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1. ARTESUN 

ARTESUN 
GENERAL INFORMATION 

Project acronym ArtESun 

Project title Efficient, large-area, arbitrary shape solar energy 

Grant agreement number 604397 

Workprogramme NMBP 

Starting date 01/11/2013 

End date 31/10/2016 

Budget (€) 5 244 029 

Grant (€) 3 739 243 

Coordinator VTT 

Partners (research) VTT, Fraunhofer ISE, Imperial College, IMEC, Ikerlan 

Partners (industry) Onyx Solar, Confidex, Corning, Wibicom 

Coordinator email address Henrik.Sandberg@vtt.fi 

Project website http://artesun-project.eu 

PROJECT CONCEPT 

Thematic area OPV, DSSC and perovskites 

TRL range TRL 4 - TRL6 

Main challenge Fabrication and up-scaling of novel organic PV materials, improve stability and lifetime of OPVs  

Proposed material solutions Novel organic PV materials including active, charge transport and ITO free electronics solutions 

Technology risk MEDIUM – The main bottleneck for the OPV technology is the lifetime that significantly limits 
the application field. 

Main targeted market Customized OPVs for autonomous energy harvesting solutions and building integrated end-
uses in facades, windows, terraces and smart walls into a wide range of end-use areas in which 
existing solar cell technologies have limitations. 

Market risk MEDIUM – Limited stability lifetime - for some application areas performance and lifetime is 
already sufficient. 

Expected benefits for advanced 

material manufacturers in Europe 

Market expectations to have customized product batches in due course would promote the 
agile production that takes place close to customers. Low cost would not necessarily be the 
main asset. 

Expected benefits for solar 

industry in Europe 

Market expectations to have customized product batches in due course would promote the 
agile production that takes place close to customers. Low cost would not necessarily be the 
main asset. 

PROJECT RESULTS OBTAINED SO FAR 

Main project result #1 Fabrication and up-scaling of novel active materials for R2R process 

Main project result #2 Fabrication of customized free form OPVs 

Main project result #3 Three application-oriented demo cases 

Number of publications 13 

Number of patents  

PROJECT PROGRESS VERSUS KEY PERFORMANCE INDICATORS (KPIs) 

KPI Project target Project status Comments 

Project KPI #1 

 

Efficiency  >15% 
(cell level) AM 1.5 

Efficiency >10% (cell level) AM 
1.5 

Required efficiency is defined by the 
area of application. 

Project KPI #2 Lifetime (for demos) 
RFID-OPV 5y 
OPV-Antenna >5y 
BIPV >10y 

Lifetime (for demos) 
RFID-OPV req. 1-5y is reachable 
OPV-Antenna <5y 
BIPV <10y 

Required lifetime level is defined by 
the area of application. 

Project KPI #3 Cost 
<0.5€/Wp 

 

Cost 
> 0.5€/Wp 

 

Relevant cost level is defined by the 
area of application. 

RECOMMENDATIONS FOR FUTURE R&I ORIENTATIONS OR POLICY, TO TAKE THE PROJECT RESULTS FROM LAB TO MARKET 

Recommendation #1  
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Recommendation #2  

Recommendation #3  
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2. BFIRST 

BFIRST 
GENERAL INFORMATION 

Project acronym BFIRST 

Project title Building-integrated fibre-reinforced solar technology 

Grant agreement number 296016 

Workprogramme ENERGY 

Starting date 01/05/2012 

End date 30/04/2017 

Budget (€) 5 314 588.60 

Grant (€) 3 300 010.00 

Coordinator TECNALIA 

Partners (research) TECNALIA (ES), CRES (GR), ENEA (IT), Cyprus University of Technology – CUT (CY) 

Partners (industry) ACCIONA (ES), ATERSA (ES), HERON (GR), OPTIMAL CONSULTING (BE), BEAR (NL) 

Coordinator email address eduardo.roman@tecnalia.com 

Project website www.bfirst-fp7.eu/home/  and www.bfirst-products.eu 

PROJECT CONCEPT 

Thematic area Innovative installations (BIPV) 

TRL range Up to TRL8 in some of the BIPV products 

Main challenge To achieve a stable, industrial process for manufacturing PV products based on glass-fibre 
reinforced composite material, accomplishing with IEC 61215 standard for PV product and 
related construction standards and building codes as a construction BIPV element, addressing 
targets in cost, reliability and durability requirements. 

Proposed material solutions Crystalline silicon (c-Si) cell encapsulation within fibre-reinforced composite materials, 
resulting in monolithic and lightweight modules which are highly versatile in terms of 
geometries, shapes, colours and surface finish.  
A broad range of transparent resins, additives, glass fibre-reinforcements, protective layers, 
etc. have been tested, pursuing the achievement of a material configuration that led to an 
appropriate balance between PV performance, durability, processability and aesthetics. 

Technology risk MEDIUM – Although the starting point of the proposal was an already proven composite 
material encapsulation technology, there were still a high number of technical risks to be 
solved during the project: durability of material, brokerage of c-Si in the manufacturing 
process, performance of cells and material (expansions) with temperature, standards and 
building codes accomplishment (e.g., mechanical properties), keeping in mind the target in 
cost and efficiency. 

Main targeted market Building-integrated photovoltaics (BIPV). 
BIPV is currently a growing market worldwide, with an estimated CAGR of 18.7% and 5.4 GW 
installed between 2013 and 2019 (Transparency Market Research, 2014). One of the main 
drivers for BIPV market growth in the EU is the increasingly demanding legislation related to 
energy performance in buildings, given the fact that buildings are responsible for 40% of 
energy consumption and 36% of CO2 emissions in the EU. Europe has therefore an urgent 
need to make its building stock more energy efficient and smarter. 
In the past months, the so-called ‘Winter Package’ announced by the EC provided the 
implementation plan, proving the commitment of Europe towards the full decarbonisation of 
the building stock. Even though there was no such a strong commitment when the proposal 
was submitted, the potential of BIPV as a valuable energy efficiency solution for buildings was 
evident, and the project was already aligned with the current main objectives for the 
technology. 
Despite this favourable framework, it is a fact that the estimations for a steady BIPV market 
growth have not been fully met by the industry during the past few years. A series of demands 
from the stakeholders which have not been properly addressed by the BIPV value chain is 
amongst the main reasons for this deviation. These key requirements are partly related to the 
flexibility in design and aesthetics considerations, demonstration of long-term reliability of the 
technology, compliance with legal regulations and cost effectiveness. 
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In that context, BFIRST project was aimed to contribute to bridging the gap between 
technological development and market demands, being oriented at the design, development 
and demonstration of a portfolio of innovative PV products for building integration, based on 
c-Si cell encapsulation within fibre-reinforced composite materials. The resulting monolithic 
and lightweight modules, are highly versatile in terms of geometries, shapes, colours and 
surface finish. Multifunctionality in the building environment is addressable through design 
and materials tailoring. 

Market risk HIGH – Lack of impact of developed BIPV products. 
Even having considered a good approach for designing and developing BIPV components 
(taking into account technical and market issues), they could have low level of real penetration 
into the market due to lack (or badly focused) dissemination or marketing activities. Besides, 
BIPV market is always there, but expectations have not been fully met up to now. 

Expected benefits for advanced 

material manufacturers in Europe 

BIPV technology, and BFIRST technology is a specific case, represents an opportunity for new 
jobs for the energy and building related sectors. Both the upstream part (research, 
engineering, design, and architectural integration) and the downstream part (customization, 
distribution, financing, installation, maintenance, decommissioning and recycling) of the BIPV 
value chain are job intensive (SPE, position paper on BIPV, 2016), and thus, material 
manufacturers will get this benefit from BIPV. However, in BFIRST project, more than material 
companies, other parts pf the value chain will retain such benefit. 
The need to customize and integrate BIPV in a specific building typology and urbanistic 
environment also means that production will have to be close to the consumption point (in-
situ production to reduce the CO2 footprint). Materials manufacturers (e.g., glass) are very 
traditional and local (<600 km typical travel range of glass in EU). BIPV will necessarily be 
associated with the development of local energy management systems at the building level 
(inverters, smart meters, regulation systems and DSM – Demand Side Management), also a 
strong sector still alive in Europe. 

Expected benefits for solar 

industry in Europe 

BFIRST project was aimed to contribute to bridging the gap between technological 
development and market demands in the BIPV technology, being oriented at the design, 
development and demonstration of a portfolio of innovative PV products for building 
integration, based on c-Si cell encapsulation within fibre-reinforced composite materials. The 
resulting monolithic and lightweight modules have resulted in highly versatile in terms of 
geometries, shapes, colours and surface finish. Multi-functionality in the building environment, 
one of the main market requirements, is addressable through design and materials tailoring. 
Full architectural integration of the developed products, compliance with the corresponding 
IEC and construction test standards and the demonstration of multifunctional performance in 
real operation conditions have been finally achieved by the project for the benefit of EU Solar 
industry. 
On-site generation through RES (BIPV one of them) products contribute to transforming the 
building stock into nZE and even positive sector. BIPV products enable energy-positive building 
envelopes (roofs, façades, windows, etc.) by combining a traditional building envelope with 
the energy production functions providing electricity to the building through solar energy.  

PROJECT RESULTS OBTAINED SO FAR 

Main project result #1 Development, manufacturing and demonstration of a set of BIPV products based on composite 
materials, developed to a pre-industrial stage, to be applied in both new and existing buildings, 
covering all building typologies: Skylight, opaque ventilated façade, roof shingles, shading 
elements, balconies. 

Main project result #2 Further improvements of innovative encapsulation technology, which meet IEC 61215 
standard and whose products meet building codes and construction products regulation 
standards. This technology has reached the intended pre-industrial stage. 

Main project result #3 Development of product catalogues and datasheets of new standardized components, with 
complete information on characteristics, performance and building integration methods for 
each product. All this information can be found in www.bfirst-products.eu 

Number of publications 2 peer reviewed + 22 dissemination activities (conference papers, articles, webinar, video) 

Number of patents 2 patents related with the encapsulation technology, filed by TECNALIA, and 1 trademark to 
protect the commercial name of technology, SOLARFACE® 
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PROJECT PROGRESS VERSUS KEY PERFORMANCE INDICATORS (KPIs) 

KPI Project target Project status Comments 

Project KPI #1 

Manufacturing rate  
>90% valid 
modules / total 
modules 

Around 75% This KPI deals with replicability of the manufacturing 
process and its industrialization capacity. Rates are good 
but no so high as expected. 

Project KPI #2 

Dissemination 
2 technical 
publications, 
national 
seminars, 1 EU 
conference,  

Achieved Dissemination and target groups reached in accordance 
with objectives 

Project KPI #3 

Yellowing of the encapsulation 
No yellowing or 
very light 
effects 

Achieved IEC 61215 Tests on the 6 different products have been 
carried out in ENEA and TECNALIA, e.-g. DH, UV, thermal 
cycling. Also extended DH tests (>2000 hours) with the 
final result of “little yellowing can be appreciated” 

RECOMMENDATIONS FOR FUTURE R&I ORIENTATIONS OR POLICY, TO TAKE THE PROJECT RESULTS FROM LAB TO MARKET 

Recommendation #1 For demonstrative projects, to Include, not as optional but as mandatory, expert assistance for 
the IPR aspects. A kind of guided process, above all at the last stage of the project, that would 
help partners to identify exploitable results and how to take them to the market  

Recommendation #2 Regarding BIPV technology, clearer messages from EU are necessary in order to overcome 
legal and administrative barriers. Technology and innovative products are being developed 
(technology Push) but “market pull “is also necessary, and this is achieved also with suitable 
politics in the field of Energy, energy efficiency, electricity markets, and so on. 

Recommendation #3 To propose instruments for exploiting companies to help industrialize promising results, 
products and technologies. For instance, SME or FTI or InnoEnergy (EIT) programmes, which 
are many times unknown by industrial companies.  
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3. CABRISS 

CABRISS 
GENERAL INFORMATION 

Project acronym CABRISS 

Project title 
IMPLEMENTATION OF A CIRCULAR ECONOMY BASED ON RECYCLED, REUSED AND RECOVERED 
INDIUM, SILICON AND SILVER MATERIALS FOR PHOTOVOLTAIC AND OTHER APPLICATIONS 

Grant agreement number 641972 

Workprogramme CLIMATE 

Starting date 01/06/2015 

End date 31/05/2018 

Budget (€) 7 844 564.54 

Grant (€) 9 281 682.96 

Coordinator CEA 

Partners (research) SINTEF, TU Wien, IMEC, THM-Fraunhofer, CEA 

Partners (industry) 
LOSER Chemie, FerroAtlantica, Solitek, Pyrogenesis, RHP, Resitec, Sunplugged, 
PrjektKompetenz, PV Cycle France, Inkron, ECM Greentech 

Coordinator email address luc.federzoni@cea.fr david.pelletier@cea.fr 

Project website http://www.spire2030.eu/CABRISS 

PROJECT CONCEPT 

Thematic area Crystalline silicon, thin films 

TRL range TRL3 - TRL8 

Main challenge 

To promote the development of a circular economy around PV wastes by: 
- re-using recovered materials as new feedstock’s for PV, 
- developing industrial symbiosis with other industries. 

Proposed material solutions Secondary feedstock’s based from recovered materials for several industries 

Technology risk 

MEDIUM for efficient (without shredding) end-of-life PV waste dismantling technology 
LOW for conventional PV route to reuse recovered materials 
HIGH for innovative PV route to reuse recovered Si in kerfless processes 

Main targeted market PV market – Si kerf, conventional PV route 

Market risk 
HIGH – mainly due to low cost of primary Si feedstock and due to current status of PV industry 
in Europe 

Expected benefits for advanced 

material manufacturers in Europe 
 

Expected benefits for solar 

industry in Europe 

- Efficient recovery processes of valuable metals in PV wastes (added value: 
silicon/silver provide 80% of total value of Si-based PV modules, wastes reduction) 

- PV could become even more environmentally friendly 
- Environmental impact (legislation access to market) 

PROJECT RESULTS OBTAINED SO FAR 

Main project result #1 
New delamination processes for full opening of modules without shredding steps (Si-based and 
thin film modules) 

Main project result #2 
Industrial scale demonstration of recovery, purification and reuse of recovered Si in 
conventional PV industry (cells/modules made from production wastes and Si-kerf) 

Main project result #3 LCA/LCC, IPR, contribution to standards in linked with the recycling closed loop 

Number of publications ~ 10 (workshop, conference papers) 

Number of patents 1 is expected (under progress) 

PROJECT PROGRESS VERSUS KEY PERFORMANCE INDICATORS (KPIs) 

KPI Project target Project status Comments 

Project KPI #1 

Si waste based Solar cells efficiency 

Iso 
performances 
vs conventional 
processes 

> 17% Al-BSF 
with 100% 
recycled Si 

Very good results achieved with 100% recycled Si. 
In PV production, a blending can be done with primary 
feedstock (80:20 recycled Si) to reuse recycled Si and 
achieving even greater cells efficiency 

Project KPI #2 

To launch new market 
opportunities and business models 

Creation of 
economic 
activity induced 

In progress 
Structural re-organization of partner Loser Chemie with a 
fast growing based on: 
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by the project: 
100 permanent 
jobs created 
within a 5-year 
period after the 
end of the 
project 

� Development of new delamination processes for Si 
and thin film PV modules 

� Creation of a new subsidiary fully dedicated to the 
recycling of recovered Si 

Project KPI #3 

New technologies commercialized 
by the industry 

 

Ag paste 
commercialized 
(INKRON) 
TCO targets 
commercialized 
(RHP) 

Ag paste & inks 
commercialized 
(INKRON) 
 

Implemented methods for the extraction and recycling of 
Ag metals 
 

RECOMMENDATIONS FOR FUTURE R&I ORIENTATIONS OR POLICY, TO TAKE THE PROJECT RESULTS FROM LAB TO MARKET 

Recommendation #1 
WEEE legislation driver. Minimal net weight of module fraction to recycle should be greater to 
not be limited to glass and Al frame. 

Recommendation #2  

Recommendation #3  
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4. CAPTURE 

CAPTURE 
GENERAL INFORMATION 

Project acronym CAPTure 

Project title Competitive SolAr Power Towers 

Grant agreement number 640905 

Workprogramme ENERGY 

Starting date 01/05/2015 

End date 30/04/2019 

Budget (€) 6 461 970.43 

Grant (€) 6 104 032.93 

Coordinator CENER 

Partners (research) IK4 Tekniker, Fraunhofer IKTS, CIEMAT-PSA, CEA,  

Partners (industry) TSK-Flagsol, EDF, FCT Ingenieurkeramik GmbH, SAMSON Cera System, Haver & Boecker, 
QuerDenkFabrik AG, EUREC 

Coordinator email address fzaversky@cener.com  

Project website www.capture-solar-energy.eu  

PROJECT CONCEPT 

Thematic area CSP 

TRL range TRL3 - TRL5 

Main challenge Solar driven hot air turbine 

Proposed material solutions SSiC 

Technology risk HIGH – The regenerative system design has many challenges (pressurization/ de-
pressurization) 

Main targeted market Electricity pool in sunbelt countries 

Market risk Medium – CSP has the advantage of cheap storage – viable for peaking and base load plants 

Expected benefits for advanced 

material manufacturers in Europe 

Leading role in high-temperature ceramics for solar absorbers 

Expected benefits for solar 

industry in Europe 

Leading role as technology providers for CAPTure type solar plants 

PROJECT RESULTS OBTAINED SO FAR 

Main project result #1 Solar receiver design validated experimentally at small scale 

Main project result #2 Heliostat calibration methodology patented 

Main project result #3 Regenerative system operation confirmed theoretically (simulations) 

Number of publications 2 

Number of patents 1 

PROJECT PROGRESS VERSUS KEY PERFORMANCE INDICATORS (KPIs) 

KPI Project target Project status Comments 

Project KPI #1 

Solar receiver design validated 
experimentally 
 

Validation at a 
thermal power 
of 333 kW 

Validated at 
20 kW 

Final receiver design for the 333 kWth prototype finished 

Project KPI #2 

Heliostat calibration methodology 
developed 

Calibration 
method 
developed, 
patented and 
proven 
experimentally 

Calibration 
method 
developed 
and patented 

Heliostat testing ongoing 

Project KPI #3 

Regenerative system operation 
validated experimentally 

Regenerative 
system 
designed, 
manufactured 
and operated 
together with 

Regenerative 
system 
operation 
confirmed 
theoretically 
(simulations) 

Final design ongoing 
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the solar 
receiver and 
turbine  

RECOMMENDATIONS FOR FUTURE R&I ORIENTATIONS OR POLICY, TO TAKE THE PROJECT RESULTS FROM LAB TO MARKET 

Recommendation #1 Clear incentives for renewable plants that can provide peaking and base load operation 

Recommendation #2 Incentives for smaller modular power plant units with less investment per plant 

Recommendation #3 Further investigation for highly efficient power cycles in smaller power classes 
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5. CHEETAH 

CHEETAH 
GENERAL INFORMATION 

Project acronym CHEETAH 

Project title Cost-reduction through material optimisation and Higher EnErgy outpuT of solAr pHotovoltaic 
modules - joining Europe’s Research and Development efforts in support of its PV industry 

Grant agreement number 609788 

Workprogramme ENERGY 

Starting date 01/01/2014 

End date 01/01/2018 

Budget (€) 13 282 037.27 

Grant (€) 9 696 132 

Coordinator ECN 

Partners (research) ECN, CEA, Fraunhofer ISE, DTU, HZB, FZ Julich, AIT, ENEA, EPFL, IFE, IKZ, IMEC, NPL, SINTEF, 
Tallinn University, ZSW, LNEG, Tor Vergata, METU, TECNALIA, UPM, CIEMAT, KAPE-CRES, 
Loughbourough Univ, EMPA, Imperial, JRC-EC, TUBITAK, VTT, UPVLC, UNIMIB, Solar Power 
Europe, Innoenergy, Ayming CG 

Partners (industry) - 

Coordinator email address j.kroon@ecn.nl  

Project website www.cheetah-project.eu  

PROJECT CONCEPT 

Thematic area Crystalline silicon, thin films, OPV, DSSC and perovskites 

TRL range 3-7 

Main challenge Cheaper and more efficient cells and modules using less, earth abundant and non-toxic 
materials: more power with less material 

Proposed material solutions For Crystalline Si PV: go thin wafers < 100 micron; For Thin film PV: use less absorber material 
including Indium by devising smart architectures such as micro concentrators  and apply light 
management solutions; For Organic PV: develop intrinsic stable polymers and device 
architectures that reduce the packaging requirement and subsequently costs 

Technology risk HIGH – Most investigated concepts and developments were in the early stages of development 
with high technology risk 

Main targeted market Equipment, cell and module manufacturers  

Market risk HIGH – Time to market > 3 years, conservative market inhibits innovations at this moment 

Expected benefits for advanced 

material manufacturers in Europe 

 

Expected benefits for solar 

industry in Europe 

New innovations with novel IP will hopefully generate new chances for the European PV sector  

PROJECT RESULTS OBTAINED SO FAR 

Main project result #1 > 22% efficiency for ~90 micrometer 4 BB Heterojunction x-Si cell produced on industrial pilot 
line 

Main project result #2 313 Wp maximum module power for 60 cells heterojunction module based on 90 micrmeter 
thick cells(1 g Si/Wp) 

Main project result #3 17 % heterojunction x-Si cells achieved on 50 mm epitaxially grown foils 

Main project result #4 Top-down fabrication of inkjet-printed CIGSe solar cells with 30% relative efficiency increase at 
60 suns  

Main project result #5 Creation of a PV knowledge exchange portal which is an online information source to promote 
knowledge exchange among experts and trainees on photovoltaic (PV) solar energy research in 
Europe (http://www.cheetah-exchange.eu) 

Number of publications 30 

Number of patents 1 

PROJECT PROGRESS VERSUS KEY PERFORMANCE INDICATORS (KPIs) 

KPI Project target Project status Comments 
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Project KPI #1 

Cell power conversion efficiency x-
Si 

>22 % efficiency 
(<2 g Si/Wp)  for 
cells < 100 
micrometer 
thickness 

Proven for 
wafers 
between 80 
and 100 
micron, not 
for ultrathin 
wafers 

This target is achieved for cells chemically thinned down 
to 90 micron using industrtail processing. 
For epitaxialy grown films, cells were prepared based on 
50 micton with lowe efficiencies, this is a more 
explorative phase. 

Project KPI #2 

Cost of Ownership  
< 20 % less 
materials cost 
compared to 
benchmark 

Cost reduction 
potential 
proven for x-Si 

The cost reduction potential for kerf free Si foils via 
epitaxial growth  compared to benchmark wiresawn 
wafers has been demonstrated in a  

Project KPI #3 

Power conversion efficiency thin 
film PV 

Improved 
performance 
micro 
concentrator 
CIGS solar 
compared to 
standard 

22 % achieved 
for a CIGS 
micro 
concentrator 
cell via top 
down 
approach 

Proof of concepts demonstrated for top down micro cells 
based on lithography and inkjet printing and bottom up 
approach via In island growth techniques but yet at a low 
TRL level. Not  ready yet to make a realistic cost analysis 

RECOMMENDATIONS FOR FUTURE R&I ORIENTATIONS OR POLICY, TO TAKE THE PROJECT RESULTS FROM LAB TO MARKET 

Recommendation #1 For Coordination activities budget required to maintain and upgrade tool to foster long term 
cooperation in Europe 

Recommendation #2 For RTD: Focus on those research areas where Europe can regain PV position: tailored PV 
products for a wid varierty of appliactions, built op position in next generation low cost PV 
technologies and support European PV manufacturing companies 

Recommendation #3  
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6. CPV MATCH 

CPV MATCH 
GENERAL INFORMATION 

Project acronym CPVMatch 

Project title Concentrating Photovoltaic Modules Using Advanced Technologies and Cells for Highest 
Efficiencies 

Grant agreement number 640873 

Workprogramme ENERGY 

Starting date 01/05/15 

End date 31/10/18 

Budget (€) 4 949 596.25 

Grant (€) 4 949 596.25 

Coordinator Fraunhofer Institute for Solar Energy Systems ISE 

Partners (research) Fraunhofer ISE, RSE SPA, Universidad Politécnica de Madrid, CEA, TECNALIA 

Partners (industry) AZUR SPACE Solar Power, ASSE SRL, AIXTRON AG, CYCLECO SAS 

Coordinator email address gerald.siefer@ise.fraunhofer.de  

Project website www.cpvmatch.eu  

PROJECT CONCEPT 

Thematic area CPV and space 

TRL range TRL3 - TRL5 

Main challenge The central objective of CPVMatch is to realise HCPV solar cells and modules working at a 
concentration level ≥800x with an efficiency of 48% and 40%, respectively, with a low 
environmental impact. 

Proposed material solutions III-V four-junction solar cells with wafer-bonding, SiGeSn, achromatic lenses, new mirror optics 

Technology risk MEDIUM to HIGH – Some developments are closer to the market than others. III-V four-
junctions have a relatively low risk, whereas SiGeSn solar cells hav a high technological risk. 

Main targeted market Concentrator PV power plants 

Market risk HIGH – CPV market has decreased in the last years due to high competition from Si-flat plate 
PV. Start-ups and several investors are currently re-entering the CPV market. 

Expected benefits for advanced 

material manufacturers in Europe 

III-V and group-IV materials are required for the solar cells developed in the project. Also the 
modules require specific materials. In combination with a CPV industry in Europe new business 
opportunities for material manufactures could arise.  

Expected benefits for solar 

industry in Europe 

Novel high efficiency solar cells and CPV modules, including new MOVPE reactor design could 
enable competitive manufacturing in Europe.  

PROJECT RESULTS OBTAINED SO FAR 

Main project result #1 Novel metamorphic III-V four-junction cell with wafer-bonding realized 

Main project result #2 New MOVPE reactor design and growth analytics for SiGeSn 

Main project result #3 Novel achromatic lens and mirror optics design for CPV modules 

Number of publications 4 Journal papers, 16 conference papers 

Number of patents 0 

PROJECT PROGRESS VERSUS KEY PERFORMANCE INDICATORS (KPIs) 

KPI Project target Project status Comments 

Project KPI #2 

Cell conversion efficiency 
48 41.3 New batch currently being measured 

Project KPI #2 

CPV Module efficiency 
40 34.5 Measurement not calibrated 

RECOMMENDATIONS FOR FUTURE R&I ORIENTATIONS OR POLICY, TO TAKE THE PROJECT RESULTS FROM LAB TO MARKET 

Recommendation #1 Further R&D projects to bring down cost and improve technology of CPV 

Recommendation #2 Finance campaign for CPV mass production 

Recommendation #3  
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7. DISC 

DISC 
GENERAL INFORMATION 

Project acronym DISC 

Project title Double side contact cells with innovative carrier-selective contacts  

Grant agreement number 727529 

Workprogramme ENERGY 

Starting date 01/10/2017 

End date 30/09/2019 

Budget (€) 6 620 246.35 

Grant (€) 4 743 518.75  

Coordinator ISFH 

Partners (research) ISFH, CEA-INES, Fraunhofer ISE, EPFL, CSEM, University of Ljubljana 

Partners (industry) Von Ardenne, MECO, Meyer Burger, Ecosolifer, Total, ERM, Ayming 

Coordinator email address peibst@isfh.de  

Project website http://www.disc-project-h2020.eu/  

PROJECT CONCEPT 

Thematic area Crystalline silicon 

TRL range TRL3-4 (start), TRL5-6 (target at end of project) 

Main challenge DISC targets the development of next generation high-performance crystalline silicon c-Si PV 
cells and modules based on emerging technologies and a simple, double-side contacted device 
structure. The main challenge is to compete with evolutionary development of the current 
main stream (see market risks). 

Proposed material solutions Carrier-selective junctions based either on SiOx / Si or on transparent metal compounds, 
preferably In-free transparent conductive oxides (TCOs), either screen-print or planting based 
metallization, modules based on In-free Smart-Wire cell interconnection  
In all cases, the reduction of non-abundant material (Ag, In) consumption is an important 
aspect 

Technology risk MEDIUM – Changes in the cell processing (eg In-free TCO) that decrease cell efficiency are 
likely to result in an increase of module costs per Watt, even if they reduce cell processing 
costs. 

Main targeted market Inner-European market 

Market risk HIGH – It may possible that the market does not accept the novel cell concept of DISC due to 
the constant improvement of main stream technology. In order to reduce this risk as low as 
possible we choose the cell architecture that is similar to the current main stream. 

Expected benefits for advanced 

material manufacturers in Europe 

Suppliers of materials for modules (specially coated wires, encapsulation foils, …), suppliers of 
metallization materials (screen-print pastes, plating chemicals) can improve their specific 
materials and evaluate them for new applications. 

Expected benefits for solar 

industry in Europe 

Equipment manufactures (Von Ardenne, Meco, Meyer-Burger, others): Improve portfolio 
based on the new technologies developed in DISC for their export oriented business 
Cell/module manufactures (Total, Ecosolifer, others): Increase of efficiency, reliability and 
durability of their modules and thus help to improve their market position. 

PROJECT RESULTS OBTAINED SO FAR 

Main project result #1 Excellent quality of Si / SiOx-based carrier-selective contacts – reproducibly achieved by 
research institutes 

Main project result #2 Plating metallization enabling FF > 83 %  

Main project result #3 Variation of transparency of poly-Si by variation of deposition temperature 

Number of publications 9 conference contributions (SiliconPV2017, EU-PVSEC 2017) 

Number of patents - 

PROJECT PROGRESS VERSUS KEY PERFORMANCE INDICATORS (KPIs) 

KPI Project target Project status Comments 

Project KPI #1 

Cell power conversion efficiency 
25.5 % on cell 
area > 100 cm² 

22.3 % on cell area 
of 244.15 cm² 

Within the consortium, a cell efficiency of 25.8 % 
(small area lab cell) is already achieved. DISC 
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targets the transfer on large area wafers and the 
development of a industrial feasible process flow 

Project KPI #2 

Module durability 
Modern module 
design ensuring 
outstanding 
durability 

In-free Smart-Wire 
cell interconnection 
with aging stability 

Module clearly pass IEC 61215 (damp heat and 
thermal cycling < 5% power loss) 

RECOMMENDATIONS FOR FUTURE R&I ORIENTATIONS OR POLICY, TO TAKE THE PROJECT RESULTS FROM LAB TO MARKET 

Recommendation #1 We refer to and fully support the open letter “Urgent call for action to ensure a sustainable 
future for European PV manufacturing” of European technology and innovation platform 
photovoltaics, see http://www.etip-pv.eu/news.html 

Recommendation #2  

Recommendation #3  
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8. HERCULES 

HERCULES 
GENERAL INFORMATION 

Project acronym HERCULES 

Project title High Efficiency Rear Contact solar cells and Ultra powerful moduLES 

Grant agreement number 608498 

Workprogramme ENERGY 

Starting date 01/11/2013 

End date 31/10/2016 

Budget (€) 10 263 640 

Grant (€) 7 000 000 

Coordinator CEA 

Partners (research) Commissariat à l’énergie atomique et aux énergies alternatives – Institut national de l’énergie 
solaire (CEA-INES) 
Fraunhofer Institut für Solar Energie forschung 
International Solar energy  research Center Konstanz (ISC) 
Ecole Polytechnique Fédérale de Lausanne (EPFL) 
Centre Suisse d’électronique et de microtechnique (CSEM) 
Institut für Solarenergieforschung GmbH, Hameln/Emmerthal (ISFH) 
Helmholtz Zentrum Berlin für Materialien und Energie 
Centre National de la Recherche Scientifique – Laboratoire de Génie Electrique de Paris 
Universitat Politecnica de Catalunya, Barcelona Tech 

Partners (industry) MEYERBURGER 
Roth & Rau AG (Meyerburger group) 
NORSUN Corp 
EDF R&D 
EUROTRON BV 
SEMILAB Group 
AYMING (ex-ALMA Consulting Group) 

Coordinator email address delfina.munoz@cea.fr  

Project website https://www.helmholtz-berlin.de/projects/hercules/index_en.html  

PROJECT CONCEPT 

Thematic area Crystalline silicon 

TRL range TRL3 - TRL6 

Main challenge The HERCULES project is articulated around two main n-type solar cell technologies regarding 
the second generation of high efficiency crystalline silicon solar cells and modules: 
heterojunction bifacial (SHJ) and Interdigitated Back contact (IBC). Moreover, it also deals with 
the combination of both in the so called Interdigitated Back contact Heterojunction (IBC-SHJ) 
concept for new ultra-high efficiency solar cells. The aim of the project is to: 
1. Improve efficiency/ lower fabrication cost at the solar cell and module level  
2. Move up to TRL6 and evaluate them in a production environment (SHJ & IBC) 
3. Analyse the performance, cost, sustainability and reliability of all HERCULES technologies 
With the ultimate goal of creating a premium European PV Technology, this development will 
allow differentiating from the mainstream with a cost effective, reliable and sustainable 
solution.  

Proposed material solutions New cells process for solar cells and modules manufacturing. Pilot line production 
demonstrated. Cost calculation demonstrates the competitiveness of the technology. 

Technology risk LOW – The heterojunction technology is ready for market. IBC needs more development.  

Main targeted market Innovative Premium European cSi technology on high efficiency modules with high reliability 

Market risk MEDIUM – Strong pressure of Mainstream technology coming from Asia with higher production 
capacities. No mass production in Europe, only pilot lines for the moment. LCOE calculations 
difficult. 
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Expected benefits for advanced 

material manufacturers in Europe 

HERCULEs has focused more on processes and implementing new technology steps and less in 
new materials. Nevertheless, for instance, new encapsulants for module fabrication have been 
evaluated positively and alternative materials to Indium have also been tested.  

Expected benefits for solar 

industry in Europe 

Regarding the commercial exploitation of HERCULES results, MEYER BURGER Germany, 
Hohenstein-Ernstthal, has set up a SHJ cell pilot line, where the heterojunction process sequence 
has been demonstrated and optimized on full industrial equipment with more than 100 000 
manufactured high-efficient cells during the last 10 months.  
Based on the cells produced in MB Germany, a module pilot line from Meyer Burger, located in 
Thun/ Switzerland, has been producing bifacial SWCT modules. First, about 600 commercial 
modules were produced end of 2015 using the SWCT line. Then, over 1000 glass-glass HJT SWCT 
commercial modules with a high bifaciality factor were produced from September to October 
2016. Different PV power plants are now installed in the Swiss market and provide important 
field experiences about the new developed SHJ-SWC technology.  
The process of the cell pilot line will be transferred to the first integrated European customer 
Ecosolifer with a first SHJ cell capacity of 95MW/year. The move-in and ramp up phase will start 
by the beginning of 2017. Furthermore, Meyer Burger reported a growing customer interest on 
SHJ cell and module production equipment for cell supplier and Institutes in Asia, North America 
and Europe. 
Eurotron's fully automated production line is ready to produce IBC modules with a throughput 
of at least 90 modules per hour. First all necessary adaptations were done followed by 
optimizations. The complete process is demonstrated in Eurotron's Test Center, located in 
Bleskensgraaf [NL]. 
Discussions with interested customers are ongoing to ramp up this technology from lab to fab. 
In this stage also recommendations for the Bill of Materials can be given based on accumulated 
experience and reliability testing done in the Hercules project.  
HERCULES brings interesting benefit and development perspectives for the EU PV research and 
industry stakeholders. Continuing projects both at research and demonstration levels have 
already been jointly launched by the core partners to take HERCULES key results closer to the 
concrete application and market uptake. 

PROJECT RESULTS OBTAINED SO FAR 

Main project result #1 Concerning SHJ technology: 
Development of high efficiency and low cost processes for SHJ technology improving open 
circuit values over 735mV thanks to very high passivation layers and improved n-type material; 
Large area solar cells with industrial-compatible processes reaching almost 23% efficiency in the 
lab scale with improved metallization with copper; Development of innovative module 
interconnection based on the so-called Smartwire approach. Improving encapsulation, 
bifaciality and module fabrication to reach more than 325W in a 60-cells module passing all 
reliability tests and with a>350W equivalent if considering the bifacial behaviour of such 
technology; Production of more than 100000 SHJ cells in a production environment with mean 
efficiencies over 22% and 22.9% for the best cell in busbar less configuration. 

Main project result #2 Concerning IBC technology: 
Development of high efficiency/low cost approaches for IBC devices obtaining record J0e values 
lower than 10fA/cm2/Rsh~450Ω/sq for implantation emitters, reducing silver consumption and 
simplifying process steps solving main bottlenecks transferring to large area; Cells over 24% 
efficiency were fabricated on small area and IBC configuration; New approaches based on 
passivated contacts appeared to be very promising with small area cells over 25% efficiency; 
Development of simple and innovative IBC module solutions surpassing 310W and fulfilling at 
reliability tests; Production of 1200 IBC cells in industrial equipment with mean efficiencies of 
21.4% and 21.9% best cell. 

Main project result #3 Concerning the IBC-SHJ technology 
High efficiency devices over 22.5% were fabricated with innovative patterning designs and first 
solution for module encapsulation/interconnection were proposed with positive and reliable 
results. 

Main project result #4 Cost analysis 
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CoO below 0.4$/Wp for both technologies IBC and SHJ taking into account 500MW production 
in Europe have been demonstrated. Advantageous LCOE for Bifacial SHJ cells was also shown at 
the system level with values as low as 25€/MWp in high irradiation conditions. LCA showed 
Energy Payback Time lower than 1.5years in medium irradiation for all HERCULES technologies. 

Number of publications 76 publications in peer-reviewed journals 
28 proceedings papers 

Number of patents 4 patents + 4 patents applications under process 

PROJECT PROGRESS VERSUS KEY PERFORMANCE INDICATORS (KPIs) 

KPI Project target Project status Comments 

Project KPI #1 

Develop ultra-high-efficiency (η > 
21%) modules at the pilot line scale; 

η > 21% 
η > 22% 

SHJ technology: mean efficiencies over 22% and 22.9% for 
the best cell in busbar less configuration 

Project KPI #2 

Reduce production and investment 
complexity and demonstrate costs 
of 0.4 €/Wp at a 500 MW/year 
commercial plant level; 

0.4 €/Wp at a 
500 MW/year 

commercial 
plant level 

0.4$/Wp 
CoO below 0.4$/Wp for both technologies IBC and SHJ 
taking into account 500MW production in Europe have 
been demonstrated 

Project KPI #3 

Demonstrate ultra-high-efficiency 
solar cells with η > 25% 

> 25% > 25% 
Small area cells with new approaches based on passivated 
contacts 

RECOMMENDATIONS FOR FUTURE R&I ORIENTATIONS OR POLICY, TO TAKE THE PROJECT RESULTS FROM LAB TO MARKET 

Recommendation #1 Standard Heterojunctions are ready for market. R&D activities have to be focused in solving 
production issues, yield, equipment improvement…. New steps are also to improve efficiency 
with new approaches in terms of R&D. 

Recommendation #2 New architectures based on passivated contacts have to be pushed up though they demonstrate 
efficiencies over 25% at the R&D level. They are still far from market. Effort in large area 
development, simplification and optimization needs to be done before industrial transfer. 

Recommendation #3 IBC Heterojunction are promising in terms of efficiency, but process flow needs to be optimized, 
steps needs to be reduced to be cost effective. Module solution is still pending. 
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9. NEXTBASE 

NEXTBASE 
GENERAL INFORMATION 

Project acronym NextBase 

Project title Next-generation interdigitated back-contacted silicon heterojunction solar cells and modules by design 
and process innovations 

Grant agreement number 727523 

Workprogramme ENERGY 

Starting date 01/10/2016 

End date 30/09/2019 

Budget (€) 5 668 751.25 

Grant (€) 3 800 421.25 

Coordinator Forschungszentrum Jülich GmbH 

Partners (research)  
  1 (coord) Forschungszentrum Jülich GmbH JÜLICH Germany 

  2 Centre Suisse d’Electronique et de Microtechnique CSEM Switzerland 

  3 Interuniversitair Micro-Electronica Centrum VZW IMEC Belgium 

  4 Helmholtz-Zentrum Berlin für Materialen und Energie GmbH HZB Germany 

  5 Ecole Polytechnique Fédérale de Lausanne EPFL Switzerland 

  6 Fraunhofer-Institut für Solare Energiesysteme Fraunhofer Germany 

  7 Technische Universiteit Delft TUD Netherlands 

  8 Commissariat à l’énergie atomique et aux énergies alternatives CEA-INES France 

  9 Fyzikalni ustav AV CR, v. v. i. FZU Czech Republic 

 

Partners (industry)  
10 Meyer Burger Research AG MBR Switzerland 

11 Enel Green Power Group EGP Italy 

12 DSM Advanced Surfaces B.V. DSM Netherlands 

13 Norwegian Crystals NC Norway 

14 Uniresearch B.V. UNR Netherlands 

 

Coordinator email address k.ding@fz-juelich.de  

Project website http://nextbase-project.eu/  

PROJECT CONCEPT 

Thematic area Crystalline silicon 

TRL range TRL4 - TRL5 

Main challenge Demonstrate interdigitated back-contacted silicon heterojunction solar cells with efficiency > 26.0%. 

Proposed material 

solutions 

Novel functional thin-films for IBC-SHJ solar cell: 
� Nano-crystalline silicon tunnel junction 
� Nano-crystalline silicon oxide thin-film contact layer 
� Transition metal oxides for selective contacts 
� Nano-crystalline silicon carbide front surface field 
� Anti-reflective coating for module glass 

Technology risk MEDIUM: 
- Improper contacting structure allowing simultaneously high Voc and FF.  
- Insufficient front passivation quality and parasitic light absorption. 

Main targeted market PV equipment and PV material manufacturer 
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Market risk MEDIUM: 
- Cost of IBC-SHJ must remain comparable to the conventional c-Si technology  

Expected benefits for 

advanced material 

manufacturers in Europe 

These novel optically and/or electrically active materials can be integrated into many semiconductor 
applications. This gives a broad exploitation of the achieved results in this project for advanced 
material manufacturer.   

Expected benefits for solar 

industry in Europe 

Providing competitiveness of European PV equipment and PV material manufacturer on global PV 
market by demonstration of high efficiency solar cell product. 

PROJECT RESULTS OBTAINED SO FAR 

Main project result #1 Successful batch of wafers with lifetime over resistivity ratio > 2 ms/Ohm.cm.  

Main project result #2 Temporarily the highest IBC-SHJ efficiency in the project is 23.9%. 

Main project result #3 Tool for novel silicon layers deposition featuring built-in patterning method is developed. 

Number of publications 0 

Number of patents 0 

PROJECT PROGRESS VERSUS KEY PERFORMANCE INDICATORS (KPIs) 

KPI Project target Project status Comments 

Project KPI 3.1  Ingots of n-type Cz silicon with radial resistivity distribution in the 

range of +/-20% from target and oxygen content below 15 ppma.] 
Ongoing  

Project KPI 3.2 Implied photo-generated current density in targeted double- or 

single-side textured > 41.0 mA/cm2. 
Ongoing  

Project KPI 4.1  Hole and electron contacts based on a-Si:H/nc-Si:H layers and 

TMOs with optimal specific contacting resistivity (ρcontact<50 

mOhm*cm2) and contact passivation quality (J0<10 fA/cm2).] 

Ongoing  

Project KPI 4.2 IBC-SHJ front-side stack with optimal surface recombination 

velocity (Seff < 5 cm/s under maximum power point conditions) 

and low absorption loss (Jabs < 0.5 mA/cm2). 

Ongoing  

Project KPI 5.1 IBC-SHJ devices processed with Voc > 740 mV, FF > 82 % and Jsc > 

42 mA/cm2. IBC-SHJ device with efficiency ≥ 26.0% on 6-in wafer. 

Ongoing  

Project KPI 6.1 Silicon doped layer thickness between 5 to 20 nm. Activation 

energy (Ea) < 0.4 eV for n and p doped layers. 

Ongoing  

Project KPI 6.2 6-in passivated wafer with patterned doped layer with lifetime 

level above 2 ms. Minimum throughput of 10 wa-fers per hour. 

Ongoing  

Project KPI 7.1 Module performance of higher than 22% and CTM power ratio of 

higher than 95% 

Ongoing  

Project KPI 7.2 Relative power decrease of less than 5% after 400 cycles of 

thermal cycle test (TCT) and 2000 h of damp heat 

Ongoing  

RECOMMENDATIONS FOR FUTURE R&I ORIENTATIONS OR POLICY, TO TAKE THE PROJECT RESULTS FROM LAB TO MARKET 

Recommendation #1 Support European PV cell and module manufacturer to establish IBC-SHJ production in Europe and 
bring IBC-SHJ R&I to production level.  

Recommendation #2 Enable involvement of international industry partners with high volume of production capacity in 
collaboration with European industry partners.  

Recommendation #3 Strengthen communication between interdisciplinary fields to exploit project results in other business 
areas than those targeted in the project. 
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10. PVSITES 

PVSITES 
GENERAL INFORMATION 

Project acronym PVSITES 

Project title Building-integrated photovoltaic technologies and systems for large scale market deployment. 

Grant agreement number 691768 

Workprogramme ENERGY 

Starting date 01/01/2016 

End date 30/06/2019 

Budget (€) 8 490 472.50 

Grant (€) 5 467 611.76 

Coordinator TECNALIA 

Partners (research) TECNALIA RESEARCH & INNOVATION (ES), NOBATEK (FR), CENTRO TECNOLOGICO DA 
CERAMICA E DO VIDRO PCUP (PT), COMMISSARIAT A L’ENERGIE ATOMIQUE ET AUX ENERGIES 
ALTERNATIVES (FR) 

Partners (industry) ONYX SOLAR ENERGY (ES), BEAR HOLDING (NL), FILM OPTICS (UK), FLISOM (CH), CRISTALES 
CURVADOS (ES), ACCIONA INFRAESTRUCTURAS (ES), BUREAU D’ARCHITECTES FORMAT D2 
SPRL (BE), VILOGIA (FR), RM2 SOLUTION (IT), CADCAMATION (CH), WIRTSCHARFT UND 
INFRASTRUKTUR GMBH & CO PLANUNGS KG (GE). 

Coordinator email address maider.machado@tecnalia.com  

Project website www.pvsites.eu  

PROJECT CONCEPT 

Thematic area Innovative installations (BIPV) 

TRL range TRL4 - TRL7 

Main challenge To drive BIPV technology to a large market deployment by demonstrating an ambitious 
portfolio of building-integrated solar technologies and systems, giving a forceful, reliable 
answer to the market requirements identified by the industrial members of the consortium: 
flexibility of design, aesthetics, design tools, long-term reliability, compliance with legal 
regulations, smart interaction with the grid and cost-effectiveness.  

Proposed material solutions Glass-glass crystalline silicon BIPV modules, CIGS on metal substrates. CSi based inverter. 

Technology risk MEDIUM – related to the achievement of the targeted module and inverter efficiencies.  

Main targeted market Building-integrated photovoltaics (glass façades and skylights, thin-film residential and 
industrial roofs and façades). 

Market risk MEDIUM-HIGH – BIPV market is growing but below expectations. A suitable answer to market 
demands is key for the uptake of the technology.  

Expected benefits for advanced 

material manufacturers in Europe 

26 exploitable results have been identified and analysed, involving, among others, advanced 
materials manufacturers and the solar industry in Europe.  

Expected benefits for solar 

industry in Europe 

See above.  

PROJECT RESULTS OBTAINED SO FAR 

Main project result #1 c-Si, glass-glass BIPV modules with back contact cells, glass-glass BIPV modules with hidden 
bus bars and L-interconnections, coloured glass-glass BIPV modules, large format frames for XL 
BIPV glazing 

Main project result #2 CIGS on metal roof tiles, large format modules, bendable CIGS elements, CIGS in curved glass-
glass 

Main project result #3 Low cost inverter with storage 

Main project result #4 BEMS for different building typologies and uses 

Main project result #5 BIM-based software tool for the PV and building energy performance of BIPV systems 

Number of publications 1 (http://www.sciencedirect.com/science/article/pii/S0378778817309659)  

Number of patents 0 

PROJECT PROGRESS VERSUS KEY PERFORMANCE INDICATORS (KPIs) 

KPI Project target Project status Comments 

Project KPI #1 100 €/m2 
overcost with 

Achieved. All objectives have been achieved by a range of glass-glass 
solutions developed by Onyx.  
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Multiple set of glass-glass c-Si 
based solutions complying with 
costs targets, pay-back time and 
performance 
 

respect to 
equivalent non-
PV system ; 5-7 
years; 100-160 
W/m2 

Project KPI #2 

CIGS based roof tiles and façade 
elements performance 

10-14 % 12% 
submodule 
efficiency 

Continuous work in order to enhance module efficiency.  

Project KPI #3 

High efficiency, low cost inverter 
with storage  

Fully 
operational 
10KW, three 
phase DC 
coupled PV 
storage system 
prototypes 

Achieved.  Certification in progress.  

Project KPI #4 

Operational SW tool for the 
simulation of performance of BIPV 
elements 

PV + Building 
energy 
performance, 
tested against 
data from 
simulation 
installations. 

PV 
performance 
calculation 
available. 
Webservices 
platform 
available. 

BIM objects definition in progress. Energy performance 
calculation in progress. Tool testing in progress.  

RECOMMENDATIONS FOR FUTURE R&I ORIENTATIONS OR POLICY, TO TAKE THE PROJECT RESULTS FROM LAB TO MARKET 

Recommendation #1 Further effort on cost reduction of BIPV elements.  

Recommendation #2  

Recommendation #3  
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11. SHARC25 

SHARC25 
GENERAL INFORMATION 

Project acronym Sharc25 

Project title Super high efficiency Cu(In,Ga)Se2 thin-film solar cells approaching 25% 

Grant agreement number 641004 

Workprogramme ENERGY 

Starting date 01/05/2015 

End date 31/10/2018 

Budget (€) 6 152 979 

Grant (€) 4 563 123 

Coordinator ZSW 

Partners (research) Zentrum für Sonnenenergie- und Wasserstoff-Forschung Baden-Württemberg (ZSW), 
Eidgenössische Materialprüfungs- und Forschungsanstalt (Empa), University of Luxembourg, 
University of Rouen, University of Parma, Interuniversitair Micro-Elektronica Centrum VZW 
(imec), Helmholtz-Zentrum Berlin für Materialien und Energie GmbH, International Iberian 
Nanotechnology Laboratory (INL), Aalto University 

Partners (industry) Flisom AG, Manz CIGS Technology GmbH 

Coordinator email address wolfram.witte@zsw-bw.de  

Project website www.sharc25.eu  

PROJECT CONCEPT 

Thematic area Thin films 

TRL range 3 - 4 to 4 - 5  

Main challenge The objective of the Sharc25 project is to achieve conversion efficiencies > 24% in thin-film 
solar cells made of copper indium gallium diselenide (CIGS). 

Proposed material solutions Novel concepts will overcome major recombination losses: combinations of increased carrier 
life time in CIGS with emitter point contacts, shift of absorber energy bandgap, and bandgap 
grading for increased tolerance of potential fluctuations. Innovative approaches will be applied 
for light management to increase the optical path length in the CIGS absorber and combine 
novel emitter, front contact, and anti-reflection concepts for higher photon injection into the 
absorber. 

Technology risk MEDIUM-HIGH – Advanced deposition processes, device structures, and characterization 
techniques are implemented in the project. Most of the processes are applicable for industrial 
production of full-size modules but selected approaches might be too challenging or excessive 
to be implemented in an industrial environment. 

Main targeted market Photovoltaic (PV), especially thin-film solar cells based on CIGS. 

Market risk MEDIUM – Today the PV market is still dominated by Si-based products. Nevertheless, thin-
film PV, especially CIGS, has its share which is growing steadily. On a long-term perspective it is 
expected that thin-film technology will be competitive for conventional applications and will 
take the lead for innovative applications in areas such as building-integration, transportation, 
or other customized products.  

Expected benefits for advanced 

material manufacturers in Europe 

As production cost plays an important role in producing and marketing CIGS products, product 
efficiency together with material cost is a major factor. Nevertheless expensive and non-
sustainable materials, too complex and slow processing and equipment may influence process 
yields and capex negatively. All these aspects need to be taken into consideration already in 
the research phase. With competitive cost solutions the strong European equipment industry 
will benefit by selling production equipment worldwide. 

Expected benefits for solar 

industry in Europe 

An improvement of the efficiency could give the PV industry and related manufacturing 
equipment industry a decisive boost. The manufacturing costs of European thin-film solar 
modules would drop further as well as the costs of the installed PV systems. Further savings 
are expected by ramping up the new technology for mass production. 

PROJECT RESULTS OBTAINED SO FAR 

Main project result #1 22.6% power conversion efficiency of a small-area CIGS thin-film solar cell 



NAMEC workshop on nanotechnologies & advanced materials for PV & CSP, 24-25 October 2017 

                                24 

Main project result #2 Ab-initio modeling results for alkali elements in CuInSe2: different behavior of Li and Na in 
CuInSe2 compared to Rb, and Cs; K somewhere in between. Better understanding of doping 
mechanisms. 

Main project result #3 2D/3D models for device simulation established regarding passivation layers and back reflector 
� experimental validation is ongoing and gives promising initial results 

Number of publications 10 

Number of patents 0 

PROJECT PROGRESS VERSUS KEY PERFORMANCE INDICATORS (KPIs) 

KPI Project target Project status Comments 

Project KPI #1 

 

24% cell 
efficiency 

22.6%  With the introduction of additional alkali elements in the 
post-deposition treatment of CIGS absorbers, a step 
forward to higher efficiencies was already achieved during 
the first 16 months of the project. Combined with 
optimized surface treatments developed in the project a 
CIGS thin-film solar cell with an efficiency of 22.6% was 
obtained (compared to 21% at start of project). Final 
efficiency goals are challenging within project time. 

Project KPI #2 20% mini-
module 
efficiency 

First activities 
started; work 
ongoing 

We started with activities between Flisom, Empa and ZSW 
in order to take advantages of the respective skills such as 
Mo deposition, laser patterning and absorber quality. Key 
challenges are the material homogeneity on larger area 
and the monolithic cell interconnection. Efficiency goal at 
high risk to be reached. 

Project KPI #3 Development of 
passivation 
layers on front 
and backside of 
CIGS absorber. 

Passivation 
layers 
implemented 
in CIGS 
devices 

Promising methods for realizing front and back side 
passivation of the CIGS absorber layer were developed 
and analyzed. Multidimensional device simulation proved 
to be very valuable to predict the optimum geometry of 
point openings in such configurations. 

RECOMMENDATIONS FOR FUTURE R&I ORIENTATIONS OR POLICY, TO TAKE THE PROJECT RESULTS FROM LAB TO MARKET 

Recommendation #1 To allow the continuation of successful work at low TRL level, a follow-up project with more 
focus on applied research and process transfer to industry is necessary. Reasons: i) the transfer 
from a low TRL status to the market needs much more time than a normal project period and 
ii) the focus of a low TRL level project is on gaining basic understanding of the materials and 
processes, demonstrate applicability as first proof-of-principle, but not on industrialization. 

Recommendation #2 The high risk of high end efficiencies and finally competitive costs transfer to industrial 
ambient in Europe has to be supported by further R&D efforts with sufficient budgets. 
Equipment suppliers and manufacturers have to take a leading role in adopting those new 
findings into manufacturing environment. 

Recommendation #3  
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12. SMARTONICS 

SMARTONICS 
GENERAL INFORMATION 

Project acronym Smartonics 

Project title Development of smart machines, tools and processes for the precision synthesis of 
nanomaterials with tailored properties for Organic Electronics 

Grant agreement number 310229 

Workprogramme NMBP 

Starting date 01/01/2013 

End date 31/12/2016 

Budget (€) 11 593 843 

Grant (€) 7 897 000 

Coordinator Nanotechnology Lab LTFN, Aristotle University of Thessaloniki (AUTh) 

Partners (research) 7 Universities, 3 Research Institutes 

Partners (industry) 8 Industries & SMEs 

Coordinator email address logot@auth.gr  

Project website http://www.smartonics.eu  

PROJECT CONCEPT 

Thematic area OPV, DSSC and perovskites 

TRL range Nanomaterials (TRL 2 to 3),  Machines (TRL 3 to 4), Pilot lines (TRL 4 to 5) 

Main challenge The main challenges addressed by the Smartonics project include: 

• The development of the efficient synthesis approaches for nanomaterials and device concepts 
for OPVs  (polymer-based, small molecule-based) that would enable control & reproducibility 
of nanomaterial structure, purity and agglomeration in large scale together with the 
insufficient understanding of nanomaterial growth and structure-property relationships 

• The development of intelligent Pilot lines, as large area Roll-to-Roll (R2R) printing processes 
and Organic Vapour Phase Deposition (OVPD) that combine smart in-line precision sensing 
tools, which provide real-time information on properties, structure, morphology and 
thickness 

• The correlation of the growth parameters with the material structure and composition in 
order to manufacture large area OPVs with high reproducibility, homogeneity production 
yield & throughput, leading to their wide market implementation in commercial applications. 

Proposed material solutions • Tailored electron donors (polymer, hybrid donor-acceptor copolymers) 

• Electron acceptors (fullerene derivatives, endohedral fullerenes, inorganic nanoparticles, and 
quinoline copolymers 

• Small Molecule organic semiconductor films and architectures 

• Plasmonic NPs that consist of metal NPs (e.g. Au, Ag) 

• Super-barriers for Encapsulation of flexible OE devices, which combine active barriers with 
hybrid polymer/inorganic barriers 

Technology risk HIGH 

• The technology risks confronted by the Smartonics project include the following: 

• Development of OPV materials and device architectures to achieve specific OPV efficiency and 
lifetime targets 

• Upscalability of developed material and device architectures 

• Successful integration of metrology tools with machines for the development of pilot lines for 
manufacturing of OPV devices 

Main targeted market Energy, Automotive, Buildings, Agriculture 

Market risk MEDIUM 
The main market risk for the Smartonics innovations in OPVs include the cost of the OPV device 
solutions that has to be competitive in order to allow fast time-to-market. 

Expected benefits for advanced 

material manufacturers in Europe 

• The concepts for materials synthesis developed in Smartonics can be implemented for the 
upscaling for several other classes and combinations of functional polymer, copolymer and 
hybrid nanomaterials 
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• Material manufacturers and produce high volumes of specific electron donors and acceptors 

• Increase the competitiveness of Smartonics partners to play a leading role in EU and world 
markets as suppliers of source materials and solutions for several OE devices 

• Open new market opportunities for European manufacturers in new low cost, high volume 
and high throughput R2R manufacturing processes for encapsulation materials 

Expected benefits for solar 

industry in Europe 

• Optimization of the device architectures and the increase of the OPV performance and 
stability above 15% and 15 years, respectively. 

• Reduction of production costs of OPVs and increase of production yield for OPVs by the use 
of in-line optical metrology 

• Reduction of time-to market of OPV devices by more than 50% by ensuring their reliable 
manufacturing (printing, encapsulation) using in-line precision tools (laser, inkjet, optical 
metrology)  

• Increase of sales by enabling the integration of OPV devices in numerous commercial 
applications, such as automotive (roofs, windows, etc.), buildings, wearables, agriculture, 
transport, etc. 

• Improvement of employment prospects (creation of new jobs) in European solar industries 

PROJECT RESULTS OBTAINED SO FAR 

Main project result #1 Synthesis and upscaling of smart nanomaterials by efficient synthesis approaches and 
computational modelling, which include: 

• Polymer organic semiconductors such as tailored electron donors including donors (PCDTBT, 
P3HT, etc.), acceptors (IC60BA, IC70BA, PC71BM, etc.), hybrid donor-acceptor copolymers 
including nanoparticles 

• Small Molecule organic semiconductor films and architectures 

• Plasmonic nanoparticles - NPs (Ag, Au) with controlled positioning and tunable surface 
plasmon resonance for the enhancement of the efficiency of OPVs 

• Super barriers for encapsulation with global barrier response of 10-5 cm3/(m2dbar)(g/(m2d)) 
for O2 (H2O) permeation and high shelf lives, compatible to large scale r2r processing 

Main project result #2 Development of Smart Technologies, which include: 

• Production Machines for OPV nanomaterials & devices: OVPD machine for the controlled 
deposition of small molecule OPVs and a R2R process line for manufacturing of OPVs on 
flexible substrates. 

• Precision sensing tools: In-line Spectroscopic Ellipsometry (SE), Raman Spectroscopy (RS), 
Photoluminescence for robust determination of optical/electronic properties, chemical 
structure, nanostructure, stoichiometry, thickness with nm precision and feature size 

• Precision fabrication tools: novel R2R inkjet printing system for high precision printing of OPVs 
and Ultra-fast laser for patterning of OE nanomaterials with nm spatial resolution and 
plasmonic NP formation (by laser annealing of printed nanomaterials and by laser ablation in 
liquids). 

• Processes development for manufacturing of polymer and small molecule OPVs 

Main project result #3 Development of 3 unique Pilot Lines that combine in-line precision tools (laser for scribing, inkjet 
printing, optical metrology tools) for the large scale manufacturing of OPV devices. These pilot 
lines are:  
a) R2R printing Pilot line at AUTh), which will combine optical sensing and laser processing tools 
(for patterning and plasmonic NP formation),  
b) OVPD Pilot line at AUTh equipped with in-line optical sensing tools for precision synthesis of 
small molecule nanomaterials and OPV devices (simple and tandem architectures),  
c) S2S Pilot line in POLO-IAP for the precision fabrication of OE devices (e.g. OLEDs, sensors from 
state-of-the-art nanomaterials) and for the evaluation of ALD encapsulation of these devices. 

Number of publications 40 

Number of patents 5 (pending) 

PROJECT PROGRESS VERSUS KEY PERFORMANCE INDICATORS (KPIs) 

KPI Project target Project status Comments 

Project KPI #1 

OPV Cell Efficiency 
6% (s2s) 
5% (R2R) 

8.01% (s2s) 
5.36 % (R2R) 

OPV Cell by s2s or R2R manufacturing process on flexible 
substrate 
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Project KPI #2 

OPV Module Efficiency 
3% 3.51% 

OPV Module with size 50 cm2 by R2R manufacturing 
process on flexible substrate 

Project KPI #3 

OVPD OPV Cell Efficiency 
3.5% 4% 

Tandem OPV by OVPD process on rigid substrate of size of 
200 mm x200mm on glass substrate 

RECOMMENDATIONS FOR FUTURE R&I ORIENTATIONS OR POLICY, TO TAKE THE PROJECT RESULTS FROM LAB TO MARKET 

Recommendation #1 Establish and promote the framework for providing open access of advanced pilot lines to 
industrial stakeholders (from SMEs to early adopters, and Industries) in order to exploit the 
benefits of Organic & Large Area Electronics and Photonics and to advance their products. 

Recommendation #2 Achieve device reproducibility, high quality & yield through the reliable manufacturing of 
Organic & Large Area Electronics and Photonics by non-destructive metrology tools & 
methodologies for in-line quality control 

Recommendation #3 Promote R&I in integration & interconnection technologies of Organic & Large Area Electronics 
and Photonics devices in systems to enable digital transformation of consumer products. 
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13. STAGE-STE 

STAGE-STE 
GENERAL INFORMATION 

Project acronym STAGE-STE 

Project title Scientific and Technological Alliance for Guaranteeing the European Excellence in 
Concentrating Solar Thermal Energy 

Grant agreement number 609837 

Workprogramme ENERGY 

Starting date 01/02/2014 

End date 31/03/2018 

Budget (€) 21 134 658.37 

Grant (€) 9 997 207 

Coordinator CIEMAT-PSA 

Partners (research) 23 

Partners (industry) 9 

Coordinator email address Julian.blanco@ciemat.es  

Project website http://stage-ste.eu  

PROJECT CONCEPT 

Thematic area CSP 

TRL range TRL3 - TRL7 

Main challenge Increase collaboration of EU-research organization; key developments in thermal storage, 
materials, solar fuels, desalination, advanced components 

Proposed material solutions Protective solgel coating for front surface mirror; durability measurement methodology 

Technology risk HIGH – The application of solgel coatings should be optimized such that the durability in desert 
environment allows for 20yrs lifetime. 

Main targeted market CSP in the sunbelt 

Market risk HIGH – The reflectors are 20-30% of the investment cost of a plant. If the coating fails,, mirrors 
have to be replaced 

Expected benefits for advanced 

material manufacturers in Europe 

Expectation of increased plant performance by up to 2% 

Expected benefits for solar 

industry in Europe 

The coating formulation is protected know-how 

PROJECT RESULTS OBTAINED SO FAR 

Main project result #1 Durability testing of mirrors: accelerated ageing test guideline developed for aluminium 
mirrors 

Main project result #2 Durability testing of mirrors: analysis of outdoor degradation mechanisms for glass mirrors 
finalized. Actual AENOR Standard is not guaranteeing sufficiently product quality.   

Main project result #3 Development of solgel coating still under way. Final results expected by month 48 

Number of publications Approx. 10 with focus on materials 

Number of patents Approx. 2 with focus on materials 

PROJECT PROGRESS VERSUS KEY PERFORMANCE INDICATORS (KPIs) 

KPI Project target Project status Comments 

Project KPI #1  

Identify light weight and durable 
reflective surfaces with high 
reflectance 

Enhanced 
durability of 
aluminium 
mirrors (loss 
<1%/5yr) 

Test 
methodology 
successfully 
developed, 
tech. improve-
ment not yet 
implemented 
by industry 

Aluminium industry could not yet implement an improved 
manufacturing method to enhance durability. Test 
methods to verify durability are now available 

Project KPI #2 

Development of first surface 
mirrors with high reflectivity 

Reflectivity 
0,94, durability 
>20yr 

Reflectivity 
0,95-0,96; 
durability not 
yet achieved 
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Project KPI #3 

Durable receivers for tower plants 
with increased operation 
temperatures up to 1000°C 

Durability 
>20yrs@a>0,93 

Not yet 
demonstrated 

First prototype tested, durability not yet investigated 

Project KPI #4 

Durable receivers for tower plants 
for steam cycles with high 
performance 

Impact of soiling 
unknown, 
durability 
unknown 

Impact of 
soiling 
determined; 
durability not 
yet quantified 

Durability is significantly improved by implementing 
operation temperature limits which are now known 

Project KPI #5 

Increase performance of selective 
coatings of PT receivers (increase 
absorptivity and reduce emissivity) 

a= 0,95, 
e=0,1 

Tests methods 
were 
compared in 
Round Robin, 
new improved 
tubes mainly 
from China 

No improvements on European tube receivers achieved; 
Schott stepped out of business, only 2 European 
manufacturers remain in business. Insufficient market 
volume to significantly invest in improvements at industry 
level. EU financing help might be needed. 

RECOMMENDATIONS FOR FUTURE R&I ORIENTATIONS OR POLICY, TO TAKE THE PROJECT RESULTS FROM LAB TO MARKET 

Recommendation #1 Development of durable functional coatings (selective absorber coatings for different 
temperature ranges (400°, 600-800°) and environments (vacuum, air), antireflective coatings, 
protective mirror coatings, paints) and advanced mirrors based on polymers 

Recommendation #2 Development of test procedures for performance and durability testing for materials and 
components 

Recommendation #3 Advanced mirrors based on polymers or front surface silver on different substrates 
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14. STARCELL 

STARCELL 
GENERAL INFORMATION 

Project acronym STARCELL 

Project title Advanced strategies for substitution of critical raw materials in photovoltaics 

Grant agreement number 720907 

Workprogramme NMBP 

Starting date 01/01/2017 

End date 31/12/2019 

Budget (€) 6 218 203 

Grant (€) 4 832 185 

Coordinator IREC 

Partners (research) IREC, CEA, EMPA, Uppsala University, Imperial College London, HZB, Martin Luther University, 
AIST, Duke University 

Partners (industry) IMRA Europe SAS, Midsummer AB, WEEE International Recycling SL, ACT Sistemas SL 

Coordinator email address esaucedo@irec.cat  

Project website www.starcell.eu 

PROJECT CONCEPT 

Thematic area Thin films 

TRL range TRL3 - TRL5 

Main challenge Substitution of In and Ga in current CIGS PV technology 

Proposed material solutions Kesterite: Cu2ZnSn(S,Se)4 (CZTS) 

Technology risk MEDIUM – This technology is very similar to already developed CIGS, sharing very similar 
device structure and processes. 

Main targeted market Thin film PV modules, BIPV, BAPV, flexible PV, solar roofs. 

Market risk MEDIUM/HIGH – It is a new technology that will require further improvement in terms of 
conversion efficiency, and become an established thin film technology. 

Expected benefits for advanced 

material manufacturers in Europe 

Technology very similar to CIGS, then industries producing CIGS can easily modify/combine the 
production of CZTS. Free of critical raw materials: advantages in supply chain. Cu, Sn and Zn 
recycling very well-known from the microelectronic industry. 

Expected benefits for solar 

industry in Europe 

Establishment of a European thin film PV Industry with no constrains in terms of material 
supply. 

PROJECT RESULTS OBTAINED SO FAR 

Main project result #1 4 partners with devices demonstrating conversion efficiencies of ~12% 

Main project result #2 Development of advanced processes for alkaline doping 

Main project result #3 Development of strategies for graded band-gap concepts using cationic and anionic 
substitution 

Number of publications 5 

Number of patents 0 

PROJECT PROGRESS VERSUS KEY PERFORMANCE INDICATORS (KPIs) 

KPI Project target Project status Comments 

Cell power conversion efficiency,  18% 12.3% At the beginning the groups involved in devices 
preparation reported efficiencies below 11%. More than 
1% win in 6 months for the 4 groups. 

Voltage deficit 400 mV 510 mV Several strategies for surface and bulk passivation under 
implementation 

Recovery of Se Almost 100% 75% Already achieved 

RECOMMENDATIONS FOR FUTURE R&I ORIENTATIONS OR POLICY, TO TAKE THE PROJECT RESULTS FROM LAB TO MARKET 

Recommendation #1 Specific calls for thin film PV technologies including low CO2 foot print and CRM free 
technologies 

Recommendation #2 Link between calls with progressive targets (TRL 3.5 followed by TRL4-6…)  

Recommendation #3 Low TRL calls addressing revenant issue for next generation PV (including MSCA instruments 
filling a top down approach) 
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15. SWING 

SWING 
GENERAL INFORMATION 

Project acronym SWInG 

Project title Development of thin film Solar cells based on WIde band Gap kesterite absorbers 

Grant agreement number 640868 

Workprogramme ENERGY 

Starting date 01/06/2015 

End date 31/05/2018 

Budget (€) 3 254 755 

Grant (€) 3 254 755 

Coordinator Imec (Belgium) 

Partners (research) Imec, ZSW, CNRS-IMN, TNO, HZB, University of Ghent 

Partners (industry) Midsummer 

Coordinator email address Bart.Vermang@imec.be  

Project website http://www.swing-h2020.eu  

PROJECT CONCEPT 

Thematic area New knowledge and technologies 

TRL range From TRL 2 to TRL 3-4 

Main challenge Novel materials for high band-gap solar cells 

Proposed material solutions Cu2ZnXY4 kesterite materials, with X = Sn, Si or Ge and Y = S or Se 

Technology risk HIGH – For the high band-gap solar cell a 15 % efficiency is required to surpass the 30 % 
tandem device efficiency threshold 

Main targeted market High-efficiency tandem solar cells 

Market risk LOW – Currently this seems to be the only low-cost road to go beyond 30 % conversion 
efficiency 

Expected benefits for advanced 

material manufacturers in Europe 

Innovative solutions for PV industries/equipment vendors, e.g. it will strengthen the 
competitiveness and growth of the SME (Midsummer) involved in the project by developing 
innovations meeting the needs of European and global PV markets. 

Expected benefits for solar 

industry in Europe 

Innovative technologies for PV applications: Such a wide band gap material is a breakthrough 
for thin film PV, applied on its own (sustainable and non-toxic) or as a new product for the Si 
industry, where it can extend the development of Si panels beyond 30 % efficiency. 

PROJECT RESULTS OBTAINED SO FAR 

Main project result #1 High band-gap absorber layer 

Main project result #2 Suitable buffer layer 

Main project result #3 Suitable transparent rear contact 

Number of publications / patents 12 publications, IP options being explored 

PROJECT PROGRESS VERSUS KEY PERFORMANCE INDICATORS (KPIs) 

KPI Project target Project status Comments 

Project KPI #1 

High band-gap absorber layer 
Cu2ZnXY4 kesterites with 1.6 
to 2.1 eV bandgap, and low 
absorption below bandgap. 

Focus on Cu2ZnGe(S,Se)4 
materials, bandgap and 
absorption as targeted. 

Best efficiency is 8 %. 10 % 
targeted by project’s end. 15 % 
required for final application. 

Project KPI #2 

Suitable buffer layer 
n-type material for use as 
buffer layer, by use of non-
toxic materials. 

Zn(O,S) preceded by a 
surface treatment fulfills all 
requirements. 

CdS is giving better results, 
more optimization of the 
Zn(O,S) is needed. 

Project KPI #3 

Suitable transparent rear contact 
Conductive material with  
> 90 % transmission below 
the absorber’s bandgap. 

Several contacts tested, 
indium tin oxide (ITO) fulfills 
all conditions. 

Transmission of complete solar 
cell to be improved. Interface 
passivation gives options. 

RECOMMENDATIONS FOR FUTURE R&I ORIENTATIONS OR POLICY, TO TAKE THE PROJECT RESULTS FROM LAB TO MARKET 

Recommendation #1 Within the field of thin film PV, both inorganic and perovskite materials are interesting high 
bandgap candidates for future low-cost tandem solar cell applications. Perovskites still has to 
overcome serious limitations, hence investments in R&D of both materials are key! 
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16. WASCOP 

Project acronym 
GENERAL INFORMATION 

Project acronym WASCOP 

Project title Water Savings for Solar COncentrated Power 

Grant agreement number 654479 

Workprogramme ENERGY 

Starting date 01/01/2016 

End date 31/12/2019 

Budget (€) 5 941 607.50 

Grant (€) 5 941 607.50 

Coordinator CEA 

Partners (research) CEA / DLR / CIEMAT / Cranfield University / IK4 – TEKNIKER / MASEN 

Partners (industry) RIOGLASS / ACHIMEDE Solar Energy / OMT Solutions / Hamon d’Hont / AMIRES 

Coordinator email address delphine.bourdon@cea.fr  

Project website www.wascop.eu  

PROJECT CONCEPT 

Thematic area CSP 

TRL range TRL3 - TRL5 

Main challenge Reduce the water consumption of CSP (Concentrated Solar thermal Power) plants 

Proposed material solutions Holistic approach addressing the main water consumers of a CSP plant, i.e. to : 
1. Reduce the washing needs for solar field optical surfaces in dusty environments 

thanks to : 
a. Prevention of dust to reach and stick on surfaces with development and 

implementation of dust barriers and dedicated anti-soiling coatings, 

b. Use of low water consumption cleaning materials as Ultrasonic cleaner and 
Lip cleaner, 

c. Adjustment of cleaning frequency and cleaned areas with development and 
implementation of three different kind of soiling sensors, 

2. Reduce the water amount dedicated to power block wet cooling thanks to : 
a. The improvement of dry cooler with additional water spraying system to 

limit the cooling water use, 
b. The optimization of existing hybrid cooling system (wet + dry) with 

comprehensive study of local parameters importance, 
c. The study and implementation of cold storage system. Concept is to recover 

and store the heat from power block condenser exhaust, to release it at 
night when temperatures are cooler. Results are an increased efficiency of 
the turbine in case of dry cooled plant, and a decrease water use in case of 
wet cooled plant. 

Technology risk MEDIUM – All technologies previously developed have been evaluated up to TRL3 

Main targeted market CSP is the main target. 
It can be extended to PV for soiling aspects, and to power generation in desert environment 
for cooling aspects. 

Market risk MEDIUM – CSP market is still tiny compared to other renewable energies, but links with other 
applications can ensure enlarged benefits for European industries. 

Expected benefits for advanced 

material manufacturers in Europe 

Increased visibility and interest of products proposed (anti soiling coatings for solar reflectors 
and solar absorbers) 

Expected benefits for solar 

industry in Europe 

Increased profits (thanks to lower maintenance costs) for CSP plant owners 

PROJECT RESULTS OBTAINED SO FAR 

Main project result #1 Non immersion UltraSonic Cleaner allows recover of reflectivity > 95% on mirrors after 
important soiling, and in single operation, and with only drops of water 

Main project result #2 After 8 months, antisoiling coatings on reflectors allows to get 8% of additional reflectivity 
without any cleaning compared to uncoated reflectors. 
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Main project result #3 Efficiency of dust barrier to stop particles when 30% of porosity and located at a distance from 
collectors equal to their height, which must be the same than collector’s height. 

Number of publications 9 non-peer reviewed publications. 

Number of patents 0 

PROJECT PROGRESS VERSUS KEY PERFORMANCE INDICATORS (KPIs) 

KPI Project target Project status Comments 

Project KPI #1 

Ultrasonic cleaner 
 

98% of water 
saved for 
cleaning 

Achieved  Achieved for lab test on horizontal reflectors. Must be 
confirmed on vertical operations. 

Project KPI #2 

Antisoiling coatings 
50% of water 
saved for 
cleaning 

To be 
quantified 

Depends on local weather conditions. On site outdoor 
tests combined with accelerated ageing tests will give 
more information. 

Project KPI #3 

Dust barriers  
50% of water 
saved for 
cleaning 

To be 
quantified 

Depends on local weather conditions. On site outdoor 
tests will give more information. 

RECOMMENDATIONS FOR FUTURE R&I ORIENTATIONS OR POLICY, TO TAKE THE PROJECT RESULTS FROM LAB TO MARKET 

Recommendation #1 Increase strategic guidance of potential industrial partners (owner of existing technologies) so 
as to apply / adapt their products to CSP market. 

Recommendation #2  

Recommendation #3  
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17. Short bios of the workshop speakers 

 

Marja Välimäki, Senior scientist at VTT (Finland) 

M.Sc. Marja Välimäki received her M.Sc. degree in process engineering from the 
University of Oulu in 2005 and she has been working at VTT Technical Research Centre 
of Finland from 2004. Currently she is working as a Senior Scientist in the group of 
Printed electronic systems. Her research topics at VTT have covered the fabrication of 
optoelectronic devices such as organic-based PVs and LEDs using printing technologies. 
Her work has been emphasizing in the up scaling of processes from laboratory-scale to 
the piloting scale using both sheet-based and roll-to-roll-based equipment. During the 
last five years, she has been specializing in the fabrication and pilot-scale up scaling of 
custom shaped, free-form design OPVs. 

ARTESUN project 

 

Eduardo Román, Solar Photovoltaic Manager at Tecnalia (Spain) 

Eduardo Román received the B.Eng. degree in Telecommunications in the University of 
Basque Country (Spain), year 1999. In 2007, he received the PhD degree in the field of 
Photovoltaics (Viability of Photovoltaic Systems with multiple maximum power point 
tracking systems). At present, he manages the PV group within the Solar Area in 
TECNALIA. From 2008-2010, he has been member of the Management Board (Direction 
Committee) of the Spanish Photovoltaic Industry Association (ASIF) and at present, 
member of the Direction Committee of UNEF (Spanish Union of Photovoltaics). He is 
member of the Spanish certification Committee AEN/CTN 82 and Spanish 
representative of the BIPV Working group, member of the IEA PVPV Task 15, member 
of European PV Technology platform and TECNALIA’s representative in 
SolarPowerEurope. He has taken part as main researcher in several projects related to 
PV (BFIRST, APOLLON, ENERPACK, SOPHIA, PURE, PVTRIN), leading PURE project about 
the promotion of BIPV, and currently, BFIRST, about a new technology for encapsulation 
of PV cells, or BIPV-INSIGHT, related to a SW tool for the simulation and modelling of 
BIPV systems. He is author of more than 40 papers and conference communications in 
national and international forums and reviewer of multiple journals and congresses. 
Finally, he is holder of 4 patents, all of them in the PV field. 

BFIRST project 
PV SITES project 

 

Jean-Patrice Rakotoniaina, European program manager at CEA Liten (France) 

Pati Rakotoniaina received his PhD in 1996 at the University of Cologne, Germany. 
Then he worked as assistant Professor at the University Antananarivo Madagascar 
from 1997 to 1999. He joined the Max Planck Institute Halle in Germany in 2000 and 
worked on solar cells characterization. In 2006 he joined the company Q-cells as 
characterization engineer. In 2007 he worked in a start -up company Calisolar. In 2009 
he moved to USA and worked as technical manager at Calisolar. Since 2013 he is at 
CEA as Europe and international program manager. Pati Rakotoniana is author and co-
author of about 150 publications and 12 patents. 

CABRISS project 

 

Leticia Aldaz Asurmendi, Research engineer at CENER (Spain) 

Research engineer in the area of solar thermal energy. More than 7 years of experience 
in performing fluid dynamic simulations (CFD) and structural simulation (FEM) for 
different applications and R&D solutions. 
She participates in CAPTure (Competitive Solar Power Towers) project designing and 
developing relevant components that allow implementing an innovative plant 
configuration. Mainly involved in the design activities via high-fidelity 3-D models, using 
computational fluid dynamics (CFD) codes and structural finite element methods (FEM) 
for numerical evaluation of thermos-shock loading of absorber module parts as well as 
the evaluation of flow instabilities within the air channels. 

CAPTURE project 

 

Ivan Gordon, Research group leader at IMEC (Belgium) 

Dr. Ivan Gordon obtained his PhD in the field of novel magnetic materials for sensor 
applications from the University of Leuven in February 2002. He started to work at IMEC 
in June 2003, where he is currently leading the Silicon PV group, working on c-Si 
waferbased solar cells, thin-film silicon solar cells, and advanced module concepts for 
ultra-thin c-Si waferbased cells. Since 2008, he is editor for the international scientific 
journal Solar Energy Materials and Solar Cells, for which he will act as editor-in-chief 
from January 2018 onwards. Since 2011, he is also associate editor for the IEEE Journal 
on Photovoltaics. He has authored and co-authored more than 200 journal and 
conference papers (>2600 citations, hfactor 26, August 2017). Since January 2016, he is 
the coordinator of the joint program on Photovoltaics of the European Energy Research 

CHEETAH project 
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Alliance (EERA) and a steering committee member of the European Technology and 
Innovation Platform Photovoltaics (ETIP-PV). 

 

Simon Philipps, Project leader at Fraunhofer ISE (Germany), Managing director at 

Fraunhofer Energy Alliance (Germany) 

Simon P. Philipps holds a diploma and PhD degree in Physics, as well as a diploma degree 
in Business Administration. He joined the Fraunhofer Institute for Solar Energy Systems 
ISE in 2005 through his work on the numerical modeling of fuel cells and, later, on III–V 
multi-junction solar cells. Since 2010, he is a project leader and is responsible for EU 
research funding and related networks and associations. In addition, he supports the 
directors with respect to the institutes’ research strategy. Since 2015, Dr. Philipps is also 
Managing Director of the Fraunhofer Energy Alliance and represents the activities in 
Energy Research of 18 member institutes.  

CPV MATCH project 

 

Robby Peibst, Research group leader at ISFH (Germany) 

Robby Peibst studied Technical Physics and Electrical Engineering at the Technical 
University Ilmenau, Germany. He graduated in 2005 as Diplom-Ingenieur. In 2010, he 
received his PhD from the Leibniz Universität Hannover, Germany, for a 
microelectronics-related thesis on Ge nanocrystals in SiO2 for non-volatile memory 
applications. He afterwards joined the Institute for Solar Energy Research Hamelin 
(ISFH), where he is leading the research group “emerging solar cell technologies”. Since 
2016, he has a Professorship at the Leibniz Universität Hannover. His current research 
topics are passivating contacts for high-efficient single- and multi-junction Si solar cells.  

DISC project 

 

Delfina Muñoz, Project manager at CEA Liten (France) 

Delfina Muñoz started the heterojunction solar cells (SHJ) adventure in 2004 in the 
Universitat Politècnica de Catalunya where she got her PhD in 2008 on the fabrication 
and analysis of SHJ cells by hot-wire CVD. After a short postdoc on thin film 
photovoltaics in Universitat de Barcelona Physics faculty and a stage in Ecole 
Polytecnique in Paris discovering ellipsometry on thin layers, she joined CEA Liten (INES 
Campus) in the heterojunction team. In 2010 she got a permanent position taking the 
leader on the R&D activities concerning heterojunction solar cells development at CEA.  
She is one of the most active researchers on heterojunction solar cells activity (more 
than 50 peer-review publications), taking part in different steering committees on 
international conferences (PVSEC, nPV) and reviewing publications. She has been the 
European Coordinator of the HERCULES project (2013-2016) concerning high efficiency 
solar cells and modules.  

HERCULES project 
AMPERE project 

 

Kaining Ding, Head of Silicon Heterojunction Materials and Solar Cells at 

Forschungszentrum Jülich (Germany) 

Curriculum vitae 
2004-2007 BSc. study of Material Science, RWTH-Aachen University 
2007-2009 MSc. study of Material Science, RWTH-Aachen University 
2010-2012  PhD at Institute for Energy and Climate Research 5, Research Center 

Juelich 
2013  Postdoc at Institute for Energy and Climate Research 5, Research 

Center Juelich 
2014-present Group leader at Institute for Energy and Climate Research 5, 

Research Center Juelich 
 
Honors and awards 
2009  Spingorum Award of RWTH-Aachen University for excellent MSc. 

study 
2015  Borchers Award of RWTH-Aachen University for excellent PhD work 

NEXTBASE project 
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Wolfram Witte, Research scientist at ZSW (Germany) 

Dr. Wolfram Witte holds a diploma degree from the University of Freiburg (Germany) 
since 2003 and in 2010 he earned his doctoral degree in materials science from the 
University of Erlangen (Germany). He has more than ten years of experience concerning 
Cu(In,Ga)Se2 (CIGS) growth, interface design as well as thin-film and device 
characterization. Currently he works at ZSW as a scientist with focus on high efficiency 
CIGS thin-film solar cells. He is the coordinator of EU-funded H2020 project Sharc25. 

SHARC25 project 

 

Argiris Laskarakis, Head of Organic Electronics Group at Aristotle University of 

Thessaloniki (Greece) 

Physicist, MSc Material Science, Head of Organic Electronics Group at Aristotle 
University of Thessaloniki, Greece.  
Specialist in the fabrication of flexible organic electronics nanomaterials (organic 
semiconductors, transparent electrodes, barriers for encapsulation, flexible substrates) 
and devices (e.g. organic photovoltaics, organic thin film transistors) by vacuum and 
printing methods. Expert in optical metrology of inorganic, organic and hybrid 
nanostructured materials by IR-Vis-fUV Spectroscopic Ellipsometry and Raman 
Spectroscopy as well as on the computational modelling of optical properties of 
inorganic-organic-hybrid thin films.  
His work includes more than 75 peer-reviewed publications in International Scientific 
Journals, 3 book chapters, more than 100 presentations in International Scientific 
Conferences, and he has participated in more than 16 EU funded R&D projects. Finally, 
for the past 11 years he is responsible for the organization of the International 
Symposium on Flexible Organic Electronics (ISFOE). 

SMARTONICS project 

 

Peter Heller, Head of Qualification Department at DLR Institute of Solar Research 

(Germany) 

Dr. Peter Heller is a Mechanical Engineer and received his PhD in 2001 from the RWTH 
Aachen on the topic of ” Investigation on receivers for solar tower plants “. He worked 
since 1989 for DLR on developing and testing of CSP components and systems. In 1996 
he moved to Almería, Spain, and took over the responsibility for the DLR staff at the 
Plataforma Solar de Almería in the area of tower and dish/Stirling systems. Since 2011 
he is leading the department “Qualification” within the DLR Institute of Solar Research 
with a staff of about 30 scientists and PhD students, working on developing methods 
for measurement and assessment of the performance and durability of CSP components 
and systems. Since 2008 Peter Heller is Operating Agent of the IEA SolarPACES Task III 
(Solar Technologies and Advanced Applications). He is also coordinator for the 
subprogram “Materials for CSP” of the EERA Joint Programme CSP. 

STAGE-STE project 

 

Edgardo Saucedo, Deputy Head of Solar Energy Materials and Systems Laboratory at 

IREC (Spain) 

Edgardo Saucedo has received his PhD in Materials Physic at the Universidad Autónoma 
de Madrid, Spain in 2007. In 2007, he joined the Institut de Recherche et 
Développement sur l’Énergie Photovoltaïque IRDEP (Paris, France), and in 2009, he 
joined NEXCIS, a spin-off, working in Cu(In,Ga)Se2 based solar cells. Currently, he is the 
Deputy Head of the Solar Energy Materials and Systems Laboratory at the Catalonia 
Institute for Energy Research (IREC), Barcelona, Spain, with the aim to develop new low 
cost materials and processes for thin film photovoltaics, specially kesterites 
(Cu2ZnSn(S,Se)4). He holds 4 patents, has authored or co-authored more than 160 
papers in high level international journals, supervising 8 PhD Thesis, and has a h index 
of 27. Currently he is the coordinator of the STARCELL (H2020-NMBP-03-2016-720907) 
and INFINITE-CELL (H2020-MSCA-RISE-2017-777968) European projects. 

STARCELL project 

 

Bart Vermang, Professor at University of Hasselt (Belgium), Visiting Professor at imec 

(Belgium) 

Bart Vermang received the M.Sc. degree in experimental physics from the University of 
Ghent, Ghent, Belgium, and the Ph.D. degree in electrical engineering from the 
University of Leuven, Leuven, Belgium, in 2005 and 2012, respectively. During his M.Sc. 
final research project, he studied surface reactions in model metallic catalyst systems 
with the Norwegian University of Science and Technology, Trondheim, Norway. He 
performed his Ph.D. research with Imec in Belgium, where he developed novel surface 

SWING project 
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passivation structures for industrial silicon solar cells. Afterwards, he attained a Marie 
Skłodowska-Curie fellowship to move to the University of Uppsala, Uppsala, Sweden, 
where his challenge was to integrate progressive Si solar cell concepts in CIGS thin-film 
cells. In 2015 he returned to Imec, by use of a fellowship from the Flemish Research 
Foundation (FWO), to work on the development of CIGS and CZTS thin-film solar cells. 
The same year, he also became the coordinator of the Horizon 2020 project ‘SWInG’, 
and more recently, he obtained a starting grant of the European Research Council (ERC). 
In 2017, Bart became Professor at the University of Hasselt, Hasselt, Belgium, where he 
teaches physics and energy courses. 

 

Delphine Bourdon, Research scientist at CEA Liten (France) 

Delphine Bourdon graduated in 1999 at the National Polytechnic Institute of Grenoble 
(France), specialized in thermal fluid dynamics and energetic analysis, she is permanent 
researcher as thermal system expert at CEA Liten since 2005 and has several patents. 
She is member of the High Temperature System Laboratory since 2012 where she is 
experienced as project leader on thermodynamics solar systems for European 
programs. Delphine is coordinating since 2016 the H2020-WASCOP project, dealing with 
the development of solutions to push forward the reduction of the water consumed by 
CSP Plants.  

WASCOP project 

 
 


