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18th IEA-PVPS, Task 1 Meeting on 21th- 23th March 2001 in Aarhus,
Denmark

Dear Colleagues,

In the following you will find some practical information about the forthcoming IEA, 
Task 1 meeting in Aarhus.

Location of meeting:

The meeting will be held in the

Hotel Marselis 
Strandvejen 25 
DK-8000 Aarhus 
Denmark
Phone: +45 86 14 44 11 
Fax:+45 86 11 70 46 
www.marselis.dk

The Hotel Marselis is located at the beach 3 km south of the City center on the edge of 
the Marselisborg Forest and with a beautiful view of the Bay of Aarhus.

Accomodation

We have pre-booked a block of rooms at the Hotel Marselis - the venue of the meeting, 
giving us an option from Tuesday the 20th through Friday the 23th March on 20 rooms. 
This option is valid until March 10, but we believe it is advisable to make reservation 
as soon as possible; the registration form is attached to this message. Please submit the 
completed hotel registration form by fax directly to the Hotel Marselis with a copy to us 
and to Greg Watt.

The price for a single-room is DKK 906 / night (about US $ 113).
The price for a double-room is DKK 1076 / night (about US $ 135).

Reaching Aarhus & Hotel Marselis

Aarhus is the second largest city in Denmark and is situated on the East coast of Jutland. 
It can be reached conveniently by air in two ways:

Option 1
via Copenhagen International Airport and continuing by domestic flight to Aarhus 
Airport; there are about 12 daily flights.

From Aarhus Airport to the City center there is a bus service. It takes about % of an hour 
and cost about 55 DKK. The bus city terminal is at the main railway station, where taxis 
are available. Distance to the Hotel Marselis is about 3 km corresponding to about 60 
DKK.

— 5 —
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Another possibility is when ordering the domestic flight to/from Aarhus to ask your 
travel agent to book a so-called limousine service (can only be done together with the 
airline ticket). The limousine will take you - and up to a maximum of two other guests - 
directly to their destination in Aarhus and you will be picked up the same way when 
leaving. Cost of the limousine service is about DKK 460 (total: both arriving and 
departing). On arrival look for the sign saying „Limousine Meeting Point66 just outside 
the arrival hall and contact one of the drivers waiting there. When leaving contact the 
hotel reception well in advance of departure.

Option 2
Via Billund International Airport with daily connections to many European hubs such as 
Amsterdam, Munich, Bruxelles etc. There is a bus service from Billund Airport to 
Aarhus City center, taking about VA hours and costing about DKK 125. Contact the 
busdriver en route for instructions on how to get a taxi in Aarhus; cost of taxi is about 
DKK 70. A taxi directly to the Hotel Marselis from Billund Airport will be rather costly 
at DKK 600-700; please check with the driver in advance.

Technical Visit

The technical visit is scheduled for Friday the 23th October. We are planning a 
combination of a visit to an off-shore wind farm and a visit to the Sol-300 project taking 
most of Friday. We plan to leave the hotel by bus at 8.30 in the morning and be back 
again at 17.00 (5 pm) in the afternoon. We will show you the 6 MW off-shore wind 
farm at the Tuno Knob (weather allowing we will actually sail out to and enter the wind 
turbines) and will continue to the distribution utility EnCon, managing the Sol-300 
project (300 roof tops / 750 kWp). After lunch and some introductory remarks at EnCon 
we will visit a residential area with about 100 roof-tops including meeting some of the 
house owners in their homes.

Please indicate on the hotel registration form, whether you intend to participate in the 
technical tour or not. This will allow us to adjust the practical arrangement to the actual 
number of participants.

Weather

The Danish weather in March is a bit unpredictable and can swiftly change between 
pleasant sunny spring conditions and quite cold and windy conditions with showers. 
Please bring some „all-round outdoor clothes66.

— 6 —
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We hope this information will help you to arrange your travel to Aarhus.

If you have any questions about the travel and the stay in Aarhus / Denmark don't 
hesitate to contact us. Regarding the agenda for the meeting Greg Watt will provide the 
necessary details in mid February.

Please don't forget to reserve your hotel in time.

We look forward to see you in Aarhus.

Best regards

Peter Ahm (on behalf of the Danish Task 1 Team) 
PA Energy A/S

- 7 -



International Energy Agency - Implementing Agreement on Photovoltaic Power Systems: Task 1 - Exchange and Dissemination of
Information

18TH TASK 1 PARTICIPANTS’ MEETING, 20-23 MARCH 2001 - DRAFT MEETING SCHEDULE / AGENDA

Hotel Marselis, Strandvejen 25, Aarhus, Denmark

Dates & Times Activities & Key Parties Outcomes

Tuesday 20 March 2001
15:30 - 17:30 Initial meeting of ‘Costing ..." working group - Hotel Marselis
19:00 - For those interested, meet in lobby of Hotel Marselis
19:00 - 21:00 Informal meeting over dinner to confirm arrangements, discuss matters of interest & set the scene for 18th Task 1 meeting

Wednesday 21 March 2001 - Hotel Marselis
9:00-10:30 Item 1: Introduction & welcome by hosts

Item 2: Introduction of meeting participants, new members & apologies
Item 3: Adoption of Agenda for 18th meeting
Item 4: Matters arising from Minutes of 17th meeting
Item 5: Matters arising from ExCo meeting in Sorrento, Italy (October 
2000)

Information for Task 1 participants.

70:30- 11:00 Break
11:00-12:30 Item 6: International Survey Report:

□ Introduction of new technical writer - Dr Alan Taylor, Halcrow
□ Reiteration of changes to be incorporated in ISR6 as discussed in 

Munich (see attachment 1 to this agenda, and Munich minutes)
a Schedule for production for 2001
□ Choice of photos (please bring to meeting) for ISR6

Task 1 endorsement of format, content and 
schedule for ISR6.

12:30 - 14:00 Lunch
14:00-15:30 Item 7: National Survey Reports:

□ Progress against revised guidelines (previously circulated)
□ Publication of selected NSR information on the public website

Identification of any information gathering 
problems.
Agreement on NSR information to be 
incorporated on the website.



Item 8: PVPower newsletter: Endorsement of format and content of
□ Progress on matters raised during Munich meeting (Paul Cowley)
□ Feedback on past issues; plans for future contents (Paul Cowley)
□ Newsletter ‘policy’ note (Greg Watt)

subsequent issues of PVPower.

15:30- 16:00 Break
16:00-18:00 Item 9: Country ‘reports’ (short informal presentation) by willing 

participants, and discussion.
Other Task reports

Information for Task 1 participants.

Thursday 22 March 2001 - Hotel Marselis
9:00-10:30 Item 10: Discussion about potential new work

□ Feedback from ExCo members following Task 1 OA’s approach?
□ Task 1 ideas

Agreement on topics to develop further.

Item 11: Special information activities (1) - Frequently asked questions 
□ Any final matters before posting on the public website

Agreement on FAQs to post on website, and 
where to locate them.

10:30- 11:00 Break
11:00-12:30 Item 12: Special Information Activities (2) - Added values.......

□ Seeking feedback from the target audience for the report
□ Discussion of options for widening dissemination of results in each 

country

Agreement to seek feedback from target 
audiences on the Added values ... 
information.
Identification of ideas on how to make further 
use of the Added values ... information.

Item 13: Special Information Activities (3) - Costing........
□ Proposed activity plan from working group, as a result of Tuesday’s 

discussions

Agreement on the plans for carrying out the 
Costing... activity.

12:30- 14:00 Lunch
14:00-15:30 Item 14: Communication & public PVPS website

□ Task 1 website & internal communication
□ Inter-task communication
□ National communication strategies
□ Progress with ‘points raised’ in Munich re public website
□ Other public website issues (see attachment 2 to this agenda)

Identification of any communication issues to 
be resolved (within Task 1 or by the ExCo). 
Identification of outstanding website issues to 
be resolved (including matters for the ExCo). 
Agreement on how to manage and where to 
locate new material to be provided for the 
website.



15:30- 16:00 Break
16:00-17:30 Item 14 continued

Item 15: Other business

Item 16: Next meetings - main issues, location & timing.

Friday 23 March 2001

Technical visits
8:30 Depart from Hotel Marselis by bus
Visit the 6 MW wind farm at the Tung Knob.
Lunch at distribution utility EnCon.
Introductory remarks about the Sol-300 project (300 roof tops/750 kWp).
Visit residential area with 100 PV rooftops, and meet home-owners.
17:00 Arrive back at Hotel Marselis by bus.



Attachment 1: Format & content for International Survey Report 6 - total length ~20 pages

Table of Contents

Foreword Short introduction of approximately two paragraphs in length.

Executive Summary Not required

Chapter 1 This should be kept as short as possible but should include a global overview. Includes Definitions, Symbols and 
Abbreviations.

Introduction

Chapter 2 Section 2.1 Applications for photovoltaics

Implementation of
photovoltaic
systems

Section 2.2 Total photovoltaic power installed

Section 2.3 Major projects, demonstrations and field test programmes

Section 2.4 Budgets for market stimulation, demonstration and R&D

Chapter 3 Section 3.1 Photovoltaic cell and module production

Industry and growth PV technology note - center-spread, double page feature

Section 3.2 Balance of system component manufacturers and suppliers.

Section 3.3 System prices

Chapter 4 Section 4.1 New initiatives in photovoltaic power systems

Framework for
deployment

Section 4.2 Indirect policy issues and their effect on the photovoltaic market

Section 4.3 Standards and codes



Chapter 5

Summary of trends

1 page maximum

Annex A

IEA-PVPS Task 1

Give names, affiliations and countries of the National Experts, other Task Participants and Technical Writer. Give 
details of the public website (inside back cover).

Annex B

Exchange rates

Give Country; ISO Country Code; Currency and ISO Code; Exchange Rate relative to USD - sourced in total from 
the IEA (inside back cover).

to



Attachment 2: Other website issues for discussion

Are we meeting the needs of the professional audience (eg utility staff - technical & marketing; bureaucrats - renewables policy & programmes; 
and renewables industry people)?
Anv unresolved problems eg downloads, internal links?
How do we deal with ‘presentation’ material eg graphs, photos? Are there any good website models we could copy?
Should we develop new sections for statistics, analyses and conclusions from PVPS (for example, country annual reports, material from NSRs, 
key results from all tasks etc)?
Should we have a current news section and, if so, how would we manage this?
Regarding links - how far should we go? For example, Greenpeace? And what do we do about commercial organizations that are somehow 
contributing to the participation of the particular participating organization?
Should we feature authors (eg ExCo members with regard to the annual reports) in the keywords?
What stvle should we present - friendly using ‘we’, ‘our’ etc as is done currently or formal using IEA-PVPS?
Should we refer to products or is there a better terminology?
Should there be references to every PVPower article or should this be more selective?
Which conferences should be included?
What is our vision for the future of the website?

CO
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Aarhus Task 1 meeting 1

International Energy Agency - Implementing Agreement on Photovoltaic Power
Systems

Task 1 - Exchange and Dissemination of Information

SUMMARY

18TH TASK PARTICIPANTS’ MEETING 
Aarhus, Denmark, 20-23 March 2001

Item 1: Introduction & welcome by hosts

Greg Watt welcomed meeting participants and thanked the Danish members for their 
excellent meeting arrangements. Peter Ahm welcomed Task 1 to Aarhus, described the 
energy situation in Denmark, and outlined arrangements for the following days.

Item 2: Introduction of meeting participants & apologies

Meeting participants were Greg Watt (Australia), Raye Thomas (Canada), Andre Claverie 
(France), Peter Ahm, Flemming Kristensen. Soren Poulsen. Henrik Bindner & Arne Povlsen 
(Denmark), Peter Sprau (Germany), Kyung-Hoon Yoon (Korea), Yona Siderer (Israel), 
Masao Kando, Eiichi Waki, Shuji Yamamoto & Osamu Ikki (Japan), Michiel van Schalkwiik 
(The Netherlands), Olle Lundberg (Sweden), Pius Husser (Switzerland), Paul Cowley 
(United Kingdom), Bruno Ceccaroli (Norway), Charles Linderman (USA), Alan Tavlor 
(Halcrow Gilbert) and Irene De Jong (webmaster). New, changed or visiting participants 
(underlined) were welcomed. Lars Stolt (Sweden) participated in the “Costing ..” meeting 
held the previous day (Tuesday).

Apologies were received from Salvatore Guastella and Anna De Lillo (Italy).

Updated contact details can be found on the Task 1 website.

Item 3: Adoption of Agenda for 18th meeting

The following changes to the draft agenda as circulated were noted:
□ Item 13 “Costing ...” was brought forward to the first day;
□ Discussion about a workshop in Munich was included in the morning of day two.
The amended final agenda is shown at attachment 1 to these minutes.

Item 4: Matters arising from Minutes of 17th meeting

Greg Watt noted that all the action items arising from the 17th meeting would be discussed 
under subsequent agenda items.

Task 1 participants are to refer to attachment 2 of this document for an updated summary of 
new actions requiring attention.

Item 5: Matters arising from ExCo meeting in Sorrento, Italy (October 2000)

Greg Watt, noting that the minutes had been circulated, summarized the main issues for 
Task 1as follows:

□ The Annual Report is to have better quality control in future;
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□ Lack of expert participation remains an issue to varying degrees in all tasks;
□ The task website guidelines proposed by Task 1 were endorsed;
□ Distribution numbers for the ISR are the responsibility of Task 1;
□ The document production plan for “Added values was approved;
□ The new work on "Costing was supported in principle;
□ There was interest in expanding the performance indicators for each task to give a better 

insight into task progress;
□ Halcrow was awarded the contract for ISRs 6 & 7;
□ Improvements in intertask communication (eg through development of the website and 

invitation of national experts to task meetings) were acknowledged;
□ National communication strategies, particularly involving the ExCo member and Task 1 

participant, are regarded as useful management tools;
□ The ExCo website group has been re-established;
□ The REWP “Renewable Energy Market Initiative” remains a focus for the ExCo. Pius 

Husser presented work recently prepared by Erik Lysen and Stefan Nowak for this 
initiative, Short note on a market acceleration strategy for photovoltaics (copy circulated)

Item 6: International Survey Report

Dr Alan Taylor of Halcrow was introduced to the meeting as the new technical writer for ISR6. 

The following changes for ISR6 were endorsed:
□ Layout is to be improved with the report length increasing to 20 pages;
□ Table 2.1 is to again report both off-grid domestic and non-domestic;
□ EU data (annual budgets) are to be included in Table 2.3;
□ Some reporting of labour places should occur;
□ Section 3.1 is to include a graphic example of module price trends;
□ Section 3.3 is to include a graphic example(s) of system price trends for a specific 

application(s);
□ Background colour eg Table 4.1 is to be lightened to facilitate better photocopying;
□ Non-IEA country information will be actively sought for ISR6;
□ Exchange rate information (annex B) will be sourced from the IEA;
□ The ‘light bulbs’ are to be removed from the page corners;
□ Tables are to be numbered as per the reporting guidelines.

The 2001 schedule for ISR6 was endorsed as follows:
End May - All National Survey Reports to be emailed to Technical Writer;
Early July - 1st draft of the ISR emailed to Task 1 participants by Technical Writer;
Early August - 2nd draft of the ISR emailed to Task 1 participants by Technical Writer. Task 
1 participants are expected to discuss the draft with their ExCo member at this stage.
Mid August - Final draft of the ISR sent to graphic designer by Technical Writer;
End August - Technical Writer provides ‘wet proofs’ for final checking by selected Task 1 
participants;
Early September - Technical Writer initiates printing;
Mid September - Technical Writer organizes bulk distribution of reports by courier.

The issue of printing extra copies of the 2001 ISR for distribution at both the UPEx 
conference in Sacramento at the beginning of October and the European PVSEC in Munich 
in late October was discussed. The ExCo is to be asked to consider additional funding for 
this.
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Item 7: Special information activities (1) - Costing ....

Outcomes of the meeting of the working group (Denmark, Sweden, Norway, Canada, 
Germany and Japan) held on Tuesday 20 March 2001 were reported to the meeting. This 
work will build on earlier research carried out in Denmark, will focus on grid-connected 
applications and will provide useful support of PV marketing through publication of an IEA- 
PVPS report and software.

Most of the details agreed to by the working group are contained in attachment 3 of this 
document. It was also noted that:
□ there should be some collaboration with both Task 5 (Activity 54.2 - Financial Aspects) 

and Task 7 (Activity 3.3 - Economics of BIPV);
□ The activity may lead into work on off-grid costings in the future;
□ There should be general discussion about electricity prices eg highlighting the 

Californian situation;
□ There should be some reference to application of carbon credits.

Item 8: National Survey Reports

No ‘new’ problems were reported regarding information gathering, although it was 
acknowledged that this is becoming an increasingly difficult task for some countries. Task 1 
participants were reminded of the amended items in the latest guidelines:
□ labour places data are again to be reported;
□ countries having a significant PV programme (eg on-grid distributed) or a well 

documented market segment (eg off-grid domestic and/or non-domestic) plus access to 
the required data (eg as presented for residential systems by both Germany and Japan 
during the meeting) should include data on system prices for a number of years;

□ module prices should be reported for a number of years;
□ off-grid domestic and non-domestic are again to be reported separately if possible;
□ exchange rates are no longer required to be provided.

The year 2000 NSRs are to be completed by the end of May 2001. The reports will be 
circulated to Task 1 participants in June 2001.

It was agreed that, in response to feedback from the target audiences requesting ‘earlier’ 
release of information, the executive summaries and cumulative installed capacities by 
application will now be included on the public website under the PVPS Country Summaries’.

Item 9: PVPower newsletter

Paul Cowley reported on how the matters raised during the Munich meeting had been 
addressed, in particular:
□ Longer articles now contain sub-headings;
□ ‘New on the net’ is now more focused, and has been renamed ‘Internet resources’;

Issue No. 14 has been drafted but is behind schedule for printing and distribution. The 
Netherlands no longer funds this activity and printing was delayed until an agreement was 
put in place for the Common Fund to pay for this activity. The ExCo will be asked to consider 
whether (1) another country may be willing to support this activity or (2) a competitive tender 
for the printing and mailing should be offered.

The proposed contents for Issue No.15 were discussed, including various Task 5, Task 7 
and Task 9 reports that are due for publication, PV for Small Island Developing States, PV
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refrigeration, PV on churches, PV and the US situation re electricity prices etc. This issue 
should be produced in time to be available for the October conferences.

The newsletter policy document was endorsed and will be added to the Handbook of policies 
and procedures. A number of issues of PVPower are available on the website.

Task 1 members are expected to continually review and update the PVPower target 
audience within their country, and their requirements from the newsletter.

Item 10: Country reports etc

Each participant at the meeting provided a short, informal presentation of current issues 
influencing implementation of PV in their country. Charles Linderman provided an interesting 
overview of the electricity supply crisis in California. It was suggested that in future it would 
be of value to circulate key points from all these presentations during the meeting.

The visiting Danish PVPS Task 5 Expert described progress in this task.

Item 11: Discussion about potential new work

It was noted that there had been no response from ExCo members to the request for input 
on this topic.

Consequently, the meeting considered issues raised by the REWP “Renewable Energy 
Market Initiative”, recommendations in the report Solar photovoltaics for sustainable 
agriculture and rural development by the UN Food and Agriculture Organization and 
suggestions for further work arising from the ‘Added values of photovoltaic power systems’ 
activity. The summary of these discussions, within the framework of the issues raised by the 
REWP, is presented in attachment 4.

A number of priority activities (for which Task 1 could develop workshops, surveys, reports 
etc) that appear relevant to each of the above have been identified, including:
□ “Innovative financing and marketing strategies” - can apply to grid-connected and off- 

grid; will involve collaboration with other tasks (particularly 7, 8 & 9); will consolidate the 
outcomes, for the appropriate target audiences, of the variety of approaches that have 
been developed world-wide; could be part of (or stimulate) a wider ‘renewables’ activity; 
will have national benefits through identifying and assessing available promotion 
mechanisms (eg for the Israeli interest in identifying international funding opportunities 
for domestic PV).

□ “Implementation issues” - aimed at overcoming those non-technical impediments to PV 
deployment (legislative, planning, institutional etc) by identifying and documenting ‘best 
practices’ in the participating countries, and qualifying the benefits that have resulted.

The critical factor is having a country prepared to lead and/or host activities that have been 
identified, or having some other means to resource these activities. This matter will be raised 
at the ExCo meeting.
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Item 12: Workshop for European PVSEC, October 2001

It was proposed that a PVPS workshop on electricity utility issues and applications be held in 
conjunction with the European PVSEC, with the aim of attracting electricity utility players to 
the conference. A Task 1 working group (Switzerland and the US) will develop the scope for 
this activity, with the aim of closely involving European utility industry associations. The 
ExCo will be requested to endorse in principle the planned workshop, and provide some 
guidance as to funding etc.

Item 13: Special information activities (2) - Answers to frequently asked questions

The draft report (Answers to frequently asked questions about solar photovoltaic electricity: 
an international perspective Internal report IEA-PVPS T1 -03:2001) has been prepared by 
Andre Claverie, and was endorsed by the meeting.

The final document is to be circulated to Task 1 participants to use as they please, and the 
complete set of questions and answers will be loaded on to the public website in April 2001 
under ‘Frequently Asked Questions’ for all PVPS members to use as a resource when asked 
questions etc.

Item 14: Special information activities (3) - Added values.....

The public PVPS report for this activity (Added values of photovoltaic power systems Report 
IEA-PVPS T1-09:2001) has been written, endorsed by Task 1 and approved by the ExCo. 
Printed copies of the public report will be available in April, and the report will also be able to 
be downloaded from the public website. Feedback about the usefulness of this material is to 
be reported in time for the September 2001 Task 1 Status Report. Switzerland, the 
Netherlands and the UK plan to submit a paper on this activity for the European PVSEC to 
be held in October 2001.

Item 15: Communication & public PVPS website

Following a request for guidance on the matter, Task 1 recommends that the ExCo endorse 
the use of the following terminology consistently across PVPS:
□ grid-connected
□ off-grid or stand-alone.

It was discussed that, in its current format, the PVPS annual report attempts to achieve 
different outcomes for different target audiences. It was agreed that the ExCo would be 
requested to consider whether it may be more effective to produce two more clearly targeted 
documents:
□ an inexpensive report covering the tasks, participants, meetings, technical visits etc 

aimed at PVPS members, national funding bodies and the IEA hierarchy, and, .
□ a glossy document containing the national reports, photographs, feature articles about 

PVPS achievements etc aimed at the wider professional and public audiences.

Greg Watt noted that progress toward enhancing inter-task communication was mostly good, 
with minutes etc now being regularly circulated, and national task participants being invited 
to meetings in their countries.

Greg Watt noted that less than half the participating countries have prepared a written 
national communication strategy, but that this should be regarded as an ExCo management 
process.
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The webmaster, Irene De Jong, gave a detailed presentation on the format, content and 
‘performance’ of the website, which was followed by a detailed and productive discussion 
regarding its further development. The summary of these discussions (prepared by Irene 
with input from Greg) is presented in attachment 5.

Item 16: Other business

It was agreed that, as Task 1 does not play a role in defining the scope, inviting participants 
or even disseminating information for the Executive Conference, the ExCo should be 
requested to remove the reporting of “subtask 4.0” from Task 1 annual reporting.

Task 1 participants discussed new names for the task, but an obvious replacement was not 
forthcoming (although some of the acronyms were interesting!).

Yona Siderer presented to the meeting details about the European organization OPET, 
which may provide useful synergies regarding technical collaboration. It was suggested that 
the information be provided to an ExCo member for presentation to the ExCo meeting, as 
development of these sort of collaborative ventures are ExCo rather than task 
responsibilities.

Item 17: Next meetings

The 19th Task 1 Participants’ meeting will be held at a hotel with a large BIPV system on the 
Big Island, Hawaii, 8-10 October 2001.

The 20th Task 1 Participants’ meeting will be held in Bode, Norway, 13-15 March 2002, with 
a technical visit to the SCANWAFER production facility.

— 28 —



Aarhus Task 1 meeting 7

Attachment 1: Final meeting schedule / agenda - 18th Task 1 participants’ meeting, 20-23 March

Hotel Marselis, Strandvejen 25, Aarhus, Denmark

OutcomesDates & Times Activities & Key Parties

Tuesday 20 March 2001 ■
15:30 - 17:30 Initial meeting of1Costing ..." working group - Hotel Marselis.
19:00 - For those interested, meet in lobby of Hotel Marselis
19:00 - 21:00 Informal meeting over dinner to confirm arrangements, discuss matters of interest & set the scene for 18th Task 1 meeting

Wednesday 21 March 2001 - Hotel Marselis
9:00-10:30 Item 1: Introduction & welcome by hosts

Item 2: Introduction of meeting participants, new members & apologies
Item 3: Adoption of Agenda for 18th meeting
Item 4: Matters arising from Minutes of 17th meeting
Item 5: Matters arising from ExCo meeting in Sorrento, Italy (October 
2000)

Information for Task 1 participants.

10:30-11:00 Break ii,«' * '/ .v-- ,./»' 'v#'
11:00-12:30 Item 6: International Survey Report:

□ Introduction of new technical writer - Dr Alan Taylor, Halcrow
□ Reiteration of changes to be incorporated in ISR6 as discussed in 

Munich (see attachment 1 to this agenda, and Munich minutes)
□ Schedule for production for 2001
□ Choice of photos (please bring to meeting) for ISR6

Task 1 endorsement of format, content and 
schedule for ISR6.

Item 7: Special Information Activities (1) - Costing........
□ Proposed activity plan from working group, as a result of Tuesday’s 

discussions

Agreement on the plans for carrying out the 
Costing... activity.

12:30- 14:00* ; d
14:00-15:30 Item 8: National Survey Reports:

□ Progress against revised guidelines (previously circulated)
□ Publication of selected NSR information on the public website

Identification of any information gathering 
problems.
Agreement on NSR information to be 
incorporated on the website.
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Item 9: PVPower newsletter: Endorsement of format and content of
□ Progress on matters raised during Munich meeting (Paul Cowley)
□ Feedback on past issues; plans for future contents (Paul Cowley)
□ Newsletter ‘policy’ note (Greg Watt)

subsequent issues of PVPower.

15:30-16:00 .Break riM.^ ^ ^ .'ey
16:00-18:00 Item 10: Country ‘reports’ (short informal presentation) by willing 

participants, and discussion.
Other Task reports

Information for Task 1 participants.

Hosted dinner

Thursday 22 March 2001 - Hotel Marselis
9:00-10:30 Item 11: Discussion about potential new work

□ Feedback from ExCo members following Task 1 OA’s approach?
□ Task 1 ideas

Agreement on topics to develop further.

Item 12: Workshop for European PVSEC, October 2001 Proposal for ExCo
10:30-11:00 Break * * - y ,V’'.,wy * ' V-' / L , ' ' . . . .'.
11:00-12:30 Item 13: Special information activities (1) - Frequently asked questions 

Any final matters before posting on the public website
Agreement on FAQs to post on website, and 
where to locate them.

Item 14: Special Information Activities (2) - Added values.......
□ Seeking feedback from the target audience for the report
□ Discussion of options for widening dissemination of results in each 

country

Agreement to seek feedback from target 
audiences on the Added values ... 
information.
Identification of ideas on how to make further 
use of the Added values ... information.

12:30- 14:00 Lunch

14:00-15:30 Item 15: Communication & public PVPS website
□ Task 1 website & internal communication
□ Inter-task communication
□ National communication strategies
□ Progress with ‘points raised’ in Munich re public website
Other public website issues (see attachment 2 to this agenda)

Identification of any communication issues to 
be resolved (within Task 1 or by the ExCo). 
Identification of outstanding website issues to 
be resolved (including matters for the ExCo). 
Agreement on how to manage and where to 
locate new material provided for website.

15:30-16:00 Break ^ - " » , % ‘ , ’ y ',' - ^ r ry
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16:00 - 17:30 Item 15 continued

Item 16: Other business

Item 17: Next meetings - main issues, location & timing.

Friday 23 March 2001

Technical visits
8:15 Depart from Hotel Marselis by bus
Visit the 6 MW wind farm at the Tuno Knob.
Lunch at distribution utility EnCon.,
Introductory remarks about the Sol-300 project (300 roof tops/750 kWp).
Visit residential area with 100 PV rooftops, and meet home-owners.
17:00 Arrive back at Hotel Marselis by bus.
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Agenda attachment 1 Format & content for International Survey Report 6 - total length ~20 pages

Table of Contents

Foreword Short introduction of approximately two paragraphs in length.

Executive Summary Not required

Chapter 1 This should be kept as short as possible but should include a global overview. Includes Definitions, Symbols and 
Abbreviations.

Introduction

Chapter 2 Section 2.1 Applications for photovoltaics

Implementation of
photovoltaic
systems

Section 2.2 Total photovoltaic power installed

Section 2.3 Major projects, demonstrations and field test programmes

Section 2.4 Budgets for market stimulation, demonstration and R&D

Chapter 3 Section 3.1 Photovoltaic cell and module production

Industry and growth PV technology note - center-spread, double page feature

Section 3.2 Balance of system component manufacturers and suppliers.

Section 3.3 System prices

Chapter 4 Section 4.1 New initiatives in photovoltaic power systems

Framework for
deployment

Section 4.2 Indirect policy issues and their effect on the photovoltaic market

Section 4.3 Standards and codes
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Chapter 5

Summary of trends

1 page maximum

Annex A

IEA-PVPS Task 1

Give names, affiliations and countries of the National Experts, other Task Participants and Technical Writer. Give 
details of the public website (inside back cover).

Annex B

Exchange rates

Give Country; ISO Country Code; Currency and ISO Code; Exchange Rate relative to USD - sourced in total from 
the IEA (inside back cover).
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Agenda attachment 2: Other website issues for discussion

Are we meeting the needs of the professional audience (eg utility staff - technical & marketing; bureaucrats - renewables policy & 
programmes; and renewables industry people)?
Anv unresolved problems eg downloads, internal links?
How do we deal with ‘presentation’ material eg graphs, photos? Are there any good website models we could copy?
Should we develop new sections for statistics, analyses and conclusions from PVRS (for example, country annual reports, material from NSRs, 
key results from all tasks etc)?
Should we have a current news section and, if so, how would we manage this?
Regarding links - how far should we go? For example, Greenpeace? And what do we do about Commercial organizations that are somehow 
contributing to the participation of the particular participating organization?
Should we feature authors (eg ExCo members with regard to the annual reports) in the keywords?
What style should we present - friendly using ‘we’, ‘our’ etc as is done currently or formal using ‘IEA-PVPS’?
Should we refer to products or is there a better terminology?
Should there be references to every PVPower article or should this be more selective?
Which conferences should be included?
What is our vision for the future of the website?
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Attachment 2: SUMMARY OF KEY TASK 1 ACTIONS

ACTION RESPONSIBLE
PARTY

TIMING

1. Follow-up on EU data for ISR Greg Watt By end May 2001
2. Follow-up on non-lEA country data for ISR Paul Cowley By end May 2001
3. Provide photos to Alan Taylor for ISR All Task 1 By mid 2001
4. Ask ExCo to fund printing extra copies of ISR 

for distribution at conferences
Greg Watt April 2001 ExCo 

meeting
5. Circulate existing costing report and software 

to all Task 1 participants
Greg Watt April 2001

6. Send Financing paper and working group 
email addresses to Henrik Bindner

Greg Watt April 2001

7. Seek ExCo endorsement of plans 
for “Costing activity

Greg Watt April 2001 ExCo 
meeting

8. Email NSRs to Alan Taylor All Task 1 By 31 May 2001
9. Ask ExCo to discuss the future of printing and 

mailing of PVPower
Greg Watt April 2001 ExCo 

meeting
10. Prepare printed one page summary (or 

similar) of ‘country presentation’
All Task 1 October 2001 Task 1 

meeting
11. Ask ExCo to consider how to resource further 

Task 1 special information activities
Greg Watt April 2001 ExCo 

meeting
12. Develop a PVPS workshop on electricity 

industry issues and applications for EPVSEC
Pius Husser, 
Charles
Linderman, Greg 
Watt

April 2001 ExCo 
meeting (initial 
milestone)

13. Circulate final FAQs Andre Claverie, 
Greg Watt

Done

14. Develop an “Added values ..” paper for 
EPVSEC

Pius Husser, Paul 
Cowley, Michiel 
van Schalkwijk

Abstract by end April 
2001

15. Advise Greg Watt regarding feedback about 
usefulness of “Added values ..” report

All Task 1 September 2001

16. Ask ExCo to endorse the consistent use of 
applications terminology across the whole of 
PVPS

Greg Watt April 2001 ExCo 
meeting

17. Ask ExCo to consider producing more clearly 
targeted Annual Reports

Greg Watt April 2001 ExCo 
meeting

18. Ask ExCo to remove reporting of Executive 
Conference from Task 1 responsibilities

Greg Watt April 2001 ExCo 
meeting

19. Clarify the policy for task websites Greg Watt April 2001 Operating 
Agents meeting

20. Encourage other tasks to provide more 
information for the public website

Greg Watt April 2001 Operating 
Agents meeting

21. Initiate discussion on whether the Task 2 
website could be located within the public 
website

Greg Watt April 2001 Operating 
Agents meeting

22. Ask ExCo to consider a “News” section on the 
website

Greg Watt April 2001 ExCo 
meeting

23. Ask ExCo to decide the policy for commercial 
links from the website

Greg Watt April 2001 ExCo 
meeting
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Attachment 3: Production plan - Costing of energy from photovoltaic power systems

1. Title (final)

Costing of energy from photovoltaic power systems

2. Report number

(Probably) Report IEA-PVPS T1-11:2002

3. Author or editor

Denmark is the lead country for this activity, with RIS0 managing the research. The actual 
technical writer has yet to be decided

4. Purpose of document

To provide a consistent methodology and accepted assumptions both for calculating the 
basic cost of PV generated energy in whatever country, and for comparing these costs 
between various countries;
To raise awareness of the concepts being discussed and other qualitative issues that should 
be considered whenever economic analyses of PV are to be used as the basis for policy, 
planning etc, and to make recommendations as to how these should be addressed.

5. Subtask connection (if any)

Special information activity

6. Abstract 

To be developed

7. Table of contents or major chapter headings (indicative)

The work will be organized into four discrete sections:
□ Discussion of issues relating to costing eg rationale, limitations, cost v. price, projections, 

financial v. engineering approaches, direct/indirect costs etc.
□ Description of the costing elements relevant to PV, including documentation of 

references used.
□ Development of the generic costing model, with flexibility to incorporate other more 

sophisticated sub-models eg for net energy production.
□ Examples of use of the model through case studies of a number of PV applications 

compared with other energy supply options, from a number of countries (and including 
LCA where possible)

8. Intended audience

Bureaucrats, utility planners and renewable energy programme developers in all countries.

9. Category: Published Report or Internal Working Document 

Published report and software model.

10. Responsibilities of specific Task participants for its preparation
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Within Task 1, Denmark will have overall responsibility for the management of this activity, 
with Sweden, Norway, Germany, Japan and Canada providing ‘working group’ support. The 
lead country is responsible for ensuring that adequate resources are available to carry out 
the work required and produce the proposed deliverables. The lead country can engage 
other Task 1 countries as required.

11. Person responsible for printing

Production, printing and mailing of the report will be the responsibility of Denmark.

12. Details regarding how hard copies of the document can be obtained/purchased

Task 1 participants should be approached regarding free bulk copies. The written report will 
also be able to be downloaded from the public PVPS website, together with an Excel 
spreadsheet of the model.

13. Expected number of copies to be published and proposed allocation

It is anticipated that 1000 copies of the written report will be published and disseminated free 
of charge, including (as per the Handbook of Policies and Procedures):
□ 2 copies to each ExCo member
□ 2 copies to the Executive Secretary
□ 1 copy to each Operating Agent
□ 1 copy to the IEA Secretariat.

Additional copies may be ordered at a cost to be decided.

14. Production schedule with expected dates:

14.1 drafts of costing issues and costing elements completed - September 2001
14.2 model development completed - October/November 2001
14.3 case studies commence following feedback at the ‘Utilities’ workshop planned for the 

European PVSEC - October 2001
14.4 approval, publication and distribution of results - probably around May 2002.

15. Dissemination and publicity plans

Task 1 participants will be responsible for providing printed copies of the report to the target 
audience in their respective countries. The report will be listed and also able to be 
downloaded as a .pdf document from the public PVPS website. The model will be 
downloadable as an Excel spreadsheet. An article about the activity will be placed in the 
September 2001 issue of PVPower (No. 15).

16. Plans to assess impact of product

An ongoing component of Task 1 work is to gather feedback from target audiences on the 
usefulness of material that is produced by the IEA-PVPS Programme. Results for this 
activity will be reported in subsequent Task 1 Status Reports.
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Attachment 4: Framework for discussions about potential new work

REWP issue Would this be an 
appropriate Task 1 activity?

Is it relevant to 
other PVPS tasks?

Relevant 
for off-grid 
products?

Relevant for 
BIPV?

Is a take-off market or application 
anticipated? (ie a break-through)

No No

Identification of current niche markets 
for the technology

Not really - only providing 
information eg case studies in 
PVPower

Probably Task 3 Yes, eg
telecoms,
SHS

Yes

Can the likely main pathways to price 
reduction be identified?
(should be cost reduction)

Not really - maybe more 
general economic issues

Already the focus of 
much current 
component R&D

Yes Yes

5-10 year projected investment/capacity 
in countries/regions

No - maybe some analysis of 
scenarios v. trends; maybe 
an interesting workshop topic

Not really

Prices of competing technologies, 
energy sources

Not really - maybe just 
provide costing tools

Links to other lAs 
through ExCo

Yes Only if added 
values are 
not
considered!

Identifying countries with political will 
and significant potential markets for PV

Refer to I SR Task 9 for off-grid; 
Task 8

Yes Yes

Are short-term expansions of the PV 
markets likely? (eg are new applications 
likely to emerge)

Not really - should spread 
reliable information on 
markets and technology only

Task 7 Not really Yes

Will longer-term PV system 
improvements be significant? (eg 
through R&D)

No No

Can legislative changes be addressed 
to accelerate implementation? (eg 
import duties etc)

Yes - see below Maybe Task 9 Yes Yes

Can non-recurring costs be tackled? (eg 
cost of planning approvals, 
interconnection etc)

Yes - propose 
“Implementation issues” for 
local govt., planners etc (non
technical people who can

Tasks 5 & 7 Yes Yes
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hinder or drive projects / 
programmes)

What investment strategies might be 
useful for PV? (eg different financing 
arrangements)

Yes - propose “Innovative 
financing & marketing 
strategies”

Tasks 7, 8 & 9, BUT 
also for all 
renewables; also 
links to FAO 
recommendations

Yes Yes

What sort of international co-operation 
could be promoted?

Yes - identifying and 
preparing support material; 
but should be ExCo driven; 
also links to FAO 
recommendations; can link 
into the above

Tasks 8 & 9 Yes Yes

Are other benefits likely to flow from the 
increased implementation of PV? (eg 
health & social improvements etc)

Yes - case studies and can 
link into “Innovative .... 
strategies” above

Maybe Yes Yes (& 
including 
energy 
efficiency)

Identify initial priorities that could be 
tackled (eg targeted projects)

No ExCo decision Yes Yes
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Attachment 5: Summary of website discussions 

General

1. The main objective of the website was endorsed - to inform about the outcomes of the 
IEA-PVPS programme. The opening page will be amended to better reflect this.

2. The main target audience of the IEA-PVPS website was endorsed - professionals 
working in the field of solar photovoltaic electricity (government, utilities and industry).

3. Considering the main objective and target audience Task 1 has selected the following 
keywords for search engines: PV markets, PV statistics, PV market reports, PV world 
market, PV industry (previously: photovoltaics, solar electricity, solar photovoltaic 
electricity, IEA-PVPS, solar energy, renewable energy).

4. Regarding the language of the site, it was agreed that a balance between formal and 
informal should be employed. Use both the third person (IEA-PVPS) and the first person 
(we), depending on the information presented, e.g. when the programme is presented, 
“we” seems more appropriate, whereas when technical issues are discussed “IEA-PVPS” 
should be used. However, it was noted that generally on the web the language is less 
formal.

5. The Task 1 participants did not raise any unresolved problems regarding the website.
6. Regarding quality control it was decided that 3 or 4 Task 1 participants will review the 

website once per year. This will be added to the agenda of the March Task 1 meetings 
as an ongoing item.

7. The OA of Task 1 will discuss Task specific websites in the coming OA meeting, as 
these can create some confusion (see also ‘Photon* last issue). The OA of Task 1 will 
propose that the Task websites will only be for a limited audience; access should be 
encouraged through the main IEA-PVPS website (as per the ‘policy* endorsed at the 
previous ExCo meeting).

8. Database based website: in an earlier Task 1 meeting it was suggested to convert the 
current website to a database based website. Advantages: faster, better search engine 
possible. Disadvantages: fixed layout for each page, which will make it less attractive. As 
the current website is already managed by means of a database, the Task 1 participants 
did not feel the need to request conversion to a database based website.

9. A button will be added enabling visitors to subscribe to a “new to the website” message; 
they will be informed by broadcast email about new publications added to the website or 
any other essential changes.

Sections

PV section: As this section is less important for the target audience, it was decided to move 
it down the menu, and to rename it “Basics of PV". Task 1 members do not have specific 
comments on the contents, but were encouraged to provide any corrections etc directly to 
the webmaster.
FAQs, (Frequently Asked Questions) [NEW]: Andre Claverie will finalize the FAQs and 
send them to Irene de Jong to implement it as a separate section on the website. FAQs in 
other languages - if and when available - will also be added.
Programme: Whenever it seems appropriate the webmaster or the OA of Task 1 will 
propose changes to the IEA-PVPS chairman.
Tasks: As visitors not acquainted with the PVPS language do not know what “Tasks'* are it 
was decided to rename this section “Activities”. Moreover, the section will now be part of new 
menu item to reinforce the main objective of the website being to promote the outcomes of 
the programme.
Products: the appropriate “name” for the outcomes of the PVPS programme was discussed. 
Should they be referred to as “products'* or rather as “publications”? It was decided to select
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“products” as the keyword in the menu but to refer to it in the baseline as “publications and 
other products”.
The opening page of this section should be made more appealing for visitors. Images will be 
added next to the list of ISRs (eg graphs), and next to Task 5 reports (eg an inverter).
For each product more information, such as the abstract, images, etc., should be made 
available. The OA of Task 1 will discuss this issue at the coming OA meeting. Further, the 
OA will discuss how the database of Task 2 can be made accessible through the web, e.g. 
make it an online application.
Statistics [NEW] (Statistics, tables and graphs): It was decided to add a new section 
“Statistics” with the complete ISR report, as well as tables and graphs from all tasks that can 
be downloaded (high resolution). This section will be implemented as soon as practicable (ie 
when there are current, published results).
PVPS country summaries [NEW]: It was also decided to add a new section called “PVPS 
country summaries” containing the national reports as published in the Annual Report as 
well as parts of the national survey reports. This section will be implemented as soon as the 
AR becomes available, and extended when the national survey reports become available. 
Newsletter: It was decided that all articles published in PVPower should be added to the 
website. Whether references to websites of organizations mentioned in PVPower should be 
included is up to the ExCo (see section Links).
Events: It was decided to add all PV events to this section, as well as renewable energy 
events provided that they refer to PV.
Links: The main question was should commercial organizations be included - where do we 
draw the line? Within Task 1 the opinions regarding the question about which organizations 
should be listed differed (from a. IEA-PVPS should not promote commercial organizations, 
even though they are involved in the IEA-PVPS programme, to b. adding links to many 
organizations will provide visitors with more valuable information as well as strengthening the 
participation of these (commercial) organizations in the different tasks). Some examples of 
the current situation:
■ Novem is listed, as it is perceived as a governmental organization and directly involved in 

the PVPS programme. Thus also in articles (PVPower) where Novem is mentioned an 
active link to the website is added.

■ IT Power and Ecofys are not listed, as they are perceived as commercial consultants. 
However, they are both actively involved in the IEA-PVPS programme

■ Shell Renewables is not mentioned, as it is a PV manufacturer. However, Shell 
Renewables is explicitly mentioned in the Press Release of Task 7 (which is also 
included on the website).

It was decided that the ExCo should make a decision about this ‘policy’ issue, and three 
options are presented in the Task 1 Status Report.
Search: The keyword list, which is used to search the website itself, was checked by Watt 
and Claverie, and will be adapted in due time. Moreover, “search by entering your own 
keywords" will be removed, whereas “search by means of a predefined keyword list” will be 
extended enabling visitors to select two keywords.
News [possible]: In an earlier Task 1 meeting there was a request for a News section, as 
this could provide a very useful resource for the target audiences. The main questions are 
how to provide the news and how to manage the section, as it should be updated regularly 
and must only contain credible information. As such a section would demand considerable 
resources, it was decided to ask the ExCo to consider the matter.

Menu
The changes discussed result in the following menu for the IEA-PVPS website:

Introduction
Programme, activities and contacts (which will include the current sections programme, 
tasks and network)
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Products (Publications and other products)
Statistics (Statistics, tables and graphs)
PVPS country summaries
Newsletter
Links
FAQs
Basics of PV
Events
Search

42



SX0EM4/V„

f* 4

International Energy Agency 
Implementing Agreement for Co-operation on 

Technologies and Programmes for Demand Side Management

IEA DSM Task VII

International Collaboration
on

Market Transformation

Prepared by

Verney Ryan 
Operating Agent

Building Research Establishment 
Bucknalls Lane 

Garston 
Watford

Herts WD25 9XX 
Bus: (44) 1923 664318 

Bus Fax: (44) 1923 664097 
E-mail: ryanv@bre.co.uk

- 43 -



Introduction
Under the International Energy Agency’s Demand Side Management Implementing Agreement a 
revolutionary new Task has started which aims to transform the way energy efficiency is 
promoted and achieved in the marketplace. Known as Annex VII International Collaboration on 
Market Transformation’ (or MT7’ for short), the task is currently pursuing exciting new work on 
branding and marketing energy efficiency and creating radical new approaches to the way that 
we currently transform market places.

Interest in the MT7 approach is growing at a rapid rate as new countries join this collaborative 
framework. A truly international feel has started to develop in the task - vital to the global 
marketplace that we all live and operate in. Joining costs have been kept deliberately low in 
order to encourage countries to join and to shape the task and subtasks in line with areas of 
interest to each country. The ability to join some subtasks and not others means that any 
contribution of expert time and cost sharing can be targeted effectively to activities that will yield 
the best actions and results for participating countries.

The Aims and Objectives of MT7
The need to meet Kyoto targets and to reduce greenhouse gas emissions through greater 
energy efficiency provides the driving force behind the new Market Transformation Task.
Utilising the forces of the market and transforming those markets to better respond to energy 
efficient products helps to contribute to a more sustainable path whilst still maintaining a future 
vision of economic prosperity.

Specific objectives of this Task are to:
• Increase the market share of today’s energy-saving products and practices.
• Accelerate the use of the most efficient new technologies in order to reduce the use of 

energy and other primary resources, thereby reducing the emission of greenhouse gases 
and other potentially harmful pollutants.

One important aspect is the deeper involvement of retailers and marketing - both in the 
accelerated acceptance of energy efficient products, and intensified targeting of the most 
appropriate methodology that will lead to an increase in sales.

Scope
The Market Transformation Task has three main areas of work as follows:
1. Market Transformation integrated Policy and Programmes development - developing a co

ordinated international approach to Market Transformation
2. Market Transformation Marketing - developing marketing based actions to deliver Market 

Transformation
3. Promoting Advanced Products Approach - using procurement, requirements , specifications 

and other tools in a targeted way to deliver Market Transformation.

Benefits of joining MT7
MT7 is producing groundbreaking new thinking and methods in international market 
transformation work. The ‘mini monitor’ market research study is delivering a common 
marketing communication platform that will be used as a valuable currency for discussions with 
multinational manufacturers and retailers of energy efficient products. This creates a solid base 
of marketing knowledge, tied into consumer aspirations and values, that will be used by 
multinationals to create unprecedented demands for ever more efficient products. Once 
branded at this level, energy efficiency ceases to be simply another add on feature, but instead 
describes a way of life, an attitude, a core value of who you are and what you aspire to be.
This may be the first time that market research and branding have been so effectively used to 
sell the concept of energy efficiency as a marketable attribute in a global marketplace. Coupled 
with the innovative international market transformation forum, this delivers a powerful message 
to companies involved in retailing and manufacturing energy consuming goods, and opens a 
dialogue with these groups relating to the next generation of super efficient products. By 
creating the demand, we are challenging the suppliers, using their skills, research and expertise, 
to deliver a unique transformation of the international marketplace. The most effective, least 
expensive method of market transformation.
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Work to Date
Most work to date within Task VII on Market Transformation has concentrated on developing the 
programme of work and co-ordinating participating country interests in order to deliver effective 
action projects. Six experts meetings have been held over the last year resulting in several 
subtask proposals and a refined programme of work. The original 6 interested countries have 
now been joined by Korea, taking the total number of countries involved in the Task to seven. 
The greater involvement of marketing experts within the task is resulting in some exciting 
prospects for increasing the role of marketing within the set of tools required for effective Market 
Transformation. Three of the five subtasks are underway with commencement of the additional 
two subtasks on market research and the Market Transformation Forum expected shortly.

The Projects
A brief synopsis of important areas of work is outlined below:

Subtask A: Defining the Market Transformation programme.
This part of the programme is concerned with the development of an internationally co-ordinated 
Market Transformation model that would help to inform policy, engage with the marketplace and 
deliver actions. The aim is to develop a robust and transparent approach to Market 
Transformation activities, and to provide the first international co-ordination on a policy approach 
to Market Transformation. An initiative led by the UK and the Netherlands hopes to align 
individual Market Transformation approaches in each country and collaborate on a unified 
Market Transformation approach to be used as a model for other interested countries.

Subtask B: International Market Research on Energy Efficiency - Market Transformation 
through Branding Energy Efficiency as A Positive Lifestyle Choice.
Energy efficiency is low or non-existent in the consumer’s hierarchy of needs when deciding 
between competing consumer products. The work undertaken by Annex VII suggests that 
energy efficiency is not dominant in purchasing decisions because few consumers, if any, have 
ever been professionally exposed to marketing and branding of energy efficiency as a positive 
consumer choice.
A common market research study will allow MT7 to identify the differences of value patterns in 
participating countries and will develop a common means of communication. The research will 
provide invaluable information needed for talking to the market actors about ‘selling’ energy 
efficiency as a concept. MT7 aims to produce a definitive set of international target audience 
values and aspirations regarding energy efficiency branding. This information will be of benefit 
to energy efficiency promoters as well as valuable to the multinational producers and marketers 
of energy efficient products.

Subtask C: Market Transformation Workshop and Forum
The Synergy Workshop
A series of revolutionary brainstorming sessions on Market Transformation will be held in each 
participating country aimed at informing and invigorating the debate about the promotion of 
energy efficiency. The results of these facilitated meetings will be brought together in a one-day 
synergy symposium planned in 2001. This is intended as a showcase for best practice and 
lessons learned in Market Transformation and provides an opportunity for targeting a way 
forward for the future of Market Transformation activities - an answer to the challenging 
questions facing the energy efficiency community in today’s marketplace.

MT7 High level International Forum
The first of its kind ever held for energy efficiency, the Forum will involve major industry players, 
marketing specialists and government policy makers in a two day discussion highlighting the 
critical success factors required for a step change in energy efficiency promotion and popular 
culture. This Forum is aimed at the highest level, involving the top influential marketers and 
politicians in a unique meeting that will highlight the importance of a radical new approach in 
energy efficiency policy, marketing and delivery. Chaired by a prominent personality this Forum 
promises to engage industry, the media and the public on a scale not yet achieved in energy 
efficiency circles.
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Subtask D- Website and Communication
A series of brief Market Transformation case studies has been placed on the IEA DSM site. 
These incorporate a short outline of the project and link to the case-study website. Additional 
work has been undertaken setting up a Task information sharing system and email group.

Subtask E : Promoting Advanced Products
Importantly in this subtask work continues on the copier of the future competition with a winner 
announced in the last round. The high profile award ceremony, attended by the president of the 
winning company and the IEA, resulted in press coverage which dubbed the IEA DSM award the 
‘Nobel Prize’ for energy efficiency. Further work continues on the LED procurement project 
following a seminar in Amsterdam. A subtask proposal plan has been finalised and work is 
underway in assessing new projects under this subtask.

MT7 Achievements and Future Plans
Overall, the Task is producing an active, ongoing exchange of information amongst participating 
countries on the successes and lessons learned from implementing both innovative and familiar 
market-oriented energy efficiency programs.

Annex VII Market Transformation has to date produced...
• A co-ordinated international approach to Market Transformation
• Greater involvement of marketing experts in the Task
• A refined Task work plan and several subtask proposals
• The presentation of the IEA DSM award of excellence for an advanced photocopier 

procured in subtask E - this award has been dubbed the ‘Nobel prize’ for energy efficiency
• Participation of new countries to the Task (notably Korea)
• A Task website and group information sharing activity including provision of country specific 

Market Transformation case studies
• A Paper presented to the IEA and World Energy Council congress in Ankara.
• Six experts meetings
• Shared knowledge of international approaches to market transformation.
• Access to, and contacts with, a wide variety of participating countries from which to draw 

project partners.

In the year 2001, MT7 will achieve...
• A revolutionised approach to marketing energy efficiency based on new research and action 

projects.
• A One off Forum yielding the latest market transformation approaches and sharing 

international perspectives.
• A co-ordinated and co-operative international approach to market transformation that yields 

effective market changing results.
• Regular briefings on current practices and latest knowledge of Market Transformation 

practice.
• Additional participating countries joining Annex VII
• A possible new project looking at Market Transformation of standby power in various 

devices
• A wider involvement of industry in the task including multinational chains of manufacturers 

and retailers

In the broadest sense the proposed Task is expected to facilitate a new approach to market 
transformation in order to bring about the changes that are required in international markets so 
that new energy efficient technologies penetrate the market and start to achieve their true 
potential. If successful, the proposed new Task will contribute significantly to the accelerated 
take up of energy efficient technologies in the marketplace, and therefore will assist in the 
conservation of energy reserves and a reduction in the emissions of greenhouse gases and 
associated pollution.
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Countries Taking Part in the Annex
• Denmark • Norway
• Finland • Sweden
• Korea • United Kingdom
• Netherlands

Interested and may join in 2001
• USA
• Australia
• Spain

Resources
At the present time the minimum joining fee is US$10,000, covering the costs of information 
sharing, communication and co-ordination, experts meetings and workshops etc; with 
additional subtasks costing extra as set out in the Task work plan. If a country wishes to join 
all subtasks and be involved in all MT7 activity this will cost US$10,000 to join + US$9,000 
for the market research + US$4,000 for the MT7 Forum + US$3,000 for promotion of 
advanced products. The total amount would therefore be US$26,000. Some countries have 
been able to take part in all activity by finding different sponsoring bodies to fund different 
parts of the Task work plan.

There are currently 4-6 experts meeting held over the course of each year requiring one day 
of experts’ time and a further commitment of 30 days of expert’s time each year to fully 
contribute to the programme.

Activity Time Schedule
Task VII came into force in January 2000 and shall remain active until January 2002 unless 
an extension to the Task Activities is required

Subtask 1999 2000 2001

Subtask A: Defining the Market Transformation 
Programme and detailed project planning

Subtask B: Market Transformation Market 
Research

Subtask C: Market Transformation Workshop 
and Forum

Subtask D: Market Transformation Website and 
Email list server

Subtask E: Promoting Advanced Products

Subtask F: Standby Power (to be confirmed)

Subtasks G - [,..X,Y,Z]:
Additional Subtasks (to be confirmed)

If you would like more information or wish to join MT7 please contact Verney 
Ryan via email on rvanv@bre.co.uk or telephone ++44 (0) 1923 664318
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Foreword

The evaluation of a photovoltaic (PV) system encompasses many factors ranging 
from: energy production, quality of power, reliability, durability and safety, through to 
cost effectiveness or economics, impact on the environment and electromagnetic 
interference. The development of internationally agreed evaluation procedures for 
each of these areas is needed to aid the development of the industry while 
strengthening confidence and preventing chaos in the market. It is the purpose of the 
IEA expert groups to meet periodically to propose recommendations for PV systems 
testing and evaluation.

This document deals with Cost of Energy of PV systems, and is partly directly based 
on the corresponding IEA expert group recommended practices for estimation of cost 
of energy from wind turbines as reported in/1/.

The expert committee will seek to gain approval of the procedures in each member 
country through the IEA agreements. The recommendations shall be regularly 
reviewed and areas in need of further investigation shall be identified.

Introduction

The cost of energy from PV systems (and any other power generating systems) may be 
estimated in a variety of ways. A macro economic approach will require methods 
different from those needed for a private financial analysis, and the different methods 
will probably generate cost of energy figures not suitable for comparisons. 
Furthermore, even analyses intended for the same purpose may have different ways 
for estimating the cost of energy, and thus care should be taken whenever comparing 
energy cost figures to ensure that the analyses methods have been the same. This 
document describes a standard method for estimating the cost of energy from PV 
systems. The recommendations are for making project specific estimates for existing 
PV systems or for PV feasibility studies.
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1. Scope and field of application

This document describes the recommended procedure for estimating the cost of 
energy from a PV system. The procedures and practices presented are generally 
applicable to PV systems of all sizes, as well as to groups of PV systems. Primarily, 
this document considers PV systems consisting of an array of PV modules, an inverter 
and a support structure, and intended for operation connected to a common electric 
grid. Methods for assessment of other types of PV systems, e.g. such as stand-alone 
PV systems with battery storage, are under consideration.

The recommended procedure may be applied to both existing and planned PV projects. 
The derived cost of energy figure is only as valid as the assumptions made, and will 
relate only to the specific PV system at the specific location. The method presented 
cannot replace a financial investment analysis, though it may be used to support it.

This document recommends a standard method for estimating the cost of energy from 
PV systems. The cost of energy is expressed as the levelised production cost (LPC) 
which is the cost of production of one kWh levelised over the PV system's entire 
lifetime. The derived cost of energy figure is most suitable for making cost 
comparison between PV and other sources of energy having similar functional and 
operational characteristics. Cost comparison with any other energy technologies may 
be appropriate for a market assessment and as an indication of the economic 
feasibility of installing the assessed PV system. The application of the LPC is further 
illustrated in examples 1 to 4.

Example 1:
A choice between two or more PVs for installation at a specific site is to be 
made. Basing the choice solely on cost efficiency, the PV with the lowest LPC 
should be selected.

Example 2:
A choice is to be made between a PV, a wind turbine and a wave power system. 
Basing the choice on cost efficiency, the system with the lowest LPC should be 
selected.

Example 3:
A specific PV is to be installed at one of several possible sites. Basing the 
choice on cost efficiency, the site yielding the lowest LPC should be selected.

Example 4:
The economic feasibility of installing PVs in an electric power supply system is 
to be estimated. An initial indication is provided by comparing the LPC of the 
PVs with the short run marginal cost (SRMC, i.e. operation cost) of the existing 
system. A LPC of the PVs lower than the SRMC for the existing system 
indicates economic soundness for small PV penetration levels. Higher PV 
penetration levels may modify the power system operation, and in such cases the 
cost of PV calculation should be supported by total power system modelling for 
deriving all costs and benefits. It is also noted that if expanding a power supply
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system with PVs, it can be shown statistically that the loss of load probability is 
reduced. Hence, a PV system has a capacity value equivalent to the capacity of a 
conventional plant that would have to be installed to attain the same level of 
power supply reliability.

It is stressed that cost comparisons are meaningful only if the cost of energy figures 
are estimated on the same basis and with the appropriate level of accuracy. 
Furthermore, cost calculations of energy technologies are not a substitute for full 
system analyses deriving the total system cost of energy for adopting different energy 
generating technologies.

2. Definitions

For the purpose of this document, the following definitions apply:

2.1 Photovoltaic system (PV system)
A photovoltaic system converts photovoltaic energy (solar radiation) into electrical 
energy suitable for grid connection or stand-alone supply of electric loads.

NOTE: In this document a photovoltaic system is also denoted a PV system or simply 
aPV.

NOTE: In this document only grid connected systems are considered.

2.2 Photovoltaic module (PV module)
A PV module is the smallest usable building element in a PV array converting 
photovoltaic energy (solar radiation) into electrical energy.

2.3 Photovoltaic array (PV array)
A PV array consists of the appropriate number of PV modules configured according to 
need. An array may be divided into sub-arrays.

2.4 Inverter
An inverter converting the DC power from the PV array to grid quality AC power. 
Sub-arrays may have individual inverters.
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3. Symbols and units

LPC currency/kWh Levelised production cost
TC currency Discounted present value of total cost of energy 

production
I currency Investment including possible interest during 

construction
currency Operation and maintenance cost during year t

% currency Social cost during year t
RCt currency Retrofit cost during year t
SF currency Salvage value after n years
LPC currency/kWh Levelised production cost
ANEt kWh Net energy output during year t
AUEt kWh Utilised energy during year t
Eper.t Performance factor (rain, dirt, etc)
Ksite, t Site factor (shadow from obstacles, air clearness)
Eava,t Technical availability factor (failure, service)
Klos,t Electric transmission losses factor
E-util.t Utilisation factor
Epot kWh Annual potential energy output
r Discount rate
n year Economic lifetime
t Year index
a Annuity factor
TOM currency Total levelised annual ’’down-line cost”
P(Ga) W Power curve of the PV system

Solar radiation probability distribution at the PV 
modules surface

Parr W Output power from the array of PV modules 
connected to the inverter

TJinv Inverter efficiency
'Harr Array efficiency
T]nom Nominal array efficiency
K %/K Temperature efficiency coefficient of the array
Tarr K Array temperature
A m2 PV array surface area
Ga W/m2 Total solar radiation at the PV array surface
kori Orientation factor
Tamb K Annual average ambient day-time temperature
Gp W/m2 Solar radiation perpendicular to the PV module 

surface
®arr K/W/m2 Temperature scale factor
&ori radian Orientation of PV array photosensitive surface
Quit radian Tilt angle of PV array surface
Plong radian Latitude position of PV system
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4. Abbreviations

PV Photovoltaic (system)
PCC Point of Common Coupling 
LV Low Voltage 
MV Medium Voltage 
HV High Voltage



5. Cost components and energy production

The cost components are assumed to be the investment cost (including possible 
interest during construction), operation and maintenance cost, repair or retrofit cost, 
salvage value and social cost. Apart from the social costs, only the costs relating to the 
PV system up to the point of interconnection with the public transmission or 
distribution network are considered. In some cases it may be necessary to reinforce the 
public transmission or distribution system (or to include special control devices, etc.) 
due to the introduction of PV. In such cases, depending on the scope of the analysis, 
these extra costs (or a part thereof) may be included in the analysis.

The PV output considered could be a) the annual net energy (ANEt) as available at the 
PV terminals, or b) the annual energy as utilised in the connected power system i.e. 
the annual utilised energy (AUEt). The relation between the annual utilised energy and 
the annual net energy can be described by:

AUEt = ANEt -Kios,t • Kutiit

Here, Kios>t is a factor relating to the electric losses which occur between the PV 
terminals and the electric grid where the energy is utilised, and Kutiij is a factor which 
depends on how the transmitted PV energy is utilised in the power system, see also 
figure 1.

Depending on the scope and field of application, both the annual net energy output 
and the annual utilised energy output are recognised as adequate energy measures, and 
the assessor must judge which to use in each case.

PV system

PV system terminals

Point of common coupling (PCC)
¥—--------------------------

Long MV feeder

<£> HV utility grid

▼
Group of consumers

Figure 1 Example of an electrical system where the energy losses in the long medium 
voltage feeder are reduced due to the PV energy output so that the utilised PV energy 

becomes higher than the transmitted net energy and hence Kutitjt > 1.
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6. Cost calculation methodology

6.1 General approach

The measure of the estimated cost of energy adopted in this document is the levelised 
production cost. The levelised cost method is thoroughly described and discussed in
111. The method will only be described briefly in the following text.

The levelised production cost (LPC) is the cost of one production unit (kWh) 
averaged over the PV system's entire expected lifetime. The total utilised energy 
output and the total costs over the lifetime of the PV system are both discounted to the 
start of operation by means of the chosen discount rate, and the LPC is derived as the 
ratio of the discounted total cost and utilised energy output.

It is assumed that all costs are given in a fixed currency for a specified year. The 
currency and cost level year should be decided and clearly declared by the assessor 
when reporting the estimated cost of energy. In the calculations all costs are 
discounted to the present value, i.e. the first date of commercial operation of the PV 
system. The discounted present value of the total cost (TC) is given as:

TC = I + £(OM, + SC, + RC,)-(l + r)" -SV■ (1 + r)'"

M

Here is I the investment cost, n the lifetime, OMt the operation and maintenance cost 
in year t, SCt the social costs in year t, RCt the retrofit cost in year f, r the discount rate 
and SV the salvage value. These economic parameters are further explained in section 
7.1.

The levelised production cost (LPC) is given as the ratio of the total discounted cost 
and the total discounted utilised energy, i.e.:

flAUEr(Ur)-'

(=1

The annual utilised energy, AUEt, should be specified for each year by adjusting the 
annual potential energy output, Epoh with a number of correction factors:

AUEf ANEt • KlOS't • Kutilj Epot ’ Kpert ' Ksne,t ■ -^-ava.Z * Klos,t ' KiitHj

Here is ANEt the net energy output during year t, Epot the annual potential energy 
output, Kperit the performance factor (rain, dirt etc.), Ksite>t the site factor (shadow from 
obstacles), K^t the technical availability factor, K[0Stt the electric transmission losses 
factor and Kutn<t the utilisation factor. The parameters are further explained in section 
7.2.
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6.2 Simplified approach

In many cases it may be appropriate to assume the annual utilised energy to be 
constant from year to year (i.e. AUEt=AUE for t=l to n). In such cases, the LPC can 
be calculated as:

LPC = —-— + IQM- 
a-AUE AUE

Here a is the annuity factor defined as:

a =-----------------------------
r

Hence, I/a is the capital to be paid annually during the assumed period in order to 
cover both the depreciation and the assumed interest. TOM is the total levelised 
annual “down-line costs”, i.e. all costs other than the initial investment. TOM may for 
simplicity be estimated as a certain percentage of the investment. The exact definition 
of TOM is:

TOM = <T1 • £ (OM, + SC, + RC, )(1 + r)~' - SV( 1 + r)~n
t=1
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7. Estimation and specification of input parameters

In this section the input parameters are specified further and guidance is given for 
their estimation. In many cases one or more of the input parameters will be known 
explicitly, and of course, the known figures should be used whenever possible.

7.1 Economic parameters

This document considers the cost of energy from PVs excluding all possible taxes and 
subsidies.

7.1.1 Investment

The investment should include all the costs of constructing the PV system. Although 
only the total investment is included in the formula for calculating the levelised 
production cost, the analysis report should include a breakdown of the investment as 
indicated in table 1. In some cases, e.g. for very large PV systems, the construction 
time may be of substantial length, and the interest on the investment, during the time 
from when the payment is made until the start of commercial operation, should be 
calculated and included in the total investment:

/=!

Here, j is the number of investment payments, r is the discount rate, and /, is the 
investment part paid f, years before the start of commercial operation of the PV 
installation. It is important to notice that bank interest for financing the investment is 
not considered, since in this document the project is being assessed, not how it will be 
financed.

7.1.2 Operation & maintenance

The O&M costs will depend on the PV system size and type, as well as the site 
conditions and the connected system. Accordingly, this document recommends project 
specific estimates of the O&M costs to be specified for each year of the scheme's 
lifetime. Although only the total annual O&M cost for each year is included in the 
formula for calculating the levelised production cost, the analysis report should 
include a break-down as indicated in table 2.
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Table 1 List and specification of investment cost components for grid connected PV systems. The cost 
components may be further divided into parts and labour costs.

• PV array ex factory cost.
• Inverter ex. factory cost.
• Support structures ex. factory cost.
• Special certification or other external test procedure costs if procured.
• Transportation costs including loading and unloading and other costs associated with transporting 

the PV from the manufacturer to the site.
• Site preparation costs, e.g. civil works for preparing access road(s) and other works depending on 

the specific landscape and ground conditions.
• Foundation costs, i.e. civil works for preparing the PV system foundation.
• Erection costs, i.e. costs for erecting the PV system at the foundation.
• Grid connection and reinforcement costs, i.e. costs associated with the electrical works for 

connecting the PV system to the grid, as well as possible grid reinforcement costs,
• External monitoring and control system costs. Such external systems are typically associated with 

large PV farms monitored and operated from a remote utility central.
• Consultancy services and other costs for design and supervision of the installation works.
• Land costs, i.e. the cost of buying or renting land for the PV power installation. The costs should be 

discounted to the first date of commercial operation using the discount rate as specified in section 
4.1.7. In cases where the land is also used for farming or other activities, the land investment cost 
should be reduced by the discounted income of these activities.

Table 2 List of operation and maintenance cost components for grid connected PV systems. The cost 
components may be further divided into parts and labour costs.

• Normal liability and property insurance costs covering sudden PV system damage and operational 
losses due to such damage.

• Special insurance for an annual energy output guarantee.
• Service costs may include the manpower costs of the scheduled services. Service costs during the 

first years are sometimes included in the PV system ex. factory price.
• Consumable spare parts for wear and tear.
• Repair costs, i.e. (minor) repairs outside the scheduled service and not covered by any insurance or 

guarantee surveillance. See also retrofit cost in section 7.1.4.
• Management costs, i.e. costs connected to the construction and operation management of the PV 

system.

7.1.3 Social costs

The social (or external) costs of energy production are those being borne by third 
parties and are not reflected in the market price of energy. Social costs may be 
associated with environmental damage, nuisance to people, etc. Consensus on specific 
methods for estimation of social costs has yet to be established. However, it is 
accepted that social costs exist and that these should be included when calculating the 
cost of energy production. It is also widely accepted that social costs of PV production 
are small or negligible, especially when compared to those associated with energy 
generation from non-renewable sources.
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7.1.4 Retrofit cost

The need and costs for replacements or major repairs during the adopted lifetime (see 
section 7.1.6) should be evaluated. These are dependent on numerous factors, and it is 
recommended that project specific estimates are made of the timing and cost of 
possible major repairs or retrofits.

In the calculation example in Annex C the retrofit cost is not specified directly, but 
instead indirectly by specification of the lifetime of each of the investment 
components, and then calculated as the difference between the sum of investments and 
the discounted sum of investments.

7.1.5 Salvage value

The salvage value is defined as the difference between the scrap value and the 
decommissioning cost of the entire scheme at the end of the lifetime adopted for the 
economic analysis. If the adopted economic lifetime n is less than the assumed 
technical lifetime of the PV, the salvage value should be a positive value reflecting the 
capital value of the total PV power installation after n year of operation. Note that 
even if the adopted economic lifetime (see section 7.1.6) is set equal to the assumed 
technical lifetime of the PV system, the salvage value of the total scheme may not be 
zero as land, electrical cables, etc. may still have a significant capital value.

7.1.6 Economic lifetime

The actual technical lifetime of a PV system depends on numerous factors, and it may 
in fact be very difficult to predict. Modem electricity producing PV systems are 
commonly designed to have a life of 20 to 30 years, and normally a 20 to 30-year 
economic life can also be assumed. The economic life should not be set to a value that 
exceeds the technical life of the PV system. It should be noted that the economic life 
as described in this document is a parameter that can be decided by the analyst. It 
should not be confused with other parameters such as a possible loan payback period.

7.1.7 Discount rate

The discount rate r given in real terms is defined as the rate at which the nominal rate 
i exceeds the inflation rate v, i.e.:

1 + r =
1 + / 

1 + v

The choice of the numerical value for the discount rate is up to the assessor. It may be 
chosen to reflect the cost of financing the project, the possible earned return of an 
alternative investment or the opportunity cost of capital, the project risks, or any 
policy objective or constraint. The following points should be noted:
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• The levelised production cost of energy will be higher for a higher discount rate 
and lower for a lower discount rate.

• If the energy is sold at the calculated levelised production cost, the project costs 
and income will balance each other and the internal rate of return will be equal to 
the assumed discount rate.

• An increased discount rate will reduce the economic attractiveness of projects with 
high investments and low running costs compared to less capital-intensive projects.

International studies of electricity generation costs often adopt 5 to 7 % as the annual 
discount rate in real terms, whereas private investors investigating commercial 
projects may adopt higher values. In general, it is recommended that an analysis is 
carried out to determine the cost of energy sensitivity to the discount rate.

7.2 PV system output

The following discussion on estimating the annual utilised energy highlights the most 
important factors to be considered and reported. It is not meant to give strict directions 
and thus the appropriate calculation methods may vary considerably from system to 
system. This document recommends that the assessor applies the best available 
information for estimation of the annual utilised PV system output. Measured values 
give actual achieved operational statistics and production costs per kWh. Single 
“spot” measurements (e.g. one year of production figures) should however be used 
with care for calculation of the levelised production cost, as they can be significantly 
biased compared to the levelised lifetime figures.

The subsequent sections 7.2.1 to 7.2.8 consider single PV systems only. The utilised 
energy output of a PV plant consisting of more PV systems can be estimated either by 
treating the plant as a single large PV system, or it can be found by summing the 
individual utilised energy output estimates of all the PV systems in the PV plant.

7.2.1 Potential energy output

The annual potential energy output, Epot, of a PV experiencing specific meteorological 
conditions is given as:

£>, = 8766 ■ f p(Ga) ■ f(Ga )dGa
0

Here, 8766 is the average number of hours in a year, p(Ga) is the power curve of the 
PV system, and f(GJ is the solar radiation probability distribution at the PV array 
surface.

The solar radiation distribution should ideally be based on many years of on-site solar 
radiation measurements, but in practice it will often be necessary to extrapolate long 
term data from nearby high quality measurement stations. In the calculation example
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in Annex C, the solar radiation distribution is specified as a discrete distribution for 
bin midpoints of Ga = 50, 100,150 ... 1200 W/m2.

The power curve p(Gq) of the PV system must be specified. Ideally the power curve 
should be based on high quality measurements, or it may be calculated. In the 
calculation example in Annex C, the power curve is determined from calculations and 
specified for Ga - 50, 100, 150 ... 1200 W/m2, i.e. for each bin midpoint of the 
discrete solar radiation distribution. The calculation procedure is illustrated by Figure 
2, and further described in the following text.

From Figure 2 it is firstly seen that the output power is given by the below equation:

P(Ga) = Farr * *7inv

Here, Parr is the output power from the array of PV modules connected to the inverter, 
and rjinv is the inverter efficiency.

The inverter efficiency is commonly depending on the input power, hence:

Vinv ~f(Farr )

It is recommended that rjinv is specified applying verified manufacturer data. In the 
calculation example in Annex C, rjim is specified for 25, 50, 75 and 100 % of the 
inverter’s rated power, whereas the other points are found by linear interpolation.

The power Parr from the PV array is given by:

^arr ~ V arr ’ Pin

Here, ijarr is the array efficiency, and Pin is the photovoltaic input power given by:

Pin ~ A • Ga

Here, A is the PV array surface area (m2), and Ga is the total solar radiation at the PV 
array surface (W/m2).

= A • G„

PV array

Figure 2 Illustration of PV system with indication of efficiency factors and input and
output power.
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The array efficiency depends partly on the modules and partly on their orientation, so 
in total the site specific array efficiency can be determined according to the following 
relation:

larr ~ V nom ' H + ~^QQ^Tarr ~ " &or/

Here, rjnom is the nominal efficiency of the array, k is the temperature efficiency 
coefficient of the array (%/K), Tarr is the array temperature (K) and kori is an 
orientation factor.

The nominal efficiency rjnom of the PV array is array specific. It shall be given for an 
array temperature of 298 K (25 degrees C) and a solar radiation of 1000 W/m2 
perpendicular to the array surface.

The temperature efficiency coefficient k of the PV array is array specific. It is 
commonly (always) negative so that the array efficiency is reduced for temperatures 
over its nominal temperature (298 K) and vice versa. In case the coefficient is not 
available for the specific array in question, a temperature efficiency coefficient 
fc= - 0.5 %/K may be applied.

In case the PV array is installed without any particular temperature control devices 
(such as cooling of the PV array with water) and in an open area, an approximate 
estimate of the array temperature can be found by applying:

Here, Tamb (K) is the annual average ambient daytime temperature and aarr (K/W/m2) 
is a temperature scale factor found. In case the temperature scale factor is not available 
for the specific array in question, a temperature scale factor aarr = 0.02 K/W/m2 may 
be applied.

The orientation factor kori is defined as the ratio between Ga and Gp, where Gp is the 
solar radiation perpendicular to the array surface area.

For PV arrays with a fixed orientation and tilt angle, an approximate estimate of the 
orientation factor may be found by applying the below equations:

k0ri = |cos(0.48 • aon • J3lal) • cos{0tilt - plat )|

Here:
• aori is the orientation angle, i.e. the angle between the south direction and the 

normal of the array surface for locations north of equator, and between the north 
direction and the normal of the array surface for locations south of equator,

• piM is the latitude position of the PV system, and
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Normal to array photosensitive surface

Array photosensitive surface
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South of equator

Horizontal level

Normal to array photosensitive surface

---------► E

Array photosensitive surface

S

Figure 3 Illustration of PV system orientation and tilt angle.

• Quit is the tilt angle of the array from the horizontal level.

(Xorh Plat and Quit are all in radians. The orientation and tilt angle is further illustrated in 
Figure 3.

The above formula for the orientation factor has been deducted by comparing 
measurements with calculated data for different aori and Quit angles of PV arrays in 
Denmark. It fits well for the Danish latitude of 55 degrees and radiation conditions, 
but may not be very accurate for other latitudes, or areas with other irradiation 
conditions, e.g. having a different amount of diffuse radiation. Hence, the formula for 
the orientation factor must be used with care.

7.2.2 Performance factor

The performance of a PV system may be reduced dramatically due to dirt, rain or ice 
on the photosensitive surface, as well as due to wear and tear of the photosensitive 
surface coating. If the site conditions are likely to give such problems, then cleaning 
and maintenance of the photosensitive surface coating must be included in the O&M 
costs or a reduction in the annual energy output relative to the potential output must be 
assumed. This reduction in the annual energy output AEper>t can be expressed by the 
performance factor Kper>t defined as the ratio of the reduced annual energy output and 
the annual potential output:

pot
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The performance factor may change over time due to wear, and changing seasonal 
climatic conditions.

7.2.3 Site factor

The solar radiation distribution assumed for calculating the potential energy output 
should be the solar radiation distribution at the surface of the PV. In some cases 
however, the site surroundings may change over time due to tree planting, 
construction of new houses, as well as activities modifying the air clearness thus 
influencing the solar radiation distribution and the energy output from the PV. In such 
cases, it may be adequate to apply a site factor to take account of the reduction in 
annual energy output AEsitett due to the changed surroundings. The annual reduction 
may be expressed by means of the site factor Ksite<{.

K - 1 ^site,t K Sjtej *
pot " per,t

7.2.4 Technical availability factor

The technical availability Cma,t of a PV system is defined as the fraction of the year 
the PV is ready for operation:

Cava,t

8766 -T0UU 

8766

Here, 8766 is the number of hours in an average year, and ToutJ is the total annual 
scheduled and forced outage time of the PV system. The resulting technical 
availability Cava,t depend in general both on the PV installation and on the connected 
system, e.g. a grid connected PV will shut down in the event of an external grid failure. 
In such cases, it is often adequate to specify the technical availability of the PV and 
the connected system separately, and to estimate the resulting technical availability, 
CaVa,t, as the product of these two availability factors. It is noted that for large modem 
power systems, the grid availability may be very close to 1, whereas for smaller rural 
grids, the availability will typically be lower. The technical availability factor Kava,t 

assumed by this document is defined by the energy loss AEava,t due to the PV system 
availability:

Kava,t - 1-
AEava,t

Epot " Kpgr t ‘ ^site,t

Kavaj may be different from CaVa,t, e.g. if the PV system servicing is scheduled during 
periods with less solar radiation, KavaJ will probably be higher than Cava,t-
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7.2.5 Net energy output

The annual net energy output (ANEt) is the annual energy output at the PV terminals: 

ANEt — Epot " KperJ • Ksite,t ' K-avo,t

7.2.6 Electric transmission losses factor

The annual electrical transmission loss AEiOSJ is the difference between the PV net 
energy output (which can be measured at the PV system terminals) and the energy fed 
into the point of common coupling (PCC). The annual electrical transmission losses 
may be expressed by the factor Kios>t:

An estimate of the annual electric transmission losses may be based on the annual net 
PV power distribution and specifications of the transmission system up to the PCC. It 
is important to know the actual net PV power distribution as the transmission losses 
will be a function of the square of the net PV output power.

7.2.7 Utilisation factor

In most cases, the energy (ANEt •Kios,t) supplied to the PCC will be numerically very 
close to the annual utilised energy output (AUEt) from the PV system. However, in 
certain cases (see example 5 and 6) there may be a substantial difference, and the 
utilisation factor is defined to take account for such cases:

v- _a AEutnj

Example 5:
In a power system with high PV penetration, the power production may 
potentially be higher than the electric load during periods with high solar 
radiation and low electricity consumption. Thus, the power production must be 
reduced or the load must be increased during such periods. In either way, the 
consequence may be that some of the PV energy output may not be utilised in 
the power system, and the utilised energy output AUEt becomes lower than the 
product of ANEt and KiOSft.

Example 6:
In a power system where the PV system is connected to the grid at a point close 
to a large group of consumers and far from any other power plant, the grid losses 
in the grid between the power plant and the consumers in question is reduced,
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and the utilised energy from the PV system A UEt will be higher than the product 
of ANEt and K[OSJ. See also figure 1 for illustration.

7.2.8 Utilised energy

The annual utilised energy AUEt is the PV output utilised in the connected system. 
The AUEt may be estimated for each year of the PV's lifetime by assuming the 
potential output Epot and the year specific factors Kper>t, Ksite,b Kava,h Kios,t and Kutiiit.

AUEt ~ Epot 'Kper,t ’ K-site,t ’K-ava,t ' Klos,t ' K-util,t
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8. Uncertainties

8.1 Nomenclature and general considerations

It is recommended that the LPC estimate is accompanied by an uncertainty analysis 
which follows the guidelines of /3/. This document provides an outline explanation to 
the guide. It is stressed that the simplifications proposed may not be valid in specific 
cases and should be carefully evaluated by the user.

When quoting an uncertainty, it is vital to state the associated confidence interval and 
confidence level. The confidence level defines the probability that the (actual) value 
lies within a given range, i.e. the confidence interval. An adequate way of stating an 
uncertainty would thus be to quote e.g. that one is 95 % certain that the actual cost of 
energy lays within the interval 1.0 ±0.1 USD/kWh. Here 95 % would be the 
confidence level and the confidence interval would be from 0.9 to 1.1 USD/kWh.

8.2 Uncertainties on input parameters

Any input parameter may have two types of attached uncertainty:

• Category A: uncertainty which is estimated on the basis of measurements; it is 
typically due to random error in observation of the parameter considered.

• Category B: uncertainty estimated on basis of the knowledge other than from 
measurements.

Category A uncertainty can be derived from the probability distribution of the 
observations, i.e. the classical method of probability. Furthermore, the (true) value of 
a parameter with only category A uncertainty will be equal to the mean value of N 
observations when N —> oo, thus category A uncertainty may be reduced to any small 
value simply by making more observations. Category B uncertainties are determined 
by means other than measurements. It could be an uncertainty related to instrument

Table 3 Nomenclature and basic mathematical rules for stochastic variables used in this document 
for calculation of the levelised production cost uncertainty.

Nomenclature
X stochastic variable
m probability distribution of X
E(X) = \X- f(x)dx = p expectation value of X
V(X) = \ (X-EiX))1 ■f(x)dx - <j2 variance of X
STD(X)=Jnxj=o standard deviation of X

Basic rules
E(Xj+X2) - pi + P2

V(X-c) = V(X) -c2 c is a constant
If Xi and X2 are independent => V(Xi + X2 ) = CTi2 + &2
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calibration or the way the instrument is used, and the magnitude of the uncertainty is 
evaluated by employing the experience of the analyst, i.e. statements regarding 
category B uncertainties will include judgement and/or belief. Category B 
uncertainties, unlike these from category A, cannot be reduced to a small value by 
making more observations. Qualified estimates of category B uncertainties may 
however still be obtained by utilising historical data for the project in question and 
experience from other similar projects.

Category B uncertainties are likely to dominate the input parameters considered in this 
document, and thus, for simplicity, category A uncertainties are assumed negligible.

In this document all uncertainties, category A or B, are considered independent.

In general, the uncertainty of an input parameter may be represented by any 
probability distribution judged appropriate for the specific parameter and type of 
analysis. In this document however, only Gaussian probability functions are assumed. 
A consequence of this suggestion is that it is adequate simply to specify the 
expectation value and variance for each input parameter in question.

Annex B identifies the input parameters considered, and gives sample suggestions for 
their 95 % confidence interval. The economic lifetime and the discount rate are not 
included in the table as these are regarded as decision parameters not connected with 
uncertainty. It should be stressed however, that both the lifetime and the discount rate 
have significant impact on the derived LPC. Hence, their impact should be determined 
in a sensitivity analysis by calculating the LPC for a number of chosen values, e.g. 
assuming a lifetime of 15, 20 and 25 years and a discount rate of 5,10 and 15 %.

8.3 Calculation of resulting uncertainty

The best estimate (expectation value) of the LPC may be calculated by applying the 
best estimates of the input parameters.

The sensitivity aj is defined as the partial derivative of the LPC with respect to the 
specific parameter Xf.

ai = ALP C/AXi

By varying one parameter at a time graphs can be drawn as shown in figure 3. Here 
the slopes define the sensitivities.

For small perturbations, the formula for calculating the LPC may be approximated by 
a linear function:

LPC = E(LPC) + Xa, - AX,
M
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Sample PV system
LPC sensitivity to parameter variation

^ 1.20

rX 1-10

% 1.00

th 0.70
1.0

Parameter variation factor

— Potential energy output Investment costs O&M costs
— Retrofit costs -$-™ Lifetime Discount rate

Figure 4 Estimated levelised production cost of energy from a PV system as a 
function of selected input parameters. The figure is for illustration purposes only.

Here, E(LPC) is the expectation value of the LPC, and AXi is the perturbations on the 
expectation values of the input parameters. Following the definitions of section 5.1, 
and assuming the input parameters to be independent of each other, the standard 
uncertainty of the LPC may be deducted:

V(LPC) = V(E(LPC) + '£a, ■ V(AX,)) = |>,2-V(X,)
/=1 /=1

Hence, the overall uncertainty U specifying the confidence interval, (LPC-U,LPC+U), 
of the LPC can be calculated applying:

U = c - ^JV(LPC) = c • STD(LPC)

Here, c is a factor that can be chosen to give a confidence interval corresponding to a 
desired confidence level. If the LPC has a Gaussian distribution, c=2 gives a 
confidence level of 95 %.

In the calculation example in Annex C, the overall uncertainty U is calculated 
applying estimates of the normalised uncertainty ui for each of the input parameters:

u, - U, 100 STDjX,) •100
C' E{X,) •100

Applying this, the standard uncertainty V(LPC) can be rewritten to yield:

V{LPC) =
/=1

z
U,

V

sm)2
c•100 J
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Further, in the calculation example in Annex C, the sensitivity is determined by 
applying AXi = k-E(Xj), so that the standard uncertainty, V(LPC), can be rewritten:

V(LPC) =
k
S
/=1

' ALPC, '
U,

E(Xt)

c-100
yfALPCA2
Ml ^ J c-100 J

2

Hence, the overall uncertainty U in the calculation example in Annex C is given by:

U = c
/=1

( ALPC,) s*

2 XfALPCA 2 f )
l k J

n o o 1100 J

As can be seen from the above equation, this way of calculating the overall 
uncertainty gives a confidence level for the overall uncertainty U of the LPC equal to 
the confidence level for the uncertainty of the input parameters.
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9. Information to be reported

A report stating an estimate for the cost of energy for a specific PV project shall 
include, but not be limited to, the items listed below:

• Bibliographic data
• PV specification
• Energy system specification
• Site specification
• Economic data
• Energy calculation
• Specification of uncertainties
• Sensitivity analysis

A sample report format for selected parts of a full report is included in appendix C.
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A Summary of input parameters

Input parameter Range & Comment
Total initial capital investment, /
O&M cost, OM,

PV and system specific.
PV and system specific; average annual O&M costs of ??? % 
of the ex. factory PV investment is often assumed for proven 
grid connected PV systems.

Social cost, SC, PV and system specific; commonly accepted as being 
negligible for PVs.

Retrofit cost, RC, PV and system specific; a retrofit after ??? years costing 
approx. ??? % of the ex. factory PV investment is often 
assumed for proven grid connected PV systems.

Salvage value, SV PV and system specific; depends also on the adopted economic 
lifetime.

Economic lifetime, n Decision parameter; should be equal to or shorter than the 
technical lifetime, 20 to 30 (???) year is commonly assumed 
for proven grid connected PVs.

Discount rate, r Decision parameter, 5-7 % is commonly assumed in 
international studies of electricity generation costs.

Power curve, p(Gd PV system specific, should be calculated for actual site 
conditions.

Solar radiation distribution,/(Gy Site specific, should preferably be based on long term, high 
quality measurements at the site.

Performance factor, Kper, PV and site specific; the factor may range from 0.7 to ~I.O 
depending on dirt, rain and ice conditions and on PV 
maintenance, ~1.0 is typical.

Site factor, KsiteJ

Technical availability factor, K^,

Site specific; ~1.0 is typical.
PV and system specific; 0.9 to ~1.0 is a typical range for 
proven grid connected PV systems.

Annual net energy, ANE,

Electric transmission losses factor,
K,os,<

ANE/ — Ep0i 'Kpgr t ■ K-site.t "•&ava,t

Depending on site transmission system and power production 
distribution; 0.9 to ~1.0 is a typical range for proven grid 
connected PVs.

Utilisation factor, Kutli, Depending on system configuration, load and power 
production distribution. Values ~1.0 are typical for electrical 
power systems with low penetration of PV. Values much below
1.0 may be experienced if the installed PV capacity is higher 
than the minimum consumer load. Values up to 1.1 may be 
experienced in case the PV system is installed close to 
consumer loads (and far away from other power plants) so that 
electric transmission losses are saved.

Annual utilised energy, AUE, AUE, Ep0, 'Koer, * Ksi,e.t ’K-ava.t ' K-los.t " ulil.l
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B Summary of uncertainty parameters

Parameter Sample normalised uncertainty * Comment
Total investment, I 5 Assuming short-term (less than 2 years) forecast 

for specified proven technology at specific site.
O&M cost, OM, 5-10 Assuming the forecast is for specified proven 

technology at a specific site; uncertainty depends 
on forecast length.

Social cost, SC, ?? The uncertainty may be neglected as the social 
cost of PV is commonly assumed to be very low.

Retrofit cost, RC, ?? Uncertainty may be neglected as having very 
little impact on the LPC.

Salvage value, SV ?? Uncertainty may be neglected as having very 
little impact on the LPC.

Potential energy output, Epo, 10-15 Depending on the quality of the power curve, and 
the quality and amount of historical solar 
radiation data.

Performance factor, KperJ 5 Estimated uncertainty on the forecasted 
performance factor assuming no extreme 
operation conditions.

Site factor, KsUeJ 4-6 Estimated as 1/3 of assumed total variability 
range of the site factor.

Technical availability factor, K^, 1-2 Assuming proven technology; uncertainty 
depends on forecast length.

Electric transmission losses factor,
Klos,t

3 Estimated as 1/3 of typical range of transmission 
efficiency, actual uncertainty depends strongly on 
method used for estimating the parameter.

Utilisation factor, KutiU 3 Estimated as 1/3 of typical range of utilisation 
factor, actual uncertainty depends strongly on 
method used for estimating the parameter.

* The normalised uncertainty values are samples assuming a confidence level of 95 %. The given 
numbers should not be regarded as a substitute for the recommended project specific analysis.
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C Calculation and reporting format example

This example has been prepared by using a spreadsheet that uses the formulae 
specified in this document for calculating the levelised cost of energy figure and 
uncertainty. The example also includes calculation of the profit and internal rate of 
return. The profit is the difference between revenue and cost for the given lifetime and 
discount rate, whereas the internal rate of return is the discount rate that would give 
zero profit. The revenue can for instance be the kWh sales price.
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ESTIMATION OF COST OF ENERGY FROM PHOTOVOLTAIC SYSTEMS
Excel 97 for Windows spread sheet code by John O. Tande, Rise Nat. Lab., Denmark. Code ver. 04. 20 November 1997

SUMMARY DATA

Date and time 
System

12/Mar/01 14:43
Sample PV system

Cost level

PV system inverter capacity (kW)
PV system array area (m2)
Annual avg. total solar radiation (W/m2)

Performance factor 
Site factor
Technical availability factor 
Electric transmission losses factor 
Utilization factor

1996 Currency

100 PV system potential energy output (MWh/year) 
1300 PV system potential efficiency (%)
82.5 PV system potential capacity factor (%)

0.90 PV system utilized energy output (MWh/year) 
0.90 PV system efficiency (%)
0.90 PV system capacity factor (%)
0.90
1.00

USD

91.85
9.77

10.48

60.27
6.41
6.87

Discount rate (% p.a.) 5.0 Annuity factor 12.46
Lifetime (year) 20

NPV Annual Distribution

Investment
(USD) (USD/year) (USD/kW) (USD/kWh) (%)

526667 42261 5267 0.70 75.43
O&M costs 135007 10833 1350 0.18 19.34
Social costs 1252 100 13 0.00 0.18
Retrofit costs 43472 3488 435 0.06 6.23
Salvage value costs -8166 -655 -82 -0.01 -1.17
Total costs 698231 56028 6982 0.93 100.00

Revenue 62587 5022 626 0.08 IRR (%)
Social value 776079 62275 7761 1.03
Net profit 140434 11269 1404 0.19 8.0
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17th IEA-PVPS, Task 1 Meeting on 9th- 11th October 2000 in Munich,
Germany

Dear Colleagues,

In the following we will provide you with some more information about the forthcoming 
IE A, Task 1 meeting in Munich. The attached site plan will facilitate to find the various 
locations.

Location of meeting:

The meeting will be held at the
European Patent Office (EPO)
Room- No. 106 on 9th and 108 on 10th October 
Erhardtstr. 27 
80331 Munich

EPO is centrally located on the river side 'Isar', just on the opposite side of the Deutsche 
Museum (Technical Museum).

We will pick you up on 9th October at 8.45 h in the lobby of Hotel Isartor.

Accomodation

We selected two small hotels in the tourist/comfort category close to our meeting 
location (about 200 m), and about 500 m to Isartor (S-Bahn and U-Bahn station) with 
different prices.

The two options are:
- Hotel Isartor (***) and
- Hotel Advokat (*** and 'designer' hotel).
Both hotels are located on the same road (Baaderstr.), opposing each other and very 
close to the city centre (Marienplatz).

In the Hotel Isartor building you will find an Italian restaurant' Lago di Garda', perhaps 
the right place for the informal meeting on Sunday evening

Reaching ’Isartor’

A taxi from the airport will cost approximately DEM 120,—.

Alternatively, public transport (S-Bahn, the local fast train) is also available and is as 
convenient.
S 8 is running every 20 minutes (departure '06/'26/'46) from the airport to city center. 
The travel will take about 35 minutes to 'Isartor' and will cost about DEM 15,00 for a 
one-way ticket or DEM 12,80 for 8 strips of a 10 strip ticket.
You also can go by S 1 (departure T6/'36/'56), but it takes more time, about 48 minutes.
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Reaching the Hotel

From Isartor in a 5 minutes walk to the Rumfordstrasse and then to the Baaderstrasse. 
Look at the attached site plan.

Technical Visit

The technical visit is scheduled for Wednesday the 11th October. We will visit Siemens 
Solar for a short workshop and than the 1 MWp PV plant at the new Trade-Fair Center 
Munich-Riem. The temporary programme see below.

Tipps for those colleagues, who intend to come to Munich before our official 
meeting.

- a lot of public museums can be visited without admission fee on Sunday
- the main concert hall 'Gasteig' is to reach via Ludwigsbrucke (about 800 m from 

hotel)
- there are special prices for a Single Day Ticket (16,—DEM for the total area, 8,— 

DEM for the inner area) and a Partner Day Ticket valid for the whole Munich 
Transport Authority (MW). All tickets are available on the ticket vending machines.

If you have any questions about the meeting don't hesitate to contact us. 

We are pleased to welcome you in Munich.

Kind regards

Peter Sprau and Ingrid Weiss 
WIP-Munich

Fax: +49-89-7201291 
e-Mail: wip@wip-munich.de



International Energy Agency - Implementing Agreement on Photovoltaic Power Systems: Task 1 - Exchange and Dissemination of
Information

17TH TASK 1 PARTICIPANTS’ MEETING, 8-11 OCTOBER 2000 - FINAL MEETING SCHEDULE / AGENDA

European Patent Office (EPO), Rooms 106 & 108, Erhardtstr. 27, MUNICH 
(EPO is located next to the river tsar, opposite the German Technical Museum)

Dates & Times Activities & Key Parties Outcomes

Sunday 8 October 2000
19:00 - For those interested, meet in lobby of Hotel Isartor (Baaderstr.)
19:00 - 21:00 Informal meeting over dinner to confirm arrangements, discuss matters of interest & set the scene for 17th Task 1 meeting

Monday 9 October 2000 - 
8:45 Meet in lobby of Hotel Isartor
Meeting - Room 10 6, European Patent Office
9:00-10:30 Item 1: Introduction & welcome by hosts

Item 2: Introduction of meeting participants, new members & apologies
Item 3: Adoption of Agenda for 17th meeting
Item 4: Matters arising from Minutes of 16th meeting
Item 5: Matters arising from ExCo meeting in Quebec, Canada (April 
2000)

Information for Task 1 members

10:30 - 11:00 Break
11:00-12:30 Item 6: International Survey Report:

□ Comments on content of ISR5 (eg need for better presentation of 
results in 3.3?)

□ Comments on production of ISR5 (incl. numbers per country etc)
□ Plans for ISR6 (incl. photos, technical writer contract etc)

Flagging of all changes that need to be 
discussed prior to, and endorsed at, the 18th 
Task 1 meeting.

Item 7: National Survey Reports:
□ Comments on content & schedule of previous NSR (labour places & 

value of business re-visited)

Decisions on any changes to format and 
content;
Agreement on time schedule for next NSR.

12:30- 14:00 Lunch



14:00-15:30 Item 8: Public PVPS website:
□ Each participant to briefly comment (< 5 mins) on response of target 

audience in their country, especially - what would they want 
improved? (Sample questionnaire distributed)

□ What should we, as Task 1, do now about the above?

Identification of any matters that need to be 
referred to the ExCo eg costs or policy 
changes.
Identification of improvements to be 
implemented.

15:30- 16:00 Break
16:00-18:00 Item 9: Country ‘reports’ (short informal presentation) by willing 

participants, and discussion.
Other Task reports (eg Task 2 presentation by German PVPS 
colleagues)

Information for Task 1 members

Hosted dinner in typical Bavarian restaurant at 7.30 pm

Tuesday 10 October 2000 - Room 108, European Patent Office
9:00-10:30 Item 10: Communication matters:

□ Task 1 communication
□ Inter-task communication - progress (G Watt)
□ National communication (with PVPS members & target audiences)

- meeting participants will be expected to comment briefly (5 mins) 
on these two items, or refer to their national communication strategy

□ CERT communication strategy - status (G Watt)

Clear understanding of issues that Task 1 
members need to address

Item 11: PVPower newsletter (P Cowley) Feedback on past issue; Plans for future.
10:30- 11:00 Break
11:00-12:30 Item 12: Special Information Activities (1) - Frequently Asked Questions 

- status; selection of useful/representative examples; proposals for 
dissemination of results (A Claverie)

Information for Task 1 members
Dissemination plan

Item 13: Special Information Activities (2) - Added Value of PV
Systems:
□ Report on Glasgow workshop (members of Working Group)
□ Document Production Plan (G Watt)
□ Number of copies of report

Information for Task 1 members;
Endorsement of proposed Document
Production Plan.

12:30- 14:00 Lunch
14:00-15:30 Item 14: Special Information Activities (3) - Discussion on ‘Market An agreed outline of activities such as



Implementation of PV Systems’, and potential new work in general 
(discussion paper circulated)

All participants should be prepared to provide comments and, where 
appropriate, offer to lead and/or host activities that may arise from this 
discussion

workshops, briefing notes, reports etc that
Task 1 can develop to firstly, build on the work 
carried out for “Added Value”, and secondly, 
capitalize on the wider interest in market 
implementation activities.

15:30-16:00 Break
16:00-17:30 Item 14 continued

Item 15: Next meetings - main issues, location & timing.
Own arrangements for dinner

Wednesday 11 October 2000

Technical visit & workshop
9:00 Depart from Isartor/Advokat Hotels by bus
9:30 Presentation by G. Oswald, CEO Siemens Solar GmbH “Developments in solar energy from a global player’s point of view - the good 
and the bad news”; discussion. 
10:45 Presentation by M. Cameron, EPIA “The role of the European PV industry (EPIA) in the international PV market”.
11:00 Presentation by P. Sprau, WIP “The effects of the new financing schemes on the German PV market”; discussion.
11:30 Presentation by A. Sobirey, WIP “The state of the art of grid-connected PV plants" (monitoring results of selected German PV plants 
including the 1 MW PV plant on the roof of the Trade Fair Centre, Munich-Riem; discussion
12:30 -13:30 Visit the PV plant Munich-Riem.
13:30 - 14:30 Lunch 
14:30-15:00 Return to Isartor/Advokat Hotels by bus
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Munich Task 1 meeting I

International Energy Agency - Implementing Agreement on Photovoltaic Power Systems 

Task 1 - Exchange and Dissemination of Information

SUMMARY

17TH TASK PARTICIPANTS’ MEETING 
MUNICH, GERMANY, 8-11 October 2000

Item 1: Introduction & welcome by hosts

Greg Watt welcomed meeting participants and thanked the German members for their excellent 
meeting arrangements. Peter Sprau welcomed Task 1 to the European Patent Office and Munich, 
and outlined arrangements for the following three days.

Item 2: Introduction of meeting participants & apologies

Meeting participants were Greg Watt (Australia), Raye Thomas (Canada), Andre Claverie (France), 
Bent Sorensen (Denmark), Peter Sprau, Ingrid Weiss, Ulrike Jahn. Hermann Laukamp. Reinhard 
Dahl. Christoph Huennekes (Germany), Yona Siderer (Israel), Salvatore Guastella (Italy), Masao 
Kando, Eiichi Waki & Shuji Yamamoto (Japan), Lars Stolt & Olle Lundberg (Sweden), Pius 
Husser (Switzerland), Paul Cowley (United Kingdom), Bruno Ceccaroli (Norway), John Knight 
(Halcrow Gilbert) and Murray Cameron (EPIA). New, changed or visiting participants (underlined) 
were welcomed.

Apologies were received from Peter Ahm (Denmark), Kyung-Hoon Yoon (Korea), Astrid de Ruiter 
(The Netherlands) and Charles Linderman (USA)

Item 3: Adoption of Agenda for 17th meeting

The agenda as circulated was adopted.

Item 4: Matters arising from Minutes of 16th meeting

Greg Watt noted that all the action items arising from the 16th meeting would be discussed under 
subsequent agenda items.

Task 1 participants are to refer to Attachment 1 of this document for an updated summary of new 
actions requiring attention.

Item 5: Matters arising from ExCo meeting in Quebec City, Canada (April 2000)

Greg Watt summarized these as follows:
□ Task 1 has been asked to consider ‘market implementation’;
□ Task 1 is to develop policies for the task websites;
□ The Task 1 proposal for enhancing inter-task communication was approved;
□ Task Status reports are to contain ‘performance indicators’ of task participants’ attendance at 

meetings and contribution to task work;
□ ISR5 is to remain at 16 pages in length - subsequent ISRs may be longer (and this was 

written into the tender for the technical writer for ISRs 6 & 7);
□ In principle, all countries should receive the same number of copies of all reports, except for 

the Annual Report and the ISR (however there was no guidance as to what this number should 
be);

□ The Chairman does not want countries omitted from the ISR for not providing data - instead a 
footnote and the previous data should be included;
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□ The proposal for a public report on “Added Value of PV Systems” was endorsed, and a 
document production plan was expected for the next ExCo meeting;

□ The amended Task 1 objective (“The objective of Task 1 is to promote and facilitate the 
exchange and dissemination of information on the technical, economic, environmental and 
social aspects of PV power systems”) was endorsed;

□ The Task 1 OA was to develop a tender document for the position of technical writer for ISRs 
6 & 7;

□ 2000 copies of ISRs will be printed - Task 1 was requested to produce a new list of numbers 
per country;

□ The ExCo public website committee was dissolved;
□ The Task 1 guidelines for producing public PVPS documents were endorsed.

Item 6: International Survey Report

A number of matters concerning ISRS were raised - some as a result of feedback from target 
audiences - as follows:
□ Layout is to be improved with the report length increasing to 20 pages for ISRS;
□ Table 2.1 is to again report both off-grid domestic and non-domestic (for nearly all countries);
□ EU data are to be included in Table 2.3 (budgets);
□ Some reporting of labour places should occur;
□ Table 3.1 is to report both single and multi crystalline module production;
□ Section 3.1 is to include a graphic example of module price trends;
□ Section 3.3 is to include a graphic example(s) of system price trends for a specific 

application(s);
□ Background colour eg Table 4.1 is to be lightened to facilitate better photocopying;
□ Non-IEA country information will be actively sought for ISRS;
□ Exchange rate information (annex B) will be sourced from the IEA;
□ Photos will be chosen at the March meeting.

The 2001 schedule for ISRS is as follows:
March - All above proposed changes must be endorsed at the Task 1 meeting;
End May - All National Survey Reports to be emailed to Technical Writer;
Early July - 1st draft of the ISR emailed to Task 1 participants by Technical Writer;
Early August - 2nd draft of the ISR emailed to Task 1 participants by Technical Writer. Task 1 
participants are expected to discuss the draft with their ExCo member at this stage.
Mid August - Final draft of the ISR sent to graphic designer by Technical Writer;
End August - Technical Writer provides ‘wet proofs’ for final checking by selected Task 1 
participants;
Early September - Technical Writer initiates printing;
Mid September - Technical Writer organizes bulk distribution of reports by courier.

With the print run decreasing from 3250 to 2000 and with the availability of ISRs on the website, 
Task 1 participants had been requested to nominate the number of printed copies that their 
country would like to receive. Based on the eight responses received and some deliberation about 
the relative contributions of various countries, the following distribution numbers were chosen.

IEA-PVPS TASK 1 - Distribution numbers for ISR numbers 6 & 7

COUNTRY PREVIOUS NUMBERS UPDATED NUMBERS

Australia 50 40*
Austria 30 10#
Denmark 70 65#
Canada 100 90#
Finland 150 120*
France 150 120*
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Germany 200 185#
Italy 170 160#
Japan 150 80*
Korea 70 60#
Netherlands 200 185#
Portugal 100 20#
Spain 100 20#
Sweden 70 50*
Switzerland 150 150*
USA 200 185#
EU 50 10#
Mexico 20 18#
Norway 10 10#
Israel 50 100*
UK 200 185**

Secretary 960 137#

TOTALS 3250 2000
* requested
** requested 200
# assigned

(Postscript: Halcrow has been selected by the ExCo to continue as Technical Writer for the next 
two years, following evaluation of eight proposals received from five countries).

Item 7: National Survey Reports

The following matters were raised and are to be included in a revision of the NSR guidelines to be 
circulated by Greg Watt:
□ labour places data are again to be reported;
□ countries having a significant PV programme (eg on-grid distributed) or a well documented 

market segment (eg off-grid domestic and/or non-domestic) plus access to the required data 
(eg as presented for residential systems by both Germany and Japan during the meeting) 
should include data on system prices for a number of years;

□ module prices should be reported for a number of years;
□ off-grid domestic and non-domestic are again to be reported separately if possible;
□ exchange rates are no longer required to be provided.

NSRs are again to be completed by 31 May 2001, with progress to be reported at the March Task 
1 meeting.

Item 8: Public PVPS Website

The meeting discussed feedback to the website questionnaire that has been circulated by some 
countries, and the opinions of Task 1 participants and visitors to the meeting. The following table 
represents a synthesis of these discussions, for presentation to the webmaster and interested 
ExCo members.

PRIORITY TOPIC POINTS RAISED

High Downloadable documents 1. Some downloads are missing
2. All downloads should be in PDF format
3. More downloadable information required, including 

photos and graphics
4. Access to presentation type information, eg single
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graphics from the ISR (with copyright & disclaimer)
Medium Links 5. More external links - first priority is ALL sponsoring 

organisations of PVPS participants
6. Links to other IEA Implementing Agreements, &

IEA statistics and information programmes
7. All links require quality control and short descriptor

Medium Theme 8. Concentrate on professional audience, but do not 
ignore the general audience

9. More statistics, analyses and conclusions for 
professional audience - to better reflect what
PVPS does

10. FAQs (from Task 1) for general audience
11. Contents too limited - include current ‘news’ etc

Medium Front page 12. Negative responses to current page - not 
attractive, not good for high resolution

13. Suggested PVPS background - eg Figure 2.1 from 
ISR or Figure 1.1 from Task 2 report

Lower Navigation 14. Back to home page not obvious
15. Site map should be more prominent
16. Search not working properly
17. Some internal links fail

Ongoing General 18. More pictures and graphics
19. Need webmaster contact re problems, updating etc
20. Replace with database supported website
21. Webmaster to attend Task 1 meetings for relevant 

Task 1 agenda item

Greg Watt outlined the proposed policy for task websites, as follows: 
a Subsidiarity
□ Consistency with public website content
□ Clear link to public website
□ No advertising
□ Encourage access via public website
□ Responsibility of relevant OA
□ Common introductory statement & disclaimer.

Item 9: Country reports etc

Each participant at the meeting provided a short, informal overview of current issues influencing 
implementation of PV in their country (or industry association, in the case of EPIA). An electronic 
version of the Japanese presentation has subsequently been circulated.

Our visiting German PVPS colleagues gave presentations on the work being carried out within 
Tasks 2 & 7. Considerable detail on the situation in Germany was presented at the workshop 
following the meeting.

Item 10: Communication matters

Greg Watt noted that progress toward enhancing inter-task communication was slow, and that this 
would be raised at the Operating Agents and ExCo meetings.

National communication strategies were discussed. To date these have been prepared by 
Australia, Denmark, Finland, France, Germany, Japan, Sweden and the UK. These will be placed 
on the Task 1 website (although most have been previously circulated). Participants were 
reminded that these documents (1) provide helpful information on how other countries manage
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their national PVPS communication, and (2) encourage a closer working relationship between 
PVPS participants within a country. Shuji Yamamoto presented an updated version of the 
Japanese approach (an electronic version has subsequently been circulated).

Greg Watt outlined the CERT communication survey that had been circulated to OAs, ExCo 
members etc, and will report to Task 1 on feedback when received from the IEA Secretariat.

Item 11: PVPower newsletter

Participants proposed that a short ‘policy’ document be written regarding PVPower. Greg Watt is 
to prepare this before the March meeting.

The following matters were raised regarding format etc from PVPower 13:
□ Longer articles (such as those on pages 4 and 5) should contain sub-headings;
□ ‘New on the net’ needs some attention - selection of items is to be thematic rather than ad-hoc, 

and is to clearly focus on target groups. The section should describe and evaluate sites. Task 
1 participants are to consider this section carefully in the draft for PVPower 14;

□ The public website address should feature more prominently in PVPower;
□ It is important to ensure that references and contacts etc are consistent with those being 

quoted on the website.

Paul Cowley outlined the proposed contents for PVPower 14 - ISR5, Added Value, FAQs, Task 2 
report, Italian rooftop programme, price curves, HIP-HIP etc - and requested that other material 
be sent to him by 26 November. A draft will be put on the Task 1 website around mid-December.

Future meeting agendas are to contain information on proposed contents for the next newsletter.
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Andre Claverie outlined the (limited) responses that he had received to the framework document 
produced by France; only a handful of Task 1 participants have provided examples of these 
questions (and the answers) from their countries. There was some discussion about the value of 
what had been collected, and what should be done with the material.

Participants agreed that a selection of useful/representative examples should be made and posted 
on the public website, as these would provide a useful source of more general PV information that 
Task 1 participants could refer some audiences to.

Item 13: Special information activities (2) - Added Value of PV Systems

Pius Hiisser reported on the Glasgow workshop, organized by the Task 1 Working Group (Japan, 
Australia, Switzerland, the UK and the Netherlands) held on 5 May 2000 in conjunction with the 
European PV Solar Energy Conference. The workshop was regarded as successful, attracting 
about 50 participants from a range of countries and backgrounds. The papers from the workshop 
were of very high quality and were posted on the Task 1 website for access by Task 1 participants 
and other interested parties.

The technical writer (Dr Muriel Watt, Australia) for the final report has been contracted by 
NEDO/PVTEC, Japan. The draft Document Production Plan was discussed and endorsed, and 
participants were requested to nominate the number of printed copies that they require. All details 
concerning this report (including numbers of copies) are contained in the final Document 
Production Plan, which is provided as Attachment 2 to this summary.

Item 14: Discussion on market implementation and potential new work in general

Greg Watt discussed the principles, circulated before the meeting, to keep in mind when 
discussing potential new activities - namely, What can/should Task 1 do? What does our target 
audience(s) want/need? Build on past successes, and A country must be prepared to lead and/or 
host activities. Task 1 participants were encouraged to think about activities resulting in workshops, 
briefing notes, reports etc that Task 1 can develop to firstly, build on the work carried out for 
“Added Value”, and secondly, capitalize on the wider interest in market implementation.

Shuji Yamamoto gave an excellent presentation on factors concerning marketing/market 
implementation of PV {an electronic version has subsequently been circulated).

The meeting supported the concept of a new special information activity on the methodology for 
costing energy from PV systems. Peter Sprau presented an example of the annuity calculation 
approach currently being used in Germany. Sweden expressed an interest in leading this activity - 
with major contribution expected from Denmark, Germany, Norway and Japan. This work will build 
on earlier research carried out in Denmark, and will provide useful support of PV marketing 
through publication of an IEA-PVPS report encompassing background information, methodology 
and calculation tools.

This activity will consider both direct costs and indirect costs, and promote the LCA approach. 
There should be collaboration with both Task 5 (Activity 54.2 - Financial Aspects) and Task 7 
(Activity 3.3 - Economics of BIPV).
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The timetable for this activity was discussed, with the following being agreed:
□ Concept presented to ExCo
□ Activity plan to Task 1
□ Endorse Document Production Plan
□ Presentation of plans to ExCo
□ Draft report
□ Final report
□ ExCo approval & publication

October 2000 
December 2000 
March 2001 Task 1 meeting 
April 2001 ExCo meeting 
August 2001 
September 2001 
October 2001

Item 15: Next meetings

The 18th Task 1 Participants’ meeting will be held in Denmark, 21-23 March 2001. The meeting 
will be held over two days in Copenhagen, with everyone then traveling together by train to the 
West of Denmark for the technical tour.

The 19th Task 1 Participants’ meeting will be held in the US in late September/early October at a 
time and place to be confirmed.

The 2002 meetings are proposed to be held in Israel and Norway.
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SUMMARY OF KEY TASK 1 ACTIONS

ACTION RESPONSIBLE PARTY TIMING

1. Compile Task 1 contacts list for Task
1 website

Greg Watt November 2000

2. Add National Communication
Strategies to Task 1 website

Greg Watt / Pius Husser November 2000

3. Circulate survey pro-forma developed 
by Paul Cowley - please use!

Greg Watt November 2000

4. Circulate first draft of “Added Value” 
report

Greg Watt 10 November 2000

5. Provide Paul Cowley with news stories 
for PVPower

All Task 1 Before 26 November 
for #14 ,and ongoing

6. Amend and circulate NSR guidelines Greg Watt November 2000
7. Comment on first draft of “Added

Value” report
All Task 1 Before end November 

2000
8. Approve final draft of “Added Value” 

report & discuss with ExCo member
All Task 1 Before Christmas 

2000
9. Prepare draft activity plan for “Costing 

of PV energy”
Olle Lundberg & Greg 

Watt
December 2000

10. Prepare draft Document Production 
Plan for “Costing of PV energy”

Greg Watt Before next meeting

11. Commence work on “Costing of PV 
energy”

Sweden, Denmark, 
Germany, Japan & 

Norway

January 2001

12. Develop ideas and offer to lead future 
special information activities that 
could be discussed in detail at the 
next Task 1 meeting

All Task 1 January 2001

13. Develop ideas for PVPS workshops 
that could be developed for EPVSEC 
in October 2001

All Task 1 Before next meeting

14. Advise ExCo and webmaster of Task
1 suggested improvements for the 
website

Greg Watt Ongoing

15. Amend and circulate ISR6 ‘format and 
content’

Greg Watt Before next meeting

16. Write ‘policy’ for PVPower Greg Watt Before next meeting
17. Finalize “Answers to frequently asked 

questions”, and provide to webmaster
Andre Claverie Before next meeting
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DOCUMENT PRODUCTION PLAN

1. Title (final)

Added Value of PV Systems

2. Report number 

Report IEA-PVPS T1-09:2001

3. Author or editor

Japan is the lead country for this activity. The technical writer is Dr Muriel Watt (Australia) under 
contract to NEDO/PVTEC (Japan).

4. Purpose of document

To date two specialist IEA-PVPS workshops have been held concerned with the added value of PV 
systems, the first in Japan and the second in Scotland. It is now planned to produce a short (~40pp) 
public IEA-PVPS report summarising the workshops and other discussions and investigations.

5. Subtask connection (if any)

Special Information Activity

6. Abstract 

To be developed

7. Table of contents or major chapter headings (indicative)

Foreword
Abstract and Keywords 
Acknowledgments
Executive Summary (~4 pages, able to be used as a stand-alone document)

Introduction ( 3 pages )
□ Definition of added value for this study
□ Renewable energy policy issues (not adequately addressed) - credit for capacity, reliability, 

environmental and social externalities, LCA, network pricing
□ Business ‘drivers’ for renewables - for governments, utilities (competitive markets, network benefits, 

DSM); architects and developers; customers
□ Purpose of this ‘special activity’
□ Structure of this report

1. The status of PV applications worldwide (2 pages)
□ Market size (IEA countries) and growth rates by applications (from ISR)
□ Current innovations and trends in applications in the built environment

2. Key barriers to the implementation of PV in the built environment ( 3 pages )
(these may not apply uniformly in each country)
Cost and price
□ high capital cost/low operating cost systems require a new approach to project financing;
□ cost reductions will depend largely on research and innovation, increased market/production levels and 

increased experience with system design & installation;
□ the price of PV electricity is uncompetitive at the retail level, often even if externalities are built into retail 

electricity prices
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Electricity industry issues
□ negative aspects of developing competition (ala earlier report);
□ lack of promotion of distributed generation through cross-subsidies embodied in retail pricing regulations;
□ the lack of true least cost planning frameworks in utilities and/or regulators;
□ negative consequences of disaggregation of vertically integrated utilities and separation of wires and 

retail businesses;
□ market access for small players
□ non-uniformity in grid connection and metering arrangements.
Market knowledge and confidence about quality
□ a lack of targeted information - potential users, trades & professionals
□ a lack of appropriate certification, standards and guarantees for systems and components.
□ few demo systems - in some countries - with little public data on performance

3. Summary of potential additional values offered by PV (10 pages)
(quantifying where possible)
Matters For Policy Makers
□ emission reductions
□ sustainability -incl. energy supply security & clean air targets
□ business development and employment growth
□ increasing awareness of energy savings

Benefits For Business 
Utilities
□ peak lopping
□ reduction of network losses
□ power factor improvement, reduced voltage fluctuation in distribution lines
□ targeted DSM
□ delayed/deferred line upgrades
□ improved summer system reliability
□ marketing green products

Architects and building developers
□ design features
□ reduced air conditioning load
□ sound proofing
□ replacement of other building materials
□ energy security

Customers
□ noiseless
□ low heat generation
□ image
□ independence
□ commitment to environment protection

4. International case studies addressing the questions of added value (10 pages )
(from the workshops and subsequent discussions - what some governments, utilities, planners, developers 
etc have actually done to incorporate some of the above in the decision making process)

5. Overcoming the key barriers to the implementation of PV in the built environment (5 pages)
(addressing 3. with the material from 4. & 5.)

6. Summary and conclusions (2 pages)

References

Annex 1 Sapporo workshop summary (to be provided)
Annex 2 Glasgow workshop summary (to be provided)

8. Intended audience
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The report will be a high quality printed document, targeted at key decision makers in government, 
electricity utilities and industry.

9. Category: Published Report or Internal Working Document

Published report.

10. Responsibilities of specific Task participants for its preparation

The technical writer is responsible to the Task 1 Added Value working group (Task 1 participants 
from Japan, Switzerland, the UK and The Netherlands), through the Task 1 Operating Agent. The 
Task 1 Operating Agent will be the main point of contact for the technical writer.

11. Person responsible for printing

Production, printing and mailing of the report will be the responsibility of NEDO/PVTEC, Japan.

12. Details regarding how hard copies of the document can be obtained/purchased

Task 1 participants should be approached regarding free bulk copies. An order form for additional 
copies will be included with the ExCo report approval ballot. The report will also be able to be 
downloaded from the public PVPS website.

13. Expected number of copies to be published and proposed allocation

It is anticipated that 1000 copies of the report will be published and disseminated free of charge as 
follows (as per the Handbook of Policies and Procedures):
□ number of copies to each Task 1 participant as per following table
□ 2 copies to each ExCo member
□ 2 copies to the Executive Secretary
□ 1 copy to each Operating Agent
□ 1 copy to the IEA Secretariat.

IEA-PVPS TASK 1 - Distribution numbers for “Added Value” report

COUNTRY NUMBER

Australia 50
Austria 20
Denmark 20
Canada 50
Finland 20
France 50
Germany 50
Italy 30
Japan 270
Korea 20
Netherlands 50
Portugal 20
Spain 20
Sweden 30
Switzerland 50
USA 70
EU 20
Mexico 20
Norway 20
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Israel 50
UK 70

TOTAL 1000

Additional copies may be ordered at a cost to be decided.

14. Production schedule with expected dates:

14.1 distribution of the first draft to Task 1 participants for review - 10 November 2000
14.2 approval of final draft by Task 1 participants - mid December 2000
14.3 ExCo review and approval - January 2001
14.4 publication and distribution of document - February 2001

15. Dissemination and publicity plans

Task 1 participants will be responsible for providing printed copies of the report to the target 
audience in their respective countries. The report will be listed and also able to be downloaded as 
a .pdf document from the public PVPS website. An electronic version of the Executive Summary 
will be provided to all Task 1 participants for translation, broadcast email or whatever 
dissemination they consider appropriate (eg brochures). The report will be referred to in the Task 7 
Executive Report dealing with the various Task 7 activities concerning non-technical factors. An 
article about the report and its availability will be placed in the February 2001 issue of PVPower 
(No. 14).

16. Plans to assess impact of product

An ongoing component of Task 1 work is to gather feedback from target audiences on the 
usefulness of material that is produced by the IEA-PVPS Programme. Results for this report will 
be reported in the September 2001 Task 1 Status Report.
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Foreword
This document has been prepared by Mr Andre Claverie and Mr Greg Watt, IEA- 
photovoltaic power system programme Task 1 participants. It follows discussions 
where it was proposed to develop a set of answers to the questions asked most 
frequently by the target IEA-PVPS audience (utilities, industry, public and private 
users, governments, non governmental bodies, developers and installers, financial 
institutions, research organizations, etc.).

Introduction
Photovoltaic experts such as those working within the IEA-PVPS cooperative 
programme have to answer basic questions asked by a variety of people.

There are many sources of information available to assist with answering these 
questions, however the PVPS target audience needs up-to-date and reliable 
information.

The IEA-PVPS website (www.iea-pvps.org), the newsletter "PV Power”, the annual 
technical survey reports “Trends in photovoltaic applications in selected IEA 
countries”, the workshops and the conferences provide a wealth of information but 
they do not necessarily answer these basic questions in the appropriate way. 
Through this project, Task 1 has developed consensus answers for the target 
audiences.

1 Scope and objectives
The outcomes of this project, ‘Answers to frequently asked questions about solar 
photovoltaic electricity - an international perspective’, will provide the IEA-PVPS 
target audience (utilities, industry, public and private users, governments, non 
governmental bodies, developers and installers, financial institutions, research 
organizations, etc.) with state-of-the-art basic knowledge and understanding of 
photovoltaic power systems particularly those systems which are on-grid distributed.

The questions and answers cover:

- Technical aspects: photovoltaic systems and components (photovoltaic modules, 
inverters, charge regulators, storage, etc.) and applications.

- Economical aspects: prices, costs, etc. and commercial aspects (guarantees, 
etc.), Added value to the use of photovoltaic power systems.

- Environmental aspects: environmental impacts in the process of manufacturing, 
in the process of daily use, when decommissioning, etc.).

- Social aspects: Impact on social development, etc.

- Other aspects.

LIMITS: The project will not enter into the technical details or working principles of 
photovoltaic cells and photovoltaic modules, or the manufacturing processes of the 
various photovoltaic system elements (storage batteries, charge controllers, inverters, 
etc.) and their applications.
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2 Definitions
For the purposes of this report, the terms, abbreviations and definitions given in this 
section apply.

PV: abbreviation of photovoltaic (adjective) or photovoltaics (noun).

PVPS: abbreviation of photovoltaic power system.

photovoltaic power system: set of interconnected elements such as photovoltaic 
modules, inverters that convert d.c. current of the modules into a.c. current, storage 
batteries and all installation and control components with a photovoltaic power 
capacity of 40 W or more. The typology is different according to application: see off- 
grid and on-grid photovoltaic systems.

off-grid domestic photovoltaic system: system installed in households and 
villages that are not connected to the utility grid. Usually, a means to store electricity 
is used (most commonly lead-acid battery).

off-grid non-domestic photovoltaic system: system used for a variety of 
applications such as water pumping, remote communications, telecommunication 
relays, safety and protection devices, etc. which are not connected to the utility grid. 
Usually a means to store electricity is used.

on-grid distributed photovoltaic system: system installed on consumers' 
premises usually on the demand side of the electricity meter. This includes grid- 
connected domestic photovoltaic systems and other grid-connected photovoltaic 
systems on commercial buildings, motorway sound barriers, etc. These may be used 
for support of the utility distribution grid.

on-grid centralized photovoltaic system: power production system performing the 
function of a centralized power station (also said centralized photovoltaic power 
plant). '

turnkey price: price of an installed PV system excluding VAT/TVA/sales taxes, 
operation and maintenance costs but including installation costs. For an off-grid PV 
system, the prices associated with storage battery maintenance/replacement are 
excluded. If additional costs are incurred for reasons not directly related to the PV 
system, these are excluded, (e.g. If extra costs are incurred fitting PV modules to a 
factory roof because special precautions are required to avoid disrupting production, 
these extra costs are not included. Equally the additional transport costs of installing 
a telecommunication systems in a remote area are not included.)

demonstration programme: project to demonstrate the operation of photovoltaic 
power systems to the general public and potential users/owners.

market deployment initiative: initiatives to encourage the market deployment of 
photovoltaic power systems through the use of market instruments such as green 
pricing, rate based incentives, etc. These may be implemented by government, the 
finance industry, utilities, etc.
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final annual yield: total photovoltaic energy delivered to the load during one year per 
kilowatt of power installed. Unit: kWh per kW

performance ratio: ratio of the final annual yield to the reference annual yield, where 
the reference annual yield is the theoretically annual available energy per kilowatt of 
installed power.

stand-alone photovoltaic system: autonomous system with storage batteries (see 
off-grid photovoltaic system).

Installed power: power delivered by a photovoltaic module (a PV array, a PV 
system, etc.) under standard test conditions (irradiance of 1 000 W/m2, cell junction 
temperature of 25 °C, AM1,5 solar spectrum). Also said STC maximum output power. 
Unit: W.

W: symbol of SI unit of power called watt. In this report it is understood maximum 
power under standard test conditions (STC). Also written Wp but not recommended. 
Multiples like kW (103 W) or MW (106 W) are also used.

kWh: symbol of kilowatt-hour, unit of energy (power expressed in kW multiplied by 
time expressed in hours)

photovoltaic (solar) cell: a basic photovoltaic device, which generates electricity 
when, exposed to a light such as the solar radiation.

photovoltaic module: the smallest complete environmentally protected assembly of 
interconnected photovoltaic cells.

photovoltaic panel: a group of modules fastened together, pre-assembled and 
wired, designed to serve as an installable unit in an array.

photovoltaic array: a mechanically integrated assembly of modules and panels 
together with support structure to form a d.c. power producing unit.

standard test conditions (STC): testing conditions to measure photovoltaic cells or 
modules maximum output power. Irradiance = 1 000 W m2, with the reference solar 
spectral irradiance distribution, air mass = 1,5, and cell or module junction 
temperature of 25 °C.

3 Answers to frequently asked questions

Questions and answers (Q&A) are put under specific items: technical, economical, 

environmental, social and others.

3.1 Technical aspects

What is a photovoltaic power system?

The photovoltaic (PV) process converts sunlight - the most abundant renewable 

energy source on the planet - directly into electricity. The equipment required for this 

process has no moving parts and as a result requires minimal maintenance. In 

addition, the electricity is generated with no emissions and no noise. The basic
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power-generating element is a photovoltaic module. Modules are made out of 

photovoltaic cells. A photovoltaic cell consists of two or more thin layers of 

semiconducting material, most commonly silicon. When the cell is exposed to light, 

electrical charges are generated and this can be conducted away by metal contacts 

as direct current (d.c.). The electrical output from a single cell is small (around 0,6 V), 

therefore multiple cells are connected together to provide a more useful output. Cells 

connected in this way are encapsulated (usually behind glass) to form a 

weatherproof photovoltaic module.

Multiple modules can likewise be connected together (then called panel, array) in 

order to provide sufficient power for common electrical uses.

What is an on-grid photovoltaic system, and what are its main features?

An on-grid photovoltaic system consists mainly of the photovoltaic (PV) modules that 

convert sunlight into direct current electricity and an inverter that converts the direct 

current to alternating current to make the electricity compatible with the local 

electricity grid. Various mounting systems can be used to support the PV modules on 

the roof, on the ground or on a building fagade. Increasingly architects and builders 

are integrating the PV system into the building design. Most on-grid applications do 

not require storage batteries.

About ten square metres of photovoltaic modules would rate a power of 1,2 kW and, 

depending on the mountings used, weighs about 150 kg. Silicon, glass and metal 

would typically be the main construction materials involved. Over a period of time 

such a photovoltaic array would produce roughly one third to a half of the energy 

requirements of a typical household in northern Europe. Photovoltaic systems can be 

large or small to suit different applications (for example a house or 

commercial/industrial building), and can also be sized according to the proportion of 

electricity that is to be provided by the system.

Could one power a house and become independent from the electricity utility 

grid?

Installing a PV system on top of one’s roof or in place of a roof is possible and there 

are around 50 000 house in OECD countries equipped that way. Nevertheless one 

still need grid connection to power the house when the weather is bad. So one must 

not disconnect. Over the whole year a PV power system might produce the amount
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of electricity consumed (excluding electric heating). In the case of net metering the 

electricity bill would be zero and even one might earn money if the electricity buy

back rate proposed by the utility company is more attractive.

Can one heat a house with a photovoltaic power system?

Theoretically yes since a photovoltaic power systems produce electric current. But it 

is wiser and cheaper to install a solar thermal hot water system.

How much will I need to power a home?

A typical domestic photovoltaic power system of 1,5 kW (12 m2) would produce 

around a third (northern Europe) to a half of the annual demand of an average urban 

family household (taking the average demand to be around 10 kWh per day). 

However, calculating the system size depends on many factors, for example whether 

the system is grid connected, energy demand of the household, etc.

These factors will all be taken into account by a system installer when designing a 

photovoltaic system.

Is the technology reliable, and how long does it last?

Although PV is a relatively young technology in terms of market application, the 

experience accumulated confirms PV energy as a proven technology able to 

generate electricity for 25 years or more without intervention. This, and extensive 

testing, allows the module manufacturers to offer extensive guarantees of 

performance. Photovoltaic modules are tested to local and international standards 

such as those of technical committee 82 of the International Electrotechnical 

Commission (www.iec.ch)

What factors should one consider before installing a PV power system?

The decision to install a photovoltaic power system should take into account the 

following:

The photovoltaic modules (whether mounted on the roof or elsewhere) should have 

access to considerable direct sunlight all year. This means mainly unimpeded 

exposure to a semi-circle of most of the sky when looking south (northern 

hemisphere) or north (southern hemisphere), with a low likelihood of significant trees 

or buildings close by in this direction in the future.
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How can one connect a photovoltaic system to the grid?

Connecting a photovoltaic power system to the electricity network will require 

permission from the Network Operator. The operators have different policies when it 

comes to connecting PV systems to their networks, and so different rates will be paid 

for exported electricity. The system installer will make the necessary arrangements 

for grid connection.

What must one do to operate the photovoltaic array effectively?

Once installed, the photovoltaic array (module assembly) requires very little attention 

from the householder or building owner. The photovoltaic module contains no 

moving parts and costs nothing to run, using no fuel or consumables. It operates 

silently and safely, produces no wastes and requires only minimal maintenance 

(such as cleaning dust from the module surface in dry dusty places).

Will an on-grid PV power system still work when the grid is out of order?

No, in case of a lack of power coming from the grid, the inverter of the photovoltaic 

system will shut off to protect people repairing the grid. But it is possible to have a 

system with a self-regulating inverter and a storage battery back up to operate 

independently from the grid. These photovoltaic systems are normally more 

expensive than simple grid connected systems.

Will photovoltaic modules produce electricity although there is no sun (cloudy 

sky or fog)?

Yes, photovoltaic modules work also under these conditions but will produce much 

less electricity than with direct sun light.

Do photovoltaic modules need to be cleaned and how often?

Usually no. Rain does the job. In dry areas and low latitudes sweeping dust might be 

necessary. Means depend upon situation and application.

To have installed a system, who should one contact?

System installers usually carry out installations of domestic photovoltaic systems. 

Contact Professional associations.

What is the land area covered by a centralized photovoltaic power station?
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Pilot photovoltaic power plant such as that of Erga in Italy occupies 1,2 ha 

(12 000 m2) per megawatt of power installed. A project within the IEA-PVPS 

cooperative programme is carefully studying all the implications (economical, 

technical, sociological, financial, etc.) of equipping desert areas with photovoltaic 

power plants.

How much energy does a photovoltaic power system produce per year?

Being a centralized power plant system or an on-grid distributed “PV roof, the 

electricity production will depend upon the geographic situation. In Italy the 3,3 MW 

demonstration photovoltaic pilot centralized power system produces 1 300 kWh per 

kilowatt of power installed (this plant produces 5 000 MWh per year, the equivalent 

annual consumption of 2 000 families). With systems using concentrated light (such 

as the pilot plant installed in the Canary Islands) it reaches 1 400 kWh per kilowatt of 

power installed. Practical limit is 1 600 kWh per kilowatt of power installed. The 

power ratio is 75 % to 80 %.

In Japan a photovoltaic power system of 1 kW will produce in average 1 200 kWh of 

electricity per year. In Germany, 600 kWh to 1 000 kWh per year of electricity per 

kilowatt installed.

The photovoltaic modules never pay back the amount of energy they consume 

in the process of their construction, do they?

False. Studies show that photovoltaic modules made out of crystalline silicon pay 

back their energy content in 3 to 5 years, while new type of module made out of thin 

films pay back in 2 to 3 years. Technological progresses will considerably shorten 

this energy payback time. Most of the companies guarantee their photovoltaic 

modules 25 years.

What is the lifetime of photovoltaic modules?

There is no consumption of matter in the process of converting solar light into 

electricity through the semiconductors the photovoltaic cells and the photovoltaic 

modules are made of. So the lifetime is theoretically infinite. The only limitation is 

the way the PV modules (weather proof encapsulated photovoltaic cells) are able to 

withstand the aggressive environment they are put in. Some manufacturers 

guarantee their modules up to 25 years. There are many photovoltaic modules
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installed by the beginning of the PV terrestrial era in 1970s and still working well. 

Humid and salty climates are very restricting (water and electricity do not like each 

other) nevertheless module resist well. International Standards like IEC 61215 and 

IEC 61646 tests under harsh conditions the resistance of photovoltaic modules. 

When buying a photovoltaic module it is recommended to refer to International 

Standards of the International Electrotechnical Commission (www.iec.ch).

Does photovoltaic technology need bright sunshine to work properly?

The electrical output of a photovoltaic module is dependent upon the intensity of the 

light to which it is exposed. So photovoltaic modules will tend to generate more 

electricity on bright days than when skies are overcast. However, photovoltaics do 

not need to be in direct sunlight to work, so even on overcast days a PV module will 

be generating some electricity.

Are PV systems suitable for use in northern countries?

Photovoltaic systems have been used in Canada, Germany, Finland over the last 

20 years or more for many applications, particularly in remote areas where grid 

connection is impractical, such as weather monitoring stations, marine navigation 

aids, week-end cottages, etc.

Over the last few years photovoltaic technology has also started to be introduced into 

urban areas, incorporated into the roofs and facades of homes, offices and factories.

A modest sized domestic grid connect PV system will provide a substantial portion of 

a households electricity needs for over 6 months of the year and installations on 

commercial buildings are particularly suitable, contributing towards the daytime 

demands of an office.

Over 300 MW of on-grid photovoltaic system are already installed in OECD countries 

(1999).

What applications are there for photovoltaic power systems?

Photovoltaic technology has many applications, both for off-grid systems and on-grid 

in the case of integration onto buildings situated in urban environment. Photovoltaic 

systems have been used for many years in applications such as powering remote 

dwellings, telecommunication repeater stations, monitoring stations, to name just a 

few examples.
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Photovoltaic technology is also widely used in the developing world. The technology 

is particularly suited where electricity grids are unreliable or non-existent, with remote 

locations often making photovoltaic power supply the most economic option. In 

addition, many developing countries have a high level of solar irradiation year round.

In more recent years, photovoltaics has become more widely used in urban areas, 

where it can be integrated into new buildings or mounted onto existing buildings. This 

is a rapidly growing application. Photovoltaic technology is ideally suited to the urban 

environment, providing pollution and noise free electricity without using extra space.

How long will photovoltaic systems last?

The average lifetimes of a PV module can be in excess of 25 years, crystalline 

silicon modules in particular have a very long life span. In addition, they require very 

little maintenance. Other system elements will have a varied lifespan; for example 

storage batteries in stand-alone systems can last between 2 years and 12 years 

depending on type, price and maintenance schemes. Lead-acid accumulators are 

mostly used.

What is the difference in energy, coming from the sun, between places near the 

equator and further north or south?

In Sahara a typical annual value is 2 500 kWh/m2 and in for example Sweden a 

typical annual value is around 1 000 kWh/m2. So, even quite far from the equator 

photovoltaic modules can generate electricity.

What is the theoretical maximal efficiency for photovoltaic cells?

The practical limit of the conversion efficiency for photovoltaic cells is around 30 % 

(single junction. At laboratory level in 2000 the record efficiency is 25 %). This is due 

to material properties of the photovoltaic cell, which limits the absorption of the 

sunlight. The energy from the sun (photons) has a spectral distribution and only a 

limited range of this distribution can be absorbed effectively (around 400 nm - 

800 nm, visible light). Some of this absorbed energy will also be lost as heat. Under 

concentrated light conversion efficiency more than 40 % is achievable.

What are peak power and peak-watt (Wp)?

Peak power and peak-watt (Wp) are the terms used by photovoltaic professionals. 

These terms refer to measurement of the maximum power output of a cell or a
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module under standard test conditions (STC): incident irradiance = 1 000 W-m"2 

(bright sunshine) with the reference solar spectral irradiance, air mass = 1,5 and a 

cell or module temperature of 25 °C. The SI unit is watt (W). The power of an 

installed photovoltaic system refers always to STC maximum power.

3.2 Economical aspects

How much does it cost of installing a photovoltaic power system?

Typically the cost of installing a PV system having a power of one kilowatt (1 kW) is 

around 5 000 USD (1999). Although there would be variation from case to case, 

about two thirds of this investment would be for the PV modules, and the inverter and 

installation would account for roughly 10 % each. The remaining costs are due to 

support structures, electrical cabling and equipment, etc. It should be noted that at 

today’s prices for electricity generated by a PV system compared to electricity from 

the grid produced by traditional fossil fuels, installing a on-grid PV system (even with 

a significant subsidy) will not provide a commercial return, and this is not likely to 

change in the near-term.

Why using and install a photovoltaic power system?

Using the sun’s energy to produce electricity avoids the environmental problems 

associated with fossil fuel power stations such as greenhouse gas emissions, local 

air pollution and acid gases. Also, in contrast to other environmentally friendly 

renewable energy options such as wind power and hydropower, photovoltaic power 

electricity is readily applicable right where people live and work. Contrary to earlier 

opinions, recent studies have shown that the time taken for photovoltaic modules to 

produce the amount of energy consumed during their manufacture is considerably 

less than their operating lifetime.

There are many reasons to install a photovoltaic system:

- It is the most practical and economically viable option for many applications in 

remote areas away from the electricity network;

- It is completely pollution free. Installing a small domestic system of around 1,5 kW 

would provide around 1 500 kWh of electricity every year, this would avoid around 

half a tonne of C02 annually;

- PV can be integrated into the fabric of a building;
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- Electricity can be supplied at the point of use;

- The system will run silently;

- There is very little maintenance required for a PV system. After the initial 

installation costs, there are no further fuel costs;

- PV systems are modular, and can be added to at any time.

How much would it cost to have a photovoltaic power system on one’s roof? Is 

it viable?

The demonstration programmes for the promotion of photovoltaics in Japan, the 

USA, or the European Union have fixed a price of installed system 5 000 EUR per 

kilowatt. Some electricity companies do it for 5 000 USD per kW in the USA. The 

economic viability of such an investment will depend upon the price the electricity 

company will buy the PV current produced by the photovoltaic system.

What is the price PV current is paid-back by electricity utilities?

Countries and companies have different policies. In Germany it is fixed by law at 

0,99 DEM per kWh, in Japan XX JPY per kWh, in the Netherlands XX NLG per kWh, 

in France 0,096 EUR per kWh (equivalent to net metering), etc. The economic 

viability of the PV system depends upon the initial investment and the utility’s 

payback rate.

Is the electricity cost produced by photovoltaic system competitive with 

conventional sources?

Today photovoltaic electricity is not competitive with conventional sources of energy. 

Nevertheless, in places where the electricity grid is not available, stand-alone PV 

systems are cost competitive. These PV systems provide a new energy service 

other sources cannot meet.

The production cost in a centralized power production like the 3,3 MW photovoltaic 

plant in Italy is around 0,41 EUR per kWh. Increasing the size of the plant, and using 

less costly materials in future will make better proposition but it will take time for 

being competitive with fossil fuels.

3.3 Environmental aspects

Are photovoltaic cells and modules made out of toxic materials?
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Most of the photovoltaic cells used are made out of silicon, which is non toxic. 

Concerning photovoltaic modules they are made of glass, plastic and aluminium 

frame.

Are photovoltaic cells environmental friendly?

During their electricity generation (> 25 years) there is no impact on the environment. 

Nothing is consumed and no pollution is made. During production and especially 

material purification they do have some influence on the environment. For silicon 

photovoltaic cells the silicon has to be very pure and this purification process is 

energy demanding. Some photovoltaic cells not made out of silicon, contain some 

environmental unfriendly materials such as cadmium (Cd) and have to be recycled 

with precaution. But this question can be handled without difficulty by industry as it is 

in the electronic industry making semiconductor chips.

3.4 Social aspects

Are developing countries able to appropriate photovoltaic technology?

Non OECD countries know already photovoltaic systems. Some like India, China, 

South Africa, manufacture photovoltaic modules and electrochemical storage 

batteries at least for the automobile sector (nevertheless, note that these batteries, 

though cheap, are not well suited to the photovoltaic type of charging-discharging 

constraints). Other countries like Morocco, Brazil, etc. have programmes to promote 

the use the technology in off-grid applications. Bringing basic electricity services to 

rural areas, pumping drinking water are popular applications along with powering 

telecommunication repeater stations, etc.

3.5 Others aspects

What countries do for promoting the use of photovoltaic electricity? Why?

A report published by the International energy agency (IEA) describes the situation in 

selected OECD countries. The annual International survey report Trends in 

photovoltaic applications in selected IEA countries (IEA-PVPS, Task 1) prepared by 

the cooperative programme on photovoltaics, provides statistical data about industry 

trends starting in 1992, describes national policies and current achievements in the 

field. Also the IEA-PVPS programme annual report describing the annual 

achievements, is well documented with photographs, and tells the involvement of
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countries in the promotion of photovoltaics. Copies are available from IEA Internet 

site www.iea-pvps.org.

- 122 - 16



Draft 6: 28 December 2000

Annex A

A.1 List of participating Task 1 countries
AUS, CHE, FRA, GBR, KOR

A.2 Exchange rates (average 2000)
1,00 EUR=1,020 USD
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Annex B Country individual contributions
This annex is here for drafting purpose. It is a gathering of countries’ contributions 
and will be removed when printing the final document.

1 AUSTRALIA 

Technical aspects

AU1 What is a grid-connected PV system, and what are its main features?

AU1 A grid-connected PV system consists mainly of the modules that convert 
sunlight into direct current electricity and an inverter that converts the direct current 
to alternating current to make the electricity compatible with the local electricity grid. 
Various mounting systems can be used to support the modules on the roof, on the 
ground or on a building fagade. Increasingly architects and builders are integrating 
the PV system into the building design. Batteries are not required for grid-connected 
applications.
The modules required to produce one kilowatt (kW) of electricity under ideal 
conditions would cover an area of about ten square metres and, depending on the 
mountings used, the system could weigh about 150 kg. Silicon, glass and metal 
would typically be the main construction materials involved. Over a period of time 
such a system would produce roughly one fifth of the energy requirements of a 
typical electric house. Systems can be large or small to suit different applications (for 
example a house or commercial / industrial building), and can also be sized 
according to the proportion of electricity that is to be provided by PV.

AU2 Is the technology reliable, and how long does it last?

AU2 Although PV is a relatively young technology in terms of market application, the 
experience accumulated in Australia and elsewhere confirms PV as a proven 
technology able to generate electricity for 20 years or more without intervention. This, 
and extensive testing, allows the module manufacturers to offer extensive 
guarantees of performance. Australian PV modules are tested to local and 
international standards. An accreditation scheme for suppliers is operated by the 
Solar Energy Industries Association of Australia.

AU3 What factors should I consider before installing a PV system?

AU3 The decision to install a grid-connected PV system should take into account the 
following:

The modules (whether mounted on the roof or elsewhere) should have access to 
considerable direct sunlight all year. This means mainly unimpeded exposure to a 
semi-circle of most of the sky when looking north, with a low likelihood of significant 
trees or buildings close by in this direction in the future.

Grid-connected PV can play an important role in the move towards a sustainable 
energy future but must be considered in conjunction with other practical and more 
cost-effective solutions available to the householder or building owner, such as solar 
hot water and energy efficient appliances.

AU4 What must I do to operate the system effectively?
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AU4 Once installed, the grid-connected PV system requires very little attention from 
the householder or building owner. The grid-connected PV system contains no 
moving parts and costs nothing to run, using no fuel or consumables. It operates 
silently and safely, produces no wastes and requires only minimal maintenance 
(such as cleaning dust from the module surface).

PV modules represent a valuable investment and security can be a concern for 
remote applications. However, integration of the system into the built environment 
where people are living and working reduces these concerns considerably.

AU5 Who should I talk to regarding installing a PV system?

AU5 The following organisations should be contacted early in the process of deciding 
to install a grid-connected PV system:

The local electricity supply company will arrange connection to the grid, including any 
requirement for additional metering to measure the electricity produced by the PV 
system. The company will also negotiate the financial arrangements relating to the 
electricity produced and consumed at the premises. Typically the Customer Services 
(or similar) division should be contacted.

The local shire council will want to ensure that any installation does not have an 
adverse visual impact on neighbours. The potential for this to be an issue will vary 
with the characteristics of the PV system (for example whether free standing or 
integrated into the building design), and, similarly, various councils will have different 
requirements regarding the need for a Development Application.

The insurance company providing building cover will need to be advised of the 
increased value of the premises due to the PV system, and may wish to discuss 
existing or new legal liability cover.

SEDA’s Energy Smart Allies Directory contains a list of suppliers and manufacturers 
in the energy efficiency and renewable energy industries.

The Solar Energy Industries Association of Australia can be contacted for a listing of 
accredited suppliers of PV systems.

Economical aspects

AUG How much does it cost?

AUG Typically the cost of installing one kW of PV is around 10 000 AUD. Although 
there would be variation from case to case, about two thirds of this investment would 
be for the PV modules, and the inverter and installation would account for roughly 
10% each. The remaining costs are due to support structures, electrical cabling and 
equipment etc. It should be noted that at today’s prices for electricity generated by a 
PV system compared to electricity from the grid, installing a grid-connected PV 
system (even with a significant subsidy) will not provide a commercial return, and this 
is not likely to change in the near-term.

AU7 Why grid-connected PV?

AU7 Using the sun’s energy to produce electricity avoids the environmental problems 
associated with fossil fuel power stations such as greenhouse gas emissions, local 
air pollution and acid gases. Also, in contrast to other environmentally friendly 
renewable energy options such as wind and hydro power, grid-connected PV is
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readily applicable right where people live and work. Contrary to earlier opinions, 
recent studies have shown that the time taken for PV systems to produce the 
amount of energy consumed during their manufacture is considerably less than their 
operating lifetime.

These important contributions to a sustainable energy future have been recognised 
worldwide with the announcement of programs such as...... (update).

Currently Australia’s per capita production and usage rates of PV are amongst the 
highest in the world, mainly for applications not connected to the electricity grid. 
Australia has well established and internationally respected research activities and a 
number of successful local manufacturers. To maintain or improve Australia’s 
competitive position with regard to PV it will be necessary to keep pace with the 
growing international interest in grid-connected applications.

2 SWITZERLAND

Technical aspects

CH1 Can I heat my house with photovoltaic solar cells

CH1 If you invest a lot of money, yes. But it would be wiser to install a heat pump 
system and install a much small PV system to produce the needed electricity to drive 
the heat pump. Since in Switzerland we do not have plenty of sun during winter time, 
the PV system should be grid connected. It will produce the needed energy more 
during summer, using the grid as a seasonal storage system.

CH2 Will my grid connected PV system still work without grid (Power cut) ?

CH2 No, in case of a power cut, the inverter will shut off to protect people repairing 
the grid. But it is possible to have a system with a self regulating inverter and battery 
back up to operate independent from the grid. These systems are normally more 
expensive than simple grid connected systems.

CHS Will photovoltaic solar cells produce energy although there is no sun 
(cloudy sky or fog)?

CHS Yes, they work also under these conditions but will produce much less energy 
than with direct sun light although the conversion efficiency might be higher due to 
lower temperature. But the rule is: There comes nothing from nothing (No sun no 
power).

Environmental aspects

CH1 Are photovoltaic solar cells made out of toxic materials?

CH1 Most of the cells used are made out of silicon, which is non toxic. For 
extraterrestrial applications, also GaAs-cells are used, but since they are very 
expensive, they will not be used for standard applications. Also the new CdTe-cells 
have been tested carefully, and the also withstand fire and other impacts.

3 FRANCE 
Technical aspects
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FR1 Could I power my house and become independent from electricity utility 
grid?
FR1 Installing a PV system on top of your roof or in place of your roof is possible and 
there around 20 000 house in OECD countries equipped that way. Nevertheless you 
still need grid connection to power your house when the weather is bad. So do not 
disconnect. Over the whole year your PV system might produce the amount of 
electricity you will consume (excluding electric heating). In the case of net metering 
your electricity bill will be zero and even you might earn money if the electricity buy
back rate proposed by your utility company is more attractive.

FR2 Do PV modules (panels, array) need to be cleaned and how often?
FR2 Usually no. Rain do the job. In dry areas and low latitudes sweeping dust might 
be necessary. Means depend upon situation and application.

FR3 The PV captors (cells, modules, panels, systems, etc.) never pay back the 
amount of energy they consume in the process of their construction, do they?
FR3 False. Studies show that PV modules made out of crystalline silicon pay back 
their energy content in 3 to 5 years, while new type of module made out of thin films 
pay back in 2 to 3 years. Technological progresses will considerably shorten this 
energy pay-back time.

FR4 What is the lifetime of modules?
FR4 There is no consumption of matter in the process of converting solar light into 
electricity through the semiconductors the modules are made of. So the time-life is 
theoretically infinite. The only limitation is the way the modules are able to withstand 
the aggressive environment they are put in. In general the manufacturers guarantee 
their modules to 25 years. There are many PV modules installed by the beginning of 
the terrestrial era of photovoltaics 30 years ago and still working well. Humid and 
salty climates are very restricting (water and electricity do not like each other) 
nevertheless module resist well. An International Standard like IEC 61215 tests 
under harsh conditions the resistance of PV modules. When buying a module refer 
to International Standards.

FR5 What is the land area covered by a central PV power station.
FR5 Pilot PV power plant such as that of Erga (ENEL Group) in Italy occupies 1,2 ha 
(12 000 m2) per megawatt of power installed.

A project within the IEA-PVPS co-operative programme is carefully studying all the 
implications (economical, technical, sociological, etc.) of equipping desert areas with 
PV systems. A preliminary investigation shows that 4 % of desert areas in the planet 
Earth would produce enough electricity to feed the World today.

FR6 How much energy does a power plant produce per year?
FR6 Being a centralised power plant or a « PV roof», the electricity production will 
depend upon the geographic situation. In Italy the 3,3 MW pilot plant produces 
1 300 kWh per kilowatt installed (this plant produces 5 000 MWh per year, the 
equivalent consumption of 2 000 families. With systems using concentrated light 
(Canary Island) it reaches 1 400 kWh per kilowatt of power installed. Practical limit is 
1 600 kWh per kilowatt of power installed. The power ratio is 75 % to 80 %.

In Japan a power system of 1 kW will produce 1 200 kWh of electricity per year. In 
Germany 600 kWh to 900 kWh of electricity per kilowatt installed.
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Economical aspects
FR7 How much would it cost me to have a photovoltaic system on my roof. Is it 
viable?
FR7 The demonstration programmes for the promotion of photovoltaics in Japan, the 
USA, or the European Union have fixed a price of installed system of 5 000 EUR per 
kilowatt of power. Some electricity companies do it for XX USD per kW in the USA. 
The economic viability of such an investment will depend upon the price the 
electricity company will buy your PV current produced by your PV system.

FR8 What is the price PV current is paid-back by electricity utilities?
FR8 Countries and companies have different policies. In Germany it is fixed by law 
at 0,99 DEM/kWh, in Japan XX JPY/kWh, in the Netherlands XX NLG/kWh, in 
France 0,64 FRF/kWh, etc. The economic viability of the PV system depends upon 
the initial investment and the utility’s pay-back rate.

FR9 Is the electricity cost produced by PV system competitive with 
conventional sources?
FR9 Today PV electricity is not competitive with conventional sources of energy. 
Nevertheless, in places where the electricity grid is not available, stand-alone PV 
systems are cost competitive. These PV systems provide a new energy service 
other sources cannot meet.

The production cost in a centralised power production like Serre Plant (3,3 MW) in 
Italy is around 0,41 EUR/kWh. Increasing he size of the plant, and using less costly 
materials in future will make better proposition but it will take time for being 
competitive with fossil fuels while they last!).

Other aspects
FR10 What do other countries do for promoting the use of photovoltaic 
electricity ? Why?
FR10 An interesting report published by the International energy agency describes 
the situation in selected OECD countries. The International survey report prepared 
by the co-operative programme on photovoltaics, provides statistical data about 
industry trends starting in 1992, describes national policies and current 
achievements in the field. Also the annual report describing the annual 
achievements of this programme, is well documented with photographs, and tells the 
involvement of countries in the promotion of photovoltaics. Copies are available from 
IEA internet site www.iea-pvps.org.

4 GREAT BRITAIN
Technical aspects
GB1 What is PV?
GB1 The photovoltaic (PV) process converts sunlight - the most abundant energy 
source on the planet - directly into electricity. The equipment required for this 
process has no moving parts and as a result requires minimal maintenance. In 
addition, the electricity is generated with no emissions and no noise.
A photovoltaic cell consists of two or more thin layers of semiconducting material, 
most commonly silicon. When the cell is exposed to light, electrical charges are 
generated and this can be conducted away by metal contacts as direct current (DC).
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The electrical output from a single cell is small, therefore multiple cells are connected 
together to provide a more useful output. Cells connected in this way are 
encapsulated (usually behind glass) to form a weatherproof module 
Multiple modules can likewise be connected together (then called panel) in order to 
provide sufficient power for common electrical appliances.
GB2 Doesn't photovoltaic technology need bright sunshine to work properly? 
GB2 The electrical output of a PV cell is dependent upon the intensity of the light to 
which it is exposed. So PV cells will tend to generate more electricity on bright days 
than when skies are overcast. However, photovoltaics do not need to be in direct 
sunlight to work, so even on overcast days a PV cell will be generating some 
electricity.
GB3 Is PV suitable for use in the UK?
GB3 PV has been used in the UK over the last 20 years or more for many 
applications, particularly in remote areas where grid connection is impractical, such 
as weather monitoring stations, marine navigation aids, etc.
Over the last few years PV technology has also started to be introduced into urban 
areas, incorporated into the roofs and facades of homes, offices and factories.
A modest sized domestic grid connect system will provide a substantial portion of a 
households electricity needs for over 6 months of the year and installations on 
commercial buildings are particularly suitable, contributing towards the daytime 
demands of an office.
Over 1,5 MW of building integrated PV is already installed in the UK.
GB4 What applications are there for photovoltaic power systems?
GB4 PV technology has many applications in the UK, both for stand-alone systems 
and for integration onto buildings. PV has been used for many years in the UK in 
applications such as monitoring stations, radio repeater stations, telephone kiosks 
and street lighting to name just a few examples. There is also a substantial market 
for PV technology in the leisure industry, with battery chargers for boats and 
caravans, as well as for powering garden equipment such as solar fountains.
In more recent years in the UK, PV has become more widely used in urban areas, 
where it can be integrated into new buildings or mounted onto existing buildings. This 
is a rapidly growing market in the UK and throughout Europe. PV technology is 
ideally suited to the urban environment, providing pollution and noise free electricity 
without using extra space.
PV technology is also widely used in the developing world. The technology is 
particularly suited here, where electricity grids are unreliable or non-existent, with 
remote locations often making PV power supply the most economic option. In 
addition, many developing countries have a high level of solar radiation levels year 
round.
GB5 How long will a system last?
GB5 The average lifetime of a PV module can be in excess of 20 years, crystalline 
silicon modules in particular have a very long life span. In addition, they require very 
little maintenance. Other system components will have a varied lifespan, for example 
batteries in stand-alone systems can last between 2 and 15 years depending on type.
GB6 How much will I need to power my home?
GB6 A typical domestic system of 1,5 kW in the UK would produce around a third of 
the annual demand of an average family household (taking the average demand to 
be around 10 kWh per day). However, calculating the system size depends on many 
factors, for example whether the system is grid connected, energy demand of the 
household etc.
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These factors will all be taken into account by a system installer when designing a 
system to power your home.
GB7 I’m interested in installing a system, who should I contact?
GB7 Domestic installations of PV systems are usually carried out by system 
installers. There are many PV-UK members located all over the country who can 
carry out these installations. Contact the British Photovoltaic Association (tel. 0118 
932 4418) or visit the PV-UK website Erreur! Signet non defini. for further details. 
GB8 How can I connect my system to the grid?
GB8 Connecting a photovoltaic power system to the distribution network will require 
permission from the Distribution Network Operator (DNO). The DNOs in the UK have 
different policies when it comes to connecting PV systems to their networks, and so 
different rates will be paid for exported electricity. The system installer will make the 
necessary arrangements for grid connection. (Application forms for DNO permission 
to connect a PV system to the electricity grid can be downloaded from the British 
Photovoltaic Association's website: www.pv-uk.org.uk.)
Economical aspects
GB9 Is PV expensive?
GB9 Over the last 20 years the price of PV modules have fallen dramatically, from 
around 15 GBP per Wp in 1980 to current prices of around 3 GBP per Wp. That 
means that a single module, typically generating 50 W of power under standard test 
conditions, now costs around 150-200 GBP.
The cost of a complete PV system - including power conditioning equipment and 
installation - can vary very widely depending on the application and system type, and 
so generalisations on system costs are difficult to make. To give a rough estimation, 
you could expect to pay between 8 000 GBP and 15 000 GBP on a typical domestic 
installation of 1,5 kW.
A more recent application of PV in the UK is its use as a building fagade material. 
This use of PV on commercial buildings looks very favourable economically when 
compared to other building fagade materials. For example, PV curtain walling 
(amorphous) can cost as little as 280 GBP/m2, whereas stone cladding might cost 
around 300 GBP/m2.
Others
GB10 Why install a photovoltaic power system?
GB10 There are many reasons to install a PV system:
It is the most practical and economically viable option for many applications in 
remote areas.
It is completely pollution free. Installing a small domestic system of around 1,5 kW 
would provide around 1 000 kWh of electricity every year, this would avoid around 
half a tonne of CO2 annually.
PV can be integrated into the fabric of a building.
Electricity can be supplied at the point of use.
The system will run silently.
There is very little maintenance required for a PV system.
After the initial installation costs, there are no further fuel costs.
PV systems are modular, and can be added to at any time.

5 SWEDEN
SE1 What are photovoltaic solar cells?
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SE1 Photovoltaic solar cells are semiconductor devices that convert light directly into 
electricity. Photovoltaic cells have no moving parts and do not consume any material. 
Note the difference from thermal solar cells which heats water, a totally different 
technique.

SE2 How does a photovoltaic solar cell work?
SE2 The energy radiation from the sun (photons) is absorbed and their energy is 
thereby transformed to electrons in the photovoltaic cell. These electrons are then 
put in movement by a built-in electric field. The sun light has been converted to 
electric energy.

SE3 Do photovoltaic solar cells work in cold climates?
SE3 In fact, photovoltaic solar cells works generally better at lower temperatures. 
However, in cold climates there might be side effects as, lower intensity of light, snow 
etc. which decreases the output power from the photovoltaic solar cells.

SE4 What is the difference in energy, coming from the sun, between places 
near the equator and further north (or south)?
SE4 In Sahara a typical annual value is 2 500 kWh/m2 and in for example Sweden a 
typical annual value is around 1 000 kWh/m2. So, even quite far from the equator 
photovoltaic solar cells can generate considerable amounts of electricity.

SE5 Do photovoltaic solar cells work in cloudy weather?
SE5 Yes, but their output is reduced. Since a flat photovoltaic panel has a 180 
degree window, the sun shine does not have to be direct. A day with a bright 
overcast they can still generate 50-70 % of their maximal output. When the sky is 
really dark they may not give more than 5-10 %.

SE6 What kind of photovoltaic solar cells exist?
SE6 There are a number of different types of photovoltaic solar cells, they are 
usually divided depending on their absorbing layer. The by far most common 
photovoltaic solar cell used today is made of silicon. Further more silicon can be 
divided by their ordering of atoms from the single crystal, which has the highest 
efficiency but is expensive, to the amorphous silicon photovoltaic cells which have 
lower performance but are relatively cheap. The amorphous silicon cells belong to a 
group of photovoltaic cells which are called thin film photovoltaic cells. These 
photovoltaic cells have extremely thin active layers, in the order of 0,001mm. Two 
other promising thin film photovoltaic cells which have increased their market share 
lately are the GIGS solar cells (made out of Cu, In, Ga and Se) and the CdTe 
photovoltaic solar cells.

SE7 How is the efficiency for a photovoltaic solar cell measured?
SE7 The efficiency is the quote between the photovoltaic cell output effect and the 
incoming effect at standard conditions. The standard conditions corresponds to a 
clear day when the sun is 48 degrees over the horizon and the solar panel directed 
towards the sun and a temperature of 25°C. The effect coming from the sun during 
these conditions is 1 kW/nrr. The measurement is normally made indoor with lamps 
and filters.

SE8 What is the theoretical maximal efficiency for photovoltaic solar cells?
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SE8 The theoretical limit of the efficiency for photovoltaic solar cells is around 30 %. 
This is due to material properties of the photovolataic cell, which limits the absorption 
of the sunlight. The energy from the sun (photons) has a spectral distribution and 
only a limited range of this distribution can be absorbed effectively (around 400 nm - 
800 nm, visible light). Some of this absorbed energy will also be lost as heat.

SE9 What are the drawbacks with photovoltaic solar cells?
SE9 Photovoltaic solar cell power is expensive compared to conventional generated 
power. An other drawback is that in northern climates there is often a miss match 
between generation and need (during the dark cold winter the need of electricity is 
high but the generation low), this leads to a storage problem.

SE10 Why not use wind power instead of solar photovoltaic power?
SE10 Wind power and solar photovoltaic power are not competitors they should be 
used as complements. Photovoltaic power can be integrated into a building (e.g. 
roofs and facades) using no extra space.

SE11 What are the advantages with thin film photovoltaic solar cells?
SE11 First of all their active layers are thin, in the order of 0,001mm. This leads to 
low material consumption and relatively short production time, which means lower 
price. The most used silicon photovoltaic modules today, have to be build up from 
connecting separate cells. Thin film photovoltaic solar modules can be made as 
modules directly.

Environmental aspects
SE12 Are photovoltaic solar cells environmental friendly?
SE12 Yes and No, during their electricity generation (> 20 years) there is no impact 
on the environment. Nothing is consumed and no pollution is made. During 
production and especially material purification they do have some influence on the 
environment. For silicon photovoltaic solar cells the silicon has to be very pure and 
this purification process is very energy demanding. Some photovoltaic solar cells 
contain very environmental unfriendly materials such as cadmium (Cd) and have to 
be recycled with precaution.
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PVPS Task 1 Action Items 
(up to Copenhagen meeting)

1 November 2000

DRAFT

ACTION RESPONSIBLE PARTY TIMING

1. Compile Task 1 contacts list for Task 1 
website

Greg Watt November 2000

2. Add National Communication Strategies 
to Task 1 website

Greg Watt / Pius Husser November 2000

3. Circulate survey pro-forma developed by 
Paul Cowley - please use!

Greg Watt November 2000

4. Circulate first draft of “Added Value” report Greg Watt 10 November 2000
5. Provide Paul Cowley with news stories for 

PVPower
All Task 1 Before 26 November for 

#14 ,and ongoing
6. Amend and circulate NSR guidelines Greg Watt November 2000
7. Comment on first draft of “Added Value” 

report
All Task 1 Before end November 

2000
8. Approve final draft of “Added Value” report 

& discuss with ExCo member
All Task 1 Before Christmas 2000

9. Prepare draft activity plan for “Costing of
PV energy”

Olle Lundberg & Greg Watt December 2000

10. Prepare draft Document Production Plan 
for “Costing of PV energy"

Greg Watt Before next meeting

11. Commence work on “Costing of PV 
energy”

Sweden, Denmark, 
Germany, Japan & Norway

January 2001

12. Develop ideas and offer to lead future 
special information activities that could be 
discussed in detail at the next Task 1 
meeting

All Task 1 January 2001

13. Develop ideas for PVPS workshops that 
could be developed for EPVSEC in
October 2001

All Task 1 Before next meeting

14. Advise ExCo and webmaster of Task 1 
suggested improvements for the website

Greg Watt Ongoing

15. Amend and circulate ISR6 ‘format and 
content’

Greg Watt Before next meeting

16. Write ‘policy’ for PVPower Greg Watt Before next meeting
17. Finalize “Answers to frequently asked 

questions”, and provide to webmaster
Andre Claverie Before next meeting
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‘Where to’ for Task 1 Special Information Activities after “Added Value” 
(discussion under agenda item 14)

The aim of this note is NOT to define what our new activities should be - this must come 
from the group discussions of Task 1 participants. However I would like this note to 
provide a framework for our discussions.

Several ideas for new activities have been proposed/suggested etc:
1. Something relating to market implementation of PV systems
2. Costing of energy from PV systems
3. Value of PV business

I suggest that we could apply the following principles when discussing new activities:

Firstly, we must think about what can (and should) PVPS do that is unique (eg compared 
to governments, consultants, academics etc) & also what can /should Task 1 do 
compared with the other PVPS tasks? (for example, I would suggest that we are well 
placed to promote international workshops, carry out broad surveys and develop 
targeted information packages rather than carrying out very specific and detailed 
investigations).

Secondly, we should be aware that what our target audience(s) want/need may not be 
the same as some of the issues that we (Task 1/PVPS in general/lEA) think are 
important (maybe a larger component of our Special Information Activities should involve 
actually communicating with the target audience!).

Thirdly, we should try to build on our past successes rather than jumping to something 
very different as we tend to have done in the past (this will help to maintain the links to 
our target audiences and provide some continuity to our work).

Finally (and very importantly), for a new activity to ‘get off the ground’ we must have a 
lead country or countries (that can then be supported by a ‘working group’ etc).

As an example, in the following table I have applied the above principles to the three 
ideas for new activities. I would encourage you to think further about this, fill in the gaps, 
add information and be prepared to contribute to the discussion during our meeting! I 
hope that this will provide a framework for our discussions under agenda item 14.

Greg Watt
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Market implementation (Ml) Costing of energy Value of business (VoB)
What can/should Task 1 do □ It would appear that most 

individual countries have 
already done extensive 
research on barriers, policies 
etc.1

a PVPS Task 7 will produce a 
number of relevant reports1 2

□ Amenable to workshops, 
surveys & targeted info 
packages

□ What are the important issues 
to resolve? Eg Is there 
consistency in the methods 
employed in the various 
countries?

□ Is there scope for an IEA 
Recommended Procedure (as 
with wind energy)?

a Amenable to workshops 
attracting a broad range of 
participants.

What our target audience(s) 
want/need

□ Do we know who are the key 
Ml players, what drives them 
& what they need to know?

□ Is a real issue that the key Ml
players do not know what 
information is alreadv
available?

□ Do we know who would use
this information, and what 
level of detail is required?

□ VoB and labour places appear 
to be a common point of 
interest in most countries

Build on our past successes □ “Added Value” has provided 
the 'why' of grid-connected PV

□ A logical next step would be to
look at 'how' grid-connected 
PV is implemented (and, for 
example, what makes for a 
successful project/
programme)

a Not addressed in “Added 
Value”, but certainly related 

□ Follows on from discussions 
about content of NSRs/ISR, 
and our inability to resolve 
these issues.

Lead country □ Netherlands has expressed a 
degree of interest

□ Germany and Denmark have 
expressed some interest

1 For example see the recent comprehensive US DOE report, May 2000 - Making Connections: Case Studies of Interconnection Barriers and their Impact on 
Distributed Power Projects http://www.eren.doe.gov/distributedpower/barriersreport/

2 Survey of Market Barriers; Potential of BIPV; The Economics of BIPV; Strategies for Barrier Removal; and an executive summary report covering the four 
documents
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IEA International Energy Agency Photovoltaic Power Systems Programme

TASK 1 - Exchange & Dissemination of Information on 
Photovoltaic Power Systems

Workshop on the added value of PV Systems

May 5th, 9:30 -15:30, Glasgow

The aim of this workshop is to identify and discuss the 
different added values of grid-connected PV for various 
target groups. Acquiring insights into these issues will 
help the development of strategies which can be used 
to influence policy and decision makers.

The workshop is aimed at renewable energy experts 
involved in market development of PV. Participants 
are invited to attend and to contribute actively towards 
the workshop.

The workshop will be hosted by The International energy 
Agency Photovoltaic Power Systems Task 1 members, 
EA Technology (UK) and NEDO/PVTEC (Japan).

The programme will include international speakers 
covering a range of PV added value Topic areas 
including:

• Environmental.

• Social/ Fiscal/Economic.

• Energy saving.

• Architectural integration.

• Other.

To register for this event please visit:-

www.novaenergie.ch/glasgow

and fill out your name, company and address or return 
the attached registration slip to:

John Stones 

EA Technology Ltd 

Capenhurst 

Chester 

CH1 6ES.

And then Just come along on the day. Participation in 
the workshop is free of charge.

The workshop will be held at:

IEE Scottish Engineering Centre 
The Teacher Building 
14 St. Enoch Square 
Glasgow.

The Teacher building is located in:
St Enoch Square in the centre of Glasgow.

Central
Station

The Teacher 
Building

Registration details. Please fill in and place in 
Workshop tray/ envelope provided.
Name
Company & Position 
Address

Telephone
Fax
Email address
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IEA International Energy Agency Photovoltaic Power Systems Programme

TASK 1 - Exchange & Dissemination of Information on 
Photovoltaic Power Systems

Workshop on the added value of PV Systems

DATE 5th May, 2000

VENUE IEE Scottish Engineering Centre
The Teacher Building 
14 St. Enoch Square 
Glasgow.

Programme
09:00 Opening Speech

Greg Watt (Task I Operating Agent.) 
(Aus).

09:05 Welcome Speech
John Stones (EA Technology Ltd.) 
(UK).

09:10 Keynote Speech
K. Kurokawa 
(Japan).

09:35 Swiss Solar Stock Exchange
Stefan Nowak (NET Ltd.)
(CH).

10:00 The Solar Office
David Lloyd (Studio E architects)
(UK).

10:25 Coffee Break

10:50 Bebbington Zero Energy Development
Chris Twinn (Ove Arup)
(UK).

11:15 Creating a global market
Karl Mallon (Greenpeace (Int'l)) for PV.

11:40 Discussion session

12:05 Lunch Buffet

12:35 Energy Payback Time
K.Kato 
(Japan).

13:00 PV: Not the Payback Period
Paul Ruyssevelt (ESD)
(UK).

13:25 Non-interruptible PV supplies
Robert Kroeni (Enecolo AG)
(CH).

13:50 New Incentives in Israeli Solar Projects
Yona Siderer, Consultant (ISR)

14:15 Free Discussion with expert panel.

14:45 Summary and Closing Speech
Greg Watt.

Programme may be subject to change
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Foreword
The International Energy Agency (IEA), founded in November 1974, is an autonomous 
body within the framework of the Organisation for Economic Co-operation and 
Development (OECD) which carries out a comprehensive programme of energy co
operation among its 23 member countries. The European Commission also participates in 
the work of the Agency.
The IEA Photovoltaic Power Systems (PVPS) Programme is one of the collaborative 
R & D agreements established within the IEA. Since 1993, a variety of joint projects have 
been conducted in the applications of photovoltaic conversion of solar energy into 
electricity. The Programme, whose mission is “to enhance the international collaboration 
efforts through which photovoltaic solar energy becomes a significant renewable energy 
source in the near future”, is divided into nine Tasks which address specific aspects of 
photovoltaic technology development and implementation. Further details about the 
Programme are available on the PVPS website www.iea-pvps.org .
This report has been prepared as a special information activity within PVPS Task 1, which 
facilitates the exchange and dissemination of information on the technical, economic, 
environmental and social aspects of photovoltaic power systems. Participating members 
are: Australia (AUS), Austria (AUT), Canada (CAN), Denmark (DNK), Finland (FIN), 
France (FRA), Germany (DEU), Israel (ISR), Italy (ITA), Japan (JPN), Korea (KOR), 
Mexico (MEX), The Netherlands (NLD), Norway (NOR), Portugal (PRT), Spain (ESP), 
Sweden (SWE), Switzerland (CHE), the United Kingdom (GBR), the United States of 
America (USA), as well as the European Commission. It has also had input from Task 7, 
which aims to enhance the architectural quality, the technical quality and the economic 
viability of photovoltaic power systems in the built environment and to assess and remove 
non-technical barriers for their introduction as an energy-significant option.
The special information activity “Added Values of Photovoltaic Power Systems” has 
involved two international workshops and exchange of information between interested 
parties, with Japan as lead country supported by Australia, The Netherlands, Switzerland 
and the United Kingdom.
This report has been prepared by:
Dr Muriel Watt 
Centre for PV Engineering 
University of NSW 
Sydney, NSW 2052 
AUSTRALIA
Ph: 61 2 6372 7368 
Fax: 61 2 6372 7356 
Email: m.watt@unsw.edu.au

with the assistance of Tony Schoen, IEA-PVPS Task 7 and under the supervision of PVPS 
Task 1 members. It incorporates the deliberations of two workshops on Added Value, held 
in Sapporo, Japan in September, 1999 and in Glasgow, Scotland in May, 2000.
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Abstract
The structure, ownership and operation of electricity systems around the world are 
changing in response to industry restructuring, the availability of new technologies and 
increasing environmental awareness. At the same time, many countries have yet to 
provide basic energy services for their populations, particularly in areas not served by the 
electricity grid. Large scale, central power generation and distribution which characterized 
the electricity industry for much of the 20th century is being challenged by new 
technologies, which are cleaner, faster to deploy and better matched to local requirements. 
Higher values are being placed on ancillary services, such as power system reliability and 
voltage stability, so that a simple comparison of energy cost is no longer appropriate as a 
measure of competitiveness. Solar photovoltaic electricity is unique amongst the new 
energy sources for the wide range of energy and non-energy benefits which can be 
provided, while the use of photovoltaic power systems as an integral part of a building 
provides the greatest opportunity for exploiting non-energy benefits and for adding value to 
the photovoltaic power system.
This report documents the potential added values or non-energy benefits photovoltaic 
power systems can provide, the current state of market development and the key barriers 
faced by renewable energy technologies generally and photovoltaic power systems in 
particular. Means by which non-energy benefits may be used to overcome barriers to the 
use of photovoltaic power systems are then discussed, with specific attention to the use of 
building integrated photovoltaics.

Keywords
Ancillary services, building integrated photovoltaics, capacity credit, competitive markets, 
distributed generation, externalities, green power, micropower, peak lopping, photovoltaic 
power systems, power factor correction, renewable energy, restructured utilities, solar 
photovoltaic electricity, sustainable development.

Glossary
Ancillary services: resources used to maintain power supply quality, such as reliability, 
voltage and frequency stability and waveform purity.
Cogeneration: the simultaneous production of electricity and heat, usually for commercial 
or industrial use.
Clean Development Mechanisms (CDMs): intended to help industrialized countries 
achieve their Kyoto Protocol emissions reduction targets while helping developing 
countries achieve their sustainable development goals. Emissions reductions resulting 
from CDM projects within developing countries will be available, at least partially, to the 
project funders.
Distributed resources: small scale generating, storage or demand management plant, 
sometimes referred to as micropower, and typically connected into the electricity 
distribution, rather than transmission, network. These can include photovoltaic power 
systems, wind generators, batteries or other storage devices and appliances, such as 
solar water heaters, which reduce electrical load on the distribution network.
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Emissions trading: a mechanism to control the increase in greenhouse gas emissions 
by setting emission limits, allocating permits and allowing emitters to trade permits 
amongst themselves as a means of achieving the lowest cost emission reductions overall.
Fossil fuels: energy sources derived from ancient plant and animal matter trapped on the 
earth’s surface over geological time. These include coal, oil and natural gas, all of which 
are non-renewable over any human timeframe.
Greenhouse gas emissions: emissions of gases which collect in the atmosphere and 
contribute to the Earth’s “greenhouse” effect. Increasing concentrations of gases, such as 
carbon dioxide, methane and nitrous oxide are currently producing an enhanced 
greenhouse effect, because they are accumulating at a rate faster than they can be 
dispersed. The combustion of fossil fuels is thought to be a major cause of this enhanced 
effect, which in turn is expected to contribute to higher average global temperatures over 
the next century.
Photovoltaic power system: a system including photovoltaic modules, inverters, 
batteries (if applicable), and all associated installation and control components, for the 
purpose of producing solar photovoltaic electricity - also commonly referred to as PV or 
photovoltaics.
PV or photovoltaics: see above.
Renewable energy: energy sources derived directly or indirectly from the energy of the 
sun, the earth’s core or from lunar and solar gravitational forces and which are therefore 
renewable over time. These include solar, wind, biomass, tidal, wave, hydro and 
geothermal energy.
Sequestration: removal of greenhouse gases from the atmosphere by the use of plants, 
storage devices or other technological means.
Vertically integrated utilities: whereby generation and transmission and sometimes also 
distribution and retailing of electricity are combined in a single organisation.

Acknowledgments
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Executive Summary
While solar photovoltaic electricity, particularly in off-grid applications, is an important 
market for photovoltaic power systems in developing countries, this report focuses more 
closely on market development for grid-connected photovoltaic power systems in the IEA- 
PVPS member countries. However many of the issues which need to be addressed, 
particularly those relating to the electricity industry and energy policy, are the same for 
both industrialized and developing countries.
Many renewable energy and energy efficiency technologies meet the definition of 
“distributed resources” which can be strategically located within electricity distribution 
networks to reduce the need for external energy supplies, while also providing a range of 
electrical system, environmental, architectural and socio-economic benefits. Solar 
photovoltaic electricity is unique amongst the new energy sources for the wide range of 
energy and non-energy benefits which can be provided, while the use of a photovoltaic 
power system (often referred to as PV or photovoltaics) as an integral part of a building 
provides the greatest opportunity for exploiting non-energy benefits and for adding value to 
the photovoltaic power system.
Photovoltaic power systems installed on the surfaces of buildings, allow the possibilities of 
combining energy production with other functions of the building envelope, including 
structural support, weatherproofing, shading or solar thermal collection. Cost savings 
through these combined functions can be substantial. Additionally, no high-value land is 
required, no separate support structure is necessary and electricity is generated at the 
point of use. The latter contributes directly to the building occupant’s electricity 
requirements while also avoiding transmission and distribution losses and reducing capital 
and maintenance costs for utilities. The integration of the photovoltaic power system into 
the architectural design offers more than cost benefits, however. It also allows the 
designer to create environmentally benign and energy efficient buildings, without 
sacrificing comfort, aesthetics or economy, and offers a new and versatile building material.
A number of projects around the world show an emerging market for grid-connected 
building integrated photovoltaic power systems, despite the fact that solar photovoltaic 
electricity is still more expensive than grid power. The market for grid-connected 
photovoltaic power systems in IEA member countries is therefore growing rapidly and now 
accounts for more than 50% of installed capacity.
This report shows that solar photovoltaic electricity can contribute significantly to 
reductions in greenhouse gas emissions from the electricity sector: Lifetime C02 
emissions with current photovoltaic power system technologies are 85 to 94% less than 
those from coal fired power stations and will be 95 to 97% less with new technologies. 
Solar powered manufacturing plants can operate as “solar breeders” ensuring a 
sustainable technology in the long-term.
Solar photovoltaic electricity can contribute to improvements in air quality. When it 
displaces coal fired generation, the NOx emissions are typically reduced by 50% and SOx 
emissions by 90%, making solar photovoltaic electricity a valuable addition to clean air 
policies. For improving urban air quality, photovoltaic power systems can play a role in 
facilitating the introduction of electric vehicles, either by powering the vehicle directly or by 
providing power to recharging stations.
Solar photovoltaic electricity can assist in securing energy supplies in both the long-term 
and short-term. With fossil fuel resources expected to be depleted this century,
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photovoltaic power systems provide a means of maintaining electricity supplies in 
industrialized countries and providing electricity to the developing world without concern 
for fuel supply security. Dispersed photovoltaic power systems feeding into electricity 
distribution networks, or operating independently, can provide more reliable electricity 
supplies during power outages caused by summer peaks or emergency situations.

The production of photovoltaic power systems is a high technology industry which can 
create new jobs in manufacturing, distribution, installation and maintenance. Dispersed 
application means that employment is created in regional areas, as well as in industrial 
centres. Direct employment in the PV industry world-wide is expected to be between
250,000 and 300,000 by 2010.
The modularity of photovoltaic power systems provides benefits to electricity utilities by 
allowing for generation to be expanded, or reduced, to match demand more easily than 
with large central generation plant. Lead-times are also shorter, exposure to fuel price 
volatility is reduced and grid augmentation can be avoided. Hence financial costs and 
risks are reduced. On-site or local generation also reduces transmission and distribution 
losses. Dispersed generation reduces the likelihood and impact of large scale power 
outages while smoothing output fluctuations from individual power systems. It can be 
especially valuable in dealing with summer peak loads, where the effective load carrying 
capacity, or firm power output, can exceed 80% of the PV rated output.
For customers, the photovoltaic power system offers a range of benefits which can 
significantly increase its value. These include providing aesthetically pleasing, non- 
intrusive, multi-function building elements, ensuring supply reliability, reducing energy and 
peak demand charges and contributing to environmental protection. For society as a 
whole, photovoltaic power systems provide a means of delivering more sustainable energy 
systems for both rural and urban developments.
Nevertheless photovoltaic power systems face a number of barriers to their entry into the 
mainstream energy and building markets. These include high capital costs and associated 
financing problems; immature products and service delivery chains; a lack of information, 
expertise, standards and demonstration systems; electricity industries that still favour the 
central generation paradigm; and electricity markets that do not yet account for 
environmental externalities. Some of these barriers can be overcome by assessing both 
the energy and non-energy benefits which can be provided by a photovoltaic power 
system, thus making it a cost effective option even with current costs and energy prices.
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Introduction
At the start of the 21st century, the structure and composition of many electricity systems 
around the world are changing. Industry restructuring, which commenced in the 1990’s, is 
beginning to challenge the “natural monopolies” of large scale, central power generation 
and distribution which characterized the industry for much of the 20th century. New 
technologies, which are cleaner, faster to deploy and better matched to local requirements 
are attracting the interest of industry, investors and local communities. At the same time, 
an increasingly digitized world is placing higher value on power system reliability and 
voltage stability [Dunn, 2000], so that a simple comparison of electricity cost is no longer 
appropriate as the only measure of competitiveness. Rather, technologies will increasingly 
be measured by their ability to meet new market needs [Bower & Christensen, 1995]. 
Many renewable energy and energy efficiency technologies meet the definition of 
“distributed resources”, which can be strategically located within electricity distribution 
networks to reduce the need for external energy supplies, while also providing a range of 
electrical system, environmental, architectural and socio-economic benefits. Photovoltaic 
power systems (often abbreviated to PV or photovoltaics) are unique amongst the new 
energy technologies for the wide range of energy and non-energy benefits which can be 
provided, while the use of photovoltaics as an integral part of a building provides the 
greatest opportunity for exploiting non-energy benefits and for adding value to the 
photovoltaic power system.
Photovoltaic power systems are already widely used as a cost effective option for small 
scale power supplies in remote areas. Here the difficulties and costs associated with fuel 
transport or with maintenance support are high and well recognized, making photovoltaic 
power systems an attractive option. Despite this, large scale centralized power supplies 
continue to be supported over distributed options by utilities and governments in rural 
areas of both industrialized and developing countries.
For grid-connected photovoltaic power systems, comparisons continue to be made almost 
entirely on the basis of electricity cost which, despite consistent cost reductions over the 
past three decades, typically remain higher than those available from centralized, fossil 
fuel or nuclear plants. However, even in grid supplied areas, values other than kWh 
energy cost are important. For utilities these include ancillary services, such as power 
quality and reliability, and capacity values. For customers and society they include power 
quality, reliability, environmental impact, convenience, security and employment. 
Nevertheless, present arrangements for ancillary services and network augmentation or 
extension in electricity markets continue to focus on the larger participants in the electricity 
market, and distributed options such as photovoltaics do not yet receive equal 
consideration. In addition, regulation of the electricity industry with respect to climate 
change is still in its infancy, so that no value is yet placed on emission free generation.
Although many of the benefits cited in the report are recognized, they are rarely attributed 
a value which could, for instance, be applied to project cost/benefit assessments. In fact, it 
is easier to attribute value to some of the benefits than to others. This report is a first step 
at documenting the “added values” of photovoltaic power systems. This will help the non
energy benefits to be more readily quantified and incorporated into project evaluations, 
and also help identify aspects of existing energy policies which require modification so that 
the full potential of photovoltaic power systems and other renewable and distributed 
generation technologies can be realized. 1
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Although solar photovoltaic electricity in developing countries, particularly in off-grid 
applications, is a major market for photovoltaic power systems, this report focuses more 
closely on market development for grid-connected photovoltaic power systems in the IEA- 
PVPS member countries, especially building applications. However, many of the issues 
which need to be addressed, particularly those relating to electricity industry and energy 
policy, are the same for both industrialized and developing countries. As an example of 
international recognition of the issues facing renewable energy introduction in both 
industrialized and developing countries, a recent meeting of the G8 countries, which 
comprises the US, UK, Japan, Italy, Canada, Germany, France and Russia, set up a 
renewable energy task force [www.renewabletaskforce.org] to examine:

Barriers to renewable energy diffusion and opportunities for overcoming them
- Examples of successful market development and initiatives the G8 countries might 

take
- The relevance of commercial versus non-commercial markets for renewable 

energy service provision to the poorest countries and communities
- Priorities and potential for renewable energy capacity building, market development 

and trade in developing countries, taking account of local political, institutional and 
investment conditions

- The role of subsidies, green certificate trading and export credits in renewable 
energy trade and development

- The role of renewable energy R&D
- The importance of renewable energy advances in industrialized countries for 

accelerating diffusion in developing countries
- How public/private partnerships, or other useful mechanisms, can be promoted
- The role and relative importance of renewable energy service provision to urban 

and rural populations.
The subject of this report provides information specific to photovoltaic power systems 
which addresses many of the questions posed by the G8 task force.
This report is based on the outcomes of workshops organized by IEA-PVPS Task 1 which 
were held in 1999 and 2000. It also has input from Task 7, the IEA-PVPS Task which 
deals specifically with photovoltaics in the built environment. The report is structured as 
follows:
- Chapter 1 of the report defines “added value” and outlines key drivers for renewables;
- Chapter 2 provides background material on the current status of photovoltaic power 

system manufacture and use;
- Chapter 3 outlines the added values or non-energy benefits that photovoltaic power 

systems can provide, and provides case studies which quantify various added values 
in different market sectors and different countries;

- Chapter 4 documents the key barriers faced by renewable energy technologies 
generally and photovoltaic power systems in particular;

- Chapter 5 summarizes the means by which non-energy benefits may be used to 
overcome barriers to the use of photovoltaic power systems.
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1. Renewable Energy and Added Value

1.1 Definition of Added Value
As with most assessments of value, the value which can be attributed to a photovoltaic 
power system (PV or photovoltaics) depends on the perspective from which it is being 
viewed. Hence the electricity industry will value electrical output and network benefits, the 
building industry will value building function and aesthetics, while governments and the 
community will value environmental benefits, employment creation and energy self- 
sufficiency. At present, few of the non-energy benefits of PV or other renewable energy 
technologies are quantified in a way which would reflect their value to the different interest 
groups. Quantifying both energy and non-energy values is critical to illustrating the cost 
effectiveness of PV and hence to facilitating its entry into the mainstream energy market. 
Figure 1.1 illustrates the process of developing cost-effective PV systems, from the current 
stage where incentives are used to buy down the effective cost, through increasing 
acceptance and quantification of the added values PV can offer, which serve to reduce the 
net cost of PV generated electricity and eventually lead to situations where PV is more 
attractive than conventional energy sources.
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Figure 1.1: The Impact of Non-Energy Values on Apparent PV Generation Costs
[Konno, 1999]
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1.2 Drivers for Renewables
Documenting and quantifying added values can provide links to key government, utility 
and industry drivers and will become increasingly important in addressing customer 
preferences in competitive energy markets. There are a number of key drivers which are 
impacting at various levels on renewable energy development and use around the world. 
These include internationally coordinated greenhouse gas reduction policies and clean air 
policies generally, the introduction of competitive energy markets, the need to create 
employment and new types of industrial development and the need to maintain or achieve 
energy supply security, as discussed below.
Photovoltaic power systems offer electricity supply with low environmental impact 
relative to almost all other electricity options, hence fitting well with many environmentally 
driven programmes or objectives at the international, national, regional or individual level. 
Greenhouse gas and other air and water emissions are low, land use and visual impacts, 
particularly for building integrated systems, are low, noise levels are low, resource 
depletion is minimal and a high proportion of components can be recycled.
Greenhouse gas reduction strategies are beginning to be a key driver for renewables. 
Over this century energy efficiency and renewables are set to become essential parts of 
the energy supply and demand mix, with the costs of renewables falling due to technology 
development and scale-up of manufacture. Most countries include some renewable 
energy programmes in their greenhouse gas reduction strategies. The emphasis on 
renewables varies, with some countries seeing major industry development and export 
opportunities, in addition to internal emissions reductions.
Clean air programmes are another key driver for renewables in many countries, usually on 
a regional basis and aimed at reducing local air pollution. Acid rain and NOx have been 
targets in the past. However, government policy in many countries is increasingly being 
focussed on greenhouse gas reduction and, although solar photovoltaic electricity may 
play only a minor role in the short-term, renewable energy programmes are included in 
most government climate change strategies.
The job creation potential of renewables has been identified as an important benefit and 
a key objective in many countries, with renewables typically providing a range of new 
employment opportunities dispersed over a wide geographical area. Employment is a key 
driver for governments, with location and skill levels being important parameters. Large 
incentive packages are offered by some governments in order to attract PV manufacturing 
facilities [Engler, 2000].
Energy security is a driver for both governments and industry. Renewables can 
contribute to energy supply security by increasing the use of indigenous resources and 
diversifying fuel sources. Short-term security of supply was a major driver both for national 
governments and for international organizations during the 1970s and early 1980s, 
resulting for example in the Japanese Sunshine Project, the formation of the International 
Energy Agency, and driving research into alternative sources of energy and energy 
efficiency [ATLAS Project, 1999]. Short-term supply security, to avoid black-out or 
extreme electricity prices in periods of high demand or adverse weather conditions is of 
increasing concern in many parts of the US and Australia, and has long been a concern in 
developing countries. Long-term security of supply is now becoming an important driver, 
with the prospects of fossil fuel resource depletion this century, concerns about 
environmental impacts of energy systems, and price increases associated with both issues.
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Competitive electricity markets are being introduced in many countries and utilities are 
increasingly aware of the attractiveness of a green image to contestable customers [IEA- 
PVPS.1998]. This has been a useful driver for PV, with many utility funded systems now 
installed around the world, despite relatively high electricity costs. The short lead time 
required for project development and completion, the relative ease of siting and the high 
local presence possibly all favour PV over many other renewable energy technologies. 
Low levels of emissions, noise and visual intrusion reinforce PVs environmental 
credentials. For utilities, ancillary network service values, such as reliability, voltage 
stability and management of peak demand can be strong drivers, as can the desire to 
defer expenditure on network augmentation. These values can be difficult to quantify. 
However, documentation of case studies, such as those contained in this report, which 
illustrate site specific benefits gained, will assist in building up a database of the range of 
values which can be expected.

Function and design are drivers for architects and developers. The potential of PV 
products to perform a variety of building functions, in addition to energy generation, gives 
them a significant advantage over other energy technologies and will therefore become 
more important as the grid-connected PV market is developed. For this market, high value 
is also placed on convenience and aesthetics, as well as the ease of installation, 
modularity and low maintenance offered by PV systems.
This report aims to summarize the added values PV can offer and to match these against 
the key international drivers, so that the values can be better recognized, quantified and 
used to overcome current barriers to increased renewable energy use.
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2. The Status of PV Applications
PV production levels have been growing steadily over the last 30 years, but escalated 
rapidly over the last decade, as shown in Figure 2.1. Production is expected to reach 380 
MWp by 2005 and 940 MWp by 2010 [Allied Business Intelligence, 2000 ].
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Figure 2.1 - World PV production during the 1990s 
[based on figures reported in Photovoltaics Intelligence Report and Solar Flare, 1991-99]

2.1 Market Size and Growth Rates in IEA Countries
By the end of 1999, 516 MWp of PV power had been installed in the twenty countries 
participating in the IEA Photovoltaic Power Systems Programme. The increase in installed 
capacity between 1992 and 1999 is shown in Figure 2.2, broken down into primary 
applications [IEA-PVPS, 2000/2 - www.iea-pvps.org]. Although the worldwide installed 
power is significantly higher than this, it is indicative of the global trend.
Between 1992 and 1998 the total installed capacity grew by 20-28% per annum. This 
increased to 31% between 1998 and 1999, with 60% of 1999 installations occurring in 
Japan. Collectively Japan, the USA and Germany accounted for 87% of the 121 MWp 
installed in 1999, although Switzerland remains the country with the highest installed 
power per capita [ibid].
Figure 2.2 shows that traditionally most PV systems were for off-grid applications. This is 
still true in the majority of the reporting countries and in Australia, Canada, Finland, France, 
Israel, Korea, Mexico, Norway, Portugal and Sweden over 90% of the total installed 
capacity is off-grid. This encompasses a wide range of applications: in Canada, Finland, 
Norway and Sweden, the majority of off-grid PV systems are used for 
seasonal/recreational buildings and remote cabins. In France, Israel and Mexico, PV is 
used as a strategy for rural electrification. In Australia, Korea and Japan most off-grid
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systems are non-domestic - providing power for pumps, agriculture, traffic signals and, in 
particular, telecommunications. For remote areas, PV provides a commercial alternative 
to diesel and central grid supplies.
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Figure 2.2 - Cumulative installed PV power by application in IEA-PVPS member countries

However the overall trend, as shown in Figure 2.2 and more explicitly in Figure 2.3, is a 
steady increase in the proportion of PV power that is grid-connected. In 1992 only 29% of 
the installed capacity was connected to the grid, by the end of 1999 this had reached 53%. 
This is due almost entirely to a proliferation of on-grid distributed systems [ibid].
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I On grid distributed 
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On grid total

Figure 2.3- Trends in centralized and distributed grid-connected PV power in IEA-PVPS 
member countries (% of total installations)

The rise in on-grid distributed applications is driven mainly by the large government 
subsidy programmes in Japan, Germany, the USA and the Netherlands, which focus on
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PV in the urban environment. Although not yet significant in absolute terms, it is worth 
noting that the on-grid distributed market is actually expanding most rapidly in Denmark 
and the UK (countries with a relatively small PV market at present) and in countries such 
as Australia and France where, traditionally, PV has been used for off-grid applications.

2.2 Applications in the Built Environment
Increasing cell efficiency and reducing installed cost have been the primary focus of 
research efforts aimed at improving the economics of PV. However, effective cost 
reductions can also be achieved through the integration of photovoltaics into the built 
environment (building integrated PV or BIPV), thereby displacing conventional building 
materials and providing a range of other values. PV installed on the surfaces of buildings 
allows the possibility of combining energy production with other functions of the building 
envelope, including structural support, weatherproofing, shading or solar thermal collection 
[Schoen, 1996].
Cost savings through these combined functions can be substantial. For instance, 
conventional cladding costs for expensive facade systems may equal or exceed the cost of 
PV modules. Additionally, no high-value land is required, no separate support structure is 
necessary and electricity is generated at the point of use. The latter contributes directly to 
the building occupant’s electricity requirements while also avoiding transmission and 
distribution losses and reducing capital and maintenance costs for utilities. The integration 
of PV into the architectural design offers more than cost benefits, however. It also allows 
the designer to create environmentally benign and energy efficient buildings, without 
sacrificing comfort, aesthetics or economy, and offers a new and versatile building material 
[ibid].
A number of projects around the world show an emerging market for grid-connected PV 
systems, despite the fact that electricity from PV still is more expensive than grid power. 
Pioneers in this field are beginning to install PV for energy-efficiency and ecological 
reasons as well as for reasons of aesthetics and prestige. On the other hand, electric 
utilities view building integrated PV as a decentralized power source with a large potential 
for the future and are correspondingly starting to construct and operate building integrated 
PV systems.
Creative partnerships between PV manufacturers and building material suppliers are 
beginning to emerge [Siemens, 2000], with the aim of developing products for this 
potentially large new market. The challenge is to meet market expectations and to 
develop photovoltaics into a cost-effective and clean power source, available to the utility- 
companies and the building owners of the 21st century. The interest of the photovoltaics 
research and development community and the PV industry, together with architects, the 
building industry and property developers, is required in order to take up this challenge 
effectively on national and international levels.
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3. Added Values Offered by PV
The diverse benefits offered by PV have different values in different sectors. There is 
obvious overlap, nevertheless, key values are discussed below from the perspective of 
governments and planners, utilities, building designers, end use customers, the 
environment and the education sector. Examples of work undertaken in IEA-PVPS 
member countries on the diverse benefits of PV are also given. They serve to quantify 
values and to illustrate their relative importance in different parts of the world.

3.1 Values for Governments and Policy Makers

3.1.1 Net energy benefits and greenhouse gas emission reductions
Greenhouse gas reduction strategies are becoming key energy policy drivers in 
industrialized countries. Although increased use of PV is not necessarily the lowest cost 
greenhouse gas reduction option in the short-term, in the longer-term PV is one of the 
most attractive and versatile emissions free electricity technology options. Hence, most 
countries have included some PV programmes in their greenhouse gas reduction 
strategies as a means of fostering development of the technology and the market.
The emissions reduction benefits offered by PV depend on the technologies used and the 
energy sources being displaced. Estimates of the time required for PV to “pay back” the 
energy used in its manufacture range from less than 2 years for standard unframed thin 
film modules to 10 years for standard framed crystalline silicon modules [Nieuwlaar & 
Alsema, 1997]. For systems specifically designed for rooftops, but still using existing 
technology, Alsema [1998] narrows this down to between 3 and 8 years. New production 
processes and increased production volumes are expected to reduce payback times to 
less than 1 year for modules and less than 2 years for complete systems [ibid]. Alsema 
[1998] calculates life cycle carbon dioxide emissions from PV generators to be only 6-15% 
of those from coal fired power stations and 11-26% of the average EU generation mix, as 
shown in Figure 3.1. He expects them to drop to 2-3% of coal and 3-5% of the average 
within a decade.
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Figure 3.1 - Life cycle C02 Emissions for Grid-Connected Rooftop PV Systems (under 1700 
kWh/m2/yr) and for Conventional Power Systems [Alsema, 1998]
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Kazuhiko Kato of the Electrotechnical Laboratory, MITI, Japan has evaluated the primary 
energy requirements (PER) and carbon dioxide emissions from the manufacture of 
different PV technologies and used this to assess the net energy benefits and the 
greenhouse gas reduction potential of rooftop PV systems in Japan [Kato, 2000].
Three PV technologies were studied: thin film cadmium telluride (CdS/CdTe), flat plate 
polycrystalline silicon (poly-Si) and thin film amorphous silicon (a-Si) at three different 
levels of production: 10, 30 and 100 MW per year. The total primary energy requirement 
for poly-Si modules ranges from 15.7 MJ (100 MW/yr) to 25.4 MJ (10 MW/yr) per Watt of 
production; for a-Si the range is 10.3 MJ to 21.6 MJ per W and for CdS/CdTe 10.2 MJ to 
17.5 MJ per W. For poly-Si, half the total PER can be attributed to cell and wafer 
production. Based on these figures, PV is calculated to generate between 29 and 73 g 
C02 per kWh. Hence, a 3 kW rooftop PV system in Japan, including balance of system 
PERs, can be expected to pay back the energy used for its manufacture in 1.1 to 1.7 years 
for production levels of 100 MW per year and 1.6 to 2.4 years for 30 MW per year. Over a 
20 year life, it can save approximately 261 of C02 emissions, based on displacing current 
Japanese electricity which has a C02 intensity of 418 g C02 per kWh.
In Australia PV is calculated to release around 104 g/kWh produced, compared with 932 g 
per kWh for existing black coal fired electricity plants and 439 g from combined cycle gas 
plants [BMP, 2000], representing C02 emissions reductions of 89% and 76% respectively. 
Hence 1 kWp of grid-connected PV in Australia at present, with predominantly coal fired 
power, would save 451C02 over a 30 year life.

Europe Japan Australia

□ PV - Low 

■ PV - High 

D Grid electricity

Figure 3.2 - Comparison of CO2 emissions from PV and grid electricity in Europe 
[Alsema, 1999], Japan [Kato, 2000] and Australia [BMP, 2000].

Hence, with existing technology, PV systems can be expected to generate at least 3 times, 
and most probably more than 10 times, the energy required for their manufacture over 
their lifetime of operation. Carbon dioxide emissions are reduced by 85% or more 
compared to coal fired generation, making PV an important technology to include in plans 
for long-term, sustainable energy systems. Expected reductions in PV manufacturing 
energy requirements will reduce energy payback periods to less than 2 years. Hence, if 
PV is used to power PV component factories, it can operate as a “solar breeder” 
technology, with a sustainable long-term future.
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From the viewpoint of PV as a building material, Ruyssevelt [2000] argues that PV is the 
only building component required to show an energy payback time. Atria, glass facades or 
marble cladding are routinely used, even when they reduce thermal comfort levels in a 
building, or require additional heating, cooling or lighting. If PV is included in the building 
or renovation brief from the start, he argues that payback time should not be an issue. PV 
should be treated like any other building component, with added benefits of electricity 
output, PR value, sustainability and, at present, the opportunity for funding assistance 
[ibid].

3.1.2 Clean air targets
Clean air programmes have been put into place in many countries, usually on a regional 
basis and aimed at local air pollution. Programmes typically target local emissions from 
vehicles, and combustion of coal, natural gas, oil and biomass.

More recent clean air policy proposals acknowledge global issues and incorporate 
greenhouse gas reduction strategies. For instance, the US Clean Air Partnership Fund 
has broadened the reach of clean air programmes to include support for reductions in 
greenhouse gases and other air pollutants. In Australia, the NSW air quality management 
plan deals with local, regional and global issues. Clean air policies can be an especially 
strong driver to promote renewable electric transport systems. In California, where clean 
air policies are directed at transport systems, PV powered recharging stations for electric 
vehicles are being installed [Trends in Renewable Energies, 1999], free charging from 
renewable sources, up to 5000 miles per year, is being offered by one utility [TenderLand, 
2000] and a manufacturer of electric bikes offers PV recharging kits [Zero Air Pollution, 
1999].
NOx and SOx trading is already being used as part of clean air policies in some countries 
and offers opportunities for PV to play a role. Where PV generation displaces coal fired 
power generation, life cycle NOx emissions are halved and SOx emissions are reduced by 
90% [BMP, 2000]. In future it may be administratively useful to establish standard 
emissions trading procedures which can be applied to the full range of pollutants - NOx, 
SOx, C02 and others - with clear links between clean air and PV policies. Clean air 
policies are already beginning to impact on standby generation plant and plans for 
increased use of distributed generation [Trends in Renewable Energies, 2000]. Clean air 
policies in Texas may restrict the use of distributed generation plants using diesel or waste 
fuel [ibid] and provide more opportunities for photovoltaics and other low emission options.

3.1.3 Energy supply security
Traditionally, most government and utility planning has been directed at short-term security 
of supply, or "keeping the lights on" [ATLAS Project, 1999]. Priorities are thus to ensure 
smooth day-to-day operation of the national power and fuel supply systems, and cope with 
short-term disruptions such as unexpectedly cold weather, international price fluctuations 
or industrial action in the fuel supply industry. These concerns have been addressed by 
measures such as ensuring stockpiles of fuel, ensuring over-capacity of plant or entering 
into long-term supply contracts. By contrast, long-term security of supply is concerned 
with looking ahead to the future depletion of fossil fuel resources and responding to 
environmental impacts that may seriously curtail their use [ibid].

For countries or regions dependent on imports of fossil fuels, PV offers the prospect of 
local electricity supply security both in the short-term and in the long-term. In the short
term, the installation of photovoltaics on household, commercial and light industrial
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buildings can reduce peak electricity demand and improve energy supply security. PV can 
contribute to long-term energy supply security by reducing reliance on depleting fossil fuels, 
by increasing the use of indigenous resources and by diversifying fuel sources.
The importance of security of supply as a driver for energy research and development 
changes over time. When there are significant oil price rises, short-term security of supply 
is a major driver both for national governments and for international organizations. In the 
1970s, this resulted in the formation of the International Energy Agency and drove 
research into alternative sources of energy and energy efficiency. In periods of low energy 
prices and increased production of oil and gas, security of supply recedes as an issue for 
many countries, although it is still important for countries such as Japan with few 
indigenous fossil fuel resources. Nevertheless, for socio-economic reasons, the use of 
indigenous resources is important in all countries.
In countries such as Australia, with high levels of local coal use and export and high per 
capita greenhouse gas emission levels, the challenge of reducing emissions and 
diversifying away from fossil fuels is an important long-term supply security issue.

3.1.4 Industry development and employment growth
The job creation potential of renewables has been identified as an important benefit and a 
key objective in many countries, with renewable energy industries providing major new job 
creation prospects [Singh, 1999; Renner et a/, 2000]. Some countries see major industry 
development and export opportunities, in addition to internal emissions reductions. 
Canada’s Action Plan 2000 [Government of Canada, 2000] aims to reduce greenhouse 
gases as well as transforming the country into a world leader in sustainable development. 
Several governments have linked emissions reduction and employment creation by using 
taxes on fossil fuels to assist industry development and job creation in areas with high 
unemployment [Environmental Science & Technology, 1998]. Some European countries 
and US States are actively pursuing the establishment of renewable energy manufacturing 
facilities, for instance, by the use of tax incentives, offers of land, purchase guarantees and 
other means [Interstate Renewable Energy Council, 1999]. Despite negative perceptions 
of the employment consequences of sustainable energy development, linked mainly to 
reduced employment in fossil fuel industries, the overall impacts are positive for most 
countries [Renner et a/, 2000]. In the future, the potential employment benefits of 
renewable energy technologies may become an increasingly important factor influencing 
government policy.
Although still relatively small, the PV industry is growing fast. The European Commission 
anticipates world-wide employment of 261,000 by 2010, if the PV market continues to 
grow at 20% per annum [European Commission, 1996] and if current market barriers are 
removed. The European PV Industry Association estimates PV could directly employ
294,000 people by 2010 for production, installation and maintenance [Eurosolar, 1999]. In 
the US, the PV industry already employs 20,000 people directly and estimates that 3,800 
jobs are created for each $100 million of PV sales [Solar Energy Industries Association, 
1999]. Installed PV capacity is expected to grow at 19.4% and be the fastest growing 
source of electricity generation in the US over the next 20 years [US El A, 2000].
For both developed and developing countries, one of the important aspects of the job 
creation potential of PV is the diversity both of skills required and job locations. The scope 
for PV use is widespread, in both urban and rural areas and thus there are opportunities 
for new manufacturing and service industry development and associated professional and 
trade level employment creation in urban and regional areas. A shift from centralized
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supply to distributed resource use would also favour the use of PV and demand side 
options. Hence, even if the labour intensity of PV manufacture reduces with capacity 
increases and automation, there will be regional development benefits in the locations in 
which they are used.

3.1.5 Examples of government programmes driven by added values
The European Union has developed an Energy Strategy and Action Plan which aims to 
double renewable energy contributions from 6% to 12% of Europe’s energy supply by 
2010 based on a combination of expected added values [Scowcroft, 2000]:

• Environmental benefits: to assist in meeting its Kyoto target of an 8% reduction in 
greenhouse gas emissions by 2010 compared with 1990 levels. C02 reductions of 402 
Million tonnes per year by 2010 are expected.

• Economic and employment benefits: strengthening Europe’s competitive edge in the 
global renewables market, thereby capturing employment and manufacturing niches, 
plus associated education opportunities. This is supported by investment subsidies, 
tax credits and market incentives offered by EU member countries. Renewable energy 
business is expected to be worth 17 billion EUR by 2010, creating 350,000 extra jobs.

• Security of supply: reducing fuel imports by 17.4% between 1997-2010 (21 billion EUR 
savings).

The Netherlands has run a staged PV development programme for a decade and is 
looking to a new “PV Covenant” for the next 10 years. The programme aims have been to 
reduce costs by development of supportive infrastructure, gaining experience and 
increasing the market for PV, especially as a building product [Schoen, T, 2000]. PV use 
is supported because it will increase the country’s energy self sufficiency, reduce 
greenhouse gases and provide a new industry with potentially large internal and export 
markets. The density of development in the Netherlands makes PV an attractive choice 
for installation on buildings and other structures, such as highway noise barriers.
The initial phase of the programme was to establish R&D infrastructure and to gain 
experience with PV installation and use. The second phase continued support for R&D, 
but also aimed at increasing public acceptance of the technology, developing easy to use 
BIPV and stand-alone PV products and reducing non-technical barriers by increasing PV 
expertise amongst utilities, planners, architects and builders. Demonstration system sizes 
and density have been gradually increased from several kWp to 1 MWp and plans now 
include a target of 250 MWp installed capacity around the country by 2010 [ibid].
The Australian Government has launched a comprehensive package of renewable 
energy programmes as part of its greenhouse gas reduction strategy [Walsh, 2000]. The 
greenhouse strategy is supported by funding of AUD 1 billion over 5 years and includes 
the establishment of an Australian Greenhouse Office, which links to government portfolios 
of industry, science and resources, environment and heritage, agriculture, fisheries and 
forestry, transport and foreign affairs.
Renewables programmes are aimed at industry and export market development as well as 
greenhouse gas reduction. They include:

• a mandatory target for renewable electricity
• renewable energy “showcase” demonstration projects
• venture capital for new companies
• commercialization funds
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• rebates for displacement of diesel fuel in remote area power systems
• rebates for building integrated PV systems
• a renewable energy action agenda and
• a comprehensive renewable energy web site.

The Japanese Government has targeted both the development of new BIPV products as 
well as an increase in installed BIPV capacity. The main impetus behind BIPV research 
has come from the New Energy Development and Industrial Technology Organization’s 
(NEDO) New Sunshine Programme, which focuses on sustainable economic growth and 
the resolution of energy and environmental problems. Extensive research on electricity 
network issues related to distributed PV systems has also been conducted at the Rokko 
Island research facility.
The development of specific BIPV products is considered a high priority in reducing costs 
and increasing consumer acceptance of PV. R&D projects funded by NEDO to investigate 
BIPV building elements typically involve a PV manufacturer, a construction materials 
company and a construction company. Projects include development of exchangeable 
shingles, prefabricated roof panels, heat insulated rdof panels, glass curtain walls, metal 
curtain walls and flexible roofing sheets. A second phase of the R&D focuses on 
improving costs, performance and design. Innovative concepts being examined include 
durability, colour, flexibility, fire resistance, strength, light weight and integration with 
building components [Yamaguchi, 2000]. Fire resistance has been of particular 
importance in Japan and is incorporated in many of the new BIPV products. An interesting 
product which illustrates durability and strength is a semi-transparent PV decking material, 
which can be walked on, and is illuminated from below at night, providing a useful and 
attractive material for public areas, as well as for residential use [Ito, 2000].
The Ministry of International Trade and Industry (MITI) subsidizes individual residential 
BIPV installations and aimed to have 70,000 systems installed by 2001. This scheme is 
administered by the New Energy Foundation (NEF) with users eligible for a 30-50% rebate 
on installation costs. This scheme has been very popular and often over subscribed. NEF 
also provides grants under its Field Test (FT) programme for installations of 10 kWp or 
more on public or industrial sites, on the basis that performance information is made public. 
Low interest loans are also available to corporations wishing to install systems. In addition 
to subsidies for system installation, net metering (with buy back rate same as selling rate) 
has been legislated since 1992, with encouragement given for utilities to pay a 10% 
premium for renewable energy.
As a result of these programmes, the typical cost of a 3 kWp residential PV system had 
decreased to 3 million Yen by 1998, between one third and one quarter of the cost 5 years 
previously [Yamaguchi, 2000]. PV production capacity increased from less than 15 MWp 
to 50 MWp in the decade 1988 to 1998; installed capacity is now over 130 MWp and is 
expected to reach 5,000 MWp by 2010. Over 76% of 1998 sales were for residential 
systems [ibid], with 30,000 systems already installed and 10,000 being added each year 
[Ohno, 2000]. The FT programme has resulted in 2 MWp installed on 73 systems, again 
showing significant cost decreases in the first 5 years of operation [Ito, 2000].
The US Government’s Million Solar Roofs Initiative was announced in 1997 and is aimed 
at installing a million solar water heaters and PV systems on US rooftops by 2010. The 
Initiative expects to achieve reduced greenhouse gas emissions, high technology job 
creation and a competitive US solar energy industry. By October 2000 more than 100,000 
roofs had been installed, almost double the 51,000 target set for 2000 [US DoE, 2000/2],
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The target for federal government buildings is 20,000 solar roofs by 2010. The 
government is using its own sites for demonstration, to showcase the technology and to 
develop construction methods on which future systems can be based. A 2800 module, 
100 kWp system recently installed at the Maryland Federal Center near Washington DC 
also includes an educational kiosk and will be open for public tours [ibid].

Both Federal and some State governments in the US use their buying power to offer low 
interest loans for renewable energy systems [US DoE, 1999], in order to reduce the risks 
and the lifetime costs.
Spain already has an active PV industry, with 3 manufacturers and a large export market. 
The Spanish Government has begun a comprehensive programme of renewable energy 
development which will assist PV further. It is aimed at reducing fuel imports, improving 
the efficiency of energy use, improving environmental quality and providing jobs and social 
development [Chevelet, 2000]. The programme includes:
- a Royal Decree which requires utilities to pay an additional 0.36 EUR per kWh for 

renewable electricity from grid-connected systems less than 5 kWp and 0.18 EUR for 
systems between 5 kWp and 50 MWp;
laws for grid interconnection, which include technical requirements, and waiver of 
taxes and legal approvals;

- a renewable energy target of 12% of electricity by 2010, with associated work on 
analyses, identification of barriers and development of procedures and incentives.

3.2 Values for Utilities
Over the past half century, central generation has been seen as the most efficient way of 
delivering electricity to large numbers of consumers. This resulted from the economies of 
scale offered by large fossil fuel and nuclear generators, combined with the availability of 
low cost fuels and government support for infrastructure development. However, for PV, 
the lower energy density of the solar resource results in optimal sizes being smaller than 
for fossil fuel or nuclear systems, while economies of scale are achieved by increases in 
production volumes rather than installation size. Smaller scale generation, connected into 
the electricity distribution, rather than the transmission, network is referred to as distributed 
generation and includes building integrated PV systems. Table 3.1 summarizes some of 
the benefits offered by distributed generation, termed “micro-power” by Lovins and 
Lehmann [2000].

Table 3.1: Eight Hidden Benefits of Micropower [Lovins & Lehmann, 2000]

Benefit Description
Modularity By adding or removing units, micropower system size can be 

adjusted to match demand.

Short lead time Small-scale power can be planned, sited, and built more quickly 
than larger systems, reducing the risks of overshooting demand, 
longer construction periods, and technological obsolescence.

Fuel diversity and reduced Micropower’s more diverse, renewables-based mix of energy
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price volatility sources lessens exposure to fossil fuel price fluctuations

“Load-growth insurance” 
and load matching

Some types of small-scale power, such as cogeneration and end- 
use efficiency, expand with growing loads; the flow of other 
resources like solar and wind, can correlate closely with electricity 
demand

Reliability and resilience Small plants are unlikely to all fail simultaneously; they have 
shorter outages, are easier to repair, and are more geographically 
dispersed

Avoided plant and grid 
construction, and losses

Small-scale power can displace construction of new plants, reduce 
grid losses, and delay or avoid adding new grid capacity or 
connections

Local and community 
choice and control

Micropower provides local choice and control and the option of 
relying on local fuels and spurring community economic 
development

Avoided emissions and 
other environmental 
impacts

Small-scale power generally emits lower amounts* of particulates, 
sulfur dioxide and nitrogen oxides, heavy metals and carbon 
dioxide, and has a lower cumulative environmental impact on land 
and water supply and quality

* because of the technology often employed eg photovoltaics, wind, small hydro etc.

3.2.1 Reduced infrastructure costs and network losses
Distributed generation can offer reduced costs for infrastructure, such as line capacity and 
peak load generation facilities, as well as reduced network operating and maintenance 
costs. It can also serve to delay or eliminate the need for network augmentation. With 
network costs accounting for up to 50% of electricity bills, where retail competition has not 
been introduced, this is an important benefit, particularly where networks span large 
distances, where high load growth in some areas is leading to grid constraints or where 
lines are reaching the end of their expected life [Outhred & Watt, 1999]. Generation close 
to load centres also reduces network losses, which can be as high as 25% of electricity 
distributed through long rural lines.

3.2.2 Reduced financial risk
Another key advantage of decentralized PV systems over traditional centralized supplies is 
the lower risk it offers in upgrading capacity. The ability to follow load growth more closely 
by adding incrementally to supply reduces the period of over-capacity which inevitably 
follows the installation of a large system, and hence also the period of low prices 
experienced until load growth catches up. In periods of uncertainty, the risks associated 
with under-utilized assets may add considerably to the costs. Excess new capacity can 
also lead to premature retirement of older plant and hence reduce the returns on previous 
investments. PV systems offer further risk reductions: few management overheads 
related to ongoing fuel contracting or legal costs and no fuel price risks [Awerbuch, 2000]. 
Despite these acknowledged risks, PV systems continue to be assessed from an 
engineering economics perspective, whereas the use of capital asset pricing models, 
already used as the basis for “lean” manufacturing, would provide values for the reduced 
risks and uncertainty, as well as for the planning flexibility, reversibility and modularity 
offered by PV [ibid].

There is some utility recognition of the potential cost benefits of increasing network support 
through distributed generation in current planning processes or in their longer-term
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strategic thinking. As competition, and perhaps privatization, occurs in the electricity 
industry, the advantages of distributed generation may be more widely recognized. In the 
interim, regulatory processes must ensure that distributed resources are given equal 
access to the network and that central generation is not favoured simply because it is the 
existing paradigm.

3.2.3 Capacity credit and peak topping
Compared to central PV stations, decentralized systems smooth output fluctuations and 
provide a better match to loads, therefore providing a higher capacity value from the utility 
point of view. This has been verified by studies undertaken in Japan [Ohtani, 1999] which 
show that regional output becomes more important for decentralized systems than the 
output from individual systems. More work is needed to determine optimum sizes and 
distribution of PV systems to gain maximum network benefit, however, short-term 
fluctuations due to moving cloud cover could be compensated for within a 10 km radius. 
The impact on effective capacity over larger areas, including entire interconnected 
networks, needs to be assessed. Improved weather forecasting is expected to allow better 
forecasts of PV output and hence higher reliability of output for utility planners.
For commercial and industrial customers, the capacity value that can be placed on a PV 
system is as important as its energy value, since billing has a strong demand component. 
From a utility perspective, it is difficult to attribute capacity credit to a PV system, because 
of the stochastic nature of the output and hence the relatively uncertain correlation with 
peak demand. However, on average, solar radiation levels are very reliable, so that, 
where air conditioning loads contribute significantly to peak demand a positive correlation 
would be expected with PV output. The value of PV could therefore be higher for utilities 
in areas with a summer peaking load.
From the customer’s perspective, the effective load carrying capacity (ELCC) of PV can be 
especially high for commercial customers, with typically good matching between peak PV 
output and daytime air conditioning load. This correlation is not as high for residential 
customers in countries where peak loads are typically later in the day, but may be high for 
some residential customers with daytime peak loads.
Studies in Japan [Nanahara, 1999] show that PV output between 2pm and 3pm in summer 
averages 31% of rated PV capacity and for peak summer days output averages 39% of 
rated capacity. Correlation levels between PV output and peak demand vary over the 
country, however PV output on peak summer days is consistently higher than for average 
summer days in all except the northern most part of Japan [ibid].
Studies in the U S. have shown that the correlation between summer to winter peak load 
and effective load carrying capacity is higher than that between average irradiance levels 
and ELCC [US DoE, 1996]. The ELCC can exceed 80% of PV rated output when the ratio 
of summer to winter peak load is greater than 1.5 [ibid]. Hence a 1 kWp PV system could 
be considered to have a dispatchable rating of 800 Wp. Using this approach, the US DoE 
has published a map showing the different PV ELCC across the US [ibid]. This map 
allows planners to target areas where PV would have a high value. These areas are not 
necessarily those with high solar radiation levels.
Perez et al [1999] have shown that the ELCC can be increased further by simple load 
control strategies aimed at optimizing load and PV output. They found that improvements 
of 10-25% are possible for photovoltaic power systems sized at 10% of the building load, 
resulting in an added value of USD 100 to 500 per kWp, depending on location, with a U S. 
average of USD 300 per kWp for commercial buildings.
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3.2.4 New business opportunities
Utilities are generally keen to take advantage of the positive customer image of utility 
reliability and the public interest in environmentally friendly energy sources in their 
development of PV businesses. Such perceptions, combined with the greater ability, 
compared with independent operators, to offer a variety of financial packages, and with the 
history of monopoly service, provides utilities with a competitive advantage in the market. 
Utilities have explored business opportunities in stand-alone PV systems, rooftop PV and 
Green Power products. Some utilities are specializing in providing renewable energy 
projects as a service to other utilities, to cater for green power markets or mandatory 
renewable energy targets. Green Power provides utilities with an opportunity to market a 
premium product, rather than just a commodity.

3.2.5 Image
Corporate positioning and image are important strategic factors for many utilities involved 
in competitive markets. An involvement in PV is being used by some utilities to 
demonstrate a commitment to the environment and as a sign that the organisation is 
dynamic and innovative. This is demonstrated by the large number of PV images now 
used in the advertising or marketing materials of utilities operating in a competitive market. 
In a fully competitive market customers can compare utility programmes and seek 
justification for claims made. The initial introduction of retail competition in the US has 
seen a significant level of customer interest in green products. Even in countries such as 
Australia, where full retail competition has yet to be introduced, almost all electricity 
retailers now offer green products. Although PV is not the cheapest technology for utilities, 
most still include some PV in their portfolios because even systems as small as 1 kWp can 
be installed in high visibility locations, close to customers, and provide a high technology, 
green image.

3.2.6 Examples of utility programmes
In Switzerland a “stock exchange” model has been used successfully to promote PV 
installation and solar photovoltaic electricity use [Nowak, 2000]. A Solar Stock Exchange 
was established in Zurich in 1995, whereby PV system owners sign long-term contracts 
with utilities for solar photovoltaic electricity, which is in turn sold to customers (see Figure 
3.1). By early 2000, 42 systems with 1.62 MWp capacity had been installed; 5,700 
customers had subscribed, representing 2.9% of the target population and purchasing 1.2 
GWh per year of solar photovoltaic electricity. A subsequent national programme, “Energy 
2000”, has resulted in 90 Swiss utilities offering solar products to 3 million customers. By 
early 2000, 21,000 customers had subscribed for 3.5 GWh per annum at tariffs of EUR 0.6 
to 0.9 per kWh and 3.4 MWp has been installed. A mix of products, marketing and models 
were used, with nearly 50% using the stock exchange model.

Annual
Subscriptions Long-Term

Contracts

Marketing Invitation 
to Tender Solar

Electricity
Producer

Solar
Electricity
Customer
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Figure 3.1: The Solar Stock Exchange Model [Nowak, 2000].

Green Power products have emerged as one means for utilities to offer differentiated 
products to domestic and business customers, with the intention of gaining new customers 
or increasing customer loyalty. Many utilities around the world now offer some form of 
Green Power, however, there is considerable variation between the schemes on offer and 
they are often offered to both contestable and franchise customers.
The growth in Green Power around the world reflects the increased focus placed on 
customer preferences as a result of restructuring. In many instances, the potential mobility 
of customers has forced utilities to look more closely at the attitudes and perceptions of 
customers, and to develop products and marketing approaches in response. However, 
Green Power can only work as a real marketing tool when customers have choice of retail 
supplier. Where such competition exists, Green Power programmes are proving to be an 
important element in customer choice and, in some US states, utilities have chosen to use 
State subsidies for renewables to lower the price for Green Power, sometimes to below 
the standard electricity tariff [Green-e Renewable Electricity Program, 1999].
To ensure customer confidence in the programmes, the Green-e programme in the US 
provides independent certification for Green Power schemes, publishing details and 
ensuring that utility claims are not fraudulent. Australian schemes are certified and now 
require labeling to distinguish levels of greenhouse gas reduction.
The reliance on Green Power and solar stock exchange models as means of increasing 
renewable energy use does, however, place the burden of environmental action on 
customers and individuals [IEA-PVPS, 1999], without necessarily changing the structure 
and operation of the energy sector. Government and community acceptance of a need for 
a transition to sustainable energy systems is necessary before renewables can play a 
significant role.
Minimum buy-back rates have been introduced in some European countries and US 
States for renewables based electricity generally or PV specifically feeding into the grid 
from small generators. Typically these rates are higher than standard bulk rates which 
would otherwise be paid, and have been effective in stimulating the PV market, particularly 
when the rates are guaranteed for long enough to achieve acceptable returns on 
investment [Goldstein et a/, 1999]. Even if they are not much higher, the availability of 
standard rates removes uncertainty during the feasibility phase of new projects and 
reduces the time and cost otherwise associated with tariff negotiations.
In an effort to stimulate local PV and other renewable energy industries and drive down 
costs, some areas have introduced rates that are higher than retail tariffs. In particular, so 
called “rate based incentives” up to 10 times the retail tariff are being used in areas of 
Austria, Switzerland and Germany, usually as a result of consumer demand. The rates 
are funded from across-the-board levies and have time or capacity limits. Compared to 
Green Power schemes, the investment burden is shifted from the utility to the customer. 
However, tariff incentives are seen by some as more sustainable means of market 
development than one-off capital subsidies. In particular, with returns based on electricity 
generated, there is a high incentive to choose low cost and high efficiency systems, while 
capital cost subsidies typically apply to installed capacity without regard to performance.
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Net metering can be a practical way to provide transitional support for small-scale grid- 
connected PV generators. A single meter is used to measure both the export of electricity 
to the grid and the import of electricity from the grid. This eases problems of market 
access for PV by reducing administrative costs and metering complexity. In addition to the 
simplicity and low cost of this arrangement, customers receive the retail rate for electricity 
exported to the grid until their exports exceed their imports. This in turn encourages 
appropriate sizing of PV installations and efficient energy use. Net metering is particularly 
useful once the performance of a technology is reasonably well understood, since the 
single meter removes the monitoring function that would otherwise be provided by a 
separate meter.
Typically, a cap is placed on installations qualifying for net metering, based on peak 
capacity installed or a percentage of electricity generated in the area. There is a move to 
encourage standard application procedures, as a further means of easing access, rather 
than using a system of individual contracts [State of Vermont Public Service Board, 1999].
Net metering is being encouraged by a resolution to the US Congress [NARUC, 1998] and 
has been regulated for in thirty US states [NREL, 1999]. For many utilities, net metering is 
seen as good marketing strategy, with minimal financial risk and the possible added value 
of distributed generation in grid constrained areas. It could also be a very cost effective 
means of reducing the need to purchase power during summer peaks, when spot prices 
have been as high as USD 50 per kWh. However, utilities can still apply high connection 
or supply charges as a disincentive.

3.3 Values for Architects and Building Developers
Enhancement of the building integrated PV market requires acceptance of PV by builders, 
architects and users. The physical characteristics of PV products for integration into 
buildings must therefore meet architectural requirements for colour, size, and materials. 
The challenge for the PV R&D community, together with architects and builders is to 
develop and demonstrate high-quality integration concepts that meet the industry’s 
objectives as well as the architectural needs of buildings [Schoen, 1999].

3.3.1 Design features
The building envelope has several functions, each of which is an architectural concern. 
These functions include: sustaining the interior environment, protecting the building 
structure from the environment, structural requirements, exterior and interior aesthetics, 
and community planning requirements [Sick & Erge, 1996]. These functions are 
performed within certain economic and environmental constraints. PV offers a new and 
attractive building material which can be used to create new building designs which fit into 
an increasingly important architectural aim of demonstrating environmental sustainability. 
Architects are now beginning to explore the design possibilities of PV, integrating it into 
their buildings as day-lighting, shading and fagade features. Aspects of BIPV elements 
which are important to these functions include the colour, shape and transparency of the 
PV module, although it must be remembered that custom designs will result in higher cost 
PV modules, while in general, product standardization is necessary for cost reduction.
Colour: There are several ways to alter the colour of PV building elements. One method 
is to colour the front of the PV encapsulation or the visible backing layers of the laminate. 
The appearance of the element is then a combination of the colouring and the PV cells 
themselves. Any transmitted light will also be coloured. Altering the tint and surface 
conditions of the front encapsulation can also provide different textures, similar to stone or
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metal. The alternative is to colour the PV cells themselves by means of thin film 
interference using antireflection (AR) coatings. Some PV cell manufacturers have already 
begun to develop coloured cells. The successful leasing of the 0KOTEC3 building in 
Berlin, in an environment of office space oversupply, has been partly attributed to the 
highly attractive “iridescent blue” PV facade elements manufactured by Flachglas [Chehab 
etal, 1995].
Shape: Since many of the BIPV installations to date have been retrofits to existing 
buildings, or have been designed to fit into existing architectural styles, the predominant 
shapes and sizes of BIPV elements have been determined by the building elements they 
have displaced. Thus most BIPV elements are rectangular, like roof tiles and spandrel 
units. Economies of scale of manufacture favour the development of standard products, 
although this is not necessarily straightforward, given the diverse range of building styles 
found worldwide.
Transparency: Transparency of a BIPV element potentially affects both the exterior 
appearance and the interior environment of the building. Transparency in elements using 
crystalline cells is determined by the spacing of the cells. The transparency of an 
amorphous PV cell deposited on glass is achieved by the presence of pin-holes in the cell. 
The degree of transparency is set by the density and size of the pin-holes. Semi
transparent PV modules provide an attractive opportunity for architects to select the 
amount of light entering a glassed area while creating interesting shade patterns which 
change over the day. Acoustic and thermal insulation properties can be incorporated by 
adding appropriate layers of glass to the rear of the modules.

3.3.2 Roofing elements
The most common and readily accessible site on a building for installation of a PV system 
is often the roof. New PV roofing materials shaped to fit in with conventional roof tiles or 
sheeting can save materials and installation costs, without changing the look of the 
building. Similarly, transparent or semi-transparent PV modules can readily replace 
standard skylights, providing one of the most cost effective BIPV applications. Even 
standard PV modules installed over an existing roof can provide significant electricity 
output and a range of additional values offered by distributed generation, which are 
discussed below.

3.3.3 Load management
PV output is generally well matched to commercial building electricity usage patterns, thus 
providing potential value for load management. Net metering is not as important an issue 
as it is for residential customers, since net export would not usually be expected. PV 
systems on commercial premises can often qualify for business related investment and tax 
allowances, which add to energy and capacity values to influence the break-even costs.
The U S. Department of Energy [DoE, 1998] has mapped the breakeven cost of PV for 
commercial premises across the country, taking into account the local solar resource, 
capacity values, tax allowances and tariffs. Several areas show breakeven costs above 
USD 6,000 per kWp, with some as high as USD 11,000 per kWp. However, commercial 
building developers are also interested in the net investment cost (cost less energy 
benefit) of a PV product compared to that of a standard fagade or building element 
[Schoen, 1999, DoE, 1998], which may be in the range of USD 60 to 200 per m2. Hence 
the building element value can be added to the breakeven costs, potentially raising even 
vertical structures from low breakeven costs of around USD 2,000 per kWp to reasonably
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competitive levels of USD 5,000 per kWp or more [DoE, 1998, Perez et al, 1999]. Further, 
the development of attractive and easy to install multi-purpose PV building products adds 
even more value to PV for commercial building customers. Energy savings up to 25% of 
the PV output are possible through improved insulation and shading [Perez etal, 1999].

3.3.4 Improved thermal performance
Insulation: PV can serve as an insulating element to improve thermal comfort levels. 
Studies on roofs of a railway station in Japan [Tanaka, 1999] have shown that the 
Predicated Percentage Dissatisfied level (PPD) dropped from 91% to 70% when PV was 
added. The average temperature under the roof dropped from 40°C to 30°C. Theoretical 
calculations subsequently made for a gymnasium, where the average surface temperature 
under the roof is 43°C, and another railway station, where the temperature is 38°C, shows 
that thermal radiation would be reduced by 35% and 31% respectively if PV were added 
[ibid].
Heating: Infra red radiation is largely transmitted by PV cells and contributes to heating 
the module and whatever is behind it. Heat generated by PV modules can be extracted to 
satisfy low grade heat demands, such as space or water heating, in a hybrid 
electric/thermal (PV/T) system. This can increase the energy efficiency and the cost 
effectiveness of the overall installation. Leender et al, [2000] have undertaken a review of 
currently available PV/T systems, finding them promising, but yet to be optimized.
The production of heat in PV/T systems will coincide with PV power production. Thus the 
availability of warm air would be highest in summer, when space heating is not required. If 
the heat is to be retained, thermal mass storage can be incorporated. Such a system has 
been installed in Switzerland [Posnansky & Eckmanns, 1995]. It provides 53 kWp of 
electrical and 115 kW of thermal energy. In conjunction with 9 kWp from a separate PV 
facade, the system provides approximately 70% of the electrothermal energy requirements 
of the factory. Thermal energy is extracted by passing air behind the PV panels and is 
used to heat the factory or can be stored for short periods in concrete slabs and 
underground for seasonal storage. Combined heat and power units using a-Si glass 
laminates are also under development. The PV layer effectively reduces the solar 
radiation available to the solar thermal system by around 10%. Since a-Si is not as 
temperature sensitive as crystalline Si, the PV cooling function is not critical.
Ventilation: In cases where building ventilation is important, passive ventilation can be 
achieved by the “stack effect” where warm air becomes buoyant and rises, thus creating 
an upward flow of air. The stack effect can be employed to ventilate the space adjacent to 
the column of moving warm air by extracting air through louvres or windows. The 
extraction of heat from the PV modules also helps to lower the PV operating temperature, 
which results in higher operating efficiencies for crystalline technologies.
Atlantis Energie has installed ventilated PV shingle roofs [Posnansky & Eckmanns, 1995]. 
Air enters a channel beneath the roof shingle through the eaves and rises to the ridge as it 
absorbs heat from the roof. During the heating months this warm air is drawn into the 
building while in warmer months it is vented to the exterior through vents in the ridge of the 
roof.
The Mataro Public Library in Spain has been equipped with a multifunctional PV fagade, 
based on 6m high PV elements forming the southern wall of the building. Elements 
consist of laminates of spaced poly-Silicon cells, so that 15% of the incident light enters 
the building. An air gap separates this laminate from a second layer of clear glass. During 
the heating months air flowing up through this gap is preheated before passing to a
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conventional gas heater for the building. During the warmer parts of the year the hot air is 
ventilated in order to cool the PV and reduce heat gain into the building.

3.3.5 Soundproofing
The use of PV for sound proofing in buildings and highway barriers has been widely 
exploited in Europe, where dense urban development makes this a premium value. A 100 
kW PV sound barrier was first installed in Switzerland in 1989. A variety of designs have 
since been developed and installed around Switzerland and Germany, some as a result of 
an international design competition [Frdlich, 1999]. Conventional sound barrier materials 
cost between USD 250 to 485 per m2 in Germany [ibid], which provides an indication of the 
material substitutional value available. Innovative designs are now using bi-facial PV cells, 
which allow the use of light from north and south facing surfaces, thus increasing the 
annual electricity output.

3.3.6 Shading
Shading elements are typically secured to the outside of the building envelope to limit the 
amount of daylight and heat entering through a window. They may be permanently fixed 
or moveable to track the sun over the day or year. Shading elements are well suited to 
accommodate PV laminates, as they are oriented towards the sun, often have a flat 
surface and allow rear ventilation. They can also be automatically controlled to track the 
sun. PV covered window blinds for use inside the building, behind the window glass, have 
also been suggested [Sala etal, 1996]. Shading devices are increasingly needed because 
of the trend to larger window sizes and the use of curtain walls in commercial buildings.
Seven kWp of PV window shades installed at the University of Texas are expected to 
generate 10,000 kWh of electricity a year, as well as to reduce the air conditioning load by 
2,600 kWh [Applied Power, 2000]. The system will also contribute towards the Texas 
1999 mandate for 2000 MW of new renewable energy generation by 2009.
PV covered shading for car parks is also of interest in areas with hot summers. In some 
cases, the PV power is available for charging electric vehicle batteries. The value of a PV 
shaded car park can be assessed in terms of the electricity and the parking revenue 
generated. An example in the US estimates the value of a PV covered parking space as 
USD 1,600 per annum from the solar photovoltaic electricity plus parking revenue of USD 
8,212 per annum, resulting in a total value of USD 9,812 and a 10 year payback period 
with respect to the initial investment [Eiffert, 2000].

3.3.7 IEA activities
In order to encourage and assist architects to explore the use of PV the IEA-PVPS Task 7, 
PV in the built environment, has listed (Table 3.2) the criteria it would apply in evaluating 
BIPV systems [Schoen et a/, 2000].

Table 3.2: Overview of IEA-PVPS Task 7 Architectural Criteria [Schoen etal, 2000]

1. NATURALLY INTEGRATED

The PV system is a natural part of the building. Without PV, the building would be lacking 
something - the PV system completes the building.

2. ARCHITECTURALLY PLEASING

Based on a good design, the PV system should add eye-catching features to the design.
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3. GOOD COMPOSITION

The colour and texture of the PV system should be in harmony with the other materials. Often, 
also a specific design of the PV system can be aimed at (e g. frameiess vs. framed modules).

4. GRID, HARMONY AND COMPOSITION

The sizing of the PV system matches the sizing and grid of the building.

5. CONTEXTUALITY

The total image of a building should be in harmony with the PV system. On a historic building, 
tiles or slates will probably fit better than large glass modules.

6. WELL-ENGINEERED

This does not concern the watertightness of PV roof, but more the elegance of design details. 
Have details been well-conceived? Has the amount of materials been minimized? Are details 
convincing?

7. INNOVATIVE NEW DESIGN

PV is an innovative technology, asking for innovative, creative, thinking by architects. New ideas 
can enhance the PV market and add value to buildings._________________________ _____________

Task 7 has also collated case studies of high profile and interesting BIPV demonstration 
projects, developed computer based design tools and organized design workshops. In 
2000, Task 7 organized an international BIPV design competition, aimed at stimulating the 
interest of architects, building developers and students in developing innovative and 
practical uses of PV in the built environment. The judging criteria for assessing the entries 
are given in Table 3.3. Prizes were awarded in the categories of: Overall Winner; 
Exhibition Prize; Roofing Products; Facades; Other Building Products (sunshades, blinds, 
windows, louvres); Non-Building Structures (street lights); and New PV Products.

Table 3.3: Judging Criteria for IEA-PVPS Task 7 Design Competition for PV in the Built
Environment [IEA-PVPS, 2000]

JUDGING CRITERIA

Visually attractive

Integration into the built environment. The product should fit well in the context for which it is intended.

Functional - the product should meet whatever function the type of product is expected to provide

There must be an identifiable market for the product (it is not the size of the market that counts)

The product should be innovative in some respect. This may involve innovative components, the assembly 
of the components or the application

The product should be reasonably simple to install, maintain and operate, where applicable

The performance/efficiency of the product is important. Thermal outputs can be considered as well as 
electrical outputs where appropriate. Demonstrate issues such as ventilation and shading have been 
considered to maximize output from the chosen PV technology

Practical and cost effective manufacturing method
Environmental issues. Demonstrate that environmental issues have been considered, including minimizing 
the energy payback of the system and the use of materials harmful to the environment

Flexibility/versatility of the design (able to use in various locations/orientations/markets, etc.)____________
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The overall winner was Robert Webb of Robert Webb Associates, UK, for his design for 
PV panels as a ventilated rainscreen system over a lightweight stressed-skin timber 
construction. The judges admired the overall concept for the building and its consideration 
for environmental and passive solar issues in addition to electrical generation. Careful 
consideration had been given to the manner in which the different energy systems interact. 
While not being a category winner this entry had a holistic approach spanning a number of 
categories.

3.3.8 Commercial products
A range of specially designed BIPV products are now beginning to be available in some 
countries [Munro, Ruyssevelt & Knight, 2000]. These include:

- PV roof tile products, which can be readily integrated with conventional tiles.

- PV module support structures for both sloping and flat roofs, which are easy to 
install on new or existing roofs and onto which a range of PV modules can be 
attached.

- Total integrated roofing systems for sloping or flat roofs, incorporating supports and 
modules.

- Transparent and semi-transparent PV products for use in fagades, windows and 
skylights.

- Fixed and tracking PV shades for awning and window shading.
There is an awareness of the need for the BIPV products to be seen as environmentally 
benign, with an emphasis on low energy and recycled materials. There is also a growing 
interest in purpose built multi-function building elements, providing daylighting, passive 
heating, insulation or other benefits. Combined systems offer architectural and aesthetic 
benefits and should allow for lower overall costs by avoiding duplication of collector area 
and support structures. Of particular interest are photovoltaic/thermal collectors (PV/T), 
which combine electricity production with water or space heating. Several are now 
available commercially. Extraction of the heat behind crystalline silicon PV modules has 
the added benefit of reducing module operating temperature, and hence improving 
efficiency. However, optimizing thermal and electrical output requires careful design.
In the United States, the PV:BONUS (Building Opportunities in the U S. for Photovoltaics) 
programme, supported by the US Department of Energy aims to develop technologies and 
to foster business arrangements that cost-effectively integrate photovoltaics or hybrid 
products into buildings. Cost-effectiveness of the products developed is achieved through 
design, integration (i.e., components, system, or building integration), dedicated end-use 
applications, and technology bundling (e.g., PV/thermal hybrids) Hayter [1999]. The 
Department of Energy is interested in products that can replace commercial building 
products and can be installed without the need for specialized training. The ultimate goal 
of the PV:BONUS programme is market demonstrations of commercially viable products 
that lead to manufacturer commitments to pursue production and sales. Building 
designers are in general extremely interested in using the new products, especially when 
they are easy to integrate into the building envelope and/or with building systems. The 
partnerships developed between DOE, private industries and public institutions ensure that 
buildings-related issues are addressed, thus increasing the likelihood of success for all 
emerging BIPV products. With the building sector using one third of all energy and two 
thirds of all electricity produced in the US each year [ibid], the market for BIPV is 
significant.
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3.4 Values for Customers
The benefits offered by PV to utilities, architects and developers also flow on to customers. 
Improved thermal comfort and soundproofing, reduced energy demand charges and 
interesting building design features are all of importance to customers. In addition, 
customer surveys around the world increasingly show an interest in the impacts of energy 
systems on the environment and on quality of life. Some customers are also interested in 
increasing their own energy self-reliance, others in portraying a clean image. The 
perceived benefits of PV depend to some extent on the perspective from which it is viewed. 
For instance [Watt et a/, 1999]:

• a building owner may be interested in offset building costs, enhanced property value 
and improved rental prospects, compared to the investment made;

• a building occupier may attribute value to visual appeal and green image, as well as to 
reduced power bills, increased self reliance and reliability of supply;

• to the community, the value may be determined by visual amenity, enhanced property 
values, local employment, reduced power outages or brown-outs, safety and reduced 
local and global pollution levels;

• for the nation, the value may be determined by employment creation, pollution 
reduction, energy self reliance and impacts on fossil fuel requirements.

Some of these values are based on perceptions or preferences which are difficult to define 
or quantify. However, they are a key component of energy system choice and are 
particularly important when introducing new technologies into the marketplace. For BIPV 
products, market analysis is even more difficult than it is for conventional power system 
products, as building values are far less tangible. Recent surveys in the Netherlands 
[Schoen, 1999] of customers living in houses with PV indicate that PV was not a factor in 
deciding to purchase the house. However, customers expressed support for PV use 
generally, an interest in receiving more information about PV and in receiving a direct 
benefit from their systems (the latter from residents where PV ownership and hence 
benefits rests with the utility). General environmental awareness and concern was a factor 
in customer decision making. However, customers indicated a clear preference for PV 
products which offer additional benefits, such as architectural or aesthetic features.

3.4.1 Electricity supply costs
For remote customers, the option of stand-alone PV based power systems may save 
considerable costs otherwise associated with grid extension or with fuel delivery for gas or 
diesel based power systems. Low maintenance requirements are also an important factor 
for remote locations. In Canada alone, there are an estimated 12,000 homes which could 
potentially use PV systems. In Australia there are similar numbers, as well as up to 
60,000 off-grid holiday homes. Summer holiday homes are also a potentially large market 
in Scandinavia and Europe.
Studies in the U S. [Herig et at, 1999] indicate that the breakeven cost (when lifetime 
customer benefits balance costs) for PV in 15 US States is now over USD 4 per Wp, and 
above USD 7 per Wp in five States, taking into account the various tax regimes and 
incentives on offer, plus environmental costs, interest rates and capacity factors. Current 
PV system prices are between USD 4.5 and 7.5 per Wp. Hence, the combination of 
values attributed to PV from the various market sectors - utility, state government, regional 
development, environment etc. - combine to provide a tangible financial value which 
makes PV a competitive option in many areas.
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3.4.2 Non-intrusive qualities
Compared to almost all other electricity generators, PV is noiseless, produces no on-site 
emissions, is relatively maintenance free and can be installed in a wide range of locations. 
Combined with its modularity, these characteristics make PV attractive for household, 
community or urban use, particularly as a replacement for diesel or petrol generators, but 
increasingly as a non-intrusive supplement or replacement for grid power.

3.4.3 Image
For commercial customers especially, but also for residential customers, on-site PV 
generation creates a strong green and high-tech image. This makes PV attractive for use 
in corporate buildings, housing developments at the high end of the market and for any 
person or group wishing to demonstrate environmental credentials. The Okotech building 
in Berlin uses an expensive PV glass and granite fagade to add class to the building, as 
well as to demonstrate environmental credentials and reduce electricity purchases 
[Hagemann, 2000].

3.4.4 Energy independence
PV obviously offers the opportunity for increased or total energy self reliance. In addition, 
the use of distributed PV systems can conceivably mitigate the onset and/or the effect of 
power outages caused by high summer demand or severe weather [Perez et al, 1997; 
Perez, 1998]. Recent electricity shortages and price fluctuations in areas of the US have 
led to a significant increase in customers investing in PV and wind systems for total or 
partial electricity self-reliance. This emergency value of PV can begin to be gauged by 
premium reductions or incentives offered by insurance companies for improved power 
reliability [Perez et al, 1999]. The authors conservatively estimate this at 10% of the 
insurance premium, which translates to a value of around USD 440 per kWp for a small 
commercial building.
It should be noted that grid connection guidelines in many areas require the PV system to 
disconnect when grid power fails. This removes the emergency benefit for both the 
customer and the utility. After the Kobe earthquake, guidelines in Japan were changed to 
allow self-operation of photovoltaic power systems when the grid fails, with a manual 
inverter switch-over.
The value of PV for general energy independence and in emergency situations is 
increased when storage is included in the system. However, storage increases the system 
cost and complexity. Work is needed to assess the cost-benefits of different levels of 
storage required to influence PV values from the customer and the utility perspectives. 
Nevertheless, many commercial, institutional and industrial buildings already include 
battery storage uninterruptible power supply (UPS) systems for emergency power supply. 
Studies carried out at a Swiss bank building [Kroni, 2000] show that connection of the 
building’s PV system to the UPS battery system can extend emergency power availability 
significantly over the summer months. Standby time was increased by 200% for 20 or 
more days in June and July and between 5 to 15 days in March, April, May and August. 
An 80 kWp building integrated photovoltaic power system currently being installed in a 
new commercial building in Brisbane, Australia, will provide added value by feeding its 
output through a UPS system which supports the building’s computer equipment [Wren & 
Barram, 2000].
Transportable PV systems are increasingly being used for temporary power supply in 
emergency zones, for medical services, water purification and communications. Interest in
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this market for PV is evidenced by the running of workshops on the topic 
[www.fsec.ucf.edu/PVT/].

3.4.5 Environmental merits
Environmental awareness is increasing worldwide, with surveys in many countries 
consistently showing community support for increased use of renewable energy sources. 
In the US, green power programmes introduced after electricity industry restructuring have 
often been oversubscribed, with a significant portion of customers who changed retailer 
doing so for purchase of a green power product. In both Japan and Australia, government 
grants for BIPV systems have had to be modified following overwhelming customer 
demand. Customer surveys in Switzerland indicate that environmental, ecological and 
sustainability issues are a high priority, so that the type of electricity product purchased 
was very important [Nowak, 2000]. Non-nuclear options were important, as were the 
adoption of new technologies and associated employment. For customers already 
purchasing a solar product, the provider, the price and the type of promotion were of 
medium importance, but for non-subscribers price was the most important factor.

3.4.6 Customer preferences
Marketing of the first generation of houses with PV has, perhaps understandably, been 
undertaken in a low key way. In Australia, PV systems on houses in the Solar Village near 
the Sydney Olympic site were placed so as not to be generally visible. In the Netherlands, 
ownership of the PV system was retained by the utility in early PV estates in Amsterdam. 
For the next generation of BIPV product, it would seem that customers require attractive, 
multifunctional PV products and that marketers must provide substantially more 
information on all aspects of their systems, so that customers can appreciate all features. 
Nevertheless, there is a need to identify more clearly what customers are looking for and 
what would make PV more attractive to them. In tandem with this is a requirement for 
rapid improvements in the development of codes and standards, permit procedures, 
interconnection guidelines and liability insurance issues which would make it easier for 
customers interested in PV to go ahead with a purchase [Herig et a/, 1999].
Marketing strategies used in Switzerland to promote solar photovoltaic electricity products 
have found it important to offer choice of product, a clear description of benefits, not 
merely kWh produced, and an initial annual subscription, with the opportunity for renewal 
[Nowak, 2000]. Regular communication on the product, as well as general environmental 
information was essential, both with existing and potential new customers, using a variety 
of media, including mailouts, the internet and site visits [ibid].

3.5 Benefits for the Environment
Environmental costs can begin to be valued by referring to the current costs of emissions 
control and the cost of environmental damage caused by SOx, NOx and C02. Studies in 
the U S. indicate that emission control values lie in the range of USD 0.75 to 11 per tonne 
of SOx; USD 0.82 to 15 for NOx and USD 9 to 22 for C02 [Herig et al, 1999]. The US 
Department of Interior, National Park Service [Denver Service Center Guideline 82-1] uses 
much higher environmental costs in evaluating electricity sources: SOx - USD 1,650 per 
tonne, NOx - USD 7,480 per tonne and C02 - USD 8.8 per tonne.

Since PV systems generate few emissions over their life cycle, if they are used to displace 
electricity from high emission sources, a small component can be added to the total PV 
break-even costs [ibid]. Values up to USD 0.035 per kWh have been estimated
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[Buchanan et a/, 1991]. Perez et al [1999] use a value of USD 0.027 for their calculations 
of externality value for commercial building PV systems, but note that this does not include 
a value for fossil fuel resource depletion. On average over the US this adds USD 800 per 
kWp to the breakeven cost [ibid].

3.5.1 Sustainable development
Environmental goals need to be added to economic and social goals, to achieve the “triple 
bottom line” of sustainable development [Twinn, C, 2000]. Twinn illustrates the operation 
of the triple bottom line approach in a zero fossil fuel energy development (ZED) in 
Beddington, UK, where the use of PV is integrated with an overall aim of sustainability. 
The developers aimed to achieve an affordable product and a desirable lifestyle, at the 
same time as:

• reconciling density with amenity and creating a sense of community in urban areas
• tying new developments into the needs of existing communities
• coping with increasing numbers of single parent families
• using existing stocks of brownfield sites
• encouraging bio-diversity back into urban areas
• reducing water consumption and stopping pollution of rivers & streams
• building using materials with low environmental impact, maximum durability and yet 

allowing for eventual recycling
• minimizing embodied energy in construction
• reducing the volume of waste produced by a household
• maximizing renewable energy harvesting in urban areas
• reducing the need for travel to work and for food
• reducing fossil fuel powered car use, encouraging walking, cycling & public 

transport.
The ZED houses reduce energy requirements for heating and hot water by 75% and for 
private car use by 90% [ibid]. Reducing energy demand allowed the relative contribution 
which could be made by PV to be significant.

The Solar Office at Doxford, UK, is another example of integrated planning for sustainable 
development [Lloyd Jones, 2000]. Careful design has allowed conventional office activity 
to be undertaken with an energy requirement of 85 kWh per m2 per year, compared with 
400 kWh per m2 used in a standard office block. A 73 kWp inclined, semi-transparent PV 
facade provides between one quarter and one third of electricity requirements, while 
providing light and heat to the atrium behind it.
The building designers had to make some compromises to optimize PV output and to 
achieve the low energy building aims of:

• Controllable cross ventilation
• Glare free daylighting and solar control through windows
• Minimum winter heat loss through the building envelope
• Knowledgeable and sensitive building controls and management.

The importance of holistic design is illustrated by the designers’ use of a wind trough along 
the facade to use winds at the exposed building site to assist with ventilation and cooling

29
— 182 —



behind the PV system. Heat from behind the PV system is used for space heating in 
winter and to assist air flow through the building in summer. Compared with an equivalent 
standard office building, the Solar Office cost GBP 940 per m2 rather than GBP 750 per m2, 
but will save GBP 55,000 per year in energy costs and 375.6 tonnes per year of C02. The 
PV component comprised around 50% of the fagade cost.
Environmental criteria are now used by the Asian Development Bank for energy project 
evaluations [Rao, 2000]. The likely project effects evaluated are those on:

• human health
• flora and fauna, especially due to habitat disturbance
• soils, buildings, art works,
• social assets, including visual pollution, climate change, recreational activities.

The process followed is to:

• Determine emissions and resource usage
• Assess the changes in environmental quality
• Estimate the impacts of environmental change
• Assess the value of the impacts, including changes in well-being
• Aggregate the changes across effects, individuals and time.

In Poland, the environmental benefits offered by renewables are evident by the use of 
environmental funds to develop renewable energy projects [Pietruszko, 2000]. New 
energy legislation requiring energy enterprises to purchase from renewable generators, 
combined with a requirement to license small generators is providing opportunities for PV. 
Funds are available from a variety of sources, including:

• Ecofund, the “foreign debt for environment swap”, which has priorities of:

- abatement of the emission of gases causing global climate changes,
- limiting cross-border sulphur dioxide and nitrogen oxides transportation,
- reduction of the Baltic Sea pollution,
- Poland’s biological diversity protection.

• The Environment Protection Bank, which provides up to 7 years of credit for renewable 
energy projects;

• The National Fund of Environment Protection and Water Supplies Management, which 
provides loans and subsidies for:
- environmental education, pilot projects regarding the implementation of 

technological advancement and new technologies with high level of risk or of an 
experimental nature

- special provision for local or municipal authorities, units connected with health care, 
social aid, education.

• The Fund for Thermomodernisation of existing buildings, which includes installation of 
RE technologies.

3.6 Educational Opportunities
An educated population and a skilled workforce are considered a high priority in both 
industrialized and developing countries. Personnel trained in new technology areas such
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as photovoltaics are in high demand worldwide. In many countries, solar energy topics are 
being added to curricula so as to raise the awareness and interest of pupils from an early 
age. The UN Food and Agriculture Organization [FAO, 2000] cites the need for training, 
information and education on PV installation, operation, maintenance and repair services 
for agricultural applications in developing countries, including information aimed at women.

Many schools, technical colleges and universities around the world are now beginning to 
offer renewable energy courses, often available on the web or by distance learning. The 
Sandia National Laboratories has begun a listing of PV courses available in the US 
[www.sandia.gov/pv/training.htm].

3.6.1 Demonstration and training sites
An example of a comprehensive educational activity is in the ancient town of Nitzana in 
Israel, an educational settlement where some 15,000 pupils are exposed to the various 
educational programmes during the year. A new programme is now underway, called 
“BE’IKVOT HA’SHEMESH”, the Hebrew saying for “Following the Sun", which has two 
modes of activity: teaching a solar curriculum and building a solar demonstration park.
For the solar energy curriculum, pupils learn about solar energy, the science and 
technology behind its exploitation, its merits, and the prospects for its further use in Israel 
and abroad. During their course the pupils visit the Sede-Boqer campus where they 
watch ongoing experiments aimed at module assessments, long-term monitoring of solar 
irradiation quality and intensity, and see the newly installed 400 square meter solar 
concentrating dish. They visit the solarium, housing a library and students’ 
accommodation, and meet the architects who design passive solar houses and desert 
adapted buildings.
At the 10,000 square meter Solar Demonstration Park, pupils and other visitors gain 
hands-on experience with solar technology through various solar energy systems and 
facilities, tools, and an exhibition of balance of system equipment. Product manufacturers 
and suppliers anticipate an increase in orders coming from the solar-aware public.

3.7 Summary of Added Values
Table 3.4 provides a summary of the values which can be attributed to PV systems.

Table 3.4: Summary of Non-Energy Benefits Which Can Add Value to PV Systems
[IEA-PVPS, 2000/4]

Category Potential Values

Electrical KWh generated; kW capacity value; peak generation and load matching value; 
reduction in demand for utility electricity; power in times of emergency; grid 
support for rural lines; reduced transmission and distribution losses; improved 
grid reliability and resilience; voltage control; smoothing load fluctuations; 
filtering harmonics and reactive power compensation.

Environmental Significant net energy generator over its lifetime; reduced air emissions of 
particulates, heavy metals, C02, NOx, SOx - resulting in lower greenhouse 
gases, reduced acid rain and lower smog levels; reduced power station land 
and water use; reduced impact of urban development; reduced tree clearing for 
fuel; reduced nuclear safety risks

Architectural Substitute building component; multi-function potential for insulation, water 
proofing, fire protection, wind protection, acoustic control, daylighting, shading,
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thermal collection and dissipation; aesthetic appeal through colour, 
transparency, non-reflective surfaces; reduced embodied energy of the building; 
reflection of electromagnetic waves; reduced building maintenance and roof 
replacements.

Socio-
Economic

New industries, products and markets; local employment for installation and 
servicing; local choice, resource use and control; potential for solar breeders; 
short construction lead-times; modularity improves demand matching; resource 
diversification; reduced fuel imports; reduced price volatility; deferment of large 
capital outlays for central generating plant or transmission and distribution line 
upgrades; urban renewal; rural development; lower externalities (environmental 
impact, social dislocation, infrastructure requirements) than fossil fuels and 
nuclear; reduced fuel transport costs and pollution from fossil fuel use in rural 
areas; reduced risk of nuclear accidents; symbol for sustainable development 
and associated education; potential for international cooperation, collaboration 
and long-term aid to developing countries.
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4. Key Barriers to the Implementation of Photovoltaic Power 
Systems
The main barriers facing the PV industry in increasing its market share, are summarized 
below under the general headings of cost, electricity industry and information issues. It 
should be noted that the barriers cited do not apply uniformly in all countries. The IEA- 
PVPS Task 7 has also prepared a report specifically on non-technical barriers to PV use in 
buildings [IEA-PVPS, 1999].

4.1 Cost and Price Issues

4.1.1 High capital cost/low operating costs
PV is a cost effective alternative to fossil fuels for many off-grid power supply applications. 
Nevertheless, compared to supply based on fuels such as diesel, kerosene or petrol, PV 
systems still suffer a disadvantage when seeking finance because of the relatively high 
initial capital costs, project development costs and transaction costs [Rao, 2000]. Hence, 
even though running costs are much lower, PV purchasers must pay significant up front 
costs, which typically require third party financing. In addition, it may be difficult to 
guarantee cash flows and financing agencies may view renewables projects as having 
limited marketability compared to conventional power projects [ibid]. In developing 
countries particularly, credit facilities for individuals are either non-existent or unregulated 
and customers are faced with significant financial risks. Even in developed countries it is 
not necessarily straightforward for individuals or companies to raise finance for 
independent power supply systems. In recent years, the Grameen Bank has provided 
useful finance in developing countries, while the advent of “Green Mortgages” [US DoE, 
1999] and the interest of some utilities in supplying off-grid power [IEA-PVPS, 1998] may 
assist purchasers in developed countries. The Solar Bank [www.solarbank.com] (Figure 
4.1) illustrates the impact of financing, compared with system efficiency improvements and 
cost reductions. Providing appropriate financing is therefore a critical component of 
successful PV marketing.

□ Base Case (10% efficiency, 
USD 15 per Wp, 7 yr loan @ 
18%)

■ Im proved Efficiency (15% 
efficiency, USD 15 per Wp, 7 yr 
loan @ 18%)

□ Im proved Cost (10% 
efficiency, USD 7.5 per Wp, 7 
yr loan @ 18%)

□ Improved Financing (10% 
efficiency, USD 15 per Wp, 20 
yr loan @ 5%)

■ Best Case (15% efficiency, 
USD 7.5 per Wp, 20 yr loan @ 
5%)

Figure 4.1: The impacts on monthly repayments for 50Wp household PV systems of improvements in 
system efficiency, capital cost and financing arrangements [www.solarbank.com].
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4.1.2 Difficulties with project assessment
Straightforward and consistent procedures for assessing the financial viability of BIPV 
systems will assist architects and project developers to market the technology. Following 
from a survey of US architects, where project assessments were found to be difficult, 
Eiffert [2000] recommends the following approach:

- Net benefits or life-cycle cost methods - for designing and sizing BIPV systems. 
When net benefits increase and life-cycle costs decrease as system size or cost 
increases, the larger or more expensive system can be chosen. Savings - to - 
investment and adjusted rate of return methods are also suitable, provided 
incremental costs only are assessed.

- Savings - to - investment ratio and adjusted internal rate of return methods - 
for ranking investment alternatives. Best returns will result from choosing projects 
in descending order. Overall optimization can be achieved by combining 
assessments of design and cost with ranking methods.

In addition to the method of assessment, the relevant perspective of the building owner to 
future energy costs and to availability and cost of capital is important. As a guide, Eiffert 
[ibid] recommends defining a project as cost effective when the savings - to - cost ratio is 
greater than one; when the annual internal rate of return is greater than the discount rate; 
when the sum of all time adjusted costs over the required time period is lower than for 
competing energy systems; or when the simple payback period is less than the life of the 
PV system.
Of course, in making investment decisions, the direct energy savings, the indirect energy 
system benefits, as well as the non-energy benefits of PV systems, must be included in 
the analyses wherever possible. Awerbuch [2000] suggests the use of capital asset 
pricing models (CAPM), rather than engineering economic models for PV system 
assessment, as a means of including the values of risk reduction associated with known 
(up-front) costs, low operating costs, reliability and technical flexibility.
The International Performance Measurement & Verification Protocol (IPMVP) offers 
standardized procedures for project development and financial evaluation, which can 
assist in reducing up-front project establishment costs (www.ipmvp.org/). The IPMVP is a 
document which discusses procedures that, when implemented, allow owners, energy 
service companies (ESCOs), and financiers of energy projects to quantify energy 
conservation measures performance and energy savings. The IPMVP provides an 
overview of current best practice techniques available for verifying savings from both 
traditionally- and third-party-financed energy and water efficiency projects. The purpose of 
the IPMVP is to reduce major barriers to the expansion of the energy and water efficiency 
industries by helping to:

• Increase certainty, reliability and level of savings;
• Reduce transaction costs by providing an international, industry consensus approach 

and methodologies;
• Reduce financing costs by providing project measurement and verification 

standardization, thereby allowing project bundling and pooled project financing;
• Provide a basis for demonstrating emission reduction and delivering enhanced 

environmental quality;
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• Provide a basis for negotiating the contractual terms which ensure that an energy 
project achieves or exceeds its goals of saving money and improving the building’s 
operating environment.

4.1.3 Protracted approvals and installation procedures
Lack of familiarity with PV and with coordination of the PV installation with the building 
process, non-standard components and systems, as well as generic rather than buildings 
application specific PV products increases these costs for PV systems at present. The 
latter also contribute to poor or incorrect installation which can increase long-term 
maintenance costs. With limited long-term field experience, there is in any case little 
general knowledge regarding the likely system maintenance costs. Nevertheless some 
provision for maintenance, as well as an estimate of cost must be included in the 
economic analysis of a system.
With electricity utilities still uncertain about PV and about distributed generation more 
generally, procedures and costs for grid interconnection can be lengthy and high. They 
can include interconnection fees, metering calibration charges, engineering design and 
study fees, liability insurance, property easements, legal indemnities, monitoring and 
additional protection equipment. While these costs may represent a very small component 
of the overall cost of a large central generating plant, for small systems they can result in 
the project becoming non-viable. These issues are discussed further in Section 4.2, but 
point to the need for standardized procedures and interconnect guidelines. From the 
building side, another set of permits and fees can apply, which add further to system costs. 
These can include construction permits, electrical permits, and inspection fees. Again, 
lack of familiarity with BIPV often results in lengthy delays and high costs.
Uncertainty about procedures and requirements also impacts on ownership and 
responsibility and liability, which in turn impacts on legal costs and access to finance. 
Standard procedures, power supply agreements and maintenance contracts would reduce 
this uncertainty.

4.1.4 Low system efficiencies
Typical efficiencies for commercially available power system modules based on crystalline 
silicon are now around 12-15%, while for thin film products the range is 5-10%. 
Concentrator systems can have efficiencies up to 35%, but their use is more restricted. 
R&D continues on improving efficiencies by a range of methods, including reducing 
reflection and internal cell losses, using layers of different semi-conductors to capture a 
wider spectral range and incorporating reflectors, concentrators and ventilators into PV 
systems. Nevertheless, when losses through balance of systems components are 
included, especially non-optimal inverter operation, wiring and battery losses, many 
systems operate at relatively low efficiency. In addition, shading, PV module mismatches, 
accumulation of dirt or snow and non-optimal orientation also cause systems to operate at 
lower efficiencies.

The impact of improved efficiency on the customer price of PV electricity is illustrated in 
Figure 4.1. For each kWp of system capacity, a higher PV system efficiency reduces the 
surface area required, thus reducing both the material requirements for the PV cell, as well 
as for the module and the balance of system components, such as wiring. Hence, at 
module efficiencies of 20%, a target price of 0.2 USD per kWh and 1 000 USD per kWp 
can be achieved at area related system costs of 200 USD per m2, but costs would need to 
be as low as 50 USD per m2 if the efficiency is 5% [Kiess, 1997]. Based on material costs,
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a realistic lower limit to the area related cost of modules is around USD 100 per m2, so that 
efficiency improvements remain an important component of cost reduction [ibid].

4.1.5 High production costs
PV prices have dropped consistently over the past 30 years, with an 18% price reduction 
for each doubling of sales [IEA-PVPS, 2000/2] and PV electricity can now be generated at 
less than USD 0.6 per kWh, which is cost competitive in many off-grid applications. 
However, it remains higher than central grid supplies. Hence, PV is locked in a critical 
“chicken-and-egg” situation between price and economy of volume. The prices are too 
high to generate a substantial market and a market is needed to generate economy of 
scale [IEA-PVPS, 1999].
While financing is important, PV system costs must continue to fall, if PV is to enter 
mainstream electricity markets. Cost reductions will depend largely on research and 
innovation, increased markets and production levels and increased experience with 
system design & installation.
Production cost for PV cells and systems are dictated by the technology and materials 
used, as well as by the production process. Over 80% of PV production is currently based 
on crystalline silicon cells, using silicon wafers of around 350 microns thickness. These 
wafers remain the most significant cost component of the PV cell. In addition, much of the 
existing PV capacity around the world is based on relatively small pfant (5-20 MW), with 
low levels of automation. Hence there are opportunities for cost reductions by reducing 
wafer thickness, removing the wafer stage and ultimately moving to thin films (< 50 
microns) of semi-conductor material, by increasing the scale of production and, for 
production in developed countries, by increasing automation. Studies by Bruton et al, 
1997, found that it was feasible for the production lines of crystalline silicon cells to be 
scaled up to 500 MW per annum and that production costs would be reduced to below 
USD 1.25 per Wp. Similarly, for thin films [Woodcock et al, 1997] this cost could be 
reached at production levels of 60 MW per annum. It is difficult to generalize current costs 
of production, due to the different technologies, plant ages and financing arrangements, 
however current PV module prices have been quoted as averaging USD 6.25-6.5 per Wp 
for crystalline product and USD 5.5 for amorphous silicon [IEA-PVPS, 2000/3]. Long-term 
or bulk purchases (say 20 to 100kWp), combined with government or utility subsidies, can 
achieve prices of USD 3 per Wp.
Even though PV module costs have been decreasing consistently over the past 3 decades, 
total system costs have not necessarily fallen at the same rate. These “balance of system” 
or BOS costs can include construction and grid interconnect permits, system design, 
mounting frames, inverters, batteries, wiring, lightning protection, labour and transport for 
installation and on-going maintenance costs. They typically account for 50% or more of 
the total system cost, but can be less than 50% for grid-connected systems, if products 
and procedures are streamlined.

4.1.6 Lack of integrated PV systems and products
Most PV systems are still designed individually and constructed on site. This means there 
is a limit to the cost reductions possible through standardized systems and specifically 
designed products. The first generation of building integrated PV systems has relied on 
conventional PV modules and used a variety of support structures to facilitate installation 
onto the building. For the end user, however, innovative PV products, designed to replace 
standard building components and to meet specific building needs are required. To open
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up potentially large new PV markets, products must improve on current performance, 
reduce installation costs and be both attractive and desirable. Hence innovation is needed 
at several stages: PV cell development and production, module design and production, 
system design and integration and end-use marketing.

4.1.7 Poor service delivery
The PV market is developing rapidly, with the demand for product overtaking the available 
pool of trained system designers and installers. In addition, for the non-utility market in 
particular, there is a severe lack of basic infrastructure, such as supplier networks and 
maintenance facilities, as well as the support structures such as regulations and standards 
which would ensure industry credibility and build customer confidence [IEA-PVPS, 1999]. 
Hence a significant problem for PV is to increase sales without sacrificing the quality of 
products, installation and back-up. Many of the field problems reported for PV systems 
are associated with a failure in service delivery, rather than intrinsic technical problems 
[Lloyd et a/,2000, Fraunhofer Institute, 1997]. Adequate service delivery would include:

• appropriate customer advice at the outset concerning the cost, the likely 
performance and the maintenance requirements of a system;

• proper design, component and material selection to ensure customer needs are 
met and that problems such as corroding connectors are avoided;

• correct installation to avoid shading, maximize PV output at the required time and 
facilitate ready access for maintenance;

• customer education on basic system operation and maintenance;
• service back-up for general inquiries, routine and emergency maintenance and 

spare parts.

4.2 Electricity Industry Issues

4.2.1 Impacts of industry restructuring
Many countries are now restructuring their electricity industries, usually with the stated 
objectives of introducing competition into the market and allowing greater customer choice, 
although there are often other objectives as well, such as obtaining government revenue 
through privatization and achieving changes in conditions of employment. For developing 
countries, energy sector restructuring can play a key role in alleviating poverty and 
improving health and education outcomes, particularly for the rural sector, where current 
energy supply systems have not proven to be effective. Restructuring can be used to 
introduce much needed regulatory reform, including environmental regulations. It can also 
allow competitive markets, and perhaps private investment, to improve local participation 
in decision making and in finding more cost effective and appropriate options for energy 
supply. PV can play a key role in these markets.
The process of electricity industry restructuring, the introduction of competitive markets 
and the redefinition of roles and business aims which are often associated with them, 
cause a high degree of upheaval. In this context, the maintenance or development of 
initiatives to promote PV and other renewables can easily be overlooked. In addition, 
some previously successful programmes may no longer be appropriate in the regulatory 
environment of a competitive market, while changes to expert departments, or the re
allocation of responsibilities which accompanies restructuring, often has a deleterious 
impact on renewable energy development [IEA-PVPS, 1998]. In addition, when associated
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with privatization of assets, environmental legislation, such as the imposition of targets or 
least cost planning mechanisms may be considered by governments to reduce the market 
value of these assets. Thus a conflict in political objectives may arise.
At least in the early period following the introduction of competition, offering lower 
electricity prices is regarded by electricity retailers as the key strategy in achieving 
increased market share. This has been most notable where there is an excess of supply 
capacity. In the longer-term, however, electricity prices which are too low lead to under
investment in new capacity and hence problems in peak periods. This has been most 
evident in the US over recent summers. Distributed generation technologies, such as 
photovoltaics, are recognized as offering a solution [US DoE, 2000], are quick to deploy 
and are well suited to summer peaking loads. Nevertheless, it is too early to see whether 
the electricity industry is confident enough in the new technologies to include them in their 
planning processes or to undertake extensive deployment [California Energy Commission, 
2000].

4.2.2 Low conventional electricity prices

As an example of relative prices, solar photovoltaic electricity prices in the US can be as 
low as USD 0.13 per kWh, with long-term contracts and subsidies [IEA-PVPS, 2000/3]. 
However, USD 0.25 to 0.30 per kWh for grid-connected photovoltaic power systems and 
USD 0.5 to 0.75 for stand-alone systems are the more typical situations, while 
conventional grid electricity prices average USD 0.08 to 0.12 per kWh [ibid]. The high 
prices of PV electricity are caused by the relative immaturity of the industry and its 
products, and hence the volume of production, as discussed previously. However, the 
difference between PV and conventional electricity prices is increased by the large price 
decreases which have accompanied energy sector restructuring in many countries 
(although retail electricity prices can also increase dramatically as has occurred in 
California), as well as an inability to access cross subsidies which are available to the 
established energy industry. Falling energy prices have kept renewables from becoming 
cost competitive over the last 2 decades, even though most technologies have met or 
exceeded projected cost reduction targets [McVeigh etal, 1999].

4.2.3 Network price issues
Few developing countries have introduced transparency or competition into their energy 
markets. An estimated US $100 billion per year is spent on fossil fuel subsidies and 
monopoly industries are protected, yet only a relatively small portion of the population 
receives the benefits of adequate energy supply [World Bank, 2000]. However, even in 
industrialized countries where the electricity industry has been restructured, the market 
does not yet provide a ‘level playing field’ with respect to renewable energy.
To illustrate the extent of the cross subsidies provided via uniform tariff regulations, it has 
been estimated that potential revenue losses from rural residents in the State of Victoria, 
Australia amount to AUD 30 million per year. This works as an effective barrier to the use 
of PV or other renewables by artificially maintaining low electricity prices and by removing 
any locational price signals from the network.
Network costs can account for 50% of a customers’ electricity bill, yet renewables are 
rarely considered as an option which might delay or eliminate the need for conventional 
line upgrading or extension. In addition, network prices are highly averaged and the 
values of distributing ancillary services have yet to be recognized. Ancillary services are 
resources used to maintain quality of supply, in particular voltage, frequency and
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waveform purity. The present arrangements for ancillary services in many electricity 
markets focus on large participants, and distributed options for ancillary services do not yet 
receive equal consideration. Arrangements for ancillary services are important for PV 
because investment decisions in network augmentation are often taken on the basis of 
quality of supply considerations. Excessive investment in network capacity can result 
when distributed ancillary service options, such as PV, are not given appropriate 
consideration. At present, pricing arrangements tend to favour incumbent large generators 
[Australian Cogeneration Association, 2000], with PV and other distributed generators 
facing problems caused by:

• Transmission cost savings resulting from the operation of a distributed generator not 
able to be captured by the generator. This puts the distributed generator at a 
competitive cost disadvantage compared with distant generators.

• Highly averaged distribution loss factors that do not reward distributed generators for 
the losses they save by producing power that is consumed locally. In addition, there 
are often restrictions placed on how distributed generators can sell their power.

e Inefficient maximum demand charges that do not reflect the actual time of maximum 
demand, which penalize electricity customers who self-generate.

4.2.4 Network access issues
As previously vertically integrated utilities are split up into functional units, network costs 
should become more transparent and provide an incentive to examine the cost-benefits of 
distributed generation, as an alternative to grid augmentation or extension, particularly if 
decision making is decentralized. However, one of the unresolved aspects of electricity 
industry restructuring is the extent to which the so-called ‘wires businesses’ of 
transmission and distribution can be made contestable, either by other wires businesses or 
by distributed resources. The experience in countries such as Australia and in sections of 
the US, where the formal monopoly on wires business has been removed, but not the 
regulated franchises, is that network prices are still not fully cost-reflective or are highly 
averaged and are therefore in reality not providing a powerful driver. This has created a 
number of additional barriers for PV to overcome, which are included in the following list of 
general barriers that have been identified for all distributed resources [Australian 
Cogeneration Association, 2000]:

• Without access to planning, load and network constraint information, it is extremely 
difficult for distributed generation proponents to negotiate efficient connection 
agreements. It is also extremely difficult for proponents of demand side management 
and local generation to develop competing proposals to network augmentation.

• Information for new market entrants, including distributed generators, which outlines 
their rights and obligations when connecting to the network and the options available to 
them is not easily accessible.

• Market registration provisions are restrictive and participation fees are excessive for 
smaller generators.

• Costs charged by the network provider for project definition, design approval, site 
supervision, facility commissioning and connection works for distributed generators can 
be made prohibitively high.

• The lack of information and effective negotiation frameworks has led to delays and 
frustration for parties negotiating connection agreements. When a contract has been
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negotiated, the supplier of distributed generation has faced higher costs and greater 
risks than necessary.

• New generators are required to meet more onerous technical standards than existing 
generators.

• Distributed generators are sometimes expected to pay for deep (firm access) 
transmission augmentation while transmission connected generators are not.

• The lack of effective separation of electricity network and retail businesses can 
compound the problems while providing less scope to share the benefits with the 
retailer and thus makes contracting with distributed generators less attractive to other 
retailers.

Chivelet [2000] cites many of the above as barriers to PV use in Spain and adds problems 
due to lack of coordination between government agencies, rigidity in applying subsidies, 
lack of legislation, regulations and standards for components, installation, grid connection 
and building integration and limited local government involvement.
Specific regulations covering grid access for distributed PV systems have recently been 
introduced in the US States of California, Texas and New York, while the interconnection 
regulations recently introduced in Spain remove legal barriers [Chivelet, 2000], and are 
important steps in removing access barriers to PV and other distributed resources.

4.2.5 Environmental externalities
Although there has been some progress in industrialized nations, usually via legislation, 
towards reducing the direct environmental costs associated with fossil fuel use, such as 
sulphur dioxide, particulates and nitrous oxide emissions, in general environmental costs 
and benefits are not taken into account by energy market participants and regulators. 
Hence, the costs of environmental damage caused by fossil fuels and nuclear energy are 
borne by the community generally and are not reflected in the costs of energy services 
based on those sources. Until recently, the environmental impacts discussed have been 
those noticeable at the local or regional level. However, as the evidence increases that 
global warming is being caused by fossil fuel use, worldwide environmental impacts are 
beginning to be considered. With no inclusion of these costs in energy markets and 
decision making, low emission and low environmental impact energy options, such as PV, 
are not able to be appropriately valued. Clear annunciation of policy aims to support the 
transition to sustainable energy, systems would provide confidence for investors. It would 
also facilitate the introduction of supportive regulations, such as solar access provisions, 
which in turn would provide customer confidence in the long-term viability of PV systems.
In addition, electricity customers are poorly informed with regard to the environmental 
impact or carbon intensity of electricity supply so that, even where choice of electricity 
retailer is available, customers are not able to make informed decisions about their energy 
supply, nor to influence government or energy industry planning processes. Provision of 
information to customers is a prerequisite for an efficiently working market. Utility 
disclosure to customers of the fuel mixes used to generate electricity is a means of 
increasing the efficiency of competitive markets. In addition to electricity sources, 
disclosure of greenhouse emissions and other environmental indices would provide 
important information in enabling consumer choice.
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4.3 Lack of Information, Market Knowledge and Training
The final, but often the most critical barrier to PV at present is a general lack of awareness 
and information on what is available or where to source it. Access to customers, to the 
grid, to energy planning information and to investment capital is also more difficult for PV 
than it is for established fossil fuel industries. There is a widespread misuse of 
"commercial-in-confidence" provisions within the newly corporatized energy industries, as 
a means of restricting information on the electricity system which was previously in the 
public domain. Access to information such as solar energy resource data, network loads, 
maintenance costs and upgrading plans would save considerable lead time and expense 
to PV system proponents. For building integrated systems, a US survey of architects 
indicates that assembling and presenting technical and financial analyses to clients is a 
major barrier to implementation [Eiffert, 2000]. Some of these issues overlap with barriers 
cited previously. Others are discussed below.

4.3.1 Lack of certification, standards and guarantees
Some countries have recently introduced guidelines and standards for grid interconnection 
of PV systems (for instance the IEEE “interconnection standard for utiIity-intertied 
photovoltaic systems”, IEEE Std 929-2000, the Australian “guidelines for grid connection of 
energy systems via inverters" and the UK’s Engineering Recommendation G77 2000 - 
“Connection of photovoltaic generation to the distribution network - single phase PV 
systems up to 5kVA”), while PV modules can be rated against accepted performance 
standards. Nevertheless, to date there has been a severe lack of basic industry support 
structures such as regulations and installation standards which would ensure industry 
credibility, reduce costs and build customer confidence. A lack of standards can result in 
over engineering, low installer confidence, extensive one-off site testing, commissioning of 
dangerous technology and hence significant cost increases, eroded user confidence and 
unreliable systems, prone to failure [Spooner, 2000].
However, with such a rapidly growing industry sector and such a wide range of disciplines 
involved, the development of PV system standards is difficult and time consuming [ibid]. In 
addition, for grid-connected systems, connection of large numbers of small distributed 
generation systems into a network designed for a few large scale central generating plants 
poses new technical and institutional problems. The priority area for standards 
development is safety - for the dc wiring and the grid interface [ibid]. Nevertheless, 
standards for building integration and other aspects of system design and operation are 
also needed [Chevelet, 2000].

Warranties can provide some level of confidence for the customer, and most PV 
manufacturers offer module warranties of 10 to 25 years. However, the range of possible 
applications limit their effectiveness, unless total system warranties can also be given. 
Other than module over-rating, few of the faults found in the German “1000 Rooftop 
Programme” were attributable to PV module defects. Most were caused by inverters, 
unsuitable wiring, fuses or switches, or installation faults, while significant system losses 
were also caused by shading and soiling of the panels [Laukamp et al, 2000]. Hence 
testing and certification of components used in PV systems is required, as is certification of 
system installers.

While standards will undoubtedly assist the implementation of PV, it is important to 
remember that that this is a new and rapidly evolving industry and that stringent standards 
could stifle innovation and technology development. Hence for some issues, it may be 
appropriate to develop and use a series of guidelines, which can be readily updated,
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before progressing to formal standards. The IEA-PVPS Task 5 has summarized grid 
interconnection guidelines and standards applying around the world [IEA-PVPS Task 5-2- 
01, 1997].

4.3.2 Lack of expertise and demonstrations
With such a rapidly growing industry and one developing from such a small and technically 
specialized base, it is not surprising that it has been difficult to keep up with training 
requirements at all levels from manufacturing through system design, installation and 
maintenance. When ranked against all factors considered important in the success of PV 
system introduction [Groenendaal et al, 2000], the status of specialist knowledge was 
lowest in all areas. Lack of expertise is an important component of reliable and cost 
effective system design, with poor installation practices and inadequate training for 
ongoing system maintenance being routinely cited as reasons for system breakdown or 
poor performance.
The availability of and access to a variety of installed systems is an important element of 
education and training. Worldwide there are fine examples of building integrated PV, 
sometimes with actual costs and monitored performance data available. However, for 
most individuals, architects or developers potentially interested in using PV in a building, 
there are few local examples to view. Even where they exist, systems installed by utilities 
or private companies are not always accessible, nor are costs or performance published. 
Before BIPV can become accepted and desirable for clients, there must be a range of 
accessible demonstration systems available which illustrate different applications, styles 
and possibilities.
Demonstration systems are also required in developing countries, especially for promotion 
of PV use in agricultural applications and cottage industries [FAO, 2000]. Demonstration 
projects should include all stakeholders and results should be made public [ibid].

4.4 Summary of Key Barriers
In summary the key barriers facing the increased use of photovoltaic power systems 
include:

- High production costs and electricity prices relative to conventional energy sources
- Lack of familiarity with and procedures for financial analyses, compounded by 

limited financing options
Lack of procedures for project assessment, approvals and installation, leading to 
delays and higher costs

- Lack of standard designs and optimized PV products and systems
- Poor back-up service delivery in many areas
- Restructuring in the electricity industry, with impacts on PV programmes, electricity 

prices and network access
- Lack of consideration of environmental externalities in the energy sector
- Lack of long-term energy policy guidelines regarding the transition to sustainable 

options, which would provide confidence for investors
- Lack of information for customers and investors
- Lack of standards, training and certification.
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5. Overcoming Barriers to the Implementation of Photovoltaic 
Power Systems

Energy markets are still heavily biased towards centralized supply and existing participants. 
In order to achieve a level playing field for PV and other distributed resources, there must 
be co-ordination of energy industry, greenhouse gas and renewables policies and more 
proactive stances on least cost planning and the availability of system information. 
Industry policies, taxation, pollution standards and other measures may need to be 
rewritten to ensure that they do not favour fossil fuels or nuclear options, while market 
regulations must be seen to avoid discrimination against distributed, small scale or 
variable resources.
Documentation and quantification of non-energy values of PV can be used to overcome 
the barriers facing its use in the built environment. The responsibilities for action fall to 
different spheres of government, utilities, PV manufacturers and the building industry and 
can be categorized under the general headings of gaining market access, reducing prices, 
improving technology and increasing market acceptance through information and 
education. Many of these actions apply to renewable energy deployment generally, some 
are specific to PV, others to BIPV. They could therefore be useful to groups such as the 
G8 Renewable Energy Taskforce, government policy advisors, the UN Food and 
Agriculture Organisation, as well as to the PV and electricity industries.
IEA-PVPS Task 7 is carrying out a detailed evaluation of the market potential, the barriers 
affecting implementation and the strategies to remove these barriers for photovoltaic 
power systems in the built environment. An IEA-PVPS Executive Summary report on non
technical barriers incorporating this work will be published in the near future. Following is 
an introduction to the problem of overcoming the barriers to the implementation of 
photovoltaic power systems more generally.

5.1 Market Access
The Australian Cogeneration Association [2000] summarized some of the actions it 
considers are required in order to deliver a level playing field for PV and other distributed 
generation options. These include providing fair network access and connection 
arrangements, fair transmission access contributions and ensuring disclosure of planning 
information by distribution network businesses. Cost reflective network pricing and fair 
demand charges would also allow the benefits of distributed PV generation to be rewarded, 
while incorporating environmental sustainability into the objectives of electricity markets 
and making it mandatory to disclose greenhouse intensity on customer accounts would 
reward more environmentally sustainable electricity supply options.
For building integrated PV specifically, at least for systems up to a certain size, standard 
procedures and requirements must be developed for grid connection and incorporation 
into buildings. This will minimize the costs and time required for project evaluation and 
approval. These procedures and requirements must be transparent, so that the existing 
energy industry does not have an unfair market advantage.

Readily accessible databases of regional information should be developed which cover 
solar resources, nodal electricity prices, trends in load growth, plans for infrastructure 
developments, finance available and other market information. This will make the process 
of site selection, project feasibility studies and economic assessment much faster and 
more reliable, thereby reducing the costs and the risks for new projects. Further, the use
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of life cycle cost calculations must be encouraged in public sector energy decision making 
and reflected in funding allocations to capital expenditure and running costs. The use of 
capital asset pricing, rather than engineering economics models for project evaluation 
should also be examined, as a means of reflecting the added values of lower risk and 
flexibility in calculating project viability.
Supply chains need to be established which can provide information, prices and trained 
personnel for installation and maintenance of PV systems. Customers are used to having 
this level of support infrastructure for their energy services and without it they will not have 
the confidence to try new technologies. Industry credibility will also be enhanced by the 
availability of standards and regulations, although these need to be flexible enough to 
incorporate new developments.

5.2 Price
Price, particularly initial capital cost, is the most visible barrier to PV. Continued R&D on 
new technologies and production processes is necessary, including assessments of 
possible economies of scale in manufacture and use. Options for lower cost products 
should also be examined, even at some expense to efficiency, if this would enable a 
market to be developed.
The technologies currently available for the integration of PV into buildings are, in general, 
too expensive for large scale introduction. Cost reductions are thus still essential. They 
can be achieved by carefully redesigning the PV support structure, but also by integrating 
the PV system into known building components, by developing multi-function systems and 
by standardization and prefabrication so that economies of manufacturing volume can be 
reached and installation costs reduced.
Government and utility investment can be actively used to provide viable market sizes for 
PV, while options to pool their purchasing power to achieve cost reductions, which could 
be passed on to smaller users, should be examined. Governments should continue to 
examine the need for targeted long-term subsidies for market stimulation in particular 
areas or for particular products. Standard finance packages for certified systems can also 
assist purchasers.
Standard net metering guidelines should be available for small scale installations, up to an 
agreed percentage of electricity sales, to reduce up front costs and boost the economic 
viability of PV in the short-term. For larger systems, on-cost assistance and standard 
procedures for feasibility studies, project development and approval processes would 
lower up front costs and reduce risk.
Emission taxes on fossil fuels would ensure that their prices more correctly reflect true 
costs, hence reducing price differentials with PV. Regulatory processes can also be used 
to ensure transparent pricing of energy supplies, with clear indications of cross subsidies, 
to allow PV to be targeted to those areas where it is most cost effective.

5.3 Quality Enhancement
If PV is to become a well-accepted technology readily available for use by the energy 
sector, agricultural enterprises, architects, the building industry, property owners, villages 
and individuals, the total PV system and products must be customer friendly: well 
designed for the end-use, reasonably priced, reliable, aesthetically pleasing with 
innovative designs, non-intrusive, easy to install and maintain and demonstrably 
environmentally friendly.
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For BIPV, integration concepts will have to meet regular building quality standards. This 
can be achieved by fully integrating the PV system into building materials and by 
integrating the construction process of BIPV systems into the building construction process. 
On the other hand, the physical characteristics of PV products for integration in buildings 
must meet architectural requirements of color, size and material type, which will 
sometimes require PV performance and hence economic compromises. This is a 
challenge for both the architect and the PV module manufacturer.

5.4 Market Acceptance
Market acceptance of PV is very low at present, despite a high level of community support 
for its development and use. Significant effort is needed to raise levels of awareness and 
credibility. Information on PV must be made readily available to the general public, for 
household applications and for trades, professions, investors, insurers and planning 
agencies for all applications. Certification procedures and standards must be developed to 
enhance credibility and performance. For BIPV, enhanced market acceptance would be 
assisted by a holistic approach to the design of the entire PV building, including overall 
energy efficiency and sustainability of building materials used.
Market acceptance by property developers, utilities, development and financing agencies 
is also required. Added values, other than avoided electricity costs, should be made clear 
to potential customers in these sectors. The operator of the PV system, the financing 
institution and, for BIPV, the owner of the building, must have long-term confidence in the 
performance of the PV system, both as an electricity source and, for BIPV, as a building 
material. For grid-connected systems, if the utility is not the owner of the PV system, long
term agreements for grid-interconnection and buyback tariffs are required. Similarly, 
standard procedures for project approval, contracts for maintenance and clear guidelines 
for responsibility and liability are needed to facilitate project development and to 
encourage investment in PV.
Customers are often surprised by the low level of renewables in existing electricity 
supplies and have generally been supportive of Green Power and other renewables 
support schemes when given the choice. Disclosure of fuel mix details on electricity 
accounts should be mandatory under competitive market electricity sector regulations, to 
facilitate customer choice. Nevertheless, there is a need for credible and independent 
information and advice which would allow customers to make informed choices.

Well documented and monitored demonstration of technical and non-technical aspects of 
PV projects is critically necessary - information on design, installation requirements and 
procedures, performance, costs or financing arrangements should be published for all 
publicly funded projects. In many countries, few such examples are available while 
misinformation on net energy requirements for PV and confusion with solar thermal 
systems persist. Government investment in and use of PV could provide the basis for 
demonstration systems, as well as to increase public knowledge and confidence.
Information on general field performance is also needed for all PV applications. 
Systematic monitoring and standardized reporting formats must be developed, as well as a 
coordinated system of user feedback. The latter would be particularly useful in the short
term as a means of ensuring that any scale up of production to meet demand growth has 
taken into account problems with existing systems.
The diversity of PV applications has made it difficult for the different industry groups 
involved to achieve market presence and to provide adequate product support. Until each 
sector reaches maturity, there would be benefits in forming partnerships between PV
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industries, governments, utilities and other industries or groups which can pool resources 
to provide information, component supplies and installation, operation and maintenance 
services. This has been successfully achieved in some countries.
The diversity of PV applications also provides for a diversity of opportunities. There is a 
need to develop a portfolio of products and applications, so that the long-term benefits of 
complementary use of a diverse mix can be realized. At the current stage of market 
development, successful implementation of any system has a positive impact on others. 
Conversely, projects or applications that are perceived as unsuccessful have a negative 
impact on all.
Generic policy initiatives, such as renewable energy targets or trading schemes will also 
assist. However, there is a danger that the allocations will be taken up by a few large 
projects. If the measures are aimed at the development of robust renewable energy 
industries, as well as greenhouse gas reduction, the regulations should encourage 
selection of a range of technologies, best suited to local conditions. In general, energy 
policies at all levels should begin to reflect the need for a transition to sustainable energy 
systems. This will provide the long-term signals necessary for investor and public 
confidence.

5.5 Education and Training
A range of educational programmes is necessary, as is targeted promotion and training for 
trades and decision makers. Education needs range from those aimed at increasing 
awareness of applications and costs to wider information on environmental impacts of 
energy use and the added values offered by PV. Such education should begin in schools 
and be followed through with more detail in trade and professional courses. Certification 
for designers and installers will improve system performance and cost-effectiveness and 
reduce the number of faulty or inappropriate installations. In the short-term, bridging or 
short courses may be needed to retrain practising trade and professional people in the 
agriculture, electricity and building industries on the characteristics, performance and 
requirements of PV systems.
For customer products, there is a need for community education generally and the 
availability of information, advice and trained system designers and installers. This 
information should be in a form readily understood by the customer. PV has a history of 
being treated as an electricity supply technology, so that current material is largely 
technical. Architects need material on PV system operation and use which is presented in 
a form they can understand and apply. Similarly, material for householders or community 
groups needs to allow ready understanding of the general concept and requirements, as 
well as comparison with other options.
Demonstration systems, illustrating a range of PV concepts, are needed for educational 
purposes, as well as for awareness raising and inspection by potential customers.
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6. Summary and Conclusions
Many renewable energy and energy efficiency technologies meet the definition of 
“distributed resources”, which can be strategically located within electricity distribution 
networks to reduce the need for external energy supplies, while also providing a range of 
electrical system, environmental, architectural and socio-economic benefits. Photovoltaics 
is unique amongst the new energy technologies for the wide range of energy and non
energy benefits which can be combined, while the use of PV as an integral part of a 
building provides the greatest opportunity for exploiting non-energy benefits and for adding 
value to the PV system.
PV installed on the surfaces of buildings, allows the possibility of combining energy 
production with other functions of the building envelope, including structural support, 
weatherproofing, shading or solar thermal collection. Cost savings through these 
combined functions can be substantial. Additionally, no high-value land is required, no 
separate support structure is necessary and electricity is generated at the point of use. 
The latter contributes directly to the building occupant’s electricity requirements while also 
avoiding transmission and distribution losses and reducing capital and maintenance costs 
for utilities. The integration of PV into the architectural design offers more than cost 
benefits, however. It also allows the designer to create environmentally benign and 
energy efficient buildings, without sacrificing comfort, aesthetics or economy, and offers a 
new and versatile building material.
A number of projects around the world show an emerging market for grid-connected 
building integrated PV systems, despite the fact that electricity from PV is still more 
expensive than grid power. The market for grid-connected PV in IEA member countries is 
therefore growing rapidly and now accounts for more than 50% of installed capacity.
This report has shown that PV can contribute significantly to reductions in greenhouse gas 
emissions from the electricity sector: Lifetime C02 emissions with current PV technologies 
are 85 to 94% less than those from coal fired power stations and will be 95 to 97% less 
with new technologies. Solar powered manufacturing plants can operate as “solar 
breeders” ensuring a sustainable technology in the long-term.
PV can contribute to improvements in air quality. When PV displaces coal fired generation, 
NOx emissions are typically reduced by 50% and SOx emissions by 90%, making PV use 
a valuable adjunct to clean air policies. For improving urban air quality, PV can play a role 
in facilitating the introduction of electric vehicles, either by powering the vehicle directly or 
by providing power to recharging stations.
PV can assist in securing energy supplies in both the long-term and short-term. With fossil 
fuel resources expected to be depleted this century, PV provides a means of maintaining 
electricity supplies in industrialized countries and providing electricity to the developing 
world without concern for fuel supply security. Dispersed PV generators feeding into 
electricity distribution networks, or operating independently, can provide more reliable 
electricity supplies during power outages caused by summer peaks or emergency 
situations.
PV is a high technology industry which can create new jobs in manufacturing, distribution, 
installation and maintenance. Dispersed application means that employment is created in 
regional areas, as well as in industrial centres. Direct employment in the PV industry 
world-wide is expected to be between 250,000 and 300,000 by 2010.
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The modularity of PV provides benefits to electricity utilities by allowing for generation to 
be expanded, or reduced, to match demand more easily than for large central generation 
plant. Lead-times are also shorter, exposure to fuel price volatility is reduced and grid 
augmentation can be avoided. Hence financial costs and risks are reduced. On-site or 
local generation also reduces transmission and distribution losses. Dispersed generation 
reduces the likelihood and impact of large scale outages while smoothing output 
fluctuations from individual systems. It can be especially valuable in dealing with summer 
peak loads, where the effective load carrying capacity can exceed 80% of the PV rated 
output.

For customers, PV offers a range of benefits which can significantly increase its value. 
These include providing aesthetically pleasing, non-intrusive, multi-function building 
elements, ensuring supply reliability, reducing energy and peak demand charges and 
contributing to environmental protection. For society as a whole, PV provides a means of 
delivering more sustainable energy systems for both rural and urban developments.

Nevertheless PV systems face a number of barriers to their entry into the mainstream 
energy and building markets. These include high capital costs and associated financing 
problems; immature products and service delivery chains; a lack of information, expertise, 
standards and demonstration systems; electricity industries that still favour the central 
generation paradigm; and electricity markets that do not yet account for environmental 
externalities. Some of these barriers can be overcome by assessing both the energy and 
non-energy benefits which can accrue from a PV system, thus making PV a cost effective 
option even with current costs and energy prices.
With the structure, ownership and operation of electricity supply industries changing 
rapidly around the world, the added values offered by PV ensure that it will be one of the 
most significant of the new energy technologies deployed over this century. However, to 
make the transition from existing to new and sustainable energy systems, work must be 
done to transform existing electricity systems from being reliant on central generation to 
systems which embrace the range of technologies and energy service delivery options 
offered by new, distributed resources. Governments and regulators must also ensure that 
energy markets account for environmental externalities in selecting network structures, 
technologies and energy sources and that citizens are well informed about the energy 
choices they make. The PV industry must continue its technology development by 
improving efficiencies, increasing production levels, reducing costs and providing reliable, 
easy to install and aesthetically pleasing products. Finally, a range of educational 
programmes is necessary, aimed at increasing the awareness and understanding of 
customers, planners, regulators, electricity industry personnel and the building industry. 
This needs to be complemented by targeted promotion and training for trades, professions 
and decision makers, as well as by a range of accessible demonstration systems in key 
market areas.
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© m%(:j:6*rx*;i/^-#A{Bm$mA^Mf6
1998* © rfi*Sx*;v¥-SEl.aLj &5fc6 (2010*1:j3lt6AI#*#m5/Xf A©#

Ai®*5,000MW)

© A7.(-llFf7 IflAX-l

© sj*
© rs#ft@x*;i/*-©M#&(f#A©(Bmi:M*&&# (f%x$&) j ©fgy-

&»* (*B)fc%m*Ett-ft#x*/k*-©iot txffiiftit)
1999* © *g£-x*;u*-tB4£r(:#rx*;v*-S#&iiJl:

© AlSSitbXi?tT©!tS;tAEg*Sr®lf
© A*###$m©* ua*x 15,000 *&%#
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1.2

1999¥®PV€ v 3.-;V4Eli±SE¥tfcl560%ii®e85MW^EgLfco 1998*F

®pvt y i-;i/4a*i$l553MW"C$) 7 fccPVt v a-;i/®4a*i$3#-aE"e*ficii*Lfco 

4a*85MWt±1995^®ttff®4El:CE®(T5)= 1999^13 li B *ii*H:lrBEV'T, #£#A® 

pvEEHC&^/c, rncBft^ffl*H)6%m#AS«6eS*S.UieSSfflPV7 -f -;u Kf
X PV&E6*#

*iBASiS±H$#lfc!il997¥y.36ei$L^ mS^FCtia-SiSCBVft^nTV5„ #-@681*11 
e»li®*5¥MTi?«$:EfflltoCS:EVTj3i9, 8*®*!#%#$#®#** 6##C#(GL-C 

t/co a-sia*n*»iiS4fflfl?e®6afii^EiSiE:fflSSTfT#ffls®gn#Ti99i¥y.i^4¥aE 
LTiS'PtTV'/c*^ l996^Cm«Hiaffl^L^mx.TSt,a*Cttjt»^*'*''9, 1997^A'S

*3, *U?i#*C>ECTV.5„ a-Sffl*H«itt®TU«a^eiOMW®M 

«CK4:otl'5. a-SVsc-Sifi£ irtrii§6Sia*ll«it!i ti, BcJff®
-?> ra*«fflpvx 4-;v kax b*nj

J:^PV»AttB/j:ifCS:A?>nT, *69C4-atj*#<S*LTV'<

1.3 %AM##B@®mie

a) as«
-> x A AL, &3im$®^£$£*k, *fft**®i!IIS%0o/co 

1999 ^SfflE^«*H*H€'>XxA#A*«ttii**^#B 1998 ¥$® 147 BB*£> 160.4 
«HCiiESn/c„ PV SUt^r®te®ttx*;i/4z-:S:-S-tr^*CMLT»:®S$"e(i, ffx^iu 

¥-**#£S***l 1998 ¥6® 53.9 BRA'S 103.4 BBC, «tC#5l75SrX*;l'4f"-#A 

(BiSSHA3 * 5 51.8 SBA'B 80 BRC^h^etUtESn/co %*C^lt6#x*;i/f-#Aem$

tlBo

£C§Ti*;U¥-a5#AiilJS3ft/Co

(2) SEES
A®#A»#mf6kt:t,c, rsBsaa'S/rME (x'v-

y/f*) tt-BJift-j £9$:6U &gmTXv -y if ###J cj:oT1t«c PV-yx
AASrEeUTV^o $/c> o.-;i/A5Jttf t bT#E*E®M£%®{ft t/c0

(3) 5cais
SEtk^HLTBfcTS/cxdxx-ibBeaa/W o.y htf-*;HrX*ttSEU ff/cCH

fi*^'\®*H),fc%e-yxTASA$:itoCx3 4M,y/ixB<iV8%l1'BV/c„
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(4)
1996¥Sy,5R®E@^®*SX:%S->XTA©*A»5«iE$nTV'^0

(5) a««
rx3 3L7*--h®Slj JtoHESSlBEC I20kw ®±H

% T A &EE L A,

(6) ESS
SfS#W@BErfHT- PV ->^rAC#A5:ftSt. B"FBESril©TV'5.

(7) i6;6B6#

#< ©SW^aSStoiStitEx*;!/^-^^ a VT, Ex*;iz^-SAH-
h^hsltv's. **, %f A
7 4-7VKAX h**6&emUT, EWfe-aV'ttWT^&SlSR'N© PV ->XAAEe%liB 

LTV'6g©ftt£>9, ®C5lilLTV'6B?Bfrtj&-6o 

*fc, &<©#@#:A;m©#%cMc±m##%&E7$m&#ALTV'6. ^©to, ama 

*w©ftfcoc,

oTV'So

1.4 ##A%©g|$
#«*6ttii6am*iiEi*ic pv A&EmT&#B&mmL-cmmLTv\&. mam 

#I^AI#*%m©#R&@aT'SA©C, NPO%aCTtt^fflPV->7AAEB#E*ftT#ll

pv ->xta©#%M%&##T& a

v'So 1999 *m±, mam# cam L%, #iHm#fc'#Bm#*s mx a^,

©6bfi$®JSSr#ALA„

1998 lom#^tti:m®ffl%li*ET272S© PV i/x-r A£#A Vfc„ SEES

#m«4,116kWT&6.

1.5 -|R©PVl:)#Tsm*
astoRt/®#^ pv pv c*f-r5>-E©a«ttR$oo

o$>5,„ «A«, ASE8«S*®Sir, AEE#
ltl'5. 1998 ¥JtC l± 8,229 14=fflfE*C7tLT 6,352 fr/^iz^e tlA A\ 1999 ¥ 

®iil5*fr*SC*'* 17,396 frE_to fc„

2. PV->XtA©^S

2.1 pv ©am
aE^SSc pv ->xtA, &MSEm pv ->7tA, HiPV->2f a, K*if
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)V!% PV ->X7LA®SAe*!ilS*LTV''$>= PV ->7fAli 1 ffSfcO 3~5kW %+<C?C

UTV'So ftsgm PV->X-f AStgtt, 80%J<Ui5:tfi«)TV'*o &#%

mm pv $/%f A#A#® /f*m, #mm,
I0kw~50kw ?7X®->XrA>’zSA£ft'tV'6o BUffi PV '>^r A(ill, A#, BfSS 

9fmc 10kW~100kW 7 7Xffl'>XfA4!i±^ISESic!nTl'5, i$Xk*;vm PV ->Xt 

Al±*tthf;k #*3f, **3fmE 10kW~100kW i'7^®->37AiiIl, Bfg> ##cma 
gh.TV-5, lispv^xfi, iSSWflPV->x?A, -t ® fittSffim^® pv -> x a a ®

»a*i±, 5%-e&5„ c®g*'igcws;s®^®®^v'a«m, a*§-3saa
tarn, sum, &#wm, m#m%b®a&m«y%TAepcpv A^wga-ci^.

2.2 PVvXfASlSAi
* i cm#»gau®M##A*&$f.

m^e, #*, mmm6%/j'g 

a, «i§#r, a«mu®, ttammsu mmm, aK - *a»mm. %mmm
^=#'6?. 37->wv • 7-y? psri-cc^tTV'So %ttii£*4,srot§i;k rn$T-
HEmcsBsnrtA:*^ 1995^m%@Tmy%TAammgb-ck'ki\

titiAtt^, &#mm, mmmmK, mutfA-mw-L'T, as#®5Sc±o, 6¥S.k*l

TV-!-5>0 EoTPV $#®M#a 3-5kW%#®e%m±B*#%^%TA^ 10~100kW8HX®

-swtmemmm, pv
fc'tfeft < E^y - A -, -tf*3 X

861 4 rfrtB A» IC fc It 3 PV3RH3I AS
92/12/31

kWp
93/12/31

kWp
94/12/31

kWp
95/12/31

kWp
96/12/31

kWp
97/12/31

kWp
98/12/31

kWp
99/12/31

kWp

150 200 250 300 350 400 450 500

15,260 19,170 23,260 29,360 35,890 44,900 52,300 56,400

emm
1,220 2,300 5,130 10,820 20,500 43,100 77,750 145,500

mmmm.

s*s
2,370 2,600 2,600 2,900 2,900 2,900 2,900 2,900

•alt 19,000 24,270 31,240 43,380 59,640 91,300 133,400 205,300
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2.3 0 K 4~) l KxX h •

1999 pv '>^rAfsyo^7A(i F ABItE^'E 7 >f -;v F

f%hj,

hj , rw#f % % > rtf x ;v^'-

, r:L3x?-;F#mmm/wny h^wsiij ru* rxa^t

x*&%0

(i)
PV >/%f Atcf-:##kL 1997 ^SklH^EASn, PV'>XfA#Alt

###PV #&#####* 2%, 1997^4^^S^JSL^o

(7)m$RT-f txv^0 ###

Ai#^E^ % % A 6# A,

{SEME £ 9 "CjiMf 5 10kW^#(Z)S/%TA-e&6o 1999 W^Zj3#a lkw ^tzK)

'9X&&0
® 87.5 ^ R/kW FAT O '> X t A

{ (lkW^/3«9(7)'>XT-AE^ - 248,000 R) /2} x ^ a. -;W7)f:AftA (kW) + #

#mm^E

(2) 87.5^R/kW£Ex.> 95^M/kWmT(D^%f A 

32.92 ^R x E^o.-;K7)*AtHA? (kW) +

(D 95 R/kW&EAaS/XTA

31.27^R x ^>>'^-;FCDSAmA7 (kw) +
rne>(7)SS^ J: D, E^S/B PV '>X^A& 1994 539 # 1.9MW, 1995 1,065 #

3.9MW, 1996 #^tr 1,986 # 7.5MW, 1997 5,654 # 19.5MW, 1998 ^IC 6,352 #,24.1MW

^BBSn, 1999 17,396 #^^S$n/rQ 1998 56.9MW 1:#

LZco

(2) AFM;^E7 >r -;v Ft"x hSS
:©$I©li^©IDtl)?) : ^SB£'>XtA£BBLX\ PV C^T6—B(Dm#

; BBn x h (DIMES, 5W£frV\ bos RumfecDES! 

emnahofsm&mmfa;:;: 

t%£o\z?-?*mv)££tbZ)Z£o 
1992 1997 ^(7)6^^ mm##, %#.

186 4,900kW ^BESnfc0

F A^^^E 7 4-JV Ff 7 h J ##C j:6 PV '>XfA0il(j: 1997

U 1998
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(3) m*#m*i#*ssE7 -f ->v Kfxi'f*

&CBEL. eXiaeirjsltSSlERilSrfTV^air-^SrJR* • SHfrUT, *I#*SSE©#A
*#*?*&l: A yxA A©M?k 6B$A&U:$# A#A##

-■.©:*f(S%EISZt%Btei: LT 1998 ^ICX?- h Lfc„ ##*&#«. KI@:lfcJiK.l«fcA
&#a#, #«a#-e, B#-fb#mm© y x A A ^ #fmm#mm© 1/ % A A **###& ^ ^ -c 

V5= StoftStE© 1/2 T-&5.0 1998 %$Cti: 73 #, ti- l,940kWEe$nfc„ 1999
¥SCtt93fr> It 2,790kW *!g“IS tlAc

(4) «ffx^;v¥-#A(@a**
it65&#aft»s$$LfcWCj3^6E4:*;UjF"-SACE-6SSC-7V'T, 

zi:CJ:‘3, #fx*/p%-#A©&&*iAmm&EI6Z LAV'3„
*%%M#a#A&#a#A, ab^see, masse, *»«i, B$iex*;v%-, aba-x

n-yx* v-y3y, ##E#, **#SSE, **####&, 7 v-yx*
z©%A±l@*fSEC-3V'Tt;J:, yx

TAtij*»siookwa±Tfe^r fttoW, fitoftS*fl!®1/2W1A t:&
tv'^o i998¥siii7#©$#*ift$v, z © ?^4#=*; 
RtJftfc. 1999%6t±37fr©$tt© 7 A, 19#©PV->XAAlZ#g)*»5$i^Sh.fc„ 1998%$ 

^ 6 2002%$ $"eizA$LTV'5BEBBt;t S#T2,039kWT' h 6.

(5) Sfx*;lz*-SSS$$VII
x*;k%-4r*xVA4-©«ftRUtifc*3t:«*m©«,£%e>, AB*%E, MASSE, *B 

gtfto, fi$Sx*;k%-HM, A^*-X3--7x*y-->3y, «#E#, #^##E, g* 

«Bt48£, **#mWAtf©#rx*;i/%-#A#%&fti#C#LA@^&#L, frx*;k 

4F-©Aim*»#A<Sm&m6Zk&B*k LTV\6.
*#*E*M#&61\£rx* A+*-#A**Srfffc"5 

friZT'2fe£o #%$«#%*&%m©l/3mm, ttB«Bti:*tgt«K©90%i:»->T:V5lo 1998% 

$lil8%©3Ztt7)i8iSL, Z©7 AAlSASSEiilfr, 116kW65BE$ftA„ 1999%$kt32%©32 

tt©7*>, 1#© 116kW PV-y X A A Cifti^SteSllfc, 6

(6) #%m%mx % /!/%-#*&%##*##

%##cait&x4vk%-#^&WM-&bk W:, 5*& - #SSCgm
1"5Zi:%BMi: LA, %A&#a#:^fT7m3#©«m9rCj3lt6#rx^ii/%-&#MLAx 

*7k%-«#6iBE©S<iC»LT*lb5rff7o
#m#ti%A&#a*A, *mmE«B%%fsm©x*/u^-mmz&mt4:tctA>tt 

wt4i#k5.ti4m &em, &H#©««#0fjf>,i-if*, #*#, mmmt l, #m$
(iEEEffl 1/2 Um A&6.1998 %$&U»1999%$1Z 46 %,lt l,390kW KA.
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(7) J: 3 x f a v h
h -f-i/y -/"CS^£ ft fc0 :: ©SS® B 

##%:##[ L/=^15^^E L. h .

z &#4#0%mE0a#&mmf az ^r^ao
^m#m^(a)pv. am. (b^mrnm.

(c)^zk^ijmm. S(/(d)fxt>it^§o
3c3'4izM*nm(Dm^zfem<DM®±*, i5###ci/20#mA%. 15#&h. %#ci/s 

60 PV'>xfAItC^lTtilltOiiMlfflSti^o 

P V '> X t A & 1997^S £ & 10$ (266.5kW) 1998^^^415 (l70kW) C. 1999^1:^

915 (l90kw) HEE£ftfc0

a/=. 1998^1:^. MlE^ST r%3^^yxx#m##j l: j: ^Tg^^^85^C250g
(7)PV'>X t A^EE£ ftfc0 EEEW*^3,590kWe$)^)o
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2.4 HH£.tfR&DC:Mt5^S

Am*ES7XTACMT6?*ia:W%ME, HE, 
c^^^siimeffieASTSsbtocipesnTV'^o e%ME?ma, iisM^^ysi 
E, *ISt«sME, PV7XrA|flE, H®$MEje£EECE#§aTV'.5,
EH 7 -f -;v Kfx h i:S*ffl7 -r -A- Ftx hCEti-saTVS#, Ejt/S7 4 -AKxx h 

c*^»iH»'h.TV'-6o ±i#*E%7 x% A A^6T& 6, c@m, %#

Ex * x ^ ^yfiisi

tZ>Zttf°Sm-eib&i>K :ne.O?IliPVK*I-C, A0#0Ex*Af-&^A,TV'60T,

^3 c a r a e> ® tv'Jtv'„

*3 E3EME. EEAdT’xA. *Jg-r>-b>7N Aro^S

1996% 1997% 1998%

E3E
hm

1111 #8 RE
ME

HU #s
re
ME

1111 S*6

aa asm 75.9 13.5 111.1 85.3 25.7 159*1 97.0 25.2 160.4

(*H) - - 2.1 - - *2 - - *2

*' i998*$0$%a@%0?*i:ia@$m±i#*a**A*K#m$#0?*0B*'i::BBm*mx

*A*-gtEt6BBtil d2«pq) t,s$arv3„
*2 rSmTEffl PV-> x T A IC/tr 3±3Be#Sl $ H$6 U XT V' 5 „ ^wau^w.

3. mm&t%m

3.1 ±p@m*&vt^%-ii/0Amm
a^acjslf 6 PV ■fcA-&Ur:E7x-;vy-*-0e@£8 4a C/ST, 1999 #Cj3it6AI# "

e»B.u?:e-7^.-;vy-A-(iM-b7, -> + -7', HffS®, T-py y, xy - CT-f- da 
±mia< &A,), 5**#0 7&T&6, T-y^-^y-A-aBSft-yxAHtt,
xA•XX• 7-f ®2 tt"CS>'50 6S->7"y?XMSCfxA-tf'??ltti®M Si SB0* 
&4SELTV'*, *F§Ste04El:ttB4fflB.U:«*ffl0iElf'5r$LTV'^<>

8 4b Ca»sgCatt^PVSiiSjfeS0:E-yx-;V4E7,n-bX6mT,
84c Cb»$HC jst-j-dftStoT -7 X-lit tin PV 17

8 4d CAHeite pv T 7 x -;uy - * - c ait -5SrEES., E®Si6$T,
8 4e C pv ®iSA#0t7 x -;u4S0lf8t£3ilHS%iST,
8 4f C^-iBSRWEST 7 x. -/>i/0fS86W§6ST,
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354a 1998%I:fcltSEv a-A##±

•bJUogg
m±.mm cmwP) A*

±SIB2i
(MWp)

t^a-ju
M«lEfI WW*3&-IzJU */ i-Jl

*t7 S^$naaSi 30.2 30.2 36 IEC61215.
UL1703 IS09000

is V —~f mass
a-Si

8.5
21.3

0.2

8.5
21.3

0.2

10.0
22.0

2.2
ISO9001
UL1703

ISO9001 x 
IS014000

a-Si
a-Si/sc-Si

4.6
5.9

4.6
5.9

5
8 IS09000

fV/> a-Si 1.31 1.31 10 IEC61646 IS09000

BS^Qv x JU3a>6 m$i£kS\ - 1.5 5.0 UL1703
17 • 0 #—*9 — 
(IB*IW< S/v)

S$SaBBSi
^aiSi

0.10
0.01

0.94
0.03

1.0
1.0

£$SaBaSi 4.5 4.5 10 IS014000

flMfb^XX a-Si 3.0 3.0 20

x A • xx • $teasi - 3.0 15.0 IS09000 
(BP Solarex)

•alt 79.62 84.98 145.2 9

S54b #&A#12%mPVtya-JUA#7Dt% ($SKi£3fe#£Wt;)

^yi- JUSjSjfeU il7otxoi&X777

Mi: 7 E#Si«A -> #teSSHzJU -» tya-ll

'> •*» — ~f
#m&Si*mmA -> S^aBaSii:;U -» ^y'a-jt
WMSMA -»^aBaSigl£ -> #^ASit& -*

7^JUX 7 XSii:)l> iyi-il/
SimtfXRtf®® (TCO#) BRA -»a-SitJU -» Eva-JU
EftSiWA ->W®a"aSiSt5 -^a-SiZStSaSSi-bJL. -> Tva-JU

4rW> X*—VU$tii<i:SiH47j'XjEIA a-Siiz ^ v a — ^1/
BS^Qv x JfcteHSitJUteA •» ivi-IL

17 • 0 *—9 — 
(10*1*113: <£ A,)

SisasietsBA -> measitju
^•®a"aSiS«»A -» »te&SitJU

1 »te&Si®@BA -» SUtea-aSitiJU -» ^Ev a-JU
tt%KI:*XX SiH47j'XS.VSt5 (TOO#) #A ^ a-SitjL -» ^yi-Jl

XA•XX•
SS-tea-aSitJl.BRA -> ^Eva-JU 
^teaaSi^ Vs a — JUBA
SiXf 7'y7@#mm&mA ->^aBaSi$tR

XAtTV? SiX7 7 7 7»A -» CZ4 >d' y h -» Stea=aSi$S
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*4c

3.-11

SSdfeS

ft
%
m

m,
-h
mtw#

rtiXg$Xj?$

(mm)
H

(kg)
Pmax

(W)
V0p
(V)

lop

(A)

Mi2 7 971X1,120X36 13.8 145 19.9 7.29 o o

v-t-7

seasi 802X1,200X46 12.5 140 27.5 5.10 o o
wtsa/
$eas. 1,500X2,000X16 31/m2 310 — — X o
»@as. 802X1,200X46 12.5 136 26.7 5.09 O o
$masi 837X1,196X35 12.5 130 26.7 4.86 O X

3-Si 1,500X2,000X18 40/m2 106 — — X O

3-Si 460 X 657 X- — 15 — — X o
a-Si/

SKSSi 1,320X895X35 15 180 50.7 3.55 O o
3-Si/

mtetfeSl 1,320X895X35 15 167 48.6 3.44 O o
3-Si/

S^SSi 1,403X345X36 6.8 45 12.7 3.55 O X

BSftvx Jl/^>6

m^&si 1,200X527X34 7.6 75 17.0 4.4 O o
mmasi 982X897X35 11.0 114 35.1 3.25 O X

seasi 982X869X35 11.0 112 34.8 3.21 X o
m^ssi 1,293X329X34 5.5 55 17.4 3.15 X o
s&asi 977X440X35 5.5 55 17.3 3.16 X o

X7 • l)^"—7— 
(IB*Sli<5A.)

•S-$nroSi 1,185X530X35 8.6 86.0 18.0 4.78 X o
stsasi 1,185X435X35 6.8 74.0 22.0 3.36 X o
stsasi 985X445X30 5.8 55.0 17.2 3.20 X X

3-Si 910X455X4 5.5 30 41 1.0 O o

IA • IX- >t4

^InSSi 903X930X33 10.5 86 23.0 3.74 O X

seasi 1,113X991X50 14.0 126 34.0 3.71 O o
»masi 1,113X660X50 9.5 88 17.0 5.18 O o
^$araSi 1,113X502X50 7.2 68 17.5 3.89 O o
s-easi 1,461X502X50 9.5 88 17.0 5.18 X o
mmasi 1,183X525X43 7.2 75 17.0 4.45 X o
sisasi 1,183X525X43 7.2 80 17.0 4.7 X o

Beets

$%asi 1,275X850X19 13.0 126 19.2 6.56 O o
$easi 1,271X827X37 13.0 132 19.4 6.81 O o
^teasi 1,271X827X37 13.0 140 11.6 7.15 O o
$-$$asi 1.340X540X40 8.5 75 11.4 6.56 O X

*W> 3-Si 219X2,000X- 2.6 25 15 — O X
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s

ra
H
SI
96

H
M

vj

H
>

H

1

rv
m
m

a

V III
% *

rH
Nr.
M
J_

zs 4 X # to to i (T X"

ov 1 • H to X~ to vl HI E

3 Hr
1

4
A

m %

mm V # s# »8 mm rx
ai

mama M go *« A H HOP
mam go m X # -IS gas wwssa * MBSt N'

3W 1 Hi ft l | to at s$ a HflU -»aw> vito H rv w to go to^
lUtoaS Sfi $F > 4 itt SFs HE s toE d sta • Sc- 4^ H
E$F 1 rfc E 1 s E rH 3S H rH a r i <IR 1 E 4 to d rH 55 ma
H 1 * EH H 3 to 55 X; rH e HI #a i^ Nr. to as#
1@$FE H m w# Mx 8 to M e+ 3? mm go X rH H IS M nm
*EH mm U n» Em rH tir 1 M ni 

w
it* rH M Nr. SS 1 Or -.E

$H1@ m 1 m rH X Nr. rH V1 1 r=» v; rH # m m r2 c H X
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National Survey Report on PV Power Applications in Japan

i Forward

The international Energy Agency (IEA), founded in November 1974, is an autonomous body within 
the framework of the Organization for Economic Co-operation and Development (OECD) which 
carries out a comprehensive programme of energy co-operation among its 23 member countries. 
The European Commission also participates in the work of the Agency.

The IEA Photovoltaic Power Systems Programme is one of the collaborative R&D agreements 
established within the IEA, and since 1993, its participants have been conducting a variety of joint 
projects in the applications of photovoltaic conversion of solar energy into electricity.

The overall programme is headed by an Executive Committee composed of one representative 
from each participating country, while the management of individual Tasks (research projects / 
activity areas) is responsibility of Operating Agents. Currently eight Tasks have been established.

The twenty member countries are Australia (AUS), Austria (AUT), Canada (CAN), Denmark 
(DNK), Finland (FIN), France (FRA), Germany (DEU), Israel (ISR), Italy (ITA), Japan (JPN), Korea 
(KOR), Mexico (MEX), The Netherlands (NLD), Norway (NOR), Portugal (PRT), Spain (ESP), 
Sweden (SWE), Switzerland (CHE), The United Kingdom (GBR) and The United States of 
America (USA). The European Commission is also a member.

ii Introduction

The objective of Task 1 of the IEA Photocoltaic Power Systems Programme is to facilitate the 
exchange and dissemination of information on the technical, economic and environmental aspects 
of photovoltaic power systems for application by utilities and other users. An important deliverable 
of Task 1 is the annual International Survey Report on PV power applications, and is based on the 
information provided in the National Survey reports which are produced annually by each Task 1 
Participant. The guidelines given in this document are intended to assist national experts and other 
participants of Taskl in the preparation of their annual PVPS National Survey Reports.

As the International Survey Report is based on the National Survey Reports it is important that 
experts follow these guidelines when preparing their national reports. The International Survey 
Report is an external publication of the IEA-PVPS Implementing Agreement so it must not contain 
confidential information. In contrast the National Survey Reports are classified as internal reports 
and are not published within the IEA-PVPS Implementing Agreement. When preparing National 
Survey Reports, experts should make their own arrangements with their sources on how to treat 
confidential information (e.g. by restricting circulation or ensuring anonymity of the data).

iii Definitions, symbols and abbreviations

For the purposes of this report, the following definitions apply:

PV power system market: The market for all nationally installed (terrestrial) PV applications

PV system: Modules, inverters, batteries and all installation and control components

Module manufacturer: An organization carrying out the encapsulation in the process of the 
production of PV modules
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Off-grid domestic: PV systems installed in households and villages which are not connected to the 
utility grid

Off-grid non-domestic: PV systems used for a variety of applications such as water pumping, 
remote communications, safety and protection devices, etc. which are not connected to the utility 
grid

On-grid distributed: A PV system installed on consumers’ premises usually on the demand side of 
the electricity meter. This includes grid-connected domestic PV systems and other grid-connected 
PV systems on commercial buildings, motorway sound barriers, etc.

On-grid centralized: PV systems used for support of the utility distribution grid performing the 
function of a centralized power station.

Turn-kev price: Price of an installed PV system excluding VAT/TVA/sales taxes, operation and 
maintenance costs but including installation costs. For an off-grid system, the prices associated 
with battery maintenance/replacement should be excluded. If additional costs are incurred for 
reasons not directly related to the PV system, these should be excluded.

Field Test Programme: A programme to test the performance of PV systems/components in real 
conditions

Demonstration Programme: A programme to demonstrate the operation of PV systems to the 
general public and potential users/owners

Market deployment initiative: Initiatives to encourage the market deployment of PV through the use 
of market instruments such as green pricing, rate based incentives etc. They may be implemented 
by government, the financing industry, utilities etc.

NC: National Currency

Final annual yield is defined as the total energy delivered to the load during the year per kWp 
installed.

Performance ratio is defined as the ratio of the final yield to the reference yield, where the 
reference yield is the theoretically available energy per year per kWp installed.

4 of 28
- 236 -



1 Executive summary

Japan has carried out actively and steadily the policies on R&D programme, demonstration 
projects for promotion, paving the way programme for full scale introduction and the like since 
1990 to develop and promote photovoltaic power (PV) systems.

The followings will be noted as the important trend in 1999; PV module was approved as building 
material by the Minister of Construction (April); the Strategy on New Energy Technology was 
developed by the Agency of Natural Resources and Energy (ANRE), the Ministry of International 
Trade and Industry (MITI) (October); Nonpartisan Diet Members’ Alliance for Natural Energy was 
organized (November); New Energy Subcommittee was established under MITI’s Advisory 
Committee for Energy (December).

In addition to the Government’ policy, many local governments have been introducing the subsidy 
systems, no-interest loan systems and so on for people of the district who install PV system to their 
own houses. Some municipals that have established “New Energy Introduction Vision” started to 
introduce PV systems to their own facilities.

The budgets for FY1999 of major National Programmes are as follows;
1) New Sunshine Project (PV R&D): 8 360 MJPY
2) SOG Silicon Production Technology Development: 1 000 MJPY
3) Residential PV System Dissemination Programmes: 16 040 MJPY
4) Field Test PV Programmes for Industrial Use: 2 410 MJPY
5) Financial Support for Industries Introducing New Energy: 10 340 MJPY
6) Introduction and Promotion of New Energy at the Regional Level: 6 760 MJPY
7) Support for Local Efforts to Introduce New Energy Resources: 1 240 MJPY 

The budgets for items 5, 6 and 7 include other new energies as well as PV.

The 1999 production of PV module in Japan recorded about 85 MW with increase of about 60% 
over last year. The production of PV module recorded the substantial increase for three 
consecutive years. Many PV manufacturers plan to expand or are expanding their production 
capacity from 2000 onwards.

PV market in Japan has been expanding year by year under strong policy for promotion of 
residential PV system. Some housing manufacturers start selling the houses equipped with PV 
system on a commercial basis. Also “Eco-school” project and “Eco-campus” project that aim at get 
students to be interested in environmental issues are expanding. The ripple effect through 
environmental education is greatly expected in the future.
Public perception to PV in Japan is getting more and more positive through ambitious and strong 
supporting measures on PV introduction and promotion.

Ambitious and strong policies, introduction projects and dissemination projects for PV promotion 
have contributed significantly to make progress in reducing cost and boosting production capacity 
of PV cells, and result in expanding the bases for full-scale introduction.

1.1 Progress of policies, programmes and projects on PV promotion

1990 (1) Procedure to installation of PV systems less than 500 kW was simplified by the
amendment of “the Electricity Utility Industry Law”

1991 (1) The Electricity Utility Industry Council made the suggestion that the buy-back system
of surplus power by new energy should be introduced, and the introduction and 
promotion of the dispersed-type power sources should be mainly focused on the new 
energy.

(2) Electric Power Companies announced “PV introduction project” that PV systems 
were going to be installed 2 400 kW by 1995 (Results: 2 659 kW).
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1992 (1) Buy-back system, which electric power companies should buy back the surplus
power by PV from their customers at the selling price, has been implemented.

(2) “PV Field Test Project for Public Facilities” started.
1993 (1) “Guideline of the Technical Requirements for Grid-interconnection” was prepared.

(2) MITI (Ministry of International Trade and Industry) started “New Sunshine Project”.
1994 (1) “Residential PV System Monitor Programme” started.

(2) “Basic Guidelines for New Energy Introduction” came to a decision at the Cabinet 
meeting. The target capacity for PV introduction was set 400MW by 2000 and 
4 600MW by 2010.

1995 (1) Government agencies started to study the introduction and applications of PV
systems.

(2) Local governments got their own planning on “Vision for Regional New Energy” 
started.

1996 (1) Advisory Committee for Energy made the additional suggestion to “Energy Policy for
PV Market Self-sustaining.”

(2) In MITI’s Economic Structure Plan “ Program for Reform and Creation of Economic 
Structure ”, the target of new industry in the field of new energy was focused on 
fostering PV industry.

1997 (1) “Law on Special Measures for Promotion of New Energy Utilization (Law for New
Energy Promotion Introduction)” was enacted.

(2) “Residential PV System Dissemination Programme (former Residential PV System 
Monitor Programme)” started to deploy residential PV system on a large scale.

(3) Subsidy System for industrialists who plan to introduce new energy was established.
(4) “Regional New Energy Introduction Projects” started.

1998 (1) “Long-term Energy Supply and Demand Outlook" was revised. The target capacity for
PV introduction was set 5 000MW by 2010.

(2) “Basic Guideline for Promotion Measures to Arrest Global Warming” was settled.
(3) “Environmentally-Harmonized Energy Supply Promotion Project" was initiated.
(4) “PV Field Test Project for Industrial Use” was initiated.
(5) “Law Concerning Promotion Measures to Arrest Global Warming” was enacted.
(6) Guideline of “Law Concerning the Promotion of Development and Introduction of Oil 

Alternative Energy” was revised. PV was regarded as one of oil alternative energies.
1999 (1) New Energy Subcommittee under MITI’s Advisory Committee for Energy was

established.
(2) Strategy on New Energy Technology was developed
(3) PV module was approved as building material by Minister of Construction
(4) Over 15,000 applicants for Residential PV System Dissemination Program were 

entered.
(5) Prefabricated housing manufacturers started promoting sale for housing with PV 

system as standard model.
(6) Nonpartisan Diet Members’ Alliance for Natural Energy started.

1.2 Transition of PV cell production

The production of PV module in Japan in 1999 recorded about 85 MW, about 60% increase to the 
year before. The production of PV module in 1998 was about 53 MW. The production recorded the 
substantial increase for three consecutive years. The figure 85 MW is equivalent to the amount of 
world production in 1995. In 1999 Japan became the largest PV production country in the world, 
overtaking USA. It will be considered that “Residential PV System Dissemination Program” and 
“PV Field Test Project for Industrial Use” have paid a significant role in leading PV market and 
served as strong driving force to increase PV production.

Single crystalline silicon solar cell has been staying to lower level since 1997 and the production of 
sc-Si cell in 1998 was outstripped by a-Si cell. Multicrystalline silicon solar cell has overwhelmingly
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dominated over the market in Japan for the last 5 years and keeps up with the increasing demand 
of solar cell market in Japan. Amorphous silicon solar cell had continued to decrease for four 
consecutive years since 1991 because of the saturation of commercial market, the time lag of 
market development for new applications and so on. However, in 1996 the market for a-Si cell 
recovered and the market turned to grow again from 1997 because amorphous silicon solar cells 
began to be used for electric power application. The market for a-Si solar cell requires annual 
production of 10 MW. Crystalline silicon solar cell, including a-Si/sc-Si has been significantly 
growing in quantity, in step with expanding of electric power market due to the Government’s 
“Residential PV System Dissemination Program” and “PV Field Test Project for Industrial Use”, 
and the PV introduction scheme by electric power companies and so on.

1.3 Activities of Government Agencies

(1) MITI
PV System Dissemination Projects were enhanced, the budgets of the current projects were 
increased and new promotion projects for PV system were established. FY1999 budget for 
“Residential PV Systems Dissemination Programme” was increased 16 040 MJPY from 14 
700 MJPY in FY1998. And regarding the budgets including other new energies as well as PV, 
there are the following three programmes. The budget for “Subsidy Programme for New 
Energy Industrialists” was increased 10 340 MJPY from 5 390 MJPY in FY1998. The budget 
for “Regional New Energy Introduction Project” was increased 8 000 MJPY from 5 180 MJPY 
in FY1998. “Regional New Energy Introduction Project” includes “Introduction and Promotion 
of New Energy at the Regional Level” project and “Support for Local Efforts to introduce New 
Energy Resources” project.

The Strategy on New Energy Technology was developed by the Agency of Natural 
Resources and Energy, MITI. New Energy Subcommittee was organized under MITI’s 
Advisory Committee for Energy.

(2) Ministry of Construction
PV installation to sound barriers and other facilities of freeways has been gone on with as 
before. “Guideline for Planning Environmentally-Friendly Government Facilities (Green 
Government Office Building)” was established, and PV systems have been installed to the 
buildings of the agencies under “Green Government Office Building Project Aiming at 
Environmental Co-existence”. PV module was approved as building material by the Minister 
of Construction

(3) Ministry of Education
“Eco-school Promotion Pilot Model Project” in partnership with MITI has been continued to 
promote and install PV systems to schools in all over Japan. In addition, “Eco-campus 
Promotion Project" was newly established to introduce PV system to national universities 
and colleges.

(4) Ministry of Posts and Telecommunications
PV installation to post offices’ facilities has been implemented since FY1996.

(5) Ministry of Transport
“Eco-airport Plan” oriented environmental protection was announced and 120 kW PV system 
was installed to Narita International Airport’s facilities.

(6) Prime Minister’s Office
The Office decided to install PV system to the new building of the Prime Minister’s Official 
Residence and the construction work is now under way.

(7) Local governments and municipals
Many local governments and municipals start actively grappling with the environmental 
issues and developing “ New Energy Introduction Vision”. Actually many municipals have
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been planning and implementing the introduction of PV systems to their own facilities or 
public buildings under their management for the possible use of Mill’s Regional New Energy 
Introduction Project and “ PV Field Test Project for Industrial Use”.

In addition, many local governments have been introducing the subsidy system that can be 
added to the Government’s subsidy. In stead of the added subsidy system, some municipals 
introduce financing support, interest compensation system, or no-interest loan system.

1.4 Activities of Power Companies

Power companies have implemented their plan to install PV systems to their own facilities.
Tokyo Electric Power Co., Inc. (TEPCO) continues to implement new subsidy system to support 
R&D on PV system and the subsidy system for their customers which subsidizes a half of 
residential PV system installation cost through NPO to promote PV system introduction within their 
district. In 1999 Kyushu Electric Power Co., Inc. and Chugoku Electric Power Co., Inc., following 
TEPCO* introduced the similar subsidy system for NPO, universities, research institutes and so on. 
As of the end of 1998, 10 Electric Power Cos., Inc. and Power Resources Development Co., Inc. 
introduced PV systems of 272. The accumulated capacity installed was 4 116 kW.

1.5 Public perception

Public perception to PV in Japan is getting positive through ambitious and strong policies and 
programmes on PV introduction and promotion. For example, in case of “Residential PV System 
Dissemination Programme”, the number of applicants has been growing year by year. In FY 1999, 
17 396 applicants were accepted, though 8 229 applicants were accepted and 
6 352 monitors were qualified in FY1998.
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2 The Implementation of PV systems

2.1 Applications for photovoltaics

The installed amount of PV systems has been increasing year after year by developing the market 
in the sector of PV systems for private houses, public facilities, industrial facilities and commercial 
buildings by financial support of MITI. Residential PV systems are increasing year by year mainly in 
range of 3-5 kW per house. The demand of residential PV system is accounted for 80% or more of 
total PV demand in Japan. PV systems for public facilities are accounted for 10% or less. 10-50 kW 
PV systems are installed mainly to schools, governmental offices, hospitals, welfare facilities, 
public halls. 10-100 kW PV systems for industrial use are installed to roof-tops and roofs of 
factories, warehouses, laboratories and so on. 10-100 kW PV systems for commercial buildings 
are installed to roof-tops, roofs and exterior walls of head offices, business offices, branch offices. 
Installation of PV system for industrial buildings, commercial buildings and other industrial facilities 
is about 5% in total. Besides, off-grid non-domestic PV systems without governmental support are 
utilized as power supplies for telecommunication, traffic sign, remote measurement, ventilating fan, 
lighting and the like.

2.2 Total photovoltaic power installed

Table 1 shows the cumulative installed PV power in 4 sub-markets. On-grid distributed PV 
application dominates over the PV market in Japan. As off-grid domestic market, there are PV 
application for mountain cottages, remote area and island, but the market scale is very small. Main 
PV applications in off-grid non-domestic market include power supplies for streetlight, 
telecommunication, pumping, remote measurement emergency measure for disaster, agriculture, 
traffic sign, ventilating fan and the like. Off-grid non-domestic market has already been built up as 
the commercial market in Japan. PV systems for demonstration have been installed so far to 
promote on-grid centralized market, but no PV system has been installed since 1995. On-grid 
distributed market has remarkably expanded year after year mainly because PV system 
installations to private houses, public utilities, industrial facilities, commercial buildings have 
increased by financial support of the Government. Therefore, the development of PV market has 
been focused on 3-5 kW residential PV systems and 10-100 kW PV systems for public facilities, 
industrial facilities, commercial buildings. Housing manufacturers, battery manufacturers, building 
material manufactures and construction companies as well as PV cell manufacturers have been 
entering this market.

able 1: The cumulative installed PV power in 4 sub-markets.

Sub-market/
application

31/12/92
kWp

31/12/93
kWp

31/12/94
kWp

31/12/95
kWp

31/12/96
kWp

31/12/97
kWp

31/12/98
kWp

31/12/99
kWp

off-grid
domestic 150 200 250 300 350 400 450 500

off-grid
non-domesti

c
15 260 19 170 23 260 29 360 35 890 44 900 52 300 56 400

on-grid
distributed 1 220 2 300 5 130 10 820 20 500 43 100 77 750 145 500

on-grid
centralized 2 370 2 600 2 600 2 900 2 900 2 900 2 900 2 900

TOTAL 19 000 24 270 31 240 43 380 59 640 91 300 133 400 205 300
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2.3 Major projects, demonstration and field test programmes

Main demonstration programmes that were implemented in FY1999 were “PV Field Test for Public 
Facilities”, “Residential PV System Dissemination Programme”, “PV Field Test for Industrial Use”, 
“Regional New Energy Introduction Project”, "Subsidy Programme for New Energy Industrialists”, 
“Environmentally-Harmonized Energy Supply Project”, “Eco-school Promotion Pilot Model Project” 
and “Eco-campus Promotion Project”.

(1) Residential PV System Dissemination Programme

“Residential PV System Monitor Programme” developed into “Residential PV System 
Dissemination Programme” in FY1997. The latter programme started on April, 1997 to enlarge 
further the scale of PV promotion.

“Residential PV System Dissemination Programme” aims to subsidize the PV installation cost for 
individuals on the condition that they perceive the significance of PV and provide the operation 
data of their PV system. The subsidy is given three categories, (i) an individual who is going to 
install PV system to his own house, (ii) housing supplier of housing development complex and (iii) 
local public organization who is going to introduce PV system to public house. Less than 10 kW PV 
system with reverse power flow connected to low voltage line is subsidized. Subsidy per 1 kW in 
FY1999 is provided as follows;

1) in case of 875 thousand JPY/kW or less system:
{(system cost per kW - 248 thousand JPY)/2} x maximum module output (kW) + sales tax

2) in case of more than 875 thousand JPY/kW to 950 thousand JPY/kW or less system:
329,2 thousand JPY x maximum module output (kW) + sales tax

3) in case more than 950 thousand JPY/kW system:
312,7thousand JPY x maximum module output (kW)+ sales tax

Residential PV systems have been installed to 6 352 houses, 24,1 MW in FY1998; to 5 654 houses,
19,5 MW in FY1997; to 1 986 houses, 7,5 MW in FY1996; to 1 065 houses, 3,9 MW in FY1995 and 
to 539 houses, 1,9 MW in FY1994. In FY1999, 17 396 houses (64,3 MW) were accepted. The 
accumulated capacity installed was 56,9 MW as of FY1998.

(2) PV Field Tests for Public Facilities

The objectives of this programme are: to pave the way for promotion of public perception to PV by 
installing the system to public facilities; to collect and analyze the installation cost, categorize the 
BOS components and installation methods and reduce the installation cost of PV system; to 
accumulate and analyze the operation data and arrange the data to be available for the future plan.

During FY1992 to FY1997, 186 PV systems in total 4 900 kW have installed to public facilities, 
such as schools, hospitals, clinics, welfare facilities, manufacturing plants and office buildings.

“PV Field Test for Public Facilities” programme has successfully completed in FY1997 and then the 
data collection and analysis of PV systems installed under the Programme have been carried since 
FY1998.

(3) PV Field Test for Industrial Use

This programme started in FY1998. The aim is; (i) to install in trial PV system using new technology 
effective to introduce to industrial sector, such as industrial facilities, (ii) to demonstrate availability 
for introduction of PV system by collecting data and analyzing a long-term operation under 
demonstration test and (iii) further standardization and diversified introduction applications toward

10 of 28
- 242 -



full scale deployment of PV system. Eligibles for subsidy are private company, local public 
organizations and other organizations, who are going to install modular type PV system and novel 
application of PV system. Half of PV installation cost is subsidized. In FY1998, 73 PV systems, 1 
940 kW were installed, and in FY1999, 93 PV systems, 2 790 kW were qualified.

(4) Regional New Energy Introduction Project

This project aims at accelerating new energy introduction by supporting the regional projects that 
governments established for new energy.

Eligibles for subsidy are local public organizations who are going to introduce and promote PV, 
wind power, solar heat, differential temperature energy, natural gas co-generation, fuel cell, wastes 
generation, use of waste heat, production of wastes fuel, clean energy car, energy saving 
measurements. PV system is subsidized to 100 kW output and over. Half of system installation 
cost is subsidized. 17 systems in total were subsidized in FY1998, and 4 systems out of them were 
PV systems installed to elementary schools and city halls. In FY1999, 19 PV systems out of 37 
qualified systems were subsidized. The accumulated capacity installed in FY1998 to 2002 will be 2 
039 kW.

(5) Subsidy Programme for New Energy Industrialists

This programme aims at accelerating new energy introduction by supporting the industrialists who 
set about introducing new energy, such as PV, wind power, solar heat, differential temperature 
energy, natural gas co-generation, fuel cell, wastes generation, use of waste heat, production of 
wastes fuel, from a viewpoint of energy security and global environmental protection.

Eligibles for guaranteed debt or subsidy are private industrialists who set about new energy 
business. A third of system installation cost is subsidized and guaranteed debt is 90% of a debt. In 
FY1998, 116 kW PV system out of 18 qualified systems and in FY1999 100 kW PV system out of 
32 systems were subsidized.

(6) Environmentally-Harmonized Energy Supply Project

This project aims at securing energy supply in disaster, and educating global environmental issues. 
Subsidy is provided paving the way for infrastructure of energy supply facilities using new energy at 
safe shelters where local public organizations earmark for.

Eligibles for subsidy are local public organizations. Targeted facilities are government office 
buildings, police stations, fire stations and safe shelters, such as schools, public halls, parks where 
are considered suitable for installation of energy supply system against disaster. Half of system 
installation cost is subsidized. Total 1 390 kW of 46 systems was subsidized in FY 1998 and 1999.

(7) Eco-school Infrastructure Promotion Pilot Project

This Project initiated in FY1997 with the partnership of MITI and Ministry of Education. The project 
aims at implementing pilot model project to demonstrate and promote environmental-friendly 
schools, providing students with environmental education, and further improving school facilities.

Eligible projects are (a) new energy utilization, including PV, solar thermal, wind power, 
geothermal and fuel cell, (b) tree planting promotion (c) gray water utilization, and (d) energy 
efficiency.

The Ministry of Education provides the subsidy of fixed cost with investigation for fundamental 
planning, the subsidy of half of cost with new school building and one-thirds of cost with rebuilding 
and retrofitting. MITI's subsidy is available for PV system installation.

PV systems were installed to 10 schools (266,5 kW) in FY1997,4 schools (170 kW) in FY1998 and
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9 schools (190 kW) in FY1999.

In FY1998, 250 PV systems were introduced to 85 national universities under “Eco-campus 
project” through FY1998 supplementary budget. Total installation capacity was 3 590 kW.
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Table 2: Summary of major projects, demonstration and field test programmes

Project
Data plant 
start up

Technical data/ 
Economic data Objectives

Main accomplishments until the 
end of 1999/ problems and 

lessons learned
Funding

Project
Manage
-ment

Remarks

Residential PV 
System 
Dissemination 
Programme
(FY1994-)

- Grid connected, 
residential 
(<10kW)

- Subsidy: 
see NOTE 3

- Perception to PV
- Dissemination of PV

- Collection of PV 
operation data

- 9 244 residential PV systems 
have been installed in total 
during FY1994 to FY1997 (32.8 
MW).

- 6 352 houses were qualified in 
FY1998 (24,1 MW).

- 17 396 houses were accepted in 
FY1999 (64,3 MW).

- All objectives have been 
achieved successfully.

- Better understanding to PV has 
been promoted.

- Cost of system reduced 
substantially.

- ANRE1, MITI
- Budget:

FY1994
2 030 MJPY 

FY1995
3 310 MJPY 

FY1996
4 056 MJPY 

FY1997
11 110 MJPY 

FY1998
14 700 MJPY 

FY1999
16 040 MJPY

- NEF2

- Applications for residential PV 
system subsidy have been 
increased year by year.

- Total budget FY1994 to
FY1999 was 51 246 MJPY.

- Title of "Residential PV System 
Monitor Programme" changed 
to" Residential PV System 
Dissemination Programme" in 
FY1997.

NOTE)
1. ANRE: Agency of Natural Resources and Energy
2. NEF: New Energy Foundation
3. Subsidy for FY1999

(1) in case of 875 thousand JPY/kW or less system:
{(system cost per kW - 248 thousand JPY)/2} x maximum module output (kW) + sales tax

(2) in case of more than 875 thousand JPY/kW to 950 thousand JPY/kW or less system:
329,2 thousand JPY x maximum module output (kW) + sales tax

(3) in case more than 950 thousand JPY/kW system:
312,7thousand JPY x maximum module output (kW) + sales tax
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Table 2: Summary of major projects, demonstration and field test programmes (continued)

Project
Data plant 

start up

Technical data/ 
Economic data Objectives

Main accomplishments until the 
end of 1999/ problems and 

lessons learned
Funding

Project
Manage
-ment

Remarks

PV Field Tests 
for Public 
Facilities 
(FY1992~'97)

Monitoring
(FY1998-)

- Grid connected, 
public facilities

- Subsidy: 50% of 
system cost, but 
67% for disaster 
prevention

- Collection of PV 
system installation 
cost depending on 
applications

- Improvement and 
cost-reduction of 
components and 
installation method 
of PV system

- Collection of PV 
operation data

- Perception to PV

- PV systems have been installed 
as various applications to public 
facilities, 186 units,
4 900 kW in total, from FY1992 
to FY1998.

- Better understanding to PV by 
local governments, 
municipalities and the like has 
been promoted.

- PV systems are suitable for 
emergency power sources.

- Cost of system reduced.

- ANRE, MITI
- Budget:

FY1992
840 MJPY 

FY1993
1 220 MJPY 

FY1994
1 030 MJPY 

FY1995
1 700 MJPY 

FY1996
1 920 MJPY

FY1997
1 353 MJPY 

FY1998
170 MJPY 

FY1999
110 MJPY

- NEDO

- This project has been started 
from FY1992, but every year 
new PV applications have 
been developed and 
completed in FY1997.
Collection of data and analysis 
have been carried out since 
FY1998.

- Total budget FY1992 to
FY1999 was 8 343 MJPY.
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Table 2: Summary of major projects, demonstration and field test programmes (continued)

Project
Data plant 
start up

Technical data/ 
Economic data Objectives

Main accomplishments until 
the end of 1999/ problems 

and lessons learned
Funding

Project
liliiiii

ment
Remarks

PV Field Tests 
for Industrial 
Use
(FY1998-)

- Grid connected,
residential 
(^10 kW)

- Industrial facilities, 
such as factory, 
warehouse, 
commercial 
building

- Subsidy: 50% of 
installation cost

- Eligible system
• Modular type: 
combined system 
with 10 kW PV unit

• Novel application 
type: system with 
thin film solar cell, 
building integrated 
PV system.

- Collection and 
dissemination of 
operational data

- Cost reduction
- Standardization of 

PV system

- 4 160 kW of 144 modular 
type PV systems and 570 
kW of 22 novel application 
types were installed to 
factories, warehouses, 
laboratories, commercial 
buildings, schools and so 
on.
FY1998; 73 cases

(1 940 kW) 
FY1999; 93 cases

(2 790 kW)
- Perception of industries are 

being spread.

- ANRE, MITI
- Budget:

FY1998
2 400 MJPY 

FY1999
2 410 MJPY

- NEDO

Regional New
Energy
Introduction
Project
(FY1997-)

- New energy in 
general

- Eligible PV system: 
grid-connected 
(^100 kW)

- Subsidy: 50% of 
installation cost

- Eligible: Local 
governments

- Enhancement of 
promotion of new 
energy to public 
facilities

- Education and 
promotion of new 
energy to local 
inhabitants

- No PV system was installed 
in FY 1997.

- 4 systems out of 17 systems 
were PV in FY1998.

- 19 PV systems out of 37 
systems were installed in 
FY1999

- 2 039 kW of PV systems will 
be installed during
FY1998-2002.

- ANRE, MITI
- Budget:

FY1997
2 430 MJPY 

FY1998
4 380 MJPY 

FY1999
6760 MJPY

- NEDO
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Table 2: Summary of major projects, demonstration and field test programmes (continued)

Project
Data plant 
start up

Technical data/ Economic 
data Objectives

Main accomplishments until the 
end of 1999/ problems and 

lessons learned
Funding

Project
Manage-me
||||illn|i||lE

Remarks

Subsidy 
Programme for 
New Energy 
Industrialists
(FY1997-)

- New energy in general

- Eligible PV system: 
grid-connected (^100 kW)

- Subsidy: a third of 
installation cost or 
guaranteed debt

- Support of 
private
industries who 
introduce new 
energy

- Encouragement 
of introduction 
of new energy 
by private 
industries

- No PV system was installed in 
FY1997

- One 116 kW PV system out of 
18 systems was installed to a 
commercial building in FY1998.

- One 100 kW PV system out of 
32 systems was installed to a 
new distribution center 
building.

- ANRE, MITI

- Budget:
FY1997

1 120 MJPY 
FY1998

5390 MJPY 
FY1999

10 340 MJPY

- NEDO

Environmentally 
- Harmonized 
Energy Supply 
Project
(FY1998-)

- System against disaster 
prevention

- Back-up by battery
- Eligible energy: PV, wind 

power, fuel cell, 
co-generation

- Subsidy: 50% of installation 
cost

- Eligible: Local governments

- Energy security 
of safe shelter in 
disaster

- Enlightenment 
about global 
environmental 
issue

- 1 390 kW of 46 PV systems was 
installed in FY1998 and FY1999

- ANRE, MITI
- Budget:

FY1998 & 
FY1999

1 200 MJPY

- ANRE
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Table 2: Summary of major projects, demonstration and field test programmes (continued)

Project
Data plant 

start up

Technical data/ Economic
^!!!l!lliffll!ffl!ffllS!fflIll^i^tPillll-lSlll!!lilffl!llI Objectives

Main accomplishments until the 
end of 1999/ problems and 

lessons learned
Funding

Project
Manage-me

nt
Remarks

Eco-school 
Infrastructure 
Promotion Pilol 
Project
(FY1997-)

- New energy use school (PV, 
solar thermal, etc.) energy 
efficient school etc.

- Eligible Energy: New energy 
including PV

- Subsidy:
Investigation; fixed cost 
(MITI’s subsidy is available 
for PV system installation)

- Eligible: Local government

- Demonstration 
and promotion 
of
environment-frie 
ndly school

- Environmental 
education to 
students

- FY1997: PV systems were 
installed to 10 out of 12 schools 
(266,5 kW)

- FY1998: PV systems were 
installed to 4 out of 11 schools 
(170 kW)

- FY1999: PV systems were 
installed to 9 out of 11 schools 
(190 kW)

- Ministry of 
Education

- Budget for 
investigation: 
FY1998
28 MJPY 

FY1999
28 MJPY

- Ministry of 
Education

- ANRE

- 250 PV systems were 
introduced to 85 
national schools 
through FY1998 
supplementary 
budget (Eco-campus 
project). Total 
installation capacity 
was 3 590 kW.
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2.4 Budgets for market stimulation, demonstration and R&D

The national budgets for PV system are focused on R&D, demonstration programmes and market 
incentives. The budgets by local governments are complementarily appropriated for market 
incentives. The budget for R&D is allocated for R&D on solar grade silicon, on solar cell, on PV 
system and on high-density grid-interconnection. The budget for demonstration is allocated for 
mainly PV Field Test Project for Industrial Use and PV Field Test Project for Public Facilities as well. 
The budget for market initiatives is put emphasis on residential PV system. Moreover, PV systems 
can be installed using the budgets of New Energy Introduction Project and Subsidy Programme for 
New Energy Industrialists. However, as these budgets include other new energies than PV, they 
are not included in Table 3.

Table 3: Budgets (in National Currency) for R&D, demonstration programmes and market incentives.

R&D
FY1997

Demo
FY1997

Market
FY1997

R&D
FY1998

l:Dimi:l
FY1998

Market
FY1998

R&D
FY1999

Demo
FY1999

Market
FY1999

National/ federal 
(billion JPY) 7,59 1,35 11,11 8,53 2,57 15,9*1 9,70 2,52 16,04

State/ regional 
(billion JPY) - - 0,21 - - *2 - - *2

*1The budget for market initiatives in FY1998 included the budget for 
Environmentally-harmonised Energy Supply Project (1 200 MJPY), besides the budget for 
Residential PV System Dissemination Programme.

*2 Some municipals are enforcing additional subsidy programme on residential PV system, but 
the amount of subsidy is unknown.

3 Industry and growth

3.1 Production of photovoltaic cells and modules

Tables 4a shows the outline of PV cell and module manufacturers. In 1999, PV cell and module 
manufacturers are 7, i.e. Kyocera, Sharp, Sanyo Electric, Canon, Air Water (former Daido Hoxan), 
Kaneka and Mitsubishi Electric. Showa Shell Sekiyu and MSK are manufacturing only PV modules. 
Sumitomo Sitix Amagasaki and M.SETEC are manufacturing only Si substrate for solar cell. Total 
production of PV cell includes production for both consumer and power use.

Table 4b shows PV module production processes of the manufacturers in Japan.

Table 4c shows technical data of typical module for residential and power uses.

Table4dshowstypical new developments and products of PV cell and module manufacturers in 
Japan.

Table 4e shows plan for future expansion in module production capacity.

Table 4f shows typical prices of ms-Si and sc-Si modules.
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Table 4a: Production and production capacity information for each module manufacturer in 1999.

Module manufacturer
Technology 

(sc-Si, mc-Si, 
a-Si, CdTe)

Total Production 
(MWp)

Maximum
production
capacity
(MWp)

Certification 
of Modules

Certification of 
Plant

Cell Module

Kyocera mc-Si 30,2 30,2 36 IEC 61215, 
UL1703 ISO 9000,

Sharp
sc-Si
mc-Si
a-Si

8,5
21,3

0,2

8,5
21,3

0,2

10,0
22,0

2,2
ISO 9001
UL 1703

ISO 9001,
ISO 14001

Sanyo Electric a-Si
a-Si/sc-Si

4,6
5,9

4,6
5,9

5
8 ISO 9000

Canon a-Si 1,31 1,31 10 IEC 61646 
(application) ISO 9000

Showa Shell Sekiyu sc-Si - 1,5 5,0 UL 1703
Air Water (former 

Daido Hoxan)
sc-Si
mc-Si

0,10
0,01

0,94
0,03

1,0
1,0

Mitsubishi Electric mc-Si 4,5 4,5 10 ISO 14000

Kaneka a-Si 3,0 3,0 20

MSK mc-Si — 3,0 15 ISO 9000 
(BP Solarex)

TOTALS 79.62 84.98 145.2

- me: multicrystalline, ser single crystalline

Table 4b: PV module production processes of manufacturers (including substrate manufacturers)

Module manufacturer Description of main steps in production process

Kyocera - Purchase of Si scraps mc-Si substrate -> mc-Si cell Module

Sharp
- Purchase of sc-Si substrate -> sc-Si cell -> Module
- Purchase of Si scraps -> mc-Si substrate mc-Si cell -> Module
- Purchase of feedstock a-Si cell -> Module

Sanyo Electric - Purchase of SiH4 gas & substrate (with TCO) a-Si cell -> Module
- Purchase of Si scraps -> sc-Si substrate -> a-Si/sc-Si cell -> a-Si/sc-Si Module

Canon - Purchase of steel substrate & SiH4gas -> a-Si cell -> Module

Showa Shell Sekiyu - Import of sc-Si cell -> Module
Air Water (former 
Daido Hoxan)

- Purchase of sc-Si substrate -> sc-Si cell
- Purchase of mc-Si substrate -> mc-Si cell

Mitsubishi Electric - Purchase of mc-Si substrate -> mc-Si cell -> module

Kaneka - Purchase of SiH4 gas & substrate (with TCO) -> a-Si cell -> Module

MSK - Purchase of mc-Si cell -» Module
- Purchase of mc-Si Module

Sumitomo Sitix 
Amagasaki - Own Si scrap and purchase of Si scrap -> mc-Si substrate

M.SETEC - Purchase of Si scrap CZ ingot -> sc-Si substrate

- me: multicrystalline, sc: single crystalline
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Table 4c: PV module for residences and utilities (1999)

Module
Manufacturer

Typical module data Residen 
tial use

Power
usecell

technology
Wx Lx D 

(mm)
Weight

(kg)
P max 
(W)

V0p
(V)

lop

(A)

Kyocera mc-Si 971 x 1120x36 13,8 145 19,9 7,29 O O

Sharp

sc-Si 802 x 1200x46 12,5 140 27,5 5,10 O O

sc/mc-Si 1500x2000x16 31/m2 310 — — X O

mc-Si 802 x 1200x46 12,5 136 26,7 5,09 O O

mc-Si 837x1196x35 12,5 130 26,7 4,86 O X

a-Si 1500x2000x18 40/m2 106 — — X O

a-Si 460 x 657 x - — 15 — — X o

Sanyo
Electric

a-SiZ
sc-Si 1320x895x35 15 180 50,7 3,55 O o
a-SiZ
sc-Si 1320x895x35 15 167 48,6 3,44 O o
a-SiZ
sc-Si 1403x345x36 6,8 45 12,7 3,55 o X

Showa Shell 
Sekiyu

sc-Si 1200x527x34 7,6 75 17,0 4,4 o o
sc-Si 982 x 897 x 35 11,0 114 35,1 3,25 o X

sc-Si 982x869x35 11,0 112 34,8 3,21 X o
sc-Si 1293x329x34 5,5 55 17,4 3,15 X o
sc-Si 977 x 440 x 35 5,5 55 17,3 3,16 X o

Air Water 
(former Daido 

Hoxan)

sc-Si 1185x530x35 8,6 86,0 18,0 4,78 X o
sc-Si 1185x435x35 6,8 74,0 22,0 3,36 X o
sc-Si 985 x 445 x 30 5,8 55,0 17,2 3,20 X X

Kaneka a-Si 910x455x4 5,5 30 41 1,0 O o

MSK

mc-Si 903 x 930 x 33 10,5 86 23,0 3,74 o X

mc-Si 1113x991 x50 14,0 126 34,0 3,71 o o
mc-Si 1113x660x50 9,5 88 17,0 5,18 o o
mc-Si 1113x502x50 7,2 68 17,5 3,89 o o
mc-Si 1461 x 502x50 9,5 88 17,0 5,18 X o
sc-Si 1183x525x43 7,2 75 17,0 4,45 X o
sc-Si 1183x525x43 7,2 80 17,0 4,7 X o

Mitsubishi
Electric

mc-Si 1275 x 850 x 19 13,0 126 19,2 6,56 o o
mc-Si 1271 x 827x37 13,0 132 19,4 6,81 o o
mc-Si 1271 x 827x37 13,0 140 11,6 7,15 o o
mc-Si 1340x540x40 8,5 75 11,4 6,56 o X

Canon a-Si 219 x 2000 x - 2,6 25 15 — o X

- me: multicrystalline, sc: single crystalline
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Table 4d: New developments and new products of manufacturers (1999)

Module manufacturer New developments an new products

Kyocera
- Development of light and thin type power conditioner for residential use
- Commercialization of roofing-integrated PV module “ECONOROOF”

Sharp

- Development of mc-Si cell with efficiency 16,0% (as of April, 2000)
- Development on “Multi-power conditioner” which can meet diverse layout of 

solar cell
- Development of lighting type solar cell as building material which focuses on 

building design (double glass type crystalline cell, multi-layered glass type 
crystalline cell, double glass type thin film cell, multi-layered glass type thin 
film cell)

Sanyo Electric

- Commercialization of roofing-integrated PV module
- Commercialization of a-Si / sc-Si bifacial PV module
- Development of crystalline cell with efficiency 18,3% at the mass-production 

base (world record)
- Development of prototype a-Si / sc-Si cell with efficiency 20,1% at the 

mass-production base (world record)

Showa Shell Sekiyu

- Development of module only for residential use “RP114” and “RP044” which 
can be used on a hip roof with combination of triangle module and square 
module

- Sale of custom-made module for building wall use

Mitsubishi Electric
- Sale of roofing type PV module
- Sale of high efficient PV module (cell efficiency 15,5%)

Kaneka
- Operation of 20 MW a-Si manufacturing plant
- Certificate of fire proof, roof tile module integrated into building material

MSK
- Commercialization of roof tile PV system for new housing use
- Commercialization of PV system with thermal guard function, easily mounted 

on flat roof

Air Water (former 
Daido Hoxan)

- Commercialization of roofing-integrated solar module
- Commercialization of lighting type sc-Si module

Kawasaki Steel
- Commercialization of metal roofing-integrated PV system
- Commercialization of wall-mounted PV system
- Development of floater-integrated PV system

- me: multicrystalline, sc: single crystalline
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Table 4e: Plans for future expansion in module production capacity

Production Production Production
Module capacity capacity capacity Module

Manufacturer in 1999 in 2000 from 2000 onwards technology
(MW) (MW) (MW)

Kyocera 36 60 100(-2002) mc-Si

10,0 10,0 250(2003-2005) sc-Si
Sharp 22,0 44,0 mc-Si

2,2 2,2 5,8(2003-2005) a-Si

Sanyo Electric 5
8

5
11 120(~2005)

a-Si
a-Si/sc-Si

Kaneka 20 20 40(~2001) a-Si/polySi thin 
film

Mitsubishi
Electric 10 15 20(~2001) mc-Si

sc-Si
Showa Shell 

Sekiyu 5 6 Under
consideration (import of

sc-Si cell)

10 15 25 ms-Si
MKS 3 8 10 sc-Si

2 5 10 a-Si

- ms: multicrystalline, sc: single crystalline

Table 4f: Typical prices of ms-Si and sc-Si modules

Module Technology Price of mod ule (JPY/W)
Small Quantity Large Quantity

mc-Si/sc-Si 430 - 900 390 - 690

- ms: multicrystalline, sc: single crystalline

3.2 Manufacturers and supplies of other components

Table 5 shows the price of inverter sold for on-grid PV application. There are 26 inverter 
manufacturers for PV use in Japan, who are divisions or affiliates of electric appliance 
manufacturers, power supply manufacturers, electric component manufacturers and general 
electric machinery manufacturers. These manufacturers are mainly producing 3-5 kW inverters for 
residential use. Some of these manufacturers standardize their own inverter and are 
mass-producing. The production amount of inverters has been increasing year by year and the 
cost has been reducing. Furthermore, on commercializing inverter, development of compact and 
lightweight inverter is underway. 10-20 kW inverters for public facilities and industrial uses are also 
manufactured. As a result of implementation of PV Field tests for Public Facilities and PV Field 
Tests for Industrial Use programmes, the standardization of 10 kW unit for public facilities and 
industrial uses is been developing and the production of inverter is increasing. In Japan, batteries 
for PV use and inverters for stand-alone system use are not manufactured so many, because most 
of PV applications are connected to utilities grid.

Table 5: Price of inverter for grid-connected PV applications.

SIZE OF INVERTER AVFRAOF PRICF PFR kVA AVFRAOF PRICF PFR kVA
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IN 1998 (JPY) IN 1999 (JPY)

<1 kVA — —
1-10 kVA 150 000 130 000 *1

10-100 kVA 200 000 200 000 *2
>100 kVA — 200 000

slote) *1: single phase, 3~5 kW for residential use
*2: 10-100 kW. In case of > 100 kVA, three phase 10 kW unit is used.

3.3 System prices

Table 6 shows the typical application by category and the estimated system price. As other 
applications except residential application are not standardized, the system prices are determined 
case by case.

Table 6: Prices of typical applications (1999)

Category / Size Typical applications and brief details Price per Wp
IN JPY

OFF-GRID1
Up to 1 k Wp

telecommunications, lighting, traffic and road signs, pumps, 
ventilating fans, remote measurements, navigation signs, 
clock towers, etc.

Depending 
on case

OFF-GRID 
>1 kWp

agricultural facilities, communication facilities, 
disaster prevention facilities, mountain cottages, 
park facilities, remote area housing, lighthouses, etc.

Depending 
on case

ON-GRID
Up to 10 kWp residences, park facilities, small public facilities, etc. 950/Wp

ON-GRID 
>10 kWp

plants, warehouses, commercial buildings, 
larger public facilities, road buildings, etc. 1 200/Wp ~

1. Prices should not include recurring charges after installation such as battery replacement or operation
and maintenance

4 Framework for deployment (Non-technical factors)

4.1 New initiatives

(1) Promotion initiatives

There are the system of local energy taxation and the taxation system of promotion of investment 
for energy supply and demand structure reformation as promotion initiatives. The former stipulates 
that the taxable amount of fixed property for individuals and private companies should be reduced 
to 5/6 for three years. The latter stipulates that individuals and private companies can choose 
either tax credit of 7% of acquisition value of PV system or 30% depreciation of acquisition value 
for the first year.

Some financing institutions provide preferential loans with purchasers of residential PV system and 
a house with PV system as financial support.
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(2) Utility perceptions to PV

The electric power companies adopted net metering system and have bought back the surplus 
power by PV from their customers at the selling price since 1992. Other initiatives, such as green 
pricing, rate-based incentives have not been studies in Japan.

Electric power companies have been interested in PV systems earlier, and introduce PV systems 
to their own facilities every year.

In 1997, the Tokyo Electric Power Co., Inc. (TEPCO) established new subsidy system to support 
R&D on PV system and the subsidy system for their customers which subsidizes a half of 
residential PV system installation cost through NPO to promote PV introduction within their district. 
These subsidy systems have been continued. In 1999, TEPCO organized “Symposium on 
Photovoltaics Technology” to report the results of subsidized R&D.

In 1999 Kyushu Electric Power Co., Inc. and Chugoku Electric Power Co., Inc., following TEPCO, 
introduced the similar subsidy system for NPO, universities, research institutes and so on.

As of the end of 1998, 10 Electric Power Cos., Inc. and Power Resources Development Co., Inc. 
introduced PV systems of 272. The accumulated capacity installed was 4 116 kW.

In 1999, TEPCO and Chubu Electric Company participated the World Bank’s “Carbon Fund” to 
reduce greenhouse effect gas.

(3) Public perceptions to PV

Public perception to PV in Japan is getting positive through ambitious and strong policies and 
programmes on PV introduction and promotion. For example, in case of Residential PV System 
Dissemination Programme, In FY 1999, 17 396 applicants were accepted, though 
8 229 applicants were accepted and 6 352 monitors were qualified in FY1998. The budget for this 
programme has been increased since the year FY1994 of the start of this programme to 
correspond to increasing public perception to PV.

In addition, NPO is promoting residential PV system for the general public under support from 
TEPCO, Kyushu Electric Power Co., Inc. and Chugoku Electric Power Co., Inc..

(4) Others

Housing manufacturers, building material manufacturers and construction companies set about 
developing houses and components with PV system, and are playing a role of PV promotion.

4.2 Indirect policy issues

The target capacity for PV introduction was set 400 MW by the year 2000 and 4 600 MW by the 
year 2010 by the Basic Guidelines for New Energy Introduction. However, the target capacity by 
2010 was amended upward to 5 000 MW by revision of “Long-term Energy Supply and Demand 
Outlook” in FY1998. The Law for New Energy Promotion Introduction was enacted in 1997 and 
defined the fundamental framework of the Government, local governments, energy users, energy 
suppliers and PV system manufacturers.

In FY1998, “Basic Guideline for Promotion Measures to Arrest Global Warming” was settled, and 
Government came to make an effort to promote strongly the introduction of new energy and to 
reduce C02 emission. Furthermore, “Law Concerning Promotion Measures to Arrest Global 
Warming” was enacted. The Ministry of Construction established “Guideline for Planning 
Environmentally-friendly Government Facilities (Green Government Office Building)” and 
announced the introduction of natural energy, such as PV system. The Ministry of Education is
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proceeding with preparation of infrastructure for environmentally-friendly school (Eco-school, 
Eco-campus) using new energy, such as PV system.

The important trends in 1999 are as follows; PV module was approved as building material by the 
Minister of Construction (April); the Strategy on New Energy Technology was developed by the 
Agency of Natural Resources and Energy (ANRE), the Ministry of International Trade and Industry 
(MITI) (October); Nonpartisan Diet Members’ Alliance for Natural Energy was organized 
(November); New Energy Subcommittee was established under MITI’s Advisory Committee for 
Energy (December).

Furthermore, New Energy and International Technology Development organization (NEDO) has 
carried out International Demonstrative Research on Photovoltaic Power Generation Systems 
since 1993. Demonstrative Research on a Hybrid System of Photovoltaic Power Generation and 
Micro Hydropower Generation has been implemented in Vietnam since 1997. In 1999, NEDO 
initiated Demonstrative Research on a Grid-connected Photovoltaic Power Generation Systems in 
Myanmar and Thailand to study effective operation of power source system. Also NEDO decided 
to promote R&D on CdTe solar cell through International Cooperative Research Grand Project. 
And Japan International Cooperation Agency (JICA) implements the fundamental survey on rural 
electrification by PV and renewable energies in Syria, Mongol, Laos, Solomon, Bolivia and 
Senegal.

4.3 Standards and codes

In FY1999, new standards, code and guideline were not published.

Tables 7 and 8 show standards, code and guideline on PV ever published in Japan. Japanese 
Industrial Standards (JIS) on PV have been prepared to cover the technical requirements on PV 
and are of much help to the persons concerned. The guideline for the technical requirements for 
grid-connection is effectively used for on-grid PV application. This guideline covers power quality 
(voltage regulation, power factor, harmonics, EMI), protection coordination (internal fault, DC 
injection, distribution line fault, islanding), stability of operation, classification of 
grid-interconnected system, protective relay and so on.
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Table 7: List of Japanese Industrial Standard (JIS) on photovoltaics

Standard No. Subject

JIS C 8905 General Rules for Stand-alone Photovoltaic Power Generating System
JIS C 8906 Measuring Procedure of Photovoltaic system Performance
JIS C 8911 Secondary Reference Crystalline Solar Cells
JIS C 8912 Solar Simulators in Measuring Crystalline Solar Cells and Modules
JIS C 8913 Measuring Method of Output Power for Crystalline Solar Cells
JIS C 8914 Measuring Method of Output Power for Crystalline Solar Cell Modules
JIS C 8915 Measuring Method of Spectral Response for Crystalline Solar Cells
JIS C 8916 Temperature Coefficient Measuring Method for Crystalline Solar Cells and Modules
JIS C 8917 Environment and Endurance Test Method for Crystalline Solar Cell Modules
JIS C 8918 Crystalline Solar Cell Modules
JIS C 8919 Outdoor Measuring Method of Output Power for Amorphous Solar Cells and Modules
JIS C 8931 Secondary Reference Amorphous Solar Cells
JIS C 8932 Secondary Reference Amorphous Solar Submodules
JIS C 8933 Solar Simulators for Amorphous Solar Cells and Modules
JIS C 8934 Measuring Method of Output Power for Amorphous Solar Cells
JIS C 8935 Measuring Method of Output Power for Amorphous Solar Modules
JIS C 8936 Measuring Methods of Spectral Response for Amorphous Solar Cells and Modules
JIS C 8937 Temperature Coefficient Measuring Methods of Output Voltage and Output Current for Amorphous Solar Cells and Modules
JIS C 8938 Environmental and Endurance Test Methods for Amorphous Solar Cell Modules
JIS C 8939 Amorphous Solar PV Modules
JIS C 8940 Outdoor Measuring Method of Output Power for Amorphous Solar Cells and Modules
JIS C 8951 General Rules for Photovoltaic Array
JIS C 8952 Indication of Photovoltaic Array Performance
JIS C 8953 On-site Measurements of Photovoltaic Array l-V Characteristics (Based on I EC/ TC82/ S43)
JIS C 8960 Glossary of Terms for Photovoltaic Power Generation
JIS C 8961 Measuring Procedure of Power Conditioner Efficiency for Photovoltaic Systems
JIS C 8962 Testing Procedure of Power Conditioner for Small Photovoltaic Power Generating Systems
JIS C 8971 Measuring Procedure of Residual Capacity for Lead Acid Battery in Photovoltaic Systems;
JIS C 8972 Testing Procedure of Long Discharge Rate Lead-acid Batteries for Photovoltaic Systems [
JIS C 8980 Power Conditioner for Small Photovoltaic Power Generating System
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Table 8: Guideline and code on photovoltaics

(1) The Electricity Utility Industry Law

(2) Japanese National Electric Code

(3) Guideline of the technical requirements for grid-interconnection

5 Future trends

Japan has carried out actively and steadily the policies on R&D programmes, demonstration 
projects, paving the way programmes for full-scale introduction and the like since 1990 to develop 
and promote PV systems.

Ambitions and strong policies, introduction projects and dissemination projects for PV promotions 
have contributed significantly to make progress in reducing cost and boosting production capacity 
of PV cell and module, and results in expanding the bases for full-scale introduction.

PV cell and module manufacturers in Japan have been expanding their product facilities year by 
year. The maximum production capacity in 1999 increased about 132 MW from 104 MW in 1998. 
In addition, in 2000, Kyocera is planning to increase production capacity to 60 MW, Sharp to 57,2 
MW, Sanyo Electric to 16 MW, Kaneka to 20 MW, Mitsubishi Electric to 15 MW, Showa Shell 
Sekiyu to 6 MW and MSK to 28 MW. Moreover, many PV manufacturers plan to expand or are 
expanding their production capacity from 2000 onwards.

Housing manufacturers are also positively promoting the sale of housing with PV system as a 
standard specification because PV module was approved as building material by Minister of 
Construction.

The PV market in Japan will continue to grow and deploy in the sector of on-grid distributed PV 
systems for residential, industrial and public uses. Housing manufacturers, battery manufacturers, 
building material manufacturers and construction companies as well as PV cell and module 
manufacturers have been entering this building-integrated PV market. Some of financing 
institutions provide preferential loans such as low interest loan with residential PV system or a 
house with PV system.
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Annex A: Exchange Rate

1 USD = 107 JPY (Average of May, 2000)

Annex B: Method and accuracy of data

The work was performed in collaboration with PV module and BOS components manufactures, 
housing manufacturers, government agents running PV programmes / projects.

As regards off-grid sector, some of these systems implement PV modules that have a capacity 
lower than 40 Wp. In this report they are included because it is very difficult to distinguish the 
application types and rated voltages.

The accuracy of data is ±10% for cumulative installed PV power, production and production 
capacity.
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Cover photographs: Each of the lighting pylons lining the Olympic Boulevard at Australia's Sydney Olympic site carries 6.8 kWp of PV. 
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Foreword
The International Energy Agency (IEA), founded in 1974, is an 
autonomous body within the framework of the Organisation 
for Economic Co-operation and Development (OECD). The 
IEA carries out a comprehensive programme of energy co
operation among its 23 member countries and with the 
participation of the European Commission.

The Photovoltaic Power Systems Programme (PVPS) is one 
of the collaborative R&D agreements within the IEA and was 
established in 1993. The mission of the Programme is to 
enhance the international collaboration efforts through which 
photovoltaic solar energy becomes a significant renewable 
energy source in the near future.' The underlying assumption 
is that the market for PV systems will gradually expand from 
the present niche markets of remote applications and 
consumer products, to the utility market, through building- 
integrated and other diffused and centralised PV generation 
systems.

Chapter 1 Introduction
1.1 Survey report scope and objective
As part of the Photovoltaic Power Systems Programme, 
annual surveys of PV power applications and markets in the 
20 participating countries1 are carried out. The objective of 
the survey reports is to present and interpret trends in both 
PV systems and components being used in the PV power 
systems market, as well as changing applications within that 
market, in the context of business situations, policies and 
relevant non-technical factors in the reporting countries. The 
survey report is not intended to serve as an introduction to 
PV, nor as a policy document. It is prepared to assist those 
responsible for developing the business strategies of PV 
companies and to aid the development of medium term 
plans for electricity utilities and other providers of energy 
services. It also provides guidance to government officials 
responsible for setting energy policy and preparing national 
energy plans.

This report presents the results of the Fifth International 
Survey. It provides an overview of PV power systems 
applications and markets in the reporting countries at the end 
of 1999 and analyses trends in the implementation of PV 
power systems between 1992 and 1999.

1.2 Survey method
Data were drawn from national survey reports* 2, which were 
supplied by representatives from each of the participating 
countries. A list of the national representatives is given in 
annex A.

The scope of the reports is limited to PV applications with a 
peak rating of 40 Wp or more. Most national data supplied 
were accurate to ±10 %, although data on production levels 
and system prices vary depending on the willingness of the 
national PV industry to provide data for the survey.

In order to achieve this, the 20 countries participating in the 
Programme and the European Commission have undertaken 
a variety of joint research projects in applications of PV power 
systems. The Programme is organised into nine Tasks. This 
report has been prepared under Task 1, which facilitates the 
exchange and dissemination of information arising from the 
PVPS Programme.

"The International Survey Reports published by the IEA-PVPS 
agreement have gradually become an important reference 
document, being a reliable source of useful information in the 
rapidly growing field of solar PV applications. Although the 
report can be downloaded from our website (www.iea- 
pvps.org) we know how much a 'real' document is 
appreciated by many readers. I trust that this fifth issue will 
find a large audience, also outside the PV community."

Erik Lysen
Chairman IEA-PVPS Programme

The data were collated and this report prepared by the 
Technical Writer. The report has been reviewed by the 
national representatives to ensure the accuracy of the data 
used and approved by the IEA-PVPS Executive Committee.

1.3 Definitions, symbols and abbreviations
For the purposes of this report, the following definitions 
apply:

Demonstration programme: a programme to demonstrate 
the operation of PV systems to the general public and 
potential users/owners.

Market deployment initiatives: activities to encourage the 
market deployment of PV through the use of market 
instruments such as green pricing, rate based incentives etc. 
They may be implemented by government, the financing 
industry, utilities etc.

MUSD: million U.S. Dollars (see USD).

PV system: a system including photovoltaic modules, 
inverters, batteries and all associated installation and control 
components. When calculating installed photovoltaic 
capacity only systems with a capacity of 40 Wp or more have 
been included.

USD: U.S. Dollars: the currency used throughout the report. 
Exchange rates are given in annex B.

Watt peak (WJ: the peak power of a PV module or system 
under standard test conditions of 1 000 Wnr2 irradiance,
25 °C junction temperature and solar reference spectrum 
AM 1.5.

' Australia (AUS), Austria (AUT), Canada (CAN), Denmark (DNK), Finland (FIN), France (FRA), Germany (DEU), Israel (ISR), Italy (ITA), Japan (JPN), Korea (KOR), 
Mexico (MEX), the Netherlands (NLD), Norway (NOR), Portugal (PRT), Spain (ESP), Sweden (SWE), Switzerland (CHE), the United Kingdom (GBR), the United States 
of America (USA)
2 A survey report was not available from Portugal and so 1997 data were used where appropriate.
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Chapter 2 Implementation of PVsystems
2.1 Applications for photovoltaics
For the purposes of this survey, three primary applications for 
PV power systems were identified.

Off-grid installations were the first economic application for 
terrestrial PV systems. Off-grid systems provide electricity to 
isolated households in remote areas and have been installed 
worldwide but particularly in developing countries, where they 
are often the most appropriate technology to meet the energy 
demands of rural communities. Off-grid PV systems 
generally offer an economic alternative to extension of the 
utility grid at distances of more than 1 or 2 kilometres from 
existing lines. Off-grid PV systems are also used to provide 
electricity for a wide range of equipment, such as 
telecommunications, water pumps, vaccine refrigeration, 
safety, control and protection devices and navigational aids.
In these applications small amounts of power have a high 
value and PV is cost competitive.

On-grid distributed PV systems are a relatively recent 
application where a PV system is installed to supply power to 
a building or other load that is connected to the utility grid. 
The systems usually feed electricity back into the utility grid 
when electricity generated exceeds the building loads. These 
systems are increasingly being integrated into the built 
environment and are likely in the future to become 
commonplace. They are used to supply electricity to 
residential homes, commercial and industrial buildings, and 
are typically between 1 kWp and 50 kWp in size. There are a 
number of perceived advantages for these systems:

distribution losses are reduced because the systems are 
installed at the point of use, no extra land is required for the 
PV systems, costs for mounting systems can be reduced, 
and the PV array itself can be used as a cladding or roofing 
material. Compared to an off-grid system costs are saved 
because energy storage is not required which also improves 
system efficiency.

On-grid centralised systems have been installed for two 
main purposes: as an alternative to centralised power 
generation from fossil fuels or nuclear, or for strengthening of 
the utility distribution-grid. Utilities in a number of countries 
were interested in investigating the feasibility of these types of 
power plants. Demonstration plants have been set up in 
Germany, Italy, Japan, Spain, Switzerland and the USA, 
generating reliable power for utility grids and providing 
experience in the construction, operation and performance of 
such systems. However, utility interest is now tending to 
focus on distributed PV plants and few centralised plants 
have been started since 1996.
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Table 2.1: Cumulative installed PV power as of the end of 1999

Country Off-grid
(kWp

On-grid
distributed

(kwg

On-grid
centralised

(kW^

Total (kWp Total installed 
per capita 

(Wp/capita)

Power installed
in 1999

(Kw;

AUS 23 180 1 490 650 25 320 1.34 2 800
AUT 1 413 2 119 140 3 672 0.45 811
CAN 5 529 287 10 5 826 0.19 1 356
CHE 2 500 9 420 1 480 13 400 1.89 1 900
DNK 190 880 0 1 070 0.20 565
DEU 11 500 49 100 8 900 69 500 0.85 15 600
ESP1 7 000 600 1 480 9 080 0.23 1 080
FIN 2 255 17 30 2 302 0.45 132
FRA 8 772 349 0 9121 0.16 1 490
GBR 395 736 0 1 131 0.02 441
ISR 381 6 14 401 0.07 93
ITA 10 860 905 6 710 18 475 0.32 795
JPN 56 900 145 500 2 900 205 300 1.63 71 900
KOR 3 171 288 0 3 459 0.07 477
MEX 12 920 2 0 12 922 0.13 900
NLD 3 886 5 309 0 9195 0.59 2 715
NOR 5 670 0 0 5 670 1.28 320
PRT2 486 17 0 503 0.05 0
SWE 2 460 124 0 2 584 0.29 214
USA 84 200 21 100 12 000 117 300 0.43 17 200
Totals 243 668 238 249 34 314 516 231 0.54 120 789

1 Approximate

2 No data available for 1999 or 1998. installed capacity as at 31 December 1997

Table 2.2: Cumulative installed PVpower (kWp): historical perspective

Country 1992 1993 1994 1995 1996 1997 1998 1999

AUS 7 300 8 900 10 700 12 700 15 700 18 700 22 520 25 320
AUT 524 768 1 062 1 360 1 739 2 208 2 861 3 672
CAN 960 1 240 1 510 1 860 2 560 3 380 4 470 5 826
CHE 4 710 5 775 6 692 7 483 8 392 9 724 11 500 13 400
DNK1 0 85 100 140 245 422 505 1 070
DEU 5 619 8 900 12 440 17 790 27 890 41 890 53 900 69 500
ESP2 3 950 4 649 5 660 6 547 6 933 7 100 8 000 9 080
FIN 914 1 034 1 156 1 288 1 511 2 042 2 170 2 302
FRA3 1 751 2 051 2 437 2 940 4 392 6118 7 631 9 121
GBR 173 266 338 368 423 589 690 1 131
ISR 100 120 150 180 210 265 308 401
ITA 8 480 12 080 14 090 15 795 16 008 16 709 17 680 18 475
JPN 19 000 24 270 31 240 43 380 59 640 91 300 133 400 205 300
KOR 1 471 1 631 1 681 1 769 2113 2 475 2 982 3 459
MEX3 5 400 7 100 8 820 9 220 10 020 11 022 12 022 12 922
NLD 1 270 1 641 1 963 2 400 3 257 4 036 6 480 9 195
NOR3 3 750 4 050 4 350 4 600 4 850 5 100 5 350 5 670
PRT4 47 97 135 204 289 503 503 503
SWE 800 1 040 1 337 1 620 1 849 2 127 2 370 2 584
USA 43 500 50 300 57 800 66 800 77 200 88 200 100 100 117 300
Totals 109 719 135 997 163 661 198 444 245 221 313 910 395 442 516 231

1 No data available for 1992

2 Approximate capacity for 1999

3 Revision to data in 4th International Survey Report

4 No data available for 1999 or 1998. installed capacity as at 31 December 1997
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fund (Ponds d'Amortissement des Charges d'Electrification), 
usually devoted to grid extension/reinforcement in rural areas, 
was used to support off-grid PV. Between 1995 and 1999, 
871 kWp (1 156 systems) were installed under this 
programme. The 5 year programme avoided 105 MUSD of 
line extensions.

In Australia, state government support is provided for 
conversion of remote area power supplies from diesel to 
renewable energy sources. In two states, Queensland and 
Western Australia, about 130 kWp of PV were installed under 
these schemes ini 999.

A number of the recent major off-grid projects are PV hybrid 
systems. For example, the Wilpena Pound Solar Power 
Station in Australia (a 100 kWp ground-mounted array in 
configuration with 440 kW diesel and 400 kWh battery 
storage), the San Juanico plant in Mexico (PV/wind/diesel 
generator) and a PV/diesel hybrid system installed for a 
mountain house in Korea. Other projects seek to 
demonstrate the use of PV in particular locations or 
applications. The Nunavut Arctic College, Canada, 
demonstrates that PV can operate reliably at high latitudes 
and was the first distributed PV system linked to a remote 
diesel grid.

In contrast to off-grid applications, a number of countries 
have initiated very large programmes to promote on-grid PV, 
in particular Japan, Germany and the USA. These are mainly 
market introduction programmes, aiming to reduce costs 
through the sheer scale of the programme and to raise public 
awareness.

In Japan there are several large PV demonstration 
programmes. The objective of the Residential PV System 
Dissemination Programme' is to subsidise the installation 
costs for individuals on the condition that they perceive the 
significance of PV and provide the operational data of their 
system. Between 1994 and 1998, PV systems were installed 
on 15 596 houses with a further 17 396 houses accepted in 
1999 under this programme. When these are installed, the 
total capacity will be 121.2 MWp. Residential PV systems are 
typically 3-5 kWp and account for over 80 % of the demand 
for PV in Japan. The PV Field Test for Public Facilities was 
completed in 1997 and resulted in a total of 4.9 MWp 
installed in public buildings such as schools, hospitals, clinics 
and offices. This was followed by a PV Field Test for 
industrial use, which had achieved 4.7 MWp of PV on 
warehouses, factories and commercial buildings by the end 
of 1999. Other programmes provide subsidies for local 
public organisations and private industrialists who are 
establishing new energy businesses.

The German 100 000 Roofs Solar Power Programme was 
launched on 1 January 1999 as a market introduction 
programme. This provides loans at low interest rates (see 
Table 4.1 for conditions). By the end of 1999, 3 576 
applications (equivalent to 9 MW^ had been accepted, 
although this was only half of the anticipated installed 
capacity. The Renewable Energy Law (which was passed in 
April 2000) should accelerate the PV market dramatically.

In the USA, a 10 year plan to deploy one million ’solar' roofs 
was issued early in 1998 (this covers both solar thermal and 
PV systems). Although the tax credit has not yet been 
approved by Congress, the initiative has moved forward in
1999 with the formation of state and local partnerships, 
financing for PV systems, net metering in 30 states and PV 
for federal buildings. Other programmes include the 
Sacramento Municipal District (SMUD) Pioneer programme, 
which equipped 400 homes with utility-owned and 
maintained PV systems. Pioneer II was initiated in 1998 with 
the objective of installing 5 MWp by the year 2005. The aim 
of the programme is to evaluate the performance of the 
components and system and to test the impact of 10 years 
of bulk purchasing on the installed cost. In California the 
Emerging Renewables Buydown Programme, led to 2.2 MWp 
of PV being installed in 1999 on both commercial and 
residential buildings.

Apart from national or regional demonstration programmes 
there are a number of high profile, building-integrated PV 
projects worldwide. PV features prominently in the Sydney
2000 Olympics with a 70 kWp array on the Superdome, 
innovative PV streetlights and 629 kWp installed on houses in 
the Newington (athletes') village. In 1999, the Nieuwland 
project in Amersfoort (the Netherlands) was completed. A 
total of 1.3 MWp has been installed on the new housing 
development, providing a role model for future urban 
expansion. Projects such as the Newington village and 
Nieuwland are also being used to investigate network issues 
involved with such a high density of small, embedded 
generators. In Germany, the world's largest building- 
integrated PV array began operation in 1999 at the Academy 
Mont-Cenis Herne: a 1 MWp PV system was integrated into 
the enormous glass envelope (with a roof area of 12 000 m2) 
to provide shading, daylighting and electricity production.
This was one of 20 PV plants selected as ’Expo 2000' 
projects at the world exhibition in Hannover. In connection 
with the movement of the German Government and 
Parliament from Bonn to Berlin, 14 PV plants with a total 
installed power of 760 kWp have been included in the new 
building work. These have been installed in prominent 
positions such as the German Parliament, Chancellor's 
building and Ministry of Economy and Technology. BP Amoco 
are also installing PV on petrol stations: 400 kWp were 
installed in the UK in 1999 as part of the global ’Sunflower' 
project, providing a very visible signal of the future shift from a 
fossil fuel to a renewable based society.

Increasingly evident is the emphasis on education in PV 
demonstration projects. For example, the new Earth Centre 
in the UK, the Kortright Centre for Conservation and the 
British Columbia Institute of Technology in Canada and the 
’Nordic Ark' in Sweden all incorporate PV as a key feature in 
the design. Many countries are also installing PV systems on 
schools: for example the UK ’Scolar' programme (20 systems 
installed by the end of 1999), the ’Sun at School' programme 
in Germany (total installed power about 2 MW^ and the Eco- 
School Infrastructure Promotion Project in Japan (systems 
installed on 23 schools and 85 universities by the end of 
1999). In Israel five educational solar ’villages' have been 
established where PV generated electricity is used to operate
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Table 3.1 - PV cell and module production in 1999 by region

Region
Cell

production
(MWp)

Module production (MWp) Module 
production 

| capacity (MWp)Crystalline Amorphous Other Total

USA 60.80 34.40 5.00 4.20 43.60 94.10
Japan 79.62 69.97 15.01 0.00 84.98 145.20
Europe 23.94 29.32 2.40 0.00 31.72 73.33
Rest 7.00 7.50 0.00 0.00 7.50 12.50
Totals 171.36 141.19 22.41 4.20 167.80 325.13

60 % is multicrystalline and 40 % is single crystalline.
However, amorphous silicon production more than doubled 
between 1998 and 1999. Traditionally used only for 
consumer products (< 40 WJ, amorphous silicon is now 
emerging as a viable alternative in the PV power market. 
Kaneka's 20 MWp a-Si plant began production in Japan in 
1999 and Sanyo Electric have commercialised an a-Si /sc-Si 
bifacial module with a record efficiency of 20.1 %. ’Other' 
technologies that are beginning to be commercially produced 
are cadmium telluride (CdTe) and copper indium diselenide 
(CIS). Regarding CdTe: Antec Solar announced a 10 MWp 
plant (due to be completed by 2001) in Germany and First 
Solar should complete the first stage of a 100 MWp cell and 
module production line in the USA in 2000. Regarding CIS: 
Wurth Solar plan to start pilot production in Germany in 2000 
and modules are being produced on a pilot basis in the USA 
by Siemens Solar. Astro Power produced over 1 MWp of their 
new silicon film in 1999 and several companies in Australia 
are also developing thin film products.

Table 3.2 lists the module manufacturers in each of the 
reporting countries. The manufacturers can be divided into 
two broad categories: firstly, those who purchase ready 
made cells and assemble them into modules; secondly, 
vertically integrated manufacturers who manufacture their 
own cells and modules. Amorphous silicon manufacturers are 
always vertically integrated because the cell and module are 
built in the same process.

In Germany module production increased from 6.4 MWp in 
1998 to 8.8 MWp in 1999. Targets for the 100 000 Roofs 
Solar Power Programme led to the foundation of new 
companies and realisation of planned production capacity 
extensions. It is planned to extend the 27 MWp capacity to 
34 MWp by the end of 2000 and 70 MWp in 2001. A number 
of new companies in Australia and the USA are either in pilot 
production or planning to enter production. There is currently 
no manufacturing capacity in Austria, Finland, Israel, Mexico 
or Norway; although one Israeli company is due to begin 
production in 2000 and there are plans to start production of 
cells in Norway.

A number of countries that have little, or no, module 
manufacturing capacity, are active in other areas. For 
example, Isovolta/Werndorf (Austria) produce and export 
approximately 50 % of the world demand for tedlar for PV 
modules. Crystalox (UK) and ScanWafer (Norway) are major 
exporters of multicrystalline silicon ingots and wafers and 
Automated Tooling Systems (Canada) have developed and 
marketed automated photovoltaic cell and custom 
manufacturing module lines.

3.2 Balance of system component manufacturers and 
suppliers
A large industry exists manufacturing balance of system 
components such as inverters, batteries and battery charge 
controllers, d.c. switchgear and array support structures. The 
PV Technology Note provides a brief technical description of 
these components.

The price of grid-connect inverters remains similar to 1998: 
typically between 0.8 -1.0 USD/VA for inverters in the range 
of 1 -10 kVA, although prices below 0.7 USD/VA are 
reported in the USA and Germany. Prices are generally lower 
for larger inverters and can be as low as 0.35 USD/VA for 
inverters above 100 kVA. Stand-alone inverters also tend to 
be cheaper since they do not need the additional control and 
protection functions required for grid-connection and are not, 
generally, required to produce a pure sine wave output.

In the absence of an international standard for grid- 
connection, the choice of inverters is largely determined by 
those manufacturers that comply with the requirements for 
connection pertinent to a particular country. Manufacturers in 
the USA and the Netherlands are now offering small inverters 
(-100 VA) for a.c. modules and one manufacturer is currently 
developing a micro-inverter designed to be plugged directly 
into a standard wall socket. Many inverters now include a 
digital output display and data acquisition system connection 
as standard. Manufacturers in the USA and Germany have 
developed dual inverters (with a few days storage) so that 
grid-connect systems can also be used as a back up for the 
grid. Fears concerning Year 2000 compliance (the 
’millennium bug') created a new image for PV as a residential 
UPS (uninterruptible power supply).

Over 100 000 charge controllers were sold by US suppliers 
alone in 1999 (80 % exported). Manufacturers in France and 
Germany offer charge regulators with prepayment function 
and integrated battery, providing a portable, easy-to-use 
system. In France computer software has been developed to 
enable data analysis and remote control of off-grid PV 
systems through satellite or telephone networks.

3.3 System prices
For off-grid systems, prices vary widely depending on the 
application and the climate in which it is installed. For 
example, in the US sunbelt, d.c. systems can be installed 
with 4 to 5 days storage. In such a ’bare bones' system with 
PV arrays purchased from a distributor, mounting hardware, 
charge controller and lead-acid deep-cycle battery bank, a 
local installer can profitably install the system for 12 -14 
USD/Wp (d.c.). In a moderate climate an a.c. system with
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PV technology note

The key components of a photovoltaic system are the photovoltaic cells (interconnected and encapsulated to form a 
module), the inverter, the battery and charge controller (for off-grid systems) and the mounting structure.

Cells

At present the vast majority of photovoltaic cells are made from silicon. In general, cells are classified as either 
crystalline (sliced from ingots or castings or grown ribbons) or thin film (deposited in thin layers on a low cost 
backing).

Crystalline silicon
Single crystal silicon cells are usually manufactured from a single crystal ingot, most commonly grown by the 
Czochralski method. PV cells made from multicrystalline silicon have now become popular as they are less 
expensive to produce, although slightly less efficient. Multicrystalline cell manufacture usually begins with a casting 
process in which molten silicon is poured in a rectangular block. This produces a block of multicrystalline silicon 
that is then sliced into wafers that are used to make the cells. One way of eliminating the sawing step is to grow 
ribbons of multicrystalline silicon that are already wafer thin and the correct width for use as PV cells.

The maximum recorded cell efficiency for crystalline silicon is 24.7 %7. Cell efficiencies greater than 25 % have 
been recorded for cells made from lll-V semiconductor material (for example gallium arsenide (GaAs)). However, 
these materials are reserved for concentrator systems and for space applications because of their high cost.

Thin film
Thin film modules are constructed by depositing extremely thin layers of photovoltaic materials on a low cost 
backing such as glass, stainless steel or plastic. Individual ’cells' are formed by then scribing through the layers 
with a laser. Thin film cells offer the potential for cost reductions. Firstly, material costs are lower because much 
less semiconductor material is required and, secondly, labour costs are reduced because the films are produced as 
large, complete modules and not as individual cells that have to be mounted in frames and wired together.

The most fully developed thin film technology is hydrogenated amorphous silicon. This is the material normally used 
in consumer applications, although it is used, but less frequently, in power modules. The efficiency of commercial 
amorphous silicon modules has improved from around 3.5 % in the early 1980s to over 7 % currently. The most 
efficient modules are made with multiple layers of photovoltaic material, for instance three layer amorphous silicon 
modules with germanium added to two of the layers (a-Si/a-SiGe/a-SiGe) which have a record cell efficiency of 
13.5 %7. Other types of thin films can be made using polycrystalline silicon, cadmium telluride (CdTe), and copper 
indium gallium diselenide (GIGS).

Typical and maximum module and cell conversion efficiencies (at Standard Test Conditions, i.e., 1 000 Wrrr2,
25 °C, solar spectrum AM 1.5) are given in the table below for some of the commercially available PV technologies.

Type Typical module Maximum recorded Maximum recorded
efficiency (%) module laboratory cell

efficiency7 (%) efficiency7 (%)
Single crystalline silicon 12-15 22.7 24.7

Multicrystalline silicon 11-14 15.3 19.8

Amorphous silicon 5-7 - 12.79

Cadmium telluride - 10.5 16.0

CIGS - 12.18 18.2

7 Solar Cell Efficiency Tables. Version 75, M.A.Creen. K. Emery. D.L. King. S. Igari. Progress in Photovoltaics: Research and Applications. 8, 
187-195 (2000)
8 Alloy with sulphur
9 Unstabilised results
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Module
For crystalline silicon cells, after testing and sorting to match the current and voltage, the cells are interconnected 
and encapsulated between a transparent front, usually glass, and a backing material. This 'module' is then typically 
mounted in an aluminium frame. Modules are normally rated between 50 and 200 Wp, although several 
manufacturers now offer modules above 200 Wp.

Inverter
An inverter is used to convert the d.c. source (from the module or battery) to a.c. The efficiency of inverters is 
generally greater than 90 %, when the inverter is operating above 10 % of its rated output, and can peak as high as 
96 %. Inverters connected directly to the module (as opposed to through a battery) incorporate a Maximum Power 
Point Tracker (MPPT), which continuously adjusts the load impedance such that the generator is always extracting 
the maximum power from the system.

Inverters fall into two-main categories: self-commutated and line-synchronised. The first can operate independently, 
being activated solely by the input power source; the line-synchronised inverters are triggered directly from the grid. 
Utilities require that inverters connected to the grid must contain suitable control and protection to ensure that 
systems are installed safely and do not adversely affect the power quality.

Traditionally, one inverter was used for the whole array. Now separate inverters may be used to connect each 
’string’ of modules or even mounted on the back of individual modules (’a.c. modules'). String inverters and a.c 
modules are likely to be increasingly used in the building-integrated PV market because they permit easy system 
expansion, independent operation and easier installation.

Battery
For off-grid systems a battery is used to provide energy storage. Nearly all batteries used for PV systems are of the 
lead-acid type (with a small quantity of antimony to reduce self-discharge). Nickel-cadmium batteries are also 
suitable and have the advantage that they cannot be overcharged or discharged, but are considerably more 
expensive.

All PV batteries are deep-cycle i.e. designed to be discharged down to 50 % or more without damage so that they 
can supply power over a long period of time (in contrast to a car battery, for example, which is usually only 
discharged down to 3 to 5 %). The lifetime of a battery varies depending on factors such as how it is used, how it 
is maintained and charged, and temperature, but is typically 5 -10 years.

Charge controller
The primary function of a charge controller (or regulator) is to maintain the battery at the highest possible State Of 
Charge (SOC) and provide the user with the required quantity of electricity, while protecting the battery from deep 
discharge (by the loads) or extended overcharge (by the PV array). Most charge controllers operate via voltage 
regulation set points. However, as voltage is not representative of the true SOC, new algorithms are being 
developed to evaluate the state of the battery, based on Ah or combined VAh monitoring.

Additional features such as battery temperature or wire compensation, meters and alarms can enhance the ability of 
the charge controller to meet the load demand and extend battery lifetime. Other functions such as MPPT, d.c/d.c. 
conversion, anti-theft protection, load management, pre-payment and data logging can also now be built into the 
charge controller.

Mounting structure
With the rapid growth of on-grid distributed systems, a wide range of products have been developed for installing 
PV modules on buildings. These include mounting structures for PV facades, roof profiles, flat roofs and even PV 
tiles' that can be used to replace conventional roof tiles. New products are addressing the need for ease of 
integration into the building envelope and aesthetic appeal.
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Table 3.2: Module manufacturers in the reporting countries

Country Company Cell Module Production Module Type Additional Information
Production Production Capacity

(MW,,) (MWp) (MWp)

AUS BP Solar Australia 5.0 5.0 6.0 sc-Si Merger will see new joint cell production in
Solarex 2.0 2.0 5.0 mc-Si Sydney. Module production will remain at

Solarex plant in Sydney - module production 
expected to reach 20 MWp by 2001.

CAN Canrom sc-Si Now manufactures own cells; produces a
Photovoltaic1 standard line of 12, 30, 40 and 50 Wp modules.

CHE Star Unity 0.0 0.02 0.1 sc-Si Import cells and integrate them into roof tiles 
('Sunny Tile j

Atlantis Solar 0.0 0.4 1.2 sc-Si Produce custom laminates using imported
Systems cells and 'Sunny Tile' roofing shingles. Also have 

production facilities in Germany and USA of
1 MWp capacity.

DNK Gaia Solar 0.0 0.075 0.33 mc-Si, sc-Si Produce modules (27 -150 from imported
cells. Production more than doubled in 1999.

DEU >20 companies1 4.1 8.8 27.0 mc-Si, sc-Si
EFG, a-Si

See text

ESP Atersa 0.0 1.0 1.5 sc-Si
BP Solar Espana 4.4 4.6 10.0 sc-Si No change in production.
Isofoton 0.643 3.37 5.0 sc-Si

FRA Photowatt 8.5 3.0 10.0 mc-Si Manufacturing PV cells and modules since 1978.
International Installed a new automated cell manufacturing 

line in 1999. Innovation: POLIX' directional 
solidification ingot casting and wire-sawing 
of thin wafers.

Free Energy 0.4 0.4 1.0 a-Si The Dutch company purchased the a-Si plant
Europe from Naps-France in May 1998. Produce 

modules of 12 Wp for small power 
applications (up to 100 W^.

GBR Intersolar 1.5 1.5 2.5 a-Si Production capacity has increased from 1.6 MWp 
per annum (1998). Further increase to 3 MWp 
planned for 2000.

ITA Eurosolare 0.4 0.4
2.5

sc-Si sc-Si wafers are bought on the international
1.1 1.1 mc-Si market; mc-Si wafers are home made.

Production of mc-Si modules has decreased 
from 1.8 MWpin 1998.

Helios Technology 2.1 2.05 | 2.2

i

sc-Si Fabricate single crystal silicon cells and 
modules, and design and supply turnkey
PV systems.

JPN Kyocera 30.2 30.2 ! 36 mc-Si Module production has increased from
24.5 MWp (1998). Production capacity 
increase to 60 MWp planned for 2000. Have 
commercialised solar cell roofing material
'ECONOROOF'.

Sharp 8.5 8.5 ; io.o | sc-Si Production of modules has increased
21.3 21.3 : 22.0 I mc-Si dramatically, from 14.0 MWp (1998).
0.2 0.2 2.2 | a-Si Plan to double capacity of mc-Si production 

capacity to 44 MWp in 2000. New developments: 
mc-Si cell with efficiency of 16.0 %.

Sanyo Electric 4.6 4.6 | 5.0 I a-Si In 1998 module production was only 3.5 MWp.
5.9 5.9 ; 8.0 j a-Si/sc-Si Has commercialised a-Si/sc-Si bifacial module 

and plan to increase production capacity from
8 to 11 MWo in 2000.

Canon 1.31 1.31 i 10.0 i a-Si Module production decreased from 2 MWp (1998)
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Country Company Cell Module Production Module Type i Additional Information

Production Production Capacity

(MWp) (MWp) (MWp)

Showa Shell 0.0 1.5 5.0 sc-Si Production capacity has increased but actual
Sekiyo production decreased (compared to 1998).

Have developed combination of triangle 
module and square module for residential 
buildings.

Air Water (former 0.1 0.94 1.0 sc-Si No change in production.
Daido Hoxan) 0.01 0.03 1.0 mc-Si
Mitsubishi Electric 4.5 10 mc-Si Began production in 1999. Plan to increase 

production capacity to 15 MWp in 2000.
Kaneka 3.0 3.0 Largest a-Si manufacturing plant in the world,

began production in 1998.
MSK 0.0 3.0 10.0 mc-Si Commisssioned sc-Si and a-Si plant and

0.0 0.0 3.0 sc-Si increased capacity of mc-Si plant from 3 MWp.
0.0 0.0 2.0 a-Si Plan to increase total production capacity to

28 MWn in 2000.
KOR LG Industrial 

Systems
0.0 0.2 1.0 sc-Si

Unlikely to increase production capacity since 
local market size is significantly less than

Samsung
Electronics

0.0 0.3 0.5 mc-Si current capacity.

NLD Shell Solar Energy 0.8 4.0 6.0 mc-Si No change in production in the Netherlands. The 
standard 95 Wp product can be delivered as 
an 'AC module' containing a mini-inverter 
that has been approved for installation in 
the Netherlands.

SWE GPV 0.0 I 0.5 2.0 mc-Si Until 1998, produced only sc-Si modules;
0.0 | 0.5

I
2.0 sc-Si production of mc-Si modules decreased by

1 MWp in 1999. Plan to enlarge capacity 
up to 10 MWp during 2000.

USA Siemens Solar 22.2 | 17.0 25.0 sc-Si Pilot production of CIS product began in 1998;
Industries 0.0 | 0.0 4.0 CIS large-area modules with efficiencies >12% 

have been produced.
BP Solarex 16.0 | 12.0 20.0 mc-Si Offers modules from 33-200 Wp. Production of

2.0 j 2.0 5 a-Si mc-Si modules increased from 10 MWp in 1998 
to 12 MWpand 2 MWp of a-Si modules were 
shipped ini 999.

Astro Power 11.0 i 4.0 20.0 sc-Si sc-Si cell and module production increased
1.0 I 0.0 5.0 Si film dramatically from 6.1 MWp and 2 MWp 

respectively in 1998.1 MWp of the new thin 
film on low-cost substrate product was 
produced in 1999; full production (of the
9 MWd plant) is expected in 2000.

Solec International 0.6 I 0.6 0.6 sc-Si sc-Si cell and module production almost 
terminated in 1999 in order to produce
5 MWp of n-type slices for their owners Sanyo.

ASE Americas 4.0 | 4.0 5.0 EFG-Si Completed a major expansion of their plant in 
1998. Produce large (200-300 MW^ as 
standard.

United Solar 3.0 j 3.0 4.5 a-Si Production of 5 MWp triple-junction a-Si plant
Systems Corp began in 1997. In addition to standard
(USSC) power modules, produce two building- 

integrated products.
Other 1.0 | 1.0 5.0 Other companies nearing production;

Evergreen Solar, Ebara Solar, First Solar,
Energy Photovoltaics, plus companies 
specialising in concentrator cells.

Totals | 171.36 j 167.80 325.13

1 Data not available for publishing. Note: for a-Si, the cell and module are manufactured in the same process.

Key: sc-Si = single crystal silicon. mc-Si = multicrystalline silicon. EFG = edge fed growth silicon. a-Si = amorphous silicon. 
CIS = copper indium diselenide. CdTe = cadmium telluride.
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10 days storage, a stand-alone inverter and ground-mounted 
hardware, can be installed for 14 -18 USD/Wp. High 
reliability systems in moderate climates with 20 days of 
storage, all weather mounts, battery enclosures, system 
controllers etc. can cost at least 24 USD/Wp. A similar range 
is seen in the other reporting countries, although systems in 
the Netherlands, Australia and France can be up to 30 USD/ 
Wp. Prices have not altered significantly since 1998.

On-grid systems are generally cheaper because no batteries 
and associated components are necessary. For on-grid, 
building integrated systems of 1 - 3 kWp, system prices10 are 
below 6 USD/Wp in Denmark and Germany and below 7 
USD/Wp in Australia and France. In the USA, systems

installed by Sacramento Municipal Utilities District (SMUD) 
range between 5 - 6 USD/Wp but according to SMUD 
suppliers, the module suppliers and system installers made 
little or no profit. Systems offered, with profit, outside the 
SMUD programme sell for 8 -12 USD/Wp. Between 1998 
and 1999, the price of on-grid systems below 10 kWp 
decreased in France (by 16 %), Italy (by 6 %) and Japan (by 
5 %). System prices actually increased in Finland and 
Switzerland although, for systems over 10 kWp, system 
prices in Switzerland decreased by 5 %. This is because 
'solar stock exchange' schemes have led to a market for 
larger systems. In general, the price of systems above 
10 kWp is substantially lower in many countries and can be as 
low as 4.8 USD/Wp in Australia.

Chapter 4 Framework for deployment
Deployment of PV systems is governed by local, national and 
international policies and the perception of the general public 
and utilities; it is also influenced by the availability of suitable 
standards and codes.

4.1 New initiatives in photovoltaic power systems
As Figure 2.3 showed, increasing emphasis is being placed 
on market deployment initiatives as opposed to R&D or 
demonstration programmes. The key initiatives in each of the 
reporting countries are summarised in Table 4.1.

A wide range of fiscal instruments are being used to support 
or promote PV (and other renewables) including: reduced 
interest rates, tax credits, accelerated depreciation, 
government or regional grants, preferential tariffs and 'green 
electricity" schemes. The prevalence of green electricity 
schemes in the reporting countries demonstrates that a 
significant, and growing, number of customers are concerned 
about the environment and prepared to pay more for 
electricity generated from environmentally-benign sources. 
Public opinion appears to be generally supportive of PV, 
although lack of awareness and access to information is a 
barrier in some countries. Utilities are also increasingly 
supportive of PV: many offer 'net metering’ and some are 
investing in PV (either to give the company a 'green' image, 
as in Germany, or to avoid the costs of grid extension in rural 
areas, as in France and Mexico). The value of other network 
benefits attributed to PV does not, though, appear to be 
recognised.

4.2 Indirect policy issues and their effect on the PV 
market
There are two key issues with an indirect, but important, 
influence on the PV market: namely, the Kyoto Protocol and 
deregulation of the electricity industry.

As a consequence of the international Framework 
Convention on Climate Change and the Kyoto Protocol, 
countries such as Finland, Germany, Sweden and the UK 
have introduced, or are planning to introduce, taxes on forms 
of electricity generation that contribute to C02 emissions. 
These taxes are too small to noticeably affect the economics 
of PV and in the USA some analysts calculated that PV 
credits would be less than 0.01 USD/kWh if there were

serious efforts to credit PV for mitigation of C02. However, in 
the UK, the money raised from the carbon tax will be used as 
an additional source of funds for the national renewable 
energy programme. Perhaps more significantly, the Kyoto 
Protocol has stimulated a reappraisal of renewable energy 
policy and the setting of national targets for PV deployment. 
For example, in Japan a law concerning 'Promotion 
Measures to Arrest Global Warming' was passed and in 
Australia a range of new renewable energy programmes, 
including mandated purchase of renewable energy by 
electricity retailers, have been introduced as part of the 
national Greenhouse Strategy. As shown in Table 4.1, 
Germany, Finland, France, Italy, Japan, the Netherlands and 
the USA have all set targets for increasing PV deployment 
dramatically. In addition the European Commission are 
currently preparing a Directive on renewable energy support, 
including targets, which is likely to influence PV deployment in 
its' member countries to some extent.

Since an increasing proportion of PV systems are grid- 
connected, restructuring of the electricity industry is an 
important factor. Deregulation has been achieved, or is 
currently underway, in Australia, Canada, Denmark, Finland, 
Germany, the Netherlands, Switzerland, the UK and the USA. 
The impact on PV is uncertain. The increase in green power 
schemes and net metering is one outcome, as many utilities 
are expanding customer services and choice in the face of 
increased competition. Deregulation has also opened up 
access to the grid. Accompanied by simplified connection 
procedures and requirements, this has permitted a dramatic 
growth in embedded generation (such as PV). However, 
market-led schemes promote the cheapest option and so do 
not necessarily lead to more PV installations. For example, in 
Australia, PV accounts for less than 0.1 % of the total green 
power produced and the New Electricity Trading 
Arrangements in the UK replace existing subsidies for 
renewables with an obligation on suppliers to obtain a 
percentage of their electricity from renewable sources. 
(Electricity suppliers will therefore select the cheapest 
renewable technologies). Also, the primary aim of 
liberalisation in the electricity supply industry is to drive down 
costs to the consumer. Thus, as electricity prices fall, the 
price differential separating PV from conventional electricity 
generation will increase.

Note: these prices are turnkey prices that exclude VAT/TVA/sales taxes, operation and maintenance costs but include installation costs.
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Table 4.1: New initiatives in the reporting countries

Country
>»

Promotional ’4^?-

:
A1,number of utilities offer net metering forK &a*» 
domestic PV systems Utility Green Power 
programmes grew rapidly dunng 1999 with over
58 000 customers nationwide, although to date 
?V only accounts for 0.1 % of the total Green 
Power produced. As part of Green Power , “ 
schemes.one' utflityoffers 0,17 JUSD/kWh for* 

^Sectiicay exported from PV and another utffity, * 
uses customer donations, via rounding up d 
electricity bits, for the InstaBatioriof PV systems 
onschools.'......................... ""

Public support for PV and other twewables ' &
continues.y4owevec grid-connected customers 
in particular lack access to, information on 
availability, cost and performance of PV systems- 
and have a limited understanding of the potential 
role of renewables in the electricity supply

# * ; . . * J1 <' " *Several new renewable energy programmes are - 
planned for 2000 and 2001. The Australian 
Greenhouse Office wil provide support for up to
50 % of the cost of, domestic building integrated
PV systems and up to 50 % erf the cost of _ 
conversion of diesel-based off-grid electricity 
generation to renewable energy technologies.
The Renewable Energy Industry Development 
programme and Renewable Energy Equity Fund : 
will also benefit PV.

AUT Preferential tariffs ranging between 0.32 to 0.80 
USD/kWh. Some regional governments 
subsidise PV; m Upper Austria subsidies up to
50 % of the total installed cost are available.

Most utility companies have installed PV 
systems for demonstration purposes or to 
supply isolated areas. In Upper Austria 23 % of 
the customers who contributed to the green 
electricity programmes decided to subsidise PV.

Decisions concerning funding of renewables have 
been delayed until the effect of the new electricity 
trading rules is evident.

CAN Accelerated depreciation for the cost of PV 
systems greater than 3 kW resulting in Sales
Tax reduction and. in Ontano. two utilities accept 
net metering for PV. 1999 saw a marked 
increase in on-grid PV systems as a result of the 
Greenpeace Solar Pioneers programme.

PV is attractive to the public for vacation 
cottages/cabins and recreational vehicles but 
the general perception is stifl that PV is too 
expensive. It is expected that deregulation of 
the electricity market wiP allow an increasing 
number of customers to support solar energy for 
environmental reasons and green electricity 
options are being implemented in some regions.

The Government, in collaboration with the
Canadian Solar Industries Association, is planning 
a marketing and promotional initiative to raise 
awareness of PV.

CHE The ’solar stock exchange’ plays a major role in 
providing a market for building integrated PV 
systems. The utilities act as a ’stock exchange’ 
for trading between independent PV generators 
and customers who are willing to pay a premium 
for solar energy.

The Government's ’Energy 2000’ programme 
and the Swiss Utilities Association are working 
to ensure that all customers have access to the 
’solar stock exchange'. In 1999,1.2 % of the
1.8 million households able to purchase ’green 
electricity' did so.

In September 2000 there will be a public 
referendum on the introduction of a levy on non
renewable energy and a longer-term ecological tax 
reform. In the city of Basle new legislation has 
been introduced which will help fund 300 kWp of 
additional PV power per year over a six year 
period, resulting in an average of 8.5 Wp per 
resident in the city.

DNK Subsidy of up to 36 % for PV applications in the 
commercial sector, funded by the C02 tax on 
electricity (little use has been made of this so far). 
Net metering for privately owned PV systems 
was established in mid 1998 for a trial period of
4 years.

Polls reveal a high consumer interest in PV and a 
willingness to pay more for green electricity'. A 
new law deregulating the electricity sector is 
likely to influence PV deployment.

A 300 roof top project was launched in 1998; 
about half of the systems had been installed by 
the end of 1999. In late 1999 the Danish
Parliament allocated 3.9 MUSD for a 3 year 
programme to promote the use of PV on buildings 
and to foster the development of appropriate 
building-integrated PV products.

DEU The 100 000 Roofs Solar Power Programme, 
launched on 1 January 1999, provides loans 
with low interest rates (0 % in 1999) for 10 years. 
The loan is to be repaid in 8 installments (12.5 
%) from years 3 to 10, whereas the last 
installment is not due for repayment if the PV 
plant is still in operation. In addition to the 
Government subsidies, 10 of the 16 Federal 
states are supporting PV installations, particularly 
Nordrhein-Westfalen.

Public opinion concerning renewable energy 
remains very positive. By the end of 1999 more 
than 50 suppliers were offering green power, 
compared to 11 suppliers by the end of 1998, 
and the number continues to increase. Utilities 
are participating in the green power market and 
this has resulted in a growing number of ’green- 
power' plants - a combination of different 
renewable energy plants, including PV.

The initial response to the 100 000 Roofs Solar 
Power Programme was disappointing with 
applications for 9 MWp instead of the expected 18 
MWp. However, the Law for the Priority of 
Renewable Energies, which will come into force in 
2000 should accelerate the market dramatically.
The Law replaces the Renewable Energies Feed- 
in Tariff Law of 1991 and sets a buy back rate of 
0.51 USD/kWh for PV generated electricity. The 
target capacity for the Programme is 300 MWp by 
2003.

ESP Regional programmes to support PV provide 
subsidies of over 25 % of the installation cost. 
Electricity generated from PV receives a 
preferential tariff of 0.4 USD/kWh (for systems 
less than 5 kW) and 0.2 USD/kWh (for systems 
greater than 5 kW).

Public perception of PV is positive, particularly 
due to the low visual impact. Several Spanish 
utilities have invested substantially in grid- 
connected PV systems.

The Energy Saving and Efficiency Programme 
(PAEE) ended in 1999, but grants to PV will 
continue under the new programme for renewable 
energy (2000-2006), which is currently awaiting 
approval.

FIN Investment subsidies of up to 30 % are available 
for companies installing PV systems. Preliminary 
interest has been shown in an ESCO type 
financing approach for PV installations on private 
homes.

’Green electricity’ schemes have been 
introduced and utilities are increasingly 
interested in demonstrating building integrated
PV systems as part of their environmentally 
friendly image.

The Ministry of Trade and Industry launched an 
Action Plan for Renewable Energy Sources in
1999. This set a target of 40 MWp of installed 
capacity by 2010 which represents an increase in 
PV electricity production by 40 fold compared with 
the base year 1995.

FRA Up to 95 % of the cost of an off-grid domestic
PV system is subsidised (70 % from the Ponds 
d'Amortissement des Charges d' Electrification 
(FACE) fund, 15 % from the Finance Ministry and 
10 % from ADEME). Between 35-80 % of the 
cost of on-grid systems can be funded through 
the PHEBUS initiative, a demonstration 
programme of the EC (ends in 2000).

EOF (the main electricity utility) and ADEME 
continue to promote the use of PV (and wind) for 
isolated houses, where grid extension is a more 
expensive option, through the FACE 
programme.

A new demonstration programme for on-grid 
building integrated systems was initiated in 1999 
partly funded by the EC. The aim is to install 500 
kWp in the next 3 years with a targeted installation 
cost of 5 USD/Wp. Due to a Government decision 
(in 1998) to reinforce the public budget for the 
development and promotion of renewables,
ADEME has tripled its budget for PV 
dissemination and aims to install 1 500 kWp of off- 
grid systems per year.
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Utility and Publtc gierceytions ■ MajorNew InitiatnresindPlanned

1

MartetngofPVBBtlooynlsaoonssuchas
The utility perception of PV is improving but in ^ 
^gal utMes are more cpnoemed with the' > j i 
connection of other smai embedded generators 
such as micro-CHP Sorting engines which are 
viewed as more likely to take-off In the UK. -The 
PV industry continues to lobby for net metering 
and poicy changes., , -, > "

-y p'-

"I* «r 4'

-Jhe targe Increase fri instaBed capacity it 1999 Is 1 
largely due to the ongoing BP Amoco ’Sunflower' 
pfqect A number of large buiding integrated PV 
projects are planned for 2000 when the 
Government's TOO roofs domestic field trial will 
also begin. VAT on PV systems w8l be reduced 
from 17.5 % to 5 % with effect from Apr# 2000 
and the Climate Change Levy will be used to 
support renewables in general.

ISR The Government provides support for PV grid- .". 
connected demonstration projects but the ^ i
support is conditional on bringing the proposed 
project to a state of being 'cost effective'. To 
date no one has taken advantage of this offer.

Public perception of PV is increasingly positive 
as a result of greater awareness of 
environmental issues in general. However, the : 
industry is hampered by continuing thefts of 
modules and systems increasing installation 
costs (extra shielding) and maintenance (guard 
duty) for some isolated applications.

Three major new projects are being developed.
In Yeruham, a number of solar projects to provide 
social and educational benefits. In Nitzana, 
building a Solar Demonstration Park and 
establishing a new solar energy curriculum for 
pupils. In Kibbutz Samar, plans to expand an 
existing PV power station from 4.5 kWp to 200 
kWp capacity.

ITA Tax reductions of 36 % of the investment cost of 
a PV system are available and a VAT reduction 
from 20 % to 10 %. Electricity generated from
PV receives a preferential tariff of 0.18 USD/kWh 
for plant commissioned within the year 2000.

The utilities have demonstrated their support for 
the national roof-top programme by co
operating with ENEA to address technical issues 
relating to grid connection and some utilities are 
starting their own demonstration programmes. 
There is also widespread interest from the 
general public.

The 10 000 roof top programme has been 
delayed further but is expected to start in 2000.
The target capacity is 50 MWp.

JPN The taxable amount of fixed property is reduced 
to 5/6 for 3 years if PV is installed. Owners can 
also choose either a tax credit of 7 % of the 
acquisition value of the PV system or 30 % 
depreciation for the first year. Some financing 
institutions offer preferential loans to homebuyers 
for PV systems. Net metering has been available 
since 1992.

Several utilities have established a subsidy to 
support R&D on PV systems and a subsidy of 
half the cost of residential PV installations.
Public support for PV is growing and this is 
evident in a doubling in the number of 
applications for the Residential PV System 
Dissemination Programme in 1999.

The existing demonstration and field test 
programmes expanded dramatically in 1999, 
making steady progress towards a target of
5 000 MWp of installed PV capacity by 2010.

KOR The Government supports demonstration and 
field tests of various renewable energy sources;
PV remains a ’high priority' sector.

MEX Government grants are available to isolated and 
poor communities for rural electrification.

During 1998-99 the national utility sponsored a 
study to evaluate the effectiveness of the PV
Rural Electrification Programme.

A large programme is to be launched in 2000 by 
the Agricultural and Hydraulic Resources Ministry 
to support PV applications in agriculture e g. 
water pumps for irrigation, cattle watering and 
electric fencing.

NLD Apart from government subsidy through the 
national PV programme, a wide range of support 
mechanisms are used to finance PV including: 
low interest rates for ’green projects', accelerated 
depreciation on environmental investments, a 
’green mortgage’ for energy efficient and 
sustainable buildings and green electricity 
schemes. A generic subsidy for PV is currently 
being prepared in order to speed up market 
deployment.

Utilities are active in project development and 
subsidising of PV. For many companies, like 
utilities and the building industry, investing in PV 
is seen as a strategic choice expected to create 
new business opportunities. According to a 
market survey conducted by Greenpeace, many 
customers would be willing to purchase a small 
PV system and PV is widely regarded as the 
most promising renewable energy option for the 
Netherlands in the long run.

The Government has set targets of 250 MWp of 
installed PV capacity by the year 2010 and 1500 
MWp (equivalent to about one million roof top 
systems) by the year 2020. A new PV Covenant 
(a treaty signed by 28 parties - industry, utilities, 
R&D sector, government) is being prepared for 
the period 2001 -2007. Key issues are financing 
and facilitating market development. Participants 
in the PV Covenant have also discussed the 
possibility of raising the target for installed power 
to 500 MWp by 2007.

NOR Growing interest from utilities to include PV in 
future programmes.

Production of multicrystalline silicon wafers due 
to increase from 6 MWp to 30 MWp in next three 
years: plan to begin production of PV cells.

SWE There are no general subsidies for PV. However, 
government funding of up to 50 % can be 
obtained for a demonstration project.

The general view of PV as a long-term 
sustainable renewable energy technology is 
positive.

Until recently the main activity in the national 
programme has been to identify and develop 
niche applications where PV will be cost effective 
as a stand-alone system. In the last couple of 
years the programme focus has shifted towards 
evaluating the application of PV in the built 
environment as a longer-term option.

USA The key initiatives in the on-grid distributed 
sector are: the Million Solar Roofs Initiative, the 
Sacramento Municipal Utility District (SMUD) 
Pioneer programme, the California PV Subsidy 
programme and the PV for Schools programme. 
By the end of 1999,12 states had enacted 
restructuring legislation including such options as 
net metering, green pricing and set-asides for 
environmentally benign renewables.

Concerns regarding Year 2000 compliance 
created a new image for grid-connected PV and 
led to a surge of sales of PV as a back up 
power system. The Utility Photovoltaic Group 
(UPVG) supports net metering as a mechanism 
for expanding PV markets and has installed 
nearly 6 MWp of utility-owned or endorsed PV 
systems.

In 1998 the Department of Energy issued a 10 
year plan to stimulate the deployment of one 
million ’solar' (PV and solar thermal) roofs. The 
tax credit for the initiative is still awaiting approval 
from Congress but progress has been made 
through a series of public meetings and building 
partnerships with agencies, states and local 
entities.
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4.3 Standards and codes
The International Electrotechnical Commission (IEC) estab
lished a Committee (TC 82) in 1981 to prepare international 
performance and safety standards for PV. The IEC have 
published 26 International Standards addressing PV cells, 
modules and stand-alone PV systems.

Currently, IEC standards development is most active in the 
grid-connect sector and a number of countries have devel
oped, or are developing, guidelines/standards for connecting 
small PV systems to the electricity network. Both the USA 
and the UK have recently published guidelines for connecting 
PV systems to the distribution network. It is interesting to 
compare the different approach of these two countries. The 
Institute of Electrical and Electronic Engineers based in the 
USA has published a Recommended Practice for Utility 
Interface of PV Systems (IEEE 929) rated 10 kW or less. This 
standard requires certification from an independent and 
accredited laboratory (using the associated test standard 
UL1741). The UK guidelines are, in general, less prescriptive 
and, in line with European industry practices that allows self- 
certification by manufacturers to an approved type test 
procedure. The approach for the use of a.c. modules is also 
different. In the USA, a.c. modules can be installed in 
accordance with the national electrical code if they have been 
independently certified to the UL1741 standard and meet the 
requirements of IEEE 929. However, the connection of a.c. 
modules is not permitted in the UK because of concerns 
regarding solid-state (as opposed to mechanical) disconnec
tion from the network. This is a major barrier to market

expansion and has raised fears that systems may be illegally 
connected in the UK. With the objective of harmonising the 
test requirements of PV products internationally, manufactur
ers and safety test laboratories are currently working together 
to develop international safety standards for inverters (IEC 
62109) and modules (IEC 61730).

Attention is being turned to addressing the d.c. side of the 
grid connection. Installation guidelines have been published 
in the Netherlands and are being developed in the UK, 
Germany, Canada and Australia. The IEC also have a 
committee (TC 64) which is seeking to extend the existing 
Wiring Regulations (IEC 60364) to encompass PV installa
tions. Guidelines are urgently required for the electrical 
contracting industry to address the safety issues unique to 
PV installations and facilitate training and certification of 
installers. Co-operation is also required between the building 
industry and PV industry to include joint development of 
guidelines and standards.

A major initiative, the Global Approval Programme (PV GAP) 
was launched in 1997 to promote and maintain quality 
standards and certification, focusing primarily on stand-alone 
systems in developing countries and driven by quality 
concerns of donor programs and the World Bank. PV GAP 
and IEC technical experts have collaborated on an important 
project to prepare a new international standard for small PV 
stand-alone systems.

Chapter 5 Summary of trends
There is great diversity between the countries participating in 
the IEA Photovoltaic Power Systems Programme and, 
although this survey does not capture the whole PV market, it 
provides an indication of global trends. The key trends in PV 
applications and markets are summarised below and in Table 
5.1. Care must be taken in interpreting the statistics due to 
the very large PV programme in Japan, which is influencing 
trends in the participating countries to an increasing degree.

• The market for PV power applications continues to 
expand rapidly: between 1998 and 1999 the total 
installed capacity in the reporting countries grew by 
31 %, reaching 516 MWp. Of the 121 MWp installed 
during 1999, 60 % was installed in Japan alone. Minus 
Japan, the installed capacity grew by 19 % between 
1998 and 1999 (similar to the previous year). •

• Off-grid applications account for over 90 % of the total 
installed capacity in Australia, Canada, Finland, France, 
Israel, Mexico, Norway, Portugal and Sweden.
However, overall, the trend is for an increase in the 
proportion of PV power that is grid-connected.
Between 1992 and 1999, the installed grid-connected 
PV increased from 29 % to 53 % of the total capacity in 
the reporting countries. This is due to the large, 
government-subsidised programmes, especially in 
Japan and Germany, which focus on PV in the urban 
environment (on-grid distributed systems).

• Awareness of PV power systems is growing with a 
number of high profile projects such as the PV 
installations associated with the Sydney 2000 Olympics, 
the Amersfoort Nieuwland project in the Netherlands, 
Expo 2000 projects and new governmental buildings in 
Germany and PV on petrol stations. Education is 
increasingly being recognised as a key aspect of 
national programmes and a number of countries, 
including Japan, Germany, Israel and the UK have 
programmes to install PV systems on schools.

• The total budget allocated by government bodies to 
support the PV industry in the reporting countries has 
increased from 287 MUSD in 1994 to 479 MUSD in
1999. Over half of the total budget for 1999 was for 
Japan although other countries, in particular France, 
saw significant increases in the PV budget. An 
increasing proportion of the budget is spent on initiatives 
to encourage the market deployment of PV, as opposed 
to research, development and demonstration.

• Between 1993 and 1999, module production tripled: 
from 52 MWp to 168 MWp per annum. Japanese 
production increased by 67 % between 1998 and 1999 
and as a result over half of all the modules in the 
reporting countries were produced in Japan in 1999; 
largely to feed the increase in demand in the home 
market. A number of new companies are planning to
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Table 5.1 Installed PVpower and module production in the reporting countries

Year Cumulative installed power and percentage increase Power 
installed 
per year

MWp

Module 
production 

in year

MWp

Off-grid

MWp %

On-grid

. MWp %

Total

MWp %

1992 78 32 110
1993 94 21 42 32 136 24 26 52
1994 112 19 51 24 164 20 28
1995 132 18 66 29 198 21 35 56
1996 157 19 88 33 245 24 47
1997 187 19 127 44 314 28 69 100
1998 216 15 180 42 395 26 82 126
1999 244 13 273 52 516 31 121 168

enter production in 2000 in Australia, the USA, Norway 
and Israel and many companies are planning to enlarge 
existing production lines. Overall, production remains 
well below capacity (52 %): this reflects the rapid 
expansion of the industry with large plants being built 
but not, yet, fully operational.

• The vast majority of modules produced (84 %) are still 
crystalline silicon, of which approximately 60 % are 
multicrystalline and 40 % are single crystalline (a similar 
split to 1998). However, amorphous silicon production 
more than doubled between 1998 and 1999 and is now 
emerging as a viable alternative in the PV power market. 
CdTe and CIS manufacturing plants are either planned 
or operational in Japan, Germany and the USA. These 
will provide a market test for new, lower manufacturing 
cost, module options. The first stage of a giant 100 MW 
CdTe cell and module production line should be 
completed in 2000.

• In general the price of systems has not altered 
significantly since 1998, although cost reductions were 
seen in France, Italy and Japan. On-grid building 
integrated systems of 1-3 kWp are typically between 
6-12 USD/Wp (installed) although prices below 6 USD/ 
Wp were reported in Denmark and Germany. The new

on-grid demonstration programme in France aims to 
achieve an installed cost of 5 USD/Wp within 3 years. 
Off-grid systems remain competitive in many 
applications such as remote houses, 
telecommunications, water pumping and traffic signals.

• Utilities are increasingly supportive of PV: many now 
offer net metering or preferential tariffs for PV and some, 
as in the USA, Spain and the Netherlands, are actively 
involved in project development. Deregulation in the 
electricity industry is likely to have an impact on PV 
deployment and further measures may be necessary to 
increase the attractiveness of PV. As an example of 
such 'measures': a dual inverter, coupled with storage, 
has been introduced to make PV a grid-connected UPS 
system. Concerns regarding Year 2000 compliance 
caused a surge of sales during 1999, providing a real, 
grid-connect market (without subsidies) for such 
systems.

• Many countries (Germany, Finland, France, Italy, Japan, 
the Netherlands and the USA) have set targets to 
increase PV deployment dramatically in the near/ 
medium term; this can be attributed in part to the Kyoto 
Protocol of 1997.
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Annex A IEA - PVPS Task I Annex B Exchange rates
Experts
Australia Greg Watt, Australian PVPS Consortium

Austria Georg Baler, Verbund

Canada Raye Thomas, representing the Canadian
Solar Industries Association (CanSIA)

The table below lists the participating countries, corresponding ISO 
country and currency codes, and the exchange rates used to convert 
national currencies. 1999 exchange rates are generally used. For 
Israel all financial information was provided in USD, which is the 
currency used locally, by industry, for statistical purposes. No 
financial information was available for Portugal and Spain.

Denmark Peter Ahm, PA Energy A/S

Finland Leena Grandell, Motiva

France Andrd Claverie, ADEME

Germany Peter Sprau, WIP

Israel Yona Siderer, The Ben Gurion
National Solar Energy Centre

Italy Salvatore Guastella, CESI - ENEL

Japan Masao Kando, NEDO

Korea Kyung-Hoon Yoon, KIER

Mexico Jaime Agredano Diaz, Electrical 
Research Institute

Netherlands Astrid de Ruiter, NOVEM

Norway Bruno Ceccaroli, SCATEC AS

Portugal Gina Pedro, DGE

Spain Jesus Garcia Martin, Iberdrola

Sweden Lars Stolt, Uppsala University

Switzerland Pius Hiisser, Nova Energie GmbH

United Kingdom John Stones, EA Technology Ltd

United States of America Charles Linderman, Edison Electric 
Institute

In some cases, the Task 1 expert was assisted by one or more 
experts from their respective countries.
These experts are listed below.

Australia Muriel Watt, University of NSW
Austria Gerd Schauer, Verbund
Canada Lisa Dignard-Bailey, Natural Resources 

Canada - CEDRL
Denmark Bent Sorensen, Roskilde University
Germany Ingrid Weil3, WIP
Israel Shoshona Dann, The Ben Gurion 

National Solar Energy Centre
Italy Salvatore Castello and Anna De Lillo, 

ENEA
Japan Eiichi Waki, NEDO

Shuji Yamamoto, PVTEC
Korea Jinsoo Song, KIER
Mexico Jorge Huacuz Villamar,

Electrical Research Institute
Netherlands Leendert Verhoef, VSEC
Sweden Karin Granath and Olle Lundberg, 

Uppsala University
Switzerland Alan C. Hawkins, A.C.Hawkins 

Consulting & Services
United States of America Ward Bower, Sandia National

Laboratories: Paul Maycock, PV 
Energy Systems

Technical writer:
The International Survey Report was written by John Knight: 
Halcrow Gilbert, Burderop Park, Swindon, SN4 OQD, UK.

Country ISO
country

code

Currency
and

ISO code

Exchange
rate

(1 USD =)

Australia AUS Dollar (AUD) 1.67

Austria AUT Schilling (ATS) 12.5

Canada CAN Dollar (CAD) 1.486

Denmark DNK Krone (DKK) 7.6

Finland FIN Markka (FIM) 5.92

France FRA Franc (FRF) 6.56

Germany DEU Mark (DEM) 2.1

Israel ISR New Israeli 
Shekel (NIS)

(see above)

Italy ITA Lira (ITL) 2 000

Japan JPN Yen (JPY) 107

Korea KOR Won (KRW) 1 188

Mexico MEX Peso (MXP) 9.44

Netherlands NLD Guilder (NLG) 1.27

Norway NOR Krone (NOK) 8.75

Portugal PRT Escudo (PTE)

Spain ESP Peseta (ESP)

Sweden SWE Krona (SEK) 8.267

Switzerland CHE Franc (CNF) 1.5

United Kingdom GBR Sterling (GBP) 0.625

United States USA Dollar (USD) 1

European Union Euro (EUR) 1
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8*
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*$g-S-Sl$7 XX I ©SMEIsJttfiito^/pfM L/c6EtoltilS-S'SCS'jVT7 XX I ©E
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#IW#*©t6W6Sl/, IEA-PVPSWifr$M6^B#gSn/c„

*#g-S-S©=i kf-$/ct$-t©tt© IEA-PVPS mR#CMT6m#&AfT6t:a, IEA 
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1974^£fc££ftfcSEx;^V^-ieiS9 (IEA) tt&ftr&frBfl&ftflt (OECD) ###%(%4^0

iEA 23

Bk#l#mA^3#:#^(7)^mc#A[lL-C^6o

i:rai>^rA*^o^7A (PVPS) & IEA ftO)W^%ffl>tlW,feO)U'£-3T:\ 1993 

SJ^$n/zo :®-/D^7AoMii
j; 9 cmmf 6 Z kj T^)6o ±#^% (PV) '>X 7 A©m^

S^EEE PV ^%7X7A0#^^#%%^$#^^#^ (z^ALTFX &<7)hjtE£;h,TV

6o

z.0)-?u'f=7 u<n 6/C&6C#klg 20 B&Ni##A# PV '>7f A0J&/9(:Mf

F ^HSLTt/3o Z(D’7u'?7 2*\$9 -3 0)9 Z?lZfrfrtlT\'&o A 

#^#(^,PVPS yaX^A-C#S^^:±^^%i>Xf 

xxxi £<£oTfM£n;fco

^ ^ r # r# %»

A (www.iea-dvds.ors) ~CV*9 y& — F'V'cr £ <! O)10£^ifr£>3fc'Mtejff{ilficitl "Tl'

6 Z (!:(7 < <9^(9##^^/#, 2/t f 7
^ < ji - T Y ^ 6 X/ < ^ <9 ^ ## & T U 3.

Erik Lysen

PVPS 7°nX*7 AE6

mm

1.1 HSIKS<DE0^B^

*F§7* I6^iE'>X7A • XoX7A0-i^tt> IEA &#OT 20 irg 'Hj3#5 PV ^7X7

PV #%7X7Arf]#7WR 

PV ^/Xf m

t^^ciii/: pv ^mft~eo)jfomo)&itiz-3\'ZhWift'L, mwir&ztx'
&6o PV <D#AF:fe£Tfc*A 6 C k%r#g| L%:&(Z)

1 *-X F 7 V 7(AUS), t-XF'J 7(AUT), 7 7 X#(CAN), 7 7 7 - X (DNK)> 7 Y 777 F'(FIN), 
7 7 7 X(FRA), FX 7(DEUX -Y X 7 x/V(ISR), -f X V 7(ITA), H *(JPN), HS(KOR)> 7 7 
7 n(MEX), X-7 7X"(NLD), 9 )V 7 x-(NOR), *°;V h ^;V(PRT)> X^X 7(ESP), X7x-f 
7(SWE), X-f X(CHE), 3ES(GBR), ^g(USA)
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%tz, 101^^

T&&0

*1H SIR^S te m ESI SE^BSS 5 #T&&0 1999 A 1: # # & #e m (7)

PV %Mi/7,7 A0JS/9 £ rW£$EB U 1992 S 1999 PV 7 7 7 A (DOSES'?ft £

1.2 I8SS&

f-f mwoft
h tiftSSA £7;Lfc0

40 Wp W_h(7)PVJ&miE^$ftTV5oE#£$ftfc#< Og©T-?&±10%

CK(17(D@0 PV SSI^iiSEtDfc#)CD7-9 5S*S££££nfcfc#>T&5o

7-7te JEJ7IEL<SSSn, 77-7;v • <fcoT*IE^«^^$n/co s#e$
6f-f £ormi^sn, pvps yoyyA#

1.3 E-§-fcJ:m&E

6C^ycCTX

nuypyyA: —pv '>xtA^s^^HET^yny^

A&#"9

swum-v7^y: yu-y • yyy 7$jSx u- h - ^-7 - y ytyy^ y^^cos#

PV ;:©*£»ttRJff, A###,

S^itft^^oTSISSftTVS

MUSD : (USD #£&)

PVyXxAiPV^^a-jk y y/<-f X #%#x #####3j:LF$J#3y^-^y

'>xfA^t0 pva#&c#40 wpm±(D##&%T6y%yA(D^^^ 

&2:%:"3T^a

USD : *F;i/0 $ntz'Mn^mto MU-MifffiBCiatlfc

9 7 h • b°-7 (Wp) : Blf&gp 1000W/m2x 25°Cx SP±FS7^7 HI/ AM1.5 0#
##^^#T0PV ty way %TA^my&tf-y%#%-g'9

2 1997^(Z)7-7^#M L/^
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2$ PV->XxA®i6Jfe

2.1 *18**3®#%

p3 UTV'So

ajt»'>^rAttife±cgesn-& pv -> x r a c hi- s e®® @8¥ «>#%t- & ^ asy^-y
XTAt$aHifiC*t'j--61lliz;EttC1IS:S:#M1-5.'>XTAi: LTttS^-eEBSnTV'^AK

#c%B^_hECj3VTjSti-*#ox*;p^-*Sc-e-®:V/c®as«T$,5.r#&

SPV-XXtAB0E^©*«*S*'6 l~2kmMJ:#a^%A^®%AAy:®%Bt&B:C*f
to&ftSi: LT®$J:<1KfflSnTV5l„ Sfc, SScSPV -> X t AiiSE«$«, #**-yx\

$£•»«• «»SB, LTtttfflSHTVN

a. rne>©isffltt/he*Ae®msi: uT«i»!iS<> pv t^x

»SS:SS$tt3$®'>XrAtiH:Rto#S®lSfflT-, %^A&®%Rcmm&K6m#^®#® 

sfctoCEBSJx-s pv -yxxA-efe-So rm-yxy1 Aii*e,e*l:*igtJ 
ase*6a®%EC®iiZS&ffxCA5-eS5)„ m#^i;®#®#

jfifeC-frftTS;: JntTV'-5C®->Xr A(i#*-ElftC&-5i:}tiiJSftTV'-5o ->X

xA|j:S%$rtt^, S#t*;KC«ia-r?>/i»CffiMSn> V't Xit 1 kWp~50 kWp *s

C®yXTACIl j: < $06a%V^6&&< ®#A^&6. ->Xf A#

<$fl3*FACEBSn-5®-effie#*/6sS,>t'6Zh,PV yxf AC*A-t,&gi: t&vn’ 

k, '>XxA®*3ftlt=ix h &##-C^6Zk, PVi:®t®&m##h LTfWe i £ Z £ tt if
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T$>5„ SSaS&Sk L^V'toTuX P t)SJ$c"Ct-5 U *fc->
XrA8b$t,|S)±Td„

2r>0±it£umi$>^o v-n^wtzits^- 
Acj: 6h u®'>x7a, t-5U'to!±m*#tt©se't*o»5iifflt 
ItOAXfAtliJ. *< 0g®e*Attl$r®y 'f y®%W®Slfi;":ig<tM*CM'L'*S 
7tV'5„PViI'>^fAiSK-f7, -Oil 7, 0*, Z^'fy, X'f X*5j:t/*BCJ5V'T4 
$"CCEBSn> %^A&®%*C@a&®0, ->XtA®EB, IK. tt 
mizffltzmskzwmiTifc, u^ls*^tt®M*a, sro-m, akebs pv %e->x 
fAciMKffii^o.seot

2.2 *n^%esssi:

1999 ¥$^,6X?*egl2#5VT 516 MWp »5EBSnfc<, 3 Aff® PV'XXrAfEfflglJ® 1992 ¥ 

1999^S~e® PvEBSlmittto^ia 2.1 izmto tt#®EfiS*tt*-g-HC*lt?>EB$
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H2.1 : PVESSS

1992 W' S) 1998 PV 20~28%<7)WJ^"Cito LT V50 1998

6 1999^CMfT0#@#a#m#a:31%-e&'5o L^LW2.1 & =£0^2.2 &0MT%£, Z

1998 1999

19%T&6 ^\Z 1999^t3ES$n/z

121 MWp #-5 t> 60%1± C aA^2.1 *§&<£

(f FXV^ 1999*FCEE$ftfc 121 MWp £>-5 t>£> 87%££#>T V5ti\ AP|)f:9(Z)tI§i

0 2.1 < 0 PV ^S'> X T A "C& o fc0 Z.<DZ£\t±%1fc(D^

<9, if-X h 7 V 7. ^7 7r/7'/F, 77^7, ^ x^:l;k
#g, y ^r'>n, yyi/^x-, tf;i/ b #';F&<££/;* *5 x-xyTfi^EE^i© 90%U±^^iz: 

m%mT&&o y^y^yp, y;p^%-#3j;u:x^j:-f

yT#±3B#0%!3%B pv y%f 7?>7, x^
ZL/l^jSctUV^ynTa PV LT^m$^T^6o *-X h7’J7, #gjo

<£V'B*T&#< <7)&i3£S pv *°y:A ##. #CrnBE#m
tiEUWm PV ^xtA^tm - trvv&J^'S^SBBSME

L^L02.i^j;u:02.2i:^f

V^o 1992 29%*C&ofcti\ 1999 3^0#,£Cm 53%

^BL/Co C(2####MaE^#^#yXTA0j#M:^BL%^6o 1999^C±##(D# 

^EBMEtiMSPV yxf A^EELA:g(± P^f 'X(7)<&T&5 (1.5 MWp)o

p^y, ^-^y^^jc^x^xc^it^m

#0±E##A-/a X'9 AC j; -o a/c^#%:\ ya^vA^#$gpc^(t6 PV >

7fAitCM$:l^TV^0 ry7-7^| Ut#^

3
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2.2: n&m-etm'tifc pvM©*«*®j«(kwp)
a 1992 1993 1994 1995 1996 1997 1998 1999

yf - X h x U 7 7,300 8,900 10,700 12,700 15,700 18,700 22,520 25,320

* - x h U 7 524 768 1,062 1,360 1,739 2,208 2,861 3,672

t ? 960 1,240 1,510 1,860 2,560 3,380 4,470 5,826

X y X 4,710 5,775 6,692 7,483 8,392 9,724 11,500 13,400

X > v — 7 1 0 85 100 140 245 422 505 1,070

K 7 5,619 8,900 12,440 17,790 27,890 41,890 53,900 69,500

X ^ 'f > 2 3,950 4,649 5,660 6,547 6,933 7,100 8,000 9,080

7 y > x > K 914 1,034 1,156 1,288 1,511 2,042 2,170 2,302

7 x > x 3 1,751 2,051 2,437 2,940 4,392 6,118 7,631 9,121

25 a 173 266 338 368 423 589 690 1,131

/f x x % 100 120 150 180 210 265 308 401

/f 7 V 7 8,480 12,080 14,090 15,795 16,008 16,709 17,680 18,475

B * 19,000 24,270 31,240 43,380 59,640 91,300 133,400 205,300

m a 1,471 1,631 1,681 1,769 2,113 2,475 2,982 3,459

/ 4r v =3 3 5,400 7,100 8,820 9,220 10,020 11,022 12,022 12,922

* X > f 1,270 1,641 1,963 2,400 3,257 4,036 6,480 9,195

y JU 7 x - 3 3,750 4,050 4,350 4,600 4,850 5,100 5,350 5,670

JU h JU 4 47 97 135 204 289 503 503 503

X 7 X - x > 800 1,040 1,337 1,620 1,849 2,127 2,370 2,584

* a 43,500 50,300 57,800 66,800 77,200 88,200 100,100 117,300

£ It 109,719 135,997 163,661 198,444 245,221 313,910 395,442 516,231
1 1992 ^©7“^^

2 i999%0)#k#i±mm#
3 Sg4 @@|lgim8WS<Z)x-*SIE
4 1998 1999 %<Dx-f 1997 ^ 12 ^ 31 0a*©H®M

2.3 K HE*5<*:t/7 < -JU K•xX t •

tsL-fuv*? h'Ztzteim.-fu?=,
£f £5|i;$HT\'Z>Z t, ^3j;X x A ^1: H$K& Zt(D

PV ^XxA&#%#f &#±###yn^x A0Uk-3#7x:/X(Z)ynyx AT 

&6o 1993 *f\Z. ADEME £ 7 x y X^^t EDF nfEx^yV^-

pv ts&xmji) v/c0 m#m#

3£SPV '>7 t A(Z)5:^£ t £ =£ 7 £ ft o ftQ 1995^ b 1999^MtT 871 kWp(1,156

vXxA) ^r<7)"/n>/xA-CEB£tlfto 5 ^T 105 MUSD (112# 3500 ffi^CT)'®*

7
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A/^:WM©£STII;B£ftTV50 1999^HC0%^-A(: K*N:fc<£tf
7 X Z?-yj--X h 7 V T^ITPV 7%TA^#f 130kWp ^B@$ft/c0

j:6±^yny9A^#^$a%^6o ;: ©:/□ ^7 A© B m$—$St±%XD PV

6g^0[R]±^j:^ya^9A0##C j:6nx H&W(C&6o

b atm* ©am pv ^ET°n^7A^n5E$nTv^^o r^mAmA:^E#A&##m#
SJ T& PV 7 7 7 A£E@ LAi@ Ati* PV ©;E8£:M U

h 1994 5 1998 A© 5 AIET 15,596 $© PV

'>XTA^^^HEE$n, 1999 ¥&3E£ 17,396 #©SS/^$£ftA0 1999 A©S3£ftA 

a121.2MWpcmf aEj&^T&a0 pv777A©awm.
#(±3-5 kwpT\ a Acftita^Mpv#^©80%m±c%^Tao rA^#A:#

i±i997^i:^TL,

If 4.9 MWp © PV 7 7 7 A^BBSftAo ;: ©7*0 7*7 A£EVT> -f -

;v K77 hSSJ 1999 %#, WHtf;vft£'£ 4.7 MWp © PV 7 7 7

A^t£g£ftfc0 ^©fK> #fo:%;l/A-##C#Af a##

^"/□^A^USSftTV^o

K^fycD 100,000 ;i/-7 PV ya^7A^Tff##Ayn^7Ak L% 1999 A 1 /! 1 B^BUl^S 

ftfco C(7)ya^7A-e^#A#CDa->%##L-C\r^a (^#^oV>T^W4.1 £#i$)0 1999 

^#AT 3,576 # (9 MWp *8^) ©Jft^;6^S£ftfc0 f5##^C(iB^#E##© 50%(:^#g 

fti^k (2ooo¥4^i-aj^$n/c)M^Tt8x^;v4F-^m:oTPvsma^M^fta 
^cz)^ai#$nTv>a0

AS"Cki:v-7- • ;v-7 (±iihPV'>^fA) £ 100 ^SEBAa 10 ArHS^ 1998 

7 y 7©fito, PV C#Ta§&#, 30^1 h • 7 7 V y'fOlWfa, ^##^\© PV A/

7f A©tt^^M-'>7f-yt:J;ot i999^c%(:#frL%^ao -7©te£+h777 y hi&
(SMUD) CD PV Pioneer 7Pn^^A^S)0, EA&&^ PV 77 7A^Br#L^A 

a A AT 400 F©££^:£ PV '>7TA^lt$HtV^o 1998 Ak:##2ftAPV Pioneer II 7P n 

A 7 A (i 2005 A $ T C ^#t 5 MWp © PV 777A£EBTa gST&ao 7,n^7A®lteS 

n7*°-*7 Yl5£xn'XTA(D1&.m*^mtZ)Zt, feil/iinx FCSSt^IIA© 10 
A^©##%:#EA a^T&ao^ V 7 * Vi/ — 7 W1 © Emerging Renewables Buydown 7° n 7*7 A 

T# 1999 A £ Ml If ;t/ & 4: t/St/£ 2.2 MWp ©PV 777A^E@$ftfto

ii^/:ttWH17n^7 A£&$J£> WAT# < ©&i PV 7n 7'x 7

8
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h 2000 ¥'> K-- • * V >h?'y X^T'te PV U&fz o fzM^fc&Wl&^tz

LTVT, X - A°- F - A HEB £n/I 70 kWp '> X t A, frfrft PV »T'> X r A, Newington 

(M^) #0£2£tlEB£ft/l 629kWp 0PV '>XTA^3b^)0 1999 *F1I Amersfoort (^7>/) 

0 Nieuland 7 o ^ % X H^Ttfco 1.3 MWp ^EBSft, #^0#$^K3g€

tVVCD^SJ^^/c L T V & 0 Newington ft ^ Nieuland falfO) 7°n'X x X h li|%%^ll/jx# PV ^1E 

STOM£n/im;b£E0Fa1E£SIST5 I LtI^flJ]fl£nTV5o Fd'XTte Academy 

Mont-Cenis Heme limE£^/:#^#±0##-"#:# PV 7 1/^5 1999 L tza 1

MWpPV '>X7 Afig^^f 7Xii (MtEEB 12,000m2) lI^Mkg^l, B =fctt, #7%0Utj3 

<£Uf^,e0M£Wv: LTV50 c 0 i/ X f All/\/[Expo2000J XnvxX 

h & LTigkm/:2O^0PV yxf A0U'^oT&6o Fd' 'Xgc#j3d:^g#0^y^S^;i/V 
>^<D&fc\ZTOL/!###%#1IPV'>XtA 14 K I^EEWS 760kWp 0BBL^ilTV 

6o F^XS^, tTffi'lTSSfccfctffeEF • PV '>XrAr^l$n/:o

BP Amoco £H#'V U y • XX > F1I PV £EBLTV£0 1999 1^ f Sunflower] TnvxX

h HJ: o T 400 kWp ^EB$n,

#^iI%miim#£#6%g^m/:LTV6o

PV HE-Zn^xX h TSW^lTt 5 7°n y x X h ^ 6/Hlitol LTV 50 %S0fr

Earth Centre, j] j~ 9*0) Kortright Centre for Conservation 35 =fc t/X 'J f ^ 7 v x 3 □ y bf 7 

X^i-fLO FNordic Ark J 0B%&Etf0M^S£: LT PV LT V50 £/r#<0

PvyXTA&mELTva, ^mo rv-y-j tdx'^a (1999###
^1'20 '>XfA^l), K^'X0 fSun at School], B#:0 % ^ X X —D y h tT 

;VVH (1999 W:#AT 23 4$, 85 ±#tl PV 7/XT A##) tfhZo -f X 7 xyVT^EWffi V

-y-ms5fm%a3fv pv^^iHi^mA, ##, m7K^^0m^n^jm$KTV6o

##5017 inB^Xnyxx h^gm^v-tttf^gsuL/ipv£

Xd‘1~5BS0ft-hT&i9, ##0^±(l jc-oT#^0 PV &ffi0)1fcmb$h±£tl%o #^1I j:-3 

T - X hLT^yX-^7 h ^#m$KTV6o

2.4 S%S14<ks HEfc^V'R&Dd^f

m 2.3 PV 1999 1998 *£M& 4%

j#T\ 479 MUSD (512.5 SR) 4T&ofc0 R&D ^SSl&EiJ LT V 5 

1994 ^0E^#^^(IMLT6^o ^EynyxXh^#^ 1994 ^0 2^11^^/1^, %&?- 

#Eii6^6#J^(l^^ LT/Jxgv. ^oT^SE0iitoti pv 0T5#M#&/SMk'Xad'- 

yyfxli@B^^a6^#^0##^j#7miij;6t,0T\ EE^E0^#±iiK^£KTV^ (g|

2.3 ci§|0 1999 ^SE'Sr^To B *0^:& PV ^fi^i^i0lffi0 50%IX_h

41999^0^11 tix^W y&^t/*0;!/ b /7;i/0r-Xl;i^3:ftTV&vo x^ y0^SEte 
/)^D±^V0T\ ^Ell & 1999¥0^SBSM 1998^1l!t#LT 4%\)l±0)V£]}n h & T V 5

9
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3E@> *-* h 7 V TtSiZOr
< 0gT PV L < #± L^= # C 7 7 > X ^ 70% ^ j#± L /:=

E2.3 1994^^*3 1999 ME, R&D 0^#ft|R

2.3 $g£gllfclt5 1999^0 R&D, ME, rfr^SttftlZHSt 3^#
Sti : MUSD («fl : ###)

g R&D m E £ it

* - x h 7 V 7 1.68 (1.8) 2.34 (2.5) 0.90 (1.0) 4.92 (5.3)

* — X h V 7 1.92 (2.1) 0.00 0.00 1.92 (2.1)

7] f 7 0.47 (0.5) 0.13 (0.1) 0.29 (0.3) 0.89 (1.0)

% /f X 8.33 (8.9) 2.13 (2.3) 3.53 (3.8) 14.00 (15.0)

x > V 7 0.46 (0.5) 0.86 (0.9) 0.00 1.32 (1.4)

K >f 7 26.86 (27.8) 0.62 (0.7) 18.71 (20.0) 46.19 (49.4)

7 'f > 7 > K 0.76 (0.8) 0.01 (0) 0.00 0.77 (0.8)

7 7 > X 7.60 (8.1) 0.00 8.70 (9.3) 16.30 (17.4)

£ g 3.84 (4.1) 0.00 0.00 3.84 (4.1)

4 X 7 L )i 0.19 (0.2) 0.00 0.00 0.19 (0.2)

4 7 V 7 5.00 (5.4) 0.50 (0.5) 0.00 5.50 (5.9)

0 * 90.65 (97) 23.55 (25.2) 149.91 (160.4) 264.11 (282.6)

IS H 1.16 (1.2) 0.38 (0.4) 0.00 1.55 (1.7)

X 4r > n 0.59 (0.6) 0.00 0.00 0.59 (0.6)

* 7 > 7 29.13 (31.2) 11.02 (11.8) 7.09 (7.6) 47.24 (50.5)

y Jl/ 7 X — 0.46 (0.5) 0.00 0.00 0.46 (0.5)

X 7 x X > 2.47 (2.6) 0.00 0.00 2.47 (2.6)

* H 35.00 (37.5) 0.00 31.50 (33.7) 66.50 (71.2)

m ; m##:lx - h 1 USD=107H (/J#A2#T^E9i#ZA)

10
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; PV ££$rS— b

iJitsnT^a-^C
: msnsx ^ >/<-?. #%m, *■*-$;. n>h n-7 w^fAffl)

! ab-So

i *&*;&

$%#vzK>#x #m (%)^fKA'i:^mga6o

: ms%'>'j=i>
I #^^Sz V n y . t;wia#gi±mc y n> h A'E>7M£ft5o #Mhhe'>
j vn>^(Z)^m3%h^<sm-r
i &5fc#)-C£>5o PV ir;V0M(i, jl'MSry ]J ^ y v ? ^AnT^f 6
;ig^f)jl&i§o G 7 UMi'> V ^ y • /n y t;i/^#6ycA(7)^%/\C#^T6o
: i rxD^mt, ir;vn^ffl$n^ES^Eo#Mf0(7)u ^
| y £ j5fc^ $ •£ 6 r t "C ab 5 o

;j^#C/V3>(D^i#5^%$^24.7%"r66. ^%$25%mJ:^E-V^##: mA^GaAs),
: LA'LC(Z)##1±3% Xx A^Wmi-b7W;:£Mffl£ni:V5o

: mm
; #xX, Xxy LxE, 7 x x f v ^ 7k
; Mmtz>z.t\z£^xftmznz>0 m*® ,jc.)V A*y—y-£j:5x^xy tM yysnx-eiE^s
: ^$n^0 h#m®^#%As&&o ^#^##(D#m#A^##c^7k<-cytr/z
: ##3% hA<##c$<)k&o^c##(7)#ay^XA^#<, ^7kte;^-;i/k7k^%^o,#/?
I (Dt;l//&:7 L-AC%0#17, S^cm#T##T6^A'7k^^07\ A'y F V >Xll^toSA##

! <>^7k< Tf tf0

i %x • yj
; SMf:^tli:iM$tl§o WWT^-^'Jay^^a-^
; 1980 3.5%~e&-?tzb(Di)K #(,
: ^-;Wk#jEtf) pv #*4A'^S^$n/kLcr)"e, T^vx r XU 2 JitT)

! 7 ;v v - 7 A £ BE L A: (a-Si/a-SiGe/a-SiGe) ;V "C lkt;l/T 13.5%7 0^##$^E#L/:o
| ^£§01r> V n y GaAs, CdTe, CIGS SrfflV'T, -ZOfaO)? 4 7tf)WE£fF5 ZttfX'%Z>0

i ?kmzy m«<D pv
: fMk 1000 W/m\ 25°C, ±^X^X h ;V AM1.5)0

? 4 7
t i* a. — JU 

«%#%$(%)
ty
roSSE»7 (%)

*iir-®t
5a*roeiSE»7(%)

S$Sa=a->U3> 12-15 22.7 24.7
^aV>'J3> 11 - 14 15.3 19.8

7^7 7 X-v'J H> 5-7 12.7s

?D K ^ 7 A • x JUU — 10.5 16.0

GIGS —
12? 18.2

7 I" V — "7 — • i: 71/^####, 15 HSJ M.A. Green, K. Emery, K. Bucher, D. L. King, S. Igari, Progress in Photovoltaics: 

Research and Applications, 8, 187-195 (2000)

» %#&#&&&
9
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- 295 -



JESs j. —JL
se, s^y voy . as# y xvtz±$>mw#
^:S@#"exy^r^y$n5>o ^y :x-;W£—Ec&7;i^#£^«9ttttE>ft60 Ey
&as50-200wP-e3bzfiK 2oowpm±(Dty^-;i/^m#L-c^6majkm^#:E&6o

y y/v—&
yyx-f ^ w.wt3zmz^$kt%>(D\z.®.m-&nz>o yy^-*

9o%i^±T, yyx-f^^&m## io%a±Ta^L/c#^. 96%n^^^0 ^ 
y^$%,%y yx- ^(mppt) ^su-cv^o cogm# 
y%f =k9ca#^c#^y yy-yy%^m#T6o

y y/'N-^ ia^o 6jM&A;b%;b©<^£ <£ oT^ii^SbfFTSo
6. 6 y yx-^ u %

fcE69^y yx'-X&7 vy £#:&::*]• LT 1 S/^BBSftTVfc/'A zl-;v© rx h V y
y/<-f %r#gf $/c@^0ty (ac^ya-ZV)

#-&^2b6o x h v yy • y y/<-x^ac ty a.-;i/(±yxf
^ pv L%i'<

C&6o

mmm
#3A#yxfAT^#mm^j:^;i/jr-emc$ijm$a6oPv '>xf/.M$nsgt/,H©n
#(± (sbmcm*Mikt^tz^z^moryf-zy^^Ltz)
'y^mmbMLz^z, mi, #sc^mr^6o

PV 50%^'e%%LT^##LZc^j:7CE#L^f'r • y-y X^#T&6/c
A, (Mxtf, gSj$ffly<v 7 V - te 3~5%L^a,S&S'et^:V)o ###(%#$-

as5-io^r&6.

7f — y * z7>An—x
f^-yoyho-7 (Ifctta^ny hn-7) (SOC)

'f-\zmi&'tz>z£, aa# uimi^s) tv-
y%m$yc(± (pv 7 yy c z%) #< ©7*-y • o y h
n-7#m$e$m%ETfp#Ta„ L^umE^scT) soc cmiti'^y©T% Ah mz=# Ah t
vAh^E^^h-y-zc^-x u yyA^:T#mm(7)^m^##T6#7;i/^v

iiifiiiifi, j;#7 7 - y • oy h n-7©tgZ7£fr±u
mppt, dc/ac mbilseb, m#

fill, -/V^y KSB> f-f i--y ' oy h a-7C##T^
60

mms
^EfiMEaMSyxTA^sj^Sf ^^-onr, @#c pv 7 y .l - ;v £BBf 5 #1#ito u,

pv xy+i—p, m#mm.
f y;i/0^%9K:@m-c5a rpvf y;yj

12
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3* &mt%g

3.1 fcHUljfefc^Va-^Ko&S*

$g©BCj3ttd 1999 Sf-o^'J -;u4El©®lili 168 MWp T-$>5„ 0 3.11: pv €? 

El®$H^l:S:$t"o #3.1 1999#Cj3(t6 PV ±E*$rS1",

1993 1995 1997 1998 1999

0 3.1 1993%^ 6 1999*F(3*5(1"5 PV v zl - JU <Z)£E5<h±EII:tJ

*3.1 IEA #£@13*5(1-5 1999 %(D PV£ES

-tz&AE# 4E vi - il 4 I ! (MWp) ivi-ll
% 1#

(MWp) $n as 7tJI/77% CJ- It ^E#t]
(MWp)

60.80 34.40 5.00 4.20 43.60 94.10

B * 79.62 69.97 15.01 0.00 84.98 145.20

a — □ y y\° 23.94 29.32 2.40 0.00 31.72 73.33

i- (D # 7.00 7.50 0.00 0.00 7.50 12.50

^ It 171.36 141.19 22.41 4.20 167.80 325.13

1999 t v JL -;(/#^g#(* 1998^(3i±^T 34%j#AoL/: 50 LX 0^*5 <£Zf

7Mc9t|Et3 £5<;<7)T&56oB*l3*5l1-5 1999^-(DXi/a.-\99S^Lc61%^X\ 

10 MWp W_h£E LfcrfeW 3 t±&^ tz (^tv, ^ - 7**5 =£ t/EF'HH) 0 1999^13*5lt6#

5 1998 ^(3l3lt5^:@(7)tv ol-;V£ES:^S 4 MESI§#£#<7) 53.9 MWp fr 6 36.8 MWp (3 
SESil/co lot 1998^13 *3H-5t^^-;(/^E#l* 125.6 MWp 13#E$K^

6 zm#t±&#1"57c6W3, xydr^^x u-i/g yi^X(omx'{j^ofi^^(D

13
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51%/$m*"C£S$n/r0 Z<D±M&tl&±te 2000^13 200 MWp

££#>TV5^\ \'Z>(DZ\ Zi? 26%£Ji^&V0

X F X V 7 © t ^ x -13 BP ft t Amoco ft©Mf©121F2:^ttfc0

0 3.i femt izimz&z (52%)0 m 13 d:^r terras

m#©mm^mA^M^LyE^©-e, ^^%^#i3A-oi:v^v^A-c&^o

Zi? 3> (sc-Si) ^E#j^7k#^6A%V6 (84%) o Efa

'> V 3 60%, #^###7 40%T&6o L^L7t;l/X 7 X • '> V n y (a-Si)

© 1999^(D±Miit 1998*F©2fg^_ht3&-3/co {SE61J13 a-Si te'MWM (40 Wp J^T)

m&pv mjjjftmzm%zg zttw&mt LTrracmTvSo a*vit 1999

^I3#^{b#%#© 20 MWp a-Si a-Si/sc-Si A'y 7x^'>

7/V • ^xL-A^j^SthU 2O.1%0EE^B^L/Co -o/c^©^©

ft#te77l/VfbX K< 9 A (CdTe) jod:^ • d' yy'XA • -tr Vy (CIS) T&60 CdTe 13 M L 

Tte, Kd' y "Cte Antec Solar ft^ E> 10 MWp XmztM (2001 ^$T13^) 

i© First Solar ft© 100 MWp *.)V18&TJX:'J a.-)VX&=7 4 ytf 2000 ^13# 1 #####& 

T76%T&6o CIS 13|S9LTte, Siemens Solar ftj&^gT/W n y h • XT^E X xl-/V 

©£S£llfl$6U Kd'y© Wiirth Solar ft^ 2000 *Fl3A°y □ y

AstroPower ft Id: 1999*Fl3fr> V ^y® 1 MWp W,_k£S Lfc0 £fc:*-X F X V 7©A##[

^ 3.2 C#^m#g©t^:L-;i/#aA#©^K^&7K7o x-;F#^EA#te 2 o©A#^

X7^v-13^tee)a6o Db^te@Em©-b;F^#AL,
#, &XIFbote-b/F&^Eya.-JlijM'&tZ>—MXM±MZfo%o a-Si EjErfeSte-b/Vb ^E v

xl — /W^IrJ—XM.ZXM.1S.fi ^OZ^ ##—MXM&foo tv^o

Ky y l3jote ZZi? xL-;VWBdkS© 1999¥£Slte 1998¥© 6.4 MWp fr S 8.8 MWp 1:#%] L 

tz0 3nte 100,000 71/-7 PV-/n^^A©iS^ffibSE^©SjElI^D, £ fcffB LT Vfc£ 

Etg;bfciE;S^©MSl3 & -o tztzfcZ'&Zo 2000 27 MWp frb 34 MWp 13, 2001

¥13 70 MWp ir^lE^^if£^sn^l+@"CS)'5o ^-X h v V 7^gTte#< ©#fA##/< 

-< a v F^g^M^L^EO, ^Slf-B^^SLTV^o *-X F V 7, X ^ yy y F\ 'f X71 

;v, x^yz1, y/vx x-13teMEE;Ej£:llte&v0 l>(p xx x/v-cte 1 ft^2000 ^13£S 

0, /A">%-Tte-b;F^g$:M^f

A<^vg-e, ^©#©^-c#@^i3^#LTv^g^#' 

Vo #lxte, Isovolta/Wedorf ft (X*-X F V 7) Id: PV ^E'X x -;l/ffl7 FX -©titl^S^©^ 50% 

^5ii5E L, Utiti LT V£0 Crystalox ft (5E@) jo <£ £/ Scan Wafer ft (y /l/X x —) te#£aBB'> V 

zy y yiy F b X %/x©^tc#ft##T& 0, Automated Tooling Systems ft (X 7 X) te-b A/

14

- 298 -



#3.2 WSS13 fc It 5 ^E V % -

m » ± m ill
(MWp)

ill
(MWp)

A m
m a
(MWp)

7 T 7 £ to If IK

t-7. Y=?')7

BP Solar 
Australia

5.0 5.0 6.0 sc-Si > p % - c# t &Amm##m
v Kz-(7) Solarex

- ivi-ll
AE#l± 2001 %a$Ar 20 MW izi#A$Solarex 2.0 2.0 5.0 mc-Si

-h i- V Canrom
Photovoltaic1 sc-Si

-tzJU£gt±AE. 12,30,40 fc
Jc^SOWpO^Eva-vlUeEiS

X t X

Star Unity 0.0 0.02 0.1 sc-Si
iz )l>£$&A L T% t )Uz—
(Sunny Tile)

Atlantis Solar 
Systems 0.0 0.4 1.2 sc-Si

#Atz)l/a'Sunslates'mm#&#m LX.
-vXxA^^o

*s<h Kt 7 iz 1 mwp AEmmemm

x>7-7 Gaia Solar 0.0 0.075 0.33
mc-Si
sc-Si

SSA-bJUr^va-JU (27—150 Wp) & 
AE. 1999%OAE#lt^1#

K t V 20t±&±1 4.1 8.8 27.0

sc-Si
mc-Si

EFG-tzJI/
a-Si

x ^ t >

Atersa 0.0 1.0 1.5 sc-Si

AE#Alz^fk%:LBP Solar X 
> 4.4 4.6 10.0 sc-Si

Isofoton 0.643 3.37 5.0 sc-Si

7 7 > X

Photowatt
International 8.5 3.0 10.0 mc-Si

1978 %fr«E> PV
A#. 1999 %iz$TLv6iMbt2JUAE7
t t > d* polix

fc=t:Ue>WM7xA<Z)7T V- V-T >7&

Free Energy 
Europe 0.4 0.4 1.0 a-Si

1998 % 5 £ l: T 7 > 7' i I A' 
Naps-France <D a-Si

(12-100Wp) &AE

£ a Intersolar 1.5 1.5 2.5 a-Si
AEilgA# 1.6 MWp/% (1998 %) frbW 
A. 2000 %(Z 3 MWp IZ&ET5I+B

t 7 V 7
Eurosolare

0.4

1.1
0.4

1.1 2.5
sc-Si

mc-Si

sc-Si 7x/\(i@RgrfTii7)'‘pffllAo mc-Si 
7x/\|j:m#K mc-Si =E'Jjl-)1(DAE 
[* 1998 %<Z) 1.8 MWp &~FlzM4>

Helios
Technology 2.1 2.05 2.2 sc-Si

0 *

Mt7 30.2 30.2 36 mc-Si

iyi — JUAEMlt 24.5 MWp (1998%) 
fr <B>igA. AEIBA£ 2000 %IZ 60 MWp 
(zigAtSItBo PV ### ECONOROOF
mm< t

'>*-7
8.5

21.3

0.2

8.5

21.3

0.2

10.0

22.0

2.2

sc-Si

mc-Si

a-Si

?yi — )UAEMli 14.0 MWp (1998%)
< igA. 2000 %lz mc-Si AEJ& 

A& 2 #(Z L 44 MWp (zigAf 5I+®. 
i6.o%0 mc-si

4.6

5.9

4.6

5.9

5.0

8.0

a- Si

a-Si / 
sc-Si

1998 %®;Eyi -JUAEMl* 3.5 MWp= 

a-Si/sc-Si /W 7 x T v7)U PV X v a -
2000 %(zAE#BA& 8 

MWp A'6 11 MWp (zlgATSItB

J > 1.31 1.31 10.0 a-Si
ii/a-)U AEmli 2 MWp (1998%)

1

15
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a m it ± m
iz Jl 
ill 
(MWp)

ill
(MWp)

<k m 
m *
(MWp)

iyi-
? t 7

it ira If $8

m

bs^vx-iu 0.0 1.5 5.0 sc-Si
1998 ^iZjt&LT^o
fr-tt r & -e £ 5 h a / eg a v a - j u

17-•7* 
-9- (IB*

0.1

0.01

0.94

0.03

1.0

1.0

sc-Si

mc-Si

4.5 4.5 10 mc-Si
1999*PlZ*H6M*S, 2000¥lz£EiH7l£ 
15 MWp (Zif*T5#tE

mmtmxm 3.0 3.0 20.0 a-Si ###*(D a-Si 1999 ^[Z&fij

MSK
0.0
0.0
0.0

3.0
0.0
0.0

10.0
3.0
2.0

mc-Si
sc-Si
a-Si

so-SiteJ:l/a-SiXl»^«tto mc-Si I*§ 

<d§em3 mwp ^eif*,
2000 %(Z 28 MWp lzif*r5StE

n a
LG Industrial 
System 0.0 0.2 1.0 sc-Si aEfB*J: V#

L < 'hSV/cS* AE#g*Oif*^m(d:^ 

t'
Samsung
Electronics 0.0 0.3 0.5 mc-Si

*=? > ? Shell Solar 
Energy 0.8 4.0 6.0 mc-Si

AE^Tllz^fb^L, Y
SEL/cSSS 95 Wp AC tvi-M 
* 7 > 7 |Z *51+ £|g^n°Q

771-T> GPV
0.0

0.0

0.5

0.5

2.0

2.0

sc-Si

mc-Si

1998%ETia sc-Si =Eyi-/l/0^il, 
mc-Si =Eva-Jl<7)£ESI* 1999 %|Z 1 
MWp lz*i>. 2000 ^4>lz10 
MWp lzif*T5ftE

% a

Siemens
Solar

22.2

0.0

17.0

0.0

25.0

4.0

sc-Si

CIS

1998 %(Z CIS (D/W P "j hAESrffiSp, 
12%&±<Z)*@E:Eva-)L£

mat

BP Solarex
16.0

2.0

12.0

2.0

20.0

5

mc-Si

a-Si

33-200 Mp <E>^Eva-)L£Bif, mc-Si 
t^a-)LAE#7l& 10 MWp A'6 12 
MWp |ZX a-Si tyi-JK£>£Eb&7i£ 2 
MWp (zif *

AstroPower
11.0

1.0

4.0

0.0

20.0

5.0

sc-Si

mm si

1998 %(Z sc-Si tzJLfccfcl/^Eva-iLtT)
AEtiTi^n^ft 6.1 MWpx 2 MWp ^
F> if*, 1999 %iz#zix
£ 1 MWp AE, 2000 %(Z|j:9 MWp I*§
*<7JMEfH^

Solec
International

0.6 0.6 0.6 sc-Si
m#%H###lZ nEX7tX£5 MWp

& 1999 ^(ztfih

ASE
Americas 4.0 4.0 5.0 EFG-Si

1998 ^lzimfg5£7, tESE<b LT 
200-300Wp <D*E#ty a-)L££E

United Solar
Systems
(USSC)

3.0 3.0 4.5 a-Si
5 MWp H#AE a-Si 1997 ^izE
#, ^SEE*ffl v a-\uo\t\zx m#

1.0 1.0 5.0

: Evergreen Solarx 
Ebara Solarx First Solar> Energy 
PhotovoltaicSx fc <£ t/S&E-tz JL izS&T 
SA#

A ft 171.36 167.80 325.13

! a-Si IZHU L T li-tz )l b =E v a — )l & a--xfir»EiS$nrv5

sc-Si : MbV>'Jz> a-Si : 7^Eil7 7X • vU P >
mc-Si cis : m • t >'77A • vizl/XbA^
EFG : Edge fed growth ribbon CdTe : xJLMfct) K5 7A

16
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3.2 jaa$iasitiiB£Si:#U£S#

-< yA-?, SeatyN'-yTV- •7v-y• hn-7, HZEEESE, 7 u>f $j$566<c

if©flasa3yd<-*y h%S®LTV'5*&**s 1 :tlWn y#-*y Hi

PV8ffiS-ACEi&LT&S,

>A'-7©W&B 1998*pkl5t£HCT?, l-lOkVA®'/ yA"-?©ft*K)«§B 

0.8—1.0 USD (86—107 R) /VA K'f 7t$ 0.7 USD (75 R) WA JUTTifeS,

(W&BjI'S*®'/ y/<-7 0B-5A!SJ$"C, 100 kVA HU: ©4 yy5-7"Cti 0.35 USD (38 R) /VA 

T&&. muMfS-f y/<-7i±Mtt®MSir$*$n5.$Jffli • ESaigir^Sk-ii-f, $Zci@» 
EStcIHS$iti*%S#Sh.7fcV'0-C\ y^'-? J: 9

5-f yA’-^'&SiBLTV'SoKHdsJiWxyT'©-!' y/5-7K®jkEB1.6a.c.e-y ^

/J\g-( y/5-7 (—100 VA) £ atm, TV'S, £ 7cfiC® K> flWcff* n y-b y bCitgJS L&
657-(xn • -C y/<-7%M%LTV'5.jk*»s i #< (M yA'-XttSsipSek LT

T-y7/ktii**$$Ei:T-7JR*'y7 7A$rl*l*UTV'5„ *gd3<tU? b"-f 7©-( yA*-X® 
jS3k*liMKamS-y X7 A %£K© A’-y 7 7 'y 7h LtWffltt5ra7/y-fy/'!-? ($C 
HM©$<) &MHL7C,, 2000 C Mf -E>S.i: (V'lo^-5 millennium bug)

<i6 (UPS) k UT pv C3tf-5>SrLW X-y64*tiBL7c„

1999#t:*aA#6^f V-7 - 3 y b o-7& 100,000 ^m±^L7: (80% ti mm), 7? y% 

jsJ:uth*'f 7®K)S&S»s7V'<-i' K®|g%®A/i®«ttrtj®©, #$ii-eEV'B#®fi.v^v 
-V ■ ny hD-76attLTV5,, vyyxtliEasrcB^igEliE^fijmLTttiziS pv -y 

2fA07-7»W*J:U'jtH#JWI6sT-t5=iyU'i-7 • V7 h*sM%Sh.7c„

3.3 yXxAMS

pv yxta©ffi&Bsas®*5j:tfEBmiic±t<£*sh.5„ «x«> *s©-y-y
A;b H6@"Cti, fSSKi 4~5 BM&#5tTHtf, d.c.yxxAtiae-f-5 r E

PV 7 M, $#BE, f v-y - 3 y b o-xd3j:l7f 4 -7 • +M X/b 
#%%#&## L 7c r fl-ftfif (bare bones) J 0 -> X r Afli, ffi7C©SB#^l± 12-14 USD(1,284 
-1,498 R) /Wp (d.c.) 0fflt§TyX7A%SHTt, SSTctoSi, W-S r k/6S"C$ 5, gfaTc
«m®#mcEasn^, loatw©®*#*, yy<-7Aj:%7%±mE#m&##L
7c a.c.y x-r ATitifHftti 14-18 USD (1,498-1,926 H) /Wp T&6, fiS7rSiR®#o)rir 1SK 
sn-E., 20 BE©#'*#*, »EtS$ztt«B, SStiiS, yx7Affl«8B7ci;>8«L7ciSe
Itt->XfAtliiRli24USD (2,568 H) /Wpm±k7c6, 77bf, 7-X h 7 ') 7, 77 

yXC#5tt5yx7A0tt16ti 30 USD (3,210 R) /Wpti,~F"e&5»5, t©#©##8TB±)$ 
©«KEHT$)5.„ 1998 ¥iy.^ttttC*$7j:$l,tt7j:VV

17
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3ol~3kWp®^3l^E%~foM'> XT AX'\Z'> XT l±B$!10 11 ter y? - 7, MX 7 T 6 USD 

(642 R) /WpUTF, 7 9>%T7USD (749 R) /Wp VlTX'fo 60 M"Ct3:+f-

(SMUD) ^EEU fc 7 7 7 A & 5-6USD (535-642 R) /Wp CD### 

SMUD ^77rAillt

SMUD -fu 7XAJ^<DJK&£>&;5'y7 7A& 8-12 

USD (856-1,284 R) AVp (7) We^$nTV^Q 1998 1999^£/HtT lOkWplMTO

^^51^^y77A0##^77y7 (16%), -Y7V7 (6%), (5%) T#TU/:o 7/f>

7> R&cfcUX^ 7T'&y77A##&J:#?.Ufc;6^ 10 kWp A##^^ 7t

5%{STL/zo Cintt fy-7-^tolBfrJ 7 4r-A£J;oTAMy77A^m^§£2iA$nfc 

tzSbX'&Z)o —El: 10 kWp (Dg-e#U<#TL%^%, t-XF

7 V 7T11 4.8USD (514 R) /Wp ^TlST Lfc0

4 $ WWI8(7)#E^

PV 7 7 7 A(D r###M#f&fK g^#3 EA##3

PV \ZMt%Umz1fc£>-DX\'Z>0 PV 7 77A(DT|]#m^l:

4.1 AH^%EvX7A|Z^1-^EU,x>r-V777

0 2.3 j:7C R&D ^/:ttH17o77At:^Lm^I/)X/d:< ^ottTU^E

w 4.1 -'>777011^

PV(*5 4:17^:CD

#Aif, mmM, nmm&, M^tt£p, wmm$tz\$mjj gr^

z>z.t*m£LT\'z>o pvizmtz>mmi5£zfmm%'KiittLT\'z>mb&z>fiK -E^c##i: 
pv^^#uTv^^mtDa^o%^A&0Pv^w#mu%^6,^<(D^A&^r4;'7 h - 

77Vy^J (HX'7(7)j:7k:A#(7) T^V-yj
ag-e, $/:^77y%^y4ry3(Dj:76B^r) PVi:##u

10 ##& VAT/TVA/^±^, 5115 • ^3X h^BWc7-ydr-fE^*eS)^o /Xd'UEESffl
11 "§T ^ ft 'b

18
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*4.1 BMBlZfcltSMt'f= '>777
m Xv777 ±WK =>777fcJ:VIfE

*-Xh7U7
vX 7 A HSU'S*';/ h • /
7 V>7$m#LTl\S

7 v - >nn • 7
□ ^7Alz#6af 5ES(* 

1999*F(zS$lzmD L£B 

r58,000hti-otzft* PVli 
£7V
0.1%lz&e&V

7 V ->#ax4r-A(D — 
itiTs m^^pvmae 
0.17 USD (18.2R) /kWhr

ttfcVx
tty±ifaizffis*3®s

PV> X X A £ f$E L TU 5

PVfc4tm±Wil&x*JU¥'

enruso
S>X7A£*lJffl LTV3 

H&lZ «b 0 r PVVX X A<D 
=1X hfccfctftttglz 

BHT5lf$R<D77-lzXtf* 

iaurfcUx
E(3fclt3S^'5Tslx4/U
^-(D#^^%#jlzMTS
mm(zx(tsacs#$>s

- • 7a77A^2000%x

2001 ^iz it® e nr us

Australian Greenhouse 
&%mm#l-#:#PVZX7
A<DEfflx

/i/4r-a#ce#Ts#m 
£50%£±Rii(z irStl 
me##i-s^rAS

S^WIBx^x/u^-SSM
H7P^7AfcJ:t/SipI
#x4VI/=f--x?<7<&
AtPV&^TS:t®r3)

S

^—x h V 7 ME3M4£li 0.32-0.80 
USD (34.2—85.6 P3) /kWh

S)&#:(:4-?T# PV (z

§ * —A'—X—XT7-f ki
!N1r-(iEE=lX HD 50%$

«ffltlTPVyXrA
£BELTV5

— A — X — Xf 7^ tlNI 
-ei*7U->En7n77 
A^tiirU5ll|:0 
23%fi< PV lZttflfc££3d6T 

ZZtZU&Lfz

m*i=MTs%«:a@T%a
®?ia*'»S9)C&5Sr-Ji
WStifc

a a 7 3 kWp £Lh<D PV yXrA0 
UX h izStTSMJgEiP 
ttlg*Wl=5fi±«aBC&
-pTI'S

*>7 U tfiNlTMi PV izStf 
3*'y h - / 7V>7&3(t 
AtlT L\S E7£ti:ri< 21±& 

3

1999 %(z Greenpeace Solar 

Pioneers 7 □ 7 7 A (z <£ 0 
Tmmmm# pv >x7 a# 
¥L<muLfc

PV I*SIJEZUJ/JvEx 4F-v> 
H>7- a-J&ffl(z-E*% 

<DHH/b^5lVrU3A<x PV 
(*^SlzStor»^3 <b$7c
-matizmmenrus

T##^#(D/c%(zA|#x 
*/l*'-£5:ET5iiIWtf 

mo Lx t&mz&'ixi*'?')

#£nrvs

af7Pvmmm^amaL 
Tx i&^dPVlz^TSm# 
SrlDl-h^ltSV —77 <f > 
7$) z*>7f 7
£!tELTV3

X /f X ry-=7-8;5»3imj am 
«j-«aa pv rtngssitts
SS6«*J$$fc LTV3.

pv m^ii-ats&ss&y® 

et©»?icMrs rmm 
?imj roasisr$fcurv5

&Jft<D rx*JU#-2000J 7 
□ 77A<Lx>r XE7SS 

rv-
X4P-A#

tores jz^iz^auru
So 1999 %(Z F7V->E

nj ^BAresn^i* iso 
7JP<D1.2%(zBL/c

2000 %9 ^ (z###ApT#x 
*/Mr'-{z*f-f3f£$;fccJ:

ns

Basle rfrrli^ 300 kWp(D#J
£7? 6 %Ga pv maizs^e: 
gBtTSgrSiJjttfiSAen 

/:» C(D4ASl* Basle TfrK
1 8.5 Wp (Zta
WTS

19
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m 799 At±a$ ct i/— ±Wr< xv7^yfcJ:Vit®

x > 7 — 7 PV J&ffltdfcfL 

36% £ ft
So C£>HZl*ttxUd*4TS 

C02.$7b'£$[i|X£ftS CO

mgafi&A'o/c)

#A^(D PV yXjAl;^ 

t5^7 h • *9') >9ft 
1998 4

%imKe$fts

tsi*iasr-tt. >*S#ro pv 

CttrSM-bliSK, ?v-

3t tA 5 S |6] © * 5 C t A< »

e^AS©aSIEmcBai- 
3**1* PV *&!:##&& 

Irrt©<!:«#£ft3

1998 %(d 300 gNI/-7 h 7
y • yp7'7A#H8&sft

Tco 1999 50%
7b<EE£ft£

1999 ^^l:f>7-7l^ 

(*##-#:# PV v X 9 A £ 
£ttU Etl-^SiPVvX 

TA#A(DMm&{gmTS 3 
vy^yny^Aiz^ur 3.9 
MUSD (4 S 1700 7JR) & 

BBttL/c

K 4 7 1999 ^ 1 ft 1 BCm&Zfl 
£ 100,000 )l-7 • y P 77 
Aii 10
&^#LTUS (1999 %(* 
0%)o n->[ZZ^3fr<o 8 

%l^7b'(tT#$ 12.5% 7? 7 
Z>TtS= tztzL 10
pv i/xxA###c#r&ft
1* 10 *FB<DP->l*iI;SL 

T^L\

16 m#
jHi(D9-e/;u K7-r >-7x 

X h 7 7 -1%
1OiNItf PV1SZC/4 L TEA 
£EWjLtvs

s^wiBx^ju^-cniir
sm#(*##%(dm@atT$>
So

ysm

1998 ^Xldl* 11 
tfcT&^/ctiC 1999 ttlt 
SQft&mUtzo

nii£i±ib'?')->ntnb 
%(:#ALIfc‘J> C0)$£^ 

PV

^moLTUS

100,000 JU-7 • yP7‘7A 
<Z)ia3tie>$§^l*8!]#l*rft 
r»x BS<7) 18 MWp (d#LT

9 MWp <0* L^T$» o fzo
L7b'L 2000 %(d%fr$ftS

( Law for the Priority of 

Renewable Energies) Id * r>
x i* && e tin m £ ft s 
t(D(L^^!$aSo Z<D%W 
i* 1991 mzmfeztifznik

^ ( Renewable Energies 

Feed-in Tariff Law) ld#t?S 
&#Tx PV #E#ft(d#L 
r 0.51 USD (54.6 R) /kWh

TL'So C(7)yP7'7Aa)S 
SI* 2003 $ J I? Id 300 
MWp tffSET scares

X ^ > %XyP77A(d*oT PV 
£S:STS/cti>BE=iX h 
<7) 25%W±<Z)M8tiA£&{& 
LTl'So PV f£ZZftl* 5 
kWpJUTtDPVvXxAldx* 
LTl* 0.4 USD (42.8 R) 

/kWpN 5 kWp £&*_ S PV v 
XxA(d*4LTl* 0.2 USD 
(21.1 R)/kWp <D#@#A# 
!&££*ITl'S

PV l*^CS.|$-r^W>b</jN 
£ VZ <bri'«D—E<Z)E£nl*
em^r$,s

PV y P v x 7 h CX£ fc 

%meuTi\s

• yP77A (PAEE, 
Energy Saving and
Efficiency Programme) l* 
1999 %(d#7L/c#x PV I*

wAwmxx/i/f-mtm
(2000-2006) idcfc^rSE 

LT3t#*ftSi^T\ m& 
mwft-'oxth s

7 4 > =7 > K PV vXxA£|§:EtSASI

c±e 30%m-e<7)%E#%

^TSPvmEcx4fsmm
1*^£A*IJ# ESCO (IR& :

s

ryu->mxj <dsac#
-dTx #:#
PV '>XxA<£>HliE(dX£& 
BH'iL'S^LTVS

1999 %idm^mm#7b<#±

[zm^Ltzo z.<Dfimm\t 
2010%$r(d1995%L//</L
#!%E##(D 40 mzftmt
S 40 MWp £EETSC<L 
£BSldLTUS
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m ->777 ±a*f-r
7 7 > X PV >X7A(zH9LT 

tl5ti£l* px F izxlurS 
7:95%m#$as (face m 

70%x
15%, ADEME^e 10%)
3Rtt®H*PV>X7A|zM 

PX F (zStL 
r 35 — 80% <D ft
PHEBUS Y x>777, EC 
#HE7p77A (2000 %
■CUT) fr6B(Jte*l3

mgmtl£t± EOF *$£1? 
ADEME li FACE 7P 77 A 
(Z«fcoT^ilAW 
PV >X7A#t£ZJ: V t# 
ffli(z&33H£fcglzfcl+3 
PV (fccfctfJllTj) #^jm&
mmu-cmmuTus

1999
&E>X7Alz||||T3SIE 
7P7r7A#g|J#tfjlz EC#

tz0 BSliSUSD (535 R) 
/Wp # P X F V 3 %^(Z 500 
kWp fxEfSCt-CfcSo

XfcMBlzMTS****
flsf3 1998 %#77>X% 
j^#^(Z ADEME
11 PV^&^m&3#(ZL, 
WvXtA^^ 1,500 
kWp BET 3 w+mr# 3

£ s &*©»*» R&D IZE3££ 
nri'3
PV #7-77 < > 7 li 
Solar Century &6f#M#Ei 
ft(zft£;ft-Cl'3

PV lzMf5«^ttOB8i

^lzi*E^]^ti:l*5ISr»35: 
•£±7* V oo&SvT 7 □ 
CHP X7-U >7* • x>> 
>fc£#/M!£««#*tt

PV j£Sli* v F - / 7 V > 
7'3IAfcd:^j&Elim(3PI 
T5nbf-aij]^EELr 
l\3

BP Amoco # FSunflowerJ 
7P>x 7 FIZ J: -5T 1999
%#Em#mw:Ae<^A
Lfz
Mf# 100 JU-7 *7 ^ -;f 
K*fX F^S^$tL3^ 
#£#>£■ <
iPVyXfA•7P > x 7
F ^ 2000 ^(zltE^tirvx
3
PV >X7 AlZ^ff 3 VAT # 
2000*M/3SUfc17.5%fre> 
5%lzTlf6tl3o *tz%*m

T X 7 X & PV '>7.7 
A#HE7P>x 7 F ££ 
tgLTV3ri<, C(7)5:EI*ti 
S7p>x7Ftf rSfflW 
tt#*3J CfcJWfettT?**

B«nB#B*fc#*3:ofc
PV lzxtfT3—E#E 

Sto|6]_hLTt,x5o LftL=E 
>x-JU#&167*E%LT 
U37cti)lZ, ajW&fcfflTM* 
EEpx F#±# (Binft
m)^^s<D±#(^ms)
•CPX FifilZ&oTl'Sv 
X7At$»3

#TLU7P>x7 F3##% 
JS-L/co Yeruham 7P > x 7
F (**±£611 • $r6W<z:g^r 
HJfe^tl3o Nitzana 7p> 
x 7 F li V — 7 — HE4fc HI 
#mEa±#(z^M-3AI# 
x*JMF-*e#RJfcfcB 
ft lz L T l' 3 „ Kibbutz 
Samar 7P>x 7 F(&## 
# 4.5 kWp PV 200
kWp (z|£5I1'31+B'e$>3

T 7 U 7 PV #&»px Flz^T3m
umkft 36%mm $ n, vat 
ft 20%ft*> io%iz-EM^n 
3
PV 2000 %p4(z
##73 PV >X7A(Z*tL 
r 0.18 USD (19.3 R) /kWp 
0MM4&JWM3ft3

xtt**tMr5a»«iw
@£RV±lf3/cti>lz,
£t±li ENEA
^JU-7 F "j~f • 7P 7 7 A 

$/c6t±# 
HE7p7'7A(zE¥LZz 
E*j£t±t>$>5o
PV lzftl-3—E#li5't>lij£ 
#V7*7$>3

10,000 JF-7 F "j 7-7P 7' 
7A#^*a(amcimfiT, 
2000 %(Z^37^r$,3o 
BESS# i SI* 50 MWp 
r$>3
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m = ->7*7 J: tf-BtDlgSn StiSH =>7*7fcitflW
a * PV '>XxA£i£ZL/cii-£

SS^.5/6 lzM&<*tl5

PV '>XrA^||li'>X7

ESI^x$/cM¥Jt 30%«
a©ifflo8^s»e»n
TVS

PV
> X X A (Dffi A# 13 ft L r 
®iiP->£tl&Lrv5
1992 b • *7U
xnjmmzti-c^z

—SDOE^J^tiili PV [zMT 
s r&d
JPV vXxAEZ 
px bc^m&mATs# 
^ABJj^&Bj^LTVS

pv77taia*#

L/cd:7lzx PV iz^fS-
AGc^miaiWAoLrus

2010 %#AT PV (D#AB
m 5,000 Mw#mdi&Biw
UTx aftOHEfc«fcl/7-f
— )l K ■ x X b <D ^ M fr 
1999 *£lzAi|ilziga£*l/c

it m
^-JiilzMTSaiEfccfctf
7<-&K•tX
TV5= PV l*lEV&$fcj££ 
4x6*itvs

— —

is u LTVS
tti&fl^iZiilr L VaUP^P $ a 
x-tm -izi&jfr<£>#]/££# 
j£ffl£tl5

1998*Ffr6> 1999 *FU: frit T 
H«rt£ttl*PV ****<!: 
yo77A(D%%#&^m 
r«wjt«»Lfc

$#7k^>7x W%7 x > X & 
^SSIlzfcltSPVJ&fflS 
«asT*fc»iz, ss-7ks 
m#^2ooo%(zAmyp7 
7A$Mtet5

It =7 > V g^PV7o7xA(Z j:SB[ 
j^<7)MWi^<7)i$^(z, fcmm 
(D^:#X4P-A# PV lZ*tf
5»*izjpjffl$nru5. m 
;u*x r?ij-> • ypvx
7 bj (z*tT5iE£*ijx m# 
tt®iz^r«inaft*Sx # 
i*jt#nz*rt3 r7u-
> • T—7 — vjx 7 U—> 
^X^r-A kgtf&Z

s/c&)(z
pv

*17)4*±i£ PV SESiT’P V X
7 Hzaswcx 
iiruSo
mmu^^<(o±m\zto 
Tx pv iz^mi-scait# 
U'»li^€iUiT*«5 
#%aLT^#$tlTL\S
7'U->e-Xfr*t-?/crfr 
%m&(z j:tU^x £< <7>ilW 
fr'J'SJ PV '>7t A£iiA,T 
9IA1-5S|6]£^LTV5o 
$fcPV l*Smic*7>7
lzfelt5*t»*a*:S±^r

<.E.£*irV3

pv> 2010 %ar(z
250 MWpx 2020 *F$T(Z 
1,500 MWp (JU—7 b 7 7 • 
>X7AT^ 100 TiStBIO 
fxSTS
s
auupvtta dix mti 
istiix r&d tsemu
28 0tt#MLfc18j£) fr 
2001 *Ffr6 2007 
ST^^^T'^SS^'e
$>5o
Mr5»«fcaax»*5. s 
£ pv
2007 ^ST»©S*#*a« 
& 500 MWp ##_L(f(DoT# 
#^^#LTL\S

y no x —

—

pv (zj^rsa^ttoM^
J^SSUx ^3tE<7)7,P7'7A
iz pv

4"# 3 %G8 T mc-Si 7 x ;\ <r>

6 MWp fr 6 30
mwp izaars
*HE>&<Z)±jl£itBLT
VS

22
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@ ftS-f -'>7*7 ® J: tf—fi££>^£n x-yyt-VtetUltB

XO X — "T > PV l2jbh-5»'$ro#S)*lj: 
&V. LA'LiSfSBItliEXP 
-7x7 h It# L T ft A 50% 
roSiSSHWUT0'5

ft*fl«i#ew6i#±w66i
4UU=F-S#i:UTPVtt-
«8A>-ifr*a<icSto4,h.r

ii5Srit7P^7A0
ifcSSili pv #&3»>x 

7A<bLrifflM0^5 
x v f
c«Lr»$>ofco 2 war
7n77A<DB£(*Rm 

m^maL-cm#-#:# pv 
mzti

tz
pv s/xxaizm

1xv7-77lz 
O?0^P^7A^5o f 

100 737-7--^- 
7 • -v7*7\ +h77/
> (SMUD)
<Z) Pioneer 7 □ ?' 7 A N V
7 *;U-7M pvi#Wj£7n 
7*7 A, ##(5(7 PV7o7 
7A"C^5
1999 12iH1"e* v
h • XfVXf. <?')-> • 

iiCiU' 
#±W6gx*;U4r'-lz*t1-

2000
pv^um*

-v^SJUttiLs JX"jOT"j 
Z/WMi'^UtLXPV <D 
7D±lf^#t/fc

temi&ma (upvg) t* pv
ti-XA £ L 

T* v h • *7 U
Lx PV vX
jA^ 6 MWp ixif L/c

1998 % (Z % ^ 4r — # 

(DOE) #100:57-7- • 
JU-7 (PV
TkvX7A) <Dga%£Wt 

5 10#ItH^^L/co C 
<0 4 Zy7f/lZ^|t5^ 
E#lfc(;t$7cIi£<D7Fcim 

&msmix #im

5£<Z)££-p/\e- h 7-v "J
^(DEE^UliB^LTV

4.2 RlSlfi&SmHi: PV itrtl'xoige

pv 2 m=&a.

«6$to#E*iK/$$iBaHE#E*5J:ifASS8E$«©E$i: U T, At/, 7 -r y^y h\ 
Kt-y, 7 7x-f-*y, %gtc^®#Elt C02&##f
SA6lfHLTV'-50 ZOWm.It'JttetST PV ®8SCS*W»WSSr5.l?LTV'»Vv *Ht' 
ti.C025 PV®*tti±0.01 USD/kWhti.T"Cafe;5i;®SLTV'5 7t-V X h 4)V' 
6. • 7'ox*5A®JaJn*^®
i: LT$JMf6%T&6. #SCSBtj:r
fffflk PV»B.®aEB®®E66«Si:Ut:r ir-eafed, WAti, B*"CH, fitMSSEtetfll# 

m**J #«£$*!*:„ A-x h 7 V 7T(±««/h5c*SC J:5>R4=T|gx*;vjr'-®«A#E 
o'it&'i-tfis:ffiH®ff4"ligx^^='r- • T'n^vAA5aE7*i;-yyN7xSiBS®-gkltS 
ASnfco * 4.i cstitt:, Kt-y, 7-i yyy K, 7?yx, 4/')7, B*, tt>/ 
tsit/AHti pv #&&A##CRMf 6 iS%a^tTV'-5o jEC ec ft EU X yA-E® PV

23
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MEiSMS PV -yXxA^tfi&aSJA^iiJnl^XitzCOT, *A#X©###^m@»##E:7k 
oti'5, *-x h x v 7, *tx", 7<>7>k, K'l’y, *xyx\ x-f x,

HAlX&SJEfttigEcHigSftTV^N attilfr^Tafe^. pvc&II 
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PVPS SURVEY CONFIRMS STRONG MARKET GROWTH

The latest update of the PVPS Annual 
international Survey Report "Trends in 
Photovoltaic Applications" covering the 
period 1992-1999 is now available.

The report gives an overview of installed 
generation capacity, application 

segmentation, manufacturing capabilities 
and the business and political 
environments for PV in the 20 countries 
participating in PVPS as at the end of 
1999. Market development trends over 
the preceeding 8 years are also analysed.

Market Expansion
The market for PV power continues to 
grow rapidly: between 1998 and 1999 the 
total installed capacity grew by 31 %, to 
reach 516 MWp. Japan's New Sunshine 
Programme, which commenced in 1995 is 
now exerting a major influence on the 
trends in participating countries (see 
box). Of the 121 MWp installed during 

1999, 60 % was installed in Japan alone. 
If Japan is excluded from the analysis, 
installed capacity grew by 19 % in the 
remaining countries - similar to the 
previous year. Collectively Japan, USA 
and Germany accounted for 87 % of the 
PV installed in 1999

Applications
In the most recent report the market is 
divided into three sectors (a change from 

previous reports): off-grid applications, 
distributed on-grid and centralised on-grid 
applications.
Overall the trend is for an increase in the 
proportion of grid connected systems. In 
1992 only 29 % of the installed capacity 
was connected to the grid; this had 
increased to 53 % by the end of 1999. 
Again, this is largely due to significant 
government-subsidised programmes in 
Japan, the USA and Germany, which 
have a predominant on-grid focus. 
Nevertheless, off-grid applications - for 
seasonal/recreational buildings, rural 
electrification, pumping, agricultural uses,

traffic signals and telecommunications for 
instance - are still very important in many 

countries. Indeed 90 % of the combined 
capacity in Australia, Canada, Finland, 
France, Israel, Mexico, Norway, Portugal 
and Sweden is off grid.

Fiscal Support
The total budget allocated by government 
bodies to support the PV industry 
increased by 4 % between 1998 and 
1999, to MUSD 479 . Over 50 % of the 
1999 funding was allocated by Japan. 
Spending trends show an increasing 
proportion of the budget is for initiatives to 
encourage market deployment as 
opposed to research, development and 
demonstration.
The ISR summarises key initiatives in the 

reporting countries and shows that a 
range of fiscal instruments are being used 
to support and promote PV, including: 
reduced interest rates, tax credits, 
accelerated depreciation, grants, and 
preferential tariffs. Utilities are seen to be 
increasingly supportive of PV with 
initiatives such as net metering and 
investments in PV.

Nurturing the Market 
Education is increasingly being 

recognised as a key aspect of national 
programmes. A number of countries, 
including Germany, Japan, Israel and the 
UK have programmes to install PV 

systems on schools and universities. 
Many countries have set targets to 
increase PV deployment significantly in 
the near/medium term (Germany, 
Finland, France, Italy, Japan, the 

Netherlands and the USA) which can be 
attributed to the Kyoto Protocol. Another 
major influence is energy market 
deregulation.
Public opinion appears to be generally 
supportive of PV although lack of 
awareness and access to information 
remains a barrier in some countries.

Production and prices 
The report also summarises information 

on cell and module production, 
technology preferences and trends in 
system prices. Total module production 
increased by 34% between 1998 and 
1999 to 168 MWp a year, primarily in 

Japan and the USA. Japanese production 
alone increased by 67 %, largely to meet 
the increased demand in the home 
market. However overall production 
remains well below capacity (52 %) in all 
producing countries.
In terms of the technology used, 84 % of 
the modules produced in 1999 were 
crystalline silicon, of which 60 % was 
multi-crystalline and 40 % was single 
crystalline. Amorphous crystalline is 
emerging as a viable alternative in the PV 
market, with production more than 
doubling between 1998 and 1999. In 
addition, CdTe and CIS manufacturing 
plants are planned or operational in 
Japan, Germany and the USA.
Generally the price of systems has not 
changed significantly since 1998, 
although reductions were seen in France,

BEHIND THE SCENES: JAPANESE 
PV PROGRAMME INFLUENCES 
WORLD WIDE TRENDS 
Japan has several large PV demonstration 

and field test programmes, which expanded 

dramatically in 1999, moving towards the 

target of 5 000 MWp of installed PV capacity 

by 2010. Residential PV systems, of 

typically 3-5 kWp, are subsidised on the 

condition that. the individuals provide 

operational data on their system. Between 

1994 and 1998 15 596 PV systems were 

installed on dwellings and a further 17 396 

houses were accepted under this 

programme in 1999. Other programmes 

provide subsidies for local public 

organisations and private industrialists who 

are establishing new energy businesses. 

Net metering has been available in Japan 

since 1992.
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PVPS SURVEY CONFIRMS STRONG MARKET GROWTH

Italy and Japan. On-grid building 
integrated systems of 1-3 kWp are 
typically between 6-12 USD/Wp installed, 
though prices below 6 USD/Wp were 
reported in Denmark and Germany. Off- 
grid systems remain competitive in many 
applications.
The report also includes the latest news 
on standards and codes in the reporting 
countries and a PV technology note on 
balance of system components, prices 
manufacturers and suppliers.
To order copies of the report (IEA-PVPS 
T1-08:2000) contact your national 
newsletter representative (contact details 
on page 8) or visit the PVPS website: 
www.iea-pvps.org

COMPARATIVE ANALYSIS OF PV SYSTEMS OPERATION

Data from over 260 PV systems have 
been analysed and compiled onto an 
IEA-PVPS database

A new report "Analysis of Photovoltaic 
Systems" has been produced under 
PVPS Task 2. The study summarises the 
operational performance, reliability and 
costs of 266 PV systems installed in the 7 
participating IEA member countries 

(Austria, France, Germany, Israel, Italy, 
Japan and The Netherlands, plus EU) as 
contained in the Task 2 database (see 

PV Power #12).
Based on the experiences and lessons 
learnt from the sampled systems, the 
report sets out to identify how the 

performance of PV systems in general 
may be optimised.
Detailed operational results for each of

the systems are included, illustrated with 
graphical representations of key data. A 
normalisation methodology has been 
adopted to allow performance analysis 
comparisons to be made between typical 
PV systems in different countries under 
different climatic conditions and different 
load patterns.
The results include; an analysis of the 
annual yields, which show only slight 
fluctuation from one year to the next; 
annual performance ratios, which differ 
from plant to plant, but range between
0.25 and 0.9 with an average of 0.66; and 

analysis of loss factors.
Potential optimisation measures identified 

in the report include: avoiding diode, 
wiring and mismatch losses; improving 
efficiencies of components through the 
selection of high efficiency modules and

inverters; and avoiding high module 
temperatures by integrating modules into 
the building during installation.
The report also describes the project 
background data sources and the use of 
the database, and gives an overview of 
the evaluation procedures developed to 
enable system comparisons.
Copies of the report IEA-PVPS 
T2-01:2000, priced 75 USD, are available 
from the Task 2 Operating Agent, or can 

be downloaded from the PVPS website: 
www.iea-pvps.org.
Contact: Reinhard Dahl, Forschungs- 
zentrum Juelich GmbH, PT BEO 21, 
D-52425 Juelich, Germany 
email r.dahl@fz-juelich.de

J PV POWER
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PVPS ADVISES G8 RENEWABLE ENERGY TASK FORCE

RECOMMENDATIONS TO THE G8 RENEWABLE ENERGY TASK FORCE

1. G8/OECD development aid organisations 
should set a target of electrifying 1 billion 
people within the next 10 years. In order to 

achieve this, aid budget allocation to 
renewable energy should be immediately 
doubled then increased progressively. A 
renewable energy component should be 

included in conventional energy projects. 
Investments should be targeted at the 
development of sustainable infrastructures 
rather than purely at product subsidies.
2. Renewable energy expertise should be 
incorporated into all G8 development aid 
organisations and capacity built in the country 
offices and sector teams.
3. Energy supply options should be chosen 
on the basis of a least cost analysis in multi
lateral and bilateral development projects. 
The least cost analysis should be based on a

life cycle cost analysis and, where possible 
include externalities.
4. The OECD should allocate funds to 
South-South exchanges in order to 
accelerate the adoption of renewables.
5. The G8 should ensure that the 
electrification of those without access to 

electricity services is addressed explicitly In 
G8/OECD funded bilateral or multilateral 
programmes for restructuring or privatising 
power sector utilities in developing countries, 
which implies that resources must be 
specifically earmarked to this effect.
6. The G8 should encourage high level 
planning for rural development and rural 
electrification through the development, and 
implementation of appropriate Rural 
Electrification/Energy Plans.

At the Okinawa Summit in July 2000, 
G8 leaders announced the formation of 
a Renewable Energy Task Force 
(RETF). The Task Force’s primary 
mission is to identify the main barriers 
preventing significantly increased use 
of renewable energy for sustainable 
development world-wide, and to 
recommend key actions which G8 
governments can take to remove these 
barriers.

The work of the RETF is complementary 
to that of PVPS Task 9, whose primary 
objective is to increase the overall rate of 
successful deployment of PV systems in 
developing countries. Following the 3rd 
Experts Meeting of Task 9 in Marrakech in 
September 2000, a formal submission 
presenting PVPS recommendations for 
G8 action was delivered to the RETF. The 
document was also submitted to the lEA's 
Renewable Energy Unit whose personnel 
are drafting the RETF’s report that will be 
presented to the G8 ministers when they 
next meet in Genoa in June.
Although Task 9 is mandated to focus on 
photovoltaic technologies, the submission

recognises that other renewable energy 

technologies can also satisfy energy 
needs of rural communities in developing 
countries. Many of the recommendations 
proposed by Task 9 are also applicable to 
these other technologies.

The six key recommendations proposed 

are summarised in the box above. The full 
text of the submission can be downloaded 
by visiting task 9 on the PVPS website. 
www.iea-pvps.org

PV WITHIN THE CLEAN DEVELOPMENT MECHANISM

The Clean Development Mechanism 
(CDM) is an instrument established 
under the Kyoto Protocol aimed at 
achieving sustainable development 
while contributing to the cost-effective 
mitigation of climate change.

It allows Parties to the Protocol to meet 
part of their reduction commitments 

abroad - notably in developing countries - 
where specific greenhouse gas (GHG) 
abatement costs are lower.

Simultaneously, this can allow developing 
countries to attract investments in clean 
energy technology and assist them in 

reaching a sustainable development path. 
Under the CDM, the GHG emissions that 
are avoided through the use of clean 

energy technologies (in comparison to 
what would have been emitted had 

polluting energy technologies been 
adopted) will generate 'certified emission 
reduction units' (CERs) for the investor. 
These CERs can then be offset against

the investing Party's emission allowance, 
effectively reducing the emissions 
reduction measures that need to be 
implemented domestically.
The CDM should therefore be a suitable 
vehicle for the implementation of PV 
projects in developing countries. However, 
CERs, as the name suggests, require that 
the amount of avoided emissions needs 
to be certified. This represents a potential 
problem for small, distributed energy 
technologies such as PV solar home
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systems (SHS), as monitoring of all such 
systems would be impractical.
To address this problem, the Dutch PV 

Export Group, with funding from Novem, 
has commissioned a study to assess the 
eligibility of SHS under the CDM and 

determine a simple reference CER 
calculation procedure.
Details of eight solar home system 
projects and field studies in Africa, Asia, 
and Latin America were evaluated. The 
case studies show that savings of 
kerosene for lighting provide the largest 
contribution to C02 displacement. In some 
cases, savings of candles and battery 
charging also contribute.
In order to pave the way for PV SHSs in 
the current CDM negotiations, the study

proposes that a global emission value 

appears to be the most appropriate 
approach to use. Based on information 
from the existing case studies and factors 
such as upstream emissions, the study 
concludes that an abatement potential of 
200 kg C02 per 50 Wp SHS per year is a 
conservative but safe global emission 
reduction value.

A second phase of work and further 
consultation with stakeholders is now 
underway aimed at refinement of the 
streamlined processes for SHS’s in the 
CDM. Recommendations arising from this 
work will be presented at the next round 
of climate talks.
Contact: Jan Cloin, ECN 
Fax: +31(0)20 49 22

PV ADDED VALUES DOCUMENTED EVIDENCE

The conclusions of a PVPS special 
information activity to assess PV 
*added values'are to be published as a 
new report

Following on from the focus workshops 

held in Sapporo, Japan in 1999, and 
Glasgow, UK last year, a summary report 
documenting the Added Values of 
Photovoltaic Power Systems’ has been 
prepared under PVPS Task 1 (Information 
Dissemination), with support from Task 7 
(PV in the Built Environment).
PV is increasingly accepted as an 
economically viable energy supply 
technology for a wide variety of - mostly 
off-grid - applications. Photovoltaics can 
provide high-value service or amenity 

wherever low-maintenance, reliability, 
easy of deployment or relatively small 
power demand is an issue.
For grid-connected applications in 
particular, though, viability assessments

continue to be made largely on the basis 
of electricity cost, which despite 
consistent reductions over the past three 
decades, typically remain higher than 
those available from centralised, fossil 
fuel or nuclear plants.
As the report details, however, even in 
grid supplied areas, values other than 
kWh energy cost are important. For 
utilities these include ancillary services, 
such as power quality and reliability, and 
capacity values. For customers and 
society in general reliability, 
environmental impact, convenience, 
supply security and associated 
employment are important issues. In the 
built environment, there are other non
energy values to consider, such as 

avoided land and structure costs, 
architectural interest and multi
functionality.
Present arrangements for ancillary 
services and network augmentation or

extension continue to focus on the larger 
participants in the electricity market and 
distributed options like PV do not yet 
receive equal consideration. Additionally, 
electricity industry regulation with respect 
to climate change is still in its infancy, so 
that little value is placed on emission-free 
generation. The study summarises the 
key barriers which are currently 
hampering increased PV power system 
utilisation, and proposes measures to 
overcome these.
Although the report does not attempt to 
quantify the values in a form which could 
be used for cost/benefit analysis, 
documenting the various added-values is 
an important first step towards this. 
Copies of the report, IEA-PVPS T1- 
09:2001, are available from Task 1 
National contacts (See page 7).
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EUREC AGENCY PV 
OUTLOOK & ROADMAP 2000 
The European Renewable Energy 

Centres Agency (EUREC) has 

prepared a position paper on 

*Future Research & Development 

in Photovoltaics’.

The document provides an introduc
tion and status review of PV tech
nology and applications, and pre
sents short (to 2005) and medium 
(to 2010) term goals for PV compo
nents and system efficiency 
improvements and cost reductions. 
The Agency identifies six main barri
ers that must be overcome if uptake 
of PV technology worldwide is to be 
increased. Key amongst these are 
the need for System price reduc
tions, resolution of silicon feedstock 
issues, continued development of 
thin film technology to improve pub
lic image and efficiency, and allevi
ation of energy storage problems. 
EUREC outlines an R&D roadmap 
to address the problem areas and 

achieve the cost and efficiency 
goals. Various fiscal initiatives and 
improved product marketing mea

sures are also identified to comple
ment the R&D focus.
The PV position paper forms part of 
the Agency’s update of it’s publica
tion, The Future for Renewable 

Energy: prospects and directions. 

Contact EUREC 
Fax: +32 (0)2 502 92 84

LOW-COST SOLAR-GRADE 
SILICON CLAIMS 
Venture Aims to Accelerate 

Industry Growth by Removing 

Raw Material Constraints 

US PV manufacturer, Astropower 
and Elkem of Norway, the world's 
largest silicon processor, signed a 
technical cooperation agreement in 
December 2000 aimed at finalising 
a low-cost process for manufactur
ing large-volumes of solar-grade sil
icon. Both companies have been 
researching feedstock issues for 
several years, and have been coop
erating since 1998 to develop a 
solar-grade silicon manufacturing 
process. The agreement calls for the 
future establishment of a jointly-

owned manufacturing venture, 
based in Norway and managed by 
Elkem, that will supply low-cost sili
con feedstock to the global solar 
power industry.
The limited availability and high 
price of solar-grade silicon feedstock 
have hampered solar industry 
growth, noticeably in recent years as 
electronics industry scrap’ has 
become a more valued commodity. 
Contact: Astropower 
Fax: +1 302 368 6087

GREEN ENERGY 
CERTIFICATE TEST TRADING 
Six European countries are pilot

ing an initiative which enables 

cross-border trading of the envi

ronmental benefits of electricity 

from renewable energy (RE) 

sources.

Renewable Energy Certificates 
(RECs) are issued to electricity pro
ducers according to the amount of 
RE power they generate. The RECs 
can be bought by energy supply 
companies to confirm that a propor

tion of their sales are made up of 
green electricity. The certification 
helps ensure that suppliers’ green 
power schemes comply with their 
claims. They can also serve as an 
indicator of power companies com
pliance to national renewables oblig
ations (which exist in Australia, and 
will be introduced in the UK in 
October, for instance.)
National RE certificate trading sys
tems are already in operation in the 
participating countries - Denmark, 
Greece, Italy, The Netherlands, 
Norway and Sweden - but their cer
tificate issuing rules have now been 
harmonised to facilitate international 
trading.
Contact: RECS Secretariat 
Fax: +31 (0)10 280 56 54

NAME-CHANGE FOR UPVG 
The US Utility Photovoltaic Group is 
now known as the Solar Electric 
Power Association, SEP A.
Contact details are unchanged.
Fax: +1 202 223 5537
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STANDARDS, GUIDELINES & 
QA PROCEDURES FOR STAND
ALONE PV SYSTEMS 
Quality Assurance (QA) of stand
alone PV systems and components 
is one of the priority focus areas for 
PVPS Task 3. A review of existing 

programmes of standardisation and 
QA for PV has been undertaken by 
Task 3 to identify ways in which the 
group can best contribute to work in 
this area. The results of the review 
are now available as an online 
report, Survey of National and 

International Standards, Guidelines 

& QA Procedures for Stand-alone 

PV Systems.

The document in itself provides a 
useful resource which describes the 
current status of existing standards 
and QA programmes, as well as 
describing the role of international 
and national standardisation and 
QA organisations, and the work 
which they are conducting to provide 
guidelines for the application of qual
ity stand-alone PV (SAPV) systems. 
The survey identifies areas where 
there are insufficient, or no guide

lines, and suggests a Task 3 plan of 
action to address some of these 
shortcomings.
This report, available for download 
via the PVPS website, will be regu
larly updated for the duration of the 
current Task 3 programme. 
www.iea-pvps.org

COOPERATION FOR 
DEVELOPMENT 
The fourth Task 9 meeting will be 
held in Jakarta, Indonesia in March. 
Three associated events are 
planned: a renewable energy pro
motion seminar with the ASEAN 
Centre for Energy and SECO; a 
seminar on Financing SHS in devel
oping countries; and a workshop on 
Certification and Accreditation of PV 
Installer Training Programmes. 
Contact: Jonathan Bates 

Fax: +44(0)118 973 0820

WORKSHOP ANNOUNCEMENT

Building with PV - New Product Opportunities

Wednesday May 9, 2001 at Amsterdam RAI 
The rapidly increasing number of photovoltaic projects around the 

world demonstrate that PV is becoming a serious market. PV 

technology is being used in building applications for its energy- 

efficiency and ecological benefits and its aesthetically-pleasing 

appearance. Users are purchasing systems to power their homes 

with independently generated, ‘clean’ electricity. Large PV plants are 

installed in ground-mounted arrays, on roofs of large, industrial 

buildings and along noise barriers to produce green electricity for 

utilities. To keep up with the demands of these rapidly developing 

markets, new and innovative building products are required.

The objective of this Task 7 workshop, is to consider opportunities for 

new products suited to the various emerging markets for PV in the 

built environment. The workshop will be closely linked to 

Sustain 2001, providing excellent opportunities to meet industry at 

the exhibition and join other events at the main conference.

Contact: Frederik Leenders at Ecofys, Fax: +31 30 2808 301

Sustain 2001 
Amsterdam, Netherlands
08- 10 May 2001 
—' Sustain 2001
Fax. +31(0)20 549 1843 
www.sustain2001 .com

IE A Future Building Forum 
Hunk Tank 
Oslo, Norway
9- 11 May 2001
w Helen Shawcross, ESSU 
E-mail: exco.support@ecbcs.org

12th International Photovoltaic 
Science and Engineering Conf. 
Cheju Island, Korea 
11-15 June 2001

PVSEC-12 Secretariat KIER 
Fax. +82 (0)42 860 3739 
www.solarpv.or. kr/pvsec-12

UPEx'01 - PV Experience Conf. 
Sacramento, Ca, USA 
30 September - 5 October 2001 
f Julia Judd , SEPA 
Fax. +1 202 223 5537 
www.upvg.org/upvg/upex2001

17th EPSEC, European PV Conf. 
Munich, Germany 
22-26 October 2001 
*• Bettina Kaisa, WIP-Munich 
Fax. +49 (0)89 720 1291 
www.wip-munich.de

ISES 2001 Congress - Bringing 
Solar Down to Earth 
Adelaide, Australia 
25 November - 02 December 2001 

Hartley Management Group 
Fax. +61 (0)8 8363 4577 
www.unisa.edu.au/ises2001 congress
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BP Solar asked the solar energy 
research unit at the Norwegian 
University of Science & Technology 
(NTNU) to devise a challenging R&D 
problem project that would also 
demonstrate the company's activities in 
PV. NTNU proposed a BIPV double
facade - the ‘Solar Skin

The solar skin combines two contemporary 
building concepts; the use of double 
facades in renovation projects, and 
building integrated photovoltaics (BIPV). 
The double facade is effectively a glass 
wall attached to the outside of the existing 
building envelope, separated by an air 
gap of 0,8 m. Thermal performance is 
similar to a glazed atrium; the cavity 
creates a buffer zone which reduces heat 
loss from the main facade, while 
harnessing winter solar gains to reduce 
the building heating load. The cavity can 
be cooled during summer through ports at

the top and bottom of the secondary skin 
which induce stack-effect ventilation.
The PV cells are encapsulated in clear 
glass modules, which in turn are installed in 
the outer wall. The semi-transparent 
modules enable natural lighting to be taken 
advantage of, while the air gap between the 
two skins ensures that the modules are well 
ventilated to maximise their efficiency.
The facade will be monitored for at least 
one year to evaluate electrical and thermal 
performance. The data will be used to 
optimise simulation models for future 
double-skin PV systems.

MANDATORY RENEWABLES TARGET FOR AUSTRALIA

From April 1st, 2001, wholesale 
electricity purchasers in Australia will 
be legally bound into contributing 
towards the generation of an additional 
9 500 GWh of electricity from 
renewable energy sources in 2010.

A gradual scale-up of production to meet 
the 2010 target will be achieved by 
establishing mandatory RE purchase 

requirements on electricity retailers and 

wholesale electricity buyers. Purchasers 

will be ‘proportionately liable for the 
measure’. In other words, if a party

purchases 1 % of the country’s total 
electricity production in a given year, they 
must purchase 1% from the RE target for 
that year.
The measure will be implemented 
through the creation of tradeable 
renewable energy certificates. Each 
1 MWh of electricity generated from 
eligible renewable energy sources will 
earn 1 certificate for the generator. This 

can then be sold to a third party for 
surrender to the Renewable Energy 

Regulator as evidence of purchase of 
eligible power. Any shortfall in the

obligatory purchase requirement will be 

penalised at the rate of AUD40/MWh.

In July last year, the Australian 
government introduced a 4 year, 
MAUD 31, PV-specific support scheme, 
the Photovoltaic Rebate Programme. 
Rebates of up to 50 % of system capital 
costs are available for rooftop and 
integrated systems on homes and 
community use buildings.
Details of both schemes are available 

from the Australian Greenhouse Office 
fax: +61(0) 2 6274 1884
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INTERNATIONAL ENERGY AGENCY

The Swiss-designed 'Solarsail' captured public imagination 
as an exhibit in the PVP5 Task VIIBIPV Design competition. 
See pages 2-3.
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PHOTOVOLTAICS FOR THE BUILT ENVIRONMENT

The results of PVPS Task VIPs inter
national design competition for PV 
products for the built environment 
were announced in May. Prizes total
ling 7000 Euros were awarded to 
five winners in 4 product categories.

Task Vll's objectives are strongly oriented 
towards enhancing the architectural and 
technical quality of PV systems specifically 
for use in urban settings. The design com
petition aimed to encourage attractive, in
novative and functional approaches for in
tegrating PV into these environments with 
products for which there is a clearly identi
fiable market. The competition entries were 
assessed primarily on how well they ad
dressed these key criteria, with additional 
marks being awarded for ease of installa
tion, operation and maintenance, efficiency 
of performance, practicality and cost-effec
tiveness of manufacture, design flexibility 
and regard to environmental considera
tions.
More than 60 architects, engineers, design
ers and students registered for the compe
tition. These were narrowed down to 29 
entries from 10 countries, with designs 
grouped into four categories: roofing prod-

Robert Webb's winning design of a ventilated rainscreen 
system over a lightweight stressed-skin timber construction.

ucts, fagades, other building products (such 
as shading devices and building entrances), 
and PV products recently released into the 
market.
The overall competition winner, together 
with the designs judged to be best in each 
category were announced during the 16th 
European PV Solar Energy Conference in 
Glasgow.
Robert Webb of Robert Webb Associates, 
UK, won EUR 1 500 as the overall competi
tion winner for his design for PV panels as a 
ventilated rainscreen system over a light
weight stressed-skin timber construction. 
The judges admired the overall concept for 
the building and its consideration for envi
ronmental and passive solar issues in addi
tion to electricity generation.
Andrew Weight from Reading University, 
UK, was the winner of the roofing products 
category, as well as overall student winner. 
He was awarded EUR 1 500 for his PhotoFIT 
design. This design for mounting PV mod
ules to provide a roof or fagade covering 
used an innovative profile system as the 
module frame. It aims to minimize costs by 
simplifying installation requirements in 
terms of components, complexity and time.

The judges considered it to be a well-pre
sented and well thought through entry, giv
ing good consideration to the integration 
of cabling and avoiding the problem of the 
frame shadowing the module.
The fagades category prize of EUR 1 500 
was shared between Marcel Perrier, an ar
chitect from Switzerland and a team of 
three students (S Tomatsuri, K Kondo and T 
Ohashi) from Hosei University, Japan. 
Marcel's design was for a PV fagade on a 
circular building that addressed the issue of 
the sun's movement in an innovative man
ner. The Japanese design was for a building 
with a PV roof and fagade with water flow
ing over the module surfaces. The combina
tion of PV and water-cooling systems aims 
to keep the building and PV installation 

cool.
A practical and sturdy design for a PV Sun
shade system that both optimized solar gain 
and avoided self-shading won EUR 1 500 
for the other building products category. D 
Hewitt and R Braunstein of Kawneer Co. in 
the USA submitted the design.
The recently released products short listed 
were all roofing products, and included sys-

monocrystalline cells 
mounted in glass-tedlar 
frameless units.

Internal board 

Insulation 

PV fixing

Structural ply skin 

Waterproof membrane 

Ventilated air gap



terns to fit onto sloped roofs, PV roof tile 
systems and systems for mounting PV mod
ules on flat roofs. They were all well devel
oped designs providing cost effective and 
practical methods of mounting PV on a 
wide range of roof types. A team from 
Econergy International in the Netherlands 
was the category winner with their 
INTERSOLE design that allows a range of 
module types and sizes to be integrated into 
any type of tiled roof in a weatherproof 
manner. The judges commented that this 
was a practical system likely to be good 
value for money.
In addition to the main category prizes, an

award of EUR 1 000 was presented to Halle 
58 Architekten, in Switzerland for their

PhotoFIT - simple componentry to keep installation time 
and costs to a minimum.

Solarsail creation. This prize was awarded 
on the basis of the number of votes given to 
the entry by visitors to the exhibition of 
short listed designs held at the Glasgow 
conference. All the short listed entries were 
exhibited at the conference and visitors to 
the exhibition were invited to vote on their 
favourite design.
For further information, visit Task VII on the 
PVPS Website, http://www.iea-pvps.org, or 
download the official final judges report 
from the Task VII website, http:// 
www.task7.org.
Alternatively, contact Angela McKenna at 
Halcrow, Fax: +44 (0)1793 815020

IE A

NATIONAL BUY-BACK RATE TOR GERMANY

As of 1 April 2000, a nationwide buy
back tariff of 0,99 DEM/kWh for PV 
generated electricity has been avail
able in Germany.

The new rates form part of the Renewable 
Energy Law (REL) which has established 
buy-back terms for electric power genera
tion from all renewables. The broad objec
tive of the law is to double the contribution 
of renewables to Germany's power mix 
from 5% in 1999 to 10% in 2010, and to 
contribute towards bringing the cost of re
newable generation in line with that of con
ventional methods in the medium to longer 
term.
For PV the new buy-back rate can be com
bined with favourable loans available under 
the 100000 roofs programme. This stimu
lated unprecedented interest - and consid
erable disarray - in the rooftop programme 
in the run-up to the launch of the REL. 
Nearly 10 500 applications to the pro

gramme were submitted during March - 
some 6 500 more than during the whole of 
1999. This was largely due to the wide
spread understanding that the ten year 
zero-interest loan available under the 
rooftop scheme was to be replaced with 
somewhat less favourable terms, in order to 

ensure that the programme remained 
within budget.
The programme was temporarily halted 
shortly after the REL launch to prevent fur
ther applications being made until the new 
loan conditions were defined. The rooftop 
initiative is now in operation again with re
vised installation targets and modified low- 
interest loan.conditions in place. Whereas 
the original programme was scheduled for 
six years (1999-2004), the added benefit of 
the REL buy-back rate means that the same 
PV installation target of 300 MWp now 
seems likely to be achieved by the end of 
2003.
Under the REL, acceptance of renewably-

generated electricity is obligatory for the 
local distributors and transmission grid op
erators. The scheme is funded through a 
small premium added to the general elec
tricity tariff (equivalent to 0,001 DEM/kWh) 
payable by every electricity purchaser 

throughout the country. As of 2002, the 
buy-back rate payable for new installations 
will be reduced by 5 % per year in order to 

encourage cost-convergence with conven
tional generating technologies.

Contact: Peter Sprau, WIP 
Fax: +49 (0)89 720 1291
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PV MICRO-GRID HELPS REVITALISE RURAL SPAIN

The village of San Felices is located 
at an altitude of 700 m in Aragon, 
the Spanish Pyrenees. The lack of in
frastructure in the region caused a 
progressive depopulation of such vil
lages during the 20th Century, but 
rural development projects like the 
one described below are supporting 
their revitalisation.

The project utilises a stand-alone PV power 
plant comprising a 10 kWp array, 180 kWh 
battery bank and power conditioner 
(charge regulator and inverter) to generate 
AC electricity which is distributed via a mi
cro-grid. The system was designed for 15 
connections but initially provides energy for 
6 houses, a community hall, a church, a 
hostel/museum and public lighting. Cen
tralizing the PV plant requires fewer mod
ules and batteries than if each house is sup
plied by an independent PV system. In 
addition, only one power conditioning unit 
is needed to supply all the houses which 
simplifies maintenance.
The 90 m2 array of 135 x BP 275 (75 Wp) 

modules is integrated into the roof of a 
purpose-built building in a way that takes 
into account the natural and architectural 
surroundings. The building contains the 
power conditioning equipment (2 x TApS C-

8648 units providing 12 000 Wp MPP-track- 
ing regulator and 7,5 kW inverter), 180 
kWh Powerbloc battery storage (providing 
7 days autonomy) and a back-up propane 
gas generator for emergencies. It also 
houses a community hall.
System reliability is enhanced by the Power 
Conditioning Rack, which controls all as
pects of operation. This unit includes the 
charge regulator as well as converting di
rect to alternating current of mains quality 
(230 V - 50 Hz). Operational performance 
parameters (state of charge, battery volt
age, PV-current etc.) are recorded hourly. 
Key meteorological data are also registered. 
These data can be seen in real time on the 
unit's display, or analysed remotely via mo
dem-link. This facilitates early failure detec
tion and timely maintenance.
The energy service delivered is equivalent to 
that of the public grid, though attention to 
load management is more critical. Each 
house is fitted with an energy-dispenser 
and meter which limits the amount of en
ergy available for each user in accordance 
with their predetermined needs and the 
contracted tariff. The service scheme is 
managed by SEBA (Servicios Energeticos 
Basicos Autonomous), which also provides 
social and technical support for the end 
users.

Installation of the micro-grid enabled other 
infrastructure facilities to be introduced to 
the village at the same time. Pipes for drink
ing water and waste water were installed in 
the ditches used to bury the electric cables. 
In a second phase, water purification and 
waste water treatment will be completed. 
The total" cost of the PV plant, distribution, 

public lighting and water distribution sys
tem was just under EUR 221 000 (approx. 
USD 204 000), co-financed by the European 
Commission, National, Regional and local 
governments and the users themselves. 
This installation was undertaken as part of 
SEBA's 'Programa de Energetizacion Re- 
novable Autonoma (PAERA)', which is now 
providing energy service to 36 isolated sites 
in the provinces of Huesca and Zaragoza. 
SEBA, a non-profit users group founded in 
1989, has promoted nearly 250 PV installa
tions in rural Spain to date. Together with 
the Fraunhofer Institute for Solar Energy 
Systems (ISE), Germany, and The Spanish 
engineering firm Trama TecnoAmbiental, 
SEBA has recently produced a brochure 
about Successful User Schemes for Photo
voltaic Stand-Alone Systems, which can be 
downloaded from ISE website: http:// 
www.ise.fhg.de/english/projects/pv- 
standalone/index.html

User involvement throughout the installation process - from conception to de
livery - is invaluable for ensuring the system meets local needs in the most 
appropriate way

For further information contact Xavier 
Vallve, Trama TecnoAmbiental 
Fax: +34 93 456 6948
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TRAINING ACCREDITATION

Since 1996, the non-profit Institute 
for Sustainable Power, Inc. (ISP), 
has been working with the PV indus
try, the finance community, stand
ards and certification professionals, 
and the education and training com
munity to develop and implement an 
international PV training accredita
tion and practitioner certification 
framework.

Funding organizations and government 
agencies are very interested in market de
velopment of sustainable technologies, but 
often the infrastructure needed to success
fully market, install, and service the techni
cal solutions that they wish to support is 
inadequate. Training is one component 
needed for successful market development, 
and the ISP and its partners are working to 
define the tasks, knowledge, and skills 
needed for the successful implementation 
of dispersed sustainable energy technology. 
The outcome of this work is a series of cer
tificates for PV professionals (e.g. installa
tion and maintenance practitioners) based 
on minimum knowledge and skills compe
tency standards, which will provide custom
ers, financial professionals, and employers 
with an objective indication of professional 
competency.
ISP is one of four organisations working 
with The World Bank to develop a series of 
implementation manuals to address infra
structure needs: Installation and Mainte
nance Practitioner Certification (ISP); Qual
ity Manufacturing (PV GAP); Testing 
Laboratories Quality Systems (Florida Solar 
Energy Centre); and, Quality Component 
Design (ECN).
The ISP has developed a manual for imple
mentation of a training accreditation and 
practitioner certification programme at the 
country level. The project is being piloted in 
India, Sri Lanka, and China, and supported 
in South Africa.
The initial pilot of these four infrastructure 
components was held in Jaipur, India, in

October 1999. ISP organised a five-day 
workshop based on The World Bank imple
mentation manual for four levels of practi
tioner certification (Solar Home System 
Maintenance, Solar Home System Installer, 
Large Stand-Alone System Maintenance, 
and Large Stand-Alone System Installer). 
This served to introduce Indian officials and 
industry to the proposed quality standards 
framework, and to test the material and 
presentation in an appropriate setting. PVPS 
Task III (Stand-alone and Island Systems) 
also attended to observe proceedings. 
Based on the reviews and comments of the 
attendees, the manual was modified for use 
in the follow-on implementation work
shops in Sri Lanka and South Africa in Feb
ruary 2000, and in China in March 2000. 
The goals in South Africa were to test the 
revised materials and to assess the potential 
for countries to use them without requiring 
a specially trained instructor.
In the course of the workshop, the partici
pants moved quickly through the material, 
indicating that they felt that the manual 
provided sufficient guidance and detail to 
implement such a program on a national or 
regional level. In fact the participants de
cided to move beyond the framework of the

manual and work together to establish a 
pan-Africa working group to coordinate the 
development of framework standards for 
training quality and competence.
In Sri Lanka, the participants took part in 
both classroom education and hands-on 
skills training, as the first phase of becom
ing certified as PV trainers for solar home 
systems installation.
At the end of one week, the participants 
were evaluated through a knowledge ex
amination and a hands-on skills evaluation. 
Of the 21 participants, 17 received passing 
marks and will participate in the second 
phase of'the trainer certification program. 

In evaluating the four who were unsuccess
ful, it was determined that having the ma
terial presented primarily in English, even 
with a Sinalese translator available, was in
sufficient, especially for teaching technol
ogy-based subjects. This only emphasises 
the need for national-level programs to 
qualify trainers, to avoid having to contract 
with outside trainers.

For further information Contact Mark 

Fitzgerald at ISP 
Fax: +1 303 470 8239 
http://www.ispq.org
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NEW US GRID CONNECTION 
STANDARD
The new IEEE Recommended Prac
tice for Utility Interface of Photo
voltaic Systems, IEEE Std 929-2000 
was published in April.
The extensive revision of the previ
ous 929 was in response to the 
maturation of the PV industry which 
requires a comprehensive document 
giving specific recommendations 
rather than general guidance. The 
intent of the new standard is to de
fine the technical requirements of PV 
system interconnection in a manner 
that can be readily adopted by utili
ties. It also includes several annexes 
for tutorial and clarification of test 
methods and measurements. The 
standard applies to utility-intercon
nected PV systems operating in par
allel with the utility and utilising 
static inverters for conversion of di
rect current (dc) to alternating cur
rent (ac).
The document describes specific rec
ommendations for small systems

rated at 10 kW or less. Larger static 
inverters could also follow the same 
recommendations.
Contact: John Stevens,
Sandia National Laboratories 
Tel: +1 505 844 7717

EUROPEAN PV CONFERENCE
Scotland plays host to the world’s 
largest PV meeting 
Some 1 300 hundred delegates from 
nearly 60 countries attended the 
16th EPSEC in Glasgow from May 1- 
5 this year.
As always the technical content of 
the meeting was high. The main in
terest surrounded policy and deploy
ment issues, with dramatic news of 
the impact of the REL on the German 
PV Programme (see page 3) and a 
high level of interest in developing 
country issues, including PV use for 
small-island states.
Special interest workshops on devel
oping countries (co-organized by 
World Bank / EU), standards (PV-

GAP) and PV added-value (PVPS- 
Task I) were well-attended.
Contact: WIP, Munich 
Fax: +49 (0)89 720 1291

JAPAN BEGINS SOLAR-GRADE 
SILICON PRODUCTION
Rapidly expanding global demand, 
forPV has raised concerns that sili
con scrapped by the semiconductor 
industry will soon be insufficient to 
satisfy the solar industry’s needs. 
Since 1996 SOGA, Japan's Solar- 
grade silicon Technology Research 
Association, with assistance from 
the New Energy and Industrial Tech
nology Development Organisation 
(NEDO), has been working to avert a 
silicon shortfall. The main techno
logical problems have now been ad
dressed and production has recently 
commenced at a 60 ton per year pi
lot manufacturing facility.
Kawasaki Steel Corp., one of the 
main partners in the project, will 
start full-scale production in early

2001, with an initial output of 200 V 
year. SOGA has been aiming for a 
SOG-Si production cost of JPY 2 300 
per kg. The new solar-specific mate
rial is expected to be very competi
tive with the current scrap silicon 
price.
Contact Masao Kando, NEDO 
Fax: +81 (0)3 5992 6440

PV BEST PRACTICE STORIES
New booklet summarises some of 
the better projects initiated under 
the EC THERMIE programme.
The publication, which is intended to 
motivate others to consider using PV 
in future infrastructure investments, 
provides a synopsis of 34 installa
tions across Europe. Projects are cat
egorised in 7 applications sectors: 
Noise Barriers, Power Stations, Build
ings, Transport, Rural Electrification, 
Islands and Other Uses.
Contact: WIP, Munich 
Fax: +49 (0)89 720 1291

NEW ON THE NET 

PV PORTAL
Only two clicks away from that 

missing PV link...

Ekomation SEC has initiated a new 
tool which aims to help you find the 
on-line PV information you are look
ing for within two clicks. PV Portal 
provides visitors with a host of links 
to other PV-related websites, using 
a simple category locator - e g. 
manufacturers, project examples or 
trade places - to identify relevant 
sites. The portal is dependent on 
country-specific 'Partners' located 
around the world who provide de
tails of URLs that should be listed. 
Partners for some countries are still 
being sought. Applications can be 
made on-line. 
http://www.pvportal.com

KYOCERA’S SERVICE NET
Kyocera introduces a new on-line 
technician referral service 
PV users can now report system 
faults to Kyocera's worldwide net
work of installers via the internet. 
Within two working days of comple
tion and submission of the on-line 
service request form, users will be 
contacted by their nearest available 
service technician.
Interestingly, the company does not 
restrict this service only to systems 
originally purchased through its own 
network.
The referral service itself is free, 
though the response may be charge
able depending on the nature of the 
problem.
http://www.solarelectricrepair.com

PV-WEB
The British Photovoltaic Associa
tion (PV-UK) has launched its new 
on-line presence
In addition to standard information 
on what PV is, applications, news 
and events, etc., the remodelled 
website incorporates two useful 
tools: the first is a searchable direc
tory of UK suppliers of PV products 
and services; the second is a data
base containing descriptive listings 
of all UK PV in buildings projects. 
http://www.pv-uk.org.uk

COULD YOU MAKE THE 
DIFFERENCE?
BP poses a 'solar challenge ’
BP has initiated an internet forum or 
'knowledge network for exchange

of ideas, creative technical openings 
and inspiration' on solar energy. 
The challenge has two focus areas: 
the first is to develop inexpensive 
solar panels that can be integrated 
into residential and commercial 
buildings, the second is to develop 
a '21st Century Solarplant' to ac
commodate the ten-fold increase in 
production throughput that the 
company believes will be needed in 
the next decade if it is to meet the 
expected growth in demand.
The company is inviting visitors to 
their website to become part of the 
solar knowledge network in order 
to contribute to achieving these 
two challenges. 
http://www.bp.com/earthday/ 
solar_challenge.asp
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NEW REPORTS ON BOS 
COMPONENTS
Batteries and charge controllers are 
critical elements of most stand
alone PV systems. Two new publi
cations aimed at improving per
formance and reliability of these 
components have been produced 
under PVPS Task Ul.
The charge controller performs a vi
tal function in the PV system, ensur
ing that the battery is not subjected 
to overcharging or overly deep dis
charging which could prevent them 
from delivering their rated capacity 
or even cause premature failure. 
'Recommended Practices for Charge 
Controllers' is a handbook aimed 
primarily at users, operators and in
tegrators of autonomous PV sys
tems. It contains advice on how to 
choose, configure and maintain con
trollers, as well as information on 
troubleshooting problems and test 
procedures used to verify satisfac
tory functioning.
The complementary booklet is the 
'Lead-Acid Battery Guide for Stand- 
Alone Photovoltaic Systems'. Again 
the report is directed towards the 
end customers, with a view to im
proving knowledge of the construc
tion, characteristics and use of such 
equipment. The guide provides a 
useful reference for how to install 
lead-acid batteries and how to main
tain them to ensure continued reli
able operation.
Both reports will shortly be available 
for download via the PVPS main 
website: http://www.iea-pvps.org

DEVELOPING COUNTRY 
SURVEY
The results of the Task HI survey of 
stand-alone applications in devel
oping countries are available from 
the Task III website.
The survey focused upon past re
newable energy programmes: how 
many there have been; how they

were perceived by officials and con
sumers; what the local and national 
government policy issues have been; 
and how the programmes have af
fected the technical, financial and 
institutional infrastructure of the 
country.
Summary reports presenting the key 
findings in 21 countries are provided 
as PDF documents. 
http://www.task3.pvps.iea.org

TASK-SPECIFIC WEBSITES
Both PVPS Task III (Stand-alone and 
Island Systems) and Task IX (Tech
nical Cooperation for Market De
ployment) now have dedicated 
internet sites.
The new sites provide additional in
formation on the work being under
taken in each of these areas to that 
contained on the main PVPS site. In 
addition, task-specific publications 
and products can be downloaded 
directly from these new locations: 
Task III: http://www.task3.pvps.iea.org 
Task IX: http://www.task9.pvps.iea.org 
Both sites are also accessible via the 
PVPS main homepage: 
http://www.iea-pvps.org

ADDED-VALUE
Task I (Information Dissemination) 
held the second workshop on PV 
Added-Value in Glasgow in May 
The meeting was attended by some 
35 delegates aiming to identify and 
discuss the different added values of 
grid-connected PV systems for vari
ous target groups. Addressing these 
issues is important for tailoring PV 
development strategies to influence 
policy and decision makers.
The results of the Glasgow Work
shop and the preceding Sapporro 
event will be collated and published 
later in the year.
For further information contact your 
Task I national representative.
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WHEN GRID POWER IS NOT AN OPTION

CASE STUDY

t ^cation; Coldstraam, 
Nerthwmberland, UK 

i Isolated PV / diesel / battery 
hybrid

13,1 kWp ground mownted array 
138 x Astropower AP71Q5 mono" 

crystalline modules 
1450 Ah battery at 48 V 
§ Trace 5W4548F 4,5 kVA modified 

sinewave inverter 
111 kVA backup J-ister petter diesel 

generator
i Typical daily consumption 8 kWh

Contact: Pan Davies, Solar Century 
Fax: +44 (0)870 785 8101

When your local electricity company 
wants to charge GBP 35 000 (over 
USD 52000) to lay on mains power 
you know alternative energy sources 
have to be investigated.

This was certainly the case for the owner of 
a refurbished shepherd's house in the idyllic 
setting of Mindrum Farm in the North of 
England. A PV-diesel hybrid system now 
provides an economically and environmen
tally sound solution to the farm's various 
power requirements.
The occupier needed a secure power supply 
with scope for future expansion. The sys
tem not only had to meet the demands of 
typical domestic appliances, but also 
needed to match occasional surges related 
to various agricultural activities on the farm. 
The turnkey package supplied by Solar Cen
tury comprises a ground-mounted 2,1 kWp 
PV array charging a 450 Ah battery via a

charge controller. This feeds power to the 
main consumer unit via a modified sine- 
wave inverter with a maximum output of 
4,5 kVA. A water cooled diesel generator 
feeds power to a subsidiary consumer unit 
to meet occasional and high power loads 
and for supplementary battery charging. 
The diesel set is activated when any of the 
loads on the subsidiary unit are used, or if 
the battery is discharged below a pre-set 
level.
The costs of all the goods and services for 
the installation of the PV hybrid system 
amounted to GBP 17 500 (USD 26000), in 
other words only half of the cost of con
necting to the mains.

IE A

RENEWABLE ENERGY PROJECT ANALYSIS SOFTWARE

RETScreen is a pre-feasibility soft
ware package which enables users to 
assess energy production, costs and 
financial viability of renewable en
ergy projects anywhere in the world.

The package currently provides for evalua
tion of eight renewable energy technolo
gies through a series of modules which run 
within the main Excel-based program. The 

PV-specific module can assist with technical 
and economic analyses of grid-connected 
projects, ranging from centralised plants to 
smaller-scale distributed applications. The

tool can also be used to determine radiation 
data in the plane of the array based on 
known horizontal insolation data.
The latest version of the software incorpo
rates a link to NASA's Solar Energy Data 
Website to allow retrieval of insolation and 
near-surface air temperature data for any 
location worldwide. An integrated on-line 
database of renewable energy products 
provides information such as product speci
fications and performance data on equip
ment that may be used in the project, 
enabling comparison of alternative com
ponents.

The program, which is the work of Canada's 
CANMET Energy Diversification Research 
Laboratory (CEDRL) with input from many 
international renewable energy experts, 
can be downloaded free of charge from 
http://retscreen.gc.ca

For further information contact CEDRL: 
Fax: +1 450 652 5177
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