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Background - Vision for PV solar future
- Economy

- Physics

PV group - science
- R&D

Projects — resources, partners

- money, goals

Summary



Asthetisch und niitzlich: PV-Anlage

Future? (clean,
renewable,...)




Current situation and trends

Price

Solar electricity/kWh = 5-10 times conventional (has to go down)
Solar PV installation = 2-5 €/Wp (target << 1€)

World production/installation

50-60% yearly increase

2GWp 2007. = 10 G€

(cumulative 10GWp )

75% governmental subsidy, 90% c-Si

Croatia/strateqy

100 MW up to 2020 year ~ 40 M €/year (~ 1% needs)
250 MW up to 2030 year ~ 1000 M €, total
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Science & economy about price competitive
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Our potential

Solar cells Split — thin film solar cells
factory works from 1990

Lipik glass

Ruder Boskovi¢ — PV group

How to use it?

Usual way of work — projects

(with partners in sci. , industry)



Problem of collaboration with industry

Industry

Leak of qualified people for

R&D (project is expected, development, R&D group)
Performing the project tasks on quality way
Administrative job (demand for people + time)

Different scale of thinking, no cash
Problem with the Institute — leak of interest — it must be

part of regular activities (regular, scientific projects)
Limited resources (people, instruments, money)



Problem of collaboration with industry
Industry

Leak of qualified people
— to find the money for education on the Ruder Boskovic
Institute — PhD (trough project)

Different scale and way of thinking, no cash
— lot of talk (visits scientist-factory)
- financial contribution trough labour work, experimental
space, material costs...



Science — subject ( R&D = extension of scientific work)

Science (nano-Si)

Correlation between deposition parameters and
properties

size of particles optical
size distribution ﬁ vibration

matrix electrical properties
R&D

Integration in pv solar cell on large scale

Solar cells 3. generation?
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Sci. - resources — use the IRB structure

Board of International
Governors Advisory Board

Scientific Council

Director rl-leads of Divisions
o and Centers
Theoretical Physics Division Center for Marine Research g
Administration
————————— |
Division of Experimental Center for Informatics and o
Physics Computing =]
Maintenance and Technical
Services
Division of Materials Physics enter for NMR

_
Division Of Electronics Library

Division of Physical
Chemistry

Division of Organic Chemistry
and Biochemistry

Division of Materials
Chemistry
_

~ 500 scientist

Division of Molecular Biology

Millions € equipment

Division of Molecular
Medicine

Division for Marine and
Enviromental Research

Division of Laser and Atomic
Research and Development




Materials science dept.

Semiconductor lab.

Thin film lab.

Molecular Physics lab

PV solar cells Materials lab.

26 scientists

32-36 cc papers/year
IF/article ~2 (Appl.Phys.)

Collaboration in the Institute

Dr. M.Jaksic
(Nuclear methods)

Dr.A Mogus (Impedance
spectroscopy, chemistry)

Close neighbourhood (people)

PV-group “core staff”
| 2 seniors (Dr.D.Gracin, Dr B.Etlinger)
_ | 2 Postdoc. (Dr. | Djerdj, Dr.S. Paramon)
2 PhD students (K.Jurai¢, D.Meljanac)

(thin flms dep., optical, el. charact.)

Collaboration in Mat.sci.dept.
Dr.A.Gajovi¢ (Raman, HRTEM)
Dr.P.DubcCek (GISAXS)




Collaboration in “next door” neighbourhood (Sci)

Institute for Physics, Zagreb, Croatia

- plasma physics, laser spectroscopy (Dr.S.Milosevic)
- XPS, Auger, STM (Dr. M. Milun)

- GIWAX (Solomon, Milat)

International collaboration (Mostly Sci.)
ECN-Petten, Netherlands (Dr. W.Soppe)

Academy of Science Prague (Prof. Vanacek)Chech
Republic

Jozef Stefan, Ljubljana (HRTEM — Prof. M.Ceh)
Slovenia

Synchrotron Trieste (Dr.S.Bernstorf) Italy



R&D partners
[ ~

Ruder Boskovi¢ Institute, Croatia S HITR A
Institut for physics, Zagreb, Croatia

IT
Solar cells, Split, Croatia ) H

LPMAS< MANU (PMF), Skopje, Macedonia
ECN, Petten, Netherlands

Czech Academy of Science, Prague, Czech Republic

Roth&Rau, Germany

\ Fraunhofer ISE

Jozef Stefan, Slovenia Lipik glass

Sinchrotrone Trieste, Italy FP7, Eureka



Financial sources
-Scientific (Ministry of Science and Technology)

-R&D

1) HITRA (MSc&T) Amorphous/nano crystalline solar
LPMAS (EU, FW6,7) tandem cells (2002-08), (09-?)

2) Origin of structural defects in solar glass (Lipik glass-NFS,
2007-2010) (education of PhD for Lipik glass)



Projects goals

11.0% CIGS
10.2% a-Si/uc-Si
9.5% a-Si/uc-Si
9.4% CdTe

8.5% a-Si/uc-Si
7.4% CdTe

e R 1

| 7.2% poly-Si
6.3% a-5i/a-5iGe/a-5iGe
6.1% a-5i/a-SiGe

6.0% a-5itandem

5.6% a-Sisingle

5.3% a-5i tandem

5.3% a-Sitandem HITRA)
5.1% a-5i tandem
5.1% a-Sitandem
4.9% a-5isingle
4.8% a-Si tandem
4.8% CIGS Module efficiency [%] Spllt

Wilrth Solar:WSG0O26E080 (80 W)
Kaneka: Hybrid module *) (125 W)
Mitsubishi Heavy Industries: MT150 **(150 W,,)
First Solar: FS-267 (67.5 W)

Sharp: NA-901WP (90 W)

Antec Solar Energy: ATF 50 (53 Wp}
Sulfurcell: SCG 60 HV (60 W)

CSG Solar: CSG 100 (100 W)

United Solar Ovonic: PVL-136 (136 W)
Fuji Electric Systems: FPV1096 (96 W ,)
Free Energy Europe; FEE-20-12 (19 W,,)
ICP Solar Technologies: ATF-1200 (18 W)
Schott Solar: ASI-F 100 {97 W)

Energy Photovoltaics: EPV-42 {42 W)
Bangkok Solar: BS40 (40 W)

Tianjin Jinneng Solar Cell: JN-40 (40 W)
Solar Cells:SM 136 (14 Wp)

Soltech: Amorphous (60 W)

Global Solar Energy: P3-55 (55 W,,)

(pilot

Sinonar: SC305915Z (13 W) 4.7% a-Si tandem
Trony Science & Technology: 20W (20 W) 4.6% a-Sisingle

VHF-Technologies: Sunslick (27 W) | RSN 2.8 % =S single Actual

Next step - IP ?, investment-commercialization?
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Financing of R&D projects ¢—) IP

-(EU-LPAMS) (total EU) — IP to participants inventors

-HITRA (gov.) - Ruder Boskovic Institute - IP to Ruder

- Lipik glass, Solar cells Split (total industry),
no discussion about IP

Investment ? (Private?)



Summary

R&D activities - possible with lot of collaboration

What is missing
- IP related support insufficient

- Investment (commercialization) ?



Thank you for your attention

gracin@irb.hr
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