well as enable high efficiency cell 
concepts.

description of the work

In the project the applicability of five laser processes for 
industrial production is demonstrated: 
1.	 High rate laser micro drilling for new cell concepts.
2.	 Laser edge isolation using ultra-short pulse lasers. 
3.	 Laser doping for selective emitters.

solasYs
next generation solar 
cell and module laser 
processing systems

Grant agreement n° 219050

Programme Energy 

Duration 01/09/2008 to 31/08/2011

Co-ordinator fraunhofer IlT, Germany

Contact Dr. Malte SCHUlZ-RUHTENBERG
  malte.schulz-ruhtenberg@ 
  ilt.fraunhofer.de 
  tel: +49 241 8906 604 
  http://www.solasys.eu

Project cost EUR 5.99 million
Funding EUR 3.48 million

partners
Beneficiary name Country Role

1 fraunhofer ilt Germany development and demonstration of five laser processes.

2 laserline Germany development of two diode laser systems adapted to the needs of the laser 
soldering process.

3 Manz automation Germany develops and builds demonstrator machines for developed laser processes.

4 scanlab Germany provides scanners and optics and develops process-adapted optical systems.

5 solland solar cells the netherlands provides samples and knowledge, integration of laser processes and 
characterisation of solar cells.

6 Bp solar spain provides samples and knowledge, integration of laser processes and 
characterisation of solar cells.

7 energy solutions Bulgaria produces modules from laser soldered strings and an end-user for laser 
soldering process.

8 iMec Belgium development of laser processes and characterisation of solar cells.

9 cnrs-lp3 france develops laser processes from lab scale to industrial applicability.

10 trumpf Germany development of process adapted laser sources.
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have a high impact on production cost of solar mod-
ules, the utilisation of F2 as cleaning gas has high 
impact on cost by increasing cleaning rates and 
decreasing gas cost and also has a strong environmen-
tal impact by replacing cleaning gases with a higher 
global warming potential. All these approaches will not 
only be developed in parallel but this project will ensure 
a strong interlink between these activities, e. g. the 
impact of narrow gap reactors on the F2 cleaning rate.

expected results

The joint goal of the different work packages is the 
demonstration of a 157Wp micromorph module with  
a cost of ownership (CoO) reduced to EUR 0.5/Wp.  
Succeeding in this project will ensure competitiveness 
of the micromorph technology and further approach 
the final goal of grid parity. Having European companies 
jointly engaged in this project will ensure key players 
in  this important technology in Europe, therefore 
strengthening the European economy. 

objectives

Improving the cost-competitiveness and approaching 
grid-parity are the major challenges for micromorph 
thin-film photovoltaics.

description of the work

The project tackles major factors relating to micro-
morph module efficiency and production cost by 
assessing the influences of glass, TCO and silicon depo-
sition (including in-situ cleaning). The project bridges 
the gap between research and industrial application by 
executing new developments and improvements in the 
field of TCO and PECVD reactors and processes and 
transferring them to production plants where the full 
impact on module efficiency and costs can be evalu-
ated. It also takes some innovations already used in 
other applications like different glass types and F2 as 
cleaning gas and transfers these improvements into the 
photovoltaic application. While different glass types 

peppeR
demonstration of high 
performance processes and 
equipments for thin film silicon 
photovoltaic modules produced 
with lower environmental impact 
and reduced cost and material use

Grant agreement n° 249782

Programme Energy 

Duration 01/09/2010 to 31/08/2013

Co-ordinator oerlikon solar aG, switzeland

Contact Tobias ROSCHEK
  tobias.roschek@oerlikon.com 
  tel: +41 81 784 6203 
  http://pepper.epfl.ch

Project cost EUR 16.7 million
Funding EUR 9.4 million

partners
Beneficiary name Country Role

1 oerlikon solar aG switzerland link between the research institutes, suppliers and the modules producers  
and introducing its own innovation (e.g. development of a new reactor).

2 university of 
northumbria

united 
Kingdom

lead the task on the life cycle assessment of the process advances developed 
within the technical work packages to determine the environmental 
advantages that these represent.

3 university of patras Greece development of sophisticated and versatile numerical tools which include 
most of the relevant physical aspects that take place during the plasma 
deposition of silicon.

4 epfl switzerland involved in the investigation of new regimes and processes for the deposition 
of high quality lpcvd Zno and microcrystalline silicon at lower production cost.

5 Bosch solar thin 
films

Germany production testing of new tco and narrow gap pecvd developments.

6 heliosphera Greece successful implementation of the new glass types to the factory’s production 
line as well as the preparation of a successful introduction of this new product 
to a potential market.

7 linde aG Germany the supply of the on-site f2 generation system as well as providing technical 
support and assessment for the adaptation of the process tools to the use of 
the new cleaning agent, and a consulting role during the f2 trials execution.
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partners
Beneficiary name Country Role

1 iMperBel nv Belgium coordinator, integration of the cell into the bitumen 
membrane, lamination, recycling and pilot installation.

2 vhf-technoloGies sa switzerland production of the flexible cell, lamination and pilot installation.

3 KeMa nederland Bv the netherlands Quality standards and recycling.

4 Maschinenfabrik herbert Meyer 
Gmbh/hrB 9309

Germany lamination technology.

5 nolaX aG switzerland adhesive for lamination.

6 GuilBert eXpress sas france application of flame tools.

7 eurinnov sarl france coordination.

8 stichting energieonderzoek 
centrum nederland

the netherlands sustainability & performance testing and on site flash test 
measurement.

9 B-enerGY france pilot installation.

objectives

The objective of the PV-GUM project is to develop manu-
facturing technologies and equipment to fully integrate, 
at the manufacturing stage, flexible PV modules (from 
FLEXCELL) to bituminous membrane to produce low-cost 
PV bituminous-modified roofing membrane ‘PV-GUM’. 
This objective includes:
��  The development of an enhanced manufacturing 

process to produce thin-film flexible PV cells with an 
increased efficiency (8 %) at low-cost (EUR 0.4/Wp) 
(FLEXCELL).
��  The development of a continuous (roll-to-roll) lami-

nation process and equipment (MEYER), associated 
with the formulation of a new adhesive encapsulant 
(NOLAX) to allow encapsulating the PV modules on 
the roofing membrane at the manufacturing stage 
at a cost of EUR 0.4/Wp.
��  The development of a roll-to-roll bitumen impregna-

tion process well-suited to PV-laminates (IMPERBEL).

description of the work

The work will combine research & experimental analysis 
of new materials & processes, in order to assess the best 

pv-GUM
Manufacturing technologies and 
equipments to produce low-cost 
pv bituminous-modified roofing 
membrane with full integration  
of high efficiency flexible thin- 
film silicon pv modules

Grant agreement n° 249791

Programme Energy 

Duration 01/11/ 2010 to 31/10/2013

Co-ordinator Imperbel, belgium

Contact Eric BERTRAND
  ebe@derbigum.com 
  tel: +32 495 292 800 
  http://www.pvgum.eu

Project cost EUR 11.09 million
Funding EUR 6.23 million

cost option between existing technologies and new 
approaches. An in depth understanding of roll-to-roll 
and bitumination technology will be obtained, and in  
a second step, engineering work in order to develop the 
appropriate pilot equipment will be completed. 

From the beginning of the work, strong interaction 
between all activities will occur, in order to keep a per-
manent focus on the final installation process on the 
roof; in order to take all parameters into consideration. 
This will allow product optimisation from a utilisation 
point of view in the design phase; and in doing so, opti-
mise its total cost in use.

expected results

We expect to implement these manufacturing tech-
nologies in 2 pilot lines:
��  Lamination of PV-cells and bitumination in the 

IMPERBEL Perwez factory to produce the PV-GUM 
membrane.
��  Production of flexible PV-cells at enhanced efficiency 

in the FLEXCELL factory, with an capacity of 20 MW, 
growing to 70 MW after a 3 years period.
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infrastructure, market, quality, legal and training aspects of photovoltaics
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expected results

A comprehensive, freely accessible online database  
containing a description of LAP and barriers in the  
12 national PV legal-administrative frameworks was 
published in May 2010. It provides PV stakeholders and 
policymakers with a systematic analysis of practical 
experiences with regulatory barriers that are encom-
passed by investors in PV systems and thus have a direct 
benefit for these actors regarding future business deci-
sions. This database will be updated yearly throughout 
the duration of the project.
By the end the end of the project, the consortium aims 
to have initiated enhanced PV legal-administrative pro-
cedures (LAP) or to have initiated processes entailing 
LAP improvements in 12 EU countries, such as: reduced 
lead times of PV project development and construc-
tion; establishment of less burdensome and more 
streamlined authorisation procedures for smaller PV 
projects; reduced and optimised workload for PV 
authorisation bodies.

objectives

The overall goal of the PV LEGAL project is to overcome 
market barriers for photovoltaics (PV) related to regula-
tory frameworks. The project aims at enhancing PV 
legal administrative procedures by involving its crucial 
administrative actors in 12 EU countries Bulgaria, Czech 
Republic, France, Germany, Greece, Italy, Poland, Portugal, 
Slovenia, Spain, The Netherlands and United Kingdom 
which will be handled by 13 national industry associa-
tions (amongst them 9 as project partners and 4 as 
subcontractors). The European Photovoltaic Industry 
Association (EPIA) and eclareon Management Consult-
ants complete the project consortium.

description of the work

The partners will set up and regularly update a central-
ised database comparing the legal-administrative pro-
cedures (LAP) for PV installations in the 12 participating 
countries, segmented by the 3 main PV target applica-
tions, namely:
�� Small-scale installations on residential buildings.
�� Small to medium-scale installations on commercial 

buildings.
�� Medium to large-scale ground-mounted installations 

on open lands.
The findings will then be compared and processed 
within the project consortium. Customised advisory 
papers will be set up for each country as well as some 
exemplary regions. The papers will be discussed and 
further elaborated with the industry and relevant stake-
holders (National Forums). Consolidated versions of 
these advisory papers will, as the final stage, be dissemi-
nated among and discussed with authorities and deci-
sion makers (Review Workshops) the action aiming at 
concretely removing LAP market barriers for further PV 
deployment in Europe.

pv leGal
reduction of bureaucratic 
barriers for successful pv 
deployment in the eu

Grant agreement n° Iee/08/591/sI2.529234

Programme CIP-IEE 

Duration 01/07/2009 to 01/02/2012

Co-ordinator bsW-solar, Germany

Contact Thomas CHROMETZKA
  chrometzka@bsw-solar.de 
  tel: +49 30 297 778 840  
  http://www.pvlegal.eu

Project cost EUR 2.49 million
Funding EUR 1.87 million
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partners
Beneficiary name Country Role

1 BsW-solar Germany project coordinator.

2 eclareon Germany research phase and database creation leader.

3 ptpv poland advisory paper preparation, Work package leader, national partner 
in charge of research, lobbying and dissemination in its own country.

4 asif spain national events (forums, workshops) preparation, Work package 
leader and national partner in charge of research, lobbying and 
dissemination in its own country.

5 european photovoltaic 
industry association (epia)

Belgium leader of project results and dissemination Work package.

6 ser france national partner in charge of research, lobbying & dissemination  
in its own country.

7 enerplan france national partner in charge of research, lobbying & dissemination  
in its own country.

8 rea united Kingdom national partner in charge of research, lobbying & dissemination  
in its own country.

9 assosolare italy national partner in charge of research, lobbying & dissemination  
in its own country.

10 helapco Greece national partner in charge of research, lobbying & dissemination  
in its own country.

11 Zsfi slovenia national partner in charge of research, lobbying & dissemination  
in its own country.
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pv-nMs-neT
supporting development 
of photovoltaics in the eu 
new Member states

Grant agreement n° Iee/07/809/sI2.499719

Programme CIP-IEE 

Duration 01/10/2008 to 30/09/2011

Co-ordinator University of Technology, poland

Contact Dr. Stanislaw M. PIETRUSZKO
  pietruszko@pv-poland.pl 
  tel: +48 691 910 390 
  http://www.pv-nms.net

Project cost EUR 1.11 million
Funding EUR 0.83 million

objectives

The main objective of the project is to increase the 
share of solar energy (as one of the most promising 
renewable energy sources) in production of electricity 
in Europe (mainly in the NMS, in which PV application 
are far less developed than in other countries) to con-
tribute secure, sustainable and competitively priced 
energy by tackling non-technical barriers (political, cul-
tural, administrative etc.) hindering PV development 
with a view to reducing energy consumption and CO2 
emissions. The specific aims are to:
�� develop the methodology, means and instruments 

to follow up, monitor and evaluate the impact of the 
measures adopted by the NMS in the PV field; 
��  contribute transparency, reliability and cohesion of 

legal framework conditions of PV development and 
implementation;
��  raise awareness of PV among decision makers, regu-

lators and utilities in NMS to integrate PV into their 
economies;
��  give an input to the preparation of national RE Action 

Plans, in line with the proposed RES Framework 
directive; 
��  maintain co-operation between national PV activities 

in NMS and EU15, shaping a common vision for the 
development of PV.

description of the work

�� WP1: Project Management – co-ordination of the 
project. 
�� WP2: Gathering of Data on PV development in the 

NMS – establishing a methodology for PV data gath-
ering and gathering the latest information on the 
status of PV in NMS; reports on PV activities and its 
status.
�� WP3: Action plan for the promotion of PV towards 

national decision makers – a campaign aimed at the 
decision makers at national level, in government and 
administration.

�� WP4: Action plan for the promotion of PV towards 
national utilities and national regulation authorities 
– a campaign aimed at the national utilities and 
regulation authorities.
�� WP5: Dissemination – carrying out dissemination 

activities on the national, European and international 
levels on the activities carried out in all phases of 
project.
�� WP6: IEE Dissemination Activities – contributing, 

upon request by the IEEA, common dissemination 
activities to increase synergies between, and the 
visibility of IEE-supported projects.

expected results

�� Guidelines for data collections and their processing.
��  Website and database on PV activities in NMS.
��  Yearly reports on PV activities and status.
��  An input for the preparation of national RE Action Plan. 
��  Transparent, reliable, cohesive and updated database 

of all aspects of PV in NMS.
��  Raised awareness of PV among decision makers and 

PV utilities in NMS and increased use of PV in energy 
production.
��  Better cooperation and communication between all 

PV stakeholders in NMS and EU.
��  In long term – reduced energy consumption and CO2 

emissions in Europe.
��  In long term – raised cohesion between NMS and 

EU15.

further research needs

�� Close monitoring of the market development.
��  Raising awareness among decision makers.
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partners
Beneficiary name Country Role

1 Warsaw university of technology poland establishing of methodology of data gathering, gathering 
information on pv and creating a database, publishing yearly 
‘status of photovoltaics in eu nMs’, creating a website and 
providing up-to-date information about pv activities in nMs, 
preparing articles in branch and popular media, dissemination 
of project results on european level and organisation of nMs 
european pv policy conference.

2 central laboratory of solar energy 
and new energy sources, Bulgarian 
academy of science

Bulgaria providing information to yearly reports, identification of the 
key decision makers, present a common strategy to national 
decision makers, take part in realisation of campaign aimed  
at the decision makers in theirs countries, take part in creation 
of informal groups of decision makers supporting pv, organisation 
of national Workshop with the representatives of target groups 
focused on local policy and introduction pv into market, 
selection of representatives of target groups to the international 
Workshop in one of eu-15, preparation of a brochure on the 
support for market introduction of pv, taking part in creation 
of a position paper on the strategy/vision to include pv in 
the national political agenda, prepare articles in branch and 
popular media and take part in dissemination of information 
and results of all activities at a national level.

3 cyprus institute of energy cyprus as above.

4 czech renewable energy agency czech republic leader of Wp4, prepare a strategy and defining a campaign 
aimed at power utilities and national regulation authorities. 
rest as above.

5 tallinn university of technology estonia as above.

6 solart-sYsteM engineering ltd. hungary as above.

7 institute of physical energetics latvia as above.

8 semiconductor physics institute lithuania as above.

9 Malta resources authority Malta as above.

10 research institute for electrical 
engineering

romania leader of Wp3, coordination of elaboration a designed  
campaign aimed at the decision makers at national and 
regional level in government and administration.  
rest as above.

11 slovak renewable energy agency slovak republic as above.

12 energy restructuring agency slovenia as above.
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pvs in blooM
farming photovoltaic flowers:  
a new challenge for land 
valorisation within a strategic 
eco-sustainable approach to 
local development

Grant agreement n° Iee/07/762/sI2.499457 

Programme CIP-IEE 

Duration 30/09/2008 to 30/09/2011

Co-ordinator Unioncamere del veneto, Italy

Contact Erica HOllAND
  erica.holland@ 
  eurosportelloveneto.it 
  tel: +39 041 09 99 411 
  http://www.pvsinbloom.eu

Project cost EUR 1.33 million
Funding EUR 0.998 million

objectives

The PVs in BLOOM Project – ‘Farming photovoltaic flowers: 
a new challenge for land valorisation within a strategic 
eco-sustainable approach to local development’, funded 
within the Intelligent Energy Europe Programme, aims to 
support the installation, by public and private investors, 
of ground photovoltaic plants of small and medium 
dimensions (Photovoltaic Panel Plantations – PVPPs) 
with a power ranging from 50 kWp to 2-3 MWp in areas 
characterised by intrinsic, induced or latent marginality 
(terrains that are not attractive for investment or that 
have exhausted their primary and exclusive function).

description of the work

The PVs in BLOOM Project tackles the challenge of trans-
forming these environmental wounds (existing marginal 
terrains) into an opportunity for new paths of develop-
ment and responsible growth. Examples can be found 
in Europe (e.g. Germany, Italy, Austria), in USA and Japan. 
The main action has concentrated on increasing aware-
ness and knowledge about the potential economic and 
green value of recovering marginal areas through PVPPs 
in the public and private sectors (Municipalities, Chambers 
of Commerce, Energy Agencies, Land owners, private 
investors, farmers, energy suppliers, citizens, etc.), and 
on supporting mainly local public administrations in the 
first steps towards the implementation of a PVPP (guid-
ance, drafting of pre-feasibility studies, supplying of 
best practices, delivering a strategic vision for responsi-
ble development, drafting of guides and handbooks for 
easing the implementation of PVPP, actions for promot-
ing the upgrading of the local administrative and legal 
framework for PV installations aiming at easing the 
development of PVs over marginal areas; creation of  
a network for the promotion and diffusion of PVPP skills 
and experience in Europe).

expected results

The PVs in BLOOM project has already achieved the fol-
lowing results:
�� Over 1 600 European Municipalities involved directly 

or indirectly in the project and/or encouraged to 
pursue the PV concept promoted by BLOOM. 
�� Issuing of a Strategic Vision Document (download-

able from www.pvsinbloom.eu). 
��  Direct engagement with 64 Municipalities across 

Europe from the partners countries in RES promotion 
for enhancing strategic eco-sustainable policies and 
strategies focusing on development of marginal areas.
�� Collection of 50 best practice examples and models 

for recovering low/zero value terrains through 
ground PV plants (PVPPs). The PVs in BLOOM Project 
has already triggered the authorisation of 5.5 MWp of 
Photovoltaic power over marginal areas in Europe, 
and another 15 MWp are expected before the end of 
the project (September 2011).

further research needs

The research needs connected with the concept pro-
moted by PVs in BLOOM are mainly linked with the 
need to find applications that allow/optimise the imple-
mentation of a PV plant in specific kinds of marginal 
terrains. Given the wide variety of existing PVPP system 
typologies and the numerous peculiarities that charac-
terise a marginal terrain type, assessing which PVPP 
technology may best suit a specific marginal terrain 
type would be useful. For example the final capping 
of an expired landfill could be substituted by a light 
geo-membrane textile cover integrated with thin film 
PV panels, allowing the local public administrations to 
reduce the cost of capping while becoming a renewa-
ble energy producer. The existing pilot applications 
however do not have a historic proof of durability, 
resistance, and efficiency. Further development would 
be useful for these applications.
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partners
Beneficiary name Country Role

1 unioncamere del veneto (ucv) italy project coordination. union of chambers 
of commerce, market outlook.

2 energy agency of the sassari province (peps) italy energy agency.

3 development company of Municipality of Milies (aeM) Greece development company.

4 university of jaén (uja) spain university, research on pv.

5 valencia official chamber of commerce, industry and shipping 
(cocinv)

spain chamber of commerce, market outlook.

6 institute of physics of lublin university of technology (iplut) poland expert on plasmonic systems.

7 innovation region styria (irstyria) austria development company.

8 italian-slovak chamber of commerce (ccis) slovakia university, research on pv.
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QUalICeRT
common quality certification 
and accreditation for installers 
of small scale renewable 
energy systems

Grant agreement n° Iee/08/479/sI2.528546

Programme CIP-IEE 

Duration 01/07/2009 to 31/12/2011

Co-ordinator aDeMe, france

Contact Marjolaine PONT
  marjolaine.pont@ademe.fr 
  tel: +33 147 65 21 19 
  http://www.qualicert-project.eu

Project cost EUR 1.07 million
Funding EUR 0.80 million

objectives

QualiCert has been launched in anticipation of the 
implementation of Article 14 of the Directive on the 
promotion of the use of energy from renewable sources 
(2009/28/EC), obliging Member States to develop  
& mutually recognise certification or equivalent qualifi-
cation schemes for installers of small-scale renewable 
energy systems by December 2012. Technologies cov-
ered include PV but also solar thermal, biomass, shallow 
geothermal and heat pumps systems. The objective of 
the project is to identify a set of key ‘success criteria’ or 
‘common denominators’ that national schemes should 
follow in order to implement an effective certification/
qualification scheme and to make mutual recognition 
of national schemes easier (those results are described 
in another report).

description of the work

To guarantee the broadest possible support to the 
future accreditation and certification scheme, QualiCert 
is relying on an interdisciplinary multi-stakeholder 
approach involving 
��  builders and installers through their EU associations;
��  existing training providers and accrediting bodies;
��  the RES industry through its European associations;
��  a number of national energy agencies.

More particularly, the project is based on a multi-step 
approach designed to ensure that project recommen-
dations are consistent with both the existing context 
and with the stakeholders’ expectations.
In a first step, QualiCert has collected information to list 
the certification/qualification schemes existing in the 
different EU Member States and also outside Europe. 
Then the existing schemes were analysed to identify 
their technical, legal, institutional, financial and commu-
nication characteristics. Based on this a set of potential 
success criteria was collated.

In a second phase, QualiCert has identified key success 
criteria through an extensive consultation of European 
stakeholders. The results of the analysis and the success 
criteria are compiled in a manual that will be used by 
stakeholders in the 5 implementation countries of the 
project (Austria, Greece, France, Poland and Italy) and 
by all EU Member states to start or enhance certification 
schemes and work towards mutual recognition.

expected results

QualiCert will result in a common approach, adopted by 
national authorities and the European Commission, so 
that an effective certification or qualification scheme of 
small-scale renewable energy systems installers is 
implemented in each Member State, and that these are 
mutually recognised. Such schemes will help the market 
develop by increasing customer confidence, and will 
optimise the performance of small-scale renewable 
energy systems (photovoltaics, biomass, geothermal 
energy, heat pumps, and solar thermal) in Europe through 
improved quality of installations.

further research needs

An analysis of the implementation of Article 14.3 of the 
RES Directive (setting-up of certification and qualifica-
tion schemes for small-scale RES installers) in the EU, 
and especially in the 5 countries of application of the 
project (Austria, France, Greece, Italy and Poland), and  
a comparison with the QualiCert recommendations 
could be of interest.

 project sYnopses  –  cluster 7     Industry support

76



partners
Beneficiary name Country Role

1 french environment and energy Management agency 
(adeMe)

france coordination, organising high level steering Group 
and workshops and roundtables in france.

2 european renewable energy council (erec) Belgium co-coordination, writing the Qualicert manual, 
workshops and roundtables in Brussels and 
communications.

3 european photovoltaic industry association (epia) Belgium expertise on pv.

4 european solar thermal industry federation (estif) Belgium expertise on solar thermal.

5 european Biomass association (aeBioM) Belgium expertise on biomass.

6 european Geothermal energy council (eGec) Belgium expertise on geothermal energy.

7 european heat pump association (ehpa) Belgium expertise on heat pumps.

8 association française pour la qualité d'installation  
des systèmes à énergie renouvelable (Qualit’enr)

france overview of existing schemes and feedback on 
french experience.

9 austrian centre of research and testing (arsenal) austria feedback on austrian experience and workshops 
and roundtables in austria.

10 european technical contractors committee for the 
construction industry (ceetB)

Belgium installers point of view and communications.

11 european Builders confederation (e.B.c.) Belgium installers point of view.

12 centre for renewable energy sources (cres) Greece Workshops and roundtables in Greece.

13 Krajowa agencja poszanowania energii s.a. (Kape) poland Workshops and roundtables in poland.

14 ente per le nuove tecnologie, l’energia e l’ambiente 
(enea)

italy Workshops and roundtables in italy.
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pvTRIn
training of photovoltaic 
installers

Grant agreement n° Iee/09/928/sI2.558379

Programme CIP-IEE 

Duration 01/01/2011 to 31/08/2014

Co-ordinator Technical University of Crete, Greece

Contact Theocharis TSOUTSOS
  theocharis.tsoutsos@ 
  enveng.tuc.gr 
  tel: +30 28210 37825 
  http://www.pvtrin.eu

Project cost EUR 0.90 million
Funding EUR 0.67 million

objectives

The project intends to support the market by overcom-
ing the barrier of the lack of skilled installers of small 
scale RES systems by developing training courses and  
a transparent certification scheme for PV installers, 
in  line with the requirements of the RES Directive 
(2009/28/EC). This will eventually create a more quali-
fied PV installation workforce. The increased confidence 
of potential PV owners will lead to market growth.

description of the work

Despite the several benefits related to the photovoltaic 
(PV) technology, the PV industry is dealing with  
a number of obstacles. One of the main barriers to mar-
ket penetration, mainly in Eastern and Southern Europe, 
is the lack of skilled workforce for PV installation and 
maintenance. There are not enough trained installers 
to implement a large deployment of this technology.  
Furthermore, interested parties eventually seek/
demand acknowledged standards, skills certification 
and quality assurance throughout the development of 
a PV application (design, installation, and maintenance). 
The PVTRIN project aims to address this issue in six 
countries (SP, GR, CY, BG, RO, and HR), by developing  
a training scheme for technicians/electricians that will 
focus on installation and maintenance of PV/BIPV sys-
tems in buildings. The goal is to configure a competent 
PV installers’ workforce using common – multinational – 
accepted criteria and standards, to encourage a greater 
number of technicians to advance their professional 
skills and knowledge, to ensure the quality of PV/BIPV 
installations and to defend PV technology’s credibility 
from poor demonstrations.

The duration of the action is 36 months, comprise the 
following phases:
��  Market mapping in participating countries – Com-

parative analysis of industry/market needs and per-
spectives on PV/BIPV installation and maintenance 
through Europe. 
��  Definition of professional frameworks for PV installers 

and development of an appropriate common train-
ing methodology, taking into account essential 
national adaptations.
��  Development of the training material for installers 

and trainers: trainers’ guides, trainee’s handbooks, 
technical documentation, troubleshooting and best-
practice guides and training and assessment tools.
��  Development of a certification scheme in order to 

accredit the training course for installers and to pro-
vide common quality standards within EU countries. 
��  Implementation of pilot training courses in 6 partici-

pating countries and a review of the training and 
accreditation processes.
��  Auditing and evaluation of project’s activities and 

outcomes.
��  Dissemination activities and networking throughout 

Europe.
�� Establishment of a mechanism to facilitate trans-

ferability, replication and exploitation of projects 
deliverables.

expected results

��  An operational certification scheme for installers of 
PV systems.
��  Common acknowledged quality standards, profes-

sional frameworks and a training methodology, taking 
into account essential national adaptations.
��  Practical training materials/tools for installers and 

installers’ trainers. 
��  A Quality Management Manual.
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partners
Beneficiary name Country Role

1 technical university of crete, department of 
environmental engineering

Greece project coordinator academic and 
research institute.

2 fundación tecnalia research & innovation spain technology innovator – specialists 
in technical education.

3 sofia energy centre Bulgaria energy agency.

4 energy institute hrvoje požar hungary research institute.

5 agency of Brasov for the Management of energy and 
environment

romania energy agency.

6 technical chamber of Greece – section of Western crete Greece professional chamber including engineers, 
installers and contractors.

7 european photovoltaic industry association (epia) Belgium professional (pv industry) association.

8 scientific and technical chamber of cyprus cyprus professional chamber including engineers 
and installers.

9 Building research establishment ltd united Kingdom research, consultancy, training, testing 
and certification organisation.

�� Eight pilot training courses implemented (1 in each 
country – excluding UK/Belgium – 2 in Romania and 
Greece), with at least 160 participants; 120 certified.
��  A pool of skilled, certified PV installers, in participat-

ing countries and a database of certified installers.
��  Certification of six training providers.
��  Web portal offering access to a wide range of infor-

mation on installation best practice and trouble-
shooting, available technologies, legislative and 
financing issues, etc.
��  Increased awareness of the benefits of engaging cer-

tified installers.
��  10 000 technicians informed on PV installation.
��  A roadmap for the implementation of the small scale 

PV installer’s certification scheme across Europe.
��  Over 100 000 EU citizens informed, through mass media, 

on the PVTRIN training and certification scheme.

further research needs

The longer term objectives of the project are to:
��  Accomplish the acknowledgement and/or adoption 

of developed certification scheme(s) in EU countries.
��  Provide professional benefits to trained technicians/

installers, through the improvement of their technical 
skills/knowledge on PV/BIPV installations and their 
certification/accreditation.
��  Promote quality criteria for PV installations, in order 

to increase the credibility of PV/BIPV installation and 
maintenance and to raise developers, planners and 
potential users confidence.
��  Boost PV/BIPV installations in participating countries.
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sophIa
solar photovoltaic 
european research 
infrastructure

Grant agreement n° 262533

Programme Research Infrastructures 

Duration 01/02/2011 to 31/01/2015

Co-ordinator Cea-Ines, france

Contact Philippe MAlBRANCHE
  philippe.malbranche@cea.fr 
  tel: +33 670 74 46 81 
  http://www.sophia-ri.eu

Project cost EUR 11.6 million
Funding EUR 9 million

objectives

The objective of the SOPHIA project is to strengthen 
and optimise research capabilities, mainly by coordinat-
ing efforts on important but pre-competitive issues. 
Large research infrastructures working together will 
avoid the useless replication of a large number of small 
activities. The SOPHIA project aims to pull together the 
main European photovoltaic research infrastructures in 
order to provide the scientific community with a com-
mon reference to conduct efficient and coordinated 
research work in the field of PV technologies.

description of the work

The work consists of three types of activities:
�� Networking activities will: 

	� aim to define and share common objectives for 
the future of PV research (market, technology, 
research, standards);

	�  organise expert committees to define common 
procedures for testing and characterising PV mate-
rials, modules and systems;

	�  organise training and exchange activities for all 
European scientists (summer universities, ex-
changes between different structures).

�� TransNational Access activity: 
This activity will provide free and open access to  
48 research organisations, dealing with better 
experimental research and characterisation of mate-
rials and innovative technologies and with develop-
ment of a harmonised vision on performance and 
lifetime prediction of PV modules and systems.

�� Research activities, in order to improve the quality 
and/or quantity of services provided by the existing 
infrastructure. They will cover four specific topics: 

	� JRA 1: Quicker lifetime prediction though acceler-
ated ageing tests and improved failure analysis 
procedures of PV modules.

	�  JRA 2: Greater accuracy of rated power & energy 
output prediction of PV modules & systems.

	�  JRA 3: Improved material characterisation proce-
dures: silicon material, thin films, TCOs and organic 
solar cells.

	�  JRA 4: Improvement and validation of software 
capability for material, cell, module and system 
modelling.

expected results

�� Creation of a single entry point to research organisa-
tions on all aspects of photovoltaics (materials, cells 
and modules, systems).
��  Development of a coordinated approach to using 

partners’ expertise and facilities more effectively, 
adding value to research projects and investments at 
all levels.
��  Wider sharing of knowledge, tools and techniques 

between academia and industry all over Europe.
��  Free of charge access to state-of-the-art research 

facilities.
��  Acceleration of pre-normative research and faster 

transfer of research results into industrial standards.
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partners
Beneficiary name Country Role

1 cea-ines france coordinator, Wp leader.

2 fraunhofer-Gesellschaft zur foerderung der angewandten forschung e.v 
(ise iWes)

Germany Wp leader.

3 energy research centre of the netherlands (ecn) the netherlands Wp leader.

4 iMec Belgium partner.

5 risø national laboratory, technical university of denmark (risoe dtu) denmark task leader.

6 european commission, joint research centre (jrc), italy ec task leader.

7 helMholtZ – Berlin (hzB) Germany Wp leader.

8 forschungszentrum – jülich Gmbh (jülich) Germany Wp leader.

9 universidad politécnica de Madrid (upM) spain task leader.

10 enel ingegneria e innovazione s.p.a (enel) italy partner.

11 enea – ricerca sul sistema elettrico (rse) italy partner.

12 loughborough university – centre for renewable energy systems 
technology (crest)

united Kingdom partner.

13 italian national agency for new technologies, energy and sustainable 
economic development (enea)

italy Wp leader.

14 valtion teknillinen tutkimuskeskus (vtt) finland partner.

15 stiftelsen sintef norway partner.

16 austrian institute of technology (ait) austria partner.

17 european photovoltaic industry association (epia) Belgium task leader.

18 european renewable energy centres agency (eurec) Belgium task leader.

19 tecnalia corporación tecnológica iae (tecnalia) spain partner.

20 european distributed energy resources laboratories (derlaB) Germany task leader.
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analYsis

4. analYsIs

4.1. scope of the photovoltaics projects

The PV projects analysed range from the development of nanomaterials to enhance specific properties of photovoltaic 
materials to the analysis of the performance of PV systems in the field. Thus there appears to be less synergy between 
some of the projects and for those which focus more on the development and performance of PV systems, there are 
limited opportunities for the application and exploitation of nanotechnologies within these projects.

The wide range of PV projects can be analysed by grouping projects under several clusters and subclusters, as described 
in Chapter 2. Clusters 1 to 3 focus on PV cells, while the emphasis for clusters 4 to 6 is PV systems.

Projects can be mapped against a schematic of the PV supply chain to show how they are spread across the supply 
chain – as shown in Figure 2.

Figure 2. EC Funded Projects – Areas of Activity 

Note: Project PVTRIN (Training of Photovoltaic Installers, 01/06/2010 – 
31/05/2013) funded by CIP-IEE was not represented at the first EU PV  
Clusters Workshop
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analYsis

This analysis shows:
�� A strong emphasis on PV material and cell development and characterisation – aiming to develop technologies to 

enhance efficiencies. 
��  A focus on enhancing efficiencies of established technologies through novel applications of materials, particularly 

nanostructures.
��  Fewer projects focusing on module, array and systems development – this is to be expected due to the current status 

of PV developments and the importance of improving the basic conversion efficiencies of PV materials and cells.

There is also significant variability in the maturity of the projects – ranging from projects which are nearing completion 
to some which have not yet started. In some cases it is believed that there are potential opportunities for new projects 
to benefit from the results of those projects which are nearing completion. This is discussed in more detail below.

Participation of organisations from around Europe is also seen in these projects. Germany provides the largest number 
of partners, which probably reflects the scale and maturity of the German industry while the majority of participants 
from Eastern Europe are from academia which may highlight a lack of industrial development in PV in these countries.

The full analysis of national participation in the PV projects is shown below:

Figure 3. Number of Participating Organisations in EC PV Projects by Nationality
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4.2. Major findings and possible breakthroughs

The clusters include a number of projects which are just starting, as well as several projects which have been recently 
completed – the current maturity of projects is summarised below, categorised by funding source (Figure 4) and PV 
cluster (Figure 5).

1st EU PV Clusters Workshop 

Figure 4. Timescale and Duration of Projects – by Programme
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1st EU PV Clusters Workshop 

Figure 5. Timescale and Duration of Projects – by PV Cluster

HETSI

Ultimate

HiperSol

HIGH-EF

ALPINE

ThinSi

NOVA-CI(G)S

PolySiMode

SILICON-Light

HELATHIS

hipoCIGS

ROD-SOL

SNAPSUN

NanoPV

NASCEnT

AMON-RA

LIMA

IBPOWER

INNOVASOL

SANS

ROBUST DSC

HIFLEX

EPHOCELL

SOLAMON

PRIMA

NanoSpec

APOLLON

NACIR

ASPIS

MetaPV

SOLASYS

PEPPER

PV-GUM

PV-LEGAL

PV-NMS-NET

PVs in BLOOM

QualiCert

SOPHIA

PVTRIN

Key: Cluster 1

Cluster 2

Cluster 3

Cluster 4

Cluster 5

Cluster 6

Cluster 7

20142008 2009 2010 2011 2012 2013

The major results and findings to date have therefore been achieved in the more mature projects. These include, 
for example:

HETSI 20 % efficiency achieved in small area heterojunction silicon solar cells.
Ultimate 18 % efficiency achieved in thin silicon solar cells.
ThinSi Production of silicon powder based substrates proven.
hipoCIGS 17.6 % efficiency of CIGS solar cell on polyimide (new world record).
INNOVASOl Promising initial data for novel excitonic solar cell devices.
ROBUST DSC 12 % efficiency achieved for small scale dye sensitised solar cells.
NACIR First stand alone concentrator PV systems installed.
MetaPV Demonstration of local PV networks.
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It is expected that a number of the other projects will, in time, present similarly impressive results. The development of new 
techniques in a number of projects (e.g. optimised silicon cell efficiencies through controlled nanoparticulate synthesis and 
bandgap engineering (SNAPSUN), optimised light absorption using plasmonic layers (LIMA) and novel manufacturing 
techniques (e.g. HIGH-EF)) are expected to contribute to further industry leading results and subsequent exploitation. 

It is further expected that these results will lead to performance breakthroughs in a range of solar cell technologies, 
although it is expected that for some of the more innovative projects (e.g. NASCEnT, SNAPSUN, NanoPV) it could be 
10-15 years before industrial applications are developed.

These observations do however underline that European photovoltaic R&D activities are a strong player in global activities. 
Projects are addressing the key needs of the industry and European researchers are demonstrating their abilities to produce 
state-of-the-art results.

4.3. The relevance of funded projects – addressing   
        global pv industry needs

Addressing this question could become a lengthy report in its own right. To try to summarise, the key objectives of EC 
funded projects can be compared with global PV trends and the R&D needs specified in key technology roadmaps. 

In this context it is important to look beyond the European PV Technology Platform roadmap to seek a global perspective.

Key global photovoltaics developers are striving to achieve higher and higher cell conversion efficiencies. Enhanced 
performance figures are continually being claimed – for all types of PV cell. European participation in several of these 
achievements (e.g. Oerlikon Solar, ZSW) is a very positive observation, although the number of US and Japanese company 
achievements clearly highlights the progress of the PV industry in these countries.

It is again helpful to divide projects into two groups as defined above:

a.	 A key objective of the majority of projects in Clusters 1 to 3 is to enhance the properties of materials to increase the 
efficiency of PV cells and, as a result, reduce the cost per Watt of energy production. This is entirely consistent with 
the goals of global technology roadmaps and research elsewhere.

  For example, the International Energy Agency (IEA) technology roadmap for solar photovoltaic energy (1) predicts 
increasing efficiency rates for all types of PV cell over the period to 2030 and the JRC PV Status Report (2) highlights 
the need for reduced materials consumption per solar cell. 

  Further, the IEA roadmap highlights the following key R&D issues:

Crystalline silicon
	� New silicon materials and processes.
	� Cell contacts, emitters and passivation.
	� Improved device structures.

1.  Solar Photovoltaic Energy Technology Roadmap, © OECD/International Energy Agency 2010.
  This roadmap can be considered to be representative of global activity as it consulted with, or assessed output from PV 

organisations world-wide.
2.   PV Status Report 2010 – Research, Solar Cell Production and Market Implementation of Photovoltaics, European Commission, 

Joint Research Centre, Ispra, August 2010.
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3.  20 20 by 2020, Europe’s climate change opportunity, European Commission, January 23rd 2008.
4.  Investing in the Development of Low Carbon Technologies (SET-Plan) – A Technology Roadmap, SEC (2009) 1295, 07/10/2009.
5.  Implementation Plan of the Solar Europe Industry Initiative (SEII) – May 2010’ – European Photovoltaic Technology Platform 

Solar Europe Industry Initiative (SEII), Summary Implementation Plan 2010 – 2012, EPAI and The Photovoltaic Technology 
Platform, February 2010. 

Thin film technologies
	� Large area deposition.
	� Improved substrates and transparent conductive oxides.
	� Advanced materials and concepts.

Emerging technologies
	� Encapsulation of organic based devices.
	� Processing, characterisation and modelling of nanostructured materials and devices.

  A number, if not all, of the projects presented at the workshop in Clusters 1 to 3 addresses at least one of these R&D 
issues.

b.	  Clusters 4 to 6 focus on concentrator cells, innovative installations and production equipment and processes. These 
Clusters focus on systems (rather than materials) development and the application of these systems in real situations. 

Here we can also note a strong consistency between research activities and those highlighted in the IEA roadmap. 
For example, the IEA roadmap highlights the need for

	� Over 45 % efficiency in concentrator PV cells.
	� Low cost, high performance solutions for optical concentration and tracking.

We would therefore conclude, based on this overview, that the projects being supported by the European Commission 
are fully consistent with the development activities being pursued by the global industry.

4.4. The relevance of projects to european  
        policy targets and strategies

The low carbon economy targets for Europe set by the European Commission (3) establish clear goals for renewable energy 
generation and for efficient energy use. 

These targets are:
�� A reduction of at least 20 % in greenhouse gas (GHG) emissions by 2020.
�� A 20 % share of renewable energies in EU energy consumption by 2020.
�� A 20 % reduction of the EU’s total primary energy consumption by 2020 through increased energy efficiency.

It has already been asserted that solar energy generation can make a major contribution to these targets. The European 
Commission SET-Plan technology roadmap (4) estimates that up to 15 % of EU electricity can be generated by solar power 
by 2020 while others (5) indicate that a figure of 12 % is achievable over the same period. Key technology requirements 
identified are: 

PV Systems
�� Increased conversion efficiency, stability and lifetime. 
�� High yield, high throughout (and low cost) manufacturing. 
�� Development of advanced concepts and new generation PV systems.
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Source: Solar Photovoltaic Energy Technology Roadmap, © OECD/International Energy Agency 2010 

Figure 6. Expected Impact of Photovoltaic Technologies

This suggest that the current investment in R&D programmes focusing on novel and emerging PV concepts, including 
nanotechnology developments, will have the most significant impact in the longer term. It is possible that the manu-
facturing process development requirements in the recent European Commission call for proposals may offer a shorter 
term impact if projects are successfully completed.

The development in performance of established solar cells designs is likely to make a much higher short term contribution 
to photovoltaic energy generation through a series of technology and manufacturing process enhancements as high-
lighted by the Solar Europe Industry Initiative (5) – essentially continuing the ongoing performance improvements of 
these cells, as shown in the numerous publications by NREL (6).

Integration of PV Generated Electricity
��  Develop and validate innovative, economic and sustainable PV applications.
�� Develop grid interfaces and storage technologies capable of optimising the PV contribution to EU electricity 

generation.

These two documents further highlight that achieving these targets will primarily be based on enhancing current (silicon, 
thin film and concentrator) technologies and will require an investment in technology and manufacturing development 
projects together with market development incentives. It is expected that these incentives will result in lower solar 
energy generation costs and thus further market growth. A dependence on current technologies is also underlined by 
the International Energy Agency Technology Roadmap, as shown graphically in the following diagram (1):

6.  For example, Lawrence Kazmerski, National Renewable Energy Laboratory (NREL), April 2010 as shown at  
http://en.wikipedia.org/wiki/File:PVeff(rev110408U).jpg
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2007 2010 2015 2020
Turn-key price large systems (€/Wp) 5 2,5 2 1,5

PV electricity generation cost in Southern EU (€/kWh) 0.30 0.13 0.10 0.07

Typical PV module 
efficiency range (%)

Crystalline silicon 13-18% 15-20% 16-21% 18-23%
Thin films 5-11% 6-12% 8-14% 10-16%

Concentrators 20% 20-25% 25-30% 30-35%
Inverter lifetime (years) 10 15 20 >25

Cost of PV + small-scale storage (€/kWh) in Southern EU 
(grid-connected)

- 0.35 0.22 <0.15

Energy pay-back time (years) 2-3 1-2 1 0.5

Source: ‘Implementation Plan of the Solar European Industry Initiative (SEII) – May 2010’ – European Photovoltaic Technology Platform

Figure 7. Future PV Performance Targets

The projects supported by the European Commission NMP Programme are addressing objectives which are consistent 
with these targets, albeit at the research or prototype stage. For example, efficiency targets and demonstration activities 
proposed by recently started nanotechnology based photovoltaic projects (8) are:

NanoPV 
	� Crystalline silicon efficiency > 20 %.
	� Thin film silicon efficiency > 15 %.
	� Potential energy cost < EUR 1/watt.
	� Demonstrated (by April 2014) at proof of concept level.

NASCEnT 
	� Silicon tandem solar cells with efficiency of > 30 % are claimed to be achievable.
	�  Demonstrated (by September 2013) at proof of concept level.

NanoSpec 
	� Improvement in efficiency of silicon solar cells by 10-20 % by enhanced light harvesting.
	� Demonstrated (by July 2013) at a laboratory scale proof of concept level.

SNAPSUN 
	� Demonstration of enhanced cell efficiency using band-gap engineering.
	� Potential energy cost < EUR 0.5/W.
	� Demonstrated (by June 2013) at a laboratory scale proof of concept level.

7.  Developing novel, low cost high throughput processing techniques for 20 % efficient monocrystalline silicon solar cells, 
Rohatgi and Meier, Photovoltaics International, November 2010.

8.  Presentations at the EU PV Clusters Workshop ‘Photovoltaics and Nanotechnology: from innovation to industry’, Aix Les Bains, 
September-October 2010. 

There is similar evidence (e.g. Suniva Corporation (7)) of company specific roadmaps to achieve optimised efficiency in 
manufacturing.

The Solar Energy Industry Initiative Implementation Plan5 defines targets for PV module efficiencies for crystalline silicon, 
thin films and concentrators, as shown below:
This Implementation Plan also identifies a number of project areas to contribute to achieving the targets listed (as shown 
in Figure 7). These targets and proposed projects underline the drive to optimise cell efficiencies and reduced costs of 
energy generation.
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SANS 
	� Demonstration of long-life sensitiser activated nanostructured solar cells.
	� Show stability that enables 20 years outdoor operation.
	� Achieve commercially viable solar technology.

These projects continue the developments achieved and planned in earlier photovoltaics focused nanotechnology 
projects under NMP (9) which include, in order of project commencement (8):

AMON-RA 
	� Demonstration of dual junction cell on silicon with enhanced efficiency.

EPHOCEll 
	� Enhanced down-shifting and up-conversion for photovoltaics.

SOlAMON 
	� Development of nano-composite materials for high efficiency 3rd generation solar cells.

AlPINE 
	� Improvement of fibre laser systems for scribing of photovoltaics.

HiperSol
	� Modelling of interfaces to achieve high performing solar cells.

INNOVASOl 
	� Development of radically new nanostructured materials for excitonic solar cells.

NOVA-CIGS 
	� Development of novel, low cost deposition methods for CIGS layers – with the aim of ultimately achieving module 

costs of < EUR 0.8/W.

These projects demonstrate that European Commission investment under the NMP Programme is highly consistent 
with some of the themes in the Solar Europe Industry Initiative. This is strongly reinforced by the focus on the development 
and upscaling of innovative photovoltaic cell processes and architectures in the 2011 Work Programme (10).

Similar developments are being supported by the ICT and Energy Programmes – several of the projects listed in Section 2 
above (e.g. HETSI, Ultimate, hipoCIGS, ROBUST DSC and NACIR) are based on nanotechnology and are funded by the 
Energy Programme. The three projects funded by the ICT Programme (LIMA, HIFLEX, PRIMA) also show a fundamental 
nanotechnology basis.

However, there are numerous opportunities for the NMP Programme to further support European industry to develop 
competitive PV technologies. The Solar Europe Industry Initiative identifies development needs in all key technology 
areas. There is a strong emphasis in these requirements on applied development and innovation, i.e. a focus on optimising 
commercial technologies and associated manufacturing processes, rather than developing longer term novel technologies. 
This is extremely logical considering the need to make significant industrial progress by 2020. These requirements 
essentially define the areas for further work and offer a focus for future NMP funding actions. 

9.  EPHOCELL, SOLAMON and INNOVASOL were jointly funded by the NMP and Energy Programmes.
10.  A joint call with the Energy Programme. 
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This applied emphasis is extremely important to support, as much as possible, the development of a strong European 
PV industry to address European market demands. It seems to be assumed in some policy documents that a significant 
European industry will develop to satisfy the need for enhanced photovoltaic generating capacity, but this will not 
necessarily be the case. Already Europe is the major global region for installed solar energy generation capacity (11) but 
only holds a small share of the global photovoltaic manufacturing capacity (less than 25 % in 2010, with projections of 
a 14.6 % share in 2015) (12). In contrast, by 2015 it is expected that the Far East will manufacture in excess of 50 % of the 
global photovoltaic module output and already the USA and Japan are considering initiatives to ensure development 
of their indigenous industries. Therefore it is important that the market incentives implemented to develop solar power 
generating capacity in Europe are supplemented by technology and industry development initiatives to ensure a strategic 
advantage and subsequent impact for the European photovoltaic manufacturing industry.

4.5. opportunities for inter-project collaboration

It was clear from the project presentations at the first EU PV Clusters Workshop, especially in the case of those projects 
focused on materials developments and PV cell optimisation, that there are a number of common issues between 
projects that are fundamental to achieving effective PV cells. 
These include:

��  Improving TCO properties.
��  Optimisation of rear contact cells.
��  Surface texturing, to optimise light capture.
��  Understanding behaviour at interfaces.
��  Developing and applying advanced characterisation methods.

Furthermore, in some cases, project consortiums have been working on these issues for some time, whereas other 
projects are just commencing activities.

The encouragement of inter-project dialogue and information sharing on these common issues, to ensure that the 
maximum value is added to European Commission funded projects, seems to be a logical way forward. The develop-
ment of special interest groups on each of these common issues that share and discuss project developments would 
contribute to the optimisation of European Commission funding in these projects. Obviously there may be some IPR 
issues to overcome but this should not be allowed to become an insurmountable barrier. If these issues were a barrier 
then the opportunity to optimise developments in these areas through knowledge transfer would be lost.

It is also clear that some organisations are carrying out similar tasks in several projects. Over 240 organisations are partici-
pating in the 39 projects. The organisations involved in more than three projects can be listed in Figure 8.

11.  European Photovoltaic Industry Association, Global Market Outlook for Photovoltaics until 2014, 2010. 
12.  PV Status Report 2010 – Research, Solar Cell Production and Market Implementation of Photovoltaics, European Commission  

Joint Research Centre, Ispra, August 2010.
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Figure 8. Main Participants in EC Funded PV Projects
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Further, a number of these organisations that are involved in more that three projects are carrying out similar activities 
in these projects, as shown in Figure 9.

Figure 9. Key Activities of Most Active Organisations
Note: The project numbers used are those listed in Figure 2
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This suggests that a number of European organisations are developing in depth capability in key photovoltaic disciplines 
with support from the European Commission. It is important that this capability is effectively harnessed to achieve 
development of the European industry.

4.6. optimising partner contributions

The above tables show that several research organisations and private companies are active in a number of projects.  
Is there a mechanism to capture the combined expertise of individual organisations, developed across a number of 
projects? Or is it possible to develop an understanding of the state-of-the-art capability being developed by certain 
organisations through their participation in several collaborative projects? Such an analysis of the capacity building of 
the European PV research and industrial community, as a result of participation in EC funded projects, would underline 
one of the positive outcomes of European programmes.

4.7. Commercialisation opportunities

A number of the consortia are structured to include strong industrial participants – there are almost 100 companies 
involved in the 39 projects. These industrial representatives include:

��  Large companies such as ST Microelectronics, Philips and Schott.
��  Specialist PV companies, e.g. Isofoton, Oerlikon, Q-Cells and Photowatt.
��  Specialist technology suppliers, e.g. Trumpf, SAFC Hitech, G24i and Dyesol.

Thus there are, in the majority of the projects, clear exploitation partners for commercially attractive technologies –  
as long as the participant companies have an interest in further investment and development. This should lead to effective 
commercialisation of attractive project outcomes

A number of projects are focusing on the early stages in the PV supply chain (e.g. materials or thin film coatings).  
Successful exploitation of project results in these projects will be dependent on companies further down the supply 
chain being interested in adopting the technology – possibly through licensing. A number of projects have already 
involved such parties in the consortium (e.g. Q-Cells in HETSI, ST Microelectronics in NASCEnT and SNAPSUN and Isofoton 
in ThinSi) which should also optimise the commercial potential.
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Figure 10. Alternative Futures for the Global PV Market

4.8. applications and commercial perspectives

The market for PV is expected to continue to grow significantly over the next 10 years, as indicated above, with growth 
rates depending on the incentive environment in different regions as well as technology breakthroughs. The European 
Photovoltaic Industry Association (EPIA) (11) presents the following market growth predictions under different scenarios:

11.  European Photovoltaic Industry Association, Global Market Outlook for Photovoltaics until 2014, 2010. 
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Evidence to date suggests that strong incentive framework on a national basis is the major catalyst for market growth. 

Furthermore EPIA (12) segments the PV market by technology as follows:

Source: European Photovoltaic Industry Association, Global Market Outlook for Photovoltaics Until 2014’ published May 2010

Figure 11. PV Market Segmentation by Technology
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12.  PV Status Report 2010 – Research, Solar Cell Production and Market Implementation of Photovoltaics, European Commission  
Joint Research Centre, Ispra, August 2010.

96



analYsis

This shows an increase in the thin film share of the market over the period to 2014. This figure also indicates that 
the market share of other more novel technologies is assumed to be negligible over the period. Other EPIA analyses (13) 
suggest that novel PV structures (including organics) will start to achieve market share beyond 2015, as shown below:

 
 

13.  European Photovoltaic Industry Association – Greenpeace International, Solar Generation VI, 2010. 

Source: European Photovoltaic Industry Association – Greenpeace International, Solar Generation VI, 2010

Figure 12. long Term PV Market Segmentation by Technology
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Significant breakthroughs in technologies (from EC funded or other projects) that enhance the performance (efficiency) 
of different PV systems will influence the growth of the PV market and the market share of different technologies – so it 
should be assumed that significant project achievements will be adopted by the industry. Already issues relating to 
technology breakthroughs are influencing market dynamics. Some commentators (14) have indicated that the market 
growth (and share) of thin film technologies will be lower than predicted due to the difficulties in achieving a technology 
breakthrough while others (15) have highlighted the imperative of enhanced efficiency and associated reduced costs to 
achieve market share and predicted that silicon will retain its dominant position.

The major challenge for the PV industry, as indicated above, is to optimise the efficiency of cells, modules and systems 
and thus minimise the cost of energy generation. As a result, success with these projects, supported by the European 
Commission, will provide highly relevant technologies for industry to adopt and apply. Successful project results will be 
highly relevant to industry, provided a series of technology challenges can be overcome.

However, it should be noted that exploitable results from a number of projects, especially those which are focusing on 
novel materials and structures, are likely to take up to 20 years before they are applied in industry.

4.9. Technology challenges

All the PV projects considered, and presented at the first EU PV Clusters Workshop, highlight technology challenges. 
These challenges are linked with processes or materials whatever the Clusters, i.e.first generation (bulk silicon), second 
generation (thin film technologies) and third generation (organic PV (OPV), nanotextured cells). 

First generation semiconductor PV cells (crystalline, wafer-based solar cells, mainly made from silicon materials) are cur-
rently facing issues related to impurities and passivation layers. The HiperSol project, for example, indicated a limited 
understanding of what parameters determine the passivation quality and interface in order to obtain a higher efficiency 
of the cells. Also, the fine tuning of the surface roughness could be improved, as well as the standardisation of back 
contact solar cell interconnections or alternative material interconnections. The Ultimate and HETSI projects are looking 
for such development. The Transparent Conductive Oxide (TCO) material needs further improvement to avoid ageing 
issues and for better resistivity and surface quality.

For second generation cells, based on thin film technologies, Si epitaxial growth requires enhanced control and under-
standing. For example, the large stresses that form in the layers due to expansion coefficient differences between glass 
and the Si layer still represent one of the main bottlenecks. Another challenge is process control and control of layers 
which can accommodate growth on rough substrates with appropriate crystallinity profiling preventing crack formation. 
Post treatment, like rapid thermal annealing and hydrogen passivation, are still in the development phase and need 
improvement and better control (project PolySiMode). Laser processes for texturing, scribing, and patterning to replace 
mechanical processes are still facing issues like shunting induced by the heat affected zones caused by laser treatment. 
Advanced beam characteristics or specific pulses need to be optimised in order to validate their interest.

Low cost substrates also represent also one of the main requirements for thin film technologies. But different types of 
bottleneck exist whatever the thin film technology. As an example, even if a Si powder film substrate is used, full com-
patibility with deposition/crystallization needs to be well controlled. The project ThinSi is addressing this challenge 
to produce low cost thin film Si cells and modules. This low cost substrate is also a main target for CIGS thin film 
technology. Projects hipoCIGS and NOVA-CIGS are looking for such a low cost approach and are facing bottlenecks 
linked to interface compatibility, high temperature control and deposition technique. Although these low cost tech-
nologies are being developed for thin film technologies, the described bottlenecks need to be overcome before market 
launch of such processes. In fact, tape casting, thermal spraying, wet coating or printing technologies are some of the 
low cost approaches that can be realised at high speed, but they need to provide a better reliability, enhanced control 
of the deposition parameters and of the morphology of produced layers, lower cracks and lower impurities formation. 

14.   Solar Energy: Growth Opportunities for the Semiconductor Industry, IC Insights, May 2009.
15.   Module Cost Structure Breakdown, Lux Research, November 2010.
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Also, to increase absorption, either several rounds of Solid Phase Epitaxy (SPE), or light trapping by the respective structures 
(still in the optimization stage), are required. Some first results obtained at laboratory scale show good nanotexturisation 
in order to improve the absorption. Some projects like HIGH-EF, SILICON-Light, SOLAMON and PolySiMode are looking 
at such approaches. Fabrication of cells on substrates with high aspect ratio surface texture is in progress. Like first 
generation cells, TCO layers are one of the bottlenecks for thin film technologies. 

For third generation cells (OPV, nanotextured cells) there are material and process challenges. For OPV or DSSC, control 
of thin layers (below 100nm) and interfaces between different layers to minimise defects need significant improvement 
to offer an enhancement in cell efficiency (> 10 %) and an increase of the durability of the cells (> 10 years). The mor-
phology of the polymer or composite needs to be better controlled at the nanoscale in order to increase the free carrier 
life time, which is the primary goal whatever the generation of solar cell (e.g. bulk Si, thin Si, CIGS). An improved control 
of the purity of the polymer, of different layer interfaces and of barrier properties are still the main challenges for OPV cells. 
Without further research, it will be difficult to overcome such difficulties and obtain an improvement in cell efficiency 
and durability. The degradation mechanisms are still not well understood. Projects like ROBUST-DCS and EPHOCELL are 
investigating them. Similar to thin film technologies, nanotexturisation needs to be better controlled and to become 
an efficient process to increase the optical absorption of the active layer. Project like SOLAMON, PRIMA and LIMA are 
looking for the best shape (e.g. cylindrical, spherical) and the best position of the nanoparticles in the cell and also for 
the best architecture of the final cells.

Third generation solar cells based on nanotexturisation with band gap engineering might play an important role in achiev-
ing the required spectral modification and higher efficiency solar cells. Functional devices have been demonstrated, but 
their efficiencies are still far below expectations. Good control of the nanotexturisation process is the main issue. A large 
number of projects are addressing the development of such third generation high efficiency solar cells. Nanotexturisation 
could be obtained with wet chemical etching of Si (e.g. ROD-SOL and HIGH-EF) or with the growth of silicon nanowires 
or nanodots (project like SNAPSUN, NanoPV and NASCEnT). Better control of nanoparticle size, density and temperature 
deposition will offer improved band gap engineering and eventually higher solar cell efficiencies (> 30 %). The development 
of pilot scale cost effective processes to implement both enhanced standard solar cells and solar cell based on nano-
materials should be considered. This development is an important part of the required value chain.
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4.10. nanotechnology for pv:  
         research needs and recommendations

The analysis of the technology challenges presented by the current European photovoltaics projects allows us to make 
recommendations on a number of nanotechnology research priotities, which highlight the role of nanotechnology to 
overcome such barriers. These are summarised below for the three different generations of PV technologies.

For first generation solar cells, which constitute a more mature technology, nanotechnology could offer some improve-
ments. However, and first, to increase the free carrier life time, a better understanding of the germination phenomena 
is required. Second, for improved process control, reduction of impurities during casting/wafering, reduction of lattice 
defects and the use of pure/inert crucibles are necessary. A better control of the mechanisms at the nanoscale could 
offer a cost reduction for the global process chain. In fact, the current processes require a high level of energy input, 
particularly for the silicon refining steps, so that a key concern is to reduce the energy input per Wp of output. In this 
respect, new process routes (e.g. plasma, segregation, purification, Fluidized Bed Reactor) should be investigated to 
develop potentially low cost feedstock materials. In parallel, direct epitaxial growth of silicon wafers onto substrates 
from the gaseous phase (e.g. silanes, trichlorosilanes, polysilianes or polychlorosilanes) should also be investigated. 
Actually, epitaxial growth is a nanoscale phenomenon which needs to be better controlled and understood, whatever 
the generation of Si cells (i.e. bulk or thin film technology).

Also fundamental material behaviour, through an understanding of the material interfaces, interdiffusion processes, 
inhomogeneities and grain boundary effects, should be further investigated. Higher band gap width engineering, 
through new inorganic, organic or nanomaterials, is a fundamental research topic that needs deeper analysis.

For thin film technologies, on the other hand, interface control and stochiometry of the absorber layer are areas which 
require further development. A better understanding of the chemistry of formation of homogeneous absorbers, buffer 
layers and processes for doping materials is needed to offer lower cost and higher efficiency thin film solar cells. In order 
to reach this low cost, high throughput deposition processes must be developed. Non-vacuum deposition processes 
can replace vacuum-based thin layer deposition processes. This development can be applied to active absorber layers, 
TCO, anti-reflective coatings and anti-soiling coatings. Also interfaces between layers need to be well controlled. 
Advanced deposition technique for fast, large area, low waste, low energy solar cells will require the development of new 
equipment, processes and tooling. The control of these processes at the nanoscale is a key factor to improve efficiency 
and durability of the final solar cells.

Light trapping and guidance, (up and down) spectral conversion and exploitation of plasmonic effects are shown to be 
growing activities in the European PV projects portfolio. In this field, it is expected that there will be a substantial 
improvement of the performance of existing solar cell technologies in the coming decade, through the inclusion of 
up- or down-convertors or via the exploitation of plasmonic effects. The application of such effects in photovoltaics is 
definitely still at a very early stage, but the fact that these effects can be tailored to boost existing solar cell technologies 
by merely introducing modifications outside the active layer represents a valuable approach which would reduce the 
time-to-market considerably. The development of such technologies would require metallic nanoparticle synthesis with 
control over size, geometry and functionalisation, and better stability of enhancing layer materials.

Finally, third generation cells, based on quantum wells, quantum wires, quantum dots and nanoparticles in a host semi-
conductor, imply the development of (dry, wet) deposition technologies, nanoparticles synthesis techniques and metallic 
intermediate band bulk materials (both through nano-based and bulk-like approaches). In order to develop high effi-
ciency (> 30 %), low cost (< EUR 0.5/Wp) reliable solar cells, morphological and opto-electronic characterisation of these 
key parameters are fundamental and need to be further understood.
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5. ConClUsIons

Through the NMP, ENERGY, ICT, Research Infrastructures and IEE Programmes, the European Commission is supporting 
a strong portfolio of PV projects. These projects address key PV research and innovation issues and represent a total 
funding (from FP7 and CIP-IEE) of EUR 142.8 million.

The results of these projects must now be effectively exploited to foster the development of a strong European photo-
voltaic industry. 

It would therefore be useful for each research project to undergo a commercialisation review in the final year of the 
project and be encouraged to follow the recommendations of that review. A key challenge in those reviews will be to 
identify how project results can be introduced to the industry and what the barriers to overcome will be. This requires 
an in depth understanding of the industry and how it is structured so it will be important that these reviews are carried 
out by individuals with such expertise.

The analysis of the PV portfolio has highlighted a strong emphasis on developing materials and structures which offer 
improved light conversion efficiencies (and thus lower cost). It is important to recognise that optimisation of modules 
and systems is also required – a lack of developments in these areas may be barriers to commercialisation.

Novel nanostructured materials and nanotechnology-based processes must now be transferred as fast as possible to 
PV industrial applications, the main bottleneck being the manufacturing and production at industrial scale. The manu-
facture of efficient PV cells is only one contribution to the overall cost of PV modules and there may be the potential for 
more support for development of enhanced manufacturing methods.

It is recognised that there is already some support for this (e.g. HIFLEX development of roll to roll production). The recent 
FP7 joint call between the NMP and ENERGY Programmes represents more support in this context. Focussing on the 
development and upscaling of innovative nanotechnology-based PV cell processes and architectures to pilot-line scale 
for industrial application (NMP.2011.1.2-1 and ENERGY.2011.2.1-2), the call precisely addresses the challenge to bring 
nanotechnology innovation developed at laboratory scale to industry, in full compliance with the Strategic Energy 
Technology (SET) Plan and its Implementation Plan. With EUR 15 million from NMP and EUR 10 million from Energy, 
this initiative highlights the EU effort to stimulate and accelerate industrial uptake of promising results in an industrial 
area where nanotechnology plays a central role.

Focusing more on the clustering activities, including the first PV Clusters Workshop, they have been considered a most 
valuable initiative to catalyse interaction between EC funded projects. In particular, the first workshop also highlighted 
the potential for collaboration and sharing of best practice.

There is a strong rationale for further Clusters workshops, especially as current projects come to an end (and have good 
results to present) and new projects begin and join the Clusters. The evolution of the PV Clusters and the inclusion of 
new Subclusters focusing on specific research and innovation issues in future workshops would add further value and 
help catalyse inter-project collaboration.
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appenDIX a 
first eU pv Clusters Workshop
programme
‘Photovoltaics and nanotechnology: from 
innovation to industry – European PV Projects 
Meeting’, Institut National de l’Energie Solaire 
(INES) (Congress Centre), 29th September –  
1st October 2010, Aix Les Bains, France

Wednesday 29th september 2010

2.00-2.30 pm: Opening

Chair: Bertrand Fillon, LITEN CTO, France

2.00-2.20 pm: Welcome address & introduction
Jean-Pierre Joly, Director of the National Institute 
of Solar Energy (INES), France

2.20-2.30 pm: Objectives of the Workshop
Sophia Fantechi, Programme Officer, European 
Commission, Research Directorate-General, Industrial 
Technologies Directorate, Nano- and converging sciences 
and technologies Unit

2.30-3.00 pm: Cluster 1 – 
Wafer-based PV cells

Chair: Jean Pierre Joly, Director of INES, France

2.30-2.45 pm: Heterojunction Solar Cells based 
on a-Si c-Si (Project HETSI, ENERGY, Coord.: National 
French Institute of Solar Energy – CEA – INES – France) 
– Pierre-Jean RIBEyRON

2.45-3.00 pm: Ultra thin solar cells for module 
assembly – tough and efficient (Project UlTIMATE, 
ENERGY, Coord.: Fraunhofer-Gesellschaft zur Förderung 
der Angewandten Forschung E.V, Germany) – Oleksiy 
NICHIPORUK (Photowatt International, France)

3.00-3.15 pm: Modelling of interfaces for high 
performance solar cell materials (Project HiperSol, 
NMP, Coord.: STIFTELSEN SINTEF, Norway) – Jesper FRIIS

3.15-3.30 pm: Questions & discussion

3.30-4.00 pm: Coffee break

4.00-5.15 pm: Cluster 2 – 
Thin film PV cells

Subcluster 2.1: Innovative or improved 
PV manufacturing processes

Chair: Friedrich Kessler, Zentrum für Sonnenenergie- 
und Wasserstoff-Forschung Baden-Württemberg (ZSW), 
Germany

4.00-4.15 pm: large grained, low stress multi-
crystalline silicon thin film solar cells on glass 
by a novel combined diode laser and solid 
phase epitaxy process (Project HIGH-EF, ENERGY, 
Coord.: Institute of Photonic Technology IPHT, Germany) 
– George Sarau

4.15-4.30 pm: Advanced lasers for Photo-
voltaic INdustrial processing Enhancement 
(Project AlPINE, NMP, Coord.: University of Parma, 
Italy) – Veronica BERMUDEZ (Nexcis, France)

4.30-4.45 pm: Thin Si film based hybrid solar 
cells on low-cost Si substrates (Project ThinSi, 
ENERGY, Coord.: STIFTELSEN SINTEF, Norway) –  
Alexander UlyASHIN

4.45-5.00 pm: Adhesion and cohesion at inter-
faces in high performance glassy systems 
(Project NOVA-CI(G)S, NMP, Coord.: UMICORE NV, 
Belgium) – Fabrice STASSIN

5.00-5.15 pm: Questions & discussion

5.15-6.30 pm: Cluster 2 – 
Thin film PV cells

Subcluster 2.2: Innovative PV materials

Chair: Etienne QUESNEl, PV thin film technology 
senior expert CEA/LITEN, France

5.15-5.30 pm: Improved polycrystalline-silicon 
modules on glass substrates (Project PolySiMode, 
ENERGY, Coord.: Interuniversitair Micro-Electronica 
Centrum VZW, Belgium) – Frédéric DROSS

5.30-5.45 pm: Improved material quality and 
light trapping in thin film silicon solar cells 
(Project SIlICON-light, ENERGY, Coord.: Stichting 
Energieonderzoek Centrum Nederland, The Netherlands) 
– Wim SOPPE
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5.45-6.00 pm: High efficient very large area 
thin film Silicon photovoltaic modules (Project 
HElATHIS, ENERGY, Coord.: T-SOLAR GLOBAL S.A, 
Spain) – Mickaël VETTER

6.00-6.15 pm: New concepts for high efficiency 
and low cost in-line manufactured flexible 
CIGS solar cells (Project hipoCIGS, ENERGY, Coord.: 
Zentrum für Sonnenenergie und Wasserstoff-Forchung, 
Baden-Wuertemberg, Germany) – Friedrich KESSlER

6.15-6.30 pm: Questions & discussion

thursday 30th september

9.00-11.00 am: Cluster 3 – 
Third generation PV cells

Subcluster 3.1: Nanodots- or nanowires-
based PV

Chair: Veronica BERMUDEZ, NEXCIS, France

9.00-9.15 am: All-inorganic nano-rod based 
thin-film solarcells on glass (Project ROD-SOl, 
ENERGY, Coord.: Institute of Photonic Technology, 
Germany) – Thomas STElZNER

9.15-9.30 am: Semiconductor Nanomaterial for 
Advanced Photovoltaic Solar cells Using New 
concept of nanocrystal and conductive host 
(Project SNAPSUN, NMP, Coord.: CEA-INES – France) 
– Simon PERRAUD

9.30-9.45 am: Nanomaterials and nanotechnol-
ogy for advanced photovoltaics (Project NanoPV, 
NMP, Coord.: STIFTELSEN SINTEF, Norway) – Alexander 
UlyASHIN

9.45-10.00 am: Silicon nanodots for solar cell 
tandem (Project NASCEnT, NMP, Coord.: Fraunhofer 
Institut für Solare Energiesysteme ISE, Germany) –  
Stefan JANZ

10.00-10.15 am: Architectures, Materials, and 
One-dimensional Nanowires for Photovoltaics 
– Research and Applications (Project AMON-RA, 
NMP, Coord.: Faculty of Engineering (LTH), Lund Uni-
versity, Sweden) – Knut DEPPERT

10.15-10.30 am: Improve Photovoltaic effi-
ciency by applying novel effects at the limits 
of light to matter interaction (Project lIMA, ICT, 
Coord.: Universidad Politécnica de Valencia, Spain) – 
James CONNOlly

10.30-10.45 am: Intermediate band materials and 
solar cells for photovoltaics with high efficiency 
and reduced cost (Project IBPOWER, ENERGY, 
Coord.: Instituto de Energía Solar, Universidad Politec-
nica de Madrid, Spain) – Antonio MARTI VEGA

10.45-11.00 am: Questions & discussion

11.00-11.30 am: Coffee break

11.30 am-1.00 pm: Cluster 3 – 
Third generation PV cells

Subcluster 3.2: Organic PV cells or DSC

Chair: Stephane Guillerez, Organic PV laboratory 
leader, CEA/INES, France

11.30 am-11.45 pm: Innovative Materials for 
Future Generation Excitonic Solar Cells (Project 
INNOVASOl, NMP-ENERGY, Coord.: Università degli 
Studi del Piemonte Orientale Amedeo Avogadro, Italy) 
– Prof. leonardo Marchese

11.45 am-12.00 pm: Sensitizer Activated 
Nanostructured Solar Cells (Project SANS, NMP, 
Coord.: Condensed Matter Physics, Clarendon Laboratory, 
Oxford University, UK) – Henry SNAITH

12.00-12.15 pm: Efficient and Robust Dye Sen-
sitised Solar Cells and Modules (Project ROBUST 
DSC, ENERGY, Coord.: ECN Solar Energy, The Netherlands) 
– Jan KROON

12.15-12.30 pm: Highly Flexible Printed ITO-free 
OPV Modules (Project HIFlEX, ICT, Coord.: ECN Solar 
Energy, The Netherlands) – Jan KROON

12.30-12.45 pm: Smart light collecting system 
for the efficiency enhancement of solar cells 
(Project EPHOCEll, ENERGY, Coord.: Leitat Techno-
logical Centre, Spain) – laurent AUBOUy

12.45-1.00 pm: Questions & discussion

1.00-2.00 pm: Lunch break
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2.00-3.30 pm: Cluster 3 – 
Third generation PV cells

Subcluster 3.3: Innovative nanostructures

Chair: Alexander UlyASHIN, STIFTELSEN SINTEF, 
Norway

2.00-2.30 pm: Plasmon Generating Nanocom-
posite Materials (PGNM) for 3rd Generation 
Thin Film Solar Cells (Project SOlAMON, ENERGY, 
Coord.: CEA/LITEN, France) – Etienne QUESNEl

2.30-2.45 pm: Plasmon Resonance for IMproving 
the Absorption of solar cells (Project PRIMA, ICT, 
Coord.: Interuniversitair Micro-Electronica Centrum VZW, 
Belgium) – Frederic DROSS

2.45-3.00 pm: Nanomaterials for harvesting sub-
band-gap photons via upconversion to increase 
solar cell efficiencies (Project NanoSpec, NMP, 
Coord.: Fraunhofer Institut für Solare Energiesysteme ISE, 
Germany) – Jan Christoph GOlDSCHMIDT

3.00-3.15: Questions & discussion

3.15-4.45 pm: Cluster 4 – 
Concentrator PV cells

Chair: Jan KROON Stichting Energieonderzoek Centrum 
Nederland, The Netherlands

3.15-3.30 pm: Multi-APprOach for high efficiency 
integrated and intelligent cONcentrating PV 
modules (Systems) (Project APOllON, ENERGY, 
Coord.: ENEA – Ricerca sul sistema energetico SPA, Italy) 
– Gianluca TIMO

3.30-3.45 pm: New applications for CPV: a fast 
way to improve reliability and technology 
progress (Project NACIR, ENERGY, Coord.: Instituto de 
Energía Solar, Universidad Politecnica de Madrid, Spain) 
– Gabriel SAlA PANO

3.45-4.00 pm: Active Solar Panel Initiatives 
(Project ASPIS, ENERGY, Coord.: FhG IPA, Germany) – 
Roland WERTZ

4.00-4.15 pm: Questions & discussion

4.15-4.45 pm: Coffee break

4.45-5.15 pm: The fp7 nMp-eneRGY joint 
call: Development and up-scaling of 
innovative photovoltaic cell processes 
and architectures to pilot-line scale for 
industrial application 

Sophia FANTECHI, European Commission, Research 
Directorate-General, Industrial Technologies Directorate, 
Nanosciences and nanotechnologies Unit

5.15-5.30 pm: Questions

5.30-6.00 pm: Cluster 5 – Innovative 
installations & grid interconnections

Chair: Philippe MAlBRANCHE, PV programme 
manager CEA/LITEN, France

5.30-5.45 pm: Metamorphosis of Power Distri-
bution: System Services from Photovoltaics 
(Project MetaPV, ENERGY, Coord.: 3E N.V, Belgium) – 
Achim WOyTE

5.45-6.00 pm: Questions & discussion

6.00-7.00 pm: Cluster 6 – Production 
equipment & processes

Chair: Philippe MAlBRANCHE, PV programme 
manager CEA/LITEN, France

6.00-6.15 pm: Next generation solar cell and 
module laser processing systems (Project 
SOlASyS, ENERGY, Coord.: FhG ZUR FÖRDERUNG 
DER ANGEWANDTEN FORSCHUNG E.V, Germany) – 
Malte SCHUlZ – RUHTENBERG

6.15-6.30 pm: Demonstration of high perform-
ance processes and equipments for thin film 
silicon photovoltaic modules produced with 
lower environmental impact and reduced cost 
and material use (Project PEPPER, ENERGY, Coord.: 
Oerlikon Solar AG, Switzerland) – Tobias ROSCHEK

6.30-6.45 pm: Manufacturing technologies 
and equipments to produce low-cost PV 
bituminous-modified roofing membrane with 
full integration of high efficiency flexible thin-
film silicon PV modules (Project PV-GUM, ENERGY, 
Coord.: Imperbel, Belgium) – Eric BERTRAND

6.45-7.00 pm: Questions & discussion 
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10.00 am-12.00 pm: Closing session 
& Round Table

Nanotechnology: a leading-edge opportunity 
for the PV industry

Chair: Bertrand Fillon, LITEN CTO, France

10.00-10.20 am: The European Photovoltaic 
Technology Platform: the SRA and the role 
of nanotechnology – Jeff Poortsmann, IMEC, 
Belgium, European Photovoltaic Technology Platform 
representative

10.20-10.40 am: The European Photovoltaic 
Industry Association (EPIA) – Daniel Fraile 
Montoro, EPIA Board Member, Belgium

10.40-11.00 am: The French solar market and 
incentives – André Claverie, French PV expert, 
France

11.00-11.20 am: The Knowledge and Innova-
tion Community (KIC) of the EIT and the solar 
co-location centre – Juan Ramon Morante, KIC 
representative, IREC, Spain

11.20-11.40 am: The European photovoltaics 
infrastructure for research and innovation (the 
SOPHIA project) – P. Malbranche, Solar Infrastruc-
ture project coordinator, INES, France

11.40 am-12.10 pm: Debate & final remarks

12.15 pm: Bus transfer to INES (Institut National de 
l’Energie Solaire), Le Bourget du Lac

12.30-1.00 pm: Lunch break

1.00-2.30 pm: Technical visit to INES laboratories 
and facilities

friday 1st october

8.30-10.00 am: Innovation in PV and 
opportunities & barriers for market 
development

Chair: Jeff Poortsmann, IMEC, Belgium, European 
Photovoltaic Technology Platform representative

8.30-8.45 am: Reduction of bureaucratic barriers 
or succesful PV deployment in the EU (Project PV 
lEGAl, IEE (CIP), Coord.: BSW-Solar, the German Solar 
Industry Association, Germany) – Paolo SONVIllA

8.45-9.00 am: Supporting Development of 
Photovoltaics in the EU New Member States 
(Project PV-NMS-NET, IEE (CIP), Coord.: Warsaw Uni-
versity of Technology, Centre for Photovoltaics, Poland) 
– Stanislaw PIETRUSZKO

9.00-9.15 am: Farming photovoltaic flowers:  
a new challenge for land valorisation within  
a strategic eco-sustainable approach to local 
development (Project PVs in BlOOM, IEE (CIP), Coord.: 
Unioncamere del Veneto, Italy) – Erica HOllAND

9.15-9.30 am: Common quality certification 
and accreditation for installers of small scale 
renewable energy systems (Project QUAlICERT, 
IEE (CIP), Coord.: ADEME-French Environment and Energy 
Management Agency, France) – Anthony DUPONT

9.30-9.45 am: Questions & discussion

9.45-10.00 am: Coffee break
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appenDIX b 
first eU pv Clusters Workshop
participants
‘Photovoltaics and nanotechnology: from innovation to industry – European PV Projects Meeting’, 
Institut National de l’Energie Solaire (INES) (Congress Centre), 29th September – 1st October 2010, 
Aix Les Bains, France

ABERMANN Stephan AIT Austrian Institute of 
Technology

stephan.abermann@ait.ac.at 

DUPONT Anthony ADEME anthony.dupont@ademe.fr
AUBOUY Laurent TECHNOLOGICAL CENTRE 

LEITAT
laubouy@leitat.org

BAUDRIT Mathieu CEA/INES mathieu.baudrit@cea.fr
BERMUDEZ Veronica NEXCIS Veronica.Bermudez@nexcis.fr
BERTRAND Eric Imperbel eric.bertrand@derbigum.com
CONNOLLY James Nanotechnology institute, 

Universidad Politécnica de 
Valencia

connolly@ntc.upv.es

CHOY K.L. Nottingham University Kwang-Leong.Choy@nottingham.ac.uk
CLAVERIE André Consultant acconsultant06@gmail.com
CROS Stéphane CEA/INES stephane.cros@cea.fr
DEPPERT Knut Lund University knut.deppert@ftf.lth.se
DROSS Frédéric IMEC dross@imec.be
DURAND Serge CEA serge.durand@cea.fr
FANTECHI Sophia European Commission,  

NMP Programme
sophia.fantechi@ec.europa.eu

FILLON Bertrand CEA/LITEN bertrand.fillon@cea.fr
FLAHAUT Emmanuel CEA/INES emmanuel.flahaut@cea.fr
FOTI Marina ST Micro marina.foti@st.com
FRAILE MONTORO Daniel EPIA d.fraile@epia.org
FRIIS Jesper SINTEF Materials and Chemistry jesper.friis@sintef.no
GALL Samuel CEA/INES samuel.gall@cea.fr
GARANDET Jean-Paul CEA/INES jean-paul.garandet@cea.fr
GERRITSEN Eric CEA/INES eric.gerritsen@cea.fr
GILLNER Arnold Fraunhofer Institute for 

Lasertechnology
arnold.gillner@ilt.fraunhofer.de

GOLDSHMIDT Jan Christophe Fraunhofer Institute of Solar 
Energy Systems (ISE)

jan.christoph.goldschmidt@ise.
fraunhofer.de

GUILLEREZ Stéphane CEA/INES stephane.guillerez@cea.fr
GUTIERREZ-TAUSTE David TECHNOLOGICAL CENTRE 

LEITAT
dgutierrez@leitat.org

HESLINGA Dick CEA/INES dick.heslinga@cea.fr
HOLLAND Erica Regional Association of 

Chambers of Commerce of 
Veneto, Italy (Unioncamere 
del Veneto)

erica.holland@eurosportelloveneto.it

JANZ Stefan Fraunhofer Institute of Solar 
Energy Systems (ISE)

stefan.janz@ise.fraunhofer.de
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JOLY Jean-Pierre CEA/INES jean-pierre.joly@ines-solaire.org
JULIET Pierre CEA/LITEN pierre.juliet@cea.fr
KESSLER Friedrich Zentrum für Sonnenenergie- 

und Wasserstoff-Forschung 
Baden-Württemberg (ZSW)

friedrich.kessler@zsw-bw.de

KINGSLEY Andrew SAFC Andrew.Kingsley@sial.com
KROON Jan ECN Solar Energy j.kroon@ecn.nl
LE PERCHEC Jérôme CEA/INES jerome.le-perchec@cea.fr
LOMBARDO Salvatore ST Micro salvatore.lombardo@imm.cnr.it
MALBRANCHE Philippe CEA/INES philippe.malbranche@cea.fr
MARCHESE Leonardo Università del Piemonte 

Orientale, A. Avogadro
leonardo.marchese@mfn.unipmn.it

MARTI Antonio Solar Energy Institute of 
the Polithecnical Univesity 
of Madrid

amarti@etsit.upm.es

MORANTE Juan Ramon IREC jrmorante@irec.cat
NICHIPORUK Oleksiy PHOTOWATT o.nichiporuk@photowatt.com
PERRAUD Simon CEA/LITEN simon.perraud@cea.fr
PIETRUSZKO Stanislaw M. Warsaw University of 

Technology
pietruszko@pv-polska.pl

POLVERINI Davide European Commission, DG JRC davide.polverini@jrc.ec.europa.eu
QUESNEL Etienne CEA/LITEN etienne.quesnel@cea.fr
RIBEYRON Pierre-Jean CEA/INES pierre-jean.ribeyron@cea.fr
ROSCHEK Tobias Oerlikon Solar tobias.roschek@oerlikon.com
RUBINO Stefano University Uppsala stefano.rubino@angstrom.uu.se 
SALA PANO Gabriel Instituto de Energia Solar, 

Univ Politecnica de Madrid
sala@ies-def.upm.es

SANTBERGEN Rudi Delft University of Technology r.santbergen@tudelft.nl
SARAU George Institute of Photonic 

Technology (IPHT), Jena
george.sarau@ipht-jena.de

SNAITH Henry Clarendon Laboratory, 
University of Oxford 

h.snaith1@physics.ox.ac.uk

SCHULTZ-
RUTHENBERG

Malte Fraunhofer ILT malte.schulz-ruhtenberg@ilt.fraun-
hofer.de

SONVILLA Paolo BSW-Solar paolo.sonvilla@pvlegal.eu
SOPPE Wim J. ECN soppe@ecn.nl
STASSIN Fabrice Umicore Fabrice.Stassin@eu.umicore.com
STELZNER Thomas Institute of Photonic 

Technology (IPHT), Jena
thomas.stelzner@ipht-jena.de

SYTCHKOVA Anna ENEA annak@enea.it
THONY Philippe CEA/INES philippe.thony@cea.fr
TIMO Gianluca RSE Gianluca.Timo@erse-web.it
ULYASHIN Alexander SINTEF Materials and Chemistry AlexanderG.Ulyashin@sintef.no
VETTER Michaël T-Solar Global S.A. michael.vetter@tsolar.eu
WEIR Iain Optimat Ltd iain.weir@optimat.co.uk
WERTZ Roland Fraunhofer Institute IPA Roland.Wertz@ipa.fraunhofer.de
WOYTE Achim 3E sa Achim.Woyte@3e.eu
WINFIELD Richard Tyndall National Institute richard.winfield@tyndall.ie
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How to obtain EU publications

Free publications:

• via EU Bookshop (http://bookshop.europa.eu);

•  at the European Commission’s representations or delegations. You can obtain their contact 

details on the Internet (http://ec.europa.eu) or by sending a fax to +352 2929-42758.

Priced publications:

• via EU Bookshop (http://bookshop.europa.eu); 

Priced subscriptions (e.g. annual series of the Official Journal of the European Union 

and reports of cases before the Court of Justice of the European Union):

•  via one of the sales agents of the Publications Office of the European Union 

(http://publications.europa.eu/others/agents/index_en.htm).

EUROPEAN COMMISSION

Directorate-General for Research and Innovation

Directorate G — Industrial Technologies

Unit G.4 — Nanosciences and nanotechnologies

Contact: Dr Sophia Fantechi

European Commission

Office CDMA 06/140

B-1049 Brussels

Tel. (32-2) 29 56469

E-mail: Sophia.Fantechi@ec.europa.eu

European Commission

EUR 24887 – Photovoltaics and nanotechnology: from innovation to industry – 

 The European Photovoltaics Clusters

Luxembourg: Publications Office of the European Union

2011 — 115 pp. — 17.6 x 25 cm

ISBN 978-92-79-16355-5

doi 10.2777/62871



Research & Innovation 
policy

Industrial  
technologies

E U R O P E A N
COMMISSION

Research & 
Innovation

Photovoltaics and 
nanotechnology:
from innovation 
to industry
The European 
Photovoltaics Clusters 

The European Commission is supporting a strong 
portfolio of photovoltaics projects addressing  
a number of key photovoltaic technology development 
and innovation issues. It is now important that the 
results of these projects are effectively exploited and 
turned into real innovation to optimise the economic 
impact in Europe from this investment – essentially 
the development of a strong European photovoltaic 
manufacturing industry.

This Report presents the photovoltaics projects in  
the Nanotechnology and Nanosciences, knowledge-
based multifunctional Materials and new Production 
processes and devices (NMP), Energy, Information 
and Communication Technologies (ICT) and Research 
Infrastructures Programmes, half-way through the 
EU’s Seventh Framework Programme for Research 
and Technological Development (FP7), as well as  
the photovoltaics projects of the Intelligent Energy 
Europe Programme (IIE) of the EU’s Competitiveness 
and Innovation Framework Programme (CIP), running 
in parallel with FP7 for the period 2007-2013.  
A complete overview and analysis of this portfolio  
of projects is given to bring forward the global picture 
of photovoltaic research and innovation in Europe 
and to highlight the impact of nanotechnology in  
this area as a leading-edge opportunity for the 
European photovoltaic industry.

This Report also follows a successful Workshop 
hosted by INES (Institut National de l’Energie Solaire, 
France) and organised by the European Commission, 
in collaboration with, and with the support of the 
SNAPSUN project, co-funded by the NMP Programme. 
The Workshop has launched the EU PV Clusters 
and enabled the nanotechnology and photovoltaic 
communities in Europe to identify joint collaboration 
and application areas, and gain new contacts and 
ideas for strategic industrial partnerships.

 
For further information: 
www.eupvclusters.eu
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