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Task VIII Expert Meeting Summary (tentative)

version_02916
12-13 September 2002, Grand Orbis Hotel, Warsaw, Poland

Thursday 12, September, 09:00 - 13:00
<Minisymposium>

Symposium on PHOTOVOLTAICS in the WORLD was organised by the host, Mr. Stanislaw Pietruszko
and the OA, Mr. Kosuke Kurokawa. 7 presentations were given by 6 experts. Around 10 Polish
Executives were attended as the audiences. This symposium could give comprehensive information
about photovoltaics around the world and of IEA PVPS successfully. It is expected that Polish activities
will be enhanced very effectively hereafter.

Thursday 12, September 14:00 - 18:15
<IEA/PVPS Task XlII - 8" Expert Meeting, Warsaw>

E ? |

1. The Polish host, Mr. Gerard Lipinski, Ministry of Economy, Department of Energy, welcomed all the
Task VIl experts.

2. All the distributed materials were confirmed. The matters to and from the ExCo were reported by
Mr. Kato.

3. The progresses in the reviewing process were reviewed. The most of manuscripts have been
already reviewed and compiled for the publication mainly by the efforts of Mr. Verhoef, Mr. Komoto
and Mr. Kato. The native check has also be made for the existing manuscripts by the settlement
prepared by Mr. Urabe, PVTEC. the present version of the manuscript was also sent to all the
ExCo members for the publication approval vote ballot.

4. It was decided to check possibility that the executive summary with the condensed, comprehensive
summary will also be separately printed. Total pages will be around 30 pages. 3 possible options to
that will be considered: main body and summary by J&J, the latter as IEA PVPS report, the latter

12



by NEDO's print.

5. The structure of the cover pages were discussed and restructured as follows.
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6. The contents of the short summary as the comprehensive summary was presented by Mr. Verhoef
and was reviewed by all the participants. It was agreed that the proposed draft is appropriate
mostly.

7. The recommendation part was presented by Mr. Kurokawa and Mr. Verhoef. it was agreed that
the latter by Mr. Verhoef will be included as a condensed recommendations. It was reviewed by
all the participants.

8. Publication business issues were discussed very carefully in terms of printing plan, royalty, price,
etc.. It was pointed out that some unidentified parts in the minutes for J&J have to be clarified and
informed by Mr. Urabe immediately. Number of prints.

9. Banket: Bazyliszek on the Market Place in the Old Town (Rynek Starego Miasta) from 19:30.

Friday 13, September  09:00 - 18:15
The Second day, IEA/PVPS Task Xl - 8" Expert Meeting, Warsaw

1. International Symposium will be held in Osaka, May 2003 as the last course of Task VIl Phase | .
Tentative programme was suggested today as follows. Revision will be prepared by Mr. Kato and
sent to the experts by the end of September and finalised for discussions by ExCo, October

1. Short Introductory session including preliminary study - 20 m.
2. Case Studies from each contributors - 20 m. each for 3 presentations
Discussion for questions - 30 m.
<30 m. break>
3. Scenario Studies and Recommendations - 20 m. each for 2 presentations
panel for taking stakeholders’ opinions and for the extended work plan of Task VIII

The following specialists will be invited: GEF, WB and Mongolian specialist or possibly
desert country specialists, utility (e.g: NUON, SMUD)

[note] Video recording is proposed.

2. For Second Phase Task VI, continuing participation is suggested as follows:
NL: may have problems. Mr. Vleuten: continue voluntarily

KR: supports.

13



IL: continues.
MN: continues.
CN: Mr. Song may invite them. (?)

DE: ExCo member is negative at the moment. any other possibility from DE?

EPIA: Mr. Vleuten suggested the possibility of invitation from EPIA.
3. Short Summary:

- Modification on the short summary will be made through e-mail communications by 3 October
by Mr. Verhoef.

4. Recommendations:

- Next version rewritten by Mr. Kurokawa will be circulated by 24 September. Modification on the
recommendations will be made through e-mail communications by 3 October by Mr. Kurokawa.

5. The direction of negotiations with J&J was discussed again.
6. New Work Plan:

- New objective until 2005 has to be more clearly specified to show difference from the first
phase.

- Expected outcome will include project action plans of the 4™ category including financing,
specific local conditions for plural locations, template for making action plans, newly available
operating technical/economical information from desert regions.

- Procedure to settle Task VIl proposal to ExCo decided to make e-mail communications to have
final version by 4 October.

7. Place and date of the next meeting:

11*! candidate: 4-5 July in Paris|

%ﬁé avat it on—49._20 MNMaov, 2003 Osakag

Longer term schedule will be settled at the next meeting.

8. At this last meeting of Phase 1, OA Kurokawa expressed his thanks to all the participants for their
sincere cooperation and support to accomplish works in Phase 1 of Task VIII.

Thursday 14, September  08:45 - 16:00
Technical Visit

Task VIII participants visited BP filling station with 11kW PV canopy and a grammar school with 1kW
PV system connected to the grids.

14
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2 Photovoltaics: Energy for the XXI century — Prof. Stanislaw M. Pietruszko, Warsaw
University of Technology.
3 “Overview of IEA-PVPS and Outline of IEA/PVPS Task VIII” — Prof. Kosuke Kurokawa,
Tokyo University of Agriculture and Technology; IEA/PVPS Task XIII Operating Agent,
Chairman of the 3rd World Conference on Photovoltaic Energy Conversion WCPEC-3,
Osaka, May, 2003.
4 “PV R&D and Introduction in Japan” — Dr. Kazuhiko Kato, Senior Research Organiser,
NEDO; IEA/PVPS Task XIII Operating Agent
5 coffee break
6 “Photovoltaics in the Netherlands” — Peter van der Vleuten, Free Energy Europe.
7 “Photovoltaics in a desert climate — Some plants for Israel and her neighbours — Prof.
David Faiman, Director, The Ben—Gurion National Solar Centre, Ben—Gurion University.
8 “Photovoltaics in Korea” — Dr. Jinsoo Song, Korea Institute of Energy Research.
9 Photovoltaics in Poland” — Prof. Stanislaw M. Pietruszko, Warsaw University of
Technology.
10 Lunch
6. RHAN
1 Agenda [Pietruszko]
2 Photovoltaic in the World and in Poland [Pietruszko]
3 IEA/PVPS OO0 O0OOOO2002000 [Pietruszko]
4 IEA/PVPS Overview [ by E.Lysen and S.Nowark[ [Kurokawa] O OO0
5 VLS-PV in Deserts — Overview, Design & Prospects [Kurokawa] O OO0
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F—HFA: Dr. Stanislaw M. Pietruszko (PL)
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Opening of the Symposium
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Mini symposium (16 persons)

1 Mr. D. Faiman (1S)

2 Mr. K.Kurokawa (JP, OA, Chair)
3 Mr. K.Kato (JP, OA)
4 Mr. K.Komoto JP)

5 Mr. K.Otani JP)

6 Mr. J.Song (KR)

7 Mr. P. van der Vlerten (NL)

8 Mr. N. Enebish (MN)

9 Mr. S. Bayambaakhuu (MN)

10 Mr. I. Urabe (JP)

11 Mr. M. Ito (JP)

12 Mr. Stanislaw M. Pietruszko(PL)

13 Mr. G. Lipinski (PL)

14 Mr. J. Dylewska-kupisz (PL)

15 Mr. P. Pajestka (PL)

16 Mr. T. Skoczkowski (PL)
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<Programme>

Symposium
PHOTOVOLTAICS in the WORLD
Warsaw, 12" September 2002

together with the
Task VIl Expert Meeting (11" in total)

of IEA PVPS Implementing Agreement
12"-14" September 2002
Grand Orbis Hotel, Warsaw, Poland

Thursday 12, September

09:00 - 09:10
09:10 - 09:50

09:50 - 10:20

10:20 - 10:50
10:50 - 11:20

11:20 - 11-35
11:35 - 11:50

11:50 - 12:05
12:05 - 12:20

12:30 - 13:30

Opening of the Symposium

Photovoltaics: Energy for the XXI century - Prof. Stanislaw M. Pietruszko,
Warsaw University of Technology.

“Overview of IEA-PVPS and Outline of IEA/PVPS Task VIII” - Prof. Kosuke
Kurokawa, Tokyo University of Agriculture and Technology; IEA/PVPS Task XillI
Operating Agent, Chairman of the 3“ World Conference on Photovoltaic
Energy Conversion WCPEC-3, Osaka, May, 2003.

“PV R&D and Introduction in Japan” - Dr. Kazuhiko Kato, Senior Research
Organiser, NEDO; IEA/PVPS Task Xlll Operating Agent

coffee break

“Photovoltaics in the Netherlands” - Peter van der Vleuten, Free Energy Europe.
“Photovoltaics in a desert climate - Some plants for Israel and her neighbours -
Prof. David Faiman, Director, The Ben-Gurion National Solar Centre, Ben-Gurion
University.

“Photovoltaics in Korea” - Dr. Jinsoo Song, Korea Institute of Energy Research.
Photovoltaics in Poland” - Prof. Stanislaw M. Pietruszko, Warsaw University of
Technology.

lunch
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Prof. Kosuke KUROKAWA
in Utrecht

L]

Photovoltaic Renaissance:
The Future is Now

IEA-PVPS Overview

What isthe |[EA ?

International Energy Agency, established in 1973,
after thefirst oil shock (Kissinger and others) to
counterbalance OPEC

Focus on stabilising oil prices (90 days storage)
Agreements between OECD governments

Collaborative research on energy conservation,
renewables, fossil fuels and fusion power

Lega form: “Implementing Agreement”
Example: Photovoltaic Power Systems agreement

L]

|EA organisation structure

Fossil Fuel Energy End Use | [Renewable Energy| [ Fusion Power
Working Party Working Party Working Party Working Party
T

r T T
‘ Hydropower ‘ ‘ Solar Heating ‘ ‘ Photovoltaic ‘ ‘ Geothermal ‘ ‘ Wind ‘ ‘ Bioenergy ‘ ‘ Solar PACES ‘ ‘ Hydrogen ‘
s

and Cooling | | Power System

] [ [

What is|EA PVPS?

IEA PVPS : Photovoltaic Power Systems
Implementing Agreement

Proposed by the 1% |[EA Photovoltaic
Executive Conference in Taormina, 1989.

Initiated 10 years before — rather new!
Executive Committee: twice a year.
6 Tasks active now.

L]

PVPSis/ has/ provides:

atruly international network
global independent expertise
objective information

150 experts

task-shared basis (each country supports
own experts)

effort of 5Mio USD / year
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Mission

To enhance the international
collaboration efforts through which
photovoltaic solar energy becomes
a significant renewable energy
source in the near future

Objectives

 To contribute to the cost reduction of PV power

applications

» To increase the awareness of their potential and

value

» Tofoster their market deployment by removing

technical and non-technical barriers

 To enhance technology co-operation with non-
IEA countries

PV PS participation by countries
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Participation by sectors

* Utilities

« Governmental organisations

e Agencies

e Industry

* R&D Institutions

 Engineering & Consulting Companies
* Architects

Target audience

The participating sectors, plus:
* Urban planners

* Project developers

* Local authorities

 Trade associations

* Financid institutions

* NGO's

* Media




Tasks

Exchange and dissemination of information on PV power systems
Operational performance and design of PV power systems and subsystems

3 Use of PV power systemsin stand-alone and island applications
Modelling of distributed PV generation (not operational)

5 Design and grid interconnection of building-integrated and other dispersed
PV power systems

6 Design and operation of modular PV plants for large-scale power
generation (concluded in 1997)

7 PV in the built environment
Very large-scale PV power systems in remote areas
9 Deployment of PV technologies: Co-operation with developing countries

Participation as per April 2001

PV PS Achievements

» Global network

 Pool of independent expertise

« Tracking market evolution

« Critical assessment of projects and approaches
 Highlighting critical issues

 Specific studies

* Input to other networks

Newsletter

PV PS product examples
—

o -
-

Reports

BIPV Demonstration

Prof. Kosuke KUROKAWA
in Utrecht

il

Source: Shell
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Stage 4  Global Network
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INEWmASK ] HiaesexitargiEicil

Subtask 1: Conceptual Study
- Conceptual configuration of VLS-PV: PV labncaﬂun technology — present & future
dominant parameters of production & transportation of system components, cons!mcnon
Dpevatmn ‘electricity transmission and related ke
i

Ist year| -eaenal 55 an ergy souce and fornaghboring regons
- mFMamn of criteria: se\emn regi e studies; non-technological and -

site-dependent parameters sucl as mamanon condmons climate conditions,

quality of the land surface, flora/faut other environmental issues.

- List of selected regions, Qnr case st urjles

¥ 7/

\
Subtask 2:

Case Studies for Selected Region

- Assessment of the capacity of VLS-PV: confi \guvanon of each

CompoRent e T o oy s ol

Condiiions, reglonal siectricity demand, system perform:
nansm\ﬁsl:)hn (echnology, oifer emalvd DptoRS, concarrent ___\

- Mullipumose use: iproving localiregional natural &
s‘LMo =eConomic envitonments.

- Environmental impacts

2nd year
&
3rd year

Subtask 3: Comprehensive Evaluation
Ath year | o misn ot

- Scenario options; mid- to long-term
- Workshops W

Israel

Italy

Japan

Korea

The Netherlands
Spain

United States
Mongolia (Observer)

o

sy

R e . el 15 T H.- R
“Air Nayigation System with 5.2 kW PV
. Garvan Saihan, Umnugf_)_l)i Pro‘vince

Methodology of EvaILLatjgpAN

In order to carry out this evaluation,
Life-Cycle Analysis (LCA) approach is employed.
Major tool to evaluate environmental impact of product

VLS-PV requires energy and raw materials in its life-cycle
i.e. Manufacture, Transportation, Construction, Operation,
decommissioning

In this study, 3 kinds of Life-Cycle indices are evaluated:

Annua expence of PV system (Yen/year)
Annua power generation (kWh/year)
Total primary energy requirement througho ut life - cycle (kWh)

Generation Cost (Yenkwh) =

EPT (Yea) =

Annual power output (KWHh/Y ear)
Total CO, emissions throughou t life - cycle (g - C)
Annual power output (kWh/year) x Lifetime (years)

CO, emission rate (9-C/kwh) =

Major assumptions -1

(1) Installation site : Gobi desert in ¢ — S

(2) System capacity : L00MW; | Huh-hot, Irmer Mongolia
(3) Array structure : South f ce&rf‘?%?ﬂnﬂgitﬁi%ﬁ%“"essc

(4) PV module : Poly. Silicony, 1 i%gE'Mh/mzlyr
(5) Performance ratio (PR) : 78%, I,—.ﬁpcg@ggésq;;@@@mmz/yr

(6) Module pri 5 $/W,| Tiltieagle-301022Q%NH/m2/yr.
Inverter pri 6.3-24.5 niilliensirerllrfifi37 kWh/im?yr.
Interest rate 2% ,3%.,6%:;

(7) Regarding O&M, 9 ogeragors in3 shlft&areassumed

I’\Uled
China

(8) ]AII the components are transported to installation site.

(9) Decommission stage is not included in this study now. ‘

Mongolia

N
Inverter £
Common I




4 Design p

\PV Module Iayout\

\Array support design \

100MW PV array field

500kW basic unit 25MW sub-unit

2x(250kW sub DC =50 x 500kW 100MW PV plant

array unit) .
Inverter cubicle 721 h 4% 25MW

Fot-oto-toto-tototototod
o

FO--O--O--O--O--O=-O--O-+-O-1

LI
9
9
9
9
]
9
9
9

o+
o
o+

fo-o-to-to--o-Fot-o1o-to-+o1

Fo1-010-H0-+0--0--01-0-H0--0--0--01-0-0-+-0-01-01-0-Ho-+-0+

F-O--O--0-H-0-HO--O--O-HO-O-HO--O--O-HO-HO--O-+-O-O-HO-t

Fo-t o+
F0--0-10-H0-+0--0--01-0-H0--0--0--01-O-HO-+-0-01-0+-O-Ho-+-0+

Module requirement =8.4x10°=100.8MW | @f%

Evaluated Results ~components~

Tilt angle
10° 20° 30° 40
Land requirement

(o]
W 2.3km2/ 2.6km2/
Array-stupport
ctonn 9/7kto
i —
Foundation

T
|
__offktos olkiob

Evaluated results epT & co, emission rate

2.0 T T ] 140
§1.5 —— 120
$ 1002
= EPT 80 O
1.0 o
& coz 60 &
0.5 140
120 ©

0.0 0.0
10 20 30 40
Tilt angle[°]
oS

Average CO, emission rate of utility in China = 260g-C/kWh ‘

Evaluated Results-ept and co, emission~

N

Breakdown of CO, emission
(Wide model, 30°)

Breakdown of Energy

O PV module O Array support [J Land transport
[ Foundation [ Trough [l Cable O etc.




. Thar preat sandy Sahara-
=
T
2 |
= )
S Module Price
%15'0 ° 43/W
1%
A
8 ] 3$/W
10.0 ™
g B 2%/wW
= °
S50 1$/W
c
[}
0]
0.0

2000 2200 2400 2600 2800
Annual Irradiation(kwh/m2/year)

Indicative generation costs (US¢/kWh) %
for different systems costs and levels of annual irradiat@’n

[PVl vis-Pv
Coal Burning Power - Existing

@ Coal Burning Power - New
Existing Transmission Line
higher than 220 kV

1070MW total
Inner Mongolia Paotow
40

Italian Case Study
- medium, dispersed VLS-PV

Mediterranean
Network

A5 Pv=s0MW
w. %30 plants
L AlgeriaTTY e

Delivered Electricity Cost (cents/kWh)

transm. annual utilisation factor
distance 6000 h 2500 h 2000 h 1500 h
10 km - 031 039 051
30 km - 0.47 059 0.78
60 km - 0.72 089 119

'&Ls-Pv

25MW |Start-up by PV system from outside
PV

As of 14 OCT 2000

output
50MW
facility
50MW
PV
\/

output

Capacity of PV System [MW]

s imepor,
1l VLSV DEELGRET,

000

| |

[—Total L
‘ — Free capacity
Cpacity for facility operation [ | |

) scale| of ing facility

Period [years]

Lifetime: PV system=20yrs., facility=10yrs. W

S-0: R&D stage (4 years)
* 500kWx5 research systems
* 4 USD/W PV module
« Imported PV module
« Imported Inverter

S-1: Pilot stage (3 years)

« 25MW pilot PV system
« 3 USD/W PV module
« Imported PV module

< Imported Inverter

S-2: Demonstration stage (3 years)

« 100MW large-scale system

* 2 USD/W PV module

» PV module by Domestic/regional production
« Imported Inverter

S-3: Deployment stage (5 years)

« Sustainable 1GW VLS-PV system with energy network
* 1 USD/W PV module

« PV module by Domestic/regional production

« Inverter by Domestic/regional production




MW/ -ey Issues toward VLS-PV

S-0: Category 1: Site W Category 5:
& development International Frameworks
R&D stage Category 2:
RD&D for VLS-PV

S-1: Category 3:

Domestic/regional production
Pilot Stage
S-2: Category 4: Concept of

system extension
Demo. Stage
S-3:
v v v v v

Deployment i
Stage Towards the sustainable growth of VLS-PV W

Ww g Understandings;

(1) VLS-PV can contribute to global energy needs ‘

- VLS-PV development needs a long-term view and consistent
policy.

- VLS-PV can supply electricity for a billion of people without
electricity as well as the significant part of world energy from
mid-21st century.

- Consider PV option very seriously as one of renewables when
national and global energy supply plans are discussed for the
coming world energy problem in 20 years or 30 years.

- Adopt a step-by-step technology transfer approach for letting
local human resources and industries grow up in order to make
the sustainable development of VLS-PV systems possible.

Ww elerallUinderstanclings

(l) VLS-PV can contribute to global energy needs ‘

- Prepare a long-term development scheme for a sustainability
of VLS-PV, which assumes scrap-and-build procedure for
VLS-PV plant construction and PV module facilities. According
to the proposal of ‘Sustainable Development Scheme’ which
enhances the capacity of PV module facility from 5 MW/y to 50
MWI/y (in 13 years), typically for 1,5 GW VLS-PV stable
capacity in 42 years, average investment required was
estimated to be approximately 50 MUSD/year and a break-
even would come within 20 years, in the case of 3 USD/W
initial PV system price and 10 UScent/kWh electricity selling

price.

Ww eneralfUinderstancings
¢ 4

(1) VLS-PV can contribute to global energy needs

(2) VLS-PV can become economically and technologically feasible

- Recognise that the sustainable development of VLS-PV
systems is quite feasible if the proposed scenario or a similar
concept is applied

- Be aware of the economical feasibility of VLS-PV systems
around world deserts to be installed within 10 or 20 years.
According to study results for 7 regions on basis by proven
technology, most cases show the electricity production cost of
nearly 10 UScent/kWh or less in the case of 2 USD/W module
price. In addition, 5~7 UScent/kWh is also attainable in case of

1 USD/W mostly.

W{W enerallUnderstandings;
¢ 4

(1) VLS-PV can contribute to global energy needs

(2) VLS-PV can become economically and technologically feasible

- Understand that a desert area normally has a potential of
much more electricity even at higher than 40° north latitude like
the Gobi Desert. Many of such regions exist throughout the
world. The cost of electricity from those areas is expected to be
sufficiently low for developing those areas and for securing
people’s livelihood there. It is said that the final form of
photovoltaic utilisation is Very Large Scale PV systems (VLS-
PV) to fully extend its capability.

- Remember that power transmission scenario is possible.
Additional tie-line construction less than 100 km does not cost
so much to connect VLS-PV through existing national power
grids to a load centre. Other advanced concepts will be also
expected by utilising a success in new technologies such as

superconductor or chemical energy transportation. W

Ww 2 Understandings;
[ 4

(1) VLS-PV can contribute to global energy needs

(2) VLS-PV can become economically and technologically feasible

(3) VLS-PV can contribute considerably to the environment

- Believe that a PV system is a completely environmentally-
friendly energy resource. According to the detailed study for
the Gobi Desert, life-cycle CO2 emission rate is estimated
almost 12 g-C /kWh, which corresponds to only 4% of
emission from regional coal-burning station. EPT or energy
pay-back time is also calculated very short as much as 1,8
years.

sy




W{W eneralfUnderstandings;
¢hid

(1) VLS-PV can contribute to global energy needs

(2) VLS-PV can become economically and technologically feasible

(3) VLS-PV can contribute considerably to the environment

(4) VLS-PV can contribute considerably to socio-economic development

Recognise that a VLS-PV system can generate not only
electricity but also socio-economic gains to a region year by
year, by assuming technology transfer for PV module
fabrication facility. By a facility with a capacity of 5 MW/year
constructed in the first stage for a sustainable growth, induced
production corresponds to 58 MUSD/year, which is 3,5 times
of direct expenditure including the regional availability of PV
cells. It also gives new permanent jobs to 2 570 people.

Sy

tolbecisionlliakers

2
Ml]ﬁmWﬁ

Draw a long-term view of world energy market trends and
provide national energy outlook.

Look at the future possibility of VLS-PV industries, which may
become major enterprises controlling world energy market.

Prepare a step-by-step plan for R&D to make good use of
broad capabilities in photovoltaic technology when the world
energy problem arrives. Draw a long-term view. Do not hurry
too much but be consistent.

Initiate, continue and extend bi- or multi-lateral international
collaboration with those developing countries which have
abundant solar energy. This peacefully eases future conflict
about energy problems.

tolStakelholders

Specific recommendations are discussed considering the

following stakeholders.

Decision-makers in PV industrialised countries
Decision-makers in developing countries
Decision-makers in oil-rich countries

International financial institutions and commercial banks
PV industry associations and multi-national industries
academic societies and specialist networks

Power utilities

International Energy Agency
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