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IEA PVPS Implementing Agreement
Task VIII 6™ Expert Meeting held in Utrecht, The Netherlands,
27 February - 1 March 2002

Meeting Summary by the Operating Agent
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I. The First Day Meeting

O

This expert meeting is invited by Dutch Task VIII Expert, Mr. L. A. Verhoef of
the Verhoef Energy. He welcomed all of the Task VIII participants. Meeting
Participants are also invited to 1.3 MW Amersfoort Nieuland and 2.3 MW
Froliade 2002 PV Roof on the third day as a technical visit.

The draft minutes of Ulaanbaatar expert meeting [7-3] was confirmed. Other
documents [7-4~7-6] relating to the previous meeting were also reported
including Task VIII Status Report [7-4] submitted to the previous ExCo.

It was explained that this meeting will be evaluated by the Israeli Member of
the PVPS ExCo, Mr. Arbib afterwards.

The publication schedule of the final report was discussed according to Mr.
Kato’s Proposal. It was decided to introduce a pier review process among Task
the experts. The final deadline of all the drafts for the report was decided as 31
May 2002. The final draft for printing will be circulated and approved by the
Task experts in September. This will be submitted to the ExCo in October for
permission. The report will be printed by James & James by the end of March
2003. [7-23]

New data for Chapter 1, Pt-1 [7-8, 7-9] were presented by Mr. Kurokawa.
These are cited from the latest, important literatures concerning long-term
world PV market projections.

Drafts [7-10, 7-12] submitted by Mr. Song were discussed. He is requested to
add statistical data included in IEA PVPS Annual Report also in Chapter 2,
Pt-1. PV conversion efficiency indicated in the present draft for Chapter 5, Pt-1,
may be misunderstood. The type of conversion efficiency definition has to be
clearly stated. He is hopefully asked to introduce authorised efficiency data
measured by NREL and Fraunhofer Institute to these statistics.

Much improved draft [7-13] for Chapter 5. Pt-2 was explained by Mr. Faiman.
There were a lot of useful, detailed discussions about cost estimation model
structure and parameters such as interest rate, system life time, O/M and
replacement cost, DC load option, inverter cost, labour cost, etc.. According to
these discussions the draft will be further modified.

Mr. Pietruszko, Professor of Warsaw University of Technology presented the
status-of-art of photovoltaics in Poland as an observer. [7-25]

13



II. The Second Day Meeting

0 Two Dutch participants joined the second day meeting: Mr. Jersen
Daey-Ouwens (NOVEM: left) and Mr. Michiel van Schalkwyk (Ecofys: right).

0 Mr. Komoto explained the improvement of draft [7-11] for Chapter 2, Pt-1.
According to meeting discussion, it will be stated that desertification issues are
not so clear up to now.

[0 Mr. Otani explained O&M cost and degradation issues by using draft [7-13].
Detailed components of O&M have to be clearly stated All the gradation data
collected will be plotted in a scattered diagram in order to justify the classes of
degradation assumed for case studies.

[0 On behalf of Mr. Collier, Mr. Kato explained his contribution [7-14]. In
conjunction with it, Mr. Faiman mentioned his input about a comparison study
[7-21] among fixed, 1-axis, 2-axis flat plate tracking. The former will be
included in Pt-1 as new Chapter 6. The latter will be extended as comparative
case studies in Negev in Chapter 5, Pt-2. Chapter6 in Pt-2 is transferred into
Pt-1 as a part of Section 4.3. Mr. Faiman’s conclusion in his draft [7-21] is also
used for supplementing the same section.

[0 Mr. Kato mentioned about his draft [7-15] concerning new version of world
desert case studies. His summarising conclusion is presented in Fig. 2-9. It
shows that around 6 cents/kWh electricity cost was obtained for any deserts
except for the Great Sandy if module price is assumed 1 $/W. This draft will be
slightly modified according to studies to be continued.

[0 Draft [7-16] and data table [7-17] were skipped for time saving because
fundamental model structure is quite the same to the old version and because
it gives the same level of results obtained by the previous world desert rough
studies. .

0 Mr. Komoto explained his improved draft [7-19, 7-20, 7-23] showing cash flow
break-even for construction of PV power plant according to sustainable
development. He is expected to add cash flow studies for the operation of
module factory to indicate pure sustainability. The table of standard
parameters through all studies will be located somewhere in the report.

0 Mr. Kurokawa presented his idea for recommendation chapter at the end of the
final report by using pre-draft [7-22]. His basic idea described in this
preliminary draft was agreed and a lot of discussions to add more stakeholders
and more aspects of recommendations. He will improve this draft according to
these discussions as early as possible and circulate for comments.

[0 All the participants presented their opinions concerning the succession of Task
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8. Many of them are expecting the continuation of the present Task 8. If so, a
candidate for the new Operating agent is necessary to be invited. There may
be two options: simple continuation of Task VIII for further deepened study
about VLS-PV and creation of new task for evaluating a variety of added PV
values by the methodology which has been developed by the present Task VIIl.
These discussed points will be reported as opinions from Task VIII experts at
the coming ExCo in April by Mr. Kato

A peer review process was proposed for brushing up all the existing drafts by
Mr. Verhoef on the first day. It was confirmed that, in principle, 3 subtask
leaders, Mr. Kato for Pt-1, Mr. Menna for Pt-2 and Mr. Kurokawa for Pt-3, are
guite responsible. Besides that, 3 additional reviewers were appointed by the
Chairman: Mr. Faiman for Pt-1, Mr. Komoto for Pt-2 and Mr. Verhoef for Pt-3.
Mr. Verhoef was also asked to be Chief Reviewer to control whole the peer
review process. Precise schedule was discussed according to a document
[7-24] proposed by Mr. Kato. It was decided that the deadline for the
submission of final version of all the draft is April 15. They have to be sent by
e-mail or CD-R by post to Mr. Kato. He shall upload them to Task VIII Web-site.
Reviewer or other member can refer any of the latest version of existing draft
though inter-net. Peer process will complete by June 15 to hand all the draft
for the following approving and printing processes.

Mr. Pietruszko invited the final meeting to Warsaw, Poland. Meeting date is
decided as 12-14 September 2002.
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[Attached Paper-1]

Precise schedule and reviewers

Editor Reviewer (*: chief)
Part 1 Mr. Kurokawa (JP) Mr. Faiman (IL)
Part 2 Mr. Menna (IT) Mr. Komoto (JP)
Part 3 Mr. Kato (JP) Mr. Verhoef (NL)*

Target Date

Action

March — mid-April 2002

Completion of working draft manuscripts.

15 April 2002

All the CONTRIBUTORS send their working draft manuscripts to Mr.
KATO by email or CD-R by post.

Mr. KATO uploads them to TaskVIII website.

April — mid-June 2002

Peer review of the draft manuscripts among REVIEWERS and other
participants.

Completion of final working draft manuscripts.

15 June 2002

All the CONTRIBUTORS send their final working draft manuscripts
and draft text for Executive summary to Mr. KATO by email (Notice! :
kazuhiko.kato@aist.go.jp)

June — August 2002

Layout arrangement by JAPANESE STAFFE .
Native check of the manuscripts.
Drafting Executive Summary by JAPANESE STAFE

September 2002

[the final expert meeting]

Approval of the final draft (rough binding) by all the TASK EXPERTS
at the final expert meeting.

The final draft will be uploaded to our web-site in advance of the
meeting.

October 2002
[ExCo meeting]

ExCo review and approval of the final draft (rough binding) [OA]

November 2002 — March
2003

Printing [OA] — J&J ? (under consideration)

March 2003

Publication of the final report.
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[Attached Paper-2]

Table of Contents for Final Report (as of Feb. 28, 2002)

“A Feasibility Analysis of Very Large Scale Photovoltaic Power Generation (VLS-PV) Systems”

Part 1 : Background, Concept and General Information

1. Background Mr. Kurokawa (JP)
2. Environmental Issues Mr. Komoto (JP)
3. Concept of VLS-PV Mr. Kurokawa (JP)
4. Technology Trends
4.1 Crystalline Si Solar Cells Mr. Menna (IT)
4.2 Thin-Film Solar Cells Mr. Vlueten (NL)
4.3 System Technology Mr. Kurokawa (JP), IL, SP, US
4.4 Power Transmission Technology Mr. Paletta (IT), Mr. Enebish
(MN)
5. Cost and Market Trends
5.1 Cost Trends Mr. Song (KR)
5.2 Market Trends Mr. Verhoef (NL)
6. Utility Benefits Mr. Collier (US)
7. Irradiation Database Mr. Faiman (IL), Mr. Otani (JP)
8. O&M Experiences
8.1 O&M Cost Information Mr. Collier (US), Mr. Otani (JP)
8.2 Long-Term Performance Mr. Faiman (IL), Mr. Otani (JP)
Part 2 : VLS-PV Case Studies
1. General Information Mr. Komoto (JP)
2. An Introductory Case Study on World Deserts Mr. Kato (JP)
3. Case Study on the Gobi Deserts JP, KR and MN
4. Case Studies on the Sahara Desert
4.1 Network concept Mr. Paletta (IT)
4.2 Technology transfer Mr. Menna(IT), Mr.Komoto(JP)

5. Case Study on Middle-East Desert — Fixed, 1-axis, 2-axis and | Mr. Faiman (IL)
High Concentration

Part 3 : Scenario Studies and Recommendation

1. Generalised understandings extracted from VLS-PV case | All contributors
studies and information in Part 1 and 2

2. Scenario Studies

2.1 Introduction Mr. Kato (JP)
2.2 Sustainable Growth of VLS-PV System Concept Mr. Komoto / Mr. Kato (JP),
Mr. Menna (IT)
2.3 Possible Approaches toward the Future Mr. Kurokawa (JP)
2.4 Indicative Financial Scenario Mr. Verhoef (NL)
3. Recommendation; Thinking: Who are Stakeholders? Mr. Kurokawa (JP)
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OO0 IEATask VI OOOOOUOOOODUTCH FORUM "VLS-PV
SYSTEMS" JAPANESE-DUTCH MINISYMPOSIUM ON VLS-PV'L

1. KBS AMLEMTLSRKTILEER

2. REBE: 143818 (£)9:30 ~ 12:30
3. A—HF+4¥: Mr. L. Verhoef (NL)

4. BNE: 184 (BIARESHR)

5. 7JO455L:

1 Welcome and Opening (Mr. Leendert Verhoef, NL)
2 VLS-PV in desert, overview of technology, design and prospects from the IEA PVPS
Task VIII (Prof dr. Kurokawa, JP)
3 Financial support for small and large PV in Japan (Mr. Kato, JP)
4 Financing international Renewable Energy Projects (Hans Biemans, Rabo Bank, NL)
5 Discussion
6. 2EEN
(1) K. Kurokawa: VLS-PV in deserts — Overview, Design and Prospects.0] O O O
(2) Hans Biemans, Sustanable Development Dept., Rabobank Group: Rabobank and PV.
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Morning meeting (18 persons)

Harmke Bekkema (Nuon)

Ronald van Zolingen (Shell Solar)
Rene van de borch (Profin)

Hans Biemans (Rabobank)

Bert Smolders (Arcadis)

Rein Jonkhans (Arcadis)

Wouter Borsboom (TNO)

Rene Blickman (Stroomwerk)

Leender Verhoef (VSEC)

10 Prof. Kurokawa (TUAT)

11 K. Kato (NEDO)

12 Side Schone (WNF)

13 William Oosterwijk

14 Martijn Mouwen (Rabobank) + Collega
15 Sible schone (WNF)

16 Faiman (Israel)

17 Peter van der Vleuten (Free Energy Europe)

OCoO~NOOUOPWNPEF
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Stage 3

Local Grid Formation

Stage 1 Stand-alone / central PS [|Stage 2

Network Integration

loca
load

Covered by
n =14% PV modules

1,300,000 km?

JSa'nara
8,600,000 km?
384EJ/year
Total year
Lgnd PV Electricity
Surface
Total R
Earth World Primary
Surface Energy Supply
In 1995 =
387EJlyear

e

ryaLarge Scale

Oivetaicl Power
Egeration

AES##V) Systems
To examine and evaluate the potential of Very
Large Scale Photovoltaic Power Generation
(VLS-PV) Systems, which have a capacity
ranging from over multi megawatt to GW;
by identifying the key factors that enable
VLS-PV system feasibility and;
clarifying the benefits of this system’s
application to neighboring regions, as well as;
the potential contribution of system
application to protection of the global
environment and renewable energy utilization
in the long term also will be clarified.
Mid- and long-term scenario options for
making VLS-PV systems feasible in some
given areas will be proposed.

PGl e
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Subtask 1: Conceptual Study
- \caﬂun technology — present & futus
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1
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1
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Case Studies for Selected Region
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- Workshops




Israel
Italy
Japan
Korea
The Netherlands
Spain

United States
Mongolia (Observer)

Major assumptions -1

Air Navibation System with 5:2 KW.PV. -1
~.Garvan Saihan, Umnugobi Province -

Methodology of EvaILLa}tjgpAN

In order to carry out this evaluation,
Life-Cycle Analysis (L C/A) 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:

. _ Annual expence of PV system (Yen/year)
Yen/kwh) =
Generation COSt ( ) Annual power generation (kWh/year)
Totd primary energy requirement througho ut life - cycle (kWh)

EPT (Ye) = Annua power output (KWHY ear)

Tota CO, emissions throughou't life - cycle (g - C)
Annual power output (kWh/year) x Lifetime (years)

O, emission rate (9- CkWh) =

l-"ﬂ..!--‘ )
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Design p

PV Module layout

e
S

7// ) 5:# ”VD/)
JZ il m@)@ W LIOILS
® Total capacity for plantde5|gn. *100MW”

® Array structure: “fixed flat array”

@ Capacity of unit DC system: “500kW”
DC input to inverter : DC500V
PV array : 250kWx2

ARk ks 500 KW
T Cascade
g 9 g Inverter
PV array
[ f
£ Fook >
33 A
PV array
x
41— F— 250 KW bridge

500kW basic unit

25MW sub-unit

g Y dy Layou!

&

2x(250kW sub DC
array unit)
Inverter cubicle

=50 x 500kW

100MW PV plant
=4x25MW

Module requirement =8.4x10° =100.8MW

Design procedure -2

3 kinds of PV array according to the same step by step procedure.

Moderate model

Evaluated Results ~components~

Tilt angle
10° 20° 30° 40°

Land requirement

A4 kmz/1.8 km?/)/ 2.3 km? 2.6 km2
Array-support
Foundation — X i

] 1 aﬂM
/9 9 ‘,«m‘L J‘f Il $7
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30
Tilt angle[] @ Tilt angle[°]

Evaluated Results ~Cost breakdown~ Evaluated results ept & co, emission rate
4 4% 10% 2.0 140
5% = 120
§ 15 1003
= 8.0 O
10% b g
4.0
15% os 20 8
0.0 0.0
= PV module O Annual overhead expense 10 20_ 300 40
B Inverter with transformer © Arraylsuppr:rt g @\% Tiltanglef?]
5 Land transport ¥ Phase modifying equipment B Others

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

Conclusion Evaluated Results-epT and co, emission~

The 100MW VLS-PV is assumed to be installed in the Gobi desert.

062%19%% D
10%“’\ 9% 5% 3%1%1%

53% 37%

The VLS-PV is we?, promising
C)

I Savi g enerd n'@sau!r“ﬁ% ]
and to solve global envifenmental issues.
M Simpler system design m @ m
In order to realize “Improvernent of B PV module @ Array support @ Land transport !
) module effiiciency . @ %
further cost reduction and Systemn PR O Foundation H Trough B Cable Hetc.
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Italizain Casa Study
- meadium, dispersad VLS-PV

Indicative generation
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@ Coal Burning Power - Existing
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higher than 220 kV
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DEVELOPMENT

As of 14 OCT 2000

Start-up by PV system from outside
P

V
] v As of 14 OCT 2000

2
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2
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12
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2
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> [—Total
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S ——Cpacity for facility operation
200
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\/ Period [years]
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Lifetime: PV system=20yrs., facility=10yrs.
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S-0:Research Stage P oss | b | e |
=
B U OOKW, gubi!a%tql g:\l,)‘,:rlzaﬁl A h | mmm
ayrs Sorgciono Powrsirey, ) Approaches 5
) toward U
S-1:Pilot Stage - Be aware of the capability that PV can supply electricity
Planf —Sub /Substagel - B ey Onit:25MW] for 1 billion people as well as the significant part of world
3yrs. A e O PV System energy from mid-21st century.
? - Believe that a PV system is one of purely
sg:toanonstrano environmentally-friendly energy resource, which emits
n e P . .
ag Substagel  SUDSIGE2  Supstaged  sub staged limited level of g/kWh-C much less than oil burning power
[PTant] Construction o Power supply  Start of Expansion of station
3yrs. | ORIt100MW] PV System  from PV focal System .
prodpiction
? - Consider PV option very seriously as one of renewables
when national and global energy supply plans are discussed
for the coming world ener roblem in 20 years or 30 years.
gpazDeployment 9 9P y y
e
e e Shomel | swsme  Sbome  Sbimed
Syrs. §us§alna§ elgyy PV System z%wer suppl)};v Sutcaart of B System :ﬂé
System production

/&ksagesmwswmuy

B

BT o sy

denl |
- Understand that desert area normally has potential of - Prepare the step-by-step stages of RD&D to make good

much more electricity even at higher than 40° north latitude use of the capability when world energy problem comes.
like the Gobi Desert. A large area of such regions exists over
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 extend its capability fully.

- Recognise that 1 GW VLS-PV induces a considerable level
of industrial creation and new jobs. There may be a
possibility in regional development including high-tech
industry by utilising PV electricity and land.

e

] [

- 1ink of a SHS and mini-grid at first but finally this may
lead you to VLS-PV in 20 years or 30 years after. You might
be able to export PV energy to neighbour regions.

- Start from an appropriate scale of introduction to your
country while having a concrete view of national energy
demand and supply in the future.

- Cultivate and raise a domestic PV specialist saloon from
an early stage to a grown stage gradually.

- PV technology has aIread¥ been at the level of cost-
competitive enérgy source for rural electrification and
improves

- Remind that Photovoltaics is quite close to your hand. It
is depend upon your own decision. There are’a variety of
financial unit youcan utilise.

- Be conscious of the coming world energy problem in 20
years or 30 years and consider PV option véry seriously as
one of renewables when national master
supply are discussed.

plans for ener%
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Draw a longer term view . Do not hurry too much but be
consistent.

- Do not forget that long-term and consistent policy is
essential to reach the final target.

- Initiate, continue and extend bi- or multi-lateral
international collaboration with those developing countries

which have abundant solar energy. This eases future
confliction about energy problems very peacefully.

- Prepare Phase 0 or Phase 1 Programme immediately to put
forth PV technology into developing regions, especially
around deserts.

- Be sure to maintain its regional sustainability and to intend
moderate technology transfer scenario when planning tha
development of DCs.

/&imgesmuswmuy

S B

[to Academic Society]

Do not forget about fundamental research bringing new
seed technology to VLS-PV. Very high efficiency PV cells,
organic-polymer PV cells, chemical energy transportation
media like hydrogen, methanol, etc., superconducting power
transmission and so on are all welcome.

- Formulate PV specialist society in developing countries in
cooperation with first leaders in those countries.
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World PV Epoch in Osaka
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Sun Mon Tt W Sat un Mon Tue Wed

Side Fuente

RIHGA ROYAL HOTEL

el B b '_O'SAKA

CONVENTION CENTERI

Major Technical Program Areas:

0 O Fundamentals, New Materials and Devices

0 0 CIGS, II-VI and Related Thin-Film Cells and
Technologies

O O 1I-V, Space Cells and Systems

0O O Crystal Si Cells and Technologies

0 O a-Si and Microcrystalline-Si Thin-Films and Cells

0 0PV Modules and System Components

0O O Terrestrial PV Systems

0O O National Programs, Policies and Economics

Please send your abstracts to the Program Chair.
Abstract Deadline: October 31, 2002

General Chair: K. Kurokawa
Vice-Chairs: L. Kazmerski
B. McNelis

T. Sameshima

Program Chair: M. Yamaguchi
Vice-Chairs:  C. Wronski

W. Sinke
Secretary:
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Hans Biemans MSc. MFE

Sustainable Developments Dept.

Rabobank Group

Rabobank and sustainability
Track record of Rabobank in PV Sector
Special attention:

- Solaris
- Floriade
Rabobank Green Products

Why Rabobank is involved in financing
PV-power

(3]
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Rabobank has a team developing sustainable energy market, water
market, climate change market and sustainable asset management

Rabobank Project Finance has an impressive international track
record in financing sustainable energy projects

Rabobank published first Annual Sustainability Report in 2000

Rabobank has highest SAM rating for economic, social, and
environmental criteria (amongst three other banks)

Rabobank Foundation: stimulates co-operatives in developing
countries

Operational lease for GreenPeace ‘Solaris’ initiative: 20,000 solar
panels on private homes, Netherlands (1998)

School building at Reduzum, Netherlands, Dorpsmolen association
(1998)

Groene Leguaan private homes project, Netherlands (1999)
Integration of PV in some of our offices in Sneek, Borger, Berkel
Enschot, Arnhem and offer for clients (2000-01)

Project with Leeuwarden City, Essent, CEA, Friesland Bank, loans for
solar panels on private homes (2000)

Preparation of PV Projects in agricultural sector with branche
organisations (2000)
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worldwide 14 projects in pipeline

- 2 projects in closing phase (5730,000)

- 2 projects in due diligence

— 7 proposed projects feasable in 2002

- 2 projects removed from shortlist (promising but slow)
- 1 project declined

Financing and arranging 2.3 MWp PV-system at Floriade with Nuon
(2002)

Energy system for private house, Houten, Netherlands, including
heat pump and 20 PV panels, €35,000, green finance, pilot for
Rabobank (2002)

Innovative marketing approach
aiming at cost reduction

Do it yourselfkit: ‘plug and play’
Maximum of 4 AC-modules per address
Effective business coalition of top players
Innovative financing structure (lease)

‘Allin’ package for NLG 975 (€ 442)

Energy distribution companies and Government Agency co-
operated

20,000 panels installed in the Netherlands

9
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panels, 26,200m2, investment € 17

400 households in Haarlemmermee
exposition building itself.
Built by Siemens

Financing and arranging by Rabob
International Project Finance and R
Groen Bank BV
Financing makes optimal use of D
Green Financing Scheme and subsi

.

Robeco Duurzaam aandelenfonds / Sustainable investment fund

- Invests in listed environmental friendly companies
- Since 1999
Robeco Milieutechnologie / Environmental technology fund
- Invests in listed environmental technology companies
- Since 2002
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Fiscal facility for the average tax payer: tax free interest on saving
deposits in certified Green Funds

Ord. Account Green Fund
Interest rate 4% 3%
Income tax 50 % exempt
Net interest 2% 3%

* Rabobank Groen Bank issues Rabo Groen Obligaties / Green
obligations to attract money from investors

+ Started October 2000
+ Ultimo 2001
- €818,000,000 was invested
- 1,070 projects from our clients

- approved by ministry of VROM
+ Theseclients pay a lower interest rate (up to 1%)
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+ Rabobank Groen Bank BV offers groene hypotheek / green
mortgages (in fact a special kind of loan)

+ House of client must meet a certain sustainability score (points)
+ These clients pay a lower interest rate

Lease Company becomes owner of the PV system

Transaction is financed with money from the Green Bank

+ Lease Company is entitled to (and able to absorb) EIA and Vamil tax
benefits

- Corporate income tax deduction for investments in sustainable
energy projects (EIA)

- Accelerated depreciation on environmental investments
(VAMIL)

« Fiscal benefits are split between Lessee and Lessor
+ and passed on in up-front payment of lease rentals by the Lessee

33
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Rabobank
Groen Bank BV

Industrial
consortium
L ol e
sa
payment T 1
loan &
> Lessor

|PV/ease
up-front payment
or lease rentals R

—
|
|
|

Lessee

EIA/VAMIL

tax credits

e

income tax

—_—

Tax Authorities

EIA & VAMIL relate to corporate income tax only !
EIA
- 55 % extra income deduction in year of investment.
— corporate tax rate: 55*35 % => NPV: 19,25 % of investment
VAMIL

- upto 100 % depreciation in first year's preference

- NPV: depending on depreciation scheme and discount rate 5-
15% of investment

Useful if company makes profit > 55% of investment and pays tax
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+ Milieufinanciering MKB / Environmental finance small commercial
businesses,

+ 50% guaranteed by Europeans Investment Fund (EIF)
*+ Results:

- 37loans in 2000

- 116 loansin 2001

« All sorts of clients: printing company, laundries, car dealers,
transport companies, campings, shipping companies, farmers.

+ Gilde Europe Food & Agribusiness Fund

- invests in high potential food processing companies,

- using innovative technology in producing, packaging,
transporting and selling

+ Rabo Innovatiekapitaalfonds / Rabobank Innovation Capital Fund
- Seed capital, investing in small scale sustainable projects

- Participants are entitled to greenhouse gas emission reduction
rights

- Started in 2000

16
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.

RSF is a fund-of-funds: invests in other funds:

- Solar Development Capital (SDC), mentioned before (2001)

- Prototype Carbon Fund: $5 mio investment; invests in certified
C02 reductions (2001). Projects financed by Rabobank.

- Aqua Investments: S5 mio invests in water companies in
emerging markets (2001)

PV is a new growth market

Fits well into SD-oriented policy of Rabobank

Links up well with other financial products and services in consumer
market (lease, mortgages, asset management, insurances etc.)

Private investors and corporate clients ask for PV related financial
products and services

Up swing potential in PV value chain: from hardware to retail
Sustainable business pays off sooner or later !
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BEH SV
1.2002 £ 3 A 1 H(®) PM: Floriade, TUFSVRHEER 2.3MW BR—FE PV O XT LA

Floriade TSV AR 2.3MW BIR—&E PV LR T L4

(1) JRERNE
NUON: Mr. Green Roerdinkholder, Ms. Harmke Bekkema. Siemens: Mr. Remko Knol.
H &Y Floriade X EEE (1 B)

(2) BB2HmEMN
2.3MW PV-roof at Floriade: FRBAFRAR S/ KaE—

Siemens tth4204
Floriade ER& ¥
QR =
O Floriade & 10 FIZ 1 ERAMNDA SUIRADEZERATTHS, 3 A 31 BLLRETE

O

O

THHHN., SEIEEFHICRZETHIEMNE K=,

E#)(Z NUON #t, #M#IZ SIEMENS #tMSZDV AT LICEET 2BHRNHY. COURT
LDERELE HEIREDFEREF/IIENH K,

Floriade TR ESN - KGAFEBEL AT LIX. 2.3MW DBEENDESE8M DERIZI—R)L—
DNDED2—IVERWEVRATLATHSD, ZRHL 3.20mx96m DEY1—/L(SIEMENS &l
SP140 ZJtITLTEIE) % 85 AL ERIA(E 21.5-18.5°L75> TS,

£{KT 200m x 100m THY . 20000m* D EE. BRDKRE TlE 26000m? TH 5,
EDA—IILDETORIIEFHRIATLELG>THY . BEENDEEFARTIENHE
b,

200kW & 300kW D ZD2DAN—3%HFL AT LDOREIE 5 £, EDa—ILORIEN
10 ERITHY. 10 FRESIFETH D,

aR & 669€/m2 (75000 F/m?) THY . #EEEMHEEEIL 1230MWh TH .
REFIEZERATAELIBEOTLSIDITTIERLN, REBEFTHY . KIBLKED
AT LSRR o=h, BRI EXTHhh TS,

2002 &£ 4 BA—72FED Floriade TSV AR, BEERS)aY PV ED 12— LR
KEBIBELTHL= 2.3MW D PV S RTFLNRESN TS,

2000 £ 6 AIZEEFETFEL(Siemens #1), 2001 F (MR AR, RIE 6 AIZHRIID
PV EDa—ILARESINT=, 2001 F 12 BIZV AT LA5ERKL. 2002 £ 1 A LYREEER
NThh TS, KEERIL 2002 £ 3 A 31 B&EYiThhd,
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2,3 MWp PV-roof
at Floriade

1 March 2002

Geert Roerdinkholder
senior projectmanager
Nuon Renewable Energy

Content

* Nuon

* How the project was born

® Actions to increase the system performance
* Important aspects of the project

® Some characteristics

NUON’s vision 2010

(m;s: to anticipate market changes |
] -Merger of Nuon, ENW, Gamog, EWR | ocus on retail
anticipating Dutch deregulation -Sale of large scale
\ o prodummn
=

Leading, independent international company in marketmg.

sales and distribution of energy, water (including water
production), and related products services, serving
millions of customers, leader in

Remwablh explicit in

vision Multi-utility character

- Large renewable energy - Acquisition of Biwater
_generation capacity
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Why does Nuon focus on
renewable energy?

®  Environmental responsibility

e  Security of supply
e  Customer demand

e Liberalized energy market

Ambitions Nuon in renewable
energy production

e  Front runner in renewable energy
e  Top marketer of renewable energy

e  Partner of choice in renewable
energy projects

Number of Green Electricity
customers

250000

200000

150000
100000

50000

“
1996 1997 1998 1999 2000 Mid
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How the project was born

® Floriade: Feel the Art of Nature

* NUON: the Dutch utility with the largest
investment in renewable energy

.

Important project aspects:

® Large scale generation of Green Electricity
® Large Green Electricity contracts

® Governmental support

® Roof integrated solution

® Important learning targets

Steps to increase the system performances

® Changes in the roof shape were not possible
* Amorphous modules not possible

* Inclination angle changed from 21,5° to 18,5°
* Number of cells per module from 12 X6 t0 11X 6
* Smart system engineering

Orientation of the project
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Design and construction aspects

® Planning

* Roof/Building design

® Module size

® Module weight

* Module transparancy
® Maximum temperature of the panels

® Safety

* Watertight roof
 Electrical system

¢ Energy production/performace

Planning
* May 2000
* June 2000
* July-December 2000

* December 2000

® January 2001

® June 2001

* December 2001

® January-March 2002
* 31 March 2002

bidding period
selection of contractor
contract negotiations with

Siemens, Floriade,
municipality,government

signing of contracts
start detail engineering
first modules on site
system operational
testing of system
delivery of installation

Roof[Building design (1)

Cross-section of the building




Roof|Building design (II)

Construction of the modules
4 mm safety glass

B Siemens cells

4 mm distances

Tetlar foil

2 layers EVA foil

Roof/Building design (III)

Cross-section of roof construction

Roof[Building design (IV)

Detail of the gutter




Roof|Building design (V)
Detail of the ridge

Roof|Building design (VI)

Detail of the module connection

_ Afdeklijst

Roof/Building design (VII)

Transparency

% 2 ER LA b

My1342H 3,
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Construction Safety

* Calculations according
Dutch standards

¢ Testing op modules
during certification

® Testing of modules
including aluminum
structure according ISO

Watertight roof

B

ot

Design of the electrical system 4 N 7

Zo0KVA x4 &  BpokyA x 49
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Production/performace

* System availability: 97 %

® System guarantee: 5 years
® Module guarantee: 10 years
* [nverter output 97 %

(min. 96% DC input 75% - 95% DC input 25%)
* Monitoring system
® Service & maintenance contract

Technical details

* 19.383 mono crystalline transparent modules
® 200 and 300 kKW inverters, Sinvert Solar S52

 Grid connection via 2 step-up transformers of
1000 kKVA

® Total roof area: 278,5 X 96 m = 26.110 m?
® Module size: 1572 X 830 mm

Some numbers

e Total investment: f 38.500.000 (17.476.000 E)
® Cost per m2: f 1475 | m2 (669 E/m2)
¢ Annual production:  1.230.000 KWh




Questions ?
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