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II. Progress Report

1.Overview in Japanese 

1. 1 Objective

Under a title of “Deployment of PV Technologies: Cooperation with Developing Countries" , 

it is attempted to compile a recommendation based on the previous experience on the 

technological and economical problems for introducing the PV systems to developing countries, 

to organize international workshops and to coordinate the collaboration among supporting 

organizations.

1. 2 Activities and Period

The activities include the following themes, and the period of investigation and analysis was set 

to 5 years.

• Collection and analysis of information on the experience of PV deployment in developing 

countries.

• Preparation of a recommended practice guideline.

• Linkage and collaboration with supporting organizations/

• Investigation of technological and economic problems of PV systems in developing countries. 

1. 3 Examination of Meetings
The Overseas Experts' Meetings were held twice, and the Domestic Working Group's Meetings 

three times, to discuss on the expected activities for the first fiscal year.

(Summary of these meetings will be reported at II4 & II6).

1.4 Conclusion

In fiscal 1999, the first fiscal year of 5-year Task activities, efforts have been concentrated on 

the build-up of basic plan in line with the target of the Task, involving:

• Registering of 11 member countries.

• Drafting of the basic work plan.

• Division of works and allocation (Subtask 10/20/30).

• Selection of target developing countries.

• Cooperation with related Tasks and supporting organizations.
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IEA PVPS Task IX SECTION I Status Report
Deployment of Photovoltaic Technologies : Co-operation with

Developing Countries

SECTION I - ISSUES FOR THE EXECUTIVE COMMITTEE

1. Work Plan

The Task is proceeding to schedule and inputs from the ExCo are not anticipated at this stage.

2. Annex to the Implementing Agreement

The Annex to the PVPS Implementing Agreement has been completed and authorised by the IEA 

Legal Department in Paris. A copy has been circulated to ExCo members.

3. Relationship with the World Bank

At the last ExCo meeting in Oslo, the ExCo requested a document explaining the function of the 

World Bank and the Task IX relationship with this organisation. A briefing has been prepared and 

distributed to ExCo members. Since the last ExCo, the World Bank has established a 

Consultative Group on PV. Membership is restricted and includes leaders of the PV industry (at 

CEO level) and multilateral and bilateral donors. The World Bank is responsible for renewable 

energy in 14 countries totalling 1.5 billion, with $150M in grants from the Global Environment 

Facility (GEF) projects. The Operating Agent recommends that the ExCo endorse the continued 

institutional relationship building already underway within Task IX, including active membership of 

the Consultative Group.

4. Relationship with IEA/REWP

The REWP is developing strategies relating to market deployment, and have shown particular 

interest in PVPS Task IX. The Operating Agent has been invited to attend the next Working Part\ 

Meeting (Madrid 12-14 April). A verbal report will be presented in Quebec.

5. International Conference

At the ExCo meeting in Oslo, the suggestion was made that PV deployment in developing 

countries would be an important topic for an international conference and that Task IX might 

initiate such an event once concrete results become available. At the PVPS Executive Conference 

in Venice in November 1999, Hans Jorgen Koch (IEA, Director Energy Efficiency, Technology and 

R&D) in his speech suggested another Executive Conference to be held in Japan in 2001. The 

Operating Agent advises to the ExCo to recommend PV in Developing Countries as the subject, 

and to consider a developing country as the venue, with the date being 2002.

March 2000
-10- Page 2/16



IEA PVPS Task IX Status Report

6. Participation by additional countries

Since the last ExCo meeting, Germany has confirmed its participation. This is welcomed by the 

Operating Agent.

The 2nd Experts Meeting included an observer from Spain (Emiliano Perezagua, Isofoton). 

Isofoton is interested to participate in the Task but is not familiar with the procedures for 

requesting the Spanish signatory to the Implementing Agreement (Iberdrola) to approve 

participation in Task IX. Guidance is sought.

Clarification of the annual manpower input to Task IX by France is also requested.

7. Website

Task IX has established its website with 2 "interim" addresses:

1 www.ieatask9.org

2 www.task9.pvps.iea.org

The address < www.task9.pvps.iea.org> is identical in format to that proposed by Task III. This 

format has the advantage that the domain name is <iea.org> so there is no difficulty in reserving 

domain names for the other tasks (Task III has experienced this problem already). People 

accessing the site <www.task9.pvps.iea.org> are automatically routed from the IEA server to the 

existing website address, i.e., <www.ieatask9.org> meaning that further name changes would be 

unnecessary for all the Tasks.

Task IX will also be pleased to change the address to be in line with a standard form of address 

and to be integrated with the PVPS main website.

8. Joint publications with external organisations

Task IX was approached by the ASTAE Unit of the World Bank to peer review and endorse a 

series of PV Quality Manuals with a view to joint publication. Task IX was not able to accept this 

request due to the short timescale involved and uncertainty about procedures within the PVPS 

Programme for the publication of documents which are approved by Task IX but not authored by 

the Task. Clarification on this issue is requested.

SECTION I
Deployment of Photovoltaic Technologies : Co-operation with

Developing Countries

March 2000
-11-

Page 3/16



IEA PVPS Task IX Status ReportSECTION II
Deployment of Photovoltaic Technologies : Co-operation with

Developing Countries

1. Task Objectives and Programme
The primary objective of the Task is to further increase the overall rate of successful deployment 
of PV systems in developing countries. This will be achieved by:

1. development of Recommended Practice Guides based on existing information;

2. promoting improved techno-economic performance of PV in developing countries;

3. identification of areas where further technical research is necessary;

4. exchange of information with, and between, target groups;

5. workshops for, and information exchange with, donor agencies.

The Task IX Workplan was agreed by the ExCo at the meeting in May 1999. The Task has been 
divided into 3 subtasks:

• Subtask 10: Deployment Infrastructure;

• Subtask 20: Support and Co-operation;

• Subtask 30: Technical and Economic Aspects of PV Systems in Developing Countries.

The programme for Task IX is given in Table 1 below.

Table 1: Task IX Global workplan

TASK  Task Duration

!IS

sa I

I 20
00 I

20

QJ l

! 20

02 l

20

03 l

2004

Task Meetings
. | 1 1 C

International Conference: PV in 
Developing Countries

L L

Subtask 10 Deployment Infrastructure

Information Comoilation and Analysis
A ■'H ib tourfeJn * 1 k- 1 1

m m m mst111$:

Preparation of RPGs
111l 1 i A-

%

Dissemination of RPGs __

1B1
B 1

8

Subtask 20: SuoDort and Co-ODeratlon
Support to multilateral and bilateral donors 
and development banks 2j |dHB &

g g i%
2s S3

Co-ooeration with REWP and IEA/OECD v>
1 n*|

v 6$ H-
1

%

Subtask 30: Technical and Economic 
Aspects of PV in Develooina Countries

Stand-alone PV Svstems V ,V ' % < i il; t'
s *• , : -

Village Grid and Hybrid Svstems *
,*i-

w
r 1

.

y r 1i
f » •/

Grid-connected PV Svstems
2

> .. *
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IEA PVPS Task IX Status Report

2. Appointment of National Experts
In the period between May 1999 and October 1999, the participating countries were involved in the 
selection of their respective national experts. Thirteen countries are currently participating in the 
task. The experts and their affiliations are detailed in Table 2.

SECTION II
Deployment of Photovoltaic Technologies : Co-operation with

Developing Countries

Table 2 : National Experts and their Affiliations

COUNTRY Name Affiliation e-mail
Australia Gordon Thompson CASE gthompson@case.gov.au
Australia Geoff Stapleton GSES gses@bigpond.com
Canada Gerry Collins Cl DA gerry collins@acdi-cida.gc.ca
Denmark Peter Ahm PA Energy A/S ahm@paenergy.dk
Denmark Jean Paul Laude DANIDA jealau@um.dk
Finland Heikki Tikkanen Fortum AES heikki.tikkanen@fortum.com
Finland Heikki Neuvonen Fortum AES heikki.neuvonen@fortum.com
France Jean Loius Bal ADEME Jean-Louis.Bal@ademe.fr
France Hubert Bonneviot IED h.bonneviot@ied-sa.fr
Germany Rolf Posorski GTZ rolf.posorski@gtz.de
Germany Klaus Preiser Fraunhofer Institute preiser@ise.fhg.de
Italy Carlo Zuccaro ENEL zuccaro@pal.enel.it
Japan TakayukiTani Institute of Energy Economics tani@tky.ieej.or.jp
Japan Eiichi Waki NEDO wakieii@nedo.go.jp
Netherlands Winfried Rijssenbeek ETC w.rijssenbeek@etcnl.nl
Switzerland Alex Arter ENTEC alex.arter@entec.ch
UK Bernard McNelis IT Power bmcn@itpower.co.uk
UK Jonathan Bates IT Power jrb@itpower.co.uk
USA Mark Fitzgerald ISP markfitz@pvpower.com

In addition, there are representatives of international agencies engaged in Task IX. These are 
listed in Table 3.

Table 3: International organisations Experts assigned to Task IX
UNDP Suresh Hurry EEAP
World Bank Enno Heinjdermans ASTAE

3. Experts Meetings

3.1 1st Experts Meeting, The Netherlands
The 1st Experts Meeting was held in Utrecht, The Netherlands on 14th-16th October 1999. The 
meeting concentrated on refining the workplan for the Task and establishing its modus operand!. 
An outline of the objectives of the Task and its context within the PVPS Implementing Agreement 
was presented to the experts. A list of participants is given in Annex 2.

Subtask Leaders were identified for each of the three subtasks.

Subtask 10 led by The Netherlands 
Subtask 20 led by Switzerland 
Subtask 30 led provisionally by Japan.

The participating countries also agreed their annual manpower commitment to the Task. These 
are detailed in Table 4 below. A more recent version of this Table is provided in Annex 1.

March 2000
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IEA PVPS Task IX Status ReportSECTION II
Deployment of Photovoltaic Technologies : Co-operation with

Developing Countries

Table 4: Annual manpower commitment to Task IX by the participating countries1.

Subtask Participating Countries

AUS CAN CHE DEN FIN FRA1 2 3GBR
3

ITA JPN NLD USA Total

Deployment infrastructure 1 1 2 1 2.5 3.5 1 2.5 2.5 17

Support and co-operation 1 2 4 (+3) 4 3 1 0.5 0.5 16

Techno-economic aspects 1 1 2 2 6

Total annual effort 3 3 6 4 1 6.5 5.5 4 3 3 39

Participants in the 1st meeting are listed in Annex 2.

3.2 2nd Experts Meeting, The USA
The 2nd Experts Meeting was held in Washington DC, USA on 8*-9* February 2000 and was 
hosted by the ASTAE Unit at the World Bank. The 2nd Experts Meeting concentrated on refining 
the detailed workplans for Subtasks 10 and 20 and on how to proceed with Subtask 30. 
Presentations were also given to World Bank and IFC staff on Task IX. Participants are listed in 
Annex 3.

German participation in Task IX was confirmed at the meeting and Spain also attended as an 
observer. The meeting was also attended by representatives of the World Bank, UNDP, IEA 
REWP, the PVPS Executive Committee, the US Department of Energy, PVGAP and the IFC.

Presentations by invited speakers were given to the meeting on:

World Bank SHS Projects: Experiences and Lessons Learned 1993-2000 Erik Martinet 
Market Status for Greenhouse Gas Credits Robert Lee

A technical tour was arranged to the BP Solarex manufacturing facility at Frederick, Maryland.

4. Subtask 10 - Deployment Infrastructure
The overall objective of Subtask 10 is to contribute to overcoming the critical barriers to 
widespread PV deployment. The central task will involve the preparation of recommended 
practice guidelines for the deployment requirements of PV.

The Subtask has three activities:

Activity 11: Information Compilation and Analysis
Activity 12: Recommended Practice Guide Preparation
Activity 13: Dissemination and Promotion of Recommended Practice Guides

4.1 Activity 11: Information Compilation and Analysis
This activity will investigate the various strategies for infrastructure development and deployment

1 At the second experts meeting, Germany confirmed its participation to a level of 3 person-months per year.
2 At the Task IX Prepartory Workshop, Eversley, UK, October 1998, an indicative commitment of between 6 
and 12 person-months per was given.
3 Exclusive of Operating Agent function.

March 2000
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IEA PVPS Task IX Status ReportSECTION II
Deployment of Photovoltaic Technologies : Co-operation with

Developing Countries

to ensure widespread and successful implementation of PV. Key issues relating to PV deployment 
strategies and initiatives will be investigated and collated to provide input to Activity 12.

In order to carry out the surveys, information will be gathered from existing sources and networks 
(e.g. PRESSEA, the EU White Paper, existing PV suppliers networks, results gathered in the light 
of IEA PVPS Task III, etc.) and, if necessary, in-country missions may be undertaken. The surveys 
will collect data on existing schemes and initiatives for each identified subject area. Each survey 
will be reviewed by the Task experts and then used as input to the corresponding Recommended 
Practice Guide.

The process of identifying a number of target countries has been initiated. Possible selection 
criteria include: geographical spread; large potential market; existing market; sustainable market; 
previous experience; Task III DC Survey Report.

A provisional list of Target Countries was drawn up at the 1st Experts Meeting. Following the 
meeting a questionnaire was sent to the experts in order to assist with the identification process.

Target countries have been provisionally identified as: Argentina, Brazil, China, Dominican 
Republic, Ghana, Honduras, Kiribas, Indonesia, India, Morocco, Philippines, South Africa, Vietnam, 
Zimbabwe.

Following the final identification of the target countries, the following tasks have been defined:

1. Selection of the countries on basis of defined criteria.
2. Priority ranking of selected countries.
3. Database set-up for info use.
4. Secondary information collection and analysis.
5. Starting the country communications.
6. Preparation of checklist on required country information.
7. Setting out time frame for in-country PV experts to collect information if necessary.
8. Information collation and analysis.
9. First understanding and lessons learned.

4.2 Activity 12: Recommended Practice Guide Preparation
Activities 12 and 13 are not scheduled to start until the end of 2000 and the end of 2001 
respectively.

However, a framework for the development of the guidelines has been developed and will involve 
the following actions:

1. Preparation of an experts panel from Task IX and possibly with representation from target 
groups.

2. Analysis of the country documents to identify relevant lessons learned.
3. First Draft of the guidelines document.
4. Workshop on the draft guidelines with the experts panel to improve it with their comment 

(preparation).
5. Finalising the guidelines document with the comments and improvements of the expert panel. 

Guides relating to the following areas will be collated:

• government policy and RE planning
• financing mechanisms
• institutional development

March 2000
-15-

Page 7/16



IEA PVPS Task IX Status ReportSECTION II
Deployment of Photovoltaic Technologies : Co-operation with

Developing Countries

• training programmes
• operation and maintenance of systems
• certification and accreditation
• systems planning
• infrastructure frameworks
• awareness raising.

Figure 1 represents the relation and information exchange between the different parties

data from
selected
countries data from 

workshopsSurveys, 
Sec. info

promotion

data on
thematic
areas

data from 
workshops Workshops:

- PVPS Experts
- Existino Clients

Case
studies

promotion

distribution

Enhanced Awareness on 
effective and efficient PV 

deployment by target group

Potential Clients

Potential Clients

Improved Materials

Collection and Analysis 
bvTask IX/10&20

Materials

Compilation, Analysis 
by Task IX/10&20

Workshops:
- PVPS Experts
- Existing Clients

Figure 1 Information exchange strategy:

4.3 Activity 13: Dissemination of Recommended Practice Guides
Activity 13 is not due to start until the end of 2001. However it has been decided that the RPGs 
will be probably be published over the internet as this is both cost effective and easier than hard
copy publication. It will also facilitate easy and regular updating of the Guides.

5. Subtask 20 - Support and Co-operation
The objective of Subtask 20: is to stimulate awareness and interest amongst the target sectors on 
the technical and economic potential, social implications, opportunities and best practice of PV 
systems and to establish a dialogue with multilateral and bilateral agencies and development 
banks. The objectives will be met through two main areas of activity:

The Subtask has two Activities:

Activity 21: Support to Multilateral and Bilateral Donors and Development Banks
Activity 22: Co-operation with lEA’s Renewable Energy Working Party (REWP) and IEA / OECD

March 2000
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The programme of work for each Activity will take the form of:

• Educational seminars and workshops for donor agency, bank and client country staff
• Information and dissemination services including publications
• Review of publications
• Co-operation with the IEA / REWP, IEA / non-member country committee and OECD 

Secretariats

5.1 Activity 21: Support to Multilateral and Bilateral Donors and Development 
Banks

Workshops and Seminars
Four workshops are planned over the next four years. The following agencies have been 
identified as host institutions:

• World Bank Group, Washington
• United Nations Development Programme (UNDP), New York
• Asian Development Bank (ADB), Manila
• Interamerican Development Bank (IDB), in-country-office in a Latin American State
• African Development Bank (AFDB), Abidjan
• European Commission (EC), Brussels

The sequence of the workshops will to be determined according to the availability of staff and any 
coinciding events at the above locations. The total number of participants should not exceed 50 
per workshop otherwise in order to maximise interaction between speakers and participants.

The proposed approach is to structure the planned workshops in such a way that invited speakers 
with relevant practical experience can bring in their views at the workshop and thus assist the Task 
IX team in enlarging the know-how and experience in PV technology deployment. Figure 2 
illustrates this approach

March 2000
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Case studies / presentation by Task IX experts

Workshop 1:

Workshop 2:

Workshop 3:

Case studies by 
invited speakers

Case studies by 
invited speakers

Compilation of a draft 
publication Case studies by 

invited speakers

Workshop 4:

Final publication

Case studies / presentation 
by Task IX experts Case studies by 

invited speakers

The above approach ensures that:
• The cases of a maximum number of projects and programmes are collated and presented

without exceeding subtask 20 budgets, and
• The information presented is not a desk work of a few experts but represents the views and 

experience of the stakeholders at large.

The Qual-PV Manuals
The ASTAE Unit has asked the PVPS Programme and Task IX in particular to review a series of 
QA manuals and associated training programmes. The ASTAE Unit has funded the development 
of QA documentation on: •

• Quality Management in Photovoltaics: Manufacturers Quality Control Training Manual - 
(developed by PVGAP)

March 2000
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• Manual for design and modification of solar home system components - (developed by ECN)
• Training Manual for Quality Improvement of Photovoltaic Testing Laboratories in Developing 

Countries - (developed by FSEC)
• PV Installation and Maintenance Practitioner Certification Infrastructure: Development 

Procedures - (developed by ISP)

The ASTAE Unit requested that Task IX undertake a peer review of the documents and the 
training programmes and explore the possibility of replicating the training programmes in countries 
not covered by ASTAE. The possibility of joint World Bank/PVPS publication was also discussed.

The consensus within Task IX was that there was certainly a need for a quality standard of some 
kind for World Bank and other programmes and that these manuals went a long way towards 
addressing this. There was also some discussion as to what the procedures would be in order for 
the PVPS programme to approve the manuals - this would have to be clarified by the Executive 
Committee of PVPS.

At the time of the 1st Experts Meeting only the Manufacturers Quality Control Training Manual had 
been received, and general comments were made on the manual. It was agreed that the 
replication of training courses was beyond Task IX’s remit. The general consensus was that the 
manual prepared by ECN would be more appropriately reviewed by experts from Task III.

Following the 2nd Experts Meeting and further discussions with the ASTAE Unit, Task IX is to 
undertake a further review of the manuals prepared by ISP (PV Installation and Maintenance 
Practitioner Certification Infrastructure: Development Procedures) and FSEC (Training Manual for 
Quality Improvement of Photovoltaic Testing Laboratories in Developing Countries). These 
reviews will be undertaken with a view to further developing the manuals by Task IX.

5.2 Activity 22: Co-operation with lEA’s Renewable Energy Working Party 
(REWP) and IEA/OECD

The Renewable Energy Working Party (REWP) oversees the Implementing Agreements on 
bioenergy, geothermal energy, hydrogen, hydropower, wind turbines, solar heating and cooling, 
solar thermodynamic power (SolarPACES) as well as PV. The REWP also advises the IEA 
Committee on Energy Research and Technology (CERT) and other IEA bodies on strategy. A 
Support Unit has recently been established at IEA Headquarters in Paris, and has appointed Rick 
Sellers as Administrator. The REWP is paying particular attention to market deployment in 
developing countries, and therefore has a special interest in PVPS Task IX, as the first IEA task 
with this objective.

The REWP Chairman (Roberto Vigotti) and Vice Chairman (Alan Hoffman) participated in the 2nd 
Experts Meeting in Washington.

5.3 Co-operation with Developing Countries
The IEA is developing a policy of co-operation with developing countries. A mechanism by which 
this can occur within Task IX needs to be identified. The PVPS programme through Task IX is the 
first Implementing Agreement to address this directly and will therefore needs to be sure of how 
this can be done effectively. Mechanisms by which this co-operation might be developed were 
identified as: •

• Hold Task meetings in target countries in association with other related events
• Hold workshops in target countries in association with Task meetings
• Target country experts participate in special sessions of Experts meetings
• DC experts to undertake work - assist with surveys etc

March 2000
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6. Subtask 30 - Technical and Economic Aspects of PV Systems in 
Developing Countries

Following the 1st Experts meeting Japan has confirmed it is unable to lead Subtask 30 although is 
keen to contribute to the Subtask. In the light of this, a Working Group led by Australia with input 
from Germany, Japan and the USA has been established to finalise the Workplan for Subtask 30.

7. External Relationships

7.1 Renewable Energy Working Party
The Task III Expert of the Netherlands (Frans Nieuwenhout, ECN) has been nominated as the 
Task III contact person for Task IX. Winfried Rijssenbeek (NLD) was nominated as the Task IX 
contact person for Task III. At the 1st Experts Meeting in October 1999, Frans Nieuwenhout, the 
Task III Expert from the Netherlands gave a presentation to Task IX on the activities of Task III.

Presentations on the status of Task IX have been given to Task III by Jonathan Bates at the 
Task III Experts meetings in Sweden (September 1999) and Portugal (February 2000).

7.2 Renewable Energy Working Party
Bernard McNelis was nominated as the Task IX contact for the Renewable Energy Working Party. 
The Operating Agent has been invited to participate in the next REWP meeting in Madrid -12-14 
April 2000. The meeting will include a Round Table on Renewable Energy. Needs Non-Member 
Countries, and invitations have been sent to Brazil, China, Ecuador, India, Mexico, Morocco, 
Philippines and Poland. The Task IX Operating Agent will make a presentation on PV market 
deployment

7.3 World Bank

The Asia Alternative Energy (ASTAE) Unit
The World Bank has been very supportive of the objectives of Task IX and a positive relationship 
has been established with the ASTAE Unit, who hosted the 2nd Experts Meeting in February 2000.

The World Bank PV Consultative Committee
Further interaction with the World Bank has been developed through involvement in the World 
Bank’s PV Consultative Committee. The PV Consultative Committee first met on 7th February 
2000 and Task IX representatives were invited to take part. The Committee has been set up to 
facilitate discussion between the PV industry and the World Bank on future PV programmes.

A Working Group is to be set up to further develop the role of this Consultative Committee and its 
interaction with groups such as Task IX. The Task IX Operating Agent has agreed to serve on 
this Working Group. The full Consultative Committee will meet next in June/July 2000.

7.4 United Nations Development Programme
The UNDP has been represented at the 1st and 2nd Experts Meeting and provided a very valuable 
contribution to the meetings. The UNDP has asked Task IX to undertake peer review of a 
document on financing of renewable energy technologies. This will also act as a test case for 
developing procedures for undertaking these activities.

7.5 Other Organisations
Discussions have been ongoing with UNEP (United Nations Education Programme). UNEP 
initially indicated their willingness to participate in the activities of Task IX and nominated an expert, 
Mark Radka, but he was unable to attend the first two Experts Meetings. UNEP have now
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announced that they will not join Task IX, but are interested in co-operating with the IEA on 
renewable energy technologies (ie not PV specific).

Contact has been established with the World Energy Council and Gerry Collins (CAN) has been 
nominated as the Task IX contact.

The Operating Agent is a member of the PV-GAP Board and facilitates close contact. PV-GAP is 
currently reviewing its own strategy. The next Board Meeting will be held in Glasgow on 30th April.

7.6 General Promotion
An abstract describing the status of Task IX was submitted to the 16th European Photovoltaic 
Solar Energy Conference to be held in Glasgow 1-5 May 2000. This was accepted for oral 
presentation (by J.R Bates).

8. Next planned Task IX Expert Meetings
28-29 September 2000, Marrakech, Morocco

This meeting will be immediately following the GEF workshop on PV to be held in Marrakech 25- 
27 September.
February/March 2001, Jakarta, Indonesia

March 2000
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Annex 1

PVPS Task IX Workplan
Contribution and effort evaluation in person months 

(annual effort of each participating country)

Subtask Participating Countries
AUS CAN CHE DEN DEU FIN FRA GBR4 ITA JPN NLD USA Total

Deployment infrastructure 1 1 2 1.5 1 2.5 3.5 1 2.5 2.5 18.5

Support and co-operation 1 2 4 (+3) 4 1.5 3 1 0.5 0.5 17.5

Techno-economic aspects 1 1 2 2 6

Total annual effort 3 3 6 4 3 1 TBC 6.5 5.5 4 3 3 42

4 Exclusive of Operating Agent function.
March 2000
14/16
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Annex 2

List of Participants at 1st Task IX Experts Meeting, Utrecht, The Netherlands

Country Representative name Organisation

Australia Gordon THOMPSON CASE

Australia Geoff STAPLETON GSES

Canada Gerry COLLINS Cl DA

Denmark Peter AHM PA Energy A/S

Finland Heikki NEUVONEN Fortum AES

Italy Carlo ZUCCARO ENEL

Japan Tsunehisa HARADA JPEA

Japan Takayuki TANI IEEJ

Netherlands Winfried RIJSSENBEEK ETC

Netherlands Pirn KIESKAMP ETC

Switzerland Alex ARTER ENTEC AG

UK Bernard MCNELIS IT Power Ltd

UK Jonathan BATES IT Power Ltd

USA Mark FITZGERALD ISP

Suresh HURRY UNDP

March 2000
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Annex 3

List of Participants at 2nd Task IX Experts Meeting, Washington DC, USA

Country Representative name Organisation
Australia Gordon THOMPSON CASE
Australia Geoff STAPLETON GSES
Canada Gerry COLLINS CIDA
Canada Josef AYOUB CANMET-EDRL
Denmark Peter AHM PA Energy A/S
France Hubert BONNEVIOT IED
Germany Rolf POSORSKI GTZ
Germany Klaus PREISER FhG-ISE
Italy Roberto VIGOTTI ENEL
Japan Tsunehisa HARADA JPEA
Japan Kazuo YOSHINO Yoshino Consultant
Japan Eiichi WAKI NEDO
Japan Yoshiko YURUGI NEDO
Netherlands Winfried RIJSSENBEEK ETC
Netherlands Chris WESTRA ECN
Netherlands Jan CLOIN5 6 ECN/UNDP
Spain Emiliano PEREZAGUA Isofoton
Switzerland Alex ARTER ENTEC AG
Switzerland Stefan NOWAK5 NET Ltd for CHE Govt
UK Bernard MCNELIS IT Power Ltd
UK Jonathan BATES IT Power Ltd
USA Robert HASSETT US DOE
USA Allan HOFFMAN US DOE
USA Mark FITZGERALD ISP
USA Roger TAYLOR NREL

Eric MARTINOT World Bank/I EA
Suresh HURRY UNDP
Enno HEIJNDERMANN

S
ASTAE Unit, World 
Bank

Peter VARADI6 PVGAP
Dana YOUNGER6 IFC

USA Robert LEE6 AED

5 7 February only
6 8 February only
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• fUff fcStrtf# • WS^-fX,

• IEA / rewpn iea/^MIISAS&J:^ OECD

5.1 r^T-rt*T-f 21: £BFB1fc'cm'-Br=1$»SISV>gf!%$8ft~-cQ$S 

V—
4 4 @(Di7-^-y3y^s^g$iLTVX ±«iaSt<tLTTiE»«Mi^feiilx

TVX

• (UNDP. —3.—3—p)

• Ti/TBamgff(ADB,-7=7)

• T7y»M5g«ft(AFDB, Tt'Xy)

• 3—oy/<$#6(EC, 7'^a.yt/P)

!7-4''>3y7"»5H«llil^l;oV'Ttt, _hE^6M!rox^y7C0S5^-^|S|Be#mTSiO*«l*^ 

7E"—* —<k(D|MIC+#*#R;)S#W'l,5j:9X 1 mro^—27ayy® 

so £

»*LfcT7"o-9LTii> P-^^y^ftWEIft
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3 . 1 m i® sfi

3.1.1
•i)

• m n 2)
3)

Status Report Presentation to Ex. Co.
P V in Japanese OD A 
Task IX
Deployment of PV Technologies:

Co-operation with Developing Countries WORKPLAN

3.1.2 mmm
1) I EA PVP S

Task IX
Development of PV Technologies:

Co-operation with Developing Countries 
Is* Experts Meeting MI NUT E S

2) iwi ± mmm

3.2 W, 2 [el

3.2.1

' X # 1) Presentation Paper by Jonathan Bates
2) SUBTASK 10 & 20 WORKPLAN
3) iwj ± mmm)
4) World Bank Solar Home Systems Projects:

Experience & Lesson Learned (1993-2000)
5) |WJ ± (#m&) I 2

I EA P VP S 
Task IX
Deployment of PV Technologies:
Co-operation with Developing Countries
2nd Experts Meeting MINUTES (Draft)

-43~



International Energy Agency Photovoltaic Power Systems Programme
Task IX

Deployment of Photovoltaic Technologies: Co-operation with Developing
Countries

00# : 1999 ¥ 10 ft 14 0-16 0

h \y fc hrff Jaarbeur Conference Center

:

UK It Power Ltd. Bernard McNelis
UK It Power Ltd Jonathan Bates
Australia CASE Gordon Thompson
Australia Global Sustainable Energy Solution Pty Geoff Stapleton
Canada CIDA Gerry Collins
USA Institute for Sustainable Power, Inc. Mark Fitzgerald
Japan jpea heb m
Japan IEEJ (it) B
Netherlands ETC Winfried Rijssenbeek
Netherlands ETC Pirn Kieskamp
Denmark PA Energy A/S Peter Ahm
Italy ENEL Carlo Zuccaro
Switzerland Entec Alex Arter
Finland. Fortum Power and Heat Oy Heikki Neuvonen
UNDP Energy and Atmosphere Programme Suresh Hurry

: % 1 0(10 ft 14 0W)

1. Welcome Speech by host : Mr. Wim. Van Nes of Netherands Agency for Energy 

and

Environment (Novem)

2. Brief Introductions : i§- S ##7^: §

3. Background to, and development of, Task IX : B McNelis

Task-ix \zm~Dtcrnm* McNeUs wittmzmyL
H DTI,DFID, Shell Solar, BPSolarex, Labcraft

4. Presentation of country experiences and activities: # HU <D 'b PV,

RE
1) Australia:Indonesia CD SHS 36,000, PNG %/D—'91, Rural Poverty

Alleviation Program

2) Canada : Canadian International Development Agency PV 0#

3) Denmark : DANCED(Danish Cooperation for Environment & Development)

~44~



Program 0$BdF, Nepal \Z SHS 30, 000~40, 000, Malawi \Z GEF Project 2:#R 

T 10, 000 <D!fi@/^&5

4) Finland : East Africa ^d7—*f"j h ^7 > F U — 2: LTV^

5) Italy : t. bT^iS#f£y°Uyi^ h £rff&-> E*7 0> >A'

— a LTO F^d/70A< Y U v F Algeria T PV

# (d 2 o

6) Japan : JICA,NEDO 0 PV fcfijffl tfcf!f£3£±5Fd:fetf £7°□ vxd7 F0*8ih

jicA 2 0

iZfflfrLfco
7) Netherland: (d PV 0 A ^#1? L t/T t ^ <5 0 Solar Investment

Fund 0fJ£, Novem, SENTER, DGIS fc <Jf0jfiftif#^M#bTV^.PPP-JI \Zb RE

8) Switzerland : SDC(Swiss Development Corporation), SECO(State Secretariat for 

Economic Affairs)&<2:>'AIJ 0/H □ 7 F 7°U V5 A^fflS^o AMTRAC

LZi, ASEAN Centre for Ener gy (Jakarta) 5" — F LT

9) u.k. :
(It Power) SUfaTti NFFO(Non Fossil Fuel Obligation)^

5. Subtask 1 — Deployment Infrastructure

1) Identification of subtask leader : Netherlands 1$ U —^{K
SLTV^^uSA ^0Sa^'$>/c<k0 d <kT, *0 41 tdSSSTUS £ fr&

bfco (##2:5 0 ^*5 >y ETC ifi SubTasklO 0 U —Idfc©

2) Detailed workplan and organization of subtask : Task 0I^9#XF Workplan \Z J: 0

o ±@^<^^0^fi$I^b,.^0il: PV £agA'tztztb
0#< F5<

j&tf&tLfco V> • V>X0^(5¥^T 110)5^£nfc;^\ 

d7 TWSE*r£* 2: Dfc.

6. Subtask 2 — Support and Co-operation
1) Identification of subtask leader : Swiss U — y— U.K. t>#

#E2f5 D Swiss 5^'J-y-2:fcofc

2) Detailed workplan and organization of subtask : Workplan 0|&^, H^Ei^-hlllld

^3^6 Workshop 0Hl^>f Xd7 ld&50 7> • 7 AdUddH^Tte: ST10 Jd 

l#)U(5 60 £TO)

USAS : SB 2 0(10 £ 15 0(A))

7. Subtask 3 — Techno-economic aspects

l) Identification of subtask leader : ##B £. UTS®, IEtkIT^ 07^'Si < , McNelis 5^
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6 NEDO ©4-SFE>* ST30 © 'J - 7*- \Z B *?)1% -5 fflS7)l*> 5 t Wb> T ©fc £ © 3 

7> h/)l$>0, Swiss © Alex ^6 6 USA ')—■?—ti&MLT
© % £ © 3 7 > h ;)$ 8 3 % © T, 51 #$ t? S*5 £ A % < 7*4 b 7t „ IBS± tt Provisional 

<hLTl3ESnr^-E>.

2) Detailed workplan and organization of subtask : Workplan © 16 Bfl /)> Sot A--' 

PVPS Task-III ^ Task-V %R}4#©il-777

7i|B]C 5^Fffl£U • T>XtS40@S

8. Future Subtasks

Task-IX T CDM^AIJ PV0 Atl5fc*©¥gi LTgffl-t-3

tztfXDij't F7<>£«i)&LTS4t”37^©Mlg7&ofc7)l, Finland?)'6 

¥T$>0,9?1£©Task <fc5 t ©S!,*imsnfE.36ttfc„

9. Co-operation with Developing Countries and Experts

M%iS±B£©TM?, Djflg
M8©=I<^> Workshop SfWT-5^, Task-IX ©3 —7-f >^&^±

BX?M«Li5P©^_kBl©SnE'^ME8Bn©#j)DeitaT5.S-eRti:5Ci:i:»
ofc. &-f*@©5-%-'f >714 UNDP/GEF »t^En-.y3© Marrakech 111?%3 

Workshop CPSUTME75,, S 6 C A©Ati Jakarta © ACE(ASEAN Centre for 

Energy)® "CFf% 5 £t£z>fz,
10. Co-operation with Task III : by Mr. Francis Nieuenhout (ECN)

Task-Ill (4 Stand-Alone kXx Ai Island Application ylrAfflfttiifi&i 

¥<b%o "V43 0, 1999 t)1 b 2003 © Workplan ALT ST-1 7> Quality Assurance, 

ST-2 7)1 Technical IssuesCHybrid system, Storage and Load-management) £ts.z> 
TIA5,

3 >77 HI/-H4 ECN t ECT(i fc \Z~ty >7')©PBTrfT% o W»I#gT'f-5„ 

QA ©73n. 71114 WB © ASTAE V,

QA for Manufacturer i)l PV-GAP, Design of electronic BOS components 7)1 ECN, 

QA for Testing Laboratory 7)1 FSC, f LT QA for Training Programmes /)! ISP

©sa Tfp«$ no-3 * 3.

11. Co-operation with Task I : Mr. Peter Ahm (CIDA)

Task-I ©m#m%Tg©J:3%7—7-, 1S$S*6T©-57)^©E99»i$ <0 S7c, 
'E-©«l6^©77-feX©*?ii, Task-IX C3©T1ffgf5ii©*ffiC3tiTff-fe^ 

fc-tir, Task-IX fe#gO*-Ad-->(Website)£f# ■feJE-C'\&g77-feX'f 

d:0»$g©#*®SrfT%3,

12. Review of World Bank QA documents and publication, training programmes 

and replication
ik© Discussion of PVGAP manual — preparation of comments cb|l|B#CM68™S4l,
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dneoiW,

USA (D Mr. Mark Fitzgerald <£>f££M^T/^ £ tc tJ&t>tlZ>tf, #C0

is^3 Bc^nt^D, Lfr^mtiT$misrcrMz-?-^7)i(D\Kii&(Dmi'
#L^, F

##$m# : ms 8(10 8 16 B(±))

13. Review of World Bank Pilot Training Programmes in India 7^ Mark

>±:)ltf£-ofz
14. Future meetings schedule

1) 3,4 Feb. 2000 Marrakech Morocco

2) 2,3 Oct. 2000 Jakarta Indonesia

15. Presentation to ExCo

1) Sub Task Leader Country
2) ST-10 : Netherlands> ST-20 : Switzerland, ST-30 : Japan(Provisional)

3) Estimated Man/month (per year) declared by presented countries

ST-10 : 14.5, ST-20 : 11.5, ST-30 : 6 Total ; 32.0

4) Target Countries (Candidates)

Argentine, Bolivia, Brazil, Chib, Guatemala, Honduras, Indonesia, India, 

Kenya, Mexico, Morocco, Philippines, Sri-Lanca, South Africa, Syria, Thailand, 

VietNam

5) List of Action

Work plan 13/November

Comment to ST Leader 30/November

Final Work-plan 31/December

6LTTaskTX aLTH#@%(C

LU
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Photovoltaic Power Systems Programme

Task IX

DEPLOYMENT OF PHOTOVOLTAIC TECHNOLOGIES: 

CO-OPERATION WITH DEVELOPING COUNTRIES

Power

Status Report presentation by 

Bernard McNelis
to

Executive Committee, Oslo, October 1999

IEA PVPS Task IX Co-operation with Developing Countries
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Traditional PV Co-operation
Developing + Science +Donor = joint research,

Country Ministry demonstrations, 
studies. NO 
SUSTAINABLE 
MARKET BUILDING

Developing
Country

+ Donor = demonstrations, lotsa 
studies. NO 
SUSTAINABLE 
MARKET BUILDING

Developing
Country

+Donor + PV Manufacturer = more hardware, less 
studies. NO 
SUSTAINABLE 
MARKET BUILDING

Developing
Country

+Donor + Consultant = even more studies. NO 
SUSTAINABLE 
MARKET BUILDING

Power
IEA PVPS Task IX Co-operation with Deveioping Countries
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Results of traditional PV Co-operation

• Studies, more studies and even more studies
• Demonstrations, often of unproven systems 

(ie, “flemonstrations”)
• Demonstrations without market building
• Lots of person-years of management, study, research, record 

PhD/MWp
• Few MWp of PV

Power
IEA PVPS Task IX Co-operation with Developing Countries
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Picture: A large group of distinguished people met in Lausanne in May
1999 to approve PVPS Task IX

Power
IEA PVPS Task IX Co-operation with Deveioping Countries



OBJECTIVE

To increase the overall rate of successful 
deployment of PV systems in developing 
countries, through increased co-operation 
and information exchange between 
bilateral and multilateral donors and the 
IEA PVPS Programme.

Power
IEA PVPS Task IX Co-operation with Developing Countries
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PV MARKET DEPLOYMENT STRATEGY

Sustainable Markets in 
Electricity-Deficient Areas

GIGAWATT 
PVPS MARKETPILOT PROJECTS- 

SALES WITH 
SUBSIDIESTODAY 

(Should be 
banned!!**

STARTING
CREDIT
SALES

UTILITY
APPLICATIONS

FROM 2005 FROM 2010

COMPLETED 
(no more!)

MARKET EXPANSION PROGRAMMES

BY 2005

Power
IEA PVPS Task IX Co-operation with Developing Countries
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OECD
ZMC

PVPS Country Other PVPS
Bilateral Tasks

Programmes 
and Donors

REWP and other 
IEA Implementing

PVPS Country 
National 

Programmes

Power

IEA

World Bank/GEF

IEA PVPS

^ Other I

Improved
Deployment

Infrastructure

IEA PVPS Task IX Co-operation with Developing Countries
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Task IX: SubTasks
■ SubTask 10:Deployment Infrastructure

■ SubTask20: Support and Co-operation

■ SubTask 30:Technical and Economic
Aspects of PV in Developing 
Countries

Power
IEA PVPS Task IX Co-operation with Developing Countries



Task IX Experts
■ Australia:

Canada:
Denmark:
Finland:

France:
Italy:
Japan:
JPEA

Gordon Thompson, CASE;
Geoff Stapleton, GSES (Observer)
Gerry Collins, CIDA
Peter Ahm, PA Consulting
Heikki Tikkanen, Fortum AES;
Heikki Neuvonen, Fortum AES (alternate)
Jean-Louis Bal, ADEME
Carlo Zuccaro, ENEL
Takayuki Tani, IEEJ; Tsunehisa Harada,

Power

Netherlands: Winfried Rijssenbeek, Pirn Keiskamp, ETC 
Switzerland: Alex Arter, ENTEC 
UK: Bernard McNelis, Jonathan Bates, IT Power
y Mflrk Task IX Co~operation with Developing Countries l3j||S§|

pVPS



Bilateral Donors Represented

■ Canada Cl DA

■ CHE SECO, SDC

■ Denmark DAN IDA

■ UK DFID

Power
IEA PVPS Task IX Co-operation with Developing Countries
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Multi-lateral Donor Organisations
participating in Task IX

World Bank Enno Heiindermans

UNDP Suresh Hurry

UNEP Mark Radka

Power
IEA PVPS Task IX Co-operation with Developing Countries
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Task IX Experts - Core Competencies
■ PV technology
■ Utility PV
■ Developing Countries - project design, implementation, 

evaluation (including PV, wind, hydro, biomass, “non
energy” sectors)

■ Development Assistance - bilateral and multilateral donor 
programmes

■ Economic appraisal and analysis - socioeconomic surveys
■ PV business - manufacture, commercial marketing, sales, 

service

Power
IEA PVPS Task IX Co-operation with Developing Countries
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Countries not yet participating
■ Austria
■ EU - suggestion made that DGI/DGVIII/SCR expert might join
■ Germany - GTZ has expressed interest
■ Israel
■ Korea
■ Mexico - could make significant contribution, no response to 

communications
■ Norway
■ Portugal
■ Spain
■ Sweden

GPower
IEA PVPS Task IX Co-operation with Developing Countries
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Kick-off meeting. Utrecht, 14-16 October
Participants

Australia

Canada

Denmark

Finland

Italy

Japan

- Gordon Thompson

- Geoff Stapleton

- Gerry Collins

- Peter Ahm

- Heikki Neuvonen

- Carlo Zuccaro

- Tsunehisa Harada

- Takayuki Tani

Netherlands

UK

UNDP

USA

- Winfried Rijssenbeek

- Wim van Nes (NOVEM)

- Pirn Keiskamp

- Franz Nieuwenhout (Task III)

- Bernard McNelis

- Jonathan Bates

- Suresh Hurry

- Mark Fitzgerald
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Utrecht Meeting - External Relations

■ 14 Oct - Presentation to Netherlands industry:
- Shell Solar - Triodos Bank
- ECN - Free Energy Europe
- SDC - Logic Green Energy
- Stroomwerk Energy BV

■ 15 Oct - Dinner Talk by Elliot Berman (Founder of 
Solar Power Corporation, “The man who brought 
solar cells down to Earth” - John Perlin)
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Picture: Task IX Experts with Elliot and Ann Berman,
Utrecht Station
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SubTask Leadership

SubTask 10: Deployment Infrastructure 

Leader: Netherlands

SubTask 20: Support and Co-operation 

Leader: Switzerland

SubTask 30: Technical and Economic Aspects 

Leader: Japan is considering
Power
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Personpower Commitments (pm)

Participating Countries
Subtask AUS CAN CHE DEN FIN FRA GBR ITA JPN NLD USA Total

Deployment infrastructure 1 1 2 1 2.5 3.5 1 2.5 2.5 17.0

Support and Co-operation 1 2 4 (+3) 4 3 1 0.5 0.5 16.0

Techno-economic aspects 1 1 2 2 6

Total annual effort 3 3 6 4 1 6.12 6.5 5.5 4 3 3 45

Power
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Provisional Target Countries
■ Argentina
■ Bolivia
■ Brazil
■ China
■ Guatemala
■ Honduras
■ Indonesia
■ India
■ Kenya

Power

■ Mexico - IEA member
■ Morocco
■ Philippines
■ Sri Lanka
■ South Africa
■ Syria
■ Thailand
■ Vietnam
■ Island countries?

IEA PVPS Task IX Co-operation with Developing Countries
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Contacts and Liaisons

+ Task I - DEN
+ Task III - NLD 
+ Task VIII - NLD
+ ASEAN Centre for Energy (ACE) - CHE 
+ World Energy Council - CAN 
+ REWP-GBR

Power
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Achievements to date
■ 11 Countries already participate, highly experienced experts, 

representation from 4 bilateral donors
■ Additionally, 3 multi-lateral donors participating
■ SubTask Leaders appointed for 10 - Netherlands, and 20 - 

Switzerland
■ Japan encouraged and is considering leading SubTask 30
■ Detailed SubTask workplans in preparation
■ WebSite operational: www.ieatask9.org - provisional content 

and address
■ World Bank and PV-GAP Manuals reviewed
■ Strategy to involve developing countries and experts

Power
IEA PVPS Task IX Co-operation with Developing Countries
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PV-GAP/World Bank QA Manuals

+ World Bank wants to be a bank, not technology 
standards and training institute!!

+ WB sees IEA-PVPS as well qualified and highly 
respected ‘home’ for this work

+ Task IX Experts so far comment informally
+ ‘Official’ IEA PVPS approvals not presently feasible
+ Replication of Training Courses beyond Task IX remit

Power
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First comments on QA Manuals
+ Concern at relevance of ISO 9000 to DCs - especially 

small manufacturers of BOS components
+ Manuals assume detailed knowledge of quality 

management - which will often be lacking in DCs
+ Implementation of manuals may create further 

barriers to PV deployment

Power
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First comments on QA Manuals
+ ISO 9000 guarantees consistency not quality

+ The set of manuals do not consider project planning or 
system design - both of which are crucial for successful PV 
deployment

+ There will always be a market for lower specification and 
cost products!

+ Conflict with National Standards

+ Primarily a Task III issue (??)

+ Some kind of quality standard is needed for WB 
programmes - supplier guarantees?

Power
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Future Meetings

■ 3rd-4th February 2000 - Marrakech
■ 2nd-3rd October 2000 - Jakarta
■ Spring 2001 - Paris? (with IE A, 

REWP, OECD-DAC??)
■ Joint meeting with Task III?

Power
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Issues for the ExCo
1 .Task IX has made a good, albeit very recent, start

2. World Bank-PV GAP relationship requires further 
review by Task III and IX, and strategy should be 
decided by the ExCo

3. Encourage other countries to join

4. Signature of Annex??

5. Provide inputs on non-lEA countries to ISR??

Power
IEA PVPS Task IX Co-operation with Developing Countries
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Study of the farm v illage energy development plan 

(1984-1987)

Two villages 57kW,38kW

area
(1985-1986)

Three villages 30kW,60kW,60kW



JICA Technical cooperation project(l)
k

a-

o Republic of Indonesia :
The study of the rural electrification by the hybrid 
system utilize the photovoltaic System (1988-19

72 kW of PV-10 kW of diesels, 48 kW of PV-7 kW of 
small hydropower generation

The study of the rural electrification utilizing fhej 
PV system (1990-1993) . “17 f*. i

120W x 55 households, 600W x 1 public hall

The study of PV water pump up project in Nara 
district (1992-1994)

L 4*

l i
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JICA Technical cooperation project(Z
r' $ *

rian Arab Republic: JI

The study of the integrated rural electrification utilizing f 
PV system (1996-2,000) ■ \ I

35kWAC x 1 (village), 200WDC x 13(houses), 300W DjC xi> j\ 
27(houses), 500WAC x f 7(systems), 4kW(pump ip),f| 
lOkW (pump up and desalination) If ]j

6 ' ; l A ' /I, :

■; ■■■ ■ f J /<f
The study of rural electrification master plan inf Ha 
district (1996-1997) ' : : *

The preparation of RE master plan for 100 villages j s
>7 s| /j

The study of the promotion of the PV rural electrification*

*

. ;»-- W-

25VV(50W) xl00(house)\ 83W x 10(system, school and 
clinics) . ■ :' ■v:SI:7<7:;7:::|11:|7v

/)

A '■
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/
i ■ B:;:!B§mocratic''Rep iijblic of^

The study of the PV rural electrification (1998—2000)|: ^ 
100W x 250 (house) 6kW x 1,0.9kW x 1 (system) for ECS 

Mongolian People's Republic : : :/|
The study qf the PV rural electrification (1998—20QQ) 
3.4kWPV-1.5kW,Wind Turbine x 3 (villages) ,/J /

; m
la

The study of the rural electrification by renewable
energies (1999—2001) A

COW x 300 (house) f " / '

f Senegal is coming on the lineu 0*«::3 b |ll;; y.

The study of the PV rural electrification plan
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Collaboration with
o Kingdom o f Thailand :

The system of the pump up water by PV ( -1988) 
6.3kW (pump)

Study of the PV battery charging system (1992-1997) 
4kW x 1 (village), 40kW x 1 (village)

Study under tropical condition (1992-1997) 
lOkVV x 1 (system), lOOkVV x 1 (system)

ft

Study under high altitude condition (1992 1997) 
40kVV Water pump up system 

» -Mongolian People's Republic';
of the portable PV system for nomad families 
x 100 (houses)

?./(■ J ! ifi ‘
f ^

■4.

f ,

K *

-1997)



o Petiole's
Collaboration with NEDO(Z)
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The cooperation study about the utilization technique^ pf 
PV at schools in the remote area (1997-1998) , ,

4kW x 4 (schools)

The proof study of the hybrid system with PV sand 
microhydro generation (1997-2000)

lOOtiV x 1 (system) 

o l ‘’-dople's1 Republic; of China, :
;*■ - ' rf !.' '' ''lyy'Vv.hy* ■ .■ ■'' V,. ^ y i

The cooperation study about the practical use of the PV 
system of the area of different condition (1998-20j|l) ^

1 I i

1999: 150W x 100 (houses), 8kW x 1 (school), lOkW x 2 
(village centers) # :

A

f ft 7
i i
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FOREWORD

The International Energy Agency (IEA), founded in 1974, is an automonous 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 twenty 
four member countries. The European Commission also participates in the work of the 
Agency.

The IEA Photovoltaic Power Systems Implementing Agreement 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 
research projects (Tasks) is the responsibility of Operating Agents. Currently seven tasks 
have been established.

The twenty one members of PVPS are: Australia (AUS), Austria (AUT), Canada (CAN), 
Denmark (DNK), European Commission, 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).

This document is intended for the use of IEA Photovoltaic Power System Programme 
ExCo and experts. It has been prepared by:

Jonathan Bates, Lara Bertarelli, Bernard McNelis (Task Organiser)

IT Power Ltd (GBR) 

and

Leendert Verhoef

Verhoef Solar Energy Consultancy (NLD)

with the assistance of experts from Australia, Canada, Denmark, France, Germany, Italy, 
Japan, The Netherlands, Sweden, Switzerland, The United Kingdom, the United States of 
America, and the IEA Secretariat.

This document was approved at the meeting of the PVPS Executive Committee in 
Lausanne in May 1999.
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SCOPE AND OBJECTIVE

This report sets out an initial programme for a new Annex, Task IX, to the IEA PVPS 
Programme. The suggested title of the Task is Deployment of Photovoltaic Technologies: 
Co-operation with Developing Countries. The key objective of the Task is to further 
increase the overall rate of successful deployment of photovoltaic systems in developing 
countries through increased co-operation and exchange of information between the IEA 
PVPS Programme and developing countries, development banks, multilateral and bilateral 
aid agencies and other targeted groups.

The Task activities do not concern any aspects of product promotion, commercialisation or 
marketing activities which remain the responsibility of the private PV industry.

The Task has been divided into 3 subtasks: Deployment Infrastructure; Support and Co
operation; and Technical and Economic Aspects of PV Systems in Developing Countries.
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1. MOTIVE

The IEA, through its Renewable Energy Working Party (REWP), has announced a policy 
of co-operation with developing countries, by increased participation in existing 
Implementing Agreements and possibly new Technology Co-operation Agreements. The 
overall mission of the PVPS Implementing Agreement is to encourage international 
collaboration efforts through which photovoltaic energy becomes a significant option in the 
near future. In developing countries, PV is often the only viable option for remote 
electrification, and therefore PVPS has been exploring the possibilities for, and scope of, 
co-operation with developing countries and international financial institutions. As a result 
of this work PVPS is now ready to prepare a new Task to the Agreement: this new 
Task would be complementary to Task III which is already addressing the technical and 
implementation issues of stand-alone PV systems.

2. OBJECTIVE

The objective of Task IX is to further increase the overall rate of successful deployment of 
PV systems in developing countries. This will be achieved by:

1. identification of existing information and experience

2. exchange of information between PVPS participants

3. exchange of information with and between target groups

4. workshops for and information exchange with donor agencies

5. development of Recommended Practice Guides based on existing information

6. improved techno-economic performance of PV in developing countries

7. identification of areas where further technical research is necessary.
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3. APPROACH

IEA PVPS Task IX will draw its information from a resource pool of international technical 
and non-technical experts, other IEA-PVPS Tasks, REWP and existing programmes and 
networks. Information will flow between the Task IX Team and the main target sectors:

• government and semi-government 
agencies

• multilateral and bilateral donor 
agencies

• development banks

• local and multinational banks

• local and multinational industry

• local and multinational utilities

In addition to those organisations identified above, PV experts in selected non-lEA 
member developing countries will be accessed through co-operation with existing 
networks and frameworks.

Task IX will draw upon other similar existing programmes and networks and build upon 
these to provide an effective and efficient programme that will address the needs and 
potential of developing countries, multilateral and bilateral donor agencies and 
development banks.

It is proposed to organise the collaborative work into three main Subtasks, each of which 
will be led by a Task IX member:

Subtask 10: Deployment Infrastructure

To contribute to overcoming the critical barriers to widespread PV deployment and 
implementation through the development, dissemination and application of a 
series of Recommended Practice Guides (RPGs) to promote the necessary 
infrastructure requirements in developing countries.

Subtask 20: Support and Co-operation

To stimulate awareness and interest amongst the target sectors on the technical 
and economic potential, opportunities and recommended practice of PV systems. 
This will enable decision-makers to obtain the expertise and knowledge that is 
required for appropriate PV system deployment.

Subtask 30: Technical and Economic Aspects of PV in Developing Countries

To investigate the techno-economic aspects and potential of PV systems, and the 
roles of utilities in developing countries. This Subtask will identify areas requiring 
further research and, in order to avoid duplication, feed this into the relevant PVPS 
Task.

• R&D institutions

• non-governmental organisations 
(NGOs)

• training organisations

• foundations

• professional bodies

• consumer associations

In addition to these subtasks, Task IX will keep informed of progress on the negotiations 
related to clean development mechanisms (CDM) and activities implemented jointly (AIJ) 
and the implications for the three subtasks.
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4. ACTIVITIES

Activities within these Subtasks will be carried out on a task-sharing basis, as in other 
tasks of the PVPS Implementing Agreement, and in co-ordination with activities in 
selected developing countries and in open communication with those countries.

All results and know-how will be disseminated within all Subtasks. Distribution of 
information within the Task will be the responsibility of the Subtasks. On a Task level, the 
distribution of general materials (such as minutes of meetings) and lEA-documents shall 
be the responsibility of the Operating Agent.

4.1 Subtask 10: Deployment Infrastructure

Subtask Leader: To be appointed

Objective: To contribute to overcoming the critical barriers to widespread PV 
deployment.

Method: To collate existing information and, if necessary, conduct surveys of specific
issues in identified countries. The results of these surveys will be collated 
into a coherent series of Recommended Practice Guides that will then be 
disseminated and promoted in selected countries.

Output: Comprehensive set of practical Recommended Practice Guides targeted at
development banks, multi-lateral and bilateral agencies, developing country 
experts and IEA PVPS member countries.

Duration: 5 years

Budget: To be established

The overall objective of Subtask 10 is to contribute to overcoming the critical barriers to 
widespread PV deployment. The central tasks will involve the preparation of 
recommended practice guidelines for the deployment requirements of PV. The approach 
by which this will be implemented will be to collate existing information and conduct 
additional surveys where necessary, in a number of target countries identified by the 
Task IX experts. The results will be collated in to a series of Country Reports that will form 
a key input to the Recommended Practice Guides (RPGs). The RPGs will use case 
studies from the Country Reports to highlight successes and failures.

The Recommended Practice Guides will be targeted for use by in-country planners, 
agencies setting up PV programmes, industry experts etc. as well as feeding into 
initiatives such as PVGAP.

Specifically the Subtask will entail the activities detailed in Table 1.

-89-

May 1999



Table 1: Activities for Subtask 10

Activity 11 Information Compilation and Analysis

Activity 12 Recommended Practice Guide Preparation

Activity 13 Dissemination and Promotion of Recommended Practice Guides

Activity 11: information Compilation and Analysis

This activity will investigate the various strategies for infrastructure development and 
deployment to ensure widespread and successful implementation of PV. Key issues 
relating to PV deployment strategies and initiatives will be investigated and collated to 
provide input to Activity 12.

In order to carry out the surveys, information will be gathered from existing sources and, if 
necessary, in-country missions may be undertaken. The surveys will collect data on 
existing schemes and initiatives for each identified subject area. Each survey will be 
reviewed by the Task experts and then used as input to the corresponding Recommended 
Practice Guide.

The information gathered from these surveys will be collated into a Country Report 
document. This document will provide a view of the state of the PV market and 
infrastructure in each of the target countries. These country reports will provide an 
important source of information for Activity 12.

Activity 12: Recommended Practice Guides

The objective of Activity 12 is to prepare a series of clearly understandable recommended 
practice deployment and implementation guides. Guides relating to the following areas 
will be collated:

• financing mechanisms

• institutional development

• training programmes

• operation and maintenance

• certification and accreditation

• systems planning

• infrastructure frameworks

• awareness raising

For each of the subject areas identified, a listing, review and analysis of case studies will 
be undertaken so that the lessons learned can be drawn from the successes and failures 
for each aspect of PV deployment. The information will be made readily available and 
accessible. Following the review and analysis process, a Recommended Practice Guide 
will be drawn up for each of the identified subject areas. It is intended that each document 
will be a ’free-standing’ publication in its own right, although taken as a set, the guides will
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form a comprehensive and practical Recommended Practice Guide for all aspects of PV 
deployment.

It is intended that the guides will be published one at a time rather than as a complete set 
of documentation in order to reinforce the stand-alone nature of each document.

The Country Reports from Activity 11 will be published in conjunction with the 
Recommended Practice Guides.

Activity 13: Dissemination and Promotion of Recommended Practice Guides

The Recommended Practice Guides will provide a comprehensive series of documents 
that will be disseminated via the networks established and identified in Subtask 20. The 
dissemination of the Recommended Practice Guides is crucially important to ensure that 
they are implemented and utilised by the organisations at which they have been targeted.

A key goal of this dissemination exercise is to ensure that the guides are implemented on 
a practical level in real implementation programmes. In order to achieve this goal, 
relevant agencies will be encouraged to adopt the Recommended Practice Guides as an 
integral part of their rural electrification programmes. A part of this process will involve a 
series of workshops and seminars, targeted at relevant institutions in specified countries, 
as well as manufacturers, utilities, training organisations etc.

4.2 Subtask 20: Support and Co-operation

Subtask Leader: To be appointed.

Objective: To stimulate the awareness and interest amongst the targeted sectors on the 
technical and economic potential, social implications, opportunities and best 
practice of PV systems and to establish a dialogue with multilateral and 
bilateral agencies and development banks.

Method: Activities will include workshops, missions in selected developing countries
and publications. Task IX will draw upon existing networks and frameworks 
for disseminating promotional material and information. This Subtask will 
include two main activities.

Output: Improved communication between PVPS, developing countries,
development banks and agencies.

Duration: This Subtask will run for the full duration of the Task.

Budget: To be established.
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Specifically the Subtask will entail the activities detailed in Table 2.

Table 2: Activities for Subtask 20

Activity 21 Support to Multilateral and Bilateral Donors and Development Banks

Activity 22 Co-operation with REWP and IEA/OECD

The schematic below illustrates the dynamics of the interactions between the two activities.

OECD
DAC IEA

PVPS Country 
Bilateral Programmes 

and Donors

Other PVPS Tasks <—►

REWP and other IEA 
Implementing

PVPS Country 
National Programmes

IEA 
PVPS 

Task IX

World Bank/GEF 
Projects

Other Multilateral 
Projects

Improved
Deployment

Infrastructure

Activity 21: Support to Multilateral and Bilateral Donors and Development Banks

The objective of Activity 21 is to ensure dialogue between IEA PVPS members and donors, 
highlight major donor PV projects and opportunities for use of PV (e.g. in rural 
development) and provide neutral short-term technical advice and support to multilateral 
and bilateral donor agencies and development banks. The transfer of knowledge from 
activities undertaken within the IEA to donor agencies and their client countries will be 
enhanced. The overall objective of this activity is to increase the role played by 
multilateral and bilateral donors and development banks in PV deployment.

Collaboration with multilateral and bilateral donor agencies and development banks will 
follow a uniform and comprehensive programme of action. The IEA PVPS Task IX Team 
will provide the following:

1. Educational Workshops and Seminars: includes conducting and/or participating in PV 
or related workshops targeting bank and agency staff and client countries. Training 
workshops on PV for developing countries will also be offered. PVPS workshops will
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raise the level of awareness of staff and overcome information and perceived technical 
and economic barriers to enhanced PV content in donor agency activities.

2. Information and dissemination services, including publications (e.g., PV POWER and 
theme notes), and workshops in selected developing countries.

3. Development of Terms of Reference for special studies to address technical issues 
that may require analysis and review.

4. Participating countries should establish a contact between the ExCo delegate (his/her 
institution) and the national Aid Ministry.

Activity 22: Co-operation with REWP and IEA/OECD

The objective of Activity 22 is to promote PV systems to target groups in developing 
countries through already existing IEA/OECD committees and working groups. This will 
be achieved by working closely with the IEA/REWP, lEA/Non-Member Country Committee 
and the IEA and OECD Secretariats. Task IX will establish a close linkage with other 
OECD processes and working groups including the Development Assistance Centre and 
the Environment Centre. Other networks such as the Society for International 
Development will also be utilised for the dissemination of information. Task IX will use 
these existing networks to promote PV deployment.

Efforts will be undertaken to enhance the transfer of knowledge to other countries, in 
particular developing countries, interested in applying PV power systems.

4.3 Subtask 30: Technical and Economic Aspects of PV in Developing Countries 

Subtask Leader: To be appointed

Objective: To evaluate the techno-economic aspects of PV in developing countries.

Method: To compile information on specific issues in selected developing countries
and to identify areas requiring further research for feeding into other PVPS 
Tasks.

Output: Identification of areas requiring further technical research and input into other
PVPS Tasks.

Duration: 3 years

Budget: To be established

Through the surveys carried out in Activity 11 and the preparation of the Recommended 
Practice Guides in Activity 12, it is likely that areas for further research with respect to the 
deployment of PV systems in developing countries will be identified. The objective of this 
Subtask therefore is to feed this information to the other PVPS tasks in order that the 
relevant issues can be addressed. A key area of this Subtask will be to investigate the 
role that could be played by electricity utilities (both local and multinational) in PV 
deployment.
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Specifically the Subtask will entail the activities detailed in Table 3.

Table 3: Activities for Subtask 30

Activity 31 Stand-alone PV systems

Activity 32 Village grid and hybrid systems

Activity 33 Grid-connected PV systems

Activity 31: Stand-alone PV Systems

Activity 31 will focus on the techno-economic aspects of stand-alone PV systems. 
Information on the performance and reliability of stand-alone PV systems will be collected 
and reasons for successes and/or failures identified. Information regarding areas where 
further research is required will be passed to Task III.

Activity 32: Village-grid and Hybrid Systems

This activity will focus on the use and development of village-grid and hybrid PV systems. 
Information will be compiled and analysed on systems installed in target countries and 
information regarding further research requirements fed into Task III. It is intended that 
activity will concentrate on PV-diesel hybrids although studies of other hybrid systems will 
be made.

Activity 33: Grid Connected PV Systems

The objective of this activity is to examine the future technical and economic viability of 
grid-connected PV in developing countries.

The potential for, and applications of, grid connected PV will be influenced by the extent 
and quality of electricity generation and distribution networks. This activity will compile 
information in countries with different levels of grid penetration in rural areas and examine 
the prospects for PV implementation both from a technical and an economic perspective. 
The economics of grid connected PV in a series of target countries will be studied and the 
potential for PV for both embedded generation and grid support applications will be 
evaluated. The role of the electricity utilities will be a key parameter in Activity 33.
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5. EXPECTED OUTPUTS

The main outcome from the Task is expected to be increased worldwide co-operation and 
co-ordination between developing countries, PV specialists, multilateral and bilateral donor 
agencies, development banks and other target groups.

The direct outputs will include:

• Collation and analysis of existing publications on PV in developing countries;

• Recommended Practice Guides for successful introduction and expansion of PV 
systems drawing from past experiences and lessons learned from technology co
operation projects and programmes. These will be disseminated by appropriate 
means in selected developing countries;

• Staff workshops for multilateral and bilateral agencies;

• Workshops in non-lEA countries, co-ordinated with bilateral and/or multilateral 
agencies and/or NGOs;

• Active participation of target groups in selected developing countries;

• Dialogue and contact point with staff of multilateral and bilateral agencies;

• Identification of technical issues relating to PV in developing countries.

The results of the Task will be available to the Participants and associated experts in 
developing countries. Public reports on the key results of the Task will be available for all 
individuals, companies and institutes involved with PV systems. These are summarised in 
the Table 4.

Table 4: Activity to Output Matrix

ACTIVITY OUTPUT
Activity 11: Information Compilation and 
Analysis

Collation and analysis of existing publications on PV in 
developing countries.

Activity 12: Recommended Practice 
Guide Preparation
Activity 13: Dissemination and
Promotion of RPGs

Recommended Practice Guides for successful introduction of
PV systems: and their dissemination by appropriate means in 
selected developing countries.

Activity 21: Support to Multilateral and 
Bilateral Donors and Development
Banks

Staff workshops for multilateral and bilateral agencies.
Dialogue and contact point with staff of multilateral and 
bilateral agencies

Activity 22: Co-operation with REWP 
and IEA/OECD

Active participation of target groups in selected developing 
countries.
Workshops in non-lEA countries, co-ordinated with bilateral 
and/or multilateral agencies and/or NGOs.

Activity 31: Stand-alone PV Systems 
Activity 32: Village Grid and Hybrid 
Systems
Activity 33: Grid-connected PV Systems

Identification of technical issues relating to PV in developing 
countries. Input to Task III
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6. RELATIONSHIP BETWEEN TASK IX AND OTHER PVPS TASKS

Task IX will undertake its own programme of work through the production and 
dissemination of the Recommended Practice Guides, the in-country surveys and the 
techno-economic studies of PV systems.

However, part of the role of Task IX can be viewed as ‘cross-cutting’ the other PVPS 
Tasks. This ‘cross-cutting’ element is essentially in two areas of Task IX:

1. identifying technical areas of research that need to be addressed from a developing 
country perspective;

2. and by disseminating the results from the other Tasks to multi-lateral and bilateral 
agencies, NGOs, banks and to experts in developing countries.

The interaction of Task IX with the other Tasks are shown schematically in the diagram 
below. The relationship between Task III and Task IX is of particular importance. Task III 
will address relatively advanced technical issues, whereas Task IX will address 
information exchange and co-operation with international organisations in developed and 
developing countries, dealing with non-technical barriers in order to avoid duplication. 
Some of the Activities in Task IX will be undertaken in close co-operation with Task III, in 
particular the preparation of the Recommended Practice Guides relating to training, 
certification and accreditation. Subtask 30 will also be undertaken in co-operation with 
Task III. A number of publications may be published jointly with Task III.

A schematic representation of the interactions between Task IX and the other Tasks is 
given below.

IEA member 
countries

<

Developing
countries

Multilateral and 
bilateral 
agencies

<

Task I

Identification of 
outstanding 

technical issues 
for further 
research

Task VIII

Task VII

Task II

Task V

Task III
Information

and
dissemination

>

The new Task will build on the ongoing work being undertaken in Task III, and will transfer 
the experience of Task III to the relevant agencies and developing countries. This will
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become more important as Task III starts a new phase more focused on technical issues 
and extended to large hybrid systems. Task IX will enhance the transfer of knowledge to 
and between developing countries, interested in applying PV power systems for 
autonomous applications. It is proposed that the meetings of Task III and Task IX be 
scheduled to coincide annually to ensure good collaboration between the Tasks.
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7. ORGANISATIONAL ISSUES & KEY DATES

The following Task preparation scheme and key dates are proposed:

i. Approval of Annex and global Work Plan by PVPS ExCo, acknowledgement of 
Annex and global Work Plan (May 1999);

ii. Formal kick-off meeting for the Task, detailing of the global Work Plan, 
organisational issues, etc (Autumn 1999);

Candidates for the Subtask Leaders will be nominated during the kick-off meeting.
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8. BUDGET & RESOURCES

Potential areas of country involvement for the three subtasks are given in Table 4. The 
expressions of interest represented in this table do not represent any commitment by the 
member country.

Table 5: Potential areas of country involvement

Subtask Potentially interested countries

Subtask 10: Deployment Infrastructure AUS, CHE, DEU, FRA, GBR, ITA, JPN, NLD, USA.

Subtask 20: Support and Co-operation AUS, CHE, DEN, FRA, DEU, GBR, JPN, NLD.

Subtask 30: Technical and Economic 
Aspects of PV in Developing Countries

AUS, FRA, DEU, GBR, ITA, JPN, NLD.

A provisional costing of Task IX is summarised in Tables 5 and 6.

Table 6: Preliminary estimate of labour requirement for Task IX

Subtask Activity Person months

10 Activity 11: Information compilation and analysis 60
Activity 12: RPGs (7) 20
Activity 13: Dissemination and Promotion of RPGs 30
Sub-total 110

20 Activity 21: Support to Donors and Banks
1. Publications 5
2. Responses 5
3. Workshops 20
4. Studies 15

Activity 22: Co-operation with REWP and 
IEA/OECD

15

Sub-total 60
30 Activity 31: Stand Alone PV Systems 18

Activity 32: Village Grid and Hybrid Systems 12
Activity 33: Grid-connected PV Systems 10
Sub-total 40

TOTAL 210

Assuming 12 countries agree to participate in the Task, the labour input as estimated 
above is approximately 3.5 person months per country per year.
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Table 7: Summary of overall estimated costs for Task IX.

Item Cost/Labour
requirement

Labour requirement of Task IX 210 person months

Estimated costs of arranging 4 workshops 120 000 USD

Estimated costs of Task meetings (10 countries participating, 2 
per year over 5 years)

150 000 USD

Estimated costs of designing/printing RPGs (7 of, 1000 copies) 100 000 USD

Total Estimated Cost of Task IX 210 p-m +
370 000 USD
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9. TIME SCHEDULE

Based on the Task preparation scheme, a provisional time schedule has been defined and 
is shown in Table 8. During the Task, specific work items will be planned in further detail.

Table 8: Provisional schedule for Task IX.

TASK

Draft Annex

Final Annex, Global Workplan

Annex Approval by ExCo

National Task Approval

First Task IX Meeting 

Subtask 10 Deployment Infrastructure

Information Compilation and Analysis

Preparation of RPGs

Dissemination of RPGs

Subtask 20: Support and Co-operation
Support to multilateral and bilateral donors 
and development banks

Co-operation with REWP and IE A/OECD
Subtask 30: Technical and Economic 
Aspects of PV in Developing Countries

Stand-alone PV Systems

Village Grid and Hybrid Systems

Grid-connected PV Systems
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APPENDIX 1 TASK IX FRAMEWORK

Through Task IX, the PVPS will be the first IEA Implementing Agreement with direct co
operation between member and non-member developing countries. Task IX will lead the 
way for co-operation on all renewable energy technologies as part of the lEA’s strategy for 
implementation of Clean Development Mechanisms (CDM) and Activities Implemented 
Jointly (AIJ) of the Kyoto Protocol.

The Task will provide the framework for PV co-operation with Developing Countries, 
enabling the PVPS programme to use its expertise and status to bring together multilateral 
and bilateral agencies, government and semi-government agencies, NGOs, the PV 
industry and other target groups required for widespread PV market deployment. PV 
experts in selected non-lEA member developing countries will be accessed through co
operation with existing networks and frameworks. Task IX will draw upon other similar 
existing programmes and networks and build upon these to provide an effective and 
efficient programme that will address the needs and potential of developing countries, 
multilateral and bilateral donor agencies and development banks.

Task IX can be viewed as a facilitator in the creation of a sustainable PV market through 
encouraging its target organisations (multi-lateral and bilateral agencies, development 
banks etc) to adopt PV as a serious candidate for rural electrification strategies as a part 
of development assistance programmes.

Task IX will provide guidance to the these agencies on the most effective way to 
implement PV rural electrification programmes, ensuring that they are sustainable, 
effective and replicable and that they lead to the creation of effective and self supporting 
infrastructures after multilateral and/or bilateral agency funds have been used. The 
involvement of the donor agencies in Task IX is of particular importance and their active 
participation is anticipated.

It is important that the Task IX remains independent of direct commercial interests in its 
interactions with the multilateral and bilateral agencies and other target organisations and 
that the advice and guidance offered is independent and impartial.
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Minutes of the 1st Experts Meeting, Task IX
14th-16th October 1999

1. Agenda
The agenda was agreed as issued - see Annex 1.

2. Introduction of participants
Each of the participants was asked to give a brief introduction outlining their core areas of expertise. 
This is summarised in the table.

Country Representative name Organisation Expertise

Australia Gordon THOMPSON CASE Renewable energy applications in 
developing countries

Australia Geoff STAPLETON GSES Utility experience. Consultant on 
renewable energy in developing 
countries. Involved in training.

Canada Gerry COLLINS CIDA Senior advisor in energy branch.

Denmark Peter AHM PA Energy A/S Specialist in PV and wind applications in 
developing countries, Danish 
representative on Task 1.

Finland Heikki NEUVONEN Fortum AES Responsible for PV marketing in 
developing countries

Italy Carlo ZUCCARO ENEL Electrical engineer involved in PV/wind. 
Also worked on grid-connected PV

Japan Tsunehisa HARADA JPEA Representative of Japanese PV industry 
Association

Japan Takayuki TANI 1 EEJ PV consultant for JICA, Involved in PV 
for rural electrification

Netherlands Winfried RIJSSENBEEK ETC Agricultural engineering background, 
worked in renewable energy on wind 
and biogas in Caribbean & Peru.

Netherlands Pirn KIESKAMP ETC Expertise in climate change also on 
small scale energy systems & 
environmental impacts in developing 
countries.

Switzerland Alex ARTER ENTEC AG Involved in design of RE programmes 
for GTZ for 10 years. Rural 
development & hydro experience.

UK Bernard MCNELIS IT Power Ltd PV expert with extensive developing 
countries experience

UK Jonathan BATES IT Power Ltd Expertise in both technical and 
economic apects of stand-alone and grid 
connected PV.

USA Mark FITZGERALD ISP [Present Saturday only]

Suresh HURRY UNDP Experience in UN focussed on 
renewable energy and energy efficiency, 
and rural electrification.
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Minutes of the 1st Experts Meeting, Task IX
14th-! 6th October 1999

Also invited were:

Country Representative name Organisation Commnets

France Jean-Louis BAL ADEME Without notice

Denmark Jean-Paul LAUDE DANIDA Apologies

Enno HE1JNDERMANNS World Bank, ASTAE Apologies

Mark RADKA UNEP Apologies

E.U. Paul DOYLE CEO DGXVII Apologies

3. Background to Task IX
Bernard McNelis gave an outline of the development of Task IX from the formation of the DC Team as 
a part of Task III. The DC Team was made a Special Inter-Task project by the PVPS Executive 
Committee in November 1995.

The participants were informed of the activities of the DC Team which included:

• organisation of a seminar on PV as part of the world Bank's Energy Week in April 1998 which was 
attended by over 70 people;

• presentation of the possible new Task [Task IX] to the Village Power 98 Conference: Scaling up 
Electricity Access for Sustainable Rural Development' The conference was co-sponsored by the 
World Bank and the US National Renewable Energy Laboratory and took place between 6th and 8th 
October 1998.

A brief outline of the strategic objectives of Task 9 was prevented. The primary objective of the Task is 
to further increase the overall rate of successful deployment of PV systems in developing countries. 
This will be achieved by:

1. development of Recommended Practice Guides based on existing information;

2. promoting improved techno-economic performance of PV in developing countries;

3. identification of areas where further technical research is necessary;

4. exchange of information with, and between, target groups;

5. workshops for, and information exchange with, donor agencies.

4. Country Experiences
Each participant gave a short overview of their national aid agencies and prioirities.
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Minutes of the 1st Experts Meeting, Task IX
14th-! 6th October 1999

5. Presentation of Task IX workplan
Jonathan Bates presented the detailed Workplan as approved at he ExCci meeting in Geneva in May 
1999. The Workplan was drawn up by IT Power of the United Kingdom and Verhoef Solar Energy 
Consultancy of The Netherlands.

The main target sectors of Task IX have been identified as the following groups:

• local and multinational industry • non-governmental organisations (NGOs)
• local and multinational banks • R&D institutions
• local and multinational utilities • training organisations
• government and semi-government agencies • foundations
• multilateral and bilateral donor agencies • professional bodies
• development banks • consumer associations

In order to reach the objectives, three Subtasks have been defined.

Subtask 10: Deployment Infrastructure

This will contribute to overcoming the critical barriers to widespread PV deployment and 
implementation through the development, dissemination and application of a series of Recommended 
Practice Guides (RPGs) to promote the necessary infrastructure requirements in developing countries. 
These RPGs will be both technical and non-technical covering issues such as quality and certification, 
operation and maintenance, training and accreditation, and financing mechanisms (both subsidised 
and non-subsidised). Three activities with Subtask 10 were proposed:

Activity 11 Information Compilation and Analysis

Activity 12 Recommended Practice Guide Preparation

Activity 13 Dissemination and Promotion of Recommended Practice Guides

Subtask 20: Support and Co-operation

This will stimulate awareness and interest amongst multilateral and bilateral agencies, NGOs, 
development banks, on the technical and economic potential, opportunities and recommended practice 
of PV systems. This will enable decision-makers to obtain the expertise and knowledge that is 
required to prepare PV programmes and appropriate PV system deployment. Two activities with 
Subtask 20 were proposed:

Activity 21 Support to Multilateral and Bilateral Donors and Development Banks

Activity 22 Co-operation with REWP and IEA/OECD

Subtask 30: Technical and Economic Aspects ofPV in Developing Countries

To investigate the techno-economic aspects and potential of PV systems, and the roles of utilities in 
developing countries. This Subtask will identify areas of specific concern to developing country 
applications requiring further research and feed this into other parts of the IEA PV programme. 
Three activities with Subtask 30 were proposed:

Activity 31 Stand-alone PV systems

Activity 32 Village grid and hybrid systems

Activity 33 Grid-connected PV systems
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-----
The direct outputs from the programme will include:

• collation and analysis of existing publications on PV in developing countries;

• Recommended Practice Guides for successful introduction and expansion of PV systems drawing 
from past experiences and lessons learned from technology co-operation projects and 
programmes. These will be disseminated by appropriate means in selected developing countries;

• staff workshops for multilateral and bilateral agencies;

• workshops in non-lEA countries, co-ordinated with bilateral and/or multilateral agencies and/or 
NGOs;

• active participation of target groups in selected developing countries;

• dialogue and contact point with staff of multilateral and bilateral agencies;

• identification of technical issues relating to PV in developing countries.

The results will be available to the Participants and associated experts in developing countries. Public 
reports on the key results will be available for all individuals, companies and institutes involved with PV 
systems.

6. Estimated Manpower Requirement for Completion of Workplan

The estimated manpower requirement for completion of the global workplan is given in the table. 7

Minutes of the 1st Experts Meeting, Task IX
14th-16th October 1999

Activity Person months

Subtask 10 Activity 11: Information compilation and analysis 60

Activity 12: RPGs (7) 20

Activity 13: Dissemination and Promotion of RPGs 30

Sub-total 110

Subtask 20 Activity 21: Support to Donors and Banks 15

Activity 22: Co-operation with REWP and
IEA/OECD

15

Sub-total 60

Subtask 30 Activity 31: Stand Alone PV Systems 18

Activity 32: Village Grid and Hybrid Systems 12

Activity 33: Grid-connected PV Systems 10

Subtotal 40

Total 220

Annual total 44

7. identification of Subtask Leaders.

Following the Workplan presentation, a discussion on the identification of the 3 Subtask Leaders was 
initiated. The Netherlands and the USA both expressed interest in leading Subtask 10 and Switzerland 
the UK expressed interest in leading Subtask 20.
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Minutes of the 1st Experts Meeting, Task IX
14th-16th October 1999

It was agreed that:

Subtask 10 would be led by The Netherlands 
Subtask 20 would be led by Switzerland 
Subtask 30 would be led provisionally by Japan.

The Subtask leaders agreed to expand on the global workplan and to provide a detailed workplan for 
each Subtask. This would be circulated to all participants prior to the next meeting.

8. Co-operation with Developing Countries

The IEA has recently announced a policy of co-operation with developing countries, a mechanism by 
which this can occur within Task IX needs to be identified. Possibilities include:
• Participation in Implementing Agreements
• Technology Co-operation Agreements

The PVPS programme through Task IX is the first Implementing Agreement to address this directly 
and will therefore needs to be sure of how this can be done effectively. Mechanisms by which this co
operation can be developed were identified as:

• Hold Task meetings in target countries
• Hold workshops in target countries
• Target country experts participate in meetings
• DC experts to undertake work - assist with surveys etc

A number of countries will be identified as target countries for Task IX. Possible selection criteria 
include: geographical spread; large potential market; existing market; sustainable market; previous 
experience; Task III DC Survey Report.

A provisional list of Target Countries was drawn up: India, China, Philippines, South Africa, Argentina, 
Brazil, Indonesia, Morocco, Kenya, Sri Lanka, Mexico (IEA member), Honduras, Guatemala, Vietnam, 
Thailand, Syria, SDC countries, Island states.

It was agreed that a matrix would be drawn up listing countries against various criteria and this would 
be circulated to experts for completion.

9. Co-operation with Task I
Peter Ahm gave a presentation outlining the work of Task I. The production of the 6 monthly nesletter 
was highlighted along with the International survey Reports.

10. Co-operation with Task ill
The Task III contact person for Task IX, Frans Nieuwenhout of ECN, presented an overview of the 
Task III Workplan and how Task III and Task IX could work together to avoid any duplication of effort.

Key areas of co-operation were agreed as in the preparation of Recommended Practice Guidelines 
(RPG) under Task IX Subtask 10 and Task III Subtask 1 and between Task IX Subtask 30 and Task III 
Subtask 2.

Winfried Rijssenbeek agreed to act as the contact point for Task III.

Frans Nieuwenhout also gave an overview of one of the World Bank Quality Assurance Training 
Courses just completed in Jaipur, India.
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Minutes of the 1st Experts Meeting, Task IX
14th-16th October 1999

11. Co-operation with the World I
ASTAE Unit at the World Bank has funded

• Quality Management in Photovoltaics: Manufacturers Quality Control Training Manual - (developed 
by RVGAP)

• Manual for design and modification of solar home system components - (developed by ECN)
• Training Manual for Quality Improvement of Photovoltaic Testing Laboratories in Developing 

Countries - (developed by FSEC)
• PV Installation and Maintenance Practitioner Certification Infrastructure: Development Procedures 

- (developed by ISP)

A series of pilot training programmes were ongoing at the time of the meeting in Jaipur, India. A 
representative of IT Power India was attending the course on behalf of Task IX.

The ASTAE Unit has asked the PVPS Programme and Task IX in particular to review the QA manuals 
and training programmes. The possibility of Task IX to replicating the training programmes in 
countries not covered by ASTAE was also raised. The World Bank would be prepared to publish the 
manuals as a joint publication with the Task IX if a serious review of the documentation were to be 
undertaken.

The consensus was that there was certainly a need for a quality standard of some kind for World Bank 
and other programmes and that these manuals went a long way towards addressing this. There was 
also some discussion as to what the procedures would be in order for the PVPS programme to 
approve the manuals - this would have to be clarified by the Executive Committee of PVPS.

At the time of the meeting only the Manufacturers Quality Control Training Manual had been received, 
although some of the comments below are likely to be relevant to the other manuals.

The comments made are summarised below:

1. the manuals assume detailed knowledge of quality management which will often be lacking in 
developing countries;

2. concern was expressed at the relevance of ISO 9000 to developing countries - especially small 
manufacturers of BOS components - could supplier guarantees play a role here? Furthermore,
ISO 9000 does not necessarily provide a guarantee of quality but of consistency;

3. implementation of the manuals may create further barriers to PV deployment;
4. the manuals do not consider project planning or system design - both of which are crucial for 

successful PV deployment;
5. there will always be a market for lower specification and lower cost products;
6. there could be conflicts with National Standards in some countries.

It was also agreed that the replication of training courses was beyond Task IX’s remit.

Frans Nieuwenhout from ECN also a gave a short presentation on the Quality Assurance for Improved 
Design of BOS Components manual. The general consensus was that this manual would be more 
appropriately reviewed by experts from Task III.

12. Contacts and Liasons
The following Experts were appointed to act as contact points:

IEA PVPS Task III Winfried Rijssenbeek, ETC, The Netherlands
World Energy Council Gerry Collins ,CIDA, Canada
Renewable Energy Working Party Bernard McNeils, IT Power, GBR

ank QUAP-PV project
he development of QA documentation on:
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Minutes of the 1st Experts Meeting, Task IX
14th-16th October 1999

13. Manpower Commitment of Participating Countries
Experts were asked for their estimated annual manpower commitment to the three subtasks. These 
are summarised in the table.

Subtask Participating Countries

AUS CAN CHE DEN FIN FRA1 2GBR* ITA JPN NLD USA Total

Deployment infrastructure 1 1 2 1 2.5 3.5 1 2.5 2.5 17

Support and co-operation 1 2 4 (+3) 4 3 1 0.5 0.5 16

Techno-economic aspects 1 1 2 2 6

Total annual effort 3 3 6 4 1 6-12 6.5 5.5 4 3 3 45

14. Proposals for 2nd and 3rd Expert Meetings
In order to enable Task IX to interact with experts from developng countries it is intended that the 
experts meeting will be held in devleoping countries as far as possible. Possible dates and locations 
for the 2nd and 3rd Experts Meetings are :

31st January to 2nd February 2000 - Marrakech, Morocco 
2nd - 3rd October 2000 - Jakarta, Indonesia

1 Based on indication given at Task IX Prepartory Workshop, Eversley, UK, October 1998.
2 Exclusive of Operating Agent function.



Minutes of the 1st Experts Meeting, Task IX
14th-16th October 1999

15. List of Actions

Action By Date

Develop detailed Work-plan for 3 subtasks and circulate to all experts for 
comments

NLD, CHE, JPN 13/11

Comments to Subtask Leaders All 30/11

Final Workplan NLD, CHE, JPN 31/12

Investigate REWP schedules GBR 31/10

Establish contact with World Energy Council and distribute contact 
details/notes of meetings

CAN 31/10

Liase with K Presnell on PV-D hybrid AUS 31/10

Distribute Task 3 Survey Report GBR ✓

Distribute information on Italian bilateral programmes ITA 31/11

Meetings Marrakech, Jakarta, Paris? GBR

Target country matrix GBR 31/10

Distribute ISR to T9 experts GBR 31/10

Summarise discussion on Quality manuals and circulate for comment - then 
send to ASTAE

GBR 31/10

2nd meeting 31/1/00 to 3/2/00 - Marrakech TBC GBR/UNDP
3rd Meeting Jakarta - 2-3 October 2000 GBR

Investigate ACE hosting meeting in Jakarta with EC support CHE 15/11

IEA info to ACE GBR 31/10

Prepare Task IX flyer draft then circulate GBR 31/10

Circulate PV in DC markets paper GBR ✓

Arrange meeting for w-plan development w/c 8.11 GBR, NLD, CHE 22/10

Finalise website (address «ieatask9.org») USA
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Minutes of the 1st Experts Meeting, Task IX
14,n-16lb October 1999

ANNEX 1

International Energy Agency 
Photovoltaic Power Systems Programme

Task IX

Deployment of Photovoltaic Technologies: Co-operation with
Developing Countries

Agenda - Thursday 14 October Discussion
Leader

Time

Welcome by host W. Van Nes 10.00

Brief Introductions All 10.15

Background to, and development of, Task IX B McNelis 10.30

Presentation of country experiences and activities (15 mins per expert) All 11.30

Lunch 13.00-14.00
Presentation of country experiences and activities (continued) All 14.00

Subtask 1 - Deployment Infrastructure
Identification of subtask leader
Detailed workplan and organisation of subtask

W Rijssenbeek 15.30

Subtask 2 - Support and Co-operation
Identification of subtask leader
Detailed workplan and organisation of subtask

J Bates

B McNelis

16.30

Finalisation of Subtasks 1 and 2 All 17.30

Close 18.00

Dinner - hosted by NOVEM 19.30
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Minutes of the 1st Experts Meeting, Task IX
14th-16th October 1999

Agenda - Friday 15 October Discussion
Leader

Time

Subtask 3 - Techno-economic aspects
Identification of subtask leader
Detailed workplan and organisation of subtask

J Bates 09.30

Future Subtasks All 11.30
Co-operation with Developing Countries and Experts J Bates 12.00
Lunch 13.00-

14.00
Co-operation with Task III F Nieuwenhout 14.00
Review of World Bank Pilot Training Programmes in India F Nieuwenhout 14.15

Jo-operation with Task I P Ahm 14.30
Review of World Bank QA documents and publication, training 
programmes and replication

J Bates 15.30

Discussion of PVGAP manual - preparation of comments All 16.30

Close 18.00
Dinner - speech by Eliott Berman, (‘the man who brought solar cells 
down to earth’ - John Perlin)

TBD 19.30 (TBC)

Agenda - Saturday 16 October Discussion
Leader

Time

Task IX Communication Strategy - website, publications M Fitzgerald 11.00

Future meetings schedule All 11.30

Presentation to ExCo B McNelis 12.00

Any Other Business All 12.30

Close 13.00
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flB-f-d-jtlcS-^-tdrjrlcfcS. me>© RPGs 11, DBaK±:EB^, aet^sf, WirS®, -tLT 
(#86&U!^#%$*ro)aS*$&i;<yiS,'5£*tSi±:-t"-5&#Tti,Rl>*#t£E6<j7‘j*toT*fc-5=
Subtask 10 ICIlHo© activity /)sfllSBS:h-7t.0
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Activity 12 ##*%$§!#©##
Activity 13 ##$%#§! #©*&6{g%

Subtask 20:
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NGOs, mil, SSSrzES^,

Activity 21 g-BFARV-Bfflmm&frRVffimmfrcoZM

Activity 22 REWP b IEA/OECD k©®©

Subtask 30:%m&±Bt2]olfZ±Mik%m.<D&ffi&l& Z/BMX

^UT5S®^±HT*ro*AS*#ro®ti|Sr
wx-tsm m subtask ii,
mmicL, -t-LT iea pv #Hm©m©@#^m&#%f acktte. subtask so ©hoot

activity 11, S© 15IT$S§tl-fc„
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Activity 32 ftS*© XI£&U!m©>.yK§!':yx©A
Activity 33 H© XI£i6®$©:|#)l£55iE'>X7^.i,
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tf-e^BroBSttde fistic &coj;5lztehtiho

• mm&-km^*srtz±m%.:%mm-rz>m.fci-z>tiimM<Dm-£-tfiVf;
• 8«m^yni;3^b<kttg^ib^fdE!Bi:$6r$il^fcS£mS;h,5±K7fcxe->;^.k.roi5£
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crolSStt, Sjm#^%eii±BroHiit-5SPWtc«ffldtidfd550
l±, *S*%*'>c=.^A|cMffir5ex, ik*Xt>'»9E3flc?iJffl pI|gt*6f'X5
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^^Htt-B^TCfc»|c^Si:B»t6ixfcax«tt, *lcySf.
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Activity 13:RPGs 1 30

no
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# Subtask 10 Subtask 20

-119-



SubtasklO 

Subtask20 #x 
Subtask30(ix

Subtask — Subtask LTho
Z^L(1X

8. &B£±S£0)ttft
IEA (j:.#]a^miA±(3^<7)m^(7)^$i-^#^L^oTask IX(CjdV^T, Z(DC^^^C6Z^^

#

e Kff
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%^^^;±#^#it^TfT#;##oT^^Tf]#;a#(D^#:TaskniDC ^BHISo

BHB(DWSto^L’^Ht^(Da:jo|9o yyp\ y^y^y, iT7!i^, T/Hfy^-yx ^7^
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-*66EW-f-6;

4. ?=aT;Hi, yD^^hf|-Esev'tt'>X7"^|$H-^#SLrv'/£V'-S#j:t))$g]-r-5*

5. #IC,

6. fcSHlc&VTtt.

Task JXdPSS^Sx.TV'dr^lSieSn.fc
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## Gerry Collins.CIDA,#Ay
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I E A PVPS Task IX

Deployment of P V Technologies Co-operation with 

D eve I poping Countries

1 . 83«fi a : ¥J$1 2 if 2 M 8 B (*) / 9 B (*)

(2000)
2. BSWStSf : U S A Washington DC

World Bank Main Complex, Conference Room MC 13-130

N ED 0*aSE8fl%S if s
m ±

SS3 > hVSE ftm
ma n*

4 . : ' 2nd Experts Meeting: List of Participants

AUS Gordon Thompson (CASE)

AUS . Geoff Stapleton (GSES)

CAN Gerry Collins (C1DA)

CAN Josef Ayoub (CANMET)

CHE Alex Arter, (Entec),

CHE Stefan Nowak (NET AG) — Tuesday only

DEN Peter Ahm (PA Energy)

DEU Klaus Preiser (Fraunhofer Institute)

DEU Rolf Posorski (GTZ)

FRA Hubert Bonneviot (IED)

GBR Bernard McNeils (IT Power)

GBR Jonathan Bates (IT Power)

ITA Roberto Vigotti (ENEL)

JPN Tunehisa Harada (JPEA)

JPN Kazuo Yoshino

JPN Bichi Wald (NEDO)

JPN Keiko Yurugi (NEDO)

NLD Wlnfried Rijssenbeek (ETC)

USA Mark Fitzgerald (ISP)

USA Roger Taylor (NREL)

USA Robert Hassett (DoE)

UNDP Suresh Hurry

World Bank Enno Heijndermanns

World Bank Consultant Eric Martinet

5. A*©BM

• >y(S is inE#i-'99/io/i4~i6)cr«SLfc^*tt-ea6tficM 
mt?5&±a<DM£<Dmm

• 6 ur«n»Shri'5, B8**±B^© p vsxsatfe±®tta
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Jess c ii to 6 n 5 5 Iff s ic ic o i > r ©mui
2) K@©## (*B : Hei jnderrmanns)
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a b V — -y — ®S$ifeSE'C36a<> -troBICfiJJCLl'Renewable Energy System ffl
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t£-&tltz0

6) 161 0 Sfim±«a*s©«B
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sation©gTIE(JICA $IEEJ) Stf Expertise©SUNE projectttpgS^eg|co$»JES

iAnt. t ©46HSE5: < SEBStifc,
7) S ubtask 10/20©O - >1658

Subtask 10/20is-erosuBSipe. 36?ijurf^S'raS6<«t;y9i$fl<iT-sa<b©s.

IS ic 3;-Sip E fE 38$ Ft & o fc„ W85lcai#Sh.fco - »-y 5 >©#•< > Mcogx?
•< K3uspaic«tai6BSi<4snfc„

a: Subtask 10(Deployment Infrastructure-flllll) (NLD-Rijssenbeek)
• B 60 : H38ii±B-xP V©ab$to/S6¥to»SARH|lc$«i-ra*„

- M&GP : P VVoy5AICM6aM##, BP6##/MR'gff. Bff, ±38, SS
a*. #%/###«, wa, :iesa*s.

- * a: a£$nfcMR*±B$MRica*$ffi\ pvy ny? a kbs-rarest?
wa*Bfs»±Bic^©$6Rto/a!i$to*pv#®$ffiji-rafc

to, B8RBR, #%*M, H«'Sff©fcto©o-»->3 y-r$g6Era„
B%m±B©amic%cf#B@*$f#a u, Taskic#*»res$##-ra.
HSHC-T-X^t-t itTRPGs OJWM' 75)t4X S4 f) <b ©8t$$fTl' 
BBS®±B^®a6*to/<l*to» P VSXRMIcS^-ra,,
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- Activity: Act. 11(1106*1:*$) Act. 12(RPG) Act. 13(RPG0g$til) 
b: Subtask 20 (Support 8 Co-operation-JSififl) (CHE-Arter)

• B M : 3mSftfcg856&±B©P V#A«BC2&fc^T&EM.

tt^eaeE, p v xt y *
r © *b s m m s e to s •> x ? a ^ y £• -r 5 „

• Activity: Act. 21 (?ia/rBaS#lil88Be$8) Act. 22(IEA®REWPilEA/0ECDiel$)

ja±©i699©», 10/20 ©—eitiii<?Ttpnte« f(DiS:¥«tta:cayt8ofc.
• S$E±H©Wfflf,

' Task K-SBE±B-Warld Bank©M«S0fl»IC LT,
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• Expert/Consult Team > >/<-©iSStig|SK, UTSfe Ll'„
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• fftKHtftlfgoaBSTSf.

• How to do it*t*tO (# : *y5a5X, y 7
• UNDP £ War Id Bank©*y v 3 >ll||0:5f £+»*»LTS<f„

-W B ttfgft^J©BCUcaBfc t> TfflftSJBESBA.-ei'S i 5 «-

8) T arget Countries ©SSE$(J. Bates)

i£c*fcor, »Eca$*sci=rj>fv/t-i;ssbfce*b<ss$nfco
Target Countries <fc UTBS©S6so teHI4T!E®$y «
• iSS## 7 : Morocco Vietnam

6 : S outhAfrica I ndonesia 

5 : China India Phi I ippines 

4 : A rgentina

3 : Brazil K i ribat i (Island Countries 78-7)

xijr«Ort5>7¥iGDP7b- KE&&5BIC, ^rSBtt©»3B©*8a$$ L,
± a © *§ s *> *Mt i= t r s y a *• £-r 5 £ ip] t & t> fc „

9) S ubtask 30(TechnicaI 8 Economic Aspects of PV in Developing Countries)

©7-»y5 yiCOl'T (JPN-HARADA, YOSI NO)

1 /12# E-mail (J. Bates) ©tEB'C‘355, ‘Germany may agree to participate 

in Task 9 and, if you agree, they might be willing to takeover the leadership 

of subtaskSO’ ICOl'TNEDO£©Bliifl-6-£)-ti-IC*t5S, U -y-©E3E$$Anfc„ 

1659#U H “S£U-y-©«ttBajlCAynyx^ HDSniibT, S®2~3»J! 

Btf £lR6##C-fe*A*JHc{76'»»htf&65:l'S.aU

T-*5« X#«#(JPEA)ffl#ffltt3/*-ca«-r5Bi:!5:or Liot 

*SSUS?4l'4<'J-7-ii Ur©*SS±5£ti3R&l'mT-3S8Sti-r]BSfcl.'’ 
ja±©$Lajicj:y, subtask 30 ©u-

fjbh/ctSE, flfeSubtask'Nfflffl&Aftfc^to GBR, NLD, CHE, AUS, DEU, USAI=r#lfr
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10) Summary of WB PV Consultative GP Meeting (McNelis)

SB (2/7) WB ICTBBEShfcSK PV Consultative GP Meeting®##A<##$ 

tofc (tAmicHNEDo/jBic »<tti«S) fiiimHaESS»$SE
11) W B Quap-PV Manual ICO t'T (USA-M. Fi tzgeraId)

Quap-PV ProjectlCTffc® 7JU ('O Kf7 * Q - 7 -j ~f L It £ ®E)

©ESTfeTask IX ICTfr-oT8kLU. £®«?SiKSot,

B1 @ Neeting*filCfr&% Task 8 T-ttM56£±BT-ro P VMaM*3SE®S8£lCH 

t>5n°p®*aS-4>-L.'<!:^5 V- =l 71L©#ST^f 1 @ MeetinglCT«S3h

Tl'3, <bCDSS.2><i6^6nfc6t, 5S<i:»7fc0

(#K)
Quap-PV Project : Mitigating Global Climate Change Through the Development 

of a Quality Process Infrastructure for Renewable Energy

6-2: $2 B B (2/9)

1) World Bank SHS Projects (WB-E. Martinet)

-Experiences 8 Lessons Learnd 1993-2000-

o jk v h$*to5fc4bro«iR6<El1iSn, Smice75SE$iSiSH6<&3nfc„

• S H Slcd:tJ**«*6m»l'*#SglcEI8, TVSOt*«ft«U »At£*roW

© jfc*»VN g orotttSe^fKfr-o-ciSIltiUM-lltiKJiillS)
© ;6«SIC» uy y I- tttST 5 * » = X A (f t-5-, iiSISil, 184181)

© mtsLt&mow&T&xmm. • an • asrona:

® i1**©*»*Si7-(r5,Ty
5o®yoyi» h(riy?7, run,or.ami, wa)k:t5,ooo *ja±®s h syses

WSEtoXn y I» Hicn€>®#S«*4i'LT«E*S1feffli-r5w<i:«IS#f-So
2) Financing PV from Carbon Credit Meehan isms(Mendis-AED)

#nm&6 Carbon Credit ®#X^BSiS#ICtt*Ea53fc56f, S*7t 1C <6 fc-o T 

ttBBHE±H®BSEtj-Bi®S-&lc+»S*Ufc±T-i»to5^ST‘*S, i®3> > 

bSffflStlfco
3) The Quality Training Manuals for the PV (A. CabraaI-ASTAE)

WB-ASTAE(Asia Alternative Energy Program) 1C T 86 ST 3tl/c|*i$ICoS#g?S;h.fc0 

BM : B8E^±BlcKtf 3 P VS^®WS6tt$—®<i:|6l±3-t*5S„

#lc< 775, WSPVB'a®(88,li,St*,8I,/7ff77)®|6|±Sfa&l'<!:t-5o 

Ej$ : PV< >7 9®*%o ttKiKg'IIC 4 7®SS h U-- >/V-a T;l/T-#Sc, 

©SHsroBOS (SI9S)fflEti-iS:tj-®®«

©sssmsaees
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Photovoltaic Power Systems Programme

Task IX

DEPLOYMENT OF PHOTOVOLTAIC TECHNOLOGIES: 
CO-OPERATION WITH DEVELOPING COUNTRIES

presentation by 
Jonathan Bates 

to
Task IX 2nd Experts Meeting, Washington DC, USA, 8-9 February 2000

Power
IEA PVPS TASK IX Deployment of Photovoltaic Technologies: Co-operation with Developing Countries



Agenda - Tuesday 8th

• Welcome & Introductions
• Role of REWP
• Approval of Minutes of 1st Experts Meeting
• Verification of actions
• Presentation and discussion of detailed 

workplans for Subtasks 10,20 and 30
• Results of Target Countries Questionnaire
• Summary of PV Consultative Group Meeting
• Quap-PV Manuals

Power
IEA PVPS TASK IX Deployment of Photovoltaic Technologies: Co-operation with Developing Countries
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Agenda - Wednesday 9th

• IEA PVPS Task IX & World Bank
• World Bank SHS Projects: Experiences and 

Lessons Learned 1993-2000
• Recommended Practice for Training 

Programmes
• Financing PV from Carbon Credit 

Mechanisms
• Visit to BP Solarex Manufacturing Facility

Power
IEA PVPS TASK IX Deployment of Photovoltaic Technologies: Co-operation with Developing Countries
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Target Countries

• Geographical spread?
• Large potential market?
• Existing market?
• Sustainable market?
• Previous experience?
• Task III DC Survey Report?

Power
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Provisional Target Countries
Araentina Mexico - IEA member
Bolivia Morocco
Brazil Philippines
China Sri Lanka
Guatemala South Africa
Honduras Syria
Indonesia Thailand
India Vietnam
Kenya Kiribati

Power

French Polynesia

IEA PVPS TASK IX Deployment of Photovoltaic Technologies: Co-operation with Developing Countries
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Provisional Target Countries

Circulate Target Country Matrix 
Questionnaire -
• Preferences (yours or your paymaster!)
• PV data - access and availability
• Work experience: in-country + desktop
• Likelihood of undertaking missions
• Multi- and bilateral programmes
• Government policy
• Other countries?

Power
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Responses

The Good - 9
Australia
Canada

Denmark
France
Finland
Japan

The Netherlands 
Switzerland

The Bad - 2
USA
Italy

The Excused -1
Germany

UK

Power
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Other Countries

Botswana, Burkina Faso, Cape Verde, 
Columbia, Egypt, Ghana, Laos, Malawi, 
Malaysia, Mongolia, Namibia, Nepal, Pacific 
Island States, Palestine, Senegal, Yemen, 
Zimbabwe......

Power
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Multi-lateral and bi-lateral programmes

• No knowledge of multi-lateral programmes 
in Guatemala, Honduras & Syria

• Knowledge of bilateral programmes in all 
but Mexico

Power
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Preferred Countries

Argentina (4) Brazil (3)
China (5) Kiribati (3)
Indonesia (6)
India (5)
Morocco (7)
Philippines (5)
South Africa (6)
Vietnam (7)

Power
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Preferred Countries

Argentina (4)
3 have in-country 
experience
4 desktop experience 
2 or 3 access to data 
Gov Policy 1-4 (2.4)

China (5)
6 have in-country 
experience
3 desktop experience
5 access to data
Gov Policy 1-3 (2.0)

Power
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Preferred Countries

Indonesia (6)
• 6 have in-country 

experience
• 4 desktop experience
• 2 or 3 access to data
• Gov Policy 1 - 2 (1.7)

India (5)
• 5 have in-country 

experience
• 5 desktop experience
• 4 access to data
• Gov Policy 1 - 3 (1.8)

Power
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Preferred Countries

Morocco (7)
• 6 have in-country 

experience
• 5 desktop experience
• 5 access to data
• Gov Policy 1 - 2 (1.6)

Philippines (5)
• 5 have in-country 

experience
• 4 desktop experience
• 3 or 4 access to data
• Gov Policy 1-3 (2.3)

Power
IEA PVPS TASK IX Deployment of Photovoltaic Technologies: Co-operation with Developing Countries



141-

Preferred Countries

South Africa (6)
• 4 have in-country 

experience
• 3 desktop experience
• 2 access to data
• Gov Policy 1 - 3 (1.8)

Vietnam (7)
• 6 have in-country 

experience
• 4 desktop experience
• 2 or 3 access to data
• Gov Policy 2-4 (2.8)

Power
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Preferred Countries

Brazil (3)
• 4 have in-country 

experience
• 3 desktop experience
• 1 access to data
• Gov Policy 2 - 3 (2.5)

Kiribati (3)
• 1 has in-country 

experience
• 1 desktop experience
• 1 or 2 access to data
• Gov Policy 2

Power
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International Energy Agency (IEA)

Photovoltaic Power Systems Implementing Agreement
(PVPS)

TASK IX

DEPLOYMENT OF PHOTOVOLTAIC TECHNOLOGIES: 

CO-OPERATION WITH DEVELOPING COUNTRIES

SUBTASK 10 & 20:

EFFECTIVE AND EFFICIENT PV DEPLOYMENT IN 
DEVELOPING COUNTRIES

- a joint and parallel to be undertaken activity

WORKPLAN

Jointly prepared by:

ETC Energy, The Netherlands - Leader Subtask 10 
ENTEC, Switzerland - Leader Subtask 20

January 2000
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IEA PVPS Task IX Subtask 10 ETC Energy
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IEA PVPS Task IX Subtask 10 ETC Energy

FOREWORD

As a result of the discussions held during the meeting of IEA PVPS Task IX in Utrecht, The 
Netherlands on 10 January 2000, it was decided to compile one document containing both the 
workplan for subtasks 10 and 20 of IEA PVPS Task IX. It was agreed upon that, when implementing 
these tasks in parallel to each other, one could make use of each others’ inputs and resources in a 
more effective way, at the same time presenting a coherent and comprehensive package to the outer 
world. Hence, a more efficient implementation of the workplan.

In this parallel effort, the Subtask Leaderships remain in hands of the initially assigned Subtask 
Leaders. This means, that ETC Energy, for the Netherlands, is Leader of Subtask 10. ENTEC, for 
Switzerland, is Leader of Subtask 20.

The underlying document is the result of the above initiative, where comments made by Task IX 
Leader (IT Power, UK) after submitting the separate workplans of the Subtasks 10 and 20, are 
incorporated.
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SUMMARY

Subtask Leaders: For Subtask 10: The Netherlands (ETC Energy)
For Subtask 20: Switzerland (ENTEC)

Objective: To contribute to an effective and efficient PV deployment in developing 
countries.

Target group: Existing and potential clients involved in PV programmes. These clients include: 
multi- and bilateral donors and development agencies, banks, industries, utilities, 
R&D institutions, training organisations, foundations, professional bodies and 
consumer associations.

Method: Information on existing PV programmes and experiences is collected by making 
use of secondary information sources, and by means of conducting surveys in 
selected developing countries. Workshops will be organised for multilateral 
agencies, development banks and bilateral donors with the twofold aim to 
generate input for the Subtasks, and to promote effective and efficient PV 
deployment to potential clients. Surveys conducted in selected countries will 
result in the compilation of country reports. Case studies will be analysed and 
collated to a coherent series of Recommended Practice Guides. Promotion of 
effective and efficient PV deployment will be done through disseminating these 
materials and publications to the target group.

Output: - Comprehensive set of practical Recommended Practice Guides targeted at 
development banks, multi-lateral and bilateral agencies, developing country 
experts and IEA PVPS member countries.
- Compilation of case study presentation, together with a comparative analysis 
of case study findings with lessons learned, targeting the existing and potential 
donors.
- Series of workshops organised serving as input generation for, and promotion 
of, effective and efficient PV deployment.
- Increased awareness and better understanding of factors influencing 
successes and failures of PV programmes in developing countries
- Enhanced understanding of PV deployment programmes by multi- and 
bilateral donors, banks and development agencies currently not involved in PV 
dissemination programmes

Duration: 5 years.

Budget: To be established.
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1. GENERAL INTRODUCTION

There exists a certain overlap in the approach and activities to be carried out in order to reach the 
objectives of Subtasks 10 and 20:

■ The objective of Subtask 10 (“Deployment Infrastructure”) is to contribute to overcoming the 
critical barriers to widespread PV deployment. The approach by which this will be implemented will 
be to collate existing information and conduct surveys where necessary, in a number of target 
countries.

■ The objective of Subtask 20 (“Support and Co-operation”) is to increase PV content in donor 
agency activities and bank lending. This is done through stimulation of a dialogue with multilateral 
and bilateral agencies and development banks, informing them on the technical and economic 
potential, social implications, opportunities and best practice of PV systems.

The target group for these Subtasks is defined as existing and potential clients involved in PV 
programmes. These clients include: multi- and bilateral donors and development agencies, banks, 
industries, utilities, R&D institutions, training organisations, foundations, professional bodies and 
consumer associations.

At the last meeting of IEA PVPS Task IX held in Utrecht, The Netherlands on 10 January 2000, it was 
decided to combine the efforts of the subtasks into parallel planned activities. This, is envisaged, will 
increase efficiency of implementation, increase access to information, and better promotes this IEA IX 
task to the target group.

Basically, there are three areas of interaction between Subtasks 10 and 20:
■ Identification of past experience and ongoing programmes on PV deployment and collation and 
analysis of information. Here, the two sub-tasks should closely work together so as not to duplicate 
identification work and contacts with programmes thereby annoying their managers and officers. The 
outcome here would be an agreement on who compiles which information. The division between 
subtask 10 and subtask 20 could be geographical or on a case-by-case basis.
■ Case studies will be an integral part of both subtasks. While Subtask 10 will concentrate more on 
in-country performance and processes of PV deployment projects, subtask 20 will focus on the project 
identification aspects and donor expectations as well as the conditions for improved bankability of PV 
deployment projects. It is suggested that a number of case studies with an interest for both subtasks 
be carried out as joint undertakings whereby the two expert teams work simultaneously on the same 
case study albeit with different objectives.
■ As subtask 10 is generally focussing on the generation of information and know-how and while 
subtask 20 is supposed to disseminate and make use of this know-how, there must be an efficient and 
professional exchange of information between the two subtasks. It is suggested that the two subtask 
leaders regularly update each other on their work and provide full transparency on what documents 
they have received (e.g., from in-country missions and surveys, from PV programmes by donors, 
banks and international NGOs or workshop presentations) and what new contacts they have made.

Furthermore, Subtasks 10 will be co-ordinating with IEA PVPS Task III (“Use of photovoltaic systems 
in stand-alone and island applications”) especially in relation toJTask IX/10 activities 12 and 13. It is 
considered important that all IEA PVPS tasks show a consistentview and outlay to the target groups 
to be reached.

The above resulted in this combined document, describing the objectives, expected outputs and 
approaches of the Subtasks 10 and 20. Wherever possible, activities related to information collection 
and promotion and dissemination of data, are planned as parallel activities so to better exchange 
information between the Subtasks 10 and 20.
Some of the workshops will be attended/organised jointly where these workshops are meant to:
1. gather relevant data from existing donors, banks and development agencies to be used as input 

for the materials to be compiled, and
2. to inform the potential donors, banks and development agencies on relevant PV experiences and 

perspectives, thereby promoting effective and efficient PV deployment.
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2. AIMS AND OBJECTIVES

The overall objective of Subtasks 10 and 20 is to contribute to an effective and efficient PV 
deployment in developing countries.

This is done through collecting secondary information, conducting surveys in selected developing 
countries, analysing case studies, and organising workshops with multi- and bilateral donors, banks 
and development agencies. The results of the surveys will be analysed and result in publication of 
country reports. Case studies will be conducted and analysed, where the data will be collated into a 
coherent series of Recommended Practice Guides. The organisation of a series of workshops for the 
target group will be essential since they will be used as information generation events (serving as input 
for the Subtasks), and as promoting events to get potential donors, banks and development agencies 
informed and more acquainted with effective and efficient PV deployment. This potential group of 
clients will, as a results, have increased awareness on, and interest in, the subject.

The expected output is:
■ Comprehensive set of practical Recommended Practice Guides targeted at development banks, 

multi-lateral and bilateral agencies, developing country experts and IEA PVPS member countries.
■ Compilation of case study presentation, together with a comparative analysis of case study 

findings with lessons learned, targeting the existing and potential donors.
■ Series of workshops organised serving as input generation for, and promotion of, effective and 

efficient PV deployment.
■ Increased awareness and better understanding by the target group of factors influencing 

successes and failures of PV programmes in developing countries
■ Enhanced understanding of PV deployment programmes by multi- and bilateral donors, banks and 

development agencies currently not involved in PV dissemination programmes

The following figure represents the relation and information exchange between the different parties:

data from
selected
countries

data from 
workshopsSurveys, 

Sec. info

promotion

data from 
workshops

data on
thematic
areasCase

studies

promotion

distribution

Enhanced Awareness on 
effective and efficient PV 

deployment by target group

Potential Clients

Potential Clients

Collection and Analysis 
bvTask IX/10&20

Materials

Compilation, Analysis 
bv Task IX/10&20

Improved Materials

Workshops:
- PVPS Experts
- Existing Clients

Workshops:
- PVPS Experts
- Existing Clients

Figure 1: Relation and flow of information between the parties.
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3. LOGICAL FRAMEWORK

The logical Framework for carrying out the activities is shown in the following table.

Table 1: Logical Framework Analysis Matrix

Subtask 10 Subtask 20 Approach Verifiable Indicators

activity 11: activity 21: activity 22: ■ Subtask 10: ■ data base on info-
surveys in selected use selected

information support to co-operation countries, secondary countries
compilation multilateral with lEA’s information collection, ■ data base on
and analysis and bilateral Renewable preparation of country PVPS experts

donor agency Energy reports, workshop # checklist
activities and Working Party a country reports
bank lending (REWP) and ■ Subtask 20: a presentation

IEA/OECD workshops, case studies in materials
selected countries, 
publications, seminars, 
dialogue, info gathering 
through workshops and 
promotion of materials

a publications

activity 12: ■ Subtask 10: a further extended
Case studies per thematic data base on

preparations area through analysis of PVPS experts
of RPGs country reports, workshop available RPGs

presentation
" Subtask 20: materials
workshops, case studies in 
selected countries, 
publications, seminars, 
continuing dialogue and 
promotion

publications

activity 13: ■ Subtask 10: further extended
distributing materials, data base on

dissemination organising workshop, PVPS experts
and promotion collating comments and disseminated
of RPGs make evaluation publications and 

materials
■ Subtask 20: distributed RPGs
workshops, case studies in at workshops
selected countries, RPGs made
publications, seminars, available on
continuing dialogue, website
promotion of PV ■ enhanced
deployment programmes awareness of PV 

deployment 
programmes by 
potential banks, 
donors and
development
agencies
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4. ACTIVITIES, APPROACH AND OUTPUT PER SUBTASK

A: SUBTASK 10: DEPLOYMENT INFRASTRUCTURE

1. Aims and objectives
The overall objective of Subtask 10 is to contribute to overcoming the critical barriers to widespread 
PV deployment. The central task will involve the preparation of recommended practice guidelines for 
the deployment requirements of PV. The approach by which this will be implemented will be to collate 
existing information and conduct additional surveys where necessary, in a number of target countries 
identified by the Task IX experts. The results will be collated in to a series of Country Reports that will 
form a key input to the Recommended Practice Guides (RPGs). The RPGs will use case studies from 
the Country Reports to highlight successes and failures.

2. Approach and target groups
IEA PVPS Task IX and especially subtask 10, will draw its information from a resource pool of 
international technical and non-technical experts, other IEA-PVPS Tasks, REWP and existing 
programmes and networks. Information will flow between the Task IX Team and the main target 
sectors:

• government and semi-government agencies
• multilateral and bilateral donor agencies
• development banks
• local and multinational banks
• local and multinational industry
• local and multinational utilities
• R&D institutions
• non-governmental organisations (NGOs)
• training organisations
• foundations
• professional bodies
• consumer associations

In addition to those organisations identified above, PV experts in selected non-lEA member 
developing countries will be accessed through co-operation with existing networks and frameworks.

3. Activities
Specifically the Subtask will entail the activities detailed in Table 1.

Table 2: Activities for Subtask 10

Activity Description

Activity 11 Information Compilation and Analysis

Activity 12 Recommended Practice Guide Preparation

Activity 13 Dissemination and Promotion of Recommended Practice Guides
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3.1 Activity 11: Information Compilation and Analysis

This activity will investigate the various strategies for infrastructure development and deployment to 
ensure widespread and successful implementation of PV. Key issues relating to PV deployment 
strategies and initiatives will be investigated and collated to provide input to Activity 12.

In order to carry out the surveys, information will be gathered from existing sources and networks (e.g. 
PRESSEA, the EU White Paper, existing PV suppliers networks, results gathered in the light of IEA 
PVPS Task III, etc.) and, if necessary, in-country missions may be undertaken. The surveys will collect 
data on existing schemes and initiatives for each identified subject area. Each survey will be reviewed 
by the Task experts and then used as input to the corresponding Recommended Practice Guide.

The information gathered from these surveys will be collated into a Country Report document. This 
document will provide a view of the state of the PV market and infrastructure in each of the target 
countries. These country reports will provide an important source of information for Activity 12.
More concretely, the following actions have to be undertaken:

1. Defining criteria for selecting developing countries for PV country reports.

This selection is likely to include countries with an established commercial PV market as well as so- 
called ‘high-potential’ countries; possible target countries may include, for example: Argentina, Bolivia, 
Brazil, China, Guatemala, Honduras India, Indonesia, Mexico, Morocco, Mozambique, Philippines, 
South Africa, Syria, Thailand, Vietnam.

2. Selection of the countries on basis of defined criteria.

3. Priority ranking of selected countries.

4. Database set-up for info use.

5. Secondary information collection and analysis.

6. Starting the country communications.

This includes explanation of aim, objectives and outputs of the subtask and task, as well as 
elaborating on the required countries input.

7. Preparation of checklist on required country information.

This action includes market potential & growth, end-users characteristics, systems & applications 
installed, government policies, R&D levels, domestic production, intermediaries, etc.

8. Setting out subcontract and time frame for in-country PV experts to collect information.
9. Information collation and analysis.

10. First understanding and lessons learned.

This will be done according to a number of aspects as: government policy and RE planning, financing 
mechanisms, institutional development (suppliers, producers, dealers, intermediaries, banks etc.), 
training programmes, operation and maintenance of systems, certification and accreditation systems, 
systems planning, infrastructure frameworks, PR and awareness raising.

3.2 Activity 12: Recommended Practice Guides

The objective of Activity 12 is to prepare a series of clearly understandable recommended practice 
deployment and implementation guides. Guides relating to the following areas will be collated:
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• government policy and RE planning

• financing mechanisms

• institutional development (suppliers, producers, dealers, intermediaries, banks etc.)

• training programmes

• operation and maintenance of systems

• certification and accreditation

• systems planning

• infrastructure frameworks

• awareness raising.

For each of the subject areas identified, a listing, review and analysis of case studies will be 
undertaken so that the lessons learned can be drawn from the successes and failures for each aspect 
of PV deployment The focus in the analysis is thus on the effectiveness and efficiency (costs per unit) 
in which these aspects of PV deployment are covered.

The information will be made readily available and accessible. Following the review and analysis 
process, a Recommended Practice Guide will be drawn up for each of the identified subject areas. It is 
intended that each document will be a 'free-standing1 publication in its own right, although taken as a 
set, the guides will form a comprehensive and practical Recommended Practice Guide for all aspects 
of PV deployment.

It is intended that the guides will be published one at a time rather than as a complete set of 
documentation in order to reinforce the stand-alone nature of each document.

At the end of this activity a comparative analysis might be carried out on what seems to work best. 
Such meta analysis might be welcomed by a number of countries that still are undetermined on how to 
move into PV deployment.

The Country Reports from Activity 11 will be published in conjunction with the Recommended Practice 
Guides.

The (still tentative) guidelines will further include the following:

1. Introduction (for who the guidelines are intended, importance, rationale, readers guide, linkage 
with other PV IEA tasks, etc.).

2. Market understanding (Market technical potential and resources; segmentation of markets by 
applications; suppliers & intermediaries; consumers; marketing strategies, etc.).

3. Government Role: policies & instruments (national, local levels; roles in promotion, licenses, 
quality assurance, pr, support, etc.).

4. Financing: role of banks and investors (project developers, investors, banks, their requirements).
5. Models of best practise for PV deployment (how to best deploys PV under the parameters of a 

country).
6. Conclusions and follow-up recommendations.

The development of the guidelines involves the following actions:

1. Preparation of an experts panel from both the target groups representation and form the Task IX 
including selection criteria, ToR of the work, etc.

2. Analysis of the country documents by the Subtask 10 group on the relevant lessons.
3. First Draft of the guidelines document by the subtask 10 group.
4. Workshop on the draft guidelines with the experts panel to improve it with their comment 

(preparation).
5. Finalising the guidelines document with the comments and improvements of the expert panel.
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3.3 Activity 13: Dissemination and Promotion of Recommended Practice Guides

The Recommended Practice Guides will provide a comprehensive series of documents that will be 
disseminated via the networks established and identified in Subtask 20. The dissemination of the 
Recommended Practice Guides is crucially important to ensure that they are implemented and utilised 
by the organisations at which they have been targeted.

A key goal of this dissemination exercise is to ensure that the guides are implemented on a practical 
level in real implementation programmes. In order to achieve this goal, relevant agencies will be 
encouraged to adopt the Recommended Practice Guides as an integral part of their rural electrification 
programmes. A part of this process will involve a series of workshops and seminars, targeted at 
relevant institutions in specified countries, as well as manufacturers, utilities, training organisations etc.

This activity includes the following concrete actions:

1. Preparation of a distribution list (draft list to be send to the Subtask 10 parties, Task III parties, and 
others).

2. Preparing the letter of introduction to the readers including the rationale, possible follow-up and 
linkages with the other subtasks and other IEA Tasks.

3. Making the distribution through website, E-mail and snail mail.
4. Collection of readers comments.
5. Evaluation of readers comments.

4. Expected outputs
The main outcome from the Subtask 10 is expected to be increased world-wide co-operation and co
ordination between developing countries, PV specialists, multilateral and bilateral donor agencies, 
development banks and other stakeholders.

The direct outputs will include:

• Collation and analysis of existing publications on PV in developing countries.
• Recommended Practice Guides for successful introduction and expansion of PV systems drawing 

from past experiences and lessons learned from technology co-operation projects and 
programmes. These will be disseminated by appropriate means in selected developing countries.

• Workshops in non-lEA countries, co-ordinated with bilateral and/or multilateral agencies and/or 
NGOs to get inputs/comments of the developing countries.

• Active participation of target groups in selected developing countries.
• Dialogue and contact point with staff of multilateral and bilateral agencies to get their 

input/comment in the documents to be produced.

The results of the Subtask will be available to the participants and associated experts in developing 
countries. Public reports on the key results of the Subtask 10 will be available for all individuals, 
companies and institutes involved with PV systems. These are summarised in the Table 2.

Table 3: Activity to Output Matrix

OUTPUT

Activity 11:
Information Compilation and Analysis

Collation and analysis of existing publications 
on PV in developing countries.

Activity 12:
Recommended Practice Guide Preparation

Recommended Practice Guides for successful 
introduction of PV systems...

Activity 13:
Dissemination and Promotion of RPGs

... and their dissemination by appropriate 
means in selected developing countries.
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5. Time schedule

Table 4: Indicative periods in which sub-activities take place in the five year task duration

^¥ear v.i M 4 i- 5

Activity 1.1 Information Compilation 
and analysis

Criteria for developing countries 
selection for PV country reports
Selection of the countries on basis of 
criteria
Priority ranking of selected countries
Database set-up for info use
Secondary information collection and 
analysis
Starting the country communications 
including explanation of aim, objectives 
and outputs of the subtask and task 
and required countries input
Preparation of checklist on required 
country information
Setting out subcontract and time frame 
for in-country PV experts to collect 
information
Information collation and analysis; 
country reports
First understanding and lessons 
learned

Year 1 2 . 3 4 5

Activity 12: Recommended Practice 
Guides -

Preparation of an experts panel from 
both the target groups representation 
and form the Task IX including 
selection criteria, ToR of the work, etc.
Analysis of the country documents by 
the Subtask 10 group on the relevant 
lessons
First Draft of the guidelines document 
by the subtask 10 group
Workshop on the draft guidelines with 
the experts panel to improve it with their 
comment (preparation)
Finalising the guidelines document with 
the comments and improvements of the 
expert panel
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Year ■ 2 ; i:l3 "il: 5

Activity 13: Dissemination and 
Promotion of Recommended
Practice Guides

Preparation of a distribution list (draft 
list send to the task 10 parties and Task 
III and others)

Preparing the letter of introduction to 
the readers including the rationale, 
possible follow-up and linkages with the 
other subtasks and other IEA Tasks

Making the distribution through website, 
email and snail mail

Collection of readers comments

Evaluation of readers comments
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6. Budget & resources
Potential areas of country involvement for the three subtasks are given in Table 4. The expressions of 
interest represented in this table do not represent any commitment by the member country. Hereunder 
an idea on the activities and expected workload is given.

Subtask Potentially interested countries

Subtask 10: Deployment Infrastructure AUS, CHE, DEU, FRA, GBR, ITA, JPN, NLD, USA

Subtask ■' . Activity ’ Person months

10 Activity 11: Information compilation and analysis 60

Activity 12: RPGs (7) 20

Activity 13: Dissemination and Promotion of RPGs 30

Sub-total 110

Cost/Labour
requirement

Labour requirement of Task IX 110 person months

Estimated costs of arranging 2 workshops1 60,000 USD

Estimated costs of designing/printing RPGs2 (7 of 1000 copies) 100,000 USD

1 The costs of the workshops will be worked out in detail at a later stage. The costs of the workshops are likely to 
be shared by the subtasks and participants.

2 These costs are a first approximate and it is still to be decided which parties will absorb the costs.
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B: SUBTASK 20: SUPPORT AND CO-OPERATION

1. Overview
The Objective of Subtask 20: Support and Co-operation is:

To stimulate awareness and interest amongst the target sectors on the technical and economic 
potential, social implications, opportunities and best practice of PV systems and to establish a 
dialogue with multilateral and bilateral agencies and development banks.

The Overall Goal is to increase PV content in donor agency activities and bank lending

Subtask 20 is divided into the following two activities:
• Activity 21: Support to Multilateral and Bilateral Donors and Development Banks
• Activity 22: Co-operation with lEA’s Renewable Energy Working Party (REWP) and IEA / 

OECD

2. Definitions and Interpretation of Task

2.1 Target sectors
As target sectors we understand:

• Multilateral agencies
• Development Banks
• Bilateral Donors, like:

Technical Co-operation Agencies of the 21 member countries of IEA / PVPS (GTZ, 
SDC, SIDA, CIDA, etc.)
Financial Assistance Agencies of the 21 member countries of PVPS (KfW, SECO, 

etc.)
International NGOs (Rockefeller Foundation / E&Co., Winrock, Helvetas (CH), etc.) 
Technical and financial assistance agencies of non-PVPS member countries (e.g. 

New Zealand, Belgium, etc.)

2.2 Awareness Gaps
Awareness gaps of the above target institutions may be relatively diverse but seem to be related to the 
following issues:

Lessons Learned not disseminated: The root causes of the poor performance of some of 
the past PV-programmes are not generally known at the target institutions; without better 
knowledge, the blame for failure is often put on the technology (reliability of components) and 
less on programme approach, subsidy levels, after-sales services. Therefore, other energy 
technologies are given preference over PV in donor programmes and lending operations. In 
addition, lessons learned from failed programmes are not widely disseminated by donors 
because they often reveal not particularly flattering truths of an inadequate donor approach and 
set-up as the root cause of programme failure.
The need of an alternative implementation process: Programmes for the deployment of PV 

systems are considerably different in nature than programmes for the dissemination of other 
renewable energy technologies, especially grid-based power systems for rural electrification. 
With the PV option (Solar Home Systems), the focus is shifted from technical to organisational 
issues because each and every household needs its own (though small) generator in the house. 
In other words, the task has shifted from training and supervising a few in handling complicated 
issues of a grid, to training and supervising the many (electrical fitters, SHS owners) in simpler 
tasks. This also brings about new approaches in terms of financing mechanisms. Donor 
agencies, banks and their in-country project holders do not always know how to tackle this new 
task (programme set-up and implementation process).
Energy as a transversal theme and motor for development: Energy has not yet been fully 

recognised as a driving force of social and economic development. Donor agencies and banks 
have accorded little attention to energy as a transversal theme which can play a role in virtually 
any development task from poverty alleviation to gender imbalances or food security.
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2.3 General Approach
Neither the Subtask 20 Leader nor the other experts associated with Task IX can claim that they have 
all relevant information on ongoing activities related to the subject or that they have a complete record 
of past experience with PV system deployment. The proposed approach is to structure the planned 
workshops in such a way that invited speakers with relevant practical experience can bring in their 
views at the workshop and thus assist the Task IX team in enlarging the know-how and experience in 
PV technology deployment. The following graph illustrates this approach:

Workshop preparation phase:

Case studies / presentation by Task IX experts

Workshop 1:

Workshop 2:

Workshop 3:

Case studies by invited 
speakers

~V"'

Case studies by invited 
speakers

og

Workshop 4:

Compilation of a draft publication
Case studies by invited 
speakers

DPP

Final publication

Case studies / presentation by 
Task IX experts Case studies 

speakers
invited
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The above approach ensures that:
The cases of a maximum number of projects and programmes are collated and presented 

without exceeding subtask 20 budgets, and
The information presented is not a desk work of a few experts but represents the views and 

experience of the stakeholders at large.

3. Substantiation of Activities

3.1 Overview
According to the Task IX workplan, the above awareness gaps of the target institutions are to be 
addressed through:

Educational seminars and workshops for donor agency, bank and client country staff
Information and dissemination services including publications
Co-operation with the IEA / REWR, IEA / non-member country committee and OECD 

Secretariats

3.2 Workshops (Activity 21)
Workshops would be performed as follows:

1. In collaboration with Sub-task 10: Deployment Infrastructure, establish two to three case 
studies on PV programmes or possibly other energy sector interventions which illustrate 
the above awareness gaps and outline the conditions for a successful PV deployment 
programme.

2. Perform a one-day workshop at a multilateral agency preferably one which is known from 
previous work (e.g., ASTAE at WB, Washington). A workshop in collaboration with a larger 
event is also possible (e.g., the World Bank Group’s Energy Week 2000 between April 10 
to 14, 2000).

3. Since a workshop should by definition be a place for interaction and exchange of views and 
not a lecture, participants should be given the chance to formally present their experience 
with PV or other renewable energy dissemination programmes. For this purpose, invite two 
to three experts (desk officers, managers of PV deployment programmes in India, 
Indonesia, Philippines, Morocco, etc.) to speak on their particular case.

4. Include these presentations by participants in the form of abstracts, summaries as input 
material and reference documents for the following workshops.

5. Identify the general difficulties and shortcomings of PV deployment programmes and 
present and discuss these during the workshops and in the publications.

Timing and Locations of Workshops
There are four workshops planned between the years 2000 and 2004 (approx. 1 per year). The 
following locations may be considered:

World Bank Group, Washington
United Nations Development Programme (UNDP), New York
Asian Development Bank (ADB), Manila
Interamerican Development Bank (IDB), in-country-office in a Latin American State
African Development Bank (AFDB), Abidjan
European Commission (EC), Brussels

The sequence of the workshops is to be determined according to the availability of staff and any 
coinciding events at the above locations.

Participants
Total number of participants should not exceed 50 per workshop otherwise effective interaction 
between speakers and participants is not given. Although the workshops are exclusively held at the 
headquarters of the four multilateral banks, the staff of bilateral agencies would not be excluded and 
would have to travel to their nearest or most convenient workshop venue. Assistance to participants 
(travel, accommodation) would be provided to speakers only (budgets limited to US$ 30,000.- per 
workshop) and possibly to selected representatives form developing countries. Given the limited 
number of workshops (4) and participants (4 x 50), the selection of the right agency and bank staff 
becomes decisive for reaching expected goals. While those already involved in past and on-going PV
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deployment programmes can easily be identified, it is the staff of non-energy sector divisions who are 
not easily addressed. It is suggested that a thorough review of country portfolios (in collaboration with 
the energy divisions of lEA-member countries) would reveal those officers who handle potential PV 
applications in water pumping, SME, education, communication, health, and other sectors. The same 
approach would be used for staff of approximately 10 international NGOs.

Case Studies
The case studies are intended to focus on the following issues:

- What mechanism led to the formulation of an energy sector intervention using PV systems 
(project / programme identification) in a developing country?

- What programme approach was used?
- What were the roles of the different stakeholders, especially the role of the donor agency / bank?
- What project / programme implementation set-up was used and what are the lessons learned?
- What are the frame conditions in a developing country, which make a PV deployment programme 

potentially viable?
- What are the minimum requirements of the target group of PV systems in order to succeed with a 

PV deployment programme?
- What socio-economic impacts can be expected from PV deployment programmes?

Technical issues such as R&D, standardisation and testing, hybrid systems, etc. should only be 
treated if they are relevant for the programme approach and set-up.
A complete case study requires an expert input of about 2.5 person months. The Sub-task 20 budget 
for studies offers 15 person months, thus a total number of up to 6 case studies could be carried out. It 
is suggested that a screening and ranking of all known PV programmes by multilateral and bilateral 
donors be performed in order to identify up to 6 case studies. Experts from within the Task IX Team or 
associated specialists with a specific appreciation for a particular case would be contracted to perform 
the case studies.
It is expected that Sub-task 10 could provide substantial input into the case studies (see chapter 4 
below).

3.3 Publications
As mentioned above, the publications to be elaborated under Sub-task 20 would basically be a 
compilation of case study presentations at the workshops accompanied by a comparative analysis of 
case study findings and the concluding lessons learned cum guiding principles. Five person months of 
budgets for the publications under Subtask 20 limit the number of publications to a maximum of two. In 
order to distinguish the Subtask 20 publications from other PVPS publications such as the recently 
issued Task III book: “Stand-alone PV Applications - Lessons Learned" or the yet to be developed 
“Recommended Practice Guides” of Subtask 10, the books should exclusively be dealing with 
approach and programme set-up and not with technical issues. Thus, the publications could be 
entitled “PV Deployment Programmes: Successful Approaches and Set-ups”.

3.4 Other Educational Seminars and Workshops
Workshops and training on PV in developing countries as requested by the workplan cannot be 
undertaken as pure subtask 20 activities due to limited budget availability. A collaboration with other 
congresses and seminars will have to be sought. Subtask 20 would be given a time slot of 0.5 to one 
day within such a Congress or seminar. Task IX experts and associated consultants would be 
contracted to present case studies and lessons learned at such in-country events. The target group of 
these additional workshops and educational seminars in developing countries would be officers in 
national planning and potential implementing agencies (e.g., utilities, electrification authorities) who 
write up or approve proposals for assistance to aid agencies and development banks.

3.5 Information and Dissemination Services
A one-day seminar workshop on PV system deployment and programme approaches is insufficient for 
most bank and development agency staff to successfully set up their own programmes. An information 
service on all issues to PV system deployment would needed and is to be set up by Task IX. As the 
target groups would not know who among the IEA / PVPS experts would be the right person to contact 
for a specific question, the Subtask 20 leader would act as a first contact point from where the query 
would be delegated to the relevant IEA / PVPS expert or associated consultant. Depending on the 
relevance and complexity of the question asked, the Subtask 20 leader would set a budget limit for the 
expert mandated to prepare the response. The budget for such responses is currently limited to 5 
person months.

January 2000 160- 17



IEA PVPS Task IX Subtask 20

The subtask 20 leader would have to establish a database on available experts and their fields of 
expertise in order to quickly identify the right person preparing the answer.
The information and dissemination service would adopt a pro-active approach to stimulate a dialogue 
with target groups and would not passively wait for queries to be sent in from bank and development 
agency staff. Activities from other IEA / PVPS tasks and especially information on new publications 
and up-coming events would be mailed to the target groups. Questionnaires on new PV related 
activities at multilateral and bilateral agencies and banks would regularly be sent out and responses 
be analysed in order to be up-to-date on sector activities and in order to be able to monitor and 
evaluate progress of subtask 20 achievements. For this purpose, a database on target agency staff 
and activities would have to be established and updated regularly.

PVPS expertise

Queries, responses, 
.information exchangeDatabase on PVPS 

experts and their fields 
of expertise

Database on target 
group and PV 
deployment activities 
by dev. Agencies, 
banks and int’l NGOsLeader Task IX 

Sub-task 20

Queries, responses, 
information exchange

Target group
(staff of multilateral and bilateral development agencies 

banks and international NGOs)

3.6 Co-operation with REWP and IEA / OECD (Activity 22)
This activity is basically a networking and information exchange exercise with IEA / REWP, IEA / Non
member country committee and IEA and OECD Secretariats with the objective to promote PV systems 
to target groups in developing countries. To initiate the contacts, it is intended to first meet these 
committees and groups on the occasion of one of their annual events. It would be important to show, 
what they can expect from a co-operation with Task IX members and that it will pay off to invest time 
and effort in networking and information exchange. Hence, the information service available from IEA / 
PVPS Task IX must go beyond what is already available from international magazines such as 
“Renewable Energy World”, “Photon”, etc., newsletters and the abundant numbers of web sites on the 
subject. The strategy here is to offer:

- The possibility of a direct dialogue and exchange with proven experts in the PV field
- Information of particular relevance to the target group such as programme approach, institutional 

aspects and donor set-up which are not normally found in international publications where focus 
is mainly on technology.

St. Gallen, 22 November 1999 Peter Eichenberger 
Alex Alter
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APPENDIX 1: TASK IX FRAMEWORK

Through Task IX, the PVPS will be the first IEA Implementing Agreement with direct co-operation 
between member and non-member developing countries. Task IX will lead the way for co-operation on 
all renewable energy technologies as part of the IE As strategy for implementation of Clean 
Development Mechanisms (CDM) and Activities Implemented Jointly (AIJ) of the Kyoto Protocol.

The Task will provide the framework for PV co-operation with Developing Countries, enabling the 
PVPS programme to use its expertise and status to bring together multilateral and bilateral agencies, 
government and semi-government agencies, NGOs, the PV industry and other target groups required 
for widespread PV market deployment. PV experts in selected non-lEA member developing countries 
will be accessed through co-operation with existing networks and frameworks. Task IX will draw upon 
other similar existing programmes and networks and build upon these to provide an effective and 
efficient programme that will address the needs and potential of developing countries, multilateral and 
bilateral donor agencies and development banks.

Task IX can be viewed as a facilitator in the creation of a sustainable PV market through encouraging 
its target organisations (multi-lateral and bilateral agencies, development banks etc) to adopt PV as a 
serious candidate for rural electrification strategies as a part of development assistance programmes. 
Task IX will provide guidance to the these agencies on the most effective way to implement PV rural 
electrification programmes, ensuring that they are sustainable, effective and replicable and that they 
lead to the creation of effective and self supporting infrastructures after multilateral and/or bilateral 
agency funds have been used. The involvement of the donor agencies in Task IX is of particular 
importance and their active participation is anticipated.

It is important that the Task IX remains independent of direct commercial interests in its interactions 
with the multilateral and bilateral agencies and other target organisations and that the advice and 
guidance offered is independent and impartial.
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Executive Summary

Twelve World Bank Group projects provide basic “energy services” such as lighting, radio, 
television, and operation of small appliances to rural households without access to electricity 
grids through the use of solar home systems. Among other objectives, projects are designed to 
develop markets for solar home systems and to overcome the key barriers to their widespread 
and accelerated dissemination. Project designs continue to evolve with increased understanding 
of best practices. Most projects are just beginning implementation; none are yet completed.

This paper reviews key features of these projects, experience from early implementation, and 
emerging lessons applicable to future project design and evaluation. Projects incorporate a 
combination of six basic features:

1. Pilot private-sector and NGO delivery models. Projects employ two basic models for delivery 
of solar home systems: “dealer sales” and “energy-service company.” With dealer sales, 
qualified dealers receive project support in the form of business finance, capacity building, 
and/or market assistance. For energy-service concessions, projects also develop regulatory and 
selection/bidding frameworks. The review suggests that solar-home-system delivery firms face a 
myriad of difficulties operating in rural areas; those with rural experience and/or distribution 
infrastructure will do better. Most will benefit from training and support in obtaining business 
finance and other business skills. And all need project flexibility in allowing them to develop 
good business models.

2. Pilot consumer credit delivery mechanisms. For dealer sales, consumer credit makes systems 
more affordable to rural households. Consumer credit is provided by three mechanisms: through 
dealers, through microfinance organizations, or through development finance institutions. The 
review suggests that credit risk is a serious concern of both financiers and dealers and makes

This paper has been prepared with support from the Climate Change Thematic Group. Eric Martinot is a 
consultant to the World Bank and Associate of the Stockholm Environment Institute—Boston. Anil Cabraal is a 
Senior Renewable Energy Specialist in the Asia Alternative Energy Program. Subodh Mathur is a consultant to the 
World Bank and its Africa Rural Energy Initiative. The paper is a web-based document; hyperlinks are underlined.
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credit sales particularly challenging. Dealers are reluctant to extend credit to customers with 
little credit history, and credit administration and collections may be costly. Local financiers 
need to take some commercial risk to increase project sustainability but have the same concerns. 
Partial credit guarantee schemes, microfinance lending, and partnering promise viable models to 
reduce risks. Longer credit terms stimulate demand by poorer households but increase risks.

3. Pay first-cost subsidies and offer affordable systems. Some projects incorporate per-system 
subsidies to make systems more affordable and to reduce initial and/or monthly payments by 
households. Some projects also allow smaller system sizes or simpler components to improve 
affordability. The review suggests that customers desire a range of component options and 
service levels and can benefit from even small systems. Even with subsidies and smaller 
systems, customers in early market phases may still be limited to the wealthiest rural households.

4. Support policy development and capacity. Projects support or influence policy in several 
ways: technical assistance to regulatory agencies for energy-service concession bidding, 
contracting, monitoring and regulation; influence on government planning and policy related to 
rural electrification and power sector reform; industry participation in policy and planning; and 
reduced import duties for components. The review suggests that concession tariff-setting, 
bidding and regulation require substantial time and resources. Projects must recognize the link 
between rural electric-grid extension and solar home system demand; clear, open and realistic 
rural electrification policies will help create and/or stabilize market demand.

5. Enact codes and standards and establish certification, testing, and enforcement institutions. 
Poor-quality equipment and installation and exaggerated performance claims hurt markets. Most 
projects develop or establish equipment standards and create or strengthen certification and - 
testing institutions to ensure quality, safety and long-term reliability. Projects also provide 
capacity building for dealers to meet standards and for agencies to verify compliance. The 
review suggests that establishing reasonable equipment standards and certification procedures for 
solar home system components that ensure quality service while maintaining affordabilty is not 
difficult. Few technical problems have been encountered with systems.

6. Conduct consumer awareness and marketing programs. Most projects conduct some type of 
consumer awareness and marketing program and may also conduct detailed market surveys. The 
review suggests that marketing campaigns can be extremely costly and time consuming in rural 
areas, often requiring door-to-door and direct contact. Simple consumer awareness is usually 
insufficient by itself. Dealers benefit from marketing assistance in early phases of new market 
development until a “critical mass” of customers develops that makes marketing easier.

Five leading projects in Bangladesh, Dominican Republic, India, Sri Lanka and Vietnam have 
installed more than 5,000 systems. Installation targets from all projects total more than 500,000. 
But commercial sustainability and replication of viable models has not yet been achieved or 
conclusively demonstrated in any project. A key challenge is to demonstrate business models in 
which all firms in the supply and service chain make profit. Other challenges are to demonstrate 
regulatory models for energy-service concessions and to integrate rural electrification policy 
with solar-home-system delivery. Future projects need to draw from these lessons, incorporate 
flexibility and adaptation, and allow sufficient time to develop and test viable models.

Page 2 WORKING DRAFT—NOT FOR CITATION OR QUOTATION
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Introduction

Since 1992, the World Bank Group has approved twelve projects that provide basic “energy 
services” such as lighting, radio, television, and operation of small appliances to rural households 
that lack access to electricity grids through the use of “solar home systems” (see Table IV2 A 
solar home system consists of a photovoltaic solar panel, a storage battery, a battery charging 
controller, and various end-use equipment like florescent lamps (see Photos 1-4). Solar home 
systems can eliminate or reduce the need for candles, kerosene, LPG, and/or battery charging. 
Direct economic benefits include avoided costs of battery charging and LPG or kerosene 
purchases; other significant benefits include increased convenience and safety, improved indoor 
air quality, a higher quality of light than kerosene lamps for reading, and reduced C02 
emissions. Solar home systems already provide basic electricity services to more than 500,000 
households in developing countries (see the World Bank’s Solar Electricity web page 
{http://www.worldbank.org/html/fpd/energy/subenergy/solar/solar_pv.htm}; S66 also Foley 1995; Cabraal Ct al 1996; 
Kammen 1999; Loois and Hemert 1999).

In the early 1990s, the World Bank recognized that solar-home-system technology was maturing, 
costs were declining, and commercial markets were developing. At the same time, population 
growth was outpacing the ability of electric utilities to extend rural electricity grids and 
developing countries were increasingly recognizing the economic difficulties of achieving full 
grid-based rural electrification. The World Bank and many governments began to perceive that 
solar home systems could provide least-cost rural electrification and could supplement grid- 
based electrification policies (World Bank 1997). Because of the many obstacles to delivering 
solar home systems in rural areas, and because of the development and environmental benefits, 
the World Bank and Global Environment Facility (GEF)3 have considered assistance for solar 
home systems to be highly relevant and have jointly supported these projects. In many projects, 
solar home systems are but one component of a larger project with a variety of development 
objectives like power sector reform, rural electrification, and rural development.

Solar-home-systems project designs have continuously evolved with increased understanding of 
best practices. In general, projects are designed to overcome the key barriers to the widespread 
and accelerated dissemination of solar home systems in a given country context (see Box 1).
The key elements of a sustainable rural PV market include customer satisfaction, affordability, 
dealer profitability, and effective supply and service chains. Considering these elements, most 
projects incorporate six basic features:

1. Pilot private-sector and NGO delivery models
2. Pilot consumer credit delivery mechanisms
3. Pav first-cost subsidies and offer affordable systems
4. Support policy development and capacity
5. Enact codes and standards and establish certification, testing, and enforcement institutions
6. Conduct consumer awareness and marketing programs

2 Some of these projects also target other applications of PV, such as agricultural, commercial and village power 
applications, which are beyond the scope of the present paper.
3 See Martinet and McDoom 1999 for more details on the GEF and its projects. Also see the GEF web site
{www.gefweb.org}.
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Each project feature is intended to overcome a specific set of key barriers. Projects take many 
different approaches to incorporating these features; some projects take more than one approach 
simultaneously to determine which approach is more effective or viable in the country concerned 
(see Table 2V Projects are essentially experimental because there simply isn’t enough 
accumulated experience yet from any institution, government, or firm to provide definitive 
answers about the best approaches (see references for related materials). Nevertheless, most 
project designs will face four basic design questions that can be addressed with a combination of 
project features (see Table 3). Elaborations of the six project features and emerging lessons from 
initial implementation experience are described in the following sections.

In all projects, demonstration of a viable business model, whether that business is public or 
private, is key to achieving project sustainability and replication. Viability means clearly 
showing expenses and receipts, cashflow, profits (or required subsidies), and management 
arrangements that demonstrate a business can continue to exist and function. “There is a high 
value-added [by projects] in terms of developing and improving business models...you want to 
stimulate markets based on these business models” said a dealer in one project. For commercial 
firms, profit is the ultimate measure of whether a business model is viable and whether to operate 
in a given market. For non-profit organizations or public firms (i.e., public utilities), ongoing 
subsidies may be part of the business model based on public objectives (e.g., rural electrification 
and development). All projects in some way help firms maximize income (related to demand, 
pricing and affordability) and minimize expenses (for marketing, service, training, and 
operations).

Solar-home-system installations as a direct result of projects supported by the World Bank * 
Group could total more than 500,000 systems. But most projects are relatively new and offer 
little implementation experience so far. The five leading projects are in Bangladesh, Dominican 
Republic, India, Sri Lanka and Vietnam. Through these projects, by the end of 1999, 
approximately [3000] systems had been installed in the Dominican Republic, 1000 in Sri Lanka,
1100 in Bangladesh, and 500 in Vietnam. The India project has targeted a variety of photovoltaic 
applications and has mostly installed PV in commercial markets rather than in rural residential 
markets.

All projects can offer pilot experience of potentially effective approaches, and the five leading 
projects mentioned above are closest to doing so. But commercial sustainability and replication 
of successful models has not yet been achieved or conclusively demonstrated in any project.4 It 
is simply too early in the evolution of the portfolio. Further implementation progress for all 
projects is needed before more definitive conclusions can be drawn about experience, lessons, 
and effective project designs. The development, evolution and testing of successful approaches 
requires time, money, flexibility and risk-taking, elements which are sometimes missing in 
existing projects but are essential for future projects.

4 There are several examples of successful commercialization of solar home systems that have occurred without 
direct donor assistance, notably in China, Indonesia, Kenya and Zimbabwe. These cases also illustrate alternative 
delivery models that are not dedicated solar PV businesses, like battery companies and sellers of household goods in 
Kenya and household furnishings chains and hardware/electronics stores in Zimbabwe. See for example Kammen
1999.
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1. Pilot Private-Sector and NGO Delivery Models

Projects have employed two basic private-sector models for delivery of solar home systems: 
“dealer sales” and “energy-service company.” A dealer-sales model means that a dealer 
purchases systems or components from manufacturers and sells them directly to households, 
usually as an installed system, and sometimes on credit (as in Indonesia, India, Sri Lanka, 
Vietnam, Bangladesh and China). The household owns and is responsible for servicing the 
system, although the dealer may provide service contracts or guarantees. An energy-service- 
company (ESCO) model means that the ESCO owns the system, charges a monthly fee to the 
household, and is responsible for service. The ESCO may be a monopoly concession regulated 
by the government to serve specific geographic regions (as in Argentina, Benin, and Togo), or 
it may operate competitively without any explicit monopoly status (as in the Dominican 
Republic). Combinations of these two forms of ESCO start with monopoly concessions and 
progressively open up markets to competition after some years (as in the Cape Verde).

The India project has promoted sales of photovoltaic systems through large industrial 
enterprises, which could take advantage of favorable government tax credits, but these 
enterprises have focused on commercial markets. At the same time, small dealers financed 
through the project began to develop rural distribution systems and sell to rural households. 
ESCO models are also being employed. In Indonesia, a dealer-sales model has been employed. 
Dealers can participate in the project based upon eligibility criteria, such as existing business 
competence, sales/service infrastructure in related rural markets, and a credit agreement with a 
participating bank. The China project also uses a dealer-sales model and supports the 
development of local dealers similar to the Indonesia project. Any dealer in China who passes 
the project’s eligibility criteria will be able to participate in the project (at least 10 dealers are 
expected initially; others may become eligible later). An ESCO concession model was 
considered unworkable in China and was rejected early in project design, partly because no 
appropriate authority exists, in either the electric power or agricultural/rural sectors, to regulate 
concessions.

In Argentina, the regulated ESCO concession model is used, partly because Argentina already 
had substantial experience with regulatory frameworks for concessions in other sectors (see Box 
2 j. Also, the low percentage of households which remained unelectrified led the government to 
believe that the “bundling,” economies of scale, and lower transaction costs possible with rural 
energy concessions were necessary to attract the private sector. The World Bank project is part 
of a broader, nationwide rural electrification program, in which rural energy concessions were 
already established in two provinces. Under the project, eight provinces have agreed to 
participate. For each of these eight provinces, the government awards a monopoly concession 
based upon a competitive selection process. The concession provides and maintains solar home 
systems (or other technologies it chooses) for households and collects a monthly fee-for-service. 
Concessions will be committed and obligated to provide electricity services (upon request from 
customers) to populations in a specific province over a period of at least 15 years.

Potential advantages of the concession approach are:

• can attract larger, better organized private companies with their own sources of financing;
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• has the potential to serve a large number of customers in just a few years;
• has the potential to reduce equipment costs (through volume discounts), transaction costs, 

and operation and maintenance costs (through economies of scale); and
• ensures service to the customer over a long period (e.g., 15 years).

Potential disadvantages include:

• regulation may be costly and require substantial regulatory capacity; .
• lack of competition may stifle innovation, new products and services, and cost reductions;
• technological change can undermine regulatory and contractual conditions;
• quality of service may be difficult for regulatory agency to ensure; and
• monthly fee collection costs may be high.

The Argentina government is still exploring how best to regulate concessions and the project will 
help to pilot regulatory models and approaches. Two key issues are tariff structures (including 
tariff levels, government subsidies, negotiation procedures, and how often tariffs are reviewed 
and renegotiated) and the question of how to regulate the quality of services provided to 
customers by the concessions (i.e., provisions in contracts between concessions and their 
customers).

Following Argentina, three more recent projects in Benin, Togo, and Cape Verde also use the 
ESCO concession model. The Benin and Togo projects each attempt to establish financially 
viable private-sector installation and service companies by the project’s completion. Like 
Argentina, monopoly concessions would be granted for 15 years in targeted regions to the 
winners of a competitive selection.

The Sri Lanka project was designed to accommodate both dealer-sales and ESCO models. Both 
types of firms, as well as NGOs, were allowed to apply for business financing from commercial 
banks under the project. Early in the project one firm tried to operate as an ESCO for awhile but 
found the costs of monthly collections among the highly dispersed and remote rural populations 
to be high. The firm did not have sufficient rural infrastructure and standing in rural 
communities to handle collections effectively and efficiently. Rather, this firm and one other 
firm are focusing on direct sales facilitated consumer credit from a microfinance organization 
(see next section on consumer credit delivery). Initially, an NGO also attempted to sell systems 
on credit it supplied, but ceased operations when it was unable to satisfactorily service and 
maintain the systems it had sold (Martinot, 1999).

Availability of business financing is an important element of all private-sector delivery models. 
In Sri Lanka, dealers, NGOs and cooperatives are eligible to borrow from commercial 
financiers participating in the project. The two primary dealers in that country have had no 
difficulty in obtaining business financing under the project. That situation could change after the 
project, but the dealers don’t expect much trouble because they believe commercial financiers’ 
perceptions have changed about the profitability and risk of the business. Under ESCO delivery 
models, financing for ESCOs comes from either government or multilateral sources, but may be 
channeled through commercial financiers; in Argentina, ESCO concessions receive financing 
from provincial and federal government sources.
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Two IFC projects are also providing business financing for solar home systems businesses, 
which may deliver systems under a variety of models. The Photovoltiac Market Transformation 
Initiative provides business financing for companies in PV markets in India, Kenya, and 
Morocco through a competitive solicitation and selection of business plans. The Small and 
Medium Scale Enterprise Program (SME) is providing business financing for dealers in 
Bangladesh, the Dominican Republic, and Vietnam. The SME program also provides added 
incentives for firms to demonstrate sustainability; if firms generate profits they receive partial 
debt forgiveness. In Vietnam, the dealer has been selling systems on cash and credit terms, but 
as rural grid extension continues in Vietnam, the dealer is looking to an ESCO concession 
approach and hopes the government may consider supporting such an approach in the future.

In the Dominican Republic, the dealer has been developing a successful fee-for-service business 
model that targets 50% of the rural population and charges $5 to $20 per month for electricity 
service from solar home systems. Through continuous tuning of its business model to maximize 
income and minimize expenses, this firm is approaching profitability and “proof of concept” for 
an installed base of 5000 systems. The firm is attempting to scale-up the business model to 
25,000 systems but recurring overhead costs and slim profits make expansion difficult: “this is a 
lean margin business; you don’t want to burden a $1 million company with the overhead costs of 
building a $10 million company” the firm said.

There is also a need to develop the commercial skills of delivery firms. Delivery firms may be 
small, inexperienced ventures. Or existing firms operating in rural areas may decide to expand 
their product lines to include solar home systems but need training in PV technologies. In 
Indonesia, because dealer cash flow was a key constraint in selling solar home systems on ' 
credit, dealer training focused on how to develop business plans and approach banks for business 
financing. In Sri Lanka, grants to dealers covered up to 50% of external consultant costs for 
preparing project finance proposals for commercial financiers. The Sri Lanka project also has 
provisions for business support, but dealers have not requested much assistance under the 
project. In China, the project helps dealers to improve system quality (through cost-sharing of 
design, testing and certification), market their products, and provide warrantees and after-sales 
service. In Cape Verde, project assistance to ESCOs covers business planning, technical 
training for staff and managers, distribution infrastructure, and market development and research.

Lessons Suggested by Early Implementation Experience

• Private dealers with prior experience in rural markets and NGOs with close ties to local 
communities will find delivery much easier.

• The difficulties of operating a P V business in rural areas and making a profit can easily be 
under-appreciated by project designers. Small dealers face huge challenges.

• Developing good business models (operations, servicing, and financing) and fine-tuning 
them are critical to the success of these low-margin businesses. •

• Energy-service concessions require the existence of a government agency at an appropriate 
level that can serve as an effective regulator.
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• Private dealers, especially small ones, have difficulties preparing acceptable business plans 
for commercial financiers.

• Initial cash sales to wealthier customers are a way to financially strengthen smaller dealers.

• Flexibility to experiment with and change delivery mechanisms and models during the 
project is crucial. Project implementation units must be able to manage flexibly.

• Companies may benefit from additional business support and training, but may be working 
so hard to operate the business that they don’t recognize their needs or request assistance. 
Projects should hire business development consultants to be easily available to dealers.

• Projects can have indirect influences on attracting other potential distribution channels into 
the solar PV business, like department stores, retailers of household goods and appliances, 
and providers of other rural services (this is occurring in Sri Lanka with a department store)

2. Pilot Consumer Credit Delivery Mechanisms

With a dealer-sales model, consumer credit is important for making systems affordable to rural 
households. Market studies associated with World Bank projects have revealed that majorities of 
rural households with incomes less than $250/month and not connected to rural electricity grids 
typically pay $3 to $15 per month for energy, in the form of candles, kerosene, battery charging 
and disposable batteries (GEF 1998a, 1998b, 1998c, [China Market Study]). These surveys 
have revealed a household willingness to pay for energy to meet the end-uses valued most, such 
as entertainment, information, and high-quality lighting. In a fee-for-service arrangement, 
monthly fees can be regulated or set to levels competitive with these expenditures. But dealer 
sales of solar home systems must overcome the first-cost barrier—their high initial cost relative to 
these conventional alternatives—and provide a means whereby households can continue to pay 
amounts roughly equivalent to their conventional energy purchases. Long-term consumer credit 
is one means to make monthly payments more comparable to conventional energy expenditures.

Consumer credit is provided through three primary mechanisms in World Bank projects: dealer- 
extended credit, credit through a microfinance organization5, and credit through a local 
development finance institution. Consumer credit through commercial firms was first tried in 
India. This project provided credit through EREDA to commercial firms. The firms were 
supposed to purchase systems from manufacturers (realizing substantial government tax credits 
in the process) and then sell the systems to rural households on credit. A separate service firm, 
under contract to the manufacturer, was supposed to provide marketing, installation, 
commissioning, and after-sales service. This approach proved infeasible because the commercial 
firms were unwilling to lend to rural households due to credit-risk and collection concerns.

In Indonesia, a dealer-credit model was introduced partly because of the prior success of a 
private dealer in Indonesia selling systems on credit. This entrepreneur was able to sell more 
than 4000 systems on credit. In the original project concept, business financing would be 
extended by commercial financiers to dealers, and then in turn dealers would extend consumer

5 For more on microfinance see Dieter 1999 and Ledgerwood 1999.
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credit, at terms of up to four years, to their customers. The commercial banks would bear the 
dealer credit risk, and the dealer would bear the consumer credit risk. Dealers sales of 200,000 
systems were targeted through this model. Unfortunately, the project was never implemented 
because of Indonesia’s macroeconomic crisis and will now be canceled. So the expected 
experience with dealer-supplied credit there has not materialized.

The Bangladesh project demonstrates an initially successful application of the dealer credit 
model. The (non-profit) dealer, Grameen Shakti, performs marketing, sales, service, credit 
provision, collections, and guarantees. Before receiving an IFC loan under the Small and 
Medium Scale Enterprise Program, Grameen Shakti could obtain financing for terms of one year 
only, so was able to extend consumer credit only for one year terms. This greatly limited 
customer demand. With the IFC loan, Grameen Shakti is able to extend three-year credit to 
customers, which has made a large difference in its business. Grameen Shakti’s credit terms and 
customers are quite different from traditional Grameen Bank microfinance terms and customers. 
Grameen Bank members, typically poorer households, receive microenterprise loans (for 
income-generation purposes only) of $100 or $200, for terms up to one year, at 20% interest. In 
contrast, Grameen Shakti loans are roughly $500 for terms up to three years, at 12% interest. 
Grameen Bank loans are regularly repeated, while Grameen Shakti loans are one-time. Thus 
there is a clear distinction between “business microfinance” by the Grameen Bank for its 
members, and “consumer credit” by Grameen Shakti for customers purchasing solar home 
systems.

Dealer credit was tried early in the Sri Lanka project but soon rejected by the dealers 
themselves. Dealers found collections too difficult and time consuming and favored (and led) 
the shift away from a dealer-credit or fee-for-service model to a microfinance model. Building a 
rural “service infrastructure” with technicians is a very different business from building a rural 
credit delivery and collection infrastructure, said the suppliers. “The success of credit depends 
on local connections, knowledge and institutions already in place” said one industry observer.

So the Sri Lanka project has instead turned to microfinance organizations for extending 
consumer credit, with one large national microfinance organization participating so far in the 
project. This microfinance organization borrows from the commercial financiers participating in 
the project and lends to customers. Customers purchase solar home systems from the dealers, 
who are responsible for marketing, sales, and after-sales service. The microfinance organization 
is responsible for collections. The microfinance organization and dealers coordinate expected 
sales and credit delivery. The credit provided by the microfinance organization for purchase of 
solar home systems is similar in kind to that provided for enterprise development. The 
microfinance organization typically offers microenterprise loans from $100 to $600 with terms 
of up to four years at 24% interest; terms for solar-home-system loans are similar: $500 with 
20% down payment, terms of up to five years, and 24% interest rate. Sri Lanka has a long 
history of rural microfinance, which has greatly helped the viability of a microfinance model 
there.

In Vietnam, sales by a private dealer are assisted by a complex credit delivery scheme involving 
the Vietnam Women’s Union (VWU), an NGO, and the Vietnam Bank for Agriculture and Rural 
Development (VBARD), a development finance institution. VWU markets the dealer’s systems
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and performs collections for consumer loans provided by VBARD. The dealer installs systems 
and is responsible for service. VBARD provides credit, assuming risk for 75% of the purchase 
price. The dealer provides a collateralized guarantee to VBARD for 5-10% of the purchase price 
and the customer covers the remaining 15-20% as a down-payment. In case of loan default, the 
dealer repossesses and refurbishes the system and VWU finds a new buyer. VBARD can 
recover any losses involved with repossession from the dealer’s collateralized guarantee. Credit 
terms to consumers are only 6 to 18 months, however, which limits demand. Despite 
instructions from the head office, some conservative branch managers of VBARD have been 
reluctant to participate; where this has happened, the dealer has extended consumer credit itself.

A cash sales model without credit is employed in China. Extending credit to rural households 
was not considered feasible given the almost complete absence of experience with consumer 
credit in general in China. However, the project provides flexibility so that dealers may also 
offer innovative payment mechanisms to increase affordability.

Lessons Suggested by Early Implementation Experience

• Local financiers should be encouraged to carry some of the credit risk, not simply act as 
administrative conduits, in order to increase post-project sustainability and replication.

• Commercial financiers may be reluctant or unwilling to provide consumer credit to rural 
households because of the credit risk.

• Small dealers face sufficient business and technology risks that they are reluctant to assume 
consumer credit risks and incur the costs of credit administration and collections.

• Small private dealers should be encouraged to work with local microfinance organizations 
and/or partner with larger firms that can extend credit.

• Microfinance may work in countries that have well established microfinance institutions, but 
NGOs do not necessarily have the commercial orientation or business skills necessary for 
rapid delivery of credit. Scale-up and outreach can become problematic.

• Credit collection can be costly i f rural customers are dispersed over large territories with poor 
transport infrastructure. Business organization for marketing, installation and service may 
not be suited for credit collection.

• Projects should allow dealers flexibility to innovate new ways to make systems affordable.

• Adequate after-sales service is key to credit repayment performance.

• Some customers with seasonal income (i.e., paddy farmers with semi-annual harvests) may 
require credit repayment schedules tied to income (i.e., semi-annual rather than monthly).

3. Pay First-Cost Subsidies and Offer Affordable System Sizes

Besides providing consumer credit, some World Bank/GEF projects incorporate first-cost 
subsidies to reduce high-first-cost and affordability barriers. These subsidies are intended to
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reduce the initial payment and/or the monthly payments households have to make, with the 
objective of making monthly payments as equivalent to current monthly payments for 
conventional energy (e.g., kerosene and batteries) as possible (see Box 3). Grants are paid to 
delivery firms, to commercial financiers, or to microfinance organizations upon installation and 
proper inspection and documentation of a solar home system. Certification of installation is 
either done by the project or by commercial financiers. Subsidies are used in different ways in 
different projects. For example, in Sri Lanka, the microfinance organization providing 
consumer credit reduces the amount of each monthly credit repayment by a share of the subsidy. 
Subsidies are incorporated into projects in China, Indonesia, Argentina, Benin, Togo, Cape 
Verde, and Sri Lanka.

Some projects offer fixed cash grants for each system installed. In China, a cash grant equal to 
$1.50/Wp of installed capacity is paid directly to the dealer. In Sri Lanka, a $100 grant is paid 
to the commercial financier. In Indonesia, grants of $75 in Java and $125 elsewhere are paid 
directly to dealers after the project receives documentation of customer acceptance of installation 
and a completed hire-purchase contract between the customer and dealer. Originally only 50 Wp 
systems were eligible for these grants in Indonesia, but in consideration of customers who want 
to purchase smaller, more affordable systems, the grants were extended to cover 30 Wp systems 
as well. The Indonesia project required that dealers offer credit to their customers as a condition 
of eligibility to receive the grant, which caused problems among dealers who didn’t want to 
borrow or extend credit. This requirement has become a problem in Sri Lanka as well, where 
one dealer was purchased by a large multinational corporation and thus no longer needs 
commercial financing, but must obtain financing under the project in order to qualify for grants.

Declining cash grants on a sliding scale over the life of the project are built into more recent 
projects. The idea of declining grants is that as the project gets closer to completion, existing 
businesses will be able to offer cheaper systems to customers, and thus smaller grants are needed 
for the same levels of affordability. For example, in Argentina, the ESCO concessions are given 
a variable cash grant for each system installed during the initial five years of the project, upon 
certification by the provincial government that the system has been installed in accordance with 
pre-established standards and conditions. The cash grant declines for installations made in later 
years of the project and also depends upon system size. The grants decline gradually to zero by 
the end of the project. In Benin, Togo, and Cape Verde, declining grants also were enacted 
similar to Argentina. One drawback to providing grants on a sliding scale is the added 
administrative complexity of tracking systems in terms of when they are installed and thus for 
what level of subsidy they are eligible.

Many projects specify a minimum system size of 50 Wp. However, some projects allow sales of 
smaller-size systems or lower-cost components initially, and provide trade-in or resale 
mechanisms for consumers to “trade up” to more expensive systems. The Sri Lanka project has 
modified systems specifications to allow more affordable systems of capacity 30 Wp and less to 
be eligible for GEF grants under the project. Most sales in Sri Lanka have in fact been of 32 Wp 
systems (selling for about $450). Indonesia also modified specifications to allow 30 Wp 
systems. In China, systems as small as 10 Wp are allowed as long as components meet the 
relevant standards. Sales of 50 Wp systems predominate in Bangladesh, where the dealer has
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been able to achieve very low system costs of roughly $500 for a 50 Wp system because of 
cheaper domestically produced components and favorably-priced PV module purchases.

Lessons Suggested by Early Implementation Experience

• Mixed recipients of subsidies in the same market complicates dealer marketing and pricing.
If a commercial financier or the customer receives the subsidy, then dealers may try to charge 
higher prices. But if dealers receive subsidies, they can offer lower prices. If the two modes 
exist in the same market, dealer pricing can appear inequitable.

• Customers desire and are able to benefit from smaller systems, such as 30 Wp or even 
smaller, so allow project flexibility to specify and deliver smaller systems with a greater 
range of consumer choice as to components and service levels.

• In smaller or less established markets, individual dealers may have difficulty negotiating 
favorable prices from PV module suppliers.

• Even with subsidies, smaller systems sizes, and consumer credit, the bulk of customers in 
early market phases may be only the wealthiest rural households, who purchase solar home 
systems as a “luxury good” for reasons of convenience, aesthetics, lighting quality, and/or 
novelty, rather than for economic benefits.

4. Support Policy Development and Capacity

Several policy-related issues have factored into project design and experience:

Regulatory assistance for concessions. For projects using the ESCO concession model, technical 
assistance to national regulatory agencies is also included for concession bidding and 
contracting, training of agency staff, and monitoring and regulation of concessions. Examples of 
regulatory agencies are the provincial governments in Argentina; the national energy agency 
(INERG) in Cape Verde; and the Agence d’Electrification Rurale (AER) in Benin and Togo. In 
Argentina, sustainability is enhanced by strengthening provincial regulatory functions and 
institutions and appropriate incentives and returns for the concessions.

Rural grid extension planning and policy. Projects indirectly or directly influence government 
planning and policy related to rural electrification. For example, in Sri Lanka, the project has 
encouraged the national electric utility and the government to more explicitly recognize and 
incorporate solar home systems into rural electrification planning, and to recognize that 
unrealistic political promises and uncoordinated grid extension harm the market for solar home 
systems. Such encouragement may lead the national electric utility to admit to populations in 
specific rural areas that “the grid isn’t coming; consider a solar home system instead” (or even, 
“we will provide you with electricity, it just won’t be grid-based”).

Electric power sector reform. Power sector reform activities associated with other World Bank 
projects bear on future solar home system markets. For example, power sector reform in Sri 
Lanka will result in the establishment of an “independent utility regulator” accountable to
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parliament. When this happens, the World Bank expects to see more realistic grid expansion 
plans for rural areas, greater accountability, and fewer false promises by politicians. This should 
help stabilize and solidify geographic areas of solar home system demand.

Industry participation in policy and planning. In Sri Lanka, a project workshop led to the 
creation of a solar energy industries association, with eligibility limited to dealers who have a 
proven sales record. In part this association formed to act as a unified voice for companies to 
interact with the World Bank, the government, and the national electric utility on project matters 
and rural electrification policy and planning.

Import duties. Reduced import duties on PV components can remove market distortions and 
make solar home systems more affordable for rural households. The government of Sri Lanka 
reduced import duties in conjunction with the project from 30% to 10% (10% is duty for all other 
non-protected goods). (Ironically, the 30% import duty was originally designed to protect a 
domestic PV manufacturing plant, but when that plant was closed (prior to the project), the 
import duty served to depress the emergence of a PV dealer industry using imported 
components.) In China, import duties were eliminated for PV components in conjunction with 
China’s policy that all government-approved renewable energy projects can import materials 
duty free (although most components are expected to be produced domestically because China 
has a large PV industry).

Lessons Suggested by Early Implementation Experience

• There are numerous issues that must be resolved in concession tariff-setting, bidding, award, 
and regulation. Resolution of these issues may not be straightforward and projects should 
allow sufficient time and resources to address them adequately and completely.

• The influence of customers’ perceptions of future rural electric grid extensions, whether 
based upon concrete government plans or merely unrealistic political promises, has a much 
greater detrimental effect on demand for solar home systems than projects have expected.

• Consumers are going to prefer being connected to the grid rather than receiving energy 
services from a solar home system, all else being equal. But there is additional value from 
solar home systems if customers have to wait some years for the grid to arrive.

• Lower import duties can harm domestic producers of PV equipment.

• The threat of rebound in import duties after the project casts a shadow on future market 
development, project sustainability and replication.

5. Enact Codes and Standards and Establish Certification, Testing and Enforcement 
Institutions

Historically, the reasons for failure of solar home systems projects included poor quality 
products, poor installation and maintenance, and systems being “oversold” (marketing claims 
that raise expectations higher than the technology can deliver). Codes, standards and
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certification (and marketing restraint) are important elements to address these issues, as well as 
reduce commercial risks.

Enforcement of standards, including associated institutional capacity, is equally important. 
During a World Bank project, the project itself can ensure that standards are enforced. After 
project completion, this task will be left to the government and/or institutions created or 
strengthened during the project. Since no projects have been completed yet, post-project 
enforcement of standards (and voluntary adoption by firms) has yet to be tested.

Most projects develop and establish PV component and systems standards to ensure quality, 
safety and long-term reliability. Dealers who wish to participate in the project must then get 
their equipment certified at an approved testing laboratory. For example, in the Benin and Togo 
projects, the rural electrification agency issues and enforces a "PV code of practice” and 
technical standards. In Indonesia, dealers are required to furnish certifications from acceptable 
testing facilities that their components meet or exceed the selected specifications before they can 
sell. Assistance is provided to participating dealers to get equipment certified by international 
laboratories. The China project hopes to develop and disseminate equipment standards so they 
are adopted outside the project, as a proposal for national standards National certification in 
China could indirectly encourage certified Chinese products to be sold internationally, similar to 
what is happening in Indonesia—products certified under the World Bank project are being sold 
to other countries.

Sri Lanka at first adopted the standards used in Indonesia, but then modified the standards to 
allow smaller systems (30Wp) better suited to Sri Lanka consumer demand and solar insolation 
characteristics. Later, in both Indonesia and Sri Lanka, minimum requirements were further 
reduced due to consumer demand and dealer capabilities.

In Sri Lanka, equipment certification held up the project for the first year as there were no 
certified products available to sell. The project design didn’t expect that it would take nearly this 
long to get certified products into the hands of suppliers, perhaps because the project originally 
thought the systems would be imported from Indonesia, where presumably a market based 
around World Bank approved standards was to have developed in parallel with the Sri Lanka 
project. Even then, batteries would not meet the established specification and the Sri Lanka 
project had to declare a moratorium on the battery specifications for several additional months.

Domestic certification and testing agencies are also important. The Indonesia project provides 
technical assistance for strengthening capabilities of the Agency for the Assessment and 
Application of Technology for solar PV testing and certification. In China, grants provide 
equipment and training to create a national PV Testing and Certification Center. Assistance is 
also provided to strengthen PV module and balance-of-system testing and certification agencies, 
as well as strengthening the capabilities of a design-assistance center.

Most projects also provide capacity building to ensure quality systems are installed. This 
assistance is important not only to protect consumers under the project, but also the reputation of 
an industry striving towards large scale commercialization. In Sri Lanka, assistance to dealers 
was planned for testing and quality improvements, but dealers did not appear to need or be
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interested in such assistance. In Sri Lanka, grant funds are also available to commercial 
financiers to verify that solar home system designs meet project specifications and that systems 
are installed properly. Grant funds also maintain a facility for investigating unresolved consumer 
complaints against dealers and seeking appropriate solutions. In China, capacity building is 
provided for quality assurance and consumer protection. In Benin and Togo, the rural 
electrification agency will develop the capability to spot check installed systems and conduct 
regular consumer surveys to ensure good technical performance of private operators.

Lessons Suggested by Early Implementation Experience

• Establishing reasonable equipment standards and certification procedures for solar home 
system components that ensure quality service while maintaining affordabilty is not difficult, 
and few technical problems have been encountered with systems.

• Allow flexibility in standards-setting, so that if initial standards are too high for local 
dealers/ESCOs to meet, the standards can be relaxed.

• Use standards only to the degree to which they contribute to adequate consumer satisfaction 
and thus a sustainable market, but do not excessively stifle the market.

• Installation of quality products lowers future marketing burdens and costs and lowers future 
service costs.

• Project schedules should allow sufficient time for dealers or ESCOs to establish suppliers 
and procure supplies of certified products before anticipating the beginning of sales or 
service. In some cases several months may be required before products can actually be sold 
or delivered.

• Consumer education in proper maintenance and operating procedures, during sale or 
installation of a solar home system, is important for minimizing maintenance costs and 
enhancing battery life and overall system reliability.

6. Conduct Consumer Awareness and Marketing Programs

Most projects conduct some type of consumer awareness and marketing program. Such 
programs are usually preceded by a market survey conducted as part of project preparation 
activities (such as in India and Indonesia) or by an existing market survey done by others (such 
as in Sri Lanka). The China project conducted an extensive survey of rural consumers {document 
link} to better understand the market because there was very little existing demographic data 
(including population, income, expenditures, household structure, etc.) available on which to 
base project strategies. Surveys of a sample of 2000 households, including existing owners of 
solar home systems, revealed important information about affordability and household budgets 
[report now being written]. The China project also provides grants to dealers to assist them with 
sales and marketing activities.

WORKING DRAFT—NOT FOR CITATION OR QUOTATION Page 15

-203-



In India, IREDA has been conducting promotional campaigns for photovoltaic technologies in 
the media, but these campaigns may not have reached rural households. Within the Sri Lanka 
marketing program {link to Sri Lanka marketing program}, the project hired a consultant specifically to lead 
village-level workshops throughout the country to promote solar home systems. In these 
workshops, dealers are able to demonstrate their products and village leaders learn about the 
technology. In addition, potential local microfinance organizations have learned about the 
project and gauged local interest in solar home systems, and have been invited to participate in 
the project and provide consumer credit to the local community. Such workshops were being 
conducted twice monthly and were considered moderately successful, although dealers felt the 
workshops did not sufficiently attract the actual customers of solar home systems.

Projects also support ESCO concessions in their marketing and consumer awareness activities. In 
Argentina, provincial governments assist concessions by preparing detailed market studies, 
conducting information dissemination workshops, and preparing studies on how to improve the 
availability of DC appliances compatible with solar home systems in dispersed rural areas. In 
Benin and Togo, the rural electric utility conducts marketing activities to support the ESCOs; 
the utility polls communities on their interest in solar home systems and willingness to pay, and 
collects information on the demographics of these villages, hi addition, ESCOs can conduct 
market surveys themselves using project grants.

Further details of consumer awareness and marketing programs are available directly from 
project implementing agencies but have not been collated for this report.

Lessons Suggested by Early Implementation Experience

• Consumer awareness does not by itself create a larger market. Other factors, such as 
affordability, demonstrations, opinions of neighbors, service presence, and trust in 
technological performance are equally important. •

• Marketing campaigns can be extremely costly and time consuming in rural areas, as potential 
customers may live far from village centers, may not be able to read, may be very skeptical 
of the technologies, and may require direct person-to-person contact through community 
gatherings or even door-to-door marketing.

• Marketing campaigns should be sure to target potential customers in rural areas, not just 
village leaders and potential commercial participants.

• Marketing becomes easier once a “critical mass” of customers exists in specific rural areas.

• Door-to-door and direct contact is much more effective than TV or radio campaigns.

• It may be quite difficult to assess the impact or effectiveness of marketing campaigns in rural 
areas.
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Table 1: World Bank Group Projects with Solar Home System (SHS) Components
Project
Name

Approval dates and 
status

Bank/GEF funding 
& total project cost

SHS component 
description

Implementing
agencies

India Renewable
Resources Development
Project
{http ://wwv,.worldbank.org/a 
stae/lcg.htm#credit24490-IN [

GEF: 1991
Bank: 1992 
under
implementation

GEF: $26 m.
Bank (IDA): $115m. 
Bank (IBRD): $75m. 
Total: $450 m.

2.5 MWp of PV in 
various applications, 
(commercial, water 
pumping and SHS)

India Renewable
Energy Development 
Agency (IREDA)

Small and Medium Scale
Enterprise Program 
{http ://www. worldbank.org/p 
ics/ifcsp i/1 ls07327.txt}

GEF: 1994/1997
IFC: 1995 
under
implementation

GEF:
Vietnam: $0.75 m. 
Bangladesh: $0.75 m. 
Dominican Republic: 
$75,000

Finance commercial 
SHS business
ventures

Financial 
intermediaries and 
recipient firms

Indonesia Solar Home
Systems Project 
{http //www. worldbank.org/a 
stae/lcg.htm#loan35544- 
IND}

GEF: 1995
Bank: 1997 
will be cancelled

GEF: $24 m.
Bank (IBRD): $20 m. 
Total: $118 m.

200,000 SHS sold 
and installed by 
private dealers/ 
entrepreneurs

Project management 
unit and participating 
firms

Sri Lanka Energy Services
Delivery Project
{http //www.w0rldbank.0rg/a
stae/lcg.htm#credit2938-LK}

GEF: 1996
Bank: 1997 
under
implementation

GEF: $5.9 m.
Bank (IDA): $24 m.

30,000 SHS sold and 
installed through 
dealers and 
microfinance 
organizations

Ceylon Electricity
Board and project 
management unit

PV Market
Transformation Initiative
{http ://www.gefwcb.org/wpro 
gram/1096/p vmti.doc}

GEF: 1996
IFC: 1998 
under
implementation

GEF: $30 m.
Total: $90-120 m.

Finance commercial 
SHS business 
ventures in India, 
Kenya and Morocco

“External
Management Agent” 
and recipient firms

Lao PDR Southern 
Provinces Rural Electri-
fication Project 
{http://www.w0rldbank.0rg/a 
stae/lcg.htnrfcredit30470- 
LA}

GEF: 1997
Bank: 1998 
under
implementation

GEF: $0.7 m.
Bank (IDA): $1.5 m. 
(for off-grid 
component only)

20 solar battery 
charging stations by 
national utility and 
village electricity 
associations as 
demonstrations

Electricite du Laos 
(EdL)

Argentina Renewable 
Energy in Rural Markets
Project 1 htto://www.Kcfweb. 
org/wprogram/nov97/ar- 
pcd.pdf} {need PAD]

GEF: 1997
Bank: 1999 
under
implementation

GEF: $10 m.
Bank (IBRD): $30 m. 
Total: $121 m.

66,000 SHS in 
households through 
regulated energy- 
service concessions

Secretariat of Energy 
and provincial 
governments

Cape Verde Energy &
Water Sector Reform and
Development
{http://www.gefwcb.org/wpro
gram/mar98/worldbank/capev
erde/capever.doc

GEF: 1998
Bank: 1999 
under
implementation

GEF: $4.7 m.
Bank (IDA): $17.5 m 
Total: $48 m.

4,000 SHS in 
households; through 
regulated energy- 
service concessions

Ministry of 
Infrastructure and 
Housing, national 
electric and water 
utility (ELECTRA)

China Renewable Energy
Promotion Project 
{http://www.gefweb.org/wpro 
gram/mar98/worldbank/china 
/china 1.doc} [PAD]

GEF: 1998
Bank: 1999 
under
implementation

GEF: $35 m.
Bank (IBRD): $100m 
Total: $444 m.

10 MWp of SHS and 
PV-wind hybrid 
systems installed 
through private 
dealers

State Economic and 
Trade Commission

Global Solar Development
Corporation
{http ://www. w0rldbank.0rg/p 
ics/ifcsp i/1 ws09137.txt}

GEF: 1998
IFC: 1999

GEF: $10 m.
IFC: $6 m.
Total: $50 m.

Finance PV-related 
businesses and 
provide technical 
assistance and 
business services

Triodos PV Partners 
(fund manager) and 
recipient firms

Benin Off-Grid 
Electrification/Traditional
Energv{httn://www.eefweb.
org/wprogram/Oct98/Wb/ben
in.pdfl

GEF: 1998
Bank: to be approved

GEF: $1.1 m.
Bank: $2.2 m.
Total: $5.7 m.

5,000 SHS through 
regulated energy- 
service concessions

Ministry of energy, 
mines and water

Togo Off-Grid 
Electrification/Traditional
Energy! http ://www.gefweb. 
org/wprogram/Oct98/Wb/tog 
o.pdf}

GEF: 1998
Bank: to be approved

GEF: $1.1 m.
Bank: $2.2 m.
Total: $5.7 m.

5,000 SHS through 
regulated energy- 
service concessions

Ministry of mines, 
industry, transport, 
post and
telecommunications
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Table 2: Project Features and Approaches
Project Feature Summary of Project Approaches Key Barriers Addressed
1. Pilot private- Private dealers or NGOs sell systems (Indonesia, India, Sri Lack of established market
sector and NGO 
delivery models

Lanka, Vietnam, Bangladesh, China).
Lack of successful business

Energy-service companies (i.e., monthly fee-for-service) 
operate as regulated concessions (Argentina, Cape Verde,

models

Benin, Togo). Lack of business financing

Energy-service companies (i.e., monthly fee-for-service) Lack of business skills
operate in an open market (Dominican Republic, India).

Unwillingness of utilities to
Provide business information, training, and consulting provide off-grid electricity
services to private dealers, ESCOs and NGOs (Indonesia, services
Sri Lanka, China, Cape Verde, Argentina, Benin, Togo).

High transactions costs
2. Pilot Offer consumer credit through dealers (India, Indonesia, Sri High first-cost and
consumer credit Lanka, Bangladesh, Vietnam). affordability
delivery
mechanisms Offer consumer credit through established microfinance Lack of consumer financing

(microenteiprise) organizations (Sri Lanka).
High transactions costs

Offer consumer credit through local development finance 
organizations (Vietnam).

3. Pay first-cost- Pay one-time-per-system subsidies, at levels either constant High first-cost and
subsidies and over life of project (Indonesia, Sri Lanka, China) or affordability
offer affordable declining over life of project (Argentina, Benin, Togo, Cape
system sizes Verde). Lack of an installed base 

(“critical mass”) that would.
Specify and sell smaller, more affordable systems, enable after-sales service
(Indonesia, Sri Lanka, China, Cape Verde, Benin, Togo). activities to be profitable and 

would lower marketing costs
4. Support Provide technical assistance to national regulatory agencies Lack of experience regulating
policy for concession bidding and contracting and regulation of rural energy-service
development concessions (Cape Verde, Argentina, Benin, Togo). concessions
and capacity

Build capacity of public renewable energy agencies (India) High import duties

Incorporate solar P V into rural electrification policy and Unrealistic political promises
planning (Sri Lanka). of grid extension

Lower import duties (Sri Lanka, China) Uncertain rural electrification 
policies

5. Enact codes Develop equipment standards for use in project-financed Poor system quality
and standards 
and establish

installations (Indonesia, Sri Lanka, China, Benin, Togo).
Uncertain technological track

certification, Provide support for certification and testing agencies and record
testing, and 
enforcement

laboratories (Indonesia, China).
Lack of information about

institutions Provide capacity building for dealers to meet standards and product quality and
for regulatory agencies or financiers to verify compliance 
with standards (Indonesia, Sri Lanka, China, Benin, Togo).

performance

6. Conduct Conduct promotional ads on TV and radio. Uncertain technological track
consumer record
awareness and 
marketing

Distribute information at local fairs and community events.
Lack of information about

programs Conduct door-to-door marketing. products, costs, and benefits
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Table 3: Project Design Questions and Relevant Project Features 
Project Design Questions Relevant Project Features

(a) How to effectively deliver and service quality 
systems to households that suit consumer preferences? 
(private dealers, energy-service concessions, business 
finance, marketing, codes and standards, regulatory> 
development)

Private-sector and NGO delivery models (#1)
Policy development and capacity (#4)
Codes, standards, certification, enforcement (#5) 
Consumer awareness and marketing (#6)

(b) How to make systems affordable to households? 
(market competition, fee-for-service, bulk purchasing, 
subsidies, smaller system sizes, consumer credit, 
economies of scale, lower transaction costs)

Private-sector and NGO delivery models (#1)
Consumer credit (#2)
First-cost subsidies and systems sizes (#3)

(c) What forms of consumer credit, if any, are most 
viable in a given context?
(dealer credit, microfinance, development financiers)

Consumer credit (#2)

(d) What is the proper role of SHS within rural 
electrification policy and planning?
(geographic determinants of service cost, least-cost 
planning, planning processes and institutions, role of 
private sector, subsidies and income considerations)

Private-sector and NGO delivery models (#1)
Policy development and capacity (#4)
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Box 1: Key Barriers to the Widespread and Accelerated Dissemination of Solar Home Systems

Lack of established market. Without an established market, many commercial firms are reluctant to enter the solar 
home system business and commercial financiers are uncertain about the profitability and viability of this type of 
business.

Lack of successful business models. As yet there are no clearly successful business models for delivery of solar 
home systems in developing countries, so any solar home system business is by nature experimental.

Lack of business financing. Solar home systems businesses may have difficulty obtaining business financing from 
commercial banks, who may be uncertain about the profitability of this type of business and may be unfamiliar with 
the technology.

Lack of business skills. Small solar home systems firms in developing countries may lack sufficient business skills 
for obtaining business financing, marketing, service, and management.

Unwillingness of utilities to provide off-grid electricity services. Without government regulation, utilities 
accustomed to servicing urban and rural grid-based electricity may be unwilling or unable to provide off-grid 
electricity services, such as with solar home systems, for a variety of reasons.

High transactions costs. Project identification may be expensive and time consuming, especially for urban-based 
PV companies or financiers. Numerous small-scale installations may make project implementation challenging. 
Pre-investments risks associated with the costs of marketing, contracting, and information collection may be high. 
Costs of credit collections may be high if customers live in very dispersed and remote areas.

High first cost and affordability. Solar home systems represent an initial capital investment that reduces or 
eliminates a stream of future payments for fuels and batteries. But the high “first cost” of this capital investment 
may make affordability an important constraint.

Lack of consumer financing. Credit can improve affordability but there may be a lack of credit access and credit 
delivery mechanisms. Financiers may perceive the credit-worthiness of rural households as insufficient. Lack of 
practical collateral or legal enforcement of contracts may inhibit financing.

Uncertain technological track record. There may be an insufficient technological “track record” to dispel 
misconceptions about SHS costs, benefits and performance among users, financiers and dealers. Experience may 
exist elsewhere, but must become accessible, visible and credible to a specific locality.

Uncertain or unrealistic grid expansion plans. Unrealistic political promises for future electric grid expansion can 
reduce demand for SHS if households believe “the grid is coming.” But such promises may lack substance or 
financial backing. The lack of coordination between SHS market development and rural electrification programs 
and policies can impare markets. “Our main competition is the false promise.. .not each other ” said one supplier 
when asked about competition between the different suppliers in the market.

Other policy constraints. Conventional-fuel subsidies, inappropriate tariff structures, import duties for renewable 
energy equipment, lack of attention to environmental externalities and other policy conditions can be serious 
obstacles.

Lack of objective market, business and quality information. Information may be lacking about the financial 
condition and business track record of entrepreneurs, or about the technical characteristics and quality of their 
systems. Market information may be needed about potential households, their incomes, their interest in SHS, and 
their current expenditures on candles, kerosene and other forms of energy. Information about solar resources may 
also be lacking.___________________
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Box 2: Rural Energy Service Concessions in Argentina

The World Bank/GEF “Renewable Energy in the Rural Market” project aims to supply electricity to 66,000 
households with individual solar home systems (of size 50Wp to 400Wp), 1,100 public facilities with solar 
photovoltaic systems, and 3,500 households with village-power systems (using mini-hydro or hybrids such as 
solar/wind, wind/diesel or solar/diesel) through province-level energy service concessions. Concessions are free to 
select which technology to apply in any given situation, including diesel-only village power systems. Concessions 
will be obligated to:

• provide electricity services to rural off-grid customers anywhere in the province for a period of at least 15 years, 
upon request;

• carry out all necessary maintenance, repairs or replacement of components as needed to ensure the continuity of 
the electricity service to each and every customer;

• provide “state-of-the-art commercial service standards” for connection requests, billing, collection and claim 
handling; and

• provide the provincial utility regulatory agency (ENRESP) with periodic reports on the status of the concession 
including but not limited to performance indicators such as number of connec tions by type of consumer and 
method and technology supply, outages statistics, and financial results.

Concessions are eligible to re-bid for their business every 15 years up to a total of 45 years, competitively against 
other eligible firms. The 15-year period was seen as a compromise between the need for a short period for the 
quasi-monopoly and a long period for the annuity calculations of the concession. After 15 years, the government 
can modify the concession rules to account for new technological developments, or may even decide to abandon the 
concession system and open the market to competition. During the 15 year period, the concession, provincial 
government and provincial utility regulatory agnecy renegotiate the tariffs every 2 years.

Eight provincial governments (out of 22 total) are eligible to participate in the project Each of these provinces has 
privatized or is in the process of privatizing its power sector, or at least has made a legal commitment to privatize. 
Four of these provinces have existing private concessions serving the concentrated (urban) market that are regulated 
by the provincial governments. Under the project, these governments will first try to negotiate a rural concession 
contract with their existing concessions (as an amendment to the existing contract). If such negotiation fails, or if 
there is no existing concession for that province, then a new concession contract will be awarded according to 
international competitive bidding procedures.

Source: Martinot and Reiche 1999

Box 3: GEF Justification of First-Cost Subsidies

GEF subsidy payments are generally justified as the “incremental costs” of a solar home system, which in most 
projects are assessed as the difference between the lifecycle costs of the solar home system and the baseline costs of 
kerosene, candles, and other fuel sources displaced (Ahuja 1993). First-cost subsidies are justified on the basis that 
cost reductions are expected over the life of the projects due to several factors, which should eliminate the need for 
subsidies in the long term in order to make continued installations commercially viable. These factors include: •

• larger market volume and increased competition
• improved financial strength of individual dealers after an initial volume of sales
• refinement of procurement methods and bulk purchasing
• economies of scale in sales and service networks and assembly of balance-of-system
• standardization of components and installation processes
• general cost reductions in PV module costs internationally
• increases in rural household income as economic conditions improve
• increased familiarity of commercial banks' with the SHS business (lower risk premiums)
• improved quality and acceptance of technology with introduction of technical standards and certification
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toSTir^it-EffL. Em-K#am»a&-EfkLA.
^6. -g-lf 4$<B

Sifolot-txwit
5, tt^ffly-7-yx7"Agi5s,(Ofc»<z)a<o/£Eggs*j:EB^assre$t-5rottBttr-t±*

e. i##0f*»^7-^f-<y/,w©M

Aa55>tD7,n-y3:y|.Tii, W6^<D#(Dm##mmE%t7-AT'fyyM-E&%EL. 5e,tcp
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LiiXtiFSUttFnWEiefflSiF&Sh/e^ *T*ttV + 5>X:'fc

6. xv-y-ii ffam#M#5©m«®
ligroE^^aicJiy^^/^iJttSrglj'd,

K5=**toH, -Y>K\ xy^^js^tF^h-^-Mcjolfd 5 -o</)X#ftX 
FiA 5,000 *y_hto'>XFA^ES6*lfc„ ^ADiA^hrogSEWSBlto 500,000 ST*fc3„ 
Lz)>L^*(D7’Dv:a5'Hcj=V'Tt)N WS^eF>coiSIBtoSfiEtt^®Mli®^§ivtvVj;V'L, * 

SttFUESiLTfcW.evv

F/L&%Ef6Z6^A#^##-e$)6. -e®l$»^C3L*/v^'—y--b"x*,FF(7)aiM<F>*<E

If £

1992 ttSEff/Av-Ftt, rEBffl ABEMfl/y^FAj tcj;-3T***E^roSE^
^FS-t5Hfflie#tro$:S-.rofSB^-F7i;*^Fi/f"ifcV'tt/haiiSBtogEroJ:5'k$flltt» 

rcc^/^-f—12 coynv?^h**@LT#rc(* 1 srSM)2. 

%®->xFAicii, *ne«i^*/v, #«%, SeeJWSeKV'ffiTEfflSHIfflyyyroj;?*

1~4 e#m). SiBiS AH563S
lpg 8:v'ii$*<z)£.$tt^si|i8$fciil'i6T*#5„ ESto&fiJiitt, X*^lpg^*t

eefcSL/ci, m's-7M^sL’g.tmwz&'&istz.'o. -mitmmntktiizm

gi-6$x$)6. so
^#A#*&tLT##LTV'5. (**#e±m**m web page &#,«)

http://www.woIrdbank.org/html/fpd/energy/subenergy/soIar_pv.htm 
1999 # Foley, 1996 ^ Cabraal, 1999 ^F Kammen, 1999 # Loots b Herert ^r#$0

1990 ¥ftto*9ic, ^xmstsu m#

m#^*#LTV'6ctemA^ iswtc, a p®» «**-««*

BUtt^SCrv'fco EBffl*l»)658e->xF^^*/h=i^h(Dt6*

efusrwiigtu 1997 f)„ h

2 Ctibm^ayi>7KDU<o6'lj:aSfflFiS*ffl»«$ffi®m*#t#B8«®d:pti:f6ro*|lgjt:%lro*)ffl 
tB-oTt'S*'. *S:®*t**1-T*fc£„
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mmvxztit><ny’vi?^?b:k£&Ltzc #<ro7'D>;^^ncjoV'rtt1 
-Ml, S*:7}»to5fc6:^i6;5®ft;JiPi6*ESc0J:3*6*/,£%Jg g 6<)SrSo,

xj'hro—6l55>-efc5„

$Bffl*B)6%e-y^TAyDy^^bSH-(4x *&roHEroa*ajalcJ:i9, Zk*i:%®LTV' 

ofc„ -®t:N SIS/)3

i6^jai3itt«*ia),e%«m*o±fc5$iait, w$ro8$^wi^pTiett^i8#rofijs^’W3b

t'^.ro^^c-Wt'C'fc-So w5LfcS**#Jti"5i:< J&ATroT’ni^^MiAorog;*:

1. &A#&(NGO) <?v^p-y

3.

4.

tjrf ±$/=ClWS<7)5'<b#SC>’t)CDK)t)SLfcfcCiT*fc5„ yoiA^h
fi, mb®i|tS(5r®l9AtL-5fc»bro#<cDM'k5T7"o—^^ir-D-CV'^. fcST'n-^^Mi, K# 

-f"5Hr*=ty#SbT'*#=rig7k*&Sr|B]B#lcS:$-t'5fcACi—-oa.hmTT'D—^5r*UTV'5 
(* 2 &#.#). #moT7°o—

ffittA^SA6ii.fcS^"efcoT't)+^"eij:*v^S66:lc, :7'niAc^M4*H:tol::iB166<j"C-&5(BI
W3Uk#6. yaitx.

?hto#Sttott^fc*lc|Bm-#5ffloroS*i$&^>'^y|@gg^*t)SL#5(8_3_Sfe®,L 
Aoroyn>=;ix^n^M-f'5#9l(toPii«i:*®ci$Sto8^rog.jxfc$6:ililtt. ftro®T-EiE-r 
6.

±-Cto7’nv?x^Hcjb-V'T,
&#«!#*», #S*3IEi-5

SSr, M*tc#LTV36. r(7"D-^3L^Hcj:i))®E^7=Vv*M%LefcSi"5Stci<V'«*^fc5o 
fcftfcti:. rh,e>®BS3e7i>HcS-j<rf;*8r®)$-f'5r.fcSratfo jfcfcST’niA^Hcjb'VTV 
S#liBofc„ -^x^nfcrfTSr-

tiot, &*] g M dX-XiSli^eTvwD-Si:

3 GEF vx9h0)f?SHIi» Martinet i; McDoom1999 #$##„ GEF wefa site(www.gefweb.org)9B



fcdBtctiV'-Ctt, ifcSSroWIBttfcM

5).

ttseffA/v-yicjiysiSdtLfcyD^^^scDEStoisx-efc^SffifflAs^^e-yxT^ro 

$*14. 500,000->7.Aix^aA5wirAStiJ*fc. L^Ui^ib, fefB7’n^x^Hi,

<, 5-$T-ro,kr5S7)V£H#±rog!B^#^:h,TV5/i"ilA';fc5o l^ro^StoftT'o-yi^Ms, 

/'<>^'9A>-yxi^K5=»#foH^,d'>K4>^y7>»^=^hAA(c*)5. C^6m7o7x:XHcj;y, 
1999 f $&|C, #[3000]'>XAA^K5=**ftglC, 1000 ^Xll^yAfC, 1100 z)Vty^77=>>

^7, ^vr 500 ^HAAicEesnfc. ^vKtoT'D-y^^n*,

Aigffisjx, a^vt. AtM^setriseut.

iTB^D^x^MJ, #&KH=##zk77o—mfSELfcioW 
5feSynvi^H4, EICtjl,6*cXV45.
=TIBttl4, fcfet4>5Ani/i^h 4 t^*5V'T*/-cfi£L#TV'*v4^, |S16<kLr^5nrv45. #jg®

ftSSS^T^ISttiSilSitotA ±Tmyov'xi^l.(D^A(D3E^5%A€»##a4&.gk^'3TV45. it
m&X’7°oV^-?bXimiat&£:?iK ilB/n-y

i. %jk*&U#R#mm(NGO)0)/WavH#$atfiu

70-7x1 ^H:li, *Sffl*ii*58*7y=.7^(DS;K(7<tLT, 7/b
SrUV'TV^. -54U4, ##*^X7'/W4, (^V
K^-yr.'i'yK. xy^y*, /<^7rVv'xSt)<4iH^fcl4545l-)H#^I«/i46'y

x7A*)5vx4@na&#AL, **^*asg*-r5trox-fc5. ttoi4im%a:m$j%^-yx7AkL 
rxfcy, #ici4mmm%^%6^5. scist4-yx7
A&BT#L##75Xee#9. 3:$/y^-#^$##(ESCO)tT/yt4, ESCO ^7X7A&#f
*L, $eic#^ OEfflfi-eRL, «tO*i5r*%Ot-fe (7;7t'yfy, -xfty&tfh- 
ti’icjoit545ic)ESCO l4#^(D%%tc$iV4X##^5#6#&#CEgioXV45#t*)5. $>5V 
14, (K5=7#fDlllcfc'lt545^)B^enea£^ffi7SL7*-oTiS'tSjx5*%fc5. 
7'sSAlcjslt549lc)ESCO roryxDSttcofi^-S-fc-er^, #6#&#oXM%L,###(ci4 
ft fg m# a* m itrffo fc.

4 *ffl. <yi»7. yy/<7ilcfc-i.'T, SS6«)ti:$ft$fT9#*Llcg5l-lHgufcSSffl*ISjtA*-yx 

TA<DJ$8)LfciSSlt®®o6MD*»|jb%i>. Ztlb®»6l-I4- 7-Tlcfcl46S«i6i£*-\liW@fflaroE 

A$##-v»7y/<x%i:Ri+&mmi«ii+Em7%-yf##iy*ik#amAe®49». Am**e$*ic*
#Uti:l.4ft@W»#affiyg$L-a.'&. Kammen 1999 %e@IB®Ct.

-215-



yyKroyoyZfHl, ^etLltWfflTkgtRco

sisiei^roieASr^or^stLfc^x rn^rojfeSttSUrfrs* Bfeurv'd. ismetc, 

Hcj:0Sfgr#8bSh-fc/J'a$SII#^, Haiti*iSro'yy.TA£M%L, H521tii$ro$BteE

5t£ihtbtl0 ESCO f yyK^yTtejoV'Tte,
fflSiifc. ##te, ##g#rojro^*#m#4'Haiti*rom#teM#i-5m%/*#%#4=

hkifc*#)R*itro>&jBroT:t3lA ^yK*->rto7,n-y^^h<b|Bl«ICi6*c7)E$SI#i7)%Jg 

SrSSLTV'do ^Htcjb-te57'asA^Ero6f6eimc-g-ii:i"5vW1£5ll#:fc, yncAcfHc#
10 %tetemro##t*#&

^-tZ>^bk.t£Z>tih?)o W#5ri6l9»$dS*^6IIZlti«^Sirjsij'de@<cffia«M^S 
tL%V'$^mW^temAtLT, ESCO (Olttl^'r'/Hi't3HT*te«ig-tf-f, ZniAn^MtEte 

teJli:EJJ/5*1bilEI^$i'L/^o

T/Hfy^yicjoi'Ttt, %icmro#mc#te6W5te*f amM-bro#*^#-#--^##
SUEtbStifcESCO !KNt^e7="/v-ls#HSiuTV'5 (H» 2 SrS®)„ 4fc, #«

Haiti*
*iW^»*§l$oit5^£-ST*fc-3f-0 ### 

tTZoZi^Mi, it<^Hto7SHaiti*ros:{bH-Ero-8i5r*fcy.

gE(c”0(7)-m-eSAZ;L'CV'd„ ZroT'Di/^MujoV'-C, A-oro:W/)S$:;f)[I§r*iE'Lfc„ rttfeA-o 

ro-mro#*|-)itUT, gtWll®#-to«^ii@ZX'j<tot5*Sr-§-ZTV'5„ Zro#*te, $Bte

x=J-LEeffl*ll),e5BS-yxTA(fc5VMj;;eti5rilK-fdtttoS«)SrW#=LS#Lrj3t)% £ ft

<D-tE-tfX®^*®lR-f-5o ##te, '>/£<fcfc 15 #romMte#l)#%ro%*ro&Rte*L, (#

ttlsgTZo—^roSftto^fiJiSttfccojrjoi),

• tjT,fitro*»M*m$r#f6, «*£<, Zi)&romm{bgji7t&A#&g|#ote6.

• (lasmctediSEB^Z to,@=.xb^VT(#«rogSlcj:5)il«kSS=Ah6®*-f-

S6to*^,'S.i4*(7)j:joi)c,

• 81!toW.fl^M>>tA B*»E$iJ<D|g*5r$i-5„

• $$-#noMnte, Jpff, Efc/=eK6,fc1i-b'x^Lr=!^H6«SrBW-r5.„

• SflfEibte,
• H—t"y.roRte, m$l#M^*KEf6Zttem#?k5.

• roS-&iR*=iy.Ete*:Sv^roTfc5„

-216-



T/Mfy^ygcStt. Aicffyoy^ynt*#
M%*MtT/l/i:7ya-^emi-f'5K59. -OOlI*i£ft, (#$, ###%&, 3%#@

ttSSSii-Sf—t"x®$ (BP*,, ##ttj%6m$61®#%±®#%)e®A4c#mH'f6^^®#  ̂

T*5o

T/Hfy^yicE#, -<tv, h-y^uy/tf^/vy'lf Blc*3 if-5Eoy±®S: §?:/□>¥ ;7M)$

/c, C® ESCO i|##^-7'/v*SJfl LT®-5„ ^t-yiE—ynS®n;7hcD357$T*
icMSctol^BS =T|g7k®tt5>SFroifiK4,y—K"7.=ti:ro^Vz:Sr, r/nfyfy©J;
51-, g is ¥M, »,±rit;»wES;h<-t®.5„

xy^y^myo-y^^Kt, esco ^ey'/vs^ikeSiifc,, ngo

Mf'fy’tt, ynyz^hroTKjyv'-ciSsee^^eDSaiStSSrSij'rv'te. yD-yT^hco®*8 
S<tt ESCO totilcgS-l^ATWc^, t>^<5>KLainfcHffl#«ttRA^cite 

fl ®SA<D=ixHj:jSi<'o<rj:K*#Wc0 5f:A®

ec5, rross#i:
totoS$Wtt, #mic,
NGO «, ^ti^W^$iLfcB#tiefflr*y77A^E^¥5Zj:SrW:»7t^, ffiXLtc-yxrM.&ffi 
®IC¥-t'7UKjf ¥Sei:^ofd^^®'t%-^li6fc(Martinot 1999 ¥)o

S*BSrofUfflffliEl±, ^T®8to5>»;(Dtt|B^y>®S$*S*T-fc5„ ^UyyAlcjoV'T, 
JEtcS#, NGO ^Lreiaitt^tt, yoyz^Mc#*¥6^#*&m##¥6mg&@:lt6Zt 

a:$mtcjyit6z.'o®#a®m*##it, yn-yi^ET®**st»*sit6t-H 
5it±&¥of;0 Z)Lt%%ltynyz^h#lc%^L^:^k C®SS®iRSttiy7^lcMi"5iS* 
to&i#SS®^-x^Efce>/£V'HtCd^$ic, S-<®61H^¥SLTV'^ofc„ esco #^^e
7/Hrjb-V'T, ESCO ®aKltScW&V#B61®tt^S,^6>#BjxTV'5^, iSHtt&EH# 
A^®t®t#@LTV'6. 7yH?y¥y|c*3®Tlt, ESCO ##lt'M&0=%*ig[#¥6#%&S
if-c®5„

r-o® IFC yc-y^H)**:, ESffl*B*3SS-yx7A»:||tc^¥5>SS®iKir8ij-Tjb-t), 
#«*^y>®'y7¥A5r#t|6LTV'5„ *®*%SflTSffiiiS«Mtt, SSS+E®ii^6<)*# 

-fyK, y-7-eLT^Dy3^j3lt5*®)t%*ffiS®jfe||lcSSIli#6rft-oT 
®3„ *#A##E(SME)lt, ^<yy'7xy-y=, K5-»*Sl|a;E:LT^hyAlcjs

lj-5E«$#®^sb®SII»#Srft'Drv'5„ SME s+Bli*fc,#**Sr*PJLfc**#-®#AP

yyyjMrjb-V'Tli, E^HWlta&irmfflT-y^yASrE^LTV'fc^, ^Ef-AlujmfSJgia 
#%®myi**®&#ic#v\ m%##it esco #pm7yo-¥&#w-%®, 

5Lfcryn-¥Sr$:#¥dri:*##LTV'a„

K5-**faBKt5V'Tit, E$s#it, jamnsiEttR® so%&##tL,
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^toVSiffttSOOOtoyxyAEHIcM'tSiK&tt.kr^y-lrT'hroSIBjSfffoTV'd. ZLOSS# 

14, 25,000 co-yxTAicSS^AVwDBASrKATV'd^, #<<o—l§:g#iy>*vfiJ&;i’;M 
*BE^LTV'5„ $ 11LAtojk*Sr#IEt'5-»xe#T*$ 100

ArojkSSrasrjrSraS^V'fc^SjirroSSl-ttSoA,

$5 /4»b$2o k'^$#

HT*fc5„ fflMiET-eeiL-O'dSSIS'tiu EefflAIDteigS'^xyASrS-tr^BrotSyW 
yro6k5*^«:$f 5rc65/)s, ±m**mK#(0*#t^S-ck6. -YyK*-yrt^jb-v^r(±. E 

7ES#ro$A:Sl9ttEKffl*ll)6?g«'>xyACi«lSMg$roS$*®JESJ*T?fc5^S6;lcN E 

%HS'toii|*l4SieaScofc»coS|||f-Eci$$i:igero|ISS^i3MI’fi5»»lcip]ii'e>iu5„ % 

ilyyAtcjoVCti:, E3g##^iD#%At4, B#*iA###lc#-46yDy»zyE(OA###&' 
ffl*'t'5fcJ6©^-g|5©='yf'/l'^yh3yH;, 50%K±^lPll4fe4t5o xyyy^roT’niA^Ht, 
#$$@(DAA(Om&&t#LTV'SAy E**#l47"Dv;^^hTC03E*'5S:a*S#L*l/\

(Kth W^St)!ffiW©3^i'*##-r2iri:ic4y)E*lSic-y 

yyjixCOKSr&ES-tir, tte>ro®&SrrfT#tt:U *E4E*#f—E-xe#%f6#mi4&f5.

Iroft-iB®®, WMiffaiirjsv'Ttt, esco icy-fSyD^^hroSgij:,

*ros«inB,

jaiaSi$lcVmKD*E5rRry>®.jfe$^,)Wiatfii$ti:Si:S®?k NGO 14, 4D##lc#^^

@iaifttt«T*®*l»3t***3Slroil,tifiJtt©*AaiU4, Any>3i^Eroir$#ici4SS iz 
l4a<WStL*V'0/h«.sei6#l4AS:*E«icE@-t-5„

(ses, f—t"xs.otat»cr))ff ft*n^y/K0M*t^«>«a»si4, rtubeiK&tts
#oiiKaicm#-e*,6.
3:*/txdr--#^#*#|4_ #$J)*agj:LrEB6L#5SStoSUS1SMcifffc^$#5jx5„ 

%%E%##, &i)kl4/b##$#$l4, i@#*Ai###(0*A(0Sl4A4b64b6*#:+

AD-^^hxgre^ciS^^to^ttttfctt^^St^ey/KDEEltasr'fcS. 7’n-yi?h

®*iS*ei4$#;lciSS5j%totf*fc^v\

&ib<0=—XA’StfS:@Sr
SE.BL*vSS<oeSl4, *tU'troi/£5o

XniX^hti:, w#/S^*BfflS.±:$*ro/h^||#;evrte©Mliai6iSii—t-xrowia# 
<045*,

t^A$6(z(oz6i4, xii7y»-ci4B'«®r-er-o*)„
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2. ;SS#lc»uy-yh#t#g-r^/WD-yh^«|

=TI6i:t-dfc»roS$

Sli-efcd, ASW*^ (e $ 250 « TAtKAL^*

<, Mli2iBEci*A*aicSE5tLrv'/£V')aa#6%ciS:Sro*#E^x il«, *t», g«i

dJI le $ 3 fab $ 15 ^fAoTly-BrirSrSLT

VX6(GEF 1998a, 1998b, lOOSc^S**#*]). rjlfctolMlf, $EC±<R^^=Sll8^ieiBBDK

*r@w©j:5*,

t-^©fcit)ffl^4t(i£CJ3V't, <D#Alf, 
aa^M#L#6. L^Ue^ib, SJEii±|S§*3g*v'*7iA©lg#Sg3lEI±,

T*k'W«^*l'T*;fc3ftlJJ<Z>*$&pe»4r:£®U *B^®5ltro3L4-vv^-|*Aj;*3J:-eP*7k

mm#####-##, ©se.

S^6£51-t-5«ffl, /ha«S#EM5lcJ:d»ffl^LTll!!iSS*StS16Slcj;diefflT*fc5„ fi

rwi/nv^Mf,
IREDA ro<Sffl^4-x.TV'd„ **#tf, (£iE®@lef5V'T+5f&jEfcWto$ill#$l&£Sl9lt";5) 

4if^-^riSiAL, •eLTftfflr-Ha#«ro®g->X71A^E%i-54i:*j|x7t0 4

e#±:i?itiLfcgii*toi>—t'^snini, E5e, ee, sts-ev-tEXS-y—t-x^f 5^$:*
AfeixTV'S.

ff rn^i^Alc, rro7-yD-^it*ff lre5*v't,roj:Sx:5i„

-1-yR^-yTlcjb-V'Ttt, gtlcfA6<J7kE$IIS'^«fflT-'>^7"A^E^-f-dri:(C)$$bLTV^)t 

Ate, E$*#mffl^7=>ttSi55)-toieSA5tvrc„ eroSSISlf, «fflr-40ooa±wv^xA* 
E5c-rde±:^ttl5Kfc0 *5K<7D7'D>;=^hroE&tej3V^TIj:, ###BlfEX##le#Li#mi%

irA»tcE%##tt###mme, #6A

If ecD^x/Hefy, EX## If 200,000 -yxir AcoEX& B^Ue, ^FSlcfc, /yK*
i/T^^roESr^FStefy, rroyn^^Mi*ff5tl-f, At^-oTtx5. E«##^tt 

%f6#m le jxXE#lf
^^7T-v->^©yp^i^bif, E%###mtT^<D#mteEaLAmiK#m-eA6. (## 

ft])EX##"Cfc-5 Grameen Shakti If, tfT#Srff#fi6L, EXL, ISflirliiJSSrBHillL, #AL, tL 

T$E*SoTV'5„ /J'SS&T^tFSE&HH-eiefd 1FC D-y^$|f5,Slf, Grameen
shakti if 1 #m<D#pm&mcTms&#6cwsm*:, ^fx-em##mmt i

rtLlfe$AS$**t'te$IJPlLre„ IFC n —yiefy, Grameen Shakti lf»SleSff-5<affliiW 

& 3 ¥Wffiftt-5rt^eJ#gi:7S;y, ^roeilf, •e»*HteA#/f»l/'^4LCS3±fc0 Grameen 5

54x$tili8WEMIeBllf", Dieter 1999 Legerwwod 1999
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Shakti ©ffifflJWIWiJKiSHx ffi*© Grameen «tT©/J'gl«lBSI©»!l«i:l8i£iW::fe<*ofcfc© 

J:*oTI/'5„ Grameen #fr©#Mllx ftStot'li®LV'ttflF'efc-Bri5, l^UBtcPRO, 20%©^ 

ftJT\ (iRXSr^^-Wi-l Wl'©^»U $ 100 ^V'tt $ 200 ©^ajkSStSSrSlj-d,
Grameen Shakti n—y|3x *5*54;^ 3 f EX' 12%©&flJX $ 500 T'*>6= Grameen Shakti n —y 

z)U$T*fc-6©lCx*Lx Grameen Afro—y|l%#*]|c#0ggX6. C©j:9lCx Grameen *tfl-

z^#m--©r$m^/j\m#imej6m:imm±i#**mxy©A&#Ai-6«$©x©©
Grameen Shakti 1Cj:6P###1#^ J t©M tell#

^y7y»yn-yz^HrjoV'Tttx ®5es#«ffltt*toi:etxe.i%fc^,

=MtElft£;h,/c:„ E$E#ttx ®&tiHflT*B#E£«#-t-3k©i:fttt#x itje*#{f fflggk'li
vhaSSte^©VvicM-t'5.-!h-t:"x^©|4A*^^«iLj:5i:Lfc(^LTiin/t)„ SPISPdJ;

rn, ±<#t5#X*5tx W8iSH#itSoX0 r#%t©*#x ^S^LTSE^Eicggflc 
&5d»5;W\ jifcMiraiSfiifot

-ttiTy 5tyyy*©7"ni/3i^Hi, tih$XXoS/zy;Hc#AnLXV't—©©A#%/j\E#*@t 

«E»^e>x #@©m###m*#9$#©/j'##A##Mtc^MLx. c©/BE#m*#E«x

m%x je^l-ok

aitM&zsttft'Oo 'hmm&mMBBmmm&iz, mm%x

B#**mxyy2#Am lc/hE$^®EM*^#«5tLfcfflffl$iJEl±x jk*#S©fc©lcfflS 

&XXt©tac#*t©Xk6. /hE#AE#MHx 4 f ©#RX 24%©A#Xx
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#^©mm#-#-MMI±W4=6'-18 -e&A f jvK^S&MPRLXk^. *tk^fe©^^-lxt)

VBRAD ©#^%7k^&©#m$R#*i-6Zi:&#^6. Z9LX#Al±x BStE*#

sxt>s a -ra.
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E5e8#^¥Eto/,e$fAV'*8iSrii»aS-tir.5X©lc, ynyX^Ht^igacjSSSiyt
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yxy'to-SHSrje^SA-fcS,

• esAitus-it, mmvxi’tfm-, 

v'LS,^"f"t'4?kv'>bC)'efc'5„
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• /ha«&toE«s#i±.
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A It PH IBS: 31 Sfi \
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S?.)„ #*Alt, rBffi*®*56S->xAA.roKe^3ES;(D^«4>E9!»«lcMi-5E®jkS

iseroBBit,
n&stus-icty^stvTV'd, ##&it, #%5yoyzyHct3v\-c#%6±-&f#^tL5.« 
X.«, xy^yAtcjb'V'-m, ###&#»#%A5Am#A#*IMit,#%A(o#iya-ncty 

romfflttLtoigSrott^Mctv'So #%Ait, -PH, yyK^yr, r/ufy^y, -<
Ay, h—A, AA^WTttftALTxyxytzIZLjott.EiAo'yz^McjjgiSSiifco

V'<-3z)^ADy^^H:lt, Km&tt^#yxAt,|c#L—f IM 
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©eni, y%-rAm#ictiscT©6. ##Aii, yoy^^F©#
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7ayr7F7ll, 30Wp tiflPv'il'lT® GEF #%A©*#10/j^V\

515, yxyAttiHSrEMUt, #H, xy7y*-t-et>E$£;h,/t©ll 32Wp yx 

7A(% $450 T-®*StLfc)-efc5„ -ryK^-yrt, 30Wp y77 ASSETS 15ti:13l4f$3ELfc„ 
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ynv’x^hroEH-irg^icjoV'T, #-oA##KE4-6^A^k6.
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m<DM.»i<nmmbMi&;tvxmwmmkffl&z%iit-t?>~t^£^T'£mMiii*z>b<Dtt£-o 

TV'S.
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t-5@c®rott-Ei:te$(c^g-t5„ Mx:H, xy^v^lcjoV'Tti, yoy^yEak HSSASS 

*i:0:Wlc^Ux

ns*, t
e->xyArom«£#*5z£&K,s$s-frfc„ r?L7t«S(4, HS**SE*^#So#%c>E 

KKftLT, reASSEtt-^-oT^^V', A|#)l6%#:y^.yA&$%.Z. j (SV'te,

r**l4tt^5*U:5^, ■ejxtte**8ET*l4*V\ j i:dxfc) jrSofcr
LTW5„

mt/ftmskVo ttssfiyay^^M-ii-g-t^sy^FrodtiFStttt, 

|g*'>^AAm*Sriyai'to «yii, xy^'/ycosy^ESc^it, 

*«.ffl«ffijroSit&Sv^fc„ r county

#&, 4y^IEttT*ifeV'#y*ibT, ffl#LTV'5„ ZcDZtli, *6$*

xy^yyKjsv'-m. yn-yryycD@F?E£ty siBJstv7tBg®ia« 

*®^^/var'-es®#roi$y^svyc„ -gc»a, 
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VS*,k^$L^57t»rojfcll<7)fc6t>C>iK—SjafcFirLTtSIgUtv-S,
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KE$;#-fey^-ro*g
xssftiiBJtit'x ±i#mmfy:^-^6Mim#@@(DM#&aEMty^-'D*fkict3:@^%$
frltCe
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goto, ##3^.K&#/j\fbL###©#^t^TAA#©#m#©ip]±l:mg-c$)6.
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m#, **#)&#©) A 4)B©'7BDi>;n^Hi< m
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#7/GEF
A7

sHs#mm SSBM

/yn%^#mmm7W=?i'
(http://www.worldbank.org/astae/lcg.htm# 

credit24490~IN)

GEF: 1991
#7:1992

GEF: $ 26m 

#7(IDA): $ 115m 

#t(IBRD): $ 75m 

□"IF: $ 450m

XW&(D 2.5MWp (D

7\SHS)
FgJf(IREDA)

/J«&OT#£A#IFW
(http:/ / www.worldbank.org/ pics/ifcspi/llsO 

7327.txt)

GEF: 1994/199
7

IFC:1995

GEF:
^>tA: $ 0.75m 

/\V/7Ta'>i: $ 0.75m
R-*F£fnlll: $ 75,000

7°nyVh

(http://www.w0ridbank.0rg/astae/lcg.htm#
loan35544-IND)

GEF: 1995
#7:1997

GEF: $ 24m 

#7(IBRD): $ 20m 

o'pf: $ 118m

2oo,oooshs 7°oyi?h##@#::&U#
ADA#

%!)7yW/M--t-t:'7W^7°Dy%7h

(http://www.w0rldbank.0rg/astae/lcg.htm#
credit2938-LK)

GEF: 1995
#7:1997

GEF: $ 5.9m 

#t(IDA): $ 24m
30.000SHS

3ERT7BB

-kjaymX^m^RUt 7°p

(http://www.gefweb.org/wprogram/1096/ p 

vmti.doc)

GEF: 1996
IFC:1998

GEF: $ 0,7m 

□'IF: $ 90-120m
4yy\ ^-7^073(7^0 ft 
zmmm shs 

ft-

7"ny%7h
(http:/ Zwww.worldbank.org/ astae/lcg.htm# 

credit30470-LA)

GEF: 1997
#7:1998

GEF: $ 0.7m 

#7(IDA): $ 1.5m
20 (DxmjmwgmL

5ES7f-y3y§rSEffl(7
nmxmMmEdD

7W=#

(http://www.gefweb.org/wprogram/ nov97/ 
ar-webpdf)(PAD

GEF: 1997 

#7:1999
GEF: $ 10m 

#t(IBRD): $ 30m 

"□IF: $ 121m

ESt766,000SHS7)S)£jt 
^FbfcxF/^-t- k'7#

(http://www.gefweb.org/wprogram/mar98/ 
worldbank/capeverve/capever.doc)

GEF: 1998
#7:1999

GEF: $ 4.7m 

#t(IDA): $ 17.5m 

□Ht: $ 48m

^mz. 4.000SHS
% ® fj • 7k A tt 

(ELECTRA)

(http://www.gefweb.org/wprogram/mar98/ 
worldbank/ china/ chinal .doc)

GEF: 1998 
#7:1999
W&P

GEF: $ 35m 

#7(IBRD): $ 100m 

'□IF: $444m

10Mp (D SHS RXJXmX 

mx%wx7"])yyyyfix

mmmrnmxwm

(http://www.worldbank.org/ pics/ifcspi/lws 

09137.txt)

GEF: 1998
IFC:1999

GEF: $ 10m
IFC: $ 6m 

□HF: $ 50m

xmytmnmmmmm

f-t'wms

Tiiodos tti

#A#

(http://www.gefweb.org/wprogram/ Oct98/ 
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Minutes of the 2nd Experts Meeting
IEA PVPS Task IX
8th -9th February 2000

1. Welcome
The meeting was formally opened by Bernard McNelis on behalf of Enno Heijndermans of the World 
Bank. The Task IX participants would like to thank the ASTAE Unit at the World Bank for hosting the 
meeting. Thanks are due to Enno Heijndermans and Pikul Malasiddhgeissa of the ASTAE Unit and to 
Mark Fitzgerald and Robert Hassett for their assistance in the organisation of the meeting.

2. Agenda
The agenda was agreed as issued - see Annex 1.

3. Participants
The meeting participants are listed below.

Country Representative name Organisation
Australia Gordon THOMPSON CASE
Australia Geoff STAPLETON GSES
Canada Gerry COLLINS Cl DA
Canada Josef AYOUB CANMET-EDRL
Denmark Peter AHM PA Energy A/S
France Hubert BONNEVIOT IED
Germany Rolf POSORSKI GTZ
Germany Klaus PREISER FhG-ISE
Italy Roberto VIGOTTI ENEL
Japan Tsunehisa HARADA JPEA
Japan Kazuo YOSHINO Yoshino Consultant
Japan Eiichi WAKI NEDO
Japan Yoshiko YURUGI NEDO
Netherlands Winfried RIJSSENBEEK ETC
Netherlands Chris WESTRA ECN
Netherlands Jan CLOIN* 2 ECN/UNDP
Spain Emiliano PEREZAGUA Isofoton
Switzerland Alex ARTER ENTEC AG
Switzerland Stefan NOWAK1 NET Ltd for CHE Govt
UK Bernard MCNELIS IT Power Ltd
UK Jonathan BATES IT Power Ltd
USA Robert HASSETT US DOE
USA Allan HOFFMAN US DOE
USA Mark FITZGERALD ISP
USA Roger TAYLOR NREL

Eric MARTINOT World Bank/IEA
Suresh HURRY UNDP
Enno HEIJNDERMANNS ASTAE Unit, World Bank
Peter VARADI2 PVGAP
Dana YOUNGER2 IFC

USA Robert LEE2 AED

Also invited were:

7 February only
2 8 February only
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Country Representative name Organisation Comments

France Jean-Louis BAL ADEME Apologies

Denmark Jean-Paul LAUDE DANIDA Without Notice

Finland Heikki TIKKANEN Fortum AES Apologies

Japan Takeyuki TANI IEEJ Apologies

Mark RADKA UNEP Apologies

Erik USHER UNEP Apologies

C.E.C. Paul DOYLE CEO DGXVII Without Notice

C.E.C. Claas HELMKE JRC Ispra Apologies

4. Approval of Minutes of 1st Experts Meeting
The minutes were approved with minor changes.

5. Review of Actions
Outstanding actions from the 1st Experts meeting were identified.

Action By Status

Investigate REWP schedules GBR Complete

Distribute information on Italian bilateral programmes ITA
3rd Meeting Jakarta - 2-3 October 2000 GBR TBC

Prepare Task IX Flyer GBR

6. Presentation of Workplan for Subtasks 10 and 20
A detailed workplan for Subtasks 10 and 20 was circulated to all participants prior to the meeting.

Winfried Rijssenbeek presented the detailed Workplan to the meeting (see Annex 2). Following the 
presentation a discussion was initiated and is summarised below.

Suresh Hurry observed that Task IX needs to take into account work already being undertaken by the 
UNDP and the world Bank and should not repeat this work. The Task also needs to be sure who its 
clients are and who are the Recommended Practice Guides to be targeted at.

Roger Taylor felt that PV is still in its infancy with respect to implementation in developing countries 
and that it may be premature for Best/Recommended Practice Guides and that perhaps we should 
focus on lessons learned.

Stefan Nowak felt that Task IX had set itself a very ambitious programme and needed to be sure who 
was going to undertake the work in order to ensure the objectives will be achieved. It was suggested 
that the RPG production be prioritised to ensure effective use of resources.

Rolf Posorski thought the number of guides could be reduced by restricting the number of target 
groups.

Erik Martinet suggested that it may be possible to publish a mixture of both RPGs and Lessons 
Learned documents to ensure the appropriate documentation for each respective subject area.
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Jonathan Bates said that the Guides were most likely to be largely internet based publications which 
would allow them to be updates relatively easily. The guides would be published in English in the first 
instance. Some of the guides would be published jointly with Task III.

7. Presentation of Workplan for Subtask 20
Alex Arter gave a brief presentation on Subtask 20. It was important that Subtask 20 was not delayed 
because of awaiting information to be supplied from Subtask 10.

The Subtask Leader would therefore make contact with donor agencies and development banks to find 
out whether they were interested in the support that Task IX could potentially offer and to ascertain 
their requirements.

Enno Heijndermanns said that ASTAE would primarily be looking for support in peer review of 
documents.

Suresh Hurry said this would be an area of interest to UNDP as well as possibly providing training 
workshops.

It was emphasised that the support to be provided by Task IX would in no circumstances amount to 
free consultancy for external organisations.

8. Presentation of Workplan for Subtask 30
The objectives of Subtask 30 were presented to the meeting. The subtask will investigate the techno- 
economic aspects and potential of PV systems, and the roles of utilities in developing countries. This 
Subtask will identify areas of specific concern to developing country applications requiring further 
research and feed this into other parts of the IEA PV programme.

Three activities with Subtask 30 were proposed:

Activity 31 Stand-alone PV systems

Activity 32 Village grid and hybrid systems

Activity 33 Grid-connected PV systems

Japan informed the meeting that it was not in a position to act as Subtask Leader for Subtask 30 but 
confirmed its intention to remain involved in the Subtask.

Klaus Preiser said that the Subtask would be of particular interest to the Fraunhofer Institute but that 
there would be difficulties in getting funding for the Subtask. This was confirmed by Rolf Posorski who 
stated that should Germany confirm its participation in Task IX, it would be mainly involved in Subtasks 
10 and 20.

Roger Taylor suggested the Task could possibly be co-led by USA and DEU should Germany be able 
to obtain funding.

Gordon Thompson suggested setting up a small Working Group to define the workplan for Subtask 30 
in the absence of a Subtask Leader. This was agreed as the most appropriate way forward. AUS 
(G Thompson), DEU (K Preiser), USA (R Taylor) and JPN (T Tani, cc E Waki) would constitute the 
group.

9. Target Country Identification
The responses from the completed questionnaires that were distributed were summarised (see 
Annex 3).

Target countries have been provisionally identified as: Argentina, Brazil, China, Dominican Republic, 
Ghana, Honduras, Kiribas, Indonesia, India, Morocco, Philippines, South Africa, Vietnam and 
Zimbabwe.
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It was noted that in some countries there may be difficulties in obtaining accurate data, especially when 
these conflicted with targets. The UNDP had 136 Field Officers around the world and these could be 
accessed to help ‘open doors’.

In order to ensure that most effective use is made of the available data, information requirements 
should be targeted at specific countries. In order to achieve this a matrix would developed to marry 
countries to specific outputs.

There was some discussion as to the inclusion of Mexico in the target country list but it was agreed it 
this could be politically difficult due to Mexico’s membership of the PVPS and its decision not to 
participate in Task IX.

10. Summary of the Photovoltaic Consultative Group Meeting
A number of the Task IX representatives had attended the PV consultative Group Meeting organised 
by the World Bank on 7th February. Bernard McNelis and Jonathan Bates represented Task IX at this 
meeting. The Committee has been set up to facilitate discussion between the PV industry and the 
World Bank on future PV programmes

The meeting was addressed by the President of the World Bank, Mr James Wolfennson.

It was agreed that a Working Group would be set up to identify the role and modalities of operation of 
such a consultative committee. Bernard McNelis, as Task IX Operating Agent, volunteered to serve on 
this Working Group. The importance of Task IX’s interaction with this Group was highlighted.

11. Further review/discussion of World Bank Quap-PV Manuals
As discussed at the first meeting, the ASTAE Unit at the World Bank has funded the development of 
QA documentation on:

• Quality Management in Photovoltaics: Manufacturers Quality Control Training Manual - (developed 
by PVGAP)

• Manual for design and modification of solar home system components - (developed by ECN)
• Training Manual for Quality Improvement of Photovoltaic Testing Laboratories in Developing 

Countries - (developed by FSEC)
• PV Installation and Maintenance Practitioner Certification Infrastructure: Development Procedures 

- (developed by ISP)

At the 1st Experts Meeting, the consensus was that there was certainly a need for a quality standard of 
some kind for World Bank and other programmes and that these manuals went a long way towards 
addressing this.

The contracts with the World Bank are almost completed so there is no requirement for Task IX input 
at this stage. However, the ASTAE Unit is keen that these manual are continually developed and are 
‘living’ documents. The ASTAE Unit made it clear that Task IX would be welcome to further develop 
the manuals if it wished.

It was recognised that the manual developed by Mark Fitzgerald of ISP (PV Installation and 
Maintenance Practitioner Certification Infrastructure: Development Procedures) was particularly 
relevant to Task IX and that the Task should thoroughly review the manual and develop it further if 
necessary. It was agreed that Jonathan Bates, Peter Ahm, Hubert Bonneviot, Geoff Stapleton, 
Winfried Rijssenbeek, Gordon Thompson, Josef Ayoub would review the manual. Jonathan Bates 
would co-ordinate comments and suggestions.

Interest was also expressed in the manual developed by FSEC, (Training Manual for Quality 
Improvement of Photovoltaic Testing Laboratories in Developing Countries). Klaus Preiser, Roger 
Taylor and Peter Ahm requested copies of the manual for review. Comments would be co-ordinated 
by Roger Taylor.
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12. IEA PVPS Task IX Collaboration with the World Bank
Bernard McNelis gave a short presentation to the meeting on the objectives of Task IX and outlined the 
areas of possible co-operation between the Bank and Task IX.

13. World Bank SHS Projects: Experiences and Lessons Learned 1993-2000
Eric Martinet made a presentation on the experiences and lessons learned from World Bank 
Solar Home Systems projects. Copies of his paper were handed out to the participants.

14. Recommended Practice for Training Programmes
This agenda item was covered in the discussion on World Bank Qual-PV Manuals.

15. Market Status for GHG Credits
Robert Lee of AED Inc made a presentation to the meeting on the various carbon credit mechanisms 
and their market status. The presentation is in Annex 4.

16. Proposals for 3rd and 4th Expert Meetings
In order to enable Task IX to interact with experts from developing countries it is intended that the 
experts meeting will be held in developing countries as far as possible. Possible dates and locations 
for the 3"* and 4* Experts Meetings are:

28th - 29th October 2000 - Marrakech, Morocco.
Feb/March 2001 - Jakarta, Indonesia.

Note: the 2nd Meeting was originally planned to take place in Marrakech (Morocco) in conjunction with a 
GEF PV workshop. This Workshop was then delayed and so the meeting was re-scheduled for 
Washington DC. It has subsequently been learned that the GEF PV Workshop will be held in 
Marrakech on 25-27 September 2000. It is proposed therefore to hold the 3rd Experts Meeting in 
Marrakech on 28-29* October 2000.

The 4th Meeting will be held in Indonesia in Feb/March 2001.

17. Technical Tour
A visit was organised to the BP Solarex ‘breeder* plant at Frederick Maryland. Special thanks are due 
to Sarah Howell for hosting this.
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18. List of Actions
The actions arising from the meeting were agreed as follows.

Action By Date

Reserve ieapvpstask9.org for website USA

Confirm Jakarta for 2-3/10/2000. GBR/CHE

Visit to KL? GBR/CHE
Confirm event attached to 3rd Mtg. GBR/CHE 28/2

Matrix for countries vs outputs circulate and return GBR 10/2

Continue to explore collaboration co-op-ration w REWP & April 
mtg

GBR

Test case UNDP document for peer review UNDP/CHE 15/3

Ad hoc group to develop ST30 workplan AUS, USA, JPN, 
(DEU)

30/4

Task IX OAto explore serving on WB PV Consultative Cttee GBR June/July

Develop strategy for interaction with this Group GBR April

Circulate all Quap-PV manuals GBR 6/3

‘Adopt* training manual?

Circulate mtg documents. GBR 6/3

Mtg w ASTAE/CHE to discuss further co-operation areas CHE 10/2

Finalise data collection mechanisms for ST 10 and start 
collection

NLD 31/4

Task IX flyer GBR 31/3

Investigate funding for DC reps to attend meetings All 3/10

Explore T9 w/shop for ADB UNDP/CHE 31/3

France to confirm manpower input FRA 28/2

Distribute CD rom on Qual-pv manuals
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Annex 1: 2nd Experts Meeting Agenda
International Energy Agency Photovoltaic Power Systems

Programme, Task IX
Deployment of Photovoltaic Technologies: Co-operation with Developing

Countries

HOSTED BYASTAE

Agenda - Tuesday 8 February Discussion
Leader

Time

Welcome by host Heijndermanns 09.00

Brief Introductions All 09.10

Approval of Minutes of 1st Experts Meeting All

Verification of Actions Bates

Subtask 1 - Deployment Infrastructure
Detailed workplan and organisation of subtask

Rijssenbeek 10.00

Subtask 2 - Support and Co-operation
Detailed workplan and organisation of subtask

Arter

Discussion and agreement on Workplan for Subtasks 1 and 2 All

Subtask 3 - Techno-economic aspects
Provisional workplan and organisation of subtask

Harada

Discussion and agreement on Workplan for Subtasks 3 All

Target Countries Bates

Summary of the Photovoltaic Consultative Group Meeting McNelis

Further review/discussion of World Bank Quap-PV Manuals All

Close 18.00

Dinner 19.30 (TBC)

-238- Page 9 of 9



Minutes of the 2nd Experts Meeting
IEA PVPS Task IX
8th -9th February 2000

Agenda - Wednesday 9th February Discussion
Leader

Time

Collaboration with World Bank McNelis 09.00

Presentation of IEA PVPS and Task IX McNelis

Open Discussion

World Bank SHS Projects: Experiences and Lessons Learned 1993- 
2000'.

Martinet To be 
confirmed

Open Discussion

Recommended Practice for Training Programmes Fitzgerald

Discussion

Financing PV from Carbon Credit Mechanisms Mendis (AED)

Discussion

Visit to BP Soiarex Manufacturing Facility Depart 13.30

Lunch will be held between 13.00 and 14.00 on both days.

Representatives of the World Bank and IFC have been invited to attend the session on Wednesday.
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Target Country Identification Matrix
Country In which of the countries below 

does your organization have 
in-country work experience?

In which of the countries have 
you undertaken desktop 
studies or research?

In which countries are you aware of planned, on-going or 
completed bilateral aid programmes from your country or 
elsewhere either in PV, with a PV component or with some other 
renewable energy component? Please also indicate whether or 
not the programme(s) were successful in your opinion.

Argentina

Bolivia X JICA Project is on going

Brazil

China X NEDO Project is on going (Technical Collaboration)

Guatemala

Honduras

Indonesia X X JICA Project is planned

India

Kenya

Mexico

Morocco X X JICA Master plan of rural electrification for a district had been 
done

Philippines X

Sri Lanka
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South Africa

Syria X JICA Technical Cooperation project is on going

Thailand X X NEDO Project had been done (Technical Collaboration)

Vietnam X NEDO Project is on going (Technical Collaboration)

Zimbabwe X X JICA Technical Cooperation project had been done

Nepal X NEDO Project had been done (Technical Collaboration)

Laos X X JICA Technical Cooperation project is on going

Mongolia y NEDO Project had been done (Technical Collaboration)

JICA Technical Cooperation project is on going

Senegal X JICA Technical Cooperation project is on going

Malaysia X JICA Project is planned

Botswana JICA Project is planned

Island Countries:

Cook Islands

French Polynesia

Tuvalu

Kiribati X JICA Technical Cooperation project had been done

Gentries in Bold are added ■
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Country For which of the following countries do 
you have access to high quality data (that 
would be available to Task IX) on the 
status of the PV market - applications, 
installed capacity, active companies etc?

To which of the following countries would you be able 
to undertake a mission if this were necessary? (This 
may include countries you would visit as part of other 
projects etc and that you would be able to devote 
some time gathering information for Task 9)

Argentina

Bolivia (X)

Brazil

China X (X)

Guatemala

Honduras

Indonesia (X)

India

Kenya

Mexico

Morocco

Philippines (X)

Sri Lanka

South Africa

Syria X (X)

Thailand (X)
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Vietnam (X)

Zimbabwe X (X)

Nepal

Laos (X)

Mongolia (X)

Senegal X X

Malaysia (X)

Botswana (X)

Island Countries:

Cook Islands

French Polynesia (X)

Tuvalu (X)

Kiribati X (X)

X= Available (X)' may be possible
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Country How would you judge government policy to be 
in terms of supporting PV? (Please score on a 
scale of 1 to 5 with 1 being very favourable, 5 
being unfavourable).

Which countries would you or your 
funding organisation like to see included 
as a Task IX target country?

For information, the following countries 
were included in the Task III Survey 
Report

Argentina Z

Bolivia 3

Brazil 1 Y

China 1 X

Guatemala 3

Honduras 3

Indonesia 1 X Y

India % Y

Kenya 4 Y

Mexico Y

Morocco 2 X Y

Philippines 3 X Y

Sri Lanka 1

South Africa 1 X Y

Syria 3

Thailand 1 X Y
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Vietnam 3 X Y

Zimbabwe 3
Nepal 4
Laos 3 X

Mongolia 1 X

Senegal 3 '
Malaysia 3

Botswana 2

Island Countries:

Cook Islands Y

French Polynesia Y

Tuvalu ST Y

Kiribati 2 X



Target Country Identification Matrix GG:iea92Q05

Country (1) (2) (3) (4) (5) (6) (7) (8)
Latin America

Argentina 2
Bolivia X JICA on going (X) 3
Brazil 2 Y

Guatemala 3
Honduras 3

Mexico Y
Asia

China X NEDO on going X (X) 1 X
Indonesia X X JICA completed 

NEDO completed 
JICA planning

(X) 2 X Y

India 2 Y
Laos** X X JICA on going (X) 3 X

Malaysia X NEDO completed 
JICA planning

(X) 3

Mongolia** X NEDO completed 
JICA on going

(X) 1 X

Nepal** X NEDO completed 4
Philippines X (X) 3 X Y
Sri Lanka 2
Thailand X X NEDO completed 

NEDO on going
(X) 1 X Y

Vietnam X NEDO on going (X) 3 X Y
Islands Countries

Cook Island ? Y
French Polynesia (X) 7 Y

Kiribati X JICA completed X (X) 2 X
Tuvalu (X) 5 Y

Middle East
Syria X JICA on going X (X) 3

Africa
Botswana** JICA planning (X) 2

Kenya 4 Y
Morocco X X JICA completed* 2 X Y

Senegal** X JICA on going X X 3
South Africa 1 X Y
Zimbabwe** X X JICA completed X (X) 3

* Master plan only 
** Countries are added to the list 

X: available (X): may be possible

(1) In which of the countries does your organization have in-country work experience ?
(2) In which of the countries have you undertaken desktop studies or research ?
(3) In which countries are you aware of planned, on-going or completed bilateral aid programmes from your country or 

elsewhere either in PV, with a PV component or with some other renewable energy component ?
Please also indicate whether or not the programme(s) were successful in your opinion.

(4) For which of the following countries do you have access to high quality data (that would be available to Task IX) 
on the status of the PV market-applications, installed capacity, active companies etc ?

(5) To which of the following countries would you be able to undertake a mission if this were necessary ?
(This may include countries you would visit as part of other projects etc. and that you would be able to devote some 
time gathering information for Task IX.)

(6) How would you judge government policy to be in terms of supporting PV ? (Please score on a scale of 1 to 5 witf 
1 being very favourable, 5 being unfavourable).

(7) Which countries would you or your funding organization like to see included as a Task IX target country ?
(8) For information, the following countries were included in the Task III Survey Report
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1) Task III
Stand-Alone Applications (1996)

2) PV GAP (1999) QUALITY MANAGEMENT IN PV (TRAINING MANUAL)
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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 24 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 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 research projects (Tasks) is the responsibility of Operating Agents. 
Currently seven tasks have been established. The twenty-one members of the 
PVPS Programme are:

Australia (AUS), Austria (AUT), Canada (CAN), Denmark (DNK), European 
Commission, Finland (FIN), France (FRA), Germany (DEU), Israel (ISR), Italy 
(ITA), Japan (JPN), Korea (KOR), Mexico (MEX), Netherlands (NLD), Norway 
(NOR), Portugal (PRT), Spain (ESP), Sweden (SWE), Switzerland (CHE), United 
Kingdom (GBR), United States (USA).

This International Technical Report has been prepared under the supervision of 
PVPS Task III by:

Jonathan Bates and Alison Wilshaw 
IT Power Ltd, United Kingdom (GBR)

in co-operation with experts of the following countries: Australia, Canada, 
Finland, France, Germany, Italy, Japan, Korea, Netherlands, Norway, Portugal, 
Spain, Sweden, Switzerland.

The report expresses, as nearly as possible, a consensus of opinion of the 
Task III experts on the subjects dealt with.
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SHORT ABSTRACT AND KEYWORDS

The International Energy Agency (IEA) is an autonomous body within the 
Organisation for Economic Co-operation and Development (OECD) formed to 
encourage co-operative ventures among the 24 member nations. The Agency’s 
efforts include efforts into the research, development and demonstration of new 
energy technologies.

The Implementing Agreement on Photovoltaic Power Systems was initiated to 
assist in the development of the world photovoltaic market. The agreement is 
divided into seven tasks, of which Task III deals with Photovoltaic Power 
Systems in Stand-alone and Island Applications. Within this Task, applications 
in developing countries are considered of special interest.

In an effort to accelerate the implementation of stand-alone and island 
photovoltaic power systems in developing countries, it was realised that a 
number of steps needed to be taken. Firstly, an understanding of the current 
state of the photovoltaic industry in developing countries needed to be 
formulated. Secondly, the barriers to the increased use of photovoltaic power 
systems needed to be identified. Thirdly, methods of addressing the identified 
barriers needed to be determined.

To develop an industry baseline, the Task III Experts each completed a survey 
on a selected developing country. The information provided was collated with 
data drawn from other sources and a report produced, comparing social and 
geographic, economic and political, and industrial parameters.

By comparing the successes that different policies and project approaches have 
engendered, as well as drawing information from other sources, the market 
barriers preventing the wide-spread implementation of photovoltaic power 
systems were identified.

Keywords: developing countries, stand-alone PV, survey, renewable energy 
programmes, rural electrification.

ACKNOWLEDGEMENT

The authors of the report would like to thank the experts from Australia, Canada, 
Finland, France, Germany, Japan, the Netherlands, Sweden and Switzerland .

This document is an output from contracts awarded by the UK Department for 
International Development (DFID) for the benefit of developing countries and ’ 
represents part of UK contribution to the International Energy Agency’s ; 
Photovoltaic Power Systems Programme. The views expressed are not 
necessarily those of DfID.

August 1999

-259-



IEA PVPS Task III Stand-alone PV Systems in Developing Countries

TABLE OF CONTENTS

Executive Summary
1. Introduction

1.1 Task III Objectives
1.2 Survey Objectives
1.3 Participation and Data
1.4 Survey Limitations

2. Economic and Political Aspects
3. Electrification Status
4. PV Programme Experiences and Policy Issues

4.1 PV Applications and Installed Power
4.2 Policy Issues

5. Domestic PV Industries
6. Financing Options
7. Conclusions

LIST OF TABLES
Table 1: Estimated electrical capacity and generation and population without
access to electricity............................................................................... .....................................
Table 2: Estimated installed PV power at the end of 1996 in the surveyed
countries...................................... ...................................................................................................
Table 3: Countries surveyed by Task III experts and IT Power................................
Table 4: Population details of surveyed countries.......................................................
Table 5: Economic indicators of countries surveyed...................................................
Table 6: Estimated electrical capacity, production and transmission losses.....
Table 7: Extent of rural electrification compared with rural employment..............
Table 8: Estimated installed PV power at the end of 1996 in the surveyed
countries.......................................................................................................................................
Table 9: PV applications in the surveyed countries....................................................
Table 10: Existing policies, initiatives and tariffs for PV components.....................
Table 11: In-country manufacture of components........................................................
Table 12: Sources of project funding................................................................................

LIST OF FIGURES
Figure 1: GDP per capita in the surveyed countries....................................................
Figure 2: Electricity generation breakdown by source................................................
Figure 3: Electricity production per capita versus GDP per capita (1995)..........
Figure 4: Population without electricity versus population in agriculture............
Figure 5: Population without electricity versus GDP per capita...............................
Figure 6: Unelectrified population versus urban population....................................
Figure 7: Installed PV power per capita in the surveyed countries........................

-260-

August 1999



IEA PVPS Task III Stand-alone PV Systems in Developing Countries

Executive Summary

This report is a summary of photovoltaic programmes and applications in 
selected developing countries as of the end of 1996. The information in the 
report is based partly on questionnaires completed by the various national 
experts appointed to Task III and partly on research by the report authors.

The report aims to provide a basic understanding of the state of the photovoltaic 
market in developing regions of the world at the end of 1996, and to highlight the 
perceived market barriers to the accelerated implementation of photovoltaic 
power systems. The countries surveyed are: Brazil, The Cook Islands, The 
Dominican Republic, Ethiopia, French Polynesia, Ghana, India, Indonesia, 
Kenya, Malaysia, Mongolia, Morocco, Namibia, The Philippines, Senegal, South 
Africa, Tanzania, Thailand, Tuvalu, Uganda and Vietnam.

Economic and political aspects
The report details the key demographic and geographic data for reach of the 
countries in the survey. These data varied very widely between the countries 
surveyed indicating the wide disparity of conditions in the various countries: land 
areas ranged from that of Brazil, encompassing 8 460 000 km2 to Tuvalu, 
occupying 26 km2. Population densities ranged from less than 2 people per 

square kilometre in Mongolia to 380 people per square kilometre in Tuvalu. 
Literacy rates ranged from an estimated 100 % in French Polynesia to 24 % in 
Ethiopia. Urban populations ranged from an estimated 79 % in Brazil to 12 % in 
the Cook Islands.

Key economic data were also presented in the report as these need to be 
considered when assessing the state of a given market. Poverty levels, as given 
by the population on an income of less than 1 USD per day, ranged from a high 
of 69.3 % in Uganda to less than 2 % in Morocco and Thailand. Consumer price 
indices ranged from over 640 % in Brazil (this figure has reduced significantly 
since 1996) to 1.5 % in French Polynesia. GDP per capita in the surveyed 
countries ranged from 103 USD in Ethiopia to 7 554 USD in French Polynesia.

Electrification status
Data on the status of current electricity generating capacity and production was 
collected and these are summarised in

August 1999
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Table 1. From the Table the wide range in electricity generating capacity and 
generation can be seen., with per capita electricity generation ranging from 
4 916 kWh in South Africa (which was a net exporter of electricity) to 22 kWh in 
Ethiopia.
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Table 1: Estimated electrical capacity and generation1 and popuiation without
access to electricity.

Country Electricity 
Generation 
Capacity 

1995 (GW)

Electricity 
Generation 1995 

(GWh)

Electricity 
Generation 
per capita 

(kWh/capita)

Unelectrified
population

(%>1 2 :

Brazil 63.77 275 000 1 711 12
Cook Islands3 0.014 21 420 NA
Dominican
Republic

2.28 6 500 813 NA

Ethiopia 0.33 1 300 22 90
French
Polynesia

0.075 275 1 250 12

Ghana 1.8 6 200 344 60
India 81.2 415 000 439 68
Indonesia 11.6 61 200 311 70
Kenya 0.73 3 700 137 90
Malaysia 8 45 500 2 167 19
Mongolia 1.25 NA NA 60
Morocco 2.4 12 000 444 75
Namibia 0.406 994 925 90
Philippines 29 700 413 45
Senegal 0.215 900 100 75
South Africa 46 187 000 4916 33
Tanzania 0.405 1 800 60 96
Thailand 10 80100 1 335 27
Tuvalu 0.0026 3 306 NA
Uganda 0.2 610 31 95
Vietnam 14 400 192 80

Of the surveyed countries, Brazil, India and South Africa had operational nuclear 
reactors, although they were not reliant to any great degree upon nuclear power. 
Brazil and Uganda both relies upon hydropower for more than 90 % of electricity 
generation, while Mongolia, Senegal, South Africa, Ghana and Morocco relied 
on traditional thermal generation for over 90 %. Of the remaining countries, 
Indonesia, Malaysia, and the Dominican Republic were heavily reliant upon 
thermal generation while Ethiopia and Kenya were reliant upon hydropower.

1 World Development Indicators 1998, The World Bank.
2 UK Department of International Development unless stated
3 World Factbook 1997 (http://www.odci.goc/cia/publications/factbook/country.html)

August 1999



IEA PVPS Task III Stand-alone PV Systems in Developing Countries

Estimations of the population in each country without access to electricity 
services were obtained and these ranged from as high as 96 % in Namibia to 
12 % in each of Brazil and French Polynesia.
PV programme experiences and policy issues
All of the countries included in the survey had had some experience with stand
alone photovoltaic power systems. For many of the countries, this was largely 
been for social / health / educational applications, often funded by international 
agencies and installed as demonstration or pilot programmes. However, a 
number of countries had developed a commercial PV industry independently of 
large scale aid projects. Particularly important from this perspective were the 
industries in Kenya, the Dominican Republic and Namibia.

The installed PV power as of the end of 1996 is shown for each of the surveyed 
countries in Table 3. It is estimated that the total PV power installed in the 
surveyed countries was in the region of 53 MWp with over half of this installed in 
India.

Table 3: Estimated installed PV power at the end of 1996 in the surveyed
countries.

Country PV power 
installed at the 
end of 1996 (kWD)

Country PV power 
installed at the 
end of 1996 (kWD)

Brazil 2 000 Morocco 1 000
Cook Islands NA Namibia 800
Dominican
Republic

225 Philippines 133

Ethiopia NA Senegal 800
French
Polynesia

NA South Africa 5 500

Ghana 350 Tanzania NA
India 35 000 Thailand 2 500
Indonesia 1 800 Tuvalu 50
Kenya 2 000 Uganda 150
Malaysia 640 Vietnam 100
Mongolia 80 TOTAL 53 078

The countries with the highest total peak power installed at the end of 1996 were 
Brazil, Kenya, India, South Africa and Thailand, which accounted for 47 MWp. 
The cumulative installed V power per capita ranged from a high of 5.05 Wp in 
Tuvalu and 0.4 Wp in Namibia to 1.85 mWp in the Philippines and 1.33 mWp in 
Vietnam. It is interesting to note that the governments of those countries with 
the highest PV installed per capita were actively supportive of PV and, with the 
exception of Senegal, had an active private sector PV industry. In Morocco,
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Senegal and Tuvalu, large PV programmes funded by bilateral agencies had 
been implemented and these had been generally successful in ensuring 
continued government support. In Namibia and Thailand the PV industry had 
developed mainly through the active support of the national governments and in 
the absence of large aid programmes.

PV had been used for a variety of applications in the surveyed countries. In 
India, PV had been used in many applications including water pumping, street 
lighting systems, solar home systems and solar lanterns as well as large scale 
(>100 kWp) PV power plants and telecommunications. PV in South Africa had 
been largely used in solar home systems, water pumping, electrification of 
schools and clinics as well as in professional applications such as 
telecommunications. In Thailand, PV had been installed for village battery 
charging stations, schools and clinics and water pumping applications. In Brazil, 
the first PV applications were for telecommunication relay stations but since 
1992, PV had been used in solar home systems, schools and water pumping. In 
Kenya, PV had been largely used for solar home systems and solar lanterns, 
almost entirely in the private sector.

Many countries had plans with regard to the electrification of rural areas. A 
number of countries had policies and targets for rural electrification that explicitly 
included reference to the use of PV and/or other renewable energy sources. A 
summary of existing programmes on rural electrification and PV and the status of 
import duties and tariffs in the surveyed countries is given in the main report.

Many of the surveyed countries had developed and implemented coherent plans 
focused on encouraging the growth of the photovoltaic industry. The various 
programmes were not comparable, as the size of the populations being served 
were very different and the goals of the programmes quite different. Indonesia 
was attempting to develop a rural infrastructure for both supplying electrification 
and supplying credit on a massive scale, while Tuvalu and French Polynesia, 
with small populations, were attempting to achieve electrification with PV almost 
entirely as a demonstration project. The Malaysian government, in contrast, was 
leaving the development of the industry almost entirely to the private sector in 
the belief that PV should only be implemented on an economically justifiable 
basis.

In countries with limited governmental interest in promoting PV systems on a 
wide scale, private sector interest and internationally funded Aid projects can 
support industrial activity to some degree. Kenya had a thriving private sector 
photovoltaic industry, although it was supported by Aid projects throughout the 
region and its success was largely due entirely to the private sector. The 
Dominican Republic had also developed a successful private sector industry 
despite confusing government policies and tariffs, although the industry suffered
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from some difficulties in the development of customer finance mechanisms. The 
PV industry in Namibia had also developed independently of large scale aid 
programmes, although there had been government support for the technology.
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Domestic PV industries
Many of the survey countries lacked the industrial base and trained technicians 
required to produce all of the components of a photovoltaic power system. 
However, the production of PV modules from cells bought on the international 
market or manufactured by parent companies overseas took place in a number 
of countries including South Africa, Thailand and Vietnam. There were three 
companies in India involved in the manufacture of PV cells, as well as module 
manufacture. Facilities for module manufacture did exist in Brazil but these were 
no longer in production.

Most of the countries had the ability to produce some, if not all, of the 
components for a stand-alone PV system. These typically included charge 
controllers, batteries, DC lamps, wiring etc. Most of the batteries that were 
manufactured were automotive batteries rather than the more expensive solar 
batteries.

Demonstration programmes had encouraged the creation of photovoltaic firms 
for assembling and installing components in all of the countries surveyed; 
however, many of these firms were dormant between projects, as the local 
market volume was too low to sustain employment. :

Financing Options
One of the common features among the survey countries was the lack of finance 
available for the purchase of PV systems, either through cash sales or through 
affordable credit. This was especially problematic in rural areas, where the 
population was often reliant upon subsistence agriculture and informal 
employment. As this demographic group represented the largest market for 
stand-alone photovoltaic power systems, the problem of finance needs to be 
addressed in order to develop the potential market.

In general, many of early demonstration projects were not implemented with any 
intention of recovering costs, and many public sector projects follow this 
tradition. Electrification of medical clinics and schools was usually performed on 
a grant basis, and only recently had solar pumping projects begun to attempt 
cost recovery. Cost recovery was seen as both inducing a sense of ownership 
on the part of the people paying for the system and providing funds to sustain 
the project beyond initial installation.

Three main methods of developing the necessary infrastructure were being used 
in the survey nations: strengthening local lending bodies, expanding state owned 
enterprises, and encouraging private sector development. The majority of the 
projects covered by the surveys relied upon funding from Non-Governmental 
Organisations (NGOs) and bilateral grants.
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Attempts to either strengthen traditional lending mechanisms or introduce 
culturally sympathetic mechanisms among the local population had achieved a 
level of success. With the assistance of NGOs, revolving credit schemes and 
local credit co-operatives were both used frequently as a means of distributing 
available funds to the consumers. The advantages of these schemes included 
the strengthening of social ties within the community and the minimal 
administration costs.

The success of PV in both Namibia and Kenya was largely a result of private 
sector demand in the absence of any large scale donor funded electrification 
programmes. There were no specific financing schemes in either country for 
solar home systems, although hire purchase schemes finance as many as 2 000 
solar home systems per year in Kenya. It was estimated that as many as 50 000' 
solar home systems had been sold on a commercial basis in Kenya and 2 000 in 
Namibia, with a further 2 000 systems sold for installation in schools, clinics, 
community farms and shops. The hire purchase schemes were generally over 
12 or 24 month period and interest levels could be as high as 40 %.

More recently the concept of the Energy Service Company or ESCO, has been 
pioneered in South Africa. These companies can be a PV manufacturer, a local 
electricity utilities, who own and maintain the PV system and charge either a flat 
monthly rate or according to the energy consumed.
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1. Introduction
V'G

The International Energy Agency (IEA) formed an agreement in 1993 with the 
intention of accelerating the implementation of photovoltaic systems throughr 
improvements in cost effectiveness and the opening of new markets. This^ 
agreement, the Photovoltaic Power Systems Programme, was originally divided ? 
into 6 Task areas, each dealing with a different aspect of photovoltaic power; 
systems (PVPS): -od

• Task I: Exchange and dissemination of information on photovoltaic power 
systems.

• Task II: Operational performance and design of photovoltaic power systems 
and subsystems.

• Task III: Use of photovoltaic power systems in stand-alone and island 
applications.

• Task V: Design and grid interconnection of building integrated and other 
dispersed photovoltaic systems.

• Task VI: Design and operation of modular photovoltaic plants for large scale 
power generation.

• Task VII: Photovoltaics in the built environment.
• Task VIII: Very large-scale photovoltaic power generation systems in remote 

areas.
• Task XI: Deployment of photovoltaic technologies: co-operation with 

developing countries.

1.1 Task III Objectives

Task III is subdivided into three groups, each focusing upon one issue intended 
to demonstrate the "added value" which international co-operation can bring to 
the photovoltaic market, specifically with regard to stand-alone and island 
systems. Group A, under which this report falls, is focused upon the 
implementation of stand-alone PV programmes. As such, it includes the 
application of PV in developing countries, and has involved collaborating with 
institutes in developing countries and international organisations to encourage 
the widespread use of stand-alone PV systems.

1.2 Survey Objectives

This report is, in part, based on questionnaires completed by Task III IEA PVPS 
experts from participating countries concerning the state of the photovoltaic 
industry in a particular country. The surveys were intended to provide a basic 
understanding of the current state of the photovoltaic market in developing 
regions of the world, and to highlight the perceived market barriers to the 
accelerated implementation of photovoltaic power systems. Where the data
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provided by the questionnaires was insufficient, further research was undertaken 
by the authors.

The survey focused upon past renewable energy programmes: how many there 
have been; how they were perceived by officials and consumers; what the local 
and national government policy issues have been; and how the programmes 
have affected the technical, financial and institutional infrastructure of the 
country. By investigating these issues, it was anticipated that an overview of the 
ability of each country to implement and support sustainable PV programmes 
would be derived. This report is the result of this activity.

1.3 Participation and Data

The following countries have been examined: fourteen by Task III participants in 
the survey and a further seven countries surveyed by IT Power Ltd. The 
countries are detailed in Table 4.

Table 4: Countries surveyed by Task III experts and IT Power

Countries surveyed 
by Task III experts.

ISO
Country

Code

Countries surveyed 
by IT Power.

ISO
Country

Code
Brazil BRA Dominican Republic DOM

Cook Islands COK Ghana GHA
Ethiopia ETH Kenya KEN

French Polynesia PYF Philippines PHL
India IND South Africa ZAP

Indonesia IDN Uganda UGA
Malaysia MYS Vietnam VNM
Mongolia MNG
Morocco MAR
Namibia NAM
Senegal SEN

Tanzania TZA
Thailand THA
Tuvalu TUV

The selection of countries surveyed was made by the individual Task III experts, 
with each National expert providing data on a selected country. In order to try 
and provide a more balanced selection, seven additional countries were 
surveyed by IT Power. Additional data from the surveyed countries were also 
provided by the authors. Countries were selected on the basis of the state of the 
PV market. The report has a bias towards Asia and Africa and, apart from 
Brazil, has not really addressed Central and South America.
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The economic data for this report and the Country Reports have been sourced 
from the World Bank, World Development Indicators 1998. The data in this 
publication is mostly for 1996.

The percentage of the population without access to electricity, or unelectrified 
was difficult to ascertain as it was dependent upon the exact definition of access. 
In this report the population without access to electricity has been taken to be 
the percentage of the population without an electricity connection. It is important - 
to distinguish this from the definitions that relate to the percentage of population 
or country covered by the electricity distribution system.

It was very difficult to obtain data for the population that did not have electricity 
supply as national statistics do not tend to include this information. As far as 
possible data supplied by the UK Department for International Development has 
been used although data was not available for the Cook Islands, Dominican 
Republic, French Polynesia, Ghana, Mongolia, Morocco, Senegal or Tuvalu from 
this source.

1.4 Survey Limitations

The survey was based initially on questionnaires distributed to the Task III 
National Experts. The questionnaire was designed to provide information on the 
status of the PV market in each country. The information was often based on the 
individual experts' knowledge of a particular country.

The PV market globally is in a state of unprecedented expansion, with global 
shipments of PV modules from IEA member countries in the region of 100 MWp 
in 19984. The situation in many of the countries surveyed is in a continual state 
of change and this report provides an overview of the status of PV in these 
countries as of the end of 1996.

4 IEA PVPS Report 1-06: 1998: Trends in PV Power Applications in selected IEA countries 
between 1992 and 1996.
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2. Economic and Political Aspects

The key demographic and geographic data varied very widely between the 
countries surveyed. Table 5 shows approximate land area, population figures, 
population densities and population growth rates from the surveyed countries as 
well as percentage urban population and literacy rates.

The figures indicate the large disparities amongst the surveyed nations: country 
areas ranged from that of Brazil, encompassing 8 460 000 km2 to Tuvalu, 
occupying 26 km2. Population densities ranged from less than 2 people per 

square kilometre in Mongolia to 380 people per square kilometre in Tuvalu. 
Literacy rates ranged from an estimated 100 % in French Polynesia to 24 % in 
Ethiopia. Urban populations ranged from an estimated 79 % in Brazil to 12 % in 
the Cook Islands.

Table 5: Population details of surveyed countries?

Country Population
(X103)

Land
area
(km2)

Population 
density (inhabs 

per km2)

Population 
growth rate 

(1980-96)

Urban
population

(1996)

Literacy
(%)

BRA 161 000 8 460 000 19.0 1.8% 79% 83
COK 20*" 240“ 83.3 1.08% (1995)* NA 805 6 7
DOM 8 000 48 000 166.7 2.1 % 63% 83
ETH 58 000 1 100 000 52.7 2.7% 16% 24
PYF 233s 3 660* 64.7 1.89% (1995)* NA Too7
GHA 18 000 228 000 78.9 3.1 % 36% 60
IND 945 000 3 287 000 287.5 2.0 % 27% 52
IDN 197 000 1 812 000 108.7 1.8% 36% 77
KEN 27 000 569 000 47.5 3.1 % 30% 69
MYS 21 000 329 000 63.8 2.5 % 54% 78
MNG 3 000 1 570 000 1.9 2.6 % 61 % 83
MAR 27 000 446 000 60.5 2.1 % 53% 35
NAM 2 000 823 000 2.4 2.7 % 37% 38
PHL 72 000 298 000 241.6 2.5 % 55% 95“
SEN 9 000 193 000 46.6 2.7 % 44% 38
ZAF 38 000 1 220 000 31.1 2.0 % 50% 76
TZA 30 000 884 000 33.9 3.1 % 25% 46
THA 60 000 511 000 117.4 1.6% 20% 94
TUV 10“ 26s 380.8 1.45% (1995)* NA NA
UGA 20 000 200 000 100.0 3.5 % 13% 48
VNM 75 000 325 000 230.8 2.1 % 19% 94“

Figures regarding population density must however be taken on the 
understanding that they varied greatly within a country. For instance, the

5 World Development Indicators 1998, The World Bank.
6 World Factbook 1997 (http://www.odci.goc/cia/publications/factbook/country.html)
7 Task III Expert
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population of Brazil was clustered mainly along the Atlantic coastal plane, such 
that the population density in these areas was far higher than the statistics 
indicate, whereas the interior was very sparsely populated. This has had an 
influence on the development of these countries in that they have concentrated 
on providing services to the urban populations rather than meeting the needs of 
the isolated rural population.

Statistics for French Polynesia, The Cook Islands as well as Tuvalu, were also 
interesting in that although the population densities were not especially low, the 
population was scattered on a number of small isolated islands making central 
electricity generation impractical. The small and dispersed nature of the 
population makes countries such as these prime candidates when considering 
renewable energy programmes. Indonesia, the Philippines, and to a lesser 
extent Malaysia, suffer from the same population dispersion, but have much 
larger populations.

The traditional Mongolian lifestyle of nomadic animal husbandry, with seasonal 
migrations determined by the growing seasons, meant that the basic population 
density figure is unlikely to be statistically significant. This lifestyle also makes it 
difficult to develop a centralised power distribution system to supply the large 
rural population.

The higher population growth rates, such as those seen in Ethiopia, Ghana, 
Kenya, Namibia, Senegal, Tanzania and Uganda, were often linked with poorer 
countries. With limited economic capacity to provide funding for infrastructure 
development, these countries - together with Morocco, and South Africa - had 
large areas of scattered villages engaged in subsistence agriculture.

Thailand and Malaysia, both Pacific Rim nations, have a very definite split 
between urban and rural populations. Urban areas tend to be westernised and 
technically advanced, while the rural areas maintain traditional lifestyles. The 
rapidity with which development has occurred in the urban areas has left much 
of the rest of the country lagging behind, as resources have been focused upon 
maintaining growth in industrialised areas.

The economic indicators of Gross Domestic Product (GDP), growth rate and 
inflation rate are given in Table 6, along with estimates of the population with an 
income less than 1 USD per day and the consumer price index.
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Table 6: Economic indicators of countries surveyecf

Country GDP 1996 
(MUSD)

GDP per 
capita 
(USD)

GDP growth 
rate 1990-96

Consumer 
Price Index 

1990-96

Population
below

1 USD/day8 9
Brazil 749 000 4 652 2.9 % 643.9 % 23.6 % (95)

Cook Islands 57 (1993)10' 2 850 
(1993)10’"

8.7%
(1995)"

5.8% 
(1994)11

NA

Dominican
Republic

13 200 1 646 4.7 % 10.9% 19.9% (89)

Ethiopia 5 990 103 3.9 % 8.9 % 46 % (82)
French

Polynesia
1 760 

(1993),°''1
7 554 

(1995)10'"
NA 1.5%

(1994)"
NA

Ghana 6 340 352 4.4 % 29.8 % NA
India 356 000 377 5.8 % 9.9 % 52.5 % (92)

Indonesia 226 000 1 146 7.7 % 8.8 % 11.8% (95)
Kenya 9 220 342 1.9% 23.5 % 50.2 % (92)

Malaysia 99 213 4 724 8.7 % 4.2 % 5.6 % (89)
Mongolia 972 324 3%" 53 % (1996)" NA
Morocco 36 800 1 364 2.1 % 5.5% <2 % (91)
Namibia 3 230 1 615 4.1 % 11.2% NA

Philippines 83 800 1 164 2.9 % 9.5 % 28.6 % (91)
Senegal 5 160 573 1.8% 7.6 % 54.0 % (94)

South Africa 126 000 3 324 1.2% 10.4% 23.7 % (93)
Tanzania 5 840 195 3.2 % 26.8 % 10.5% (93)
Thailand 185 000 3 084 8.3 % 4.8 % <2 % (92)
Tuvalu 7.8

(1995)"'"
788

(1995)10'"
NA 2.9%

(1989)"
NA

Uganda 6120 306 7.2 % 16.9% 69.3 % (90)
Vietnam 23 300 311 8.5 % 6.0 %’ NA

As can be seen from the figures in Table 2, the economic development of the 
surveyed countries, as measured by GDP, varied widely. Due to the wide 
variations in population, the overall productivity of the countries is less indicative 
of the relative wealth of the citizens than the value of per capita GDP. However, 
GDP per capita figures can be misleading, as in many of the countries there is a 
large disparity between the relative wealth of the poorest sections of society and 
the richest.

8 World Development Indicators 1998, The World Bank.
9 Year of data in brackets
10 Purchasing power parity
11 World Factbook 1997 (http://www.odci.goc/cia/publications/factbook/country.html)
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The population on an income of less than 1 USD per day ranged from a high of
69.3 % in Uganda to less than 2 % in Morocco and Thailand. Consumer price 
indices ranged from over 640 % in Brazil (this figure has reduced significantly 
since 1996) to 1.5 % in French Polynesia. The economic indicators for French 
Polynesia must be interpreted in the light of the fact that in 1996 nearly a third of ^ 
the nation’s GDP was transfer payments from the French government.

It was difficult to obtain data on the economic development of Mongolia, as it 
was still in transition after a period of centrally planned economic activity under a 
communist government. As the economy was liberalised and state owned 
enterprises privatised, statistics were overcome by events.

GDP per capita figures are shown graphically in Figure 1. GDP per capita in the 
surveyed countries ranged from 103 USD in Ethiopia to 7 554 USD in French 
Polynesia.

Figure 1: GDP per capita in the surveyed countries.

i i i
Country
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3. Electrification Status

Table 7 provides the estimated electricity generation capacity, annual electricity 
generation, per capita generation figures and transmission losses for the survey 
nations. Again, the per capita estimations must be taken in the light of the fact 
that there were a wide disparity of living conditions, as highlighted in Section 2 of 
this report.

Table 7: Estimated electrical capacity, production and transmission losses12

Country Electricity 
Generation 
Capacity 

1995 (GW)

Electricity 
Generation 1995 

(GWh)

Electricity 
Generation 
per capita 

(kWh/capita)

Transmission 
& distribution 
losses 1995 

(%)
Brazil 63.77 275 000 1 711 17
Cook
Islands12 13

0.014 21 420 NA

Dominican
Republic

2.28 6 500 813 25

Ethiopia 0.33 1 300 22 3
French
Polynesia13

0.075 275 1 250 NA

Ghana 1.8 6 200 344 4
India 81.2 415 000 439 18
Indonesia 11.6 61 200 311 12
Kenya 0.73 3 700 137 16
Malaysia 8 45 500 2 167 10
Mongolia 1.25 NA NA NA
Morocco 2.4 12 000 444 4
Namibia 0.406 994 925 NA
Philippines 29 700 413 16
Senegal 0.215 900 100 13
South Africa 46 187 000 4916 6
Tanzania 0.405 1 800 60 13
Thailand 10 80 100 1 335 8
Tuvalu13 0.0026 3 306 NA
Uganda 0.2 610 31 NA
Vietnam 14 400 192 22

South Africa had an excess of generating capacity and exported electricity to its 
neighbours. The country had instituted an ambitious plan to connect more users

12 World Development Indicators 1998, The World Bank.
13 World Factbook 1997 (http://www.odci.goc/cia/publications/factbook/country.html)
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to the national distribution grid. This plan is unlikely to extend out into the rural 
areas, due to the high costs involved in large scale grid extension and the large 
population in urban areas without access to electricity, and so should not be 
seen as competing with stand-alone photovoltaic applications.

Brazil, India and South Africa had operational nuclear reactors, although they : 
were not reliant to any great degree upon nuclear power. The ability to operate 
and maintain nuclear power stations indicated the ability to produce highly ; 
trained technicians and engineers.

Brazil and Uganda both relies upon hydropower for more than 90 % of electricity 
generation, while Mongolia, Senegal, South Africa, Ghana and Morocco relied 
on traditional thermal generation for over 90 %. Of the remaining countries, 
Indonesia, Malaysia, and the Dominican Republic were heavily reliant upon 
thermal generation while Ethiopia and Kenya were reliant upon hydropower. 
Details of the breakdown of electricity generation are given in Figure 214.
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Figure 2: Electricity generation breakdown by source.

Recent difficulties in Malaysia's financial markets have cast doubts on the large 
scale hydropower scheme, the Bukan dam project, which had been expected to 
power Malaysia's continued drive toward economic development. It is likely that 
even with the increased generating capacity provided by the project, the outlying

14 World Development Indicators, World Bank 1998.
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islands of Malaysia would still not be electrified, due to the expense involved in 
extending grid power across large water masses.

A reasonable correlation between per capita electricity production and GDP per 
capita can be seen from Figure 3. The data point for the high electricity 
production per capita is for South Africa, which exports electricity to 
neighbouring countries. The data point for the high GDP per capita is for French 
Polynesia which receives significant amounts of French bilateral aid.

•2 3500

fe 3000

.2 2500

"2 2000

£» 1500

GDP per Capita (USD)

Figure 3: Electricity production per capita versus GDP per capita (1995)

In an effort to develop a better understanding of the circumstances in the rural 
areas, estimates of the percentage of the population without access to electricity 
were collated. The figures provided were compared with the estimated labour 
force and estimated percentage of the labour force engaged in agriculture. 
Figures are shown in Table 8.
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Table 8: Extent of rural electrification compared with rural employment

Country Labour Force15 16 
(1996)’000s

Agriculture15 (%) Unelectrified
(%)1S

Brazil 72 000 23 12
Cook Islands 6 NA NA
Dominican Republic 3 000 25 NA
Ethiopia 26 000 86 90
French Polynesia 76 15 1217

Ghana 8 000 59 6017

India 418 000 64 68
Indonesia 91 000 55 70
Kenya 13 000 80 90
Malaysia 8 000 27 19
Mongolia 1 000 32 O

) o N

Morocco 11 000 45 7517
Namibia 1 000 49 90
Philippines 30 000 45 45
Senegal 4 000 77 7517
South Africa 15 000 14 33
Tanzania 16 000 84 96
Thailand 30 000 40 27
Tuvalu NA NA NA
Uganda 10 000 84 95
Vietnam 38 000 71 80

From Table 8, it can be seen that a large proportion of the workforce in many of 
the countries was involved in agriculture.

Specific statistics were rarely quoted for the Pacific Islands, however it is known 
that the primary occupation in Tuvalu and the Cook Islands was fishing, and the 
economy of French Polynesia was undergoing restructuring since the removal of 
the French government as a major employer.

The correlation between the population engaged in agriculture and lacking 
access to electricity appeared to be clear, as can be seen from Figure 4. It can 
be assumed that the rural population made up the majority of both statistics.

15 World Development Indicators, World Bank, 1998
16 UK Department of International Development unless stated
17 Task III Expert
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Population without access to electricity (%)

Figure 4: Population without electricity versus population in agriculture

There was also a correlation between the unelectrified population and GDP per 
capita as can be seen from Figure 5 demonstrating that the poorer countries 
were more likely to have larger, unelectrified populations working in agriculture.
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Figure 5: Population without electricity versus GDP per capita.
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Furthermore, from Figure 6 a loose correlation between the unelectrified 
population and the urban population was apparent, providing further evidence 
that unelectrified populations tended to be those in rural areas.

Urban population (%)

Figure 6: Uneiectrified population versus urban population.
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4. PV Programme Experiences and Policy Issues

4.1 PV Applications and Installed Power

All of the countries included in the survey had had some experience with stand
alone photovoltaic power systems. For many of the countries, this was largely 
been for social / health / educational applications, often funded by international 
agencies and installed as demonstration or pilot programmes. However, a 
number of countries had developed a commercial PV industry independently of 
large scale aid projects. Particularly important from this perspective were the 
industries in Kenya, the Dominican Republic and Namibia.

The installed PV power as of the end of 1996 is shown for each of the surveyed 
countries in Table 9. It was estimated that the total PV power installed in the 
surveyed countries is in the region of 53 MWp with over half of this installed in 
India. Figure 7 shows the installed power per capita. For reasons of scale, the 
data for Tuvalu has not been included in the Figure as it equates to
5.05 Wp/capita.

Table 9: Estimated installed PV power at the end of 1996 in the surveyed
countries.

Country PV Power 
installed at the 
end of 1996(kW„)

Country PV Power 
installed at the 
end of 1996 (kWB)

Brazil 2 000 Morocco 1 000
Cook Islands NA Namibia 800
Dominican
Republic

225 Philippines 133

Ethiopia NA Senegal 800
French
Polynesia

NA South Africa 5 500

Ghana 350 Tanzania NA
India 35 000 Thailand 2 500
Indonesia 1 800 Tuvalu 50
Kenya 2 000 Uganda 150
Malaysia 640 Vietnam 100
Mongolia 80 TOTAL 53 078

The countries with the highest total peak power installed at the end of 1996 were 
Brazil, Kenya, India, South Africa and Thailand, which accounted for 47 MWp.

In India, PV had been used in many applications including water pumping, street 
lighting systems, solar home systems and solar lanterns as well as large scale
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(>100 kWp) PV power plants and telecommunications. PV in South Africa had 
been largely used in solar home systems, water pumping, electrification of 
schools and clinics as well as in professional applications such as 
telecommunications. In Thailand, PV had been installed for village battery 
charging stations, schools and clinics and water pumping applications. In Brazil, 
the first PV applications were for telecommunication relay stations but since 
1992, PV had been used in solar home systems, schools and water pumping. In 
Kenya, PV had been largely used for solar home systems and solar lanterns, 
almost entirely in the private sector.
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Figure 7: installed PV power per capita in the surveyed countries

From Figure 7 it can be seen that the countries with the highest per capita 
figures were Namibia, South Africa, Tuvalu, Kenya, Senegal and Morocco. It is 
interesting to note that the governments of these countries were actively 
supportive of PV and, with the exception of Senegal, had an active private sector 
PV industry. In Morocco, Senegal and Tuvalu, large PV programmes funded by 
bilateral agencies had been implemented and these had been generally 
successful in ensuring continued government support. In Namibia and Thailand 
the PV industry had developed mainly through the active support of the national 
governments and in the absence of large aid programmes.

Table 10 shows the uses of stand-alone photovoltaic power systems in the 
survey countries. It must be noted that as information was often difficult to 
obtain there may be examples of particular applications that are not listed for a
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particular country. Every effort was made to ensure the accuracy and 
completeness of the data although there were inevitably areas where data were 
lacking.

Table 10: PV applications in the surveyed countries

Country Domestic Schools Clinics Water Telecoms Other
Brazil ✓ y y y y agriculture
Cook
Islands

✓ y y

Dominican
Republic

y agriculture

Ethiopia y y y PV radios
French
Polynesia

✓ Pearl farms, hotels

Ghana y battery charging centres
India y y y y y industrial, agriculture, larger scale 

plants
Indonesia ✓ y y public lighting, hybrid mini-grids
Kenya y y y industrial, agricultural
Malaysia y y y y y military, large scale plants for village 

power
Mongolia y y
Morocco y y y battery charging stations, mosques
Namibia y y y y y shops, farms, railway stations, 

navigational buoys, TV relay stations
Philippines y y y y village grid and battery charging 

stations, hotels, community centre 
lighting

Senegal y y y village battery charging stations
South
Africa

y y y y y Navigational buoys

Tanzania y y y y
Thailand y y y y PV-hybrid mini-grids, industrial, 

village battery, charging stations
Tuvalu y y
Uganda y y y y
Vietnam y y y Navigational aids, height indicators, 

community centres, village battery 
charging stations, street lighting

The use of PV water pumping and other agricultural applications use had been 
piloted widely, as this was seen as a primary market for systems. The private 
sector purchase of systems for agricultural use was limited by the expense 
involved. Even as a community co-operative venture, the capital accumulated 
from subsistence agriculture was generally not enough to provide the down- 
payments necessary for developing a photovoltaic powered irrigation system.
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Other agricultural applications, such as solar-powered electric fences were also 
being piloted, especially in areas of Brazil where animal husbandry was widely 
practised.

In the Pacific islands of French Polynesia and the Cook Islands, economic 
activity based upon photovoltaic electrification included pearl farming and 'eco- 
hotels’, catering to environmentally conscious tourists.

Domestic lighting appeared to be the primary use of photovoltaic systems 
purchased in the private sector, mainly because these systems were the least 
expensive. Three different types of system were commonly used: a small 
(~50 Wp) solar home system providing power for three of four lights and a radio; 
a solar lantern, providing a small (5 Wp to 10 Wp) module and a single light; or 
a co-operative venture in which a battery charging station was set up and each 
member either rented or was given a light and battery, which was returned to the 
charging house for recharge.

In urban areas, which were relatively affluent but had an unstable power 
distribution system, such as the Dominican Republic, photovoltaic power 
systems were used for back up power supplies.

The immediate effects of photovoltaic projects, as with other power supply 
projects, focussed upon either economic or social benefits. Projects providing 
power to remote health clinics and schools addressed social problems, which 
may lead to secondary economic improvements in productivity. Solar pumping 
projects providing increased irrigation water addressed the necessity of 
increasing productivity to break the population free from subsistence agriculture.

One of the most important social aspects of stand-alone photovoltaic power 
systems in areas without access to electricity was the provision of lighting. 
Private sector purchases focussed upon domestic lighting followed by radios and 
televisions, all of can provide immediate social benefits as well as secondary 
economic benefits. These immediate improvements in quality of life and status 
were often seen as more important than the possible long term increases in 
productivity available with systems aimed at small enterprises.

Electrification programmes based upon the use of photovoltaic systems have 
begun to focus upon providing domestic electricity in response to this demand. 
Solar Home Systems (SHS), designed to meet domestic lighting requirements 
are becoming the typical stand-alone system.

An alternative to SHS is the installation of a village battery charging stations, 
renting out batteries and lights. These systems were reported as having been 
quite successful, both in ease of cost recovery and in satisfaction by the end 
users.
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4.2 Policy Issues

Many countries had plans with regard to the electrification of rural areas. A 
number of countries had policies and targets for rural electrification that explicitly 
included reference to the use of PV and/or other renewable energy sources. A 
summary of existing programmes on rural electrification and PV and the status of 
import duties and tariffs in the surveyed countries is given in Table 12.

An important policy issue affecting the implementation of photovoltaic power 
systems was the imposition of import duties and tariffs charged on photovoltaic 
components. The decision to charge import duties on system components was 
often based upon a need to collect revenue, as well as to protect any home 
industries for these products.

Many of the countries had developed and implemented coherent plans focused 
on encouraging the growth of the photovoltaic industry. The various 
programmes were not comparable, as the size of the populations being served 
were very different and the goals of the programmes quite different. Indonesia 
was attempting to develop a rural infrastructure for both supplying electrification 
and supplying credit on a massive scale, while Tuvalu and French Polynesia, 
with small populations, were attempting to achieve electrification with PV almost 
entirely as a demonstration project. The Malaysian government, in contrast, was 
leaving the development of the industry almost entirely to the private sector in 
the belief that PV should only be implemented on an economically justifiable 
basis.

In countries with limited governmental interest in promoting PV systems on a 
wide scale, private sector interest and internationally funded Aid projects can 
support industrial activity to some degree. Kenya had a thriving private sector 
photovoltaic industry, although it was supported by Aid projects throughout the 
region and its success was largely due entirely to the private sector. The 
Dominican Republic had also developed a successful private sector industry 
despite confusing government policies and tariffs, although the industry suffered 
from some difficulties in the development of customer finance mechanisms. The 
PV industry in Namibia had also developed independently of large scale aid 
programmes, although there had been government support for the technology.
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Table 12: Existing policies, initiatives and tariffs for PV components

Country Policies and Initiatives Tariffs on PV
Brazil The Ministry of Energy & Mines had an ongoing project, PRODEEM, to install demonstration PV systems 

in every state in Brazil.
VAT and import duties - 
under review.

Cook Islands Involved in energy discussions with other countries in the area in an effort to capitalise upon any 
opportunity to increase the electrification of the islands.

No.

Dominican
Republic

Negligible policy making In support of solar energy, although PV modules counted as electricity 
generation equipment and were free of import duties. Left to private sector.

No duties on PV modules, 
100 % import duty on 
batteries.

Ethiopia Indications were that the government was supportive of solar power systems, but lacked the resources to 
implement them.

NA.

French
Polynesia

Private sector expected to sustain the local PV industry. NA.

Ghana Committed to electrify the whole country by the year 2020. This commitment was being realised within 
the framework of a National Electrification Programme, initiated in 1980. PV was Included as part of
NEP.

NEP projects attractedno 
duties; private project 
attract 15% VAT.

India The Government of India was committed to renewable energy development. The Ministry of Non 
Conventional Energy Sources was responsible for the specific policy, legislation and support programmes 
for renewable energy, with the aim of achieving a 6 % contribution to power generation from renewable 
sources by 2002. Numerous programmes were planned and ongoing, including the construction of high 
capacity power plants to electrify entire regions, small scale domestic lighting / power production, credit 
provision to encourage market development, and subsidy schemes. In 1998, the GEF/IFC “Photovoltaic 
Market Transformation Initiative" programme was launched.

Yes.

Indonesia Government had made rural electrification a priority and the Suharto government gave considerable 
support to photovoltaic applications. In 1997, the GOI set a target for 50 MWp of PV by 2005 to install
1 million SHSs nationwide. World Bank and GEF funding was secured for 200 000 homes (10 MWp) in 
West Java, Lampung and South Sulawesi.

Equipment not 
manufactured locally were 
exempt from import taxes 
and duties.
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Country Policies and Initiatives Tariffs on PV

Kenya Rural Electrification Master Plan should re-stimulate rural electrification activities. It was anticipated the 
plan will give specific attention to PV. In 1998, the GEF/IFC “Photovoltaic Market Transformation
Initiative" programme was launched.

Yes.

Malaysia Supportive of PV for rural electrification providing it was economic. Ministry of Rural Development 
established a rural community initiative encompassing the Sabah, Sarawak and Peninsular Malaysia 
Provinces in 1996. The 34 MUSD programme will run for 5 years in 2 phases to improve rural village 
services.

NA.

Mongolia PV systems are seen by the Mongolian government as providing a possible method of providing 
electricity for nomadic herders.

NA.

Morocco Government was committed to electrifying most of the remainder of the country (1.6 million households) 
by 2010, and had Indicated that approximately 5 % of those households should be electrified using off- 
grid solar and wind technologies. In 1998, the GEF/IFC “Photovoltaic Market Transformation Initiative" 
programme was launched.

Import duty on modules,
2.5 %, BOS: 25 %; 
inverters: 17.5 %. VAT 
levied on all components 
at 20 %.

Namibia By 1996, a basic infrastructure for rural electrification in the north and east of the country had been 
completed. The current focus was on the south of the country. The Ministry of Mines and Energy had 
given photovoltaic applications high priority for rural electrification.

NA

Philippines The government aimed to achieve 100 % electrification of all villages by 2010 and connect all potential 
customers by 2018. BP Solar Australia had been contracted to design, supply and install 1 003 PV 
systems to provide electricity to 387 villages electrifying over 1 million people in one of the biggest solar 
projects world-wide.

Equipment not 
manufactured locally is 
exempt from import taxes 
and duties.

Senegal Government was actively promoting the use of renewable energy resources and equipment for all PV 
systems was exempt from VAT and import duties.

PV equipment exempt 
from all import duties and 
sales taxes.
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Country Policies and Initiatives Tariffs on PV
South Africa The National Electrification Forum aimed to increase dwellings connected to the grid from 45 % to 67 % 

by 2000 and to 79 % by 2012. REFSA established and charged with developing PV SMS programme. 
Subsidy of 1 500 ZAR per system for approved pilot projects. ESKOM committed to manage the 
electrification of 16 400 schools that will not be connected to the grid under the RDP. 4 000 health clinics 
had been targeted for PV electrification.

NA.

Tanzania Rural electrification did not seem to be a high priority. All PV programmes had been aid programmes. NA.

Thailand There was no distinct rural energy plan, but rural energy issues had a high priority under the rural 
development component of the National Economic and Social Development Plan

Yes.

Tuvalu After initial scepticism about the use of PV systems, the government was enthusiastic about their use. 
Three programmes had been initiated, installing over 300 more systems and funded by the E.U. and 
French bilateral aid

NA.

Uganda The NRSE (New & Renewable Sources of Energy) within the Department of Energy in the Ministry of 
Natural Resources activities included facilitating the development of renewable sources of energy and 
this had ensured government involvement. Funding had been secured for a 1.76 MUSD GEF funded PV 
for Rural Electrification Project. The project aimed to install 2 000 SHS and solar lanterns in rural 
communities.

No import duties levied but 
sales tax of 17 % imposed 
in 1995.

Vietnam The Government had already played a major role in establishing PV industry and energy policy. The 
National Program for New and Renewable Sources of Energy (NRSE) was established by a government 
initiative to improve living conditions in rural areas. The World Bank and DANIDA had recently provided 
funding for a Rural Electrification Masterplan to identify regions to be supplied by the grid, and those 
which would be supplied by a variety of other energy sources, including micro-hydro and PV.

No import duties levied on 
PV related materials and 
equipment.
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5. Domestic PV Industries

Many of the survey countries lacked the industrial base and trained technicians 
required to produce all of the components of a photovoltaic power system. 
However, the production of PV modules from cells bought on the international 
market or manufactured by parent companies overseas took place in a number 
of countries including South Africa, Thailand and Vietnam. There were three 
companies in India involved in the manufacture of PV cells, as well as module 
manufacture. Facilities for module manufacture did exist in Brazil but these were 
no longer in production.

Table 14 displays the production capability of PV system components in the 
countries surveyed.

Most of the countries had the ability to produce some, if not all, of the 
components for a stand-alone PV system. These typically included charge 
controllers, batteries, DC lamps, wiring etc. Most of the batteries that were 
manufactured were automotive batteries rather than the more expensive solar 
batteries.

Demonstration programmes had encouraged the creation of photovoltaic firms 
for assembling and installing components in all of the countries surveyed; 
however, many of these firms were dormant between projects, as the local 
market volume was too low to sustain employment. Those countries that were 
known to have private sector firms providing photovoltaic power systems on a 
continual basis were Brazil, Dominican Republic, French Polynesia, India, 
Indonesia, Kenya, South Africa, and Thailand.
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Table 14: In-country manufacture of components

Country BOS
Components

Module
Manufacture

Comments

Brazil ✓ X Cell & module manufacturer ceased production. Established market for professional 
systems. At least 2 national commercial distributors of PV systems.

Cook Islands X X All components imported from French Polynesia.

Dominican
Republic

/ X PV modules Imported and a mixture of imported and locally manufactured BOS 
components used. PV Industry reliant solely on private sector.

Ethiopia X X No system components manufactured. University of Addis Ababa involved in PV 
technology and applications research.

French
Polynesia

✓ X PV industry capable of manufacturing all components except modules.

Ghana X Estimated 13 companies working with PV. University of Science and Technology 
manufacturers BOS components.

India ✓ ✓ Several companies involved in manufacture of PV cells and modules (production in
1997/8 estimated at 8.2 MWp) and numerous companies involved in design and 
installation of systems.

Indonesia ✓ X Most international PV manufacturers have either subsidiaries or local dealerships. Most 
BOS components manufactured locally.

Kenya ✓ X Estimated 50 000 SHS installed on a commercial basis. As many as 15 module 
distributors and a further 20 companies involved in BOS component manufacture.

Malaysia ✓ X Most components imported.
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Country BOS
Components

Module
Manufacture

Comments

Mongolia ✓ X Institute of Physics and Technology had manufactured cells from Imported wafers and 
assembled modules on a laboratory scale. 1 commercial company involved in PV for 
telecommunications sector.

Morocco ✓ y As many as 30 organisations involved in manufacture, systems design and installation.
6 modules distributors and one local module manufacturer using cells purchased on 
international market.

Namibia ✓ X Most BOS components manufactured locally or imported from South Africa. Modules 
sourced from South Africa or direct from manufacturer.

Philippines ✓ X Modules and charge controllers imported. Other BOS components manufactured locally. 
At least 15 suppliers dealing in PV, supplying modules from most international 
manufacturers.

Senegal ✓ X Most PV components Imported, although automotive batteries manufactured locally.

South Africa ✓ ✓ All components manufactured in country. Most major international module 
manufacturers have dealerships in south Africa.

Tanzania X X Perhaps 9 firms involved in system installation. All components imported and systems 
are purchased privately.

Thailand ✓ / Joint ventures in PV module assembly have been established and module production 
capacity estimated at 1 MWp.

Tuvalu X X All components imported from French Polynesia.

Uganda X X System components imported and assembled locally. Estimated nine companies 
involved in PV installation.

Vietnam ✓ ✓ Five companies involved in design and installation of PV systems, three dealers of 
international companies. BOS components also manufactured locally. Two companies 
involved in small scale PV module manufacture.
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6. Financing Options

One of the common features among the survey countries was the lack of finance 
available for the purchase of PV systems, either through cash sales or through 
affordable credit. This was especially problematic in rural areas, where the 
population was often reliant upon subsistence agriculture and informal 
employment. As this demographic group represented the largest market for 
stand-alone photovoltaic power systems, the problem of finance needs to be 
addressed in order to develop the potential market.

In general, many of early demonstration projects were not implemented with any 
intention of recovering costs, and many public sector projects follow this 
tradition. Electrification of medical clinics and schools was usually performed on 
a grant basis, and only recently had solar pumping projects begun to attempt 
cost recovery. Cost recovery was seen as both inducing a sense of ownership 
on the part of the people paying for the system and providing funds to sustain 
the project beyond initial installation.

Cost recovery had become especially important as national budgets in the 
developed world tighten and aid funding was stretched tighter; by achieving full 
cost recovery for capital costs as well as operation and maintenance costs, the 
same initial funds can be reinvested in subsequent installations. An effective 
cost recovery system requires administrative infrastructure to disburse and 
collect funds and keep records of transactions.

Three main methods of developing the necessary infrastructure were being used 
in the survey nations: strengthening local lending bodies, expanding state owned 
enterprises, and encouraging private sector development. As shown in Table 
16,Table 16 the majority of the projects covered by the surveys relied upon 
funding from Non-Governmental Organisations (NGOs) and bilateral grants.

Attempts to either strengthen traditional lending mechanisms or introduce 
culturally sympathetic mechanisms among the local population had achieved a 
level of success. With the assistance of NGOs, revolving credit schemes and 
local credit co-operatives were both used frequently as a means of distributing 
available funds to the consumers. The advantages of these schemes included 
the strengthening of social ties within the community and the minimal 
administration costs.

Official encouragement of private enterprise to provide credit at the local level 
for photovoltaic power systems was an option that was promoted in a number of 
countries. In Indonesia, providing local dealers with access to finance to provide 
credit to consumers was incorporated as part of the World Bank /GEF 
programme.
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Table 16: Sources of project funding

Country Local co
operative

Government Aid Agencies 
and NGOs

Bank/Private Utilities

Brazil ✓ z z z ■
Cook
Islands

z

Dominican
Republic

z z z

Ethiopia z
French
Polynesia

z z z

Ghana z z
India ✓ z z z
Indonesia Z z z z
Kenya z z
Malaysia z
Mongolia z z
Morocco z z z
Namibia z
Philippines z z z z
Senegal z z z
South
Africa

z z z z

Tanzania z
Thailand z
Tuvalu z z
Uganda z z
Vietnam z z z z

Despite the firm commitment of the previous Indonesian government to the use 
of PV for rural electrification, implementation was still hampered by a lack of 
financing mechanisms. While the central government believed that the overall 
economic growth of the country was dependent upon electrification, the 
immediate ability of the population to pay for system installation was limited. 
The limited resources of the end-users required appropriate credit arrangements 
in order to achieve full cost recovery. With a large population to provide for, this 
time delay in cost recovery resulted in credit funds being prohibitively expensive 
to set up and offered little return on the investment. For the original pilot 
scheme, the SHS project averaged a cost recovery of approximately 60 %, and it 
was not expected that follow on projects would achieve 100 % cost recovery.

The rather slow response in private sector investment in Indonesia is indicative 
of the problems encountered during attempts to instigate economic development 
in low income areas. Although the initial solar project in Indonesia was set up
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using aid funding with a low down-payment and a 10-year, zero interest 
financing scheme, procuring photovoltaic systems on a private basis required a 
large down-payment, 2-3 year financing, and -18% interest. Clearly the 
purchase of photovoltaic systems in the private sector was limited to either those 
with a large disposable income, or those whose income would be significantly. 
enhanced by the addition of electrification. ^!

The success of photovoltaic systems in Tuvalu can be partially attributed to the . 
small population and the relatively large amount of development aid from which 
it had benefited. Tuvalu had managed to successfully develop an operating 
photovoltaic electrification scheme. As in Indonesia, the island nature of the . 
country does not lend itself to centralised power distribution grids. In this 
scenario, photovoltaic systems can be expected to provide the most cost 
effective method of providing electricity to a widely dispersed population, and the 
success of an electrification project rests upon the provision of financing 
mechanisms which can be afforded by the local population. In Tuvalu, the initial 
down-payment and monthly payments were kept low by not actually selling the 
photovoltaic systems to the end-users, who pay a flat rate for the systems 
depending on the size to the Tuvalu Solar Electric Company. While this 
increased the possible client base to include those households with very low 
income, the co-operative itself was only able to cover short term operating costs; 
it has been unable to purchase new units to increase the electrification of the 
population, nor to purchase replacements as units fail.

The success of PV in both Namibia and Kenya was largely a result of private 
sector demand in the absence of any large scale donor funded electrification 
programmes. There were no specific financing schemes in either country for 
solar home systems, although hire purchase schemes finance as many as 2 000 
solar home systems per year in Kenya. It was estimated that as many as 50 000 
solar home systems had been sold on a commercial basis in Kenya and 2 000 in 
Namibia, with a further 2 000 systems sold for installation in schools, clinics, 
community farms and shops. The hire purchase schemes were generally over 
12 or 24 month period and interest levels could be as high as 40 %.

More recently the concept of the Energy Service Company or ESCO, has been 
pioneered in South Africa. These companies can be a PV manufacturer, a local 
electricity utilities, who own and maintain the PV system and charge either a flat 
monthly rate or according to the energy consumed.
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7. Conclusions

In many of the countries surveyed there was a substantial rural population not 
connected to the electricity distribution network, either because they lived in 
areas not covered by the distribution system or because they were unable to 
afford the price of a connection. This problem was often compounded by the 
fact that electricity utilities in some of the countries discouraged domestic _ 
connections in rural areas due to the low levels of electricity consumption 
associated with these populations.

Many of the surveyed countries had already experience of stand-alone PV 
systems for remote service applications such as telecommunications, railway 
signal and switching devices, television relay stations, and coastal navigation 
devices. This market was largely a commercial market and operated without the 
need for direct subsidies. Solar Home Systems (SHS), vaccine refrigerators, 
school electrification, public street lighting, water pumping and desalination 
plants can all be considered to bring significant social benefits and represent a 
huge potential market for the PV industry. Many of the countries in this survey 
had experience with one or more of these applications, although they were often 
funded through multi-lateral or bilateral aid programmes.

The technical capability of photovoltaics as a means of rural electrification was 
demonstrated through the successful implementation of programmes in many of 
the countries. It must be noted that many of the early programmes suffered from 
technical problems associated with poor system design and inadequate 
component specification. The importance of ensuring that the institutional 
capability to ensure that systems were operated properly and adequately 
maintained has also been highlighted.

Of the countries surveyed, only India had the facilities to manufacture PV cells 
where three companies were manufacturing PV cells and others were 
manufacturing modules from cells bought on the international market or supplied 
by parent companies. The production of PV modules from cells bought on the 
international market or manufactured by parent companies overseas also took 
place in South Africa, Thailand and Vietnam. Facilities for module manufacture 
did exist in Brazil but these were no longer in production. Most of the other 
countries had the capability to manufacture some or all of the balance of 
systems components. Many of the international companies had also 
established dealerships in the many of the countries.

The key barrier to the accelerated implementation of stand-alone photovoltaic 
power systems is highlighted in each of the surveyed nations as being the high 
capital cost of PV systems and the lack of available and affordable finance. The 
people most able to benefit from the appropriate implementation of PV are those
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often most unable to be able to afford the high capital costs associated with PV 
systems, i.e., the rural poor.

The issue of financing of photovoltaic systems was an issue to be resolved in 
each of the 20 countries surveyed. This was perhaps inevitable due to the low 
income levels of much of the population in these countries. However, the 
problems were not insurmountable and some of the countries had approached 
the problem of finance with some degree of success. Indonesia, India and 
Tuvalu each had some success at providing finance to end users. The 
Dominican Republic, Kenya and Namibia had also had considerable success in 
providing PV systems on a market basis in the absence of any government 
subsidies.

Attempts were also being made by various NGOs to develop finance 
mechanisms within the developing countries in the form of revolving funds and 
local co-operatives. As a large portion of the potential market for PV was 
engaged in subsistence agriculture and had only a small disposable income, the 
start-up of the credit schemes capitalised by external funds was often an 
appropriate solution. It was also important to ensure continual cost recovery in 
order sustain the project. Consumers, once educated to the advantages of 
photovoltaic systems and provided with affordable credit schemes, appeared 
willing to invest in domestic lighting and entertainment systems. It was important 
that payment levels were kept to a level that are affordable by the end users. 
Expenditure on alternative forms of lighting, such as kerosene lamps and 
candles can be diverted to pay off loans for a solar home system. For every 20 
hours of operation of a kerosene lamp, 1 litre of kerosene is required.

Other barriers have been identified as a lack of awareness of the potential of PV 
as a technology for rural electrification; lack of quality control of system 
installation and design; difficulties in setting up and maintaining distribution 
networks over large, sparsely populated areas, lack of provision for maintenance 
and a lack of end user training.
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Country Reports

Brazil
Cook Islands 

Dominican Republic 
Ethiopia

French Polynesia 
Ghana 
India

Indonesia 
Kenya 

Malaysia 
Mongolia 
Morocco 
Namibia 

The Philippines 
Senegal 

South Africa 
Uganda 

Tanzania 
Thailand 
Tuvalu 

Vietnam
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Brazil

Land Area 274 000 000 km2

Population 161 million

Population Density 19 inhabs per km2

GDP per capita 4 652 USD

Urban Population 79 %

Labour Force 72 million

Population Growth 
Rate (1980-1996)

1.8%

Literacy Rate 83 %.

General Data
Insolation 4.9 kWh.m*2.day*1 Latitude 10°S

Population unelectrified 12% Terrain Mostly flat rolling lowlands in North; 
some plains, hills, mountains and narrow 
coastal belt.

PV Data
PV power installed 2.0 MWp (1995)

Technical potential 126 MWp (based on 50 Wp SHS for 65 % of households currently without electricity, 
assuming 5 people per household.)

PV programmes 
committed

The Ministry of Energy & Mines has an ongoing project, PRODEEM, to install demonstration 
PV systems in every state in Brazil.

Government policy Proposed 14 specific programmes, with target for PV of 50 MWp by 2005
Utility programmes & 
strategies

Privatisation of the utilities has resulted in little effort being made to extend the national grid 
beyond the coastal plain, leaving the majority of the interior without supply. The Ministry of 
Energy and Mines, responsible for rural electrification, has historically relied upon diesel 
generators feeding 'mini-grids' requiring an annual subsidy of 250 MUSD.

Market sophistication Advanced
Technical development All BOS components are manufactured. Modules were manufactured..
Pricing structure Support available from PRODEEM project. Financing available from the RE programme 

which provides at preferential rates Various revolving funds and other loan schemes 
planned or in operation. SHS can also be rented for 13.5 USD/month

Testing & Standards The Brazil Standards Organisation adopted IEC standards for PV cells and modules. The 
experience from the systems installed by the NREL/CEPEL project has been used for ‘good 
practice' guidelines. CEPEL has a PV Working Group to address PV commercialisation.
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1 Economic and Political Aspects

Between 1945 and 1980, the Brazilian economy expanded very rapidly and a large 
and diversified industry was developed. Brazil’s development during this time was 
traditionally based on import substitution industrialisation (ISI) and was helped by 
protectionist policies. In the 1980s ISI faltered: such protectionist policies made the 
economy inward-looking and inefficient and as a consequence investment collapsed, 
leading to hyperinflation. Between 1986 and 1991 there were five unsuccessful 
attempts to stabilise the economy and the name of the Brazilian currency was 
changed four times.

Trade liberalisation began in 1990 and within four years practically all non-tariff 
barriers were removed and import tariffs were slashed. The result was an 
extraordinary rise in labour productivity. Productivity growth per year between 1990 
and 1995 was estimated at 6-7 % compared with approximately 1.4 % per year 
between 1986 and 1990.

A major shift in economic policy occurred in 1993 when a stabilisation programme 
largely based on market forces was launched. The rate of inflation dropped from 
50 % per month in June 1994 to about 2 % per month in the fourth quarter of 1994

In 1996 Brazil had a Gross Domestic Product of 749 BUSD, 14 % of which was 
supplied by agriculture, and grew at a rate of approximately 5 %. Economic activity 
was largely located in three south eastern states, which accounted for about 60 % of 
Brazil’s GDP.

2 Grid Electrification Status

Electrical capacity was estimated at 63.8 GW, with annual production of 242 TWh. 
Over 90 % of the electrical capacity was derived from hydro-electric schemes, with 
the remainder supplied largely by thermal generating plants. Brazil had a nuclear 
generating capacity, but was not reliant upon nuclear power. There were more than 
20 utilities serving the states and these were in the process of being privatised. 
Whilst under state control, the grid was being systematically extended into rural 
areas. Privatisation of the utilities has resulted in little effort being made to extend 
the national grid beyond the heavily populated coastal plain, leaving the majority of 
the interior without supply. The Ministry of Energy and Mines, responsible for rural 
electrification, has historically relied upon diesel generators feeding ‘mini-grids’ which 
required an annual subsidy of 250 MUSD. This subsidy was provided by the 
National Fuel Consumption Account, which drews tariffs from the electricity produced 
by the large hydro-electric infrastructure. Improving the economic viability of these 
mini-grids was of particular concern to the newly privatised utilities.

Regional and state distribution concerns were being privatised as were individual 
generation plants and new generating capacity was being promoted through the 
private sector. Brazil’s grid was connected to those of neighbouring countries, which 
may be expected to provide further sources of power in the future.
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The unelectrified population was variously reported to be in the range 20-35 million 
people. The majority of these were in the north east of the country where 40 % of 
the population in the 9 Northern states were said to be without electricity.

3 PV Programme Experiences and Policy Issues

Photovoltaic systems were initially installed in remote areas to power 
telecommunications relay stations approximately 10 years ago, and had proven 
successful in this application. This ‘service application’ continued to be a growth 
area for photovoltaic power systems, with reports estimating a requirement for up to 
7 MWp capacity as the telecommunications industry expanded.

The US Department of Energy through NREL, collaborated with CEPEL and the 
state-owned utilities from 1992-1995 in a 2-phase project to install over 1 000 stand
alone PV systems in rural areas on a demonstration basis. The project was the 
largest and most significant PV project in Brazil to date, but was criticised for 
undermining the indigenous PV industry. The stated objectives were to enhance the 
movement of PV hardware from the US to Brazil (supplied by Siemens, Solarex and 
USSC) and establish in-country training and expertise of technical personnel. The 
US-DoE donated the PV modules, batteries and charge controllers from US 
suppliers (approximately 50 % of the project cost). All other BOS were procured by 
the state utilities who were also responsible for installation and maintenance. The 
projects were far from financially viable, since the SHS users were asked to pay only 
1 USD per month - the equivalent of a grid-connection charge with minimum 
consumption. All sites were further than 7 km from the grid.

The Eldorado-Sun project followed the same pattern as the NREL project, installing 
60 kWp of PV systems in Pernambuco state, completed in 1996. Over 400 schools 
were each provided with a 100 Wp system. The PV modules were provided by 
Siemens Solar (Germany) funded by GTZ, while the utility CEPEL provided the BOS 
components and carried out installation.

The Ministry of Energy & Mines had an ongoing project, PRODEEM (run by CEPEL) 
to install demonstration PV systems in every state in Brazil. The programme was 
integrated into existing state programmes and was being implemented in five 
phases. Under Phase 1, 32.5 kWp of community lighting and water-pumping 
schemes had been installed using imported US equipment by 1995 with a target of 
200 kWp. Phase 2 contracts had been awarded for 500 kWp, and Stage 3 was due 
to start in 1997. Within the PRODEEM programme, the state of Minas Gerais aimed 
to electrify 100 schools in 1997, with a further 1 000 planned for 1998. The state had 
announced targets of electrifying 20 000 consumers by 1998, and the state of Bahia 
had identified 172 localities for implementing SHS and water-pumping projects, plus 
280 farms for PV irrigation.

Two major markets for photovoltaic power systems were emerging in Brazil, the 
upgrading of existing systems and the provision of new systems. As the electrical 
utilities were privatised it was becoming necessary to improve the efficiency of the 
diesel powered ‘mini-grids’. These systems were originally intended as short term 
solutions to power requirements during the expansion of the national grid, which has 
been halted; with the future of the subsidised fuel in doubt, there was a perceived
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need to introduce substitute generating technology. In addition, the westward 
expansion in the agricultural industry requires power for irrigation systems and 
electric fencing, both of which were mature applications for photovoltaic power 
systems.

Government initiatives on PV were started in earnest in April 1994 when the 
Ministries of Energy & Mines and Science & Technology produced the Belo 
Horizonte Statement laying down 53 directives for the development of solar and wind 
energy in Brazil. A Permanent Forum for Renewable Energy was established in 
October 1994 to oversee the directives, including a mix of government and non
government organisations. The Permanent Forum staged a conference in Brasilia in 
June 1995 which enlarged upon the Belo Horizonte Statement with the Brasilia 
Statement. This proposed 14 specific programmes, with execution guidelines, aimed 
at achieving targets for renewable energy. The target for PV was set at 50 MWp by 
2005.

Import duty on PV modules was around 15%, and VAT also 15%, but the removal of 
both taxes for renewable energy systems was under review.

4 Domestic PV Industry

Heliodinamica had been the only Brazilian PV cell and module manufacturer since 
the early 1980s, using locally-produced silicon, however the company was for sale 
having experienced financial difficulties. Demonstration programmes implemented 
by international funding agencies, which utilised imported modules, exacerbated 
these difficulties. The company had a production capacity of 1.8 MWp per year and 
had reportedly supplied over 5 MWp of modules for the home market (largely 
professional systems) and export. Heliodinamaca’s modules were comparatively 
expensive (10 USD/Wp) and in the end could not compete with US imports, despite 
national tax incentives.

There were also at least two national-level commercial distributors operating in Brazil 
as well as numerous farming co-operatives and NGOs working in the rural areas 
who would facilitate the implementation and support of PV systems to local 
communities.

The expertise for the large scale implementation of PV systems in Brazil was readily 
available due to the large and established market for ‘professional’ PV systems in 
Brazil. Telecommunications companies were reported to be currently implementing 
7 MWp of PV projects.

5 Financing Options

The two main impediments to the increased implementation of photovoltaic power 
systems were identified as the lack of financial resources and the expectation that 
the government would cover the capital costs of generating equipment and charge 
consumer tariffs based upon monthly consumption - estimated in many rural areas at 
1 USD per month.

Government support for PV projects was available from the PRODEEM project in 
conjunction with the Community Solidarity Programme, plus the Small Farmer
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Support Programme (PAPP). Financing assistance was reported to be available 
from the renewable energy programme (PROERN) of the Banco de Nordeste do 
Brazil and the Northeast Constitutional Fund of the Northeast Development Bank 
(BNB), which provided 12-year financing at preferential rates

An attempt was made to recover costs by Electrobras by charging the end-users a 
minimal fee, corresponding to the cost of a rural connection to the national grid and 
assuming minimal consumption; additional funds were received from USAID and 
GTZ Expansion of the programme was dependent upon continued support from 
international donors, as the fees collected did not cover the cost of the installations. 
Various banks had stated their willingness in principle to provide loan schemes for 
PV on a commercial basis although there was a lack of intermediary organisations, 
trusted by potential users, which can negotiate the loans with the banks.

A Belgium NGO SOS-PG had been working with the Association of Small Farmers 
(APAEB) in Bahia to establish a revolving fund to provide PV electric fencing to local 
farmers - 15 systems were demonstrated initially, with the aim of installing a 
further 75.

The University of Sao Paulo has collaborated with the University of Madrid, with 
development agency support, to set up a revolving fund managed by a rural co
operative in Sao Paulo state. SHS could be bought with an advance of 90 USD 
followed by monthly payments of 5 USD. Also in Sao Paulo state, the local 
privatised utility CESP had set up a scheme whereby users can rent a SHS for 
13.50 USD per month, aimed at amortising the systems over 20 years.

The Solar Electric Light Fund (SELF) were setting up a small credit scheme for 50 
SHS in NE Brazil, with grant funding. The intention was for a full cost-recovery 
scheme charging 18 % interest on the loan. Discussions were underway to set up 
SELCO-Brazil as a profit-making PV finance organisation.

A pilot project in remote regions of Pernambuco installed 350, 100 Wp SHS, in 1994 
and another scheme in Ceara covered 400 homes (50 Wp) and 14 schools. 
Responsibility for the installation, maintenance and evaluation after three years lay 
with the respective state utilities who charged the users 1 USD per month.
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Cook Islands

Land Area 240 km2

Population 20 000

GDP per capita 
(1993)

3 000 USD (ppp)

Population Density 83 inhabs per km2

Urban Population Not Available

Labour Force 6 600

Population Growth 
Rate (1997 est.)

1.08%

Literacy Rate 80%

General Data
Insolation kWh.m"2.day"1 Latitude 21 S

Population unelectrified NA Terrain Low coral atolls in north, 
volcanic hilly islands in South

PV Data
PV power installed Unknown

Technical potential NA

PV programmes 
committed

Unknown

Government policy Involved in energy discussions with other countries in the area in an effort to 
capitalise upon any opportunity to increase the electrification of the islands

Utility programmes & 
strategies

The Cook Island Electric Company has been supportive of renewable energy 
sources

Market sophistication Medium

Technical development None

Pricing structure No specific financing available

Testing & Standards Unknown
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1 Economic and Political Aspects

The Cook Islands’ economic development was hindered by the isolation of the 
country from foreign markets, lack of natural resources, periodic devastation from 
natural disasters, and inadequate infrastructure. Agriculture provides the economic 
base with major exports made up of copra and citrus fruit. Manufacturing activities 
were limited to a fruit-processing plant and several clothing factories. Trade deficits 
were made up for by remittances from emigrants and by foreign aid, largely from 
New Zealand. In 1996, the government declared bankruptcy, citing a 120 MUSD 
public debt. Efforts to exploit tourism potential and expanding the mining and fishing 
industries had not been sufficient to deal with the financial crisis. In an effort to stem 
further erosion of the economic situation, the government reduced public service 
salaries by 50 %, condensed the number of government ministries from 52 to 22, 
reduced the number of civil servants by more than half, began selling government 
assets, and closed all overseas diplomatic posts except for the one in New Zealand.

The Cook Islands are a small island chain in the Pacific generally included with 
French Polynesia for statistical purposes. The labour force is estimated at 6 600, 
with 29 % engaged in agriculture and 27 % in governmental positions.

The Gross Domestic Product of the Cook Islands was estimated to be 57 MUSD 
(ppp) in 1993 with no figures available on growth rates. The most recent estimates 
of inflation available, from 1994, indicated a 5.8 % annual increase. With exports in 
the range of 3.9 MUSD and imports estimated at 67 MUSD, the economy was 
dependent upon remits from migrants working abroad and bilateral aid from 
international sources.

2 Grid Electrification Status

Although the population density of the Cook Islands was comparatively high at 83 
persons per km2, it must be noted that the population was spread thinly over 
separate islands, making a single centralised power supply impractical.

The Cook Islands Electric Company was the sole electricity provider for the islands, 
with 7.5 MW capacity and annual production estimated at 20 GWh; due to the island 
nature of the country, electricity was available in a limited area and to only a small 
portion of the population. While lacking in resources, the Cook Islands’ Government 
had been proactively involved in energy discussions with other countries in the area 
in an effort to capitalise upon any opportunity to increase the electrification of the 
islands. A single individual appeared to have greatly influenced the Cook Island’s 
approach, participating heavily in regional energy conferences and lobbying the 
government to commit to renewable energy.

3 PV Programme Experiences and Policy Issues

The Cook Island Electric Company had been supportive of renewable energy 
sources, and had maintained ties with French Polynesia, which had a significant 
photovoltaic industry, able to produce all components with the exception of 
photovoltaic modules. As early as 1980 a programme was instituted to install Arco 
modules, which was followed in 1982 by a demonstration project funded by France.
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During this time there were some technical difficulties encountered with photovoltaic 
power systems throughout the greater French Polynesia area.

In 1990 another project was instituted, again funded with Bilateral Aid from France, 
to electrify the islands using photovoltaic systems. The programme was managed 
jointly by the Cook Islands’ Government and the South Pacific Institute of Renewable 
Energy (SPIRE), an organisation based in Tahiti in French Polynesia. The systems 
were installed by a private photovoltaic company, SolerEnergy, and were intended to 
be maintained by local technicians. Users were charged a monthly fee of 30 USD in 
order to recover costs.

4 Domestic PV Industry

The Cook Islands did not have a supporting industry, and was unlikely to develop 
one and was therefore dependent upon imports from French Polynesia, which had 
an industry able to support photovoltaic power systems. However, due to the 
cessation of the French nuclear testing programme, the economy of French 
Polynesia was in question; historically, the testing programme had accounted for 
approximately 30 % of GDP. Industry collapse in French Polynesia would have 
implications on the photovoltaic electrification programmes in surrounding countries.

5 Financing Options

The Cook Islands electrification scheme was extremely ambitious in that attempts 
were being made to meet all of the energy requirements of the population using 
photovoltaic systems. Projects in developing countries usually focus upon providing 
power to schools, medical clinics and perhaps community centres, but the end-user 
expectations in the Cook Islands appeared to be that the programme would provide 
each household with enough power for domestic lighting, radios, televisions and 
refrigerators. While this indicated great demand for systems, the local government 
lacked the resources to provide the necessary financial mechanisms to enable 
consumers to purchase the products.

The limited economy of the Cook Islands was the major stumbling block to increased 
development, as it was unable to sustain the large capital costs associated with the 
electrification of island chains. Without the input of funds, components, and 
technical assistance from external sources, the expansion of PV systems will be 
limited.
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Dominican Republic

.V-nrrft Or,&ar:

da MsMctt Htogna.

Land Area 48 000 km2

Population 8 million

Population Density 166 inhabs per km2

GDP per capita 1 646 USD

Urban Population 63 %

Labour Force 3 million

Population Growth 
Rate (1980-1996)

2.1 %

Literacy Rate 83 %.

General Data
Insolation 5.4 kWh.m-2.day'1 Latitude 19°N

Population unelectrified 30% Terrain Rugged highlands and mountains 
with fertile valleys interspersed.

PV Data
PV power installed 4 500 SHS

Technical potential 16 MWp (based on 50 Wp SHS for 65 % of households currently without 
electricity, assuming 5 people per household.)

PV programmes 
committed

Unknown

Government policy Negligible policy making in support of solar energy, although PV modules 
counted as electricity generation eguipment and are free of import duties

Utility programmes & 
strategies

Utility has little money to invest in rural electrification.

Market sophistication Advanced

Technical development High

Pricing structure There are currently four revolving funds active in the Dominican Republic.

Testing & Standards Unknown
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1. Economic and Political Aspects

The latter half of the 1980s and early 1990s saw a deterioration in economic 
conditions in the Dominican Republic, with diminished growth and increased 
instability. There was a marked drop in private sector investment, which was 
replaced to some extent by the public sector. An economic reform programme was 
introduced in 1990 (the New Economic Policy - NEP) which made some major 
progress towards stability. Despite some measures (interest rate liberalisation, 
elimination of sectoral credit allocations, and a lowering of reserve requirements), the 
financial condition of the banking sector remained precarious, exacerbated by weak 
central authority supervision and handling of bank failures. A Financial Sector 
Reform Programme (FSRP) was initiated in 1995 to restore solvency and stability in 
the financial sector and improve its efficiency in the mobilisation and allocation of 
resources.

The GDP of the Dominican Republic was estimated to be 13 200 MUSD in 1996, 
with a growth rate between 1990 and 1996 of 4.7%, the consumer price index 
averaged 10.9 % in the same period. It was estimated in 1996 that 25 % of the 
labour force was engaged in agriculture and unemployment was 16.7 %.

2. Grid Electrification Status

Electricity generating capacity was estimated at 2.3 GW, of which 30 % was hydro 
power and 65 % oil fired generation: annual generation was estimated at 
6 500 GWh. Per capita electricity production was estimated at 813 kWh The 
generation and distribution industries were dominated by the vertically integrated, 
state owned utility, Corporacion Dominicana de Electricidad (CDE). The government 
was considering privatisation of CDE following financial difficulties that resulted in 
frequent power outages. With CDE struggling to maintain its existing network and 
reduce black outs and system losses (estimated at 25 %), it was unlikely to invest in 
rural electrification programmes. However, the government had approved plans for 
the construction of two new power stations with a combined capacity of 250 MW.

Nearly 30 % of the population had no access to electricity (approx. 2.2 million 
people) and CDE had little money to invest in rural electrification. Rural areas were 
therefore unlikely to receive connection to the national grid in the near future, and 
urban areas were poorly served because of the poor state of the national grid.

3. PV Programme Experiences and Policy Issues

Despite government indifference, the private sector in PV was thriving, with over 
4 500 SHS sold since 1985. The private sector activity was developed through aid- 
sponsored programmes and had been maintained through consumer demand in 
both rural and urban areas. It was estimated that more than 1 % of rural households 
had SHS installed, meaning the rural community was more aware of PV than in most 
countries.

The government had demonstrated a low awareness of, and negligible policy making 
in support of, solar energy. However, PV modules were counted as electricity
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generation equipment and were therefore free of import duties. There was a 100 % 
duty on batteries to protect indigenous suppliers and manufacturers.

4. Domestic PV Industry

PV businesses used imported PV modules and a mixture of imported and locally 
manufactured BOS components to assemble systems. Major failures of amorphous 
silicon modules had led to a rejection of this technology. In order to improve system 
reliability, the quality of locally manufactured batteries needed to be improved or 
duties removed from imported batteries. Charge controllers and light fixtures were 
also manufactured locally.

5. Financing Options

The private sector market in the Dominican Republic was limited only by the lack of 
end-user finance. Financing schemes had been unsubsidised (though supported by 
training and promotion) and similar to schemes available for other consumer 
durables.

There were four revolving funds active in the Dominican Republic which were 
managed by NGOs. The funds were pioneered by Enersol/ADESOL in 1984. There 
had been other unsuccessful revolving funds set up, but these were dormant. 
Experience has shown that NGOs, rather than community associations, are best 
placed to run the funds. The NGOs also performed a role as intermediaries between 
the equipment suppliers and the customers, feeding back technical problems noted 
from their monthly visits to collect payment. Major seed funding contributions had 
also been made by the Catholic Relief Services (CRS) and the GEF small grants 
program, as well as many other smaller sources.

Typical terms were a 25 % down-payment, followed by monthly payments for 
12-36 months at 18-22 % interest. For a 700 USD system this equated to roughly 
30 USD per month. The 25 % down payment was noted as a significant barrier to 
many potential customers. Of the 1 850 systems installed up to 1994 by PV 
businesses affiliated to ADESOL, only 225 (12%) were on a credit basis, the 
remainder were cash purchases. The number of credit purchases was limited by the 
size of the funds, not lack of demand. Many of the cash purchases were funded by 
relatives abroad.

Enersol had more recently concentrated its efforts on leasing schemes, with an 
‘Energy Service Company’ (ESCO) retaining ownership of a SHS. The ESCO 
collected a monthly ‘energy service’ fee, and was responsible for maintenance. 
Leasing schemes were more capital intensive and difficult to run, but have the 
potential to open up a larger market due to lower monthly repayment fees.

Enersol collaborated with Soluz Inc. (USA) to form Soluz Dominicana in 1994 to act 
as an ESCO. 750 systems had been leased in Paerto Plata: the smallest system 
was 20Wp, available at 5 USD per month. Soluz Inc. were now seeking 
575 000 USD from various sources to expand to 2 000 leased systems. The longer- 
term target was to lease 30 000 systems over 7 years, requiring an investment of 
8 MUSD.
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The market for SHS could be greatly expanded if additional working capital was 
available to seed revolving funds, for NGOs to expand their resources, for 
institutional strengthening of PV businesses and for training programmes.
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Ethiopia

Land Area 1 100 000 km2

Population 58 million

GDP per capita 103 USD

Population Density 52.7 inhabs per km2

Urban Population 16%

Labour Force 26 million

Population Growth 
Rate (1980-1996)

2.7 %

Literacy Rate 24%

General Data
Insolation 4.75 kWh.m‘2.day1 Latitude 8°N

Population unelectrified 90% Terrain High plateau with central 
mountain range divided by 
Great Rift Valley

PV Data
PV power installed

Technical potential 339 MWp (based on 50 Wp SHS for 65 % of households currently without 
electricity, assuming 5 people per household.)

PV programmes 
committed

Unknown

Government policy Indications are that the government is supportive of solar power systems, but 
lacks the resources to implement them.

Utility programmes & 
strategies

Utility is supportive of attempts to provide electricity in rural areas through 
renewable energy or photovoltaic systems, but lacks the funds to operate a 
programme independently.

Market sophistication Low

Technical development None

Pricing structure Aid projects only - system users not charged.

Testing & Standards Unknown
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1 Economic and Political Aspects

At the time of writing, Ethiopia was recovering from a long standing civil war, which 
was finally resolved with the independence of Eritrea, resulting in the loss of 
Ethiopia’s coastal access.

An estimated 16 % of the population of Ethiopia lived in urban areas, while 80 % of 
the 26 million strong labour force was engaged in agriculture. The education 
conditions were very poor, with female enrolment in primary school among the 
lowest in the world and much of the population having no formal education at all.

Economic figures were difficult to obtain, as the country was just beginning to 
recover from the two droughts in the 1980s and the civil war. Gross Domestic 
Product in 1996 was estimated to be 5 990 MUSD growing at a rate of 3.9 %, and 
average inflation of 8.9 % between 1990 and 1996. It was estimated that agriculture, 
largely coffee, accounted for more than half of GDP, and provided over 90 % of 
exports. Import and export figures were estimated to be 423 MUSD and
1 150 MUSD respectively.

2 Grid Electrification Status

Electrification was limited to the urban areas, with installed capacity of 330 MW and 
annual production of approximately 1 300 GWh with annual electricity production per 
capita of 22 kWh. Hydro-electric schemes generated 80 % of the electricity, with the 
remaining 20% provided by traditional thermal generators. A single national 
electricity authority was responsible for the provision of electricity and was supportive 
of attempts to provide electricity in rural areas through renewable energy or 
photovoltaic systems, but lacked the funds to operate a programme independently. 
In addition, each ministry was responsible for the provision of electricity for its own 
uses: the ministry of agriculture was responsible for programmes which provided 
irrigation water, the telecommunications authority was responsible for providing 
electricity to telecommunications relay stations, etc. Overall, indications were that 
the government was supportive of solar power systems, but lacked the resources to 
implement them.

3 PV Programme Experiences and Policy Issues

Four main photovoltaic programmes had been implemented in Ethiopia: Vaccination 
Refrigeration, Solar Radios, Solar Pumping, and Telecommunications. Each was 
managed by the respective government ministry, with funds provided by a number of 
sources, including UNICEF, UNHCR, World Food Programme, USAID, SIDA, 
NORAD, Oxfam, Save the Children, World Vision, Concern, Goal, Jesuit Refugee 
Service, NCA, and EECMY. With four programmes being managed separately by 
four ministries with funds from 14 different Aid Agencies, the particulars of each 
project were difficult to summarise. In general the projects attempted to train local 
technicians to install and maintain the systems. The systems were regarded as 
government property and the end-users were not charged for the installation or use.
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4 Domestic PV Industry

There were no system components manufactured in Ethiopia, nor were they readily 
available for purchase in the private sector. Attempts were being made at the 
University of Addis Ababa to develop photovoltaic technology and applications in 
order to facilitate the electrification of the nation, but the research is lagged far 
behind the technology that was commercially available outside Ethiopia. While the 
government considered that having photovoltaic manufacturing capability and a 
commercial photovoltaic market would be beneficial, the resources and infrastructure 
were not available to develop the industry.

5 Financing Options

As all systems to date had been provided free of charge, there had not been a cost 
recovery mechanism developed. It should be noted that while there was a danger 
that the local population would be unwilling to pay for photovoltaic power systems in 
the future because past systems have been funded using Aid grants, the community 
service applications which these systems provided would not otherwise be available.

-313- April 1999



IEA PVPS Task 111 Stand-alone PV Systems

French Polynesia

Land Area 3 660 km2

Population 233 500

GDP per capita 8000 USD (ppp)

Population Density 59.5 inhabs per km2

Urban Population NA

Labour Force 119 000

Population Growth 
Rate (1980-1996)

1.89%

Literacy Rate 98%

General Data
Insolation kWh.m*2.day*1 Latitude 15°S

Population unelectrified 12% Terrain Mixture of rugged, 
high islands and low 
coral reefs

PV Data
PV power installed NA

Technical potential 180 kWp (based on 50 Wp SHS for 65 % of households currently without 
electricity, assuming 5 people per household.)

PV programmes 
committed

Government policy

Utility programmes & 
strategies

The electricity utility, Electricite de Tahiti, had opposed the PV electrification of 
the outlying islands, to the point of installing national grid connections to islands 
that have had photovoltaic systems installed.

Market sophistication

Technical development High - capable of producing all system components except PV modules.

Pricing structure No specific finance for PV systems

Testing & Standards Member of international standards organisations through France.
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1 Economic and Political Aspects

French Polynesia is a grouping of small island chains located in the South Pacific 
with a total land area of 3 660 km2. In 1996 the population was estimated at 
233 500, with a growth rate of 1.89 %. Of this, the labour force was estimated at 
119 000, the majority of whom worked in tourism-related jobs. Traditionally a high 
percentage of the population worked in defence related jobs stemming from the :> 
French nuclear testing programme; however, this was ended in 1996, and French : 
Polynesia now has an estimated 15 % unemployment. While the literacy rate was y 
officially listed as 98 %, the history of the Polynesian islands has left the country with 
a disparate collection of native languages.

The Gross Domestic Product (PPP), estimated at 3 600 MUSD, with a growth rate of
2 %, was based almost entirely upon tourism and French subsidies. Inflation was ; 
estimated at 1.5 % annually. With exports estimated at 88.9 MUSD and imports 
estimated at 765 MUSD, the trade deficit was severe. Black pearls accounted for ’;; 
over half of the national exports, but provided little employment and did not require ’ 
an industrial base. However, the country was heavily subsidised by France; around 
1250 MUSD in 1995. After the decision to cease testing nuclear devices in the area 
this funding was promised for further ten years after which it will end.

2 Grid Electrification Status

The wide spread of the island chains had resulted in uneven development among 
the population. Papeete, the capital, had a high standard of living, while many of the 
outlying islands were without electricity and had very limited economic activity.

The installed electrical capacity was estimated at 75 MW, with annual production of 
320 GWh; nearly all consumed on the main island. The electrical utility firm, 
Electricite de Tahiti, had opposed the PV electrification of the outlying islands, to the 
point of installing national grid connections to islands that had had photovoltaic 
systems installed.

3 PV Programme Experience and Policy Issues

Solar power systems were introduced in French Polynesia in 1978 through a 
demonstration programme, funded by the French Government, the E.U. and private 
consumers and led by GIE Soler. The project was intended to both spur economic 
activity in the renewable energy field, as well as induce the island populations to 
remain on the islands by improving the standard of living and providing electricity for 
local commercial activities. The photovoltaic systems were designed by the South 
Pacific Institute for Renewable Energy (SPIRE) in conjunction with GIE Soler, and 
included development of high efficiency appliances. There were a number of 
technical difficulties during the initial phases of the project, as well as the opposition 
of the local utility.

The programme was funded through the French Polynesian Ministry of Energy and 
subsidised by the E.U, ADEME, and CEA. Half of the systems were installed to 
private consumers, with a 20 % subsidy and 7 % interest on the loan; this required 
monthly payments of between 15 USD and 20 USD. The rest of the systems were 
installed to provide collective electrification to islands as a whole, and difficulties
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have been experienced with cost recovery. The overall programme was managed 
by SPIRE, with GIE Soler providing installation and maintenance technicians.

4 Domestic PV Industry

By the end of the electrification programme in 1990, French Polynesia had 
developed a photovoltaic industry capable of producing all of the necessary system 
components with the exception of the PV modules themselves. This had led to the 
export of components to the Cook Islands and Tuvalu, which had also implemented 
photovoltaic electrification programmes.

5 Financing Options

It was anticipated that the island electrification would continue, with expectations that 
the private local market would be able to sustain the local photovoltaic manufacturing 
industry. It was difficult to make projections concerning the economy of French 
Polynesia, as the end of the French nuclear testing programme could present 
economic difficulties. It is likely that the survival of photovoltaic market will depend 
upon the ability of black pearl farms and tourist hotels to both afford the systems and 
expand rapidly enough to sustain the business; additional orders may also be 
received from other countries in the area, but the electrification of both the Cook 
Islands and Tuvalu were entirely dependent upon continued international aid.
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Ghana

Land Area 239 000 km2

Population 18 million

Population Density 78.9 inhabs per km2

Urban Population 36%

Labour Force 3.7 million

Population Growth 
Rate (1980-1996)

3.1 %

Literacy Rate 60%

General Data

Insolation 4.9 kWh.m"2.day'1 Latitude 8°N

Population unelectrified 60% Terrain Mostly low plains with dissected 
plateau in south central area

PV Data
PV power installed 350 kWp (1992)

Technical potential 70 MWp (based on 50 Wp SHS for 65 % of households currently without 
electricity, assuming 5 people per household.)

PV programmes 
committed

Solar lighting systems in rural areas fall under the NEP and were therefore duty 
free. The Spanish Government was to provide a mixed credit loan facility to the 
Ministry of Mines and Energy for solar electrification.

Government policy Committed to electrify the whole country by the year 2020. This commitment 
was being realised within the framework of a National Electrification Programme, 
initiated in 1980. PV was included as part of NEP.

Utility programmes & 
strategies

None of the two utilities were known to have been involved with PV to any 
significant extent but the Northern Electricity Department of VRA was due to 
play the role of an implementing agency in UNDP/GEF solar electrification 
project in Northern Ghana.

Market sophistication Medium

Technical development In country manufacture of charge controllers and a number of other BOS 
components including batteries and lamps.

Pricing structure Little credit available for purchasing PV systems privately, the government was 
taking positive steps to encourage their use through the NEP

Testing & Standards Unknown
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1 Economic and Political Aspects

The economy of Ghana was almost entirely dependent upon cocoa production, 
leaving the country reliant upon climactic conditions. Agriculture provided 45% of the 
Gross Domestic Product (GDP) and employed 55 % of the workforce. GDP was 
estimated at 6 340 MUSD and grew at an average annual rate of 4.4 % between 
1990 and 1996. The consumer price index over the same period was estimated at 
29.8 %.

2 Grid Electrification Status

The electricity generation capacity in Ghana was estimated to be 1180 MW in 1995 , 
almost all of which was generated by the Akosombo hydropower station on Lake 
Volta. Annual electricity production in 1995 was estimated at 6.2 TWh, with per 
capita production of 344 kWh.

There were two main power utilities in the country. The Volta River Authority (VRA) 
was responsible for generation and transmission throughout the country and for 
distribution in the 4 northernmost regions. The Electricity Corporation of Ghana 
(ECG) was responsible for distribution in the remaining 6 regions, in southern 
Ghana. None of these utilities had had any significant previous involvement with PV 
but the Northern Electricity Department of VRA was due to play the role of an 
implementing agency in UNDP/GEF solar electrification project in Northern Ghana.

Almost all of Ghana’s electricity is generated from the 912 MW Akosombo 
Hydropower Station on Lake Volta and the smaller downstream Kpong Dam. Only a 
tiny fraction was generated by the thermal power (coal, oil, gas) stations. In 1994, 
low water levels resulted in one-sixth of the country’s industries losing one 
production day per week. An economic growth rate of 5 % brought about a 10 % to 
15 % increase in electricity consumption.

A District Capitals Electrification Programme was initiated to connect all district 
capitals (including those that had diesel plants) to the national grid by the end of 
1994. Of 110 district capitals, 74 (67 %) were connected to the national grid by the 
target date - work on the remaining capitals was expected to be completed by 1997.

The Government had also made a commitment to extend the reach of electricity to 
all comers of the country by the year 2020. This commitment was being realised 
within the framework of a National Electrification Programme, which was initiated in 
1980. The estimated percentage of the total population with connections to the 
electricity supply in Ghana had grown from about 12 % in 1989 to about 40 % in 
1996 although approximately 10 million people still did not have access to electricity. 
The high-voltage electricity grid passed through every region of the country and all 
regional capitals had access to grid electricity. Electricity consumption growth rates 
exceeded 10% since the onset of the NEP; the demand for electricity had 
outstripped the grid supply capacity and Ghana had now become a net importer of 
electricity from Cote d’Ivoire. Other options, such as PV were being used as part of 
this programme to reach the rural areas.
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3 PV Programme Experiences and Policy Issues

Solar lighting systems in rural areas were becoming more prevalent, especially since 
they fell under the NEP and were therefore duty free. Although there was little credit 
available for purchasing systems privately, the government was taking positive steps 
to encourage their use.

As of January 1991 there were 335 solar PV installations in Ghana with a total 
estimated power rating of about 160 kWp. By October 1992 these figures had more 
than doubled with the number of installations reaching 700 units and an estimated 
power rating of over 350 kWp. Most of these applications had been in 
telecommunications which accounted for more than 80 % of systems: of these, 40 % 
were owned or operated by the Ghana Railway Corporation and the Ghana 
Education Service.

A recent UNDP/GEF project approved 3.1 MUSD for PV developments in 13 
villages. The project proposed to establish a regional operations and maintenance 
centre in the East Mamprusi District and 3 renewable energy information centres. 
Three system types were to be deployed in the project: local micro-mini grid systems 
powered by PV/diesel hybrid units for the larger villages, battery charging centres 
and stand-alone communal facilities for commercial/collective use; and home PV 
lighting systems for households in the smaller villages.

The Canadian Aid Agency, CIDA, had provided 1 MCAD for a Renewable Energy for 
Rural Development Project at University of Science and Technology (UST). The 
project saw the establishment of three Solar Service Centres (SSC), which provided 
battery charging services and also sold complete home lighting systems. 
Co-operatives had been formed in the towns to manage the SSCs to paying local 
operating costs, such as labour and rent, out of income from the SSCs. The 
technicians in charge of SSCs had also undergone training at the DME.

The Off-Grid Solar Electrification Project was being administered by the Ministry of 
Mines and Energy with internally generated financial resources. The project was 
part of a broader scheme to promote PV electricity in Ghana. The specific objectives 
included the preparation of an action and work programme for future integration of 
solar PV electricity into the National Electrification Programme; to establish a local 
manufacturing capacity in solar technology (charge controllers and inverters) and to 
establish standards for PV equipment and components as well as design and 
installation.

The Spanish Government was to provide a mixed credit loan facility to the Ministry of 
Mines and Energy for solar electrification. The loan was to be used to purchase 
solar equipment rural electrification, from the Spanish manufacturer - ISOFOTON 
which planned to integrate the PV technology backwards by establishing a local 
facility to produce solar panels, charge regulators, lights etc. Provision was made in 
the project for training and technology transfer to Ghanaian institutions from both the 
public and private sectors.

The use PV for rural electrification formed part of the National Electrification 
Programme (NEP). Therefore, all PV systems imported into the country either by
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Government or its agencies, or by private companies for NEP projects, attracted no 
import duties or taxes. For private project and systems, customs duty of 10 % was 
imposed on all imported finished solar products. Sales tax (or Value Added Tax) 
was about 15 %. No import duty and sales tax was charged on raw materials and 
parts for the production of solar products locally.

4 Domestic PV industry

There were approximately thirteen companies working with photovoltaic systems in 
Ghana, although a large number of these had worked on a single programme and 
had not worked in the field since. The single most important player in the 
photovoltaic industry in Ghana was the Mechanical Engineering Department, UST. 
The UST manufactured charge controllers and a number of other BOS components 
including batteries and lamps. Other companies were also involved in the production 
of charge controllers.

5 Financing Options

There were no primary lenders or independent financial intermediaries for PV 
projects in Ghana. PV dealers in the country attributed poor sales to the high initial 
cost of solar systems and the lack of credit facilities for potential buyers.

Two organisations were known to provide some form of financing, as part of specific 
projects, for PV systems. The MOME was administering two PV financing schemes 
as part of its PV Battery Charging Projects in the Upper West Region and in the 
Greater Accra Region. In both projects the MOME provided interested households 
with 2 lamps (one 18 W fluorescent tube and one 6 W incandescent bulb), a battery 
and a regulator; the cost of wiring the house was borne by the occupants. The 
beneficiaries were required to pay an initial deposit of 18 USD. Take up rates were 
extremely low possibly due to the costs of wiring etc. The Department of Mechanical 
Engineering, UST also operated a loan facility as part of its ClDA-funded PV project.

In addition to supporting research and component fabrication at universities and 
utilising photovoltaic systems as part of the NEP, the government of Ghana was also 
working in conjunction with the Spanish government to establish a local facility to 
produce photovoltaic components. The prices (FOB) for the solar equipment, which 
was to be supplied by ISOFOTON, were 14 USD per Wp for the Home Lighting 
Systems and 21 USD per Wp for Institutional and Community Lighting Systems. 
Villages interested in home lighting systems under this facility would be required to 
pay 30 % of total cost as an initial deposit and spread the remaining 70 % over 10 
years, at an interest rate of 2 %. Institutional and community systems would be 
treated differently, in which case repayment of the total cost would be spread over a 
period of 8 years, at an interest rate of 6 %.

For most rural and many urban households informal sources provided the bulk of 
financing supported by extensive systems of rotating savings, savings collectors, and 
community or social group support funds. Through the 1980s the central bank, with 
responsibility for rural finance, supported the development of rural banks, but 
inefficiency and dominance by powerful local interests undermined the effectiveness 
of many of them until a reform programme was initiated in 1989. At the same time 
there was a rapid expansion in the number of NGO programmes providing credit,
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though frequently undermined by a continued presence of, particularly religious, 
charities offering concessional or gratis funds. Several programmes, however, 
sought to introduce variants of the Grameen model with NGO support for group 
formation and awareness raising. Several NGOs concentrated on support for 
women entrepreneurs (women traditional run the marketing and many other systems 
in West Africa), including Women’s World Banking and an association of 
professional women. Mass organisations, linked to the Party, especially for women, 
remained strong and dominated many Government sponsored programmes, 
benefiting from their high political profile and widespread grassroots organisation.
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India

Land Area 2 970 000 km2

Population 945 million

GDP per capita USD

Population Density 317.9 inhab per km2

Urban Population 27%

Labour Force 408 million

Population Growth 
Rate (1980-1996)

2.0 %

Literacy Rate 52%

General Data

Insolation 5.6 kWh.m"2.day'1 Latitude 20°N

Population unelectrified 68% Terrain Upland plateau in South; flat to rolling 
plain along Ganges; deserts in West; 
Himalayas in North

PV Data
PV power installed 35 MWp

Technical potential 4200 MWp (based on 50 Wp SHS for 65 % of households currently without 
electricity, assuming 5 people per household.)

PV programmes 
committed

Numerous programmes were planned and ongoing, including the construction of 
high capacity power plants to electrify entire regions, small scale domestic 
lighting / power production, credit provision to encourage market development, 
and subsidy schemes. In 1998, the GEF/IFC “Photovoltaic Market 
Transformation Initiative” programme was launched.

Government policy The Government of India was committed to renewable energy development.
The Ministry of Non Conventional Energy Sources was responsible for the 
specific policy, legislation and support programmes for renewable energy, with 
the overall aim to achieve a 6% contribution to power generation from 
renewable sources by 2002

Utility programmes Unknown

Market sophistication Advanced

Technical development Advanced - full cell, module and BOS manufacturing capability

Pricing structure A number of banks and non-banking financial companies handle lines of credit 
and leasing for IREDA’s SPV Market Development Programme

Testing & Standards Unknown
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1 Economic and Poiitical Aspects

India had the largest population among the focus countries with an estimated 925 
million increasing at a growth rate of 1.8 %. The population was largely rural, with an 
estimated 23 % living in urban areas. The labour force was estimated at 315 million, 
with 65 % engaged in rural agriculture. The educational system was poor in rural 
areas, especially among women; the overall literacy rate was estimated at 52 %.

In 1996 India's Gross Domestic product was estimated at 1.25 TUSD, growing at 
5 % to 7% per year. Agriculture accounts for 34 % of GDP. Since the early 1990s, 
economic reforms and liberalisation had improved the economic outlook 
considerably, although inflation was estimated at 10% per year. India’s exports 
were estimated at 24.4 BUSD, with imports estimated at 25.5 BUSD.

2 Grid Electrification Status

With installed electrical capacity of 81.2 GW and annual generation of 314 TWh, 
India produced around 439 kWh per capita. Attempts to electrify the country were 
continuing with nearly every type of energy source under consideration, although 
India remained reliant upon thermal generation for 71 % of production, followed by 
27 % from hydro-electric dams. A further 2 % was generated by 6 nuclear reactors, 
with 4 more planned. With the majority of the population not serviced, the 
infrastructure required to meet projected demands will require a substantial 
investment.

The shortfall between peak electricity demand and supply in India was estimated to 
be equivalent to 14 000 MW of generating capacity. With the public sector 
generators and the state-owned electricity distributors unable to meet this shortfall, 
the Government was beginning to respond to the economic pressure for major tariff 
reforms and restructuring of the industry to attract new investment.

Independent power producers (IPPs) were actively encouraged to participate, and 
reductions in subsidies on diesel fuel and petroleum products had recently be 
legislated. However, with electricity consumption per capita predicted to double over 
following five years, the shortfall in electricity supply can be expected to increase 
over the next 10 years.

The positive implications of the electricity supply situation for the PV industry were 
substantial for the private sector and foreign participation which has been limited to 
date.

3 PV Programme Experiences and Policy Issues

The Government of India was committed to renewable energy development. The 
Ministry of Non Conventional Energy Sources (MNES), established in 1991, 
generated and administered specific policy, legislation and support programmes for 
renewable energy, with the overall aim of achieving a 6 % contribution to power 
generation from renewable sources by 2002.

MNES had been providing an impetus to the development and utilisation of new and 
renewable sources of energy. Awareness promotion, information dissemination,
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development of standards, operation of test facilities and international co-operation 
were among the objectives of the Ministry. The responsibility for implementing 
several vital programmes in solar energy utilisation hadbeen assigned to MNES’s 
financial and promotional arm, the Indian Renewable Energy Development Agency 
Limited (IREDA).

IREDA’s mission was to stimulate, promote, support and accelerate an efficient, 
environmentally sustainable infrastructure for effective exploitation of New and 
Renewable Sources of Energy (NRSE) for productive purposes. IREDA operated a 
revolving fund to develop and promote commercially viable NRSE technologies in 
the country. Within the initial 9 years of operation, up to 31st March 1996, IREDA 
had pledged resources to 728 Renewable Energy Projects which amounted to over 
328 MUSD.

Government PV purchasing and subsidy programmes had played a significant role in 
supporting the development of the photovoltaics industry. There were substantial 
incentives offered by the Indian government for the promotion of renewable energy 
technologies, including subsidies in the form of financial support and cost-sharing, a 
wide range of fiscal incentives, and concessional finance.

Government policy and incentives specifically for PV were:

• Government departments’/agencies’ own internal programme for “Integration 
of Renewable Energy” - as illustrated by the Department of 
Telecommunications’ PV powered Rural Automatic Telecommunications 
Exchanges, etc. which drive the bulk of PV systems sales.

• the socially oriented programmes implemented through nodal agencies and 
NGOs to install free domestic and street lighting.

• the market oriented programmes administered through the Indian Renewable 
Energy Agency - IREDA, which utilised donor funds, including the World 
Bank’s 43 MUSD PV Market Development Programme, and other smaller 
donor schemes. IREDA programmes had extended long-term credit of around 
9 MUSD to support 30 projects for installation of solar lanterns, PV pumps 
and small-scale PV power plants.

• Central and Local Government fiscal and financial incentives, including 100 % 
capital depreciation, sales tax exemption in certain states and reduced 
customs and excise duties on PV systems materials and components.

• Incentives for grid connected PV systems, tax holidays on income from PV 
power sales, low charges for feeding power to the utility grid and favourable 
buy-back rates.
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The installed PV capacity to date is summarised in the following table:

PV system 
type

Description Approx.
number

/kWp
Water pumping One of the earliest applications tried in India. Initial 

programme installed 800 small (350 Wp) surface water 
pumps, subsequent programme expanded by a further
1 000 pumps of higher capacity (600 - 900 Wp). In 
addition, over 100 deep well pumping systems were 
installed as part of the National Water Mission to 
supply drinking water to villages

~2 000

Street lighting 
systems

Usually comprise two pole-mounted PV modules, 
charge controller and battery encased at ground level, 
energy efficient light. Installed by state electricity 
boards and state renewable energy agencies

30 000

Solar Home 
Systems

Comprise one PV module, charge controller and 
battery inside the house, sufficient to power a few 
energy efficient lights, possibly a small TV

15 000

Community
Centre
Systems

Also used in Adult Education Centres and Clinics. 
Standard packages supplied by manufacturers

1 000

Solar Lanterns Self-contained unit comprising small (10 Wp) module 
with a (7 W) lantern which houses the battery and 
electronic control. Programme of supply to villagers 
currently under expansion

>5 000

PV Power
Plants

Small power plants in the range of 2 -10 kWp had 
been installed in around 100 villages. Power plants of
100 kWp were also installed in two Uttar Pradesh 
villages. India’s first grid-connected power plant was a
5 kWp system installed in Hyderabad. The feasibility 
of large grid-connected power plants was under 
investigation.

-500
kWp

Telecoms. TV transmitters powered by PV had been in use since 
1985. Around 100 low power transmitters had been 
installed in remote areas. The Department of 
Telecommunications had procured and installed 
around 25 000 PV powered radio telephones for rural 
areas.

> 25 000

Government sponsored programmes were an important component of the 9th Five 
Year Plan (1997 - 2002). However, further applications for financing under the 
present IREDA World Bank scheme would not be accepted after March 1998, unless 
an extension was granted. It was likely that alternative funds would be secured 
enabling IREDA to perform a modified role in supporting PV.

Numerous future programmes had been developed and were ongoing, including the 
construction of high capacity power plants to electrify entire regions, small scale 
domestic lighting / power production, credit provision to encourage market
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development, and subsidy schemes to assist the impoverished / socially 
disadvantaged.

The photovoltaic market in India was hampered somewhat by the magnitude of the 
undertaking. Elements within the Government of India recognised the importance of 
providing electrical power and the increases in productivity that could be gained 
through electrification. However, the resources that will be needed to be allocated in 
order to achieve full electrification are massive.

In 1998, the GEF/IFC “Photovoltaic Market Transformation Initiative” (PVMTI) 
programme was launched. As part of the programme, 15 MUSD of concessional 
financing was available for PV support. It should be considered that the PVMTI 
support will greatly increase the development of the PV industry in India.

Several crucial barriers to implementation of PV in India were identified in the project 
preparation phase of PVMTI. These are summarised below:

• the unacceptably high incidence of system failure in the field - attributed to a 
mix of inadequate product specification, quality of installation, and technical 
competence;

• inadequate marketing, distribution, customer support and after-sales service; 
attributable to lack of commercial and marketing skills and inadequate levels 
of investment in appropriate infrastructures;

• dependence on end-user subsidy and too high an incidence of discredited 
customer credit schemes.

4 Domestic PV industry

One of the significant features of the PV status in India is that there were several 
private sector industries competing in the areas of PV system manufacturing 
including design, assembly, installation and commissioning of systems. There were 
additionally over 50 small entrepreneurs largely undertaking supply and installation 
of PV systems and executing contracts.

Most of the PV shipment in the country was through the institutional market route, 
meaning that PV manufacturers were selling their products to various government 
organisations and other institutional sectors such as state modal agencies who were 
distributing these systems directly to beneficiaries. The consumer market in India 
was marginal; PVMTI could prove beneficial in supporting its development.

Twelve companies accounted for the bulk of output and module capacity, with two 
state owned (Central Electronics Ltd and Bharat Heavy Electricals Ltd) and four 
private sector organisations producing over 1 MWp each in 1996. RES and Udhaya 
Semiconductors were significant indigenous manufacturers, with TATA BP Solar, XL 
Telecon, Pentafour and Webel the leading organisations with foreign joint venture 
partnerships. Several companies were experiencing financial difficulties due to over- 
expansion.

India was able to produce all BOS components, as well as possessing the 
manufacturing technology for PV module productions. Efficiency and quality of
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modules varied widely but the larger producers consistently deliver acceptable 
quality equivalent to international norms. Module prices in India were between 25 % 
and 30 % above international prices.

In addition to single-crystal silicon modules, MNES had supported research into 
amorphous silicon production. A pilot plant for amorphous silicon modules was 
established by Bharat Heavy Electricals Ltd (BHEL) at Gwal Pahari in 1992.

The PV module manufacturing industry imported 100 % of its demand for low iron 
glass, EVA and Tedlar, and 80 % and 50 % of its demand for wafers and cells. The 
recent sharp increase in demand for wafers in the US and Japan resulted in a short
term scarcity of raw materials.

In response to the current crisis, a number of systems houses had, or planned to set 
up small scale module production (< 0.5 MWp), to service their own demand. This 
backward integration on such a small scale may not remain viable when the market 
starts to demand improved quality and pricing.

The larger private sector manufacturers made their own inverters, and relied on 
internal sourcing of charge controllers. The balance relied on imports or a small 
number of local suppliers. A number of international brand-name battery suppliers 
manufactured locally, and a solar battery line was also planned by one manufacturer. 
Power conditioning systems for grid inter-connected power generation were entirely 
imported.

Around 30 systems houses were involved in the lantern and street lighting 
programmes, 16 organisations in water pumping and over 15 in solar lighting. Most 
were small-scale serving a niche local market, with only TATA BP and RES of any 
significant size.

Only Tata BP Solar, RES Photovoltaics and Udhaya Semiconductors, all 
manufacturers, had created dealership networks of any significance - as the demand 
had not encouraged such structures. Only one large organisation with an 
established dealership network across India was known to be investing in market 
development and only on a small scale.

Based on appraisals conducted under the IREDA programmes, incidence of systems 
failure - through poor installation or incorrect or inappropriate BOS specification - 
was high, at over 30 %.

5 Financing Options

Decentralised electrification of rural areas was considered more cost effective then 
developing more large power stations and extending the national grid, and the 
benefits of electrifying the rural areas were considered necessary to the continued 
development of the nation. The benefits as seen by the Indian government included: 
increased awareness, support to weaker sections of society, improved healthcare, 
improved education, and income generation through farming, fisheries, handlooms, 
and village craftsmen. In addition, providing electricity to a greater portion of the
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population will increase the market for electrical goods, providing follow on economic 
benefits.

The World Bank had mobilised a line of credit of 195 MUSD for the “India: 
Renewable Resources Development project”, which envisaged installation of a 
capacity of 187.5 MW in three renewable energy sectors, of which PV accounted for 
43 MUSD of the funds.

A number of banks and non-banking financial companies handled lines of credit and 
leasing for IREDA’s SPV Market Development Programme

Those projects which used World Bank funding utilise a revolving fund, while other 
projects had provided 50 % subsidies or interest rate subsidies. In general, at least 
some form of cost recovery was used, usually with collection conducted by local 
intermediaries. IREDA was the institution that monitored the financial transactions 
and was the final collector of payments.

Over five years from 1998, PVMTI was expected to invest 15 MUSD at a preferred 
leverage of 3:1, increasing the annual PV market size from 10 MWp/year in 1997 to 
28 MWp per annum.
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Indonesia

Land Area 1 812 000 km2

Population 197 million

Population Density 108.7 inhab per km2

Urban Population 36%

Labour Force 91 million

Population Growth 
Rate (1980-1996)

1.8%

Literacy Rate 77%

General Data

Insolation kWh.m*2.day'1 Latitude 5°S

Population unelectrified 70% Terrain Mostly coastal lowlands, larger 
islands have interior mountains

PV Data
PV power installed 1.8 MWp

Technical potential 900 MWp (based on 50 Wp SHS for 65 % of households currently without 
electricity, assuming 5 people per household)

PV programmes 
committed

1997 programme to install 1 million SHSs nationwide. World Bank and GEF 
funding was secured for 200 000 homes (10 MWp) in West Java, Lampung and 
South Sulawesi.

Government policy Government had made rural electrification a priority and Suharto government 
gave considerable support to photovoltaic applications. In 1997, the GOI set a 
target for 50 MWp of PV by 2005.

Utility programmes & 
strategies

Specific utility involvement unknown.

Market sophistication Advanced

Technical development Weaknesses in the Indonesian industry were in the production of high quality 
batteries and photovoltaic modules, both of which were being addressed

Pricing structure As part of World Bank/GEF project dealers should receive five year loans at 
market rates through the commercial banks (refinanced by Bank Indonesia from 
donor funds). Dealers should set their own terms for clients. Also large 
potential for cash sales.

Testing & Standards The Bureau for the Assessment and Application of Technology is responsible 
for UPT-LSDE, a government laboratory with extensive facilities was responsible 
for the testing and demonstration of PV technology. Presence of international 
companies should ensure modules tested to international standards.
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1 Economic and Political Aspects

Indonesia is one of the major island groups of Asia, encompassing 1.8 million km2, 
and is the fourth most populous country in the world. The 1996 population was 
estimated at 197 million, with a growth rate of 1.8 %. A fall in the birth rate from
5.6 % in the late 1960s, to 2.9 % in 1996, offset the significant decline in the mortality 
rate over the same period.

Although the literacy rate was estimated at 77%, there were a wide variety of 
languages and dialects, making estimates of literacy difficult to quantify. The 
proportion of people living in urban areas increased from 22.4 % in 1980 to 36 % in 
1996. The urban population had grown at a rate of around 5.4 % a year, compared 
to a rural population growth of just 0.8 %. A total of 50 million people - 55 % of all 
those employed - worked in the agricultural sector.

Before the Asian economic crisis of 1998, which had a major impact on both the 
political and economic environment of Indonesia, the country was known as one of 
the Tiger Economies’ of Asia. In 1996, Gross Domestic Product was estimated at 
226 BUSD with an annual growth rate of 7.7 % and inflation of 8.8 % between 1990 
and 1996. This growth was led by the Indonesian government, which invested 
heavily in developing infrastructure to support industrial activity - especially in the 
‘high-tech’ sector - and encouraged private sector commercialism. Although 
Indonesia retained elements of central planning - notably five year plans - it had 
started to deregulate key areas of the economy.

Prior to 1998, Indonesia had a balanced economy, with output split almost evenly 
between the three main sectors. Exports were dominated by semi-processed and 
manufactured goods, following the collapse of gas prices (which was Indonesia’s 
main source of wealth) in the 1980s.

Industry had been the main driver of economic growth. In 1996, it had expanded its 
share of GDP from 8 % in 1965 to around 24 %. However, in more recent years 
utilities were the fastest growing sector, averaging annual growth rates of 14 % since 
1985.

2 Grid Electrification Status

The Ministry of Mines and Energy was responsible for the national electrical supply, 
operating through two offices, the Bureau for Planning (BAPPENAS), and the 
Directorate General of Electricity and Energy Development (DGEED). However, 
many of the other offices had active involvement in previous PV programmes, 
depending upon the sector, for example health, industry and R&D.

A single state owned utility, Perusahaan Umum Negara (PLN), provided 
electrification on the national scale, with an installed generating capacity of 11.6 GW 
and annual production of 61.2 TWh, the majority of which was provided for industrial 
loads. As the population was spread across a large number of islands, central 
infrastructure was only feasible on those islands that had large populations and were 
supporting economic activity. PLN had historically relied upon hydro-electric and 
diesel generators to power ‘mini-grids’ for rural electrification. With 63 % of the rural
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population estimated to consume under 30 kWh per month, many of the more 
remote areas were considered uneconomic for operation by PLN, and electricity was 
provided by small private sources, usually village co-operatives known as ‘KUDs\

Although the government had made rural electrification a priority, the fragmented 
geography of the archipelago created particular problems for extension of the grid. 
For this reason many rural population centres were served by isolated diesel mini
grids, with capacities of 20 kW to several megawatts. However, in the smallest and 
most dispersed communities, these isolated grids were not viable and PV could be .» 
an economical option.

The Bureau for the Assessment and Application of Technology (BPPT), under the 
Ministry of Research and Technology was responsible for the management of all ~ 
state-initiated PV projects. BPPT was responsible for UPT-LSDE, a government 
laboratory with extensive facilities for the testing and demonstration of PV: 
technology.

The Ministry of Co-operatives was involved in project implementation due to the high 
involvement of village co-operatives (KUDs) in SHS projects. It had developed 
selection criteria for the KUDs involved in previous PV projects and provided the 
interface between the KUD network and GOI.

Energy production per capita in 1994 was 281 kWh and total national production was 
53 414 GWh. The residential share of electricity consumption had fluctuated widely 
since 1986, with the share in 1993/94 being over 30 %. The industrial share grew 
strongly up to 1991, and was around 50 % in 1994. In 1995, Perusahaan Umum 
Negara’s (PLN), the state owned electricity company, capacity was 14 370 MW 
(55 % of the total) and non-PLN capacity was 11 693 (45 % of the total). Of the
124.6 million rural population, 34 % were supplied by PLN for light, 4% were 
supplied by non-PLN sources and 62 % used kerosene. Demand for electricity grew 
at 11.8% per annum between 1985 and 1995: in 1996 demand was reportedly 
growing at about 15 % per annum.

There had been a rapid increase in the number of households with access to 
electricity, increasing from 14 % in 1985 to just under 40 % in 1995. An alternative 
indicator for rural electrification was the village electrification rate (a village is 
regarded as electrified if more than twenty households are connected to the 
electricity supply). There were about 62 000 villages in Indonesia, of which 57.5 % 
were electrified in 1995. However, there were wide regional variations: Java had the 
highest ratio at 78 %, whilst Kalimantan had a rate of only 28 %.

3 PV Programme Experiences and Policy Issues

The previous Indonesian government gave considerable support to photovoltaic 
applications, because President Suharto considered the electrification of the country 
to be a priority for maintaining economic growth and believed that photovoltaics 
offered one of the most cost effective methods. It was not known what direction the 
new government would take regarding the implementation of PV for rural 
electrification.
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By the end of 1996, government sponsored solar PV projects and private initiatives 
had resulted in the installation of over 1 MWp of PV capacity in rural areas. PV 
systems were first demonstrated in Indonesia in 1979 through a water pumping 
project carried out by the German Aid agency GTZ, with the assistance of the 
Indonesian government.

The first rural electrification was of Sukatani village, Java, where 85 SHS, 7 public 
systems and 15 street lights were installed in 1989. This was funded by the Dutch 
aid agency DGIS, and involved the BPPT, the Ministry of Co-operatives, the local 
government and the international and local branch of PV manufacturer, R&S (now 
Shell Solar).

The success of the Sukatani project led to a rural electrification scheme in the village 
of Lebak, in which a further 500 systems were installed; these systems typically had : 
a 45 Wp module, sufficient to power two 6 W lights.

The above pilot programmes were followed by the Presidential Aid Programme, 
BANPRES, with interest-free credit provided for 3 000 SHS. These were 
successfully installed and, although cost-recovery was poor, some additional credit 
schemes had been started through the revolving fUnd.

Since 1993 the Department of Health had driven the installation of 270 medical 
clinics with PV lighting and refrigerators, requiring around 75 000 PV modules. Eight 
hybrid mini-grids had also been installed in eastern Indonesia, on Nusa Penida. The 
hybrid generators were developed by IPC / Westinghouse and used a meter 
prepayment system, which aimed to match customer consumption with ability to pay. 
Additional major projects included the GTZ Eldorado Sun, a project funded by the 
German Aid agency GTZ to develop solar pumping projects on four islands, and a 
project funded by the Australian Aid agency AusAid to install 36 400 SHS of 50 Wp 
each.

In 1997, the World Bank and the Global Environment Facility (GEF) were in the 
process of launching a programme to assist the Government of Indonesia (GOI) to 
provide 200 000 Solar Home Systems to households in West Java, South Sulawesi . 
and Lampung, Sumatra.

All solar equipment was exempt from import tax and duties, providing similar 
products were not manufactured in Indonesia.

4 Domestic PV Industry

All of the major international photovoltaic power system manufacturers, such as BP 
Solar, Kyocera, Shell Solar, Siemens and Solarex had either a subsidiary or local 
distributor in Indonesia, an indication that Indonesia's policies encouraging both the 
implementation of photovoltaics and the use of the local labour force in the 
manufacture of photovoltaic power system components were successful.

While the use of high import tariffs to protect local industry could lead to stagnation in 
the market and poor quality, high cost goods, the Indonesian market remained 
competitive through collaboration with international firms. The two main weaknesses
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in the Indonesian industry were the absence of the production of high quality 
batteries and photovoltaic modules, both of which were being addressed. A local 
battery manufacturer was working in conjunction with BPPT to develop high quality 
batteries, and attempts were being made to acquire the ‘clean’ manufacturing 
technology necessary for silicon cell production.

The BPPT had invested considerably in the development of its Test Laboratory, 
UPT-LSDE, located near to Jakarta in Serpong. This facility was set up in 1979 and 
was equipped with over 7 kWp of PV test array, which could be configured to provide 
output voltages of 12 V to 240 V. It had several laboratories for testing electronic 
control devices and a computer-based data acquisition system, as well as PV 
pumping and battery test facilities.

BPPT had closely monitored the standards and performance of the existing SHS 
projects installed. It was partially responsible for developing the specification of the 
BANPRES SHS, together with the private PV industry involved.

Further assistance in testing and training was being sought as part of the proposed 
WB/GEF project. This would enable UPT-LSDE to carry out certified approval of 
each solar home system to be installed by the dealer networks. The criteria were 
that each 50 Wp or larger system should power at least three fluorescent lights 
(@ 200 lumens) and a black and white TV for 4 hrs/day or more, assuming average 
insolation.

5 Financing Options

The Lebak and Sukatani projects were sold to the villagers through the co-operatives 
(KUD) by means of an interest free loan. Average investment was around 400 USD. 
The villagers made a downpayment of 5 % followed by monthly payments of around 
3 USD for a period of 10 years. This was used to cover maintenance and repairs, 
with the remaining money used to establish a revolving fund for further projects.

The Indonesian government identified the lack of appropriate financing as the single 
greatest impediment to increased use of photovoltaic systems for rural electrification. 
The Presidential Aid Programme (BANPRES), opened personally by President 
Suharto in 1991, was aimed at providing interest free loans through village level 
KUDs in 13 provinces. Although the programme led to the purchase of around 3 300 
systems, it was considered a promotional programme because of the poor cost 
recovery record. Purchasers were required to make an initial payment of 5 % of the 
400 USD cost, followed by payments of approximately 3 USD per month for ten 
years.

However, in 1993 it was estimated that BANPRES fee collection was in arrears by 
40 %, attributed to seasonal incomes, short term cash crises and inadequate income 
levels to meet payment obligations. Failure to disconnect, particularly of the village 
elite, also encouraged non-payment. Consumers expressed the need to make the 
down payment by instalments over several months. The monthly fee was equivalent 
to the monthly connection fee on the grid, although it has been noted that other SHS 
projects with substantially higher fees had equal or better payment records. Demand 
was considered relatively price inelastic so higher cost recovery and shorter terms
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could perhaps have been acceptable. A major problem was the need to replace 
batteries, the high cost of which often resulted in the purchase of inferior technology. .

Subsequent projects had targeted end-users that were able to pay for the systems ;; 
on a consumer financing basis. Three major local dealers - Pt. Sudimara, Ft. 
Kyocindo and Pt. Walet - offered short term credit (3 years) at around 18 % interest 
with a 30 % downpayment. Typical monthly fees of around 8 USD were required, n

In 1995 Sudimara reported system sales at 400 USD plus 10 % VAT. Around 10 % / 
to 15 % of sales were cash. Credit terms were 140 USD downpayment and 40 : 
monthly payments of 10 USD interest at 1.5 % a month. These were being sold 
through regional service centres (approximately one per 10 000 to 20 000 families) in 
three provinces.

One of the major PV manufacturers had also recognised the private sector 
opportunities and taken an aggressive approach, focusing on the outer provinces 
which public-funded programmes had not reached. This required substantial 
investments in capacity building of dealers and end-users. Overall, the company 
witnessed several thousands of sales by private dealers over the past decade. 
Some sales were based on informal credit mechanisms, but the company believed 
that tens of thousands of cash-paying customers would exist if the market were fully 
developed.

In 1995 it was reported that 13 000 SHSs had been sold privately. Smaller systems 
were found to be more profitable. Payment plans lasting longer than two years did 
not seem to work, apparently because battery failure occurred during repayment, at 
which time collection rates fell sharply.

This private initiative found that collection at village level was enhanced by having 
village level dealers who knew the individuals concerned. Dealers had to have 
previous experience of financing as it was not considered worthwhile to train them. 
Very few sales were through bank credit (perhaps because PV is not a income 
generating asset). Supplier credit for dealers was considered crucial for successful 
marketing and distribution. Many systems were sold for cash, and market 
development was viewed by the initiating company as more of a constraint than was 
the absence of special financing mechanisms.

In 1997, the GDI set a target for 50 MWp of PV by 2005, to be installed across 6 000 
of the 13 000 islands, which make up Indonesia. It aimed to install 1 million SHSs 
nationwide. Marketing and credit would be managed by local government in 
co-operation with Co-operative Village Units (KUDs). Donor funds were to be on-lent 
through Bank Rakyat Indonesia (BRl). KUDs would act as financial intermediaries, 
with users signing a lease-purchase contract involving monthly fees until the total 
cost had been paid and ownership transferred. In the meantime, KUDs and 
suppliers would co-operate for installation and maintenance.

As a part of the above programme, World Bank and GEF funding was secured for 
200 000 homes (10 MWp) in West Java, Lampung and South Sulawesi. Around ten 
dealers should receive five year loans at market rates through the commercial banks 
(refinanced by Bank Indonesia from donor funds). Dealers should set their own
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terms for clients, which were expected to be around 80 USD to 100 USD 
downpayment with subsequent monthly payments for 3 - 4 years. Dealers would 
receive a GEF grant of 75 USD per unit in Java and 125 USD per unit on the other 
islands.
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Kenya
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Land Area 569 000 km2

Population 27 million

GDP per capita 377 USD

Population Density 47.5 inhab. per km2

Urban Population 30%

Labour Force 418 000

Population Growth 
Rate (1980-1996)

3.1 %

Literacy Rate 69%

General Data
Insolation 5.4 kWh.m"2.day"1 Latitude 1°00 N

Population unelectrified 90 %; perhaps 1 % of rural 
population electrified.

Terrain Low plains rising to central 
highlands bisected by Great Rift 
Valley; fertile plateau in west.

PV Data
PV power installed Over 2 MWp

Technical potential 155 MWp (based on 50 Wp SHS for 65 % of households currently without 
electricity, assuming 5 people per household.)

PV programmes 
committed

Photovoltaic Market Transform Initiative

Government policy Rural Electrification Master Plan should re-stimulate rural electrification 
activities. It was anticipated the plan wouldl give specific attention to PV.

Utility programmes & 
strategies

Kenya Power and Lighting Company responsible for implementation and 
operation of the Rural Electrification Programme.

Market sophistication Advanced

Technical development BOS components manufactured; modules imported.

Pricing structure Commercial cash sales/ short term credit based market

Testing & Standards There had been no organised standards, testing oir certification programmes.

-336- April 1999



IEA PVPS Task III Stand-alone PV Systems

1 Economic and Political Aspects

Since 1993, the Kenyan government had implemented a programme of economic 
liberalisation and reform. These reforms included the removal of import licensing 
and price controls and the privatisation of publicly owned companies.

The population was approximately 29 million people, with a growth rate of 3.1 % ' 
between 1990 and 1996. Approximately 20 % of the population was urban based. 
Nairobi, the capital city, is the primary city of the region.

Gross Domestic Product was estimated to be 356 BUSD in 1996, with a growth rate : 
of 5.8 % between 1990 and 1996: inflation over this period was estimated at 9.9 %. : 
Between 75 % and 80 % of the 8.78 million strong labour force were engaged in 
agriculture, accounting for some 30 % of GDP. The primary industrial activities were 
the manufacture of small-scale consumer goods, processing of agricultural products, 
oil refining, cement and tourism. Imports were estimated at 2.6 BUSD in 1996 
compared to exports of 1.9 BUSD. Tea and coffee accounted for nearly 55 % of 
export earnings. Kenya’s main trading partners were Uganda and the United 
Kingdom.

2 Grid Electrification Status

Electricity generating capacity was estimated at 81.2 GW in 1995, with generation of 
415 TWh in that year, providing a production per capita figure of 439 kWh. In 1995, 
over 83 % of Kenya’s electricity was generated from large hydro sources along the 
Tana and Athi rivers. A further 9 % was generated from oil. There were two 
privately owned generators providing electricity to Kenya Power and Lighting 
Company (KPLC). Approximately 15% of generated electricity was lost through 
transmission losses and theft. Demand had grown at approximately 6 % per year 
and the installed generating capacity had been unable to meet this growth in 
demand resulting in load shedding throughout the country. More than 50 % of the 
electricity generated was consumed in Nairobi province, with a further 20 % 
consumed in Coast Province.

Kenya’s power sector was in the process of privatisation in an attempt to break the 
power monopoly of KPLC. The project, launched in 1997 was funded by the World 
Bank, the European Investment Bank and the Ministry of Energy.

Efforts to provide electricity to the rural areas of Kenya were started by KPLC in the 
1960s and were formalised in the Rural Electrification Plan of 1973. However, it was 
not until the late 1980s that a larger scale development started to take place. The 
prime objective of the programme was to extend electricity into ‘sub-economic rural 
areas’ focusing on supply of electricity to agro-based and other small industries. 
Individual households were not given priority in REP planning as the costs were too 
high.

In 1994 the government of Kenya with the African Development Bank initiated the 
development of the Rural Electrification Master Plan in order to re-stimulate rural 
electrification activities. It was anticipated that the plan would give specific attention
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to the potential role of PV as a complement to traditional grid related activities. 
However, the documentation was not available.

3 PV Programme Experiences and Policy Issues

There had been a number of small PV projects in Kenya over the last 10 years 
funded by various multilateral and bilateral agencies.

Between 35 and 40 kWp of PV was installed as part of a project to develop 
commercial fishing in Lake Turkana in 1989. The PV equipment was used for power 
pumping, security lighting, refrigeration and office power systems. The fisheries 
project was not a success and much of the equipment was reused in other projects, o

Several hundred PV vaccine refrigerators had been installed by the Ministry of 
Health under the Kenyan Extended Programme of Immunisation since 1990.

A water pumping project was initiated to install 10 to 12 PV pumps for Maasai 
communities around Amboseli. The project was funded by grants from Swedish 
donors who were no longer active in Kenya. Of the 10 to 12 pumps originally 
identified, only five or so were actually installed.

A programme started in 1994 to make low cost solar lanterns widely available in 
Kenya was started in 1994 funded by the World Bank ESMAP, CSC, the Ashden 
Trust and the UK DfID.

Government policy towards PV in Kenya was very positive although very little money 
was actually spent. The Ministry of Energy had a renewable energy and solar power 
section although it was not well funded. The Ministry of Energy runs 10 energy 
demonstration centres in various districts of Kenya.

Although duties on PV and associated equipment were lowered in 1994, the duty 
structures are complex: a PV module without bypass diodes attracts lower duties 
than one with bypass diodes. This effectively discriminated in favour of amorphous 
silicon modules. A PV module without bypass diodes attracted 5 % import duty and 
no VAT whereas a module with bypass diodes attracted between 10 % and 15 % 
duty and VAT (15 %). Charge controllers attracted full import duties (35 %) and VAT 
(15%).

4 Domestic PV Industry

The PV market in Kenya had been active for over a decade and estimates were that 
over 50 000 solar home systems had been installed on a commercial basis and a 
large number of governmeni/donor systems had been installed in other remote 
power markets.

There were as many as 15 PV module distributors and a further 20 or so companies 
manufacturing balance of system equipment, with hundreds of small independent 
agents marketing or installing PV systems in rural areas. Many of the large 
international PV manufacturers had appointed dealers in Kenya: these dealers 
import both modules and BOS components. There were two local manufacturers of 
batteries providing both automotive and solar batteries as well as numerous
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companies manufacturing lamps as well as limited manufacture of charge controllers 
and inverters.

In 1996 it was estimated that perhaps 270 kWp of PV was installed of which 
110 kWp was amorphous silicon technology. Including BOS and installation, the PV 
market was worth in the region of 5 MUSD in 1997. Between 50 % and 60 % of this 
was in the solar home systems market.

5 Financing Options

Although there were no operational finance schemes in place for solar home 
systems in Kenya, hire purchase schemes financed as many as 2 000 systems per 
year. These schemes were usually over a 12 or 24 month period and interest levels 
could be as high as 40 %. Kenya’s banking system was one of the strongest in East 
Africa, but it was primarily based in Nairobi and other major cities. Local lenders and 
donors had prioritised rural credit for businesses and there were a number of 
initiatives investing in rural credit in the pubic and private sector. Credit was 
available to agricultural co-operative members through locally based co-operative 
agencies. However, PV was still a new concept to most banking organisations and 
no PV financing projects had gone beyond the pilot stage. NGOs have a role to play 
in the non-formal credit sector and Kenya Rural Enterprise Programme (K-REP) had 
been active in this area. K-REP had developed and implemented successful 
methodologies for providing small loans to rural entrepreneurs based on group 
security mechanisms. K-REP had been involved in a number of solar projects in the 
past. There were plans for the NGO to split into a Rural Bank (which will be 
capitalised with 1 MUSD).

The Co-operative Bank of Kenya was the largest rural credit provider in the country 
and worked with various rural co-operatives. The bank was in the early stages of a 
pilot financing project for solar home systems.

Over five years from 1998, PVMTI was expected to invest 5 MUSD at a preferred 
leverage of 2:1, increasing the annual PV market size from the current 300 kWp/year 
in 1997.
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Malaysia

Land Area 329 000 km2

Population 21 million

GDP per capita 4 724 USD

Population Density 63.8 inhab per km2

Urban Population 54 %

Labour Force 8 000 000

Population Growth 
Rate (1980-1996)

2.5 %

Literacy Rate 78 %

IMDAVF6IA. -

General Data

Insolation 5.1 kWh.m"2.day*1 Latitude 2 30 N

Population unelectrified 19% Terrain Coastal plain rising to hills and 
mountains

PV Data
PV power installed 640 kWp (1993)

Technical potential 26 MWp

PV programmes 
committed

Ministry of Rural Development established a rural community initiative 
encompassing the Sabah, Sarawak and Peninsular Malaysia Provinces in 1996. 
The 34 MUSD programme was to run for 5 years in 2 phases to improve rural 
village services.

Government policy Supportive of PV for rural electrification providing it was economic.

Utility programmes & 
strategies

TNB utility had installed PV for evaluation purposes.

Market sophistication Low

Technical development No PV industry although technical capability exists.

Pricing structure Unsubsidised

Testing & Standards Group C member of International Electrotechnical Committee.
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1 Economic and Political Aspects

Malaysia has a land area encompassing 329 000 km2 of isthmus and island in the 
Pacific rim area, and an estimated population of 21 million in 1996. The population 
growth rate between 1990 and 1996 was estimated at 2.5 %. Approximately 54 % of 
the population was urban-based, while 20 % of the 8 million strong labour force was ; 
engaged in agriculture. Literacy tares were estimated at 78 %. B

Malaysia is one of the "Tiger" economies of Asia, generally considered an emerging, 3 
rather than developing market. Gross Domestic Product was estimated to be; 
99 BUSD in 1996 with a growth rate between 1990 and 1996 of 8.7 %, the highest of ] 
the countries in this survey. This growth had resulted in a marked increase in real ? 
wages and a substantial reduction in poverty. (It must be noted that the recent 
financial crises in the area may call the sustainability of this growth into question.)

Prior to the crisis, Malaysia’s economy was export led, with exports estimated at
84.6 BUSD in 1996, compared to imports of 83.2 BUSD in the same year. Exports 
were mainly of electronic goods and petroleum products to the USA, Singapore and 
Japan. The consumer price index between 1990 and 1996 averaged 4.2 %.

2 Grid Electrification Status

Installed electricity generating capacity was estimated at 8 GW in 1995, generating 
some 45.5 TWh in that year. In 1995, approximately 87% of the generated 
electricity was from thermal sources and the remainder from hydro. Per capita 
electricity production was 2 167 kWh. Approximately 99% of the Malaysian 
Peninsula was electrified, although in the Sabah and Sarawak regions, electricity 
only reached approximately 70 % of the population. Projections were that electricity 
demand would continue to grow for the foreseeable future. During the Seventh 
Malaysia Plan, (1996-2000) there were plans to commission more than 4 GW of 
electricity generating capacity. This increased capacity was to be met by the three 
existing utlitiies: Tenanga National, Sabah Electricity Board and Sarawey electricty 
Supply Corporation and nine Independent Power Producers. Work on the 2.4 GW 
Bakun Dam project was suspended indefinitely in 1997 citing an unexpected rise in 
the project cost due to the country’s economic difficulties.

With regard to the rural areas, grid connection was not regarded as economical, 
primarily due to low consumption rates (estimated at less than 1 kWh/day). As a 
result, PV and mini/micro hydro systems were viewed as pre-grid electrification 
options to introduce the convenience of electricity.

The Malaysian Governments Energy Policy revolved around the supply, utilisation 
and environmental objectives. Supply objectives aimed to provide the nation with 
adequate and secure energy supplies: efforts to do this focused on reducing 
Malaysia’s dependence on oil and by developing and utilising alternative energy 
sources. The utilisation objective aimed to promote energy efficiency and 
discouraging wasteful and no-productive patterns of energy consumption. The 
environmental objective sought to ensure that factors relating to the environment 
were not neglected in pursuit of the supply and utilisation objectives.
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3 PV Programme Experiences and Policy Issues

There were a wide range of different PV systems applications in Malaysia, including 
water pumping, SHSs, professional systems (particularly telecommunications) and; 
annual procurement with the military. * '

- "2
In the 1980s, the since privatised electricity utility in Malaysia, Tenanga National; 
Berhad, through its R & D arm, TNRD, initiated a programme to evaluate the 
technical and economic potential of renewable energy, concentrating on mini-hydro 
and PV projects. Three stand-alone solar home projects were implemented by TNB:1 
37 houses in Apau, Langkawi; 70 houses in Tembeling, Pahang; and 50 houses in 
Pulau Sibu, Johor. These systems were all abandoned due to poor performance of ^ 
the batteries and untrained staff following the departure of the project team. '

In 1994 a 10 kWp plant was installed at Manahan, Sabah. The plant was used for 
supplying lighting and power for refrigeration, TVs and radios for 17 houses. In 1996 
a 100 kWp plant was opened at Marak Parak, Sabah to provide power for 300; 
houses. In 1996 CASE completed the installation of two RAPS systems using PV- ' 
wind hybrid systems at two locations in Sarawak. -v

’ W'

TNB/TNRD also had plans to install six, 3 kWp to 5 kWp grid connected PV systems 
at different locations in the Klang Valley between 197 and 1999.

In 1996 the Malaysian government established through the Ministry of Rural 
Development a rural community initiative encompassing the Sabah, Sarawak and 
Peninsular Malaysia Provinces. The programme was part of a 5 year programme to 
improve rural village services and had a major PV component. Phase 1 consisted of 
the installation of 1 200 stand-alone systems, and Phase 2, (co-funded by AUSAID) 
will involve the installation of 7 200 systems for home lighting, vaccine refrigerators 
and school facilities. Phase 1 was worth an estimated 4 MUSD with Phase 2 worth 
30 MUSD between 1997 and 2002.

Aside from these programmes, experience with photovoltaic power systems was 
mainly in the private sector and concentrated in the telecommunications sector.

4 Domestic PV Industry

While Malaysia had a highly developed manufacturing base, photovoltaic production 
capacity was non-existent. As a result nearly all components, modules and BOS, 
were imported.

5 Financing Options

The recent financial crisis in the far East had affected the market for PV. The 40 % ; 
devaluation of the Ringgit, coupled with the fact that there were no indigenous PV 
manufacturers resulted in a sharp increase in the price of imported equipment and 1 
components and drastically reduced the affordability of PV systems. This situation ; 
was compounded by the fact that the rationale behind the Malaysian government’s 
investment in rural electrification was to allow market mechanisms to establish 
prices. This provided little incentive for private sector involvement in PV.
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Mongolia

Land Area 1 570 000 km2

Population 3 million

GDP per capita 324 USD

Population Density 1.9 inhabs per km2

Urban Population 61 %

Labour Force 1 000 000

Population Growth 
Rate (1980-1996)

2.6 %

Literacy Rate 83 %

6*1*4

General Data

Insolation 4 kWh.m"2.day*1 Latitude 46 00 N

Population unelectrified 60% Terrain Vast semi-desert and desert 
plains; mountains in west and 
southwest: Gobi desert in 
southeast.

PV Data
PV power installed 80 kWp (1993)

Technical potential 12 MWp Commercial potential 5 MWp

PV programmes 
committed

Unknown

Government policy PV systems were seen by the Mongolian government as providing a possible 
method of providing electricity for nomadic herders.

Utility programmes & 
strategies

Market sophistication Low

Technical development Low

Pricing structure No specific PV financing available.

Testing & Standards Unknown
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1 Economic and Political Aspects

Mongolia is a large, land-locked country sharing borders with China and the former 
Soviet Union. Mongolia had begun to undergo economic transition from a centrally 
controlled and planned economy. Mongolia had a population of approximately 
3 million people and a land area of 1 570 000 km2: Mongolia had a population 

density of 1.9 inhabitants per square kilometre, the lowest of the surveyed countries. 
Of the population, an estimated 51 % lived in urban areas. The population growth 
rate was estimated at 2.6%, with literacy estimated at 83 %.

The labour force was estimated at 1 million people, with 51 % engaged in agriculture 
and 36 % in government positions. The Mongolian lifestyle was traditionally 
nomadic, and a large number of the agriculture related labour was engaged in 
nomadic herding of semi-domesticated livestock.

Mongolia’s economy was still in transition, the Gross Domestic Product in 1996 was 
estimated at 972 MUSD with a growth rate of 1.3 % between 1990 and 1996. The 
government of Mongolia had embarked on a programme of economic liberalisation, 
relaxing price controls, as well as liberalising domestic and international trade. 
However, Mongolia’s severe climate, scattered population and large expanses of 
unproductive land had constrained economic development.

Economic activity had traditionally been based on agriculture, which accounted for 
nearly 30 % of GDP. In the past, a substantial mining and processing industry in 
coal, copper, molybdenum, tin, tungsten and gold was developed with support from 
the former Soviet Union. Copper exports accounted for nearly 50 % of Mongolia’s 
export earnings but recent low prices had held back economic development.

2 Grid Electrification Status

The energy sector in Mongolia was an interesting mix of traditional resources (animal 
dung in rural areas), indigenous coal (for electricity production and district heating) 
and oil fuel (for electricity production and transportation). Electricity generation was 
the responsibility of the state owned utility. Electricity generating capacity in 
Mongolia was estimated at 1.25 GW in 1996 and electricity generation in 1994 was 
estimated at 3.07 GWh.

Electricity generation and distribution and in Mongolia can be divided into four 
categories. The Interconnected System served the three main cities and a number 
of larger towns in 6 of 18 provinces. Electricity was generated from coal powered 
thermal power stations with some electricity imported from Russia. A series of larger 
decentralised grids, powered by smaller coal fired power stations and diesel 
generators towns provided power in the other provinces. Smaller decentralised 
grids, powered by diesel generators of 60 kW and above provided power for rural 
municipal centres with populations of between 800 and 2 000 inhabitants. Stand
alone systems were used for rural households, these were usually gasoline 
generators, small wind powered generators and PV systems.
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There was no history of renewable energy programmes or photovoltaic programmes 
in Mongolia, but PV systems were seen by the Mongolian government as providing a 
possible method of providing electricity for the nomadic herders.

3 Programme Experiences and Policy Issues

In general the experience with PV in Mongolia had been extremely positive and there 3 
were no significant technical barriers to utilising the technology. UN and Japanese ~ 
co-operative projects had successfully demonstrated the effectiveness of the n 
technology. J

Research into photovoltaics began in the 1970s in Mongolia under the umbrella of a 
UNDP project. Between 1979 and 1983 two PV water pumps, a refrigerator and 
lighting systems were installed along with approximately 35, 6 Wp lighting systems 
for herding families. A follow on project finanaced by UNDP in 1987 resulted in the 
laboratory production of PV cells of 13% efficiency. Small (0.5 Wp) battery chargers 
for radios were fabricated and field tested and 40 Wp systems for radio ,TV and 
lighting were imported from the USA for evaluation.

During 1989 and 1990, the Ministry of Energy, Mining and Geology distributed 
between 2 000 and 3 000 small PV lighting systems imported from China. Each unit 
consisted of an 11 Wp amorphous silicon module manufactured by Harbin Chronar 
of China and a Chinese manufactured lantern unit. It was reported that the 
amorphous silicon modules experienced some initial power degradation although no 
comprehensive evaluation of the project had been undertaken.

The Institute for Renewable Energy (IRE), in a collaborative project with Japan 
evaluated the performance of more than 100 PV systems for the nomadic herder 
families. The systems comprised of a 204 Wp array, a 200 Ah battery and an 
inverter thus allowing the use of standard domestic appliances.

In the telecommunications sector, 5 mobile communications systems using PV 
power supplies were in use and their use for repeater stations had been included in 
the new telecommunications master plan.

4 Domestic PV Industry

There were four organisations in Mongolia with experience of photovoltaics. The 
Institute of Renewable Energy which had experience in assembling systems using 
imported components. The Institute of Physics and Technology had manufactured 
cells from imported wafers and assembled PV modules (0.5 Wp to 6 Wp). These 
activities were primarily on a laboratory scale and facilities for commercial 
manufacture were not available.

The ABE Company is the only commercial organisation with PV experience (largely 
in the telecommunications sector) and had imported a PV module laminator with a 
capacity to manufacture 100 kWp/yr of modules. It was not known whether this was 
operational. A joint venture company, Monmar, was primarily involved in the 
manufacture of wind generator systems but had experience relevant to PV systems.
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5 Financing Options

As far as was known there were no financing options for PV systems in place in 
Mongolia. All PV systems had been supplied as either aid or demonstration projects.
It was unknown whether the initial projects would be followed up with further ": 
applications of photovoltaic systems, and if so where the funding would come from 
and whether cost recovery methods would be employed to develop a sustainable « 
market. It was apparent that Mongolia did not have the capability to produce * 
photovoltaic systems without importing primary components from abroad, and it can ~ 
be assumed that this will be a hindrance to future programmes.

•'O'
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Morocco
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Land Area 446 000 km2 . - \.?y

Population 27 million •-=

GDP per capita 1 364 USD

Population Density 60.5 inhabs per km2

Urban Population 53% ..;;

Labour Force 11 million

Population Growth 
Rate (1980-1996)

2.1 %

Literacy Rate 35 %

General Data

Insolation kWh.m2.day*1 Latitude 32°N

Population unelectrified 75% Terrain Northern coast and interior are 
mountainous with large areas of 
bordering plateaus, intermontane 
valleys and rich coastal plains

PV Data
PV power installed 2 MWp

Technical potential 130 MWp (based on 50 Wp SHS for 65 % of households currently without 
electricity, assuming 5 people per household.)

PV programmes committed PVMTI

Government policy Government was committed to electrifying most of the remainder of the country 
(1.6 million households) by 2010, and had indicated that approximately 5 % of 
those households should be electrified using off-grid solar and wind technologies.

Utility programmes & 
strategies

Utility, ONE, was starting to experiment with contracting the provision of PV- 
based electricity services to the private sector.

Market sophistication Medium

Technical development Six suppliers of modules from international sources and one active local 
manufacturer of PV modules. A number of firms are involved with BOS 
component manufacture.

Pricing structure Micro-credit available from NGOs. The country’s largest rural bank, had 
disbursed loans to entrepreneurs seeking to set up franchises for SHS/Battery 
charging stations. A number of other banks had expressed interest in co
financing rural electrification projects.

Testing & Standards Unknown
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1 Economic and Political Aspects

Morocco, on the north-western coast of Africa, had a land area of 446 000 km2, and 
a population of 27 million people, which grew at a rate of 2.1 % in 1996. The urban 
population made up 53 % of the total population, while 50 % of the 11 million strong 
workforce were dependent upon rural agriculture. The country as a whole had an 
estimated literacy rate of 35 %.

From the early 1980s the Moroccan government had pursued an economic 
programme, with the support of the IMF and World Bank, to reduce government 
spending, reduce inflation, privatise state industries and open the economy to foreign 
trade and investment. Morocco’s GDP was 36.8 BUSD in 1996, or 1 383 USD per 
capita. GDP grew at a rate 2.1 % between 1990 and 1996. Inflation during this 
period was 5.5 %. The mainstay of the Moroccan economy was the agricultural 
sector, although droughts had depressed agricultural activity resulting in a 7.5 % 
contraction in GDP in 1995. In 1996 exports totalled 7.7 BUSD in 1995 whilst 
imports were 9.8 BUSD.

2 Grid Electrification Status

The state owned Office National de I’Electicite, (ONE) was responsible for electricity 
generation and distribution. Installed electricity generation capacity was 2.4 GW of 
which 95 % was oil and coal generating plant. Electricity generation in 1995 was 
12 TWh or 444 kWh per capita.

As of 1997, approximately half of Morocco had been electrified with a grid that was 
largely reliable. However, in rural sectors the figure was much lower (sources 
suggest between 16% & 25%). Building on a sequence of rural electrification 
programmes, the government was committed to electrifying most of the remainder of 
the country (1.6 million households) by 2010, and had indicated that approximately 
5 % of those households should be electrified using off-grid solar and wind 
technologies. The state owned electricity provider, ONE, was starting to experiment 
with contracting the provision of PV-based electricity services to the private sector. 
ONE was flexible in its approach for rural electrification and encouraged private 
sector intervention and development. ONE had adopted two approaches: direct 
supply of equipment and training to an association who managed revenue collection 
and maintenance; and a franchising arrangement where the association assumed 
ownership and management responsibility for the systems and their implementation.

3 PV Programme Experiences and Policy Issues

In an attempt to provide electricity to the thinly spread communities in and beyond 
the Atlas Mountains, the Moroccan government and bilateral donor agencies had 
financed rural electrification programmes since the mid 1980s. In 1984, the 
Programme Nationale de (’Electrification Rurale (PNER) brought power through grid 
connection or diesel mini-grids to almost 3 000 of the country’s 40 000 villages. In 
the early 1990s, the Programme de la Pre-Electrification Rurale (PPER) brought 
power using mini-grids, battery charging stations and solar home systems to a 
further 2 000 villages. Under the Phase I of PPER programme, 22 villages were 
electrified in 1995, mainly with battery charging stations although in a few villages 
SHSs were installed. However, system reliability and performance was reportedly
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poor. In Phase II of PPER, a further 90 villages were to be equipped, 40 with battery 
charging stations and 50 with SHS. Phase II designs would consist of either 20 Wp 
or 50 Wp SHS, or battery charging stations.

In 1995, the government rolled all programmes into the Programme de 
('Electrification Rurale Globale (PERG), which planned to electrify the entire country 
by 2010. Preference was to be given to communities that came forward with all 
financing in place (including a commitment from a minimum number of end users).

A series of projects had also been funded by bilateral donors, such as JICA, GTZ, 
KfW, and the EU. These had resulted in the installation of off-grid systems in 2 000 
villages, although specific PV installations had been limited to the provision of PV 
electrification for 320 houses, 8 mosques and 5 schools in 7 non-grid connected : 
villages by SODEAN in the Provinces of Chefchaouen and Taounate through PNED -

:OC;
Import duties were levied on PV modules at 2.5% and on balance of systems 
components at 25 %, this included components not specifically related to PV such as 
pumps and wiring etc. Import duties on inverters were levied at 17.5 %. Sales taxes 
were levied at 20%.

4 Domestic PV Industry - u

Some 30 organisations were involved in manufacture, systems integration, supply ; 
and/or distribution of PV equipment or BOS. There were six suppliers of modules 
from international sources and one active local manufacturer of PV modules that 
used cells from Siemens Solar. A number of firms were involved with BOS 
component manufacture, ranging from battery manufacture, to charge regulators, 
inverters, ballast/inverters for CFLs and pumps.

The Ministry of Energy and Mines (MEM) indicated that approximately 2 MWp of PV 
systems were installed by the end of 1994. It was not clear whether this took into 
account the private sector. It was estimated that the total cumulative power installed 
in 1997 was 1 MWp. Approximately 2 000 villages were equipped partially or totally 
with SHS, representing perhaps 20 000 systems.

INES, a private sector electrical consumer product firm which had diversified into the 
PV integration and supply market were installing approximately 100 kWp/year of 
systems in the private sector and had installed more than 200 kWp since 1994. 
Many of these installations were with amorphous modules and many with low 
powered systems with a retail price as low as 120 USD. The field operational 
performance was unknown but INES advised that many buyers went on to purchase 
additional modules to increase system size.

The private entrepreneur Afrisol had installed 1 200 SHS systems in Rif, most of 
which were AC systems ranging from 400 Wp to 2000 Wp. Afrisol imported 10 000 
modules/year and supplied as much as 50 % of the PV sector.

The North African Pipeline Corp (NAPC) had equipped 8 villages with SHS and solar 
pumping systems through a grant of 0.69 MUSD from the Ministry of Interior. NAPC 
had obtained additional support from the Ministry to partly finance a scheme to be
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implemented over the next 5 years which would electrify and provide water supply to 
500 villages. The first consignment of equipment had been shipped from the USA.

Noorweb, an energy service company, had installed approximately 85 SHS and 
launched 8 franchises since its inception in 1995. It projected growth to reach 
0.5 MWp of installed capacity within 3 years. Sunlight Power Maroc in collaboration 
with Taqashams, the only indigenous module manufacturer, were a new entrant into 
the rural electrification market. A pilot programme through FONDER (Local NGO) 
was being implemented for several hundred systems.

5 Financing Options

Lack of funding was the main stumbling block to PV implementation in Morocco, 
although the emergence of micro-credit was an encouraging development for 
potential PV entrepreneurs. Foundation Zakhoura was Morocco's biggest micro
credit agency. It provided loans in the range of 120 USD to 575 USD, 40 % of which 
were to commercial clients. Its client base was forecasted to increase from 2 000 to 
12 000 by the year 2000, at which time it should become financially sustainable as a 
non-profit organisation. Loans were provided at 30 % rate of interest with repayment 
over 6 months with the possibility of refinancing based upon satisfactory 
performance. Guarantees were offered by a group structure of typically 5 borrowers. 
The group committed to repay the loan: 8 groups formed a centre and should 2 or 3 
borrowers from one centre default, the centre lost the right to refinancing. Zakhoura 
focused on regions with a population of between 10 000 and 15 000 people. Default 
rates were 2.4 % for weekly collections and 20 % for monthly collections.

A second NGO, Micro-Development, provided loans of up to 500 USD to rural 
people, and recovery rates in excess of 95 % were registered.

CNCA, the country’s largest rural bank, had disbursed loans to entrepreneurs 
seeking to set up franchises for SHS/Battery charging stations. The CNCA was the 
largest rural development bank and had a widespread presence throughout rural 
Morocco. A number of other banks, including BCM, Morocco’s second largest bank 
and first investment institution, and the privately owned, BMCE - the third largest 
bank in Morocco -both expressed interest in co-financing rural electrification projects

As of 1998, PVMTI was expected to invest 5 MUSD at a minimum leverage of 1:1 
(with co-financing realised directly from the end user or where "relevant co-finance" 
encompasses only the PV equipment component of the plan). The PVMTI 
investment was expected to generate a minimum of 20 MUSD of projects with an 
aggregate across projects of a 2:1 leverage. Growth of the annual PV market from 
1.0 MWp/year in1997 to 2.0 MWp per annum over the next five years was 
anticipated rather than the 1.5 MWp per annum in a business as usual scenario 
without the PVMTI.
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Namibia

BOTSWANA

SOUTH
AFRICA

Land Area 823 000 km2

Population 2 million

GDP per capita 1615 USD

Population Density 2.4 inhabs per km2

Urban Population 37 %

Labour Force 1 million

Population Growth 
Rate (1980-1996)

2.7%

Literacy Rate 38 %

General Data

Insolation 6.4 kWh.m*2.day‘1 Latitude 22°S

Population unelectrified 70% Terrain Mostly high plateau, Namib 
Desert along coast, Kalahari 
Desert in East

PV Data
PV power installed 800 kWp

Commercial potential 13 MWp, Technical Potential 9 MWp

PV programmes 
committed

Unknown

Government policy By 1996, a basic infrastructure for rural electrification in the north and east of the 
country had been completed. The focus had shifted to the south of the country. 
The Ministry of Mines and Energy had given photovoltaic applications high priority 
for rural electrification.

Utility programmes & 
strategies

Unknown

Market sophistication High

Technical development Installation and supply of systems capability. Existing capacity to manufacture 
d.c. refrigeration units and some BOS components such as PV pumps, inverters, 
state of charge indicators, and regulators.

Pricing structure Loans accessed from the Bank of Agriculture, on the same terms as for other 
agricultural equipment: there was no mechanism for providing subsidies. A 
funding scheme, FINESSE, was set up in 1992 to provide financing for small 
scale energy users.

Testing & Standards The SADCC's Technical and Administrative Unit (TAU) is attempting to develop a 
regional code of practice covering system design, installation and performance.
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1 Economic and Political Aspects

Namibia, has a land area of 823 000 km2 and is located on the south-western coast 
of Africa. The population in 1996 was estimated to be 2 million with growth rate of 
2.7 %. The labour force was estimated at 1 000 000, of which 50 % was engaged in 
rural agriculture, although it was estimated that 37 % of the population lived in urban 
areas. The literacy rate was estimated at 38%.

The Gross Domestic Product was estimated at 3 230 MUSD in 1996, with a growth 
rate of 4.1 % between 1990 and 1996. The economy was heavily dependent on the 
extraction and processing of minerals for export and mining accounted for almost 
25 % of GDP. Average annual inflation over the period 1990 to 1996 was estimated
11.2 %. Namibia was the fourth largest exporter of non-fuel minerals in Africa and 
the world’s fifth largest producer of uranium. Namibia also produced large quantities 
of diamonds, lead, zinc, tin, silver and tungsten. However, half the population 
depended on agriculture for its livelihood - 85 % of the agricultural income was 
provided by beef production. Namibia was also one of the main fish exporters in 
Africa. Exports in 1996 were estimated at 1.45 BUSD and imports were estimated to 
be 1.55 BUSD.

2 Grid Electrification Status

Installed electrical capacity was estimated at 406 MW, with annual production of 
994 GWh and annual consumption per capita of 925 kWh. Electricity was available 
to less than 30 % of the population, and was provided by a single, state owned utility, 
Nempower. Electricity supplies were very sensitive to the available flow at the 
240 MW Ruacana hydro station, which provided between 45 % and 60 % of 
Namibia’s electricity. Shortfalls in supply were met by imports from South Africa.

After independence the Namibian Government embarked on an ambitious rural 
electrification programme. By 1996, a basic infrastructure for rural electrification in 
the north and east of the country had been completed. The focus had then shifted to 
the south of the country, although it must be noted that the primary aim was to 
provide electricity to local government users rather than to households. The rural 
electrification programme was implemented under the responsibility of the Ministry of 
Mines and Energy.

3 PV Programme Experiences and Policy Issues

The Government of Namibia had followed an active policy in terms of use of PV: the 
Ministry of Wildlife, Conservation and Tourism used PV for water pumping, and a 
number of PV systems had been installed in clinics and schools. The main user of 
PV systems was the Department of Posts and Telegraphs, which estimated that the 
savings on diesel costs allowed it to amortise the costs of a typical PV system within 
14-26 months. The Ministry of Mines and Energy had given photovoltaic 
applications high priority for rural electrification, and systems were in use in various 
service applications.

As the market in Namibia had essentially developed in the absence of any 
multilateral or bilateral aid programmes, data on PV installations was difficult to 
source. However, it was estimated that at least 50 PV refrigeration systems had
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been installed in small shops; over 2 000 SHSs had been installed and a further 
2 000 systems in schools, health clinics, shops, community farms and approximately 
500 PV pumping systems1 had been installed

Solar pumping stations were in operation to provide potable water, with 23 in game 
parks, while 90 railway stations and the national coastal navigation buoy system both 
relied upon photovoltaic power systems. Photovoltaic power systems were also in: 
use in the television relay systems, providing power to the 5 stations not connected 
to grid power.

4 Domestic PV Industry

It appeared that the local SHS supply industry was competent in terms of ability to 
supply and install systems although standards and ongoing maintenance were 
identified as a significant barrier to widespread adoption of SHSs in Namibia.

There was the capacity in Namibia to manufacture d.c. refrigeration units and some 
other balance of system components such as PV pumps, inverters, state of charge 
indicators, and regulators. The manufacture of these components tended to be on a 
batch basis and some components were only manufactured on request. Batteries 
and modules were usually imported from South African agents or direct from 
manufacturers.

Research was ongoing at university level into PV applications, and six private 
companies were involved in supplying PV systems on a commercial basis and a 
further 12 companies were involved in PV systems on an occasional basis. The 
SADCC/TAU was attempting to develop a regional code of practice covering system 
design, installation and performance.

5 Financing Options

Despite the quality of the solar resource, SHSs were not widespread even though 
most homes were not connected to the electricity grid. The high initial capital outlay 
in combination with low incomes was a significant barrier. However, the PV market 
in Namibia had developed without the involvement of aid agencies and operated on 
a purely commercial basis without the need for subsidies.

Consumers wanting to purchase a PV system could either access loans from the 
Bank of Agriculture, on the same terms as for other agricultural equipment: there 
was no mechanism for providing subsidies. Private sector loan sources operated at 
interest rates of up to 40 %, which effectively prevented the purchase of systems 
achieving financial feasibility.

A funding scheme, FINESSE, was set up in 1992 to provide financing for small scale 
energy users, administered by the Southern African Development Co-ordination 
Conference Technical and Administrative Unit (SADCC/TAU) and administered by 
the University of Namibia (NUFU), but the results of this programme were not 
available.

1 FINESSE: Namibia Country Study.
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SADCC/TAU had carried out an "Assessment of Applications and Markets for the:» 
Solar Photovoltaic Systems in the SADCC Region," which identified a lack of inter-x 
regional co-operation, affordable financial mechanisms and historical reliability 3 
problems as the primary barriers to the development of photovoltaic power systems 
in the SADCC area. Suggestions to alleviate the first and last of these barriers 3 
included the development of a code of practice to cover system performance, the :i 
development of an industry co-operative body to provide training and information * 
concerning the design and installation of systems, and the removal of prejudicial > 
tariffs which were viewed as providing advantage to traditional generating systems. 3 
The provision of affordable financing mechanisms remained the most problematic, 
as the necessary funds were not available at the national level and must be sought - 
from international sources.
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The Philippines
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Land Area 193 000 km2 . /«

Population 9 million

GDP per capita 1 164 USD :'n

Population Density 47 inhabs per km2f

Urban Population 44%

Labour Force 2.5 million

Population Growth 
Rate (1980-1996)

2.7 %

Literacy Rate 38%

General Data
Insolation kWh.m*2.day1 Latitude 13°N

Population unelectrified 45% Terrain Mostly mountains with narrow to 
extensive coastal lowlands

PV Data
PV power installed 133 kWp

Technical potential 26 MWp (based on 50 Wp SHS for 65 % of households currently without 
electricity, assuming 5 people per household.)

PV programmes 
committed

BP Solar Australia had been contracted to design, supply and install 1 003 PV 
systems to provide electricity to 387 villages electrifying over 1 million people in 
one of the biggest solar projects world-wide.

Government policy The government aimed to achieve 100 % electrification of all villages by 2010 
and connect all potential customers by 2018.

Utility programmes & 
strategies

Rural Electric Co-operatives distributed electricity in remote areas and were the 
organisations through which the government aimed to extend electrification.

Market sophistication Medium

Technical development PV modules and charge regulators were imported whilst other electrical 
eguipment were normally be manufactured locally

Pricing structure The Rural PV Electrification programme used the existing REC network to act as 
financial intermediaries. The RECs own the solar generators, financed them on 
long term loans and offered them to consumers at low, yet cost covering fees.

Testing & Standards Unknown
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1 Economic and Political Aspects

As a result of the policies pursued by the Aquino and Ramos administrations the 
Philippine economy has undergone a profound restructuring and liberalisation. 
Overall, the Philippines has not attained its economic potential. However, the 
economy has recently enjoyed three years of growth, primarily led by exports and
investment. j

!

Whilst the Philippines economy was enjoying sustained growth, this was at the 
expense of a widening current account deficit. To counter this, exports were being 
encouraged and it was hoped that the liberalised business environment would 
promote foreign direct investment. This would help finance the deficit in the short 
term and improve the economy’s ability to compete in the longer term.

i
There was a large disparity in incomes in the Philippines - the top 20 % had over ten 
times the income of the poorest 10%. Whereas most of the other East Asian 
economies had seen a narrowing of income disparities, in the Philippines, the 
opposite had been the case. There was also a high level of regional inequality. The 
region around Manila accounted for one-third of the country’s national income, with a 
GDP per head twice the national average.

The pace of economic growth had stabilised in the 1990s, following the volatility of 
the previous decade, and the improvement in economic performance saw a 
reduction in inflation to around 8 %. Meanwhile, the proportion of people below the 
poverty line fell from 59 % in 1991 to 39 % in 1996.

The population of the Philippines was relatively young, with over half of the — 
population under the age of 20. The proportion of the population living in rural areas -_ | 
decreased from 70 % in 1960 to 56 % in 1992, whilst the rate of population growth - 
slowed from an average of over 3 % in the 1960s, to around 2.7 % in 1996. The 
Philippines had also suffered from a high level of emigration, averaging at 64 000 per 
year in the 1990s.

2 Grid Electrification Status

The responsibility for centralised power generation plant belonged to the National 
Power Corporation (NPC or NAPOCOR). This state owned company was in the 
process of privatisation. There were three main companies operating in the energy 
sector: the NPC, the PNOC and the NEA. The remaining 140 companies and 
utilities were all investor or member owned.

Due to the geographic nature of the Philippines (i.e. an archipelago), the energy 
supply did not rely solely on centralised grid power sources, but on a mix of diesel- .,E , 
powered mini-grids and renewable energy sources. —

Electricity was distributed by 26 private or municipal owned distribution utilities and " 
119 Rural Electric Co-operatives (RECs). The state-owned National Electrification 
Administration (NEA) was responsible for financing and providing related technical 
support to the 119 RECs, who bought power from the NPC or other generator and r 
distributed it in their own grids.
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RECs accounted for about 16 % of electricity sales, and were organisations through 
which the government intended to extend electrification. As of 1995, a total of 
23 610 villages were supplied with electricity. This brought the electrification level to 
around 67 %. The government aimed to achieve 100 % electrification of all villages 
(totalling 35 213) by 2010 and connect all potential customers by 2018.

Energy production per capita in 1994 was 337 kWh and total national production was 3
29.7 GWh. Total installed capacity was estimated at 7 400 MW. Around 84 % of 
capacity was owned by the state-owned National Power Corporation. Demand for -i 
electricity was forecast to rise at 11.8 % per annum to 2005, and then at 9.5 % : 
2006-2010.

The capital cost for grid connection was around 700 USD per household. For 
families that would consume an average of perhaps 40 kWh per month, the r 
prospects for grid connection are very low.

Typical monthly charges to a Philippine family for conventional energy was 2.5 USD 
for kerosene and 1 USD for dry cell batteries. Present commercial PV initiatives 
were charging 5.75 USD / month, which was expected to fall to around 4 USD as 
projects were commercialised.

3 PV Programme Experiences and Policy Issues

Photovoltaics had been in use in the Philippines for 20 years, although the total 
installed capacity was still only around 133 kWp. In 1991 the Office of Energy Affairs 
(OEA) - now the Department of Energy (DOE) estimated that, in conjunction with a 
five year plan, around 1 000 of the 13 667 unelectrified communities could be 
targeted for PV battery charging stations; that SHSs could eventually be introduced 
to about 10 % of the unelectrified rural households (c. 520 000 households), and that 
up to 1 000 small rural enterprises could be potential buyers of PV.

The goal of the DOE REPP (Renewable Energy Power Programme) provided for 
dissemination of technically and financially viable renewable energy projects; to 
provide an accommodating market environment for local / foreign implementation of 
such projects; to provide funding support and to assist in the national government’s 
power development programme.

The Philippine-German Solar Energy Project, PGSEP (1982 -1988), was 
implemented under the Ministry of Energy, later the Office of Energy Affairs. Initially, 
a 13.3 kWp village plant was installed in Pulong Sampaloc, Bulacan, which supplied 
60 households with electricity (70 % village power requirement). The purpose was to 
provide a training ground for PV engineers and to serve as a model for centralised 
village electrification. The project failed due to high capital investment costs. The 
second phase of the project therefore focused more heavily on SHSs and communal 
battery charging stations. The project also demonstrated a commercialisation 
approach for remote island electrification in Burias Island.

The subsequent Special Energy Programme SEP (1987 - 1995), was the first co
operation of GTZ with the National Electrification Administration. This included the
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development of PV as well as mini-and micro-hydro plants. Based on these 
experiences, in 1991 the SEP started a nation-wide pilot implementation of 10 Rural 
PV Electrification projects. By the end of the programme around 1 700 households 
had been electrified and 41 RECs have since proposed follow-on RPE projects.

The Philippine - German PV Pumping Programme (1991 - 1995) aimed to prove the 
technical and economic viability of solar pumping systems in tropical developing 
countries. It involved close co-operation with national and local water and energy 
authorities, universities and manufacturers of PV pumping equipment. The 
Philippine project was initiated with the installation of five PV Pumping Stations in 
Cebu Province, followed by projects in Pilar, Camotes; Sablayan, Mindoro Occ.; and 
Umawasa, Leyte.

Preferred Energy Investments (PEI) was a programme which aimed to provide 
technical assistance and financing for the implementation of commercially viable 
renewable energy technologies. PEI was being implemented through a co-operative : 
agreement between USAID and Winrock International, and! was supported by the 
Environmental Enterprises Assistance Fund (EEAF) in the management of its capital 
investment fund. PEI ran the Philippine Renewable Energy Project Support Office 
(REPSO) in Manila as part of its dissemination and support activities.

The Consortium for Asian Renewable Energy (CARE) Philippines was a corporate 
joint venture founded in 1995 between Solar Resources Inc. (USA) and three 
Philippine companies. The aim of CARE was to remove institutional barriers which 
blocked acceptance of PV and the strategy included the establishment of local 
distribution, installation and servicing for village SHS systems.

The project included a 2 year feasibility study and 2 000 SHS installations as well as 
a smaller number of 500 Wp to 1000 Wp hotel systems (possibly PV-wind). The 
final stage of the project targeted long-term commercialisation of rural PV systems. 
The joint venture set a minimum annual installation goal of 3 000 SHS.

BP Solar Australia recently (April 1997) won a contract to design, supply and install 
1 003 PV systems to provide electricity to 387 villages in the remote Visayas and 
Minanao regions, electrifying over 1 million people. One of the biggest solar projects 
world-wide, it will include provision of potable water pumping, electricity for hospitals, 
vaccine refrigerators, community centre lighting and TV and radio for schools' 
education. The project will be funded by a concessional loan from the Australian 
Export Finance and Insurance Corporation and a 13 MAUD government grant from 
AusAid. The installations were expected to be completed by mid-2000.

4 Domestic PV Industry

PV modules and charge regulators were imported whilst other electrical equipment 
was usually manufactured locally. The NCE Act of 1991 exempted imported solar 
energy equipment from import tax and duties, providing this equipment was not 
manufactured locally, thereby protecting the in-country industry.

Commercialisation of PV systems was first introduced in the Burias Islands in 1987. 
There were at least 15 suppliers dealing in PV systems, supplying modules from
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most major PV manufacturers including BP Solar, Siemens, Kyocera, Solarex, Shell 
Solar and NAPS. The network of distributors and dealers was serviced mainly from 
the larger islands, with bases in Manila, Iloilo and Cebu.

5 Financing Options

The PGSEP Burias Island project encouraged the islanders to form the San Pascual; 
Masbate Solar Power Inc. (SAPMASOPCO) co-operative, which negotiated with 3 
DBP to finance the initial order of 100 SHSs. SAPMASOPCO acted as the handling : 
agent between users and the bank. Money was borrowed at 13 % and passed on at 3 
16 %, compared to commercial bank interest rate of 21.5 %. The down-payment of 
140 USD was 25 % followed by 36 monthly amortisation payments of 13 USD - 
equal to previous expenditure on kerosene and dry cells. Lastly, the end-user was 
entitled to a three month grace period to make the monthly payment and, in case of 
default, all previous payments were forfeited. Battery charging stations had also 
been tested, charging 0.40 USD to 1.10 USD per charge (equivalent to one week's 
electricity consumption). GTZ estimated such a business would need 5 700 USD in 
capital, recoverable over 6-7years at 7 % interest.

The Rural PV Electrification programme of the Solar Energy Programme used the 
existing REC network to act as financial intermediaries. The RECs owned the solar 
generators, financed them on long term loans and offered them to consumers at low, 
yet cost covering fees. The SEP demonstrated and evaluated a variety of financing 
models, including Lease and Credit Concepts. One typical model was based on 
25 % down-payment and 36 monthly instalments.

Financing of RECs in the GTZ projects was arranged through the Development Bank 
of the Philippines (DBP). By end 1994, there were 10 RECs in three regions with 
1500 SHSs. Financing involves a long term loan on long life cycle components with 
an up-front payment to cover installation, battery and lights (106 USD) amounting to 
less than the cost of connection to the grid. 50 % of costs were funded by GTZ, the 
balance by a loan from the NEA to the REC, charged at 12 %. Various mechanisms 
were tested for payment of the balance, monthly charges being around 7.50 USD. 
RECs obtain SHSs duty and VAT free.

The Department of Energy (DOE) established and funded a Renewable Energy 
Association of the Philippines (REAP), comprising private suppliers of such 
equipment. Financing for REAP products was available through the Development 
Bank of the Philippines (DBP) with 25 % of cost to be paid in advance and the 
balance paid in monthly fees over three, five, or seven years depending on the 
buyer’s repayment capacity.

The Consortium for Asian Renewable Energy (CARE) had a project to support SHS 
and other community PV installations in Central Visayas. A total of 39 000, 48 Wp 
to 75 Wp SHS were to be installed over 8 years, continuing thereafter at 5 000 units 
a year. This was to be replicated in other areas. The project was to work through 
RECs and other community based organisations, renting out or leasing the systems 
to users but retaining ownership. Partner organisations would perform monthly 
payment collection and maintenance for a fee.

April 1999
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The Renewable Energy Financing and Technical Assistance Project (REFTA) was 
aprogramme financed by USAID as part of its commitment to the GEF. REFTA will 
expand the work of REPSO Philippines in identifying project opportunities and 
provide investment capital to be administered by the Environmental Enterprises 
Assistance Fund.

Preferred Energy Investments (PEI) provided both equity and financing for 
commercially viable RE projects. This assistance was available at 300 000 USD perj 
project and leveraged against other funds if found insufficient. Co-financing with 5 
government financial institutions, private investors and other development institutions^ 
were also being pursued.

--pS

.'
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Senegal
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Land Area 193 000 km2

Population 9 million

GDP per capita 573 USD

Population Density 47 inhabs per km2

Urban Population 44 %

Labour Force 2.5 million

Population Growth 
Rate (1980-1996)

2.7 %

Literacy Rate 38%

General Data

Insolation 5.8 kWh.m"2.day'1 Latitude 14°N

Population unelectrified 75% Terrain Generally low rolling plains rising 
to foothills in south east.

PV Data
PV power installed 800 kWp

Technical potential 43 MWp (based on 50 Wp SHS for 65 % of households currently without 
electricity, assuming 5 people per household.)

PV programmes 
committed

Unknown

Government policy Government was actively promoting the use of renewable energy resources and 
equipment for all PV systems was exempt from VAT and import duties.

Utility programmes & 
strategies

Due to the low density of demand and the lack of economic viability of rural 
connections, the state owned utility, SENELEC, dids not actively promote 
connections to the electricity distribution network. The company was evaluating 
opportunities for the implementation of solar energy and was willing to invest in 
independent power supplies.

Market sophistication Low

Technical development All PV system components were imported although Senegal manufactured 
automotive batteries.

Pricing structure Limited credit available. Rural financing available through informal revolving 
savings schemes.

Testing & Standards Unknown

April 1999
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1 Economic and Political Aspects

Senegal’s Gross Domestic Product (GDP) was estimated at 5160 MUSD or 
approximately 573 USD per capita, with a growth rate of 1.8 %. In 1996, imports 
exceeded exports by 1.8 BUSD to 1.6 BUSD and the consumer price index was 
estimated to average 7.6 % between 1990 and 1996. The currency was devalued by ™i 
100 % in 1994 as part of an Economic Recovery Programme. The World Bank and j 
International Monetary Fund responded favourably to the restructuring plans, and j 

had supported the economy during the period of crisis.

Exports were reliant upon fishing, phosphate mining and groundnut cultivation, j 
While groundnut cultivation was prone to failure through drought, agriculture •• i 

remained the major source of income and employment, accounting for 18 % of GDP ' 
and 77 % of the labour force in 1996. j

2 Grid Electrification Status j

Electricity generating capacity was estimated at 230 MW, with annual generation of ; j 
900 GWh. Senegal was entirely dependent upon traditional thermal generation for | 
primary electrical generation. Per capita consumption was estimated at 100 kWh. A | 
National Electrification Programme had been instituted to run from 1995 to 2005. I
This programme provided for the electrification of 559 rural localities although |
funding had not been secured. Due to the low density of demand and the lack of 1 
economic viability of rural connections, the state owned utility, Societe Nationals 
d’Electricite (SENELEC) was not actively promoting connections to the electricity 
distribution network.

Senegal was in the process of selling 49 % of SENELEC to a private company. “ 
Plans existed to spend 200 MUSD boosting output over the next 5 years through 
rehabilitating existing plant and expanding capacity. The company was evaluating 
opportunities for the implementation of solar energy and was willing to invest in 
independent power supplies.

About 60 % of the population had no access to electricity (5.5 million people) with 
only about 150 of the 13 000 Senegalese villages (over 200 000 rural households) 
connected to the national grid. Even in electrified localities only 5-15 % of all 
households had access to the electricity network. This amounted to approximately 
20 000 households in urban regions without access to electricity and with no 
prospect of being connected to grid in the foreseeable future.

3 PV Programme Experiences and Policy Issues

The photovoltaic industry in Senegal was entirely dependent upon aid projects. 
Installed capacity was estimated to be in the region of 800 kWp including solar home
systems, health centres, village power stations and pumping units. More than 2 000____,
SHS had been installed, mainly with funding from the German Aid Agency, GTZ, in 
conjunction with central government under the Energie Solaire Photovoltaic project.
The project was well received by users although the currency devaluation in 1994 
meant that the cost of replacing broken or defective components became much 
higher. Nevertheless, the success of this project has meant that PV has been
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selected as one of the alternative options for rural electrification. The co-operatives 
that were formed to administer and maintain these systems merged to form Fopen- 
Solaire, a national organisation that now provides technical assistance and 
equipment.

A total of 36 village level battery charging stations had been installed since 1991, 
managed by the Centre d’Etudes et de Recherche sur les Energies Renouvelables 
de Dakar. Each station had 10-15 portable rechargeable lamps that were rented out 
with tariffs levied for each recharge. Some technical problems had been 
encountered but the lamps are rented 80 % of the time.

Senegal had historically levied high import tariffs although tax free manufacturing 
zones permit the import of duty free manufacturing goods which could be assembled 
locally for regional distribution. However, the government was actively promoting the 
use of renewable energy resources and equipment for all PV systems was exempt 
from VAT and import duties.

4 Domestic PV Industry

Research and development capabilities in Senegal were limited although there were 
some existing research centres. However, the institutional linkages between the 
centres and the industrial/commercial sectors that could benefit from them were 
weak and they were not sufficiently exploited.

All PV system components were imported although attempts were made to set up 
local production of regulators. The facility was linked to the GTZ funded project 
described above so production ceased on closure of the project. Senegal did 
manufacture automotive batteries.

5 Financing Options

Limited credit was available in Senegal with levels of interest which varied between 
10 % and 24 %, but these were mainly for productive purposes and did not adapt 
well to the purchase of PV systems. Interest rates for bank loans were in the order 
of 6 % to 17 % and the term of the loan was usually between 24 and 48 months for 
consumer equipment and more than 10 years for housing.

The Caisse Nationale de Credit Agricole du Senegal (CMCAS), founded in 1984, 
extended credit exclusively through rural self-help co-operatives for agriculture and 
social purposes. It may be possible to extend this for financing SHS with CNCAS 
providing financing and the co-operatives managing the actual lending and 
administration. GTZ successfully tested a similar scheme on a pilot scale with a 
village co-operative.

The Agence de Credit pour I’Enterprise Privee (ACEP) had 19 branches and 
extended loans averaging 1 000 USD for small income generating activities. Loans 
to over 2 000 borrowers had typical terms of 12 months repayment and interest rates 
of 20 %. Only 3 % of loans were over three months in arrears. This scheme was 
considered to be both financially and operationally self-sufficient.
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Credit Mutuel Senegal (CMS), a branch of the French bank, was managing 
guarantee funds for NGOs and development agencies. This meant that the French 
Aid Agency, Caisse Frangaise de Developpement (CFD) could use this mechanism 
to guarantee loans to village committees.

The Catholic Relief Service (CRS) was also working with a banking system for the 
poorest groups, especially women. This had led to investment of the savings in 
services such as electricity, one project aimed to electrify 800 houses in the region of 
Kolda.

Rural financing was also available through informal revolving savings schemes 
which were widespread - these also included traditional money lenders and informal 
savings and loan associations (tontines).
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South Africa
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Land Area 1 220 000 km2

Population 38 million

GDP per capita 3 324 USD

Population Density 31 inhabs. per km2

Urban Population 50%

Labour Force 15 million

Population Growth 
Rate (1980-1996)

2.0 %

Literacy Rate 76%

General Data

Insolation 5.5 kWh.m‘2.day*1 Latitude 29°S

Population unelectrified 33% Terrain Vast interior plateau rimmed by 
rugged hills and narrow coastal plain.

PV Data
PV power installed 5 MWp to 6 MWp

Technical potential 80 MWp (based on 50 Wp SHS for 65 % of Commercial 30 MWp by
households currently without electricity, assuming potential 2010
5 people per household.)

PV programmes 
committed

REFSA established and charged with developing PV SHS programme. Subsidy 
of 1 500 ZAR per system for approved pilot projects. ESKOM committed to 
manage the electrification of 16 400 schools that will not be connected to the 
grid under the RDP. 4 000 health clinics have been targeted for PV 
electrification

Government policy The National Electrification Forum aimed to increase dwellings connected to the 
qrid from 45 % to 67 % by 2000 and 79 % by 2012.

Utility programmes & 
strategies

ESKOM had electrification programme, with target of 400 000 connections per 
annum. ESKOM coverage had risen from 31 % to 45 % of households since 
1992. RDP aimed to electrify 72 % of households by 2000.

Market sophistication Advanced

Technical development Manufactured all PV components from modules to BOS components.

Pricing structure REFSA provided a subsidy of 1 500 ZAR per PV for pilot PV SHS projects. 
ESKOM offered financing for SHSs at a concessional 3 % interest rate.
Business plan to install 1 800 SHS on a cost recovery basis. SELF developed 
pilot scheme with 20 % deposit, 15 % interest, 3 year repayment.

Testing & Standards REFSA support standards to be developed by Global Accreditation Programme.

April 1999
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1 Economic and Political Aspects

The political and economic landscape of South Africa was dominated by the collapse 
of apartheid, and attempts to redress the society through the Reconstruction and 
Development Programme (RDP). South Africa had entered a period of transition 
and transformation, with the realisation of the democratic government. At present, 
despite massive unemployment and high crime rates, the new administration had 
been able to maintain stability in the nation.

The country was divided into 9 provinces. The most densely populated of these was 
Guateng (in which Johannesburg was located) and the least densely populated 
Northern Cape (2.2 inhabitants per km2). The population of South Africa was 
38 million, greater than all its neighbours (Namibia, Botswana, Zimbabwe, 
Mozambique, Lesotho and Swaziland) together. Of the population, 26 % lived in 
shacks/informal dwellings/zozos and 17 % in traditional dwellings.

Gross Domestic Product was estimated at 126 BUSD, with a growth rate of 1.2 % 
and inflation of 10.4 %. South Africa had an export led economy, with exports of
24.3 BUSD and imports of 18.1 BUSD. The major recipients of South Africa’s 
exports in 1994 were Switzerland (6.0 MZAR), United Kingdom (5.9 MZAR ), USA 
(4.4 MZAR) and Japan (4.2 MZAR). Imports came mainly from Germany 
(13.0 MZAR), USA (12.5 MZAR) and the United Kingdom (9.0 MZAR)

2 Grid Electrification Status

Energy production per capita in 1995 was 4 916 kWh and total national production 
was 187 GWh. The vagaries of the apartheid system left an odd legacy, in that there 
was a greater percentage of the urban population without electricity than rural (76 % 
to 21 %). South Africa had an electricity generation capacity of about 40 GW with an 
extended national grid spanning some 239 000 km of high voltage transmission 
lines. This grid was interconnected with that of a number of its immediate 
neighbours. Maximum demand was about 25 GW, leaving South Africa with 
substantial excess capacity. Average tariff levels were 7.5c/kWh for domestic users, 
4c/kWh for industrial users (1994 figures).

The electricity industry in South Africa was dominated by ESKOM, an independent, 
self financing, vertically integrated, utility, 100 % owned by the government. ESKOM 
was largest utility in Africa and generated 97 % of South Africa’s electricity (over half 
of Sub-Saharan Africa’s). The rest was generated by local authorities (2%) and 
industry (1%), who sold surplus electricity to ESKOM. ESKOM had a monopoly on 
transmission and sold 44% of its electricity to municipal distribution utilities with the 
remainder being distributed by ESKOM. The privatisation of ESKOM was 
considered unlikely as ESKOM is efficient, self funding, and “strategic”.

A major part of the South African population, an estimated 55-60%, were not 
connected to the national electricity grid and relied on wood, paraffin (kerosene) and 
coal (if close to the coal fields) for their basic energy needs. The National 
Electrification Forum (NELF) was established in 1993 to develop a strategy for 
accelerated grid extension. NELF aimed to increase the percentage of dwellings 
connected to the national grid from the present 45 % to 67 % by the year 2000 and
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79% by 2012. Taking population growth into account, this implied that some
2.5 million dwellings would still be without access to the electricity grid at that time.

ESKOM was leading a large electrification programme, with a target of 
400 000 connections per annum, and was building a 4 GW coal fired station to come 
on stream 1996-2001. Both of these were being internally financed and managed, ; 
although there was a joint venture with EOF and East Midlands to electrify an 
township of 60 000 homes near Cape Town using pre-payment meters. od

:eib
Renewables in 1995 covered 10.7% of energy consumption. Grid extension was; 
expensive (averaging 720 USD a service point). ESKOM coverage had risen from 
31 % to 45 % of households since 1992 but this included the rapid growth of new 
housing in urban areas. A major component of the RDP was to bring electric power 
to 72 % of households by 2000.

3 PV Programme Experiences and Policy Issues

A GEF funded mission to evaluate the PV market was completed in early 1995. The 
value of the market was estimated as 800 MUSD in initial equipment sales. South 
Africa had yet to ratify the Climate Change Convention and was therefore not eligible 
for GEF funded projects.

There were three principal PV programmes being implemented in South Africa at the 
time of writing. In 1996, REFSA was established and charged with developing a 
national PV SHS programme. In April 1997 it announced a subsidy of 1 500 ZAR 
per system for approved pilot projects. ESKOM had committed itself to manage the 
non-grid electrification of the 16 400 schools that would not be connected to the grid 
under the RDP. Some 1 100 schools had been electrified with PV by ESKOM, 
although the installation rate had slowed. Approximately 4 000 health clinics which 
were without electricity had been targeted for PV electrification. IDT had electrified 
approximately 180 of these by early 1997.

The European Union supported a comprehensive study entitled ‘Scheme for large- 
scale implementation of solar home systems’ during 1995/96. The objectives of the 
project were to undertake a techno-economic analysis and develop a strategy for PV 
household electrification in South Africa. The E.U. was also supporting an energy 
specialist at DME to investigate opportunities for E.U. collaborative projects. The 
E.U. was also proposing to support the PV electrification of clinics and schools.

SELF were undertaking a small SHS pilot project in KwaZulu-Natal. REFAD, USA 
had supported training programmes at Peninsula Technikon. CASE Australia were 
investigating establishing a Centre for the Application of Solar Energy in South 
Africa.

The UNDP-SADC FINESSE programme appointed consultants to identify bankable 
PV projects. A 600 000 USD SHS project had been identified in KwaZulu-Natal for 
which further pre-investment studies were underway. DGIS, of the Netherlands, 
were considering providing some initial financing with the Triodos Bank for a SHS 
project.
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4 Domestic PV Industry

All components of PV SHS were manufactured in South Africa including modules 
(manufactured by Africa Solar using imported cells). A second company, SunCorp, 
recently ceased production. Most major international module manufacturers had a 
distributor in South Africa. The principal suppliers of modules to the South African 
market were Siemens Solar, Solarex and Kyocera. There were between 50 and 80 
companies in the South African PV Industry (mainly systems houses and 
distributors). Estimates of staff employed by the industry varied from 300 to 1 500. 
Companies active in South Africa include: Siemens, Franklin Electric, Africa Solar, 
First National Batteries (Solarex), Grinaker BP Solar, National Luna, Willard Battery 
and representatives of Photowatt and Total

Although South Africa had a well developed photovoltaic industry, this was 
developed internally during the apartheid era. It was estimated that present installed 
power is between 5 MWp and 6 MWp, with 34 000 to 50 000 Solar Home Systems, 
2 400 to 4 000 solar pumping stations, and numerous schools, clinics, 
telecommunications and coastal navigation systems. Annual sales of PV for SHS 
was estimated as 160 kWp or around 4 000 systems per year in 1996.

The Energy and Development Group in their assessment of the potential market for 
PV systems for the FINESSE studies estimated annual sales of SHS rising to 40 000 
systems per annum by 2010 for non-subsidised systems and 80 000 systems if a 
subsidy was continuously available. This would indicate an annual market of 
between 2 MWp and 4 MWp of PV for SHS by 2010 or a cumulative market of at 
least 25 MWp.

There were some 16 000 schools and 4 000 clinics to be electrified by PV. DME 
estimated that these would be electrified mainly before 2005 and peaking in 
1999/2000. This represented a cumulative market of 4 MWp. DME had also 
indicated annual sales of PV pumps rising to 1 000 units by 2010 from negligible 
sales at present.

Potential barriers to the market included the lack of published rural electrification 
maps/plans coupled with an expectation of consumers to be eventually connected to 
the utility and the growing problem of theft of PV modules.

5 Financing Options

The government established a renewable energy development financing agency, 
Renewable Energy For South Africa.(REFSA). REFSA planned to promote the PV 
electrification of homes and was charged with establishing a National PV SHS 
programme. In May 1997, REFSA announced that a subsidy of 1 500 ZAR per PV 
SHS would apply for pilot PV SHS projects.

The majority of sales of PV systems were on a cash basis or short term dealer 
credits. While consumer credit facilities in urban areas were well established, they 
were virtually non-existent in rural areas. ESKOM, through a low income housing 
programme, offered financing for SHSs at a concessional 3 % interest rate.
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Provincial Electricity Authority (PEA) on four renewable energy pilot projects. These 
included the integration of 7.2 kWp of PV with an existing 90 kW mini-hydro system 
to provide electricity for lights, refrigeration and cooking for 90 households in a 
mountain village. A second project integrated 12 kWp of PV with existing diesel 
generators to provide power for 170 households, a temple, a school and clinic on a 
small island in the Gulf of Thailand. PEA also owns three PV power plants for village ' 
supply totalling 150 kWp which was funded by NEDO of Japan. ^

With regard to import duties and tariffs in Thailand, there was a measure to reduce 
import tax on raw materials for cell manufacture to lay the foundations for PV 
business in Thailand.

4 Domestic PV industry

The industrial base in Thailand was extensive, and was capable of supplying air 

components for a photovoltaic system, including PV modules where there was some 
private sector involvement. A number of joint ventures in PV module assembly had 
been established and total local production capacity was put at 1MWp, but the 
domestic market did not generate sufficient demand to require capacity increases. 
BP Thai Solar imported cells and assembled modules locally; SolarTron had 
established a joint venture to import cells and assemble modules; Siam Solar was 
another joint venture (partner unidentified) importing cells and assembling modules 
and there was a local Solarex distributor.

There were also a number of Institutes involved in PV R&D including Semiconductor 
Device Research Laboratory (SDRL) which had been undertaking fundamental R&D 
since 1975, and had a complete crystalline silicon cell fabrication line. Some novel 
thin-film research was also undertaken. Chulalongkorn University had investigated 
PV applications for rural electrification and the Asian Institute of Technology (AIT) 
undertook some PV system design.

5 Financing Options

There was little available information on financing experience for PV systems. It 
appeared that the majority of systems installed to date had been supported by the 
government. Users of the battery charging stations paid cash to have their batteries 
recharged. The operators of the charging stations apparently received no salary for 
their services, but were eligible for free recharges. It was unclear where the income 
from the charging stations goes to - presumably it was repaid to the implementing 
government department.
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considering large scale PV installations (centralised PV power plants connected to a 
grid) in its future plans.

Thailand also had considerable hydropower potential - estimated at over 8 GW - but 
large-scale dam construction continued to prove controversial, making further hydro 
capacity expansion unlikely beyond that already planned. There was potential for 
some small hydro in the mountainous north, and some wind potential in southern. 
coastal areas.

3 PV Programme Experiences and Policy Issues

National Energy Planning was the responsibility of the National Energy Policy 
Committee (NEPC), which governed strategies for electricity generation, energy 
conservation and development of alternative energy sources. The Department of 
Energy Development and Promotion (DEDP) was responsible for overall rural energy 
matters, although rural electrification was the responsibility of the Provincial 
Electricity Authority (PEA).

An energy Master Plan was prepared during the 1980s and subsequently developed 
under successive five-year plans. There was no distinct rural energy plan, but rural 
energy issues had a high priority under the rural development component of the 
National Economic and Social Development Plan.

There was a New & Renewable Energy Programme under the Energy Conservation 
Programme, which recognised that renewables are expected to play a major role in 
the future Thai energy economy. Under this programme, investment subsidies of 
between 20 % and 60 % were available to organisations for pilot projects, project 
preparation and management, programme marketing, training, and after-sales 
service and maintenance. The projects must satisfy the eligibility criteria which were 
based on a calculation of internal rates of return - projects with an internal rate of 
return of less than 9 % were not eligible for subsidy.

Most PV projects in Thailand were conducted independently by government 
Departments and as a result over 90 % of Thailand’s installed PV capacity 
(estimated at 2.5 MWp) had been government funded. DEDP had utilised PV for 
battery charging centres in 300 remote villages between 1995-99, as well as for 
water pumping projects and domestic lighting systems. PWD administered a PV 
battery charging station programme under the sixth Five-year Plan and had 
committed itself to install PV in 50-100 villages per year. PWD had also undertaken 
some PV water pumping projects. The Ministry of Public Health, Ministry of 
Education, Royal Irrigation Department and Royal Agriculture Program had each 
used PV for various applications including water pumping, health care centres and 
schools. For example, the Ministry of Education had installed 20 kWp in remote 
primary schools using locally manufactured modules.

Donor activity for PV projects had been very limited, although the Thai government 
was encouraging involvement from international agencies in renewable energy 
production. The German Aid agency, GTZ, provided support for the Kenitra Special 
Energy Project between 1991 and 1993 to install 200 SHS. AUSAID had 
collaborated with Australia’s Centre for Application of Solar Energy (CASE) and the

-370- April 1999



IEA PVPS Task III Stand-alone PV Systems

1 Economic and Political Aspects

Located in Southeast Asia, Thailand encompasses a land area of 511 000 km2, 
including numerous islands. The population was estimated at 60 million, with an 
estimated 20 % in urban centres; annual growth rate between 1990 and 1996 was 
estimated at 1.6 %. The population was well educated at the primary level, with a 
literacy rate estimated at 94 %. The labour force was estimated at approximately 
34 million, of whom 57 % were engaged in rural agriculture: the unemployment rate 
was estimated at 2.6 % in 1996.

Thailand has been considered one of the "Tiger" economies of Asia and is usually 
listed as an emerging, rather than developing, market. Economic growth was led by 
cheap labour manufacturing labour-intensive export goods. Exports were valued at
57.3 BUSD in 1996 compared to imports of 72.4 BUSD. Increasing prosperity in the 
country, coupled with increased competition in the low-wage sector from China and 
Vietnam, had led to attempts to move to reliance upon more sophisticated 
manufacturing processes.

Recently, however the financial markets had collapsed and the local currency, the 
Baht, had been devalued considerably. More conservative fiscal policies suggested 
by the International Monetary Fund (IMF), required to qualify for a 16 BUSD loan to 
prevent a balance-of-payments crisis, were expected to lead to recovery, but there 
was question as to whether the political will existed to carry out these measures. 
Prior to the currency crises, Gross Domestic Product in 1996 was estimated at 
185 BUSD, with a growth rate of 8.3 % between 1990 and 1996. Average annual 
inflation over this period was estimated at 4.8 %.

2 Grid Electrification Status

The installed electricity generation capacity of 10 GW produced approximately 
80.1 TWh in 1995, equating to a per capita generation of 1 335 kWh. The majority of 
electricity was consumed by industrial loads and urban centres. Electricity 
generation was largely dependent on thermal generation from gas, oil and coal, 
which accounted for over 90 % of generation: the remainder being provided from 
hydro-electric schemes.

As Thailand is mainly composed of one main island, extension of the electricity grid 
was fairly easy. Figures for the extent of rural electrification vary, but grid availability 
appeared widespread with over 98 % of villages connected to the grid and between 
70 % and 86 % of rural households electrified. Decentralised electricity needs were 
therefore restricted to isolated communities where village co-operatives tend to own 
any generating facilities with support from the Department of Public Works and the 
Department of Energy Development and Promotion.

The major organisation governing electricity generation and supply was the 
Electricity Generating Authority of Thailand (EGAT). EGAT had a programme to 
develop alternative energy sources, including wind, geothermal and fuel cells. The 
company had installed approximately 70 kWp of PV, mainly for commercial 
applications (e.g. communication repeaters and navigation aids), but was reportedly
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Thailand
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Land Area 511 000 km2 "

Population 60 million 'r:

GDP per capita 3 084 USD

Population Density 117.4 inhabs per km2

Urban Population 20 %

Labour Force 34 million

Population Growth 
Rate (1980-1996)

1.6%

Literacy Rate 94%

General Data
Insolation 4.8 kWh.m*2.day*1 Latitude 15°N

Population unelectrified 27% Terrain Central plain, Khorat plateau in 
the East, mountains elsewhere.

PV Data
PV power installed 2.5 MWp

Technical potential 105 MWp (based on 50 Wp SHS for 65 % of households currently without 
electricity, assuming 5 people per household.)

PV programmes committed

Government policy There was no distinct rural energy plan, but rural energy issues had a high 
priority under the rural development component of the National Economic 
and Social Development Plan.

Utility programmes & strategies Main utility, EGAT has a programme to develop alternative energy sources.

Market sophistication Medium

Technical development Joint ventures in PV module assembly had been established and total local 
production capacity was put at 1 MWp, but the domestic market did not 
generate sufficient demand to reguire capacity increases.

Pricing structure Unknown

Testing & Standards Unknown
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1 Economic and Political Aspects

Tanzania is located on the East coast of Africa and had a population of 30 million 
and occupied an area of 884 000 km2, giving a population density of 33.9 inhabitants 
per square kilometre.

The GDP was estimated to be 5 840 MUSD (1996 figures) equivalent to a GDP per 
capita of 195 USD. The GDP growth rate between 1990 and 1996 was 3.2 % and 
the rate of inflation for the same period was 26.8 %. Agriculture was the 
predominant occupation, employing 90 % of the workforce and contributing 57 % of 
the GDP.

There had been economic growth in Tanzania during the 1990s mainly due to 
increased agricultural production and funds provided by bilateral donors, the World 
Bank and the International Monetary Fund. Industrial production and mining of 
minerals had also seen an increase.

Tanzania exported agricultural produce and imported manufactured goods, oil and 
some foodstuffs. The total value of exports was 679 MUSD (1995) compared to total 
imports valued at 1.69 BUSD (1995) resulting in a considerable trade deficit of 
around 1 BUSD.

Politically, Tanzania was considered one of the more stable countries in the 
Southern Africa Development Co-ordination Conference (SADCC) region.

2 Grid Electrification Status

Electricity was supplied by a single utility, the Tanzania Electric Supply Company, 
which covered approximately 40 % of the country. Installed electricity generation 
capacity was estimated at 405 000 kW with an annual production of 1 800 GWh of 
which 86 % was generated from hydro sources and the remainder from thermal 
generation. The nominal electricity production per capita in 1995 was 60 kWh. The 
majority of the population, an estimated 19 million people, in Tanzania did not have 
access to electricity and the extension of the utility grid into rural areas was not a 
high priority.

3 PV Programme Experiences and Policy Issues

Unlike neighbouring Kenya, the majority of photovoltaic activity in Tanzania to date 
had been prompted by Aid organisations, in particular UNICEF, DAN IDA, NORAD, 
SIDA, Oxfam, Norwegian Volunteers, Commonwealth Science Council, and Catholic 
Relief Services. Funding from these agencies had been used to install vaccine 
refrigerators, solar pumping stations, and telecommunications relay stations, usually 
through grants to the particular ministry concerned, for example the Ministry of 
Health for vaccine refrigerators. For these projects there had been no attempts 
made at cost recovery. NAPS Kenya, a subsidiary of NESTE of Finland and one of 
the PV firms active in the SADCC region, had been involved in the installation of 
many of the systems and was involved in the installation of microwave relay stations 
and satellite earth stations, as well as providing training to local technicians.
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The SADCC’s Technical and Administrative Unit (TAU) was attempting to develop a 
regional code of practice covering system design, installation and performance. 
Additional recommendations include encouragement of interregional trade in 
photovoltaic components; as almost none of the system components were 
manufactured in Tanzania, this could assist in accelerating the use of systems in the 
private sector. It should be noted that, while this would encourage the use of 
systems, it could be detrimental to the development of local production capacity.

4 Domestic PV Industry

A small but growing - estimated at 9 firms - private sector industry in photovoltaic 
system installation was developing in Tanzania, usually to install lighting systems. 
None of the components were manufactured locally but were imported from abroad, 
and systems purchased privately were not subsidised by the government in any way. 
Minor efforts were being made to research further photovoltaic applications and to 
assemble systems locally with the inclusion of some Tanzanian components, but 
these efforts had not matured.

5 Financing Options

The majority of the PV market in Tanzania was still linked with aid projects, which 
had generally been well received. Future projects had been planned using 
photovoltaic systems to develop a wider network providing basic electrification but 
these were dependent upon external funding. The opportunity existed for the private 
sector to develop, but the widespread application of photovoltaics would require 
either a breakthrough in the capital costs of systems or the provision of long term, 
low interest funding.

SADCC/TAU carried out an "Assessment of Applications and Markets for the Solar 
Photovoltaic Systems in the SADCC Region," which identified a lack of inter-regional 
co-operation, lack of affordable financial mechanisms and historical reliability 
problems as the primary barriers to the development of photovoltaic power systems 
in the SADCC area. Suggestions to alleviate the first and last of these barriers 
included the development of a code of practice to cover system performance, the 
development of an industry co-operative body to provide training and information 
concerning the design and installation of systems, and the removal of prejudicial 
tariffs seen as providing advantage to traditional generating systems. The provision 
of affordable financing mechanisms remains the most difficult barrier to overcome, 
as the necessary funds were not available at the national level and must be sought 
from international sources.
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Land Area 884 000 km2

Population
- - - v U--*

30 million - 3

GDP per capita 195 USD

Population Density
' -s’ „

33.9 inhabs per km

Urban Population 25 % ;

Labour Force 16 million

Population Growth 
Rate (1980-1996)

3.1 % ':f

Literacy Rate 46%

General Data

Insolation 4.8 kWh.m"2.day'1 Latitude 6 00 S

Population unelectrified 96% Terrain Coastal plains, a central plateau 
and highlands in the north and 
south

PV Data
PV power installed NA

Technical potential 190 MWp (based on 50 Wp SHS for 65 % of households currently without 
electricity, assuming 5 people per household.)

PV programmes 
committed

Unknown.

Government policy Unknown.

Utility programmes & 
strategies

Extension of the utility grid into rural areas was not a high priority

Market sophistication Low

Technical development All components were imported although a small industry in photovoltaic system 
installation was developing.

Pricing structure Systems purchased privately were not subsidised in any way. Lack of 
affordable finance.

Testing & Standards The SADCC's Technical and Administrative Unit (TAU) was attempting to 
develop a regional code of practice covering system design, installation and 
performance.
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South Africa was a participant in the SADC programme on Financing Energy 
Services for Small Scale Energy users (FINESSE). As part of this programme a 
business plan to install 1 800 SHS in KwaZulu-Natal had been developed on a cost 
recovery basis requiring 588 000 USD of financing. The project appeared financially i 
viable - the average income in the region is about 90 USD per month. The I 
Department of Minerals and Energy of the Government of South Africa was j 
supporting continuation of pre-investment activities for FINESSE (which is primarily^ 

supported by The Netherlands Ministry of Foreign Affairs (DGIS) via UNDP).

SELF with US Department of Energy funding, developed a pilot covering 75 j 
households (50 Wp SHSs and 200 Wp village centre) in KwaZulu-Natal. The ; 
KwaZulu Finance Corporation channelled financing to the ‘ocal community based j 

Electrification Committee for financing end-user credit (20 % deposit, 15 % interest, \ 
and three year repayment term). j

In order to incorporate planned preventative maintenance into programmes and j 
reduce initial down payments some PV marketing specialists were promoting the use j 
of utility style schemes, leasing schemes or prepayment metering. There was \ 
however a tradition of non-payment of utility bills as a means of protest (not j 
necessarily about energy matters) and repossession of systems was not always^ 

possible.
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5 Financing Options

Future programmes were planned, expanding the current electrification and 
increasing the number of modules provided for each consumer. This expansion was 
entirely dependent upon funding from external sources, as the local population were 
only able to pay for the upkeep of the systems and the co-operative, without 
providing a net income to fund expansion. Monthly payments into the credit 
schemes were typically 15 USD per month. x-
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Uganda

•'•••• 0

Land Area 200 000 km2 5

Population 20 million

GDP per capita 306 USD

Population Density 100 inhabs per km2

Urban Population 13%

Labour Force 10 million

Population Growth 
Rate (1980-1996)

2.7 %

Literacy Rate 48 %.

OF THE 
CON GO , >

Z1 KENYA

i j'.T.i'u vt-arato

General Data

Insolation 4.8 kWh.m‘2.day"1 Latitude 1°N

Population unelectrified 95% Terrain Mostly plateau with rim of mountains

PV Data
PV power installed 150 kWp

Technical potential 120 MWp (based on 50 Wp SHS for 65 % of households currently without 
electricity, assuming 5 people per household.)

PV programmes 
committed

Funding had been secured for a 1.76 MUSD GEF funded PV for Rural 
Electrification Project. The project aimed to install 2,000 SHS and solar lanterns 
in rural communities.

Government policy The NRSE (New & Renewable Sources of Energy) within the Department of 
Energy in the Ministry of Natural Resources activities included facilitating the 
development of renewable sources of energy and this ensured government 
involvement.

Utility programmes & 
strategies

Unknown

Market sophistication Low

Technical development System components were imported and assembled in country. There were a 
number of dealers and installation companies.

Pricing structure The World Bank / GEF programme intended to assist in developing rural credit 
facilities to assist in the development of a sustainable market. PV system 
manufacturers will extend short term credit for private purchases.

Testing & Standards Unknown
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1 Economic and Political Aspects

Following independence in 1962 the economic prospects for Uganda were extremely 
good. However, by 1980, after almost a decade of chronic mismanagement by 
General Idi Amin and a damaging civil war, the economy lay in ruins. Only 
subsistence farming and the small-scale coffee sector survived in reasonable order.

The problem, since 1980, has been how best to rebuild the shattered economy, s 
Strong remedial action of a conventional nature was introduced in 1981 by the~- 
government of Milton Obote, supported by an IMF stand-by arrangement. The plan) 
principally involved floating the currency, removing price controls, increasing 
agricultural producer prices and imposing strict limits on government spending. The 
government hoped that these measures would encourage foreign aid and 
investment, and the Expropriated Properties Act was introduced to persuade the 
Asian community to return. The plan was successful initially, and the economy 
began to grow, but the improvements were only superficial. The government could 
not attract significant support from the donor community, and when the authorities 
failed to maintain budgetary discipline the IMF withdrew its support in 1984.

In 1987 the government published its definitive Economic Recovery Programme 
(ERP). The long-term goal was to create a viable and, as far as possible, self- 
sufficient economy. The immediate objectives of the programme were to rehabilitate 
the production sectors, in particular the critical infrastructure on which those sectors 
depended, to reduce inflation by tackling budget deficits and to address a crisis in 
the balance of payments which left the country with very low reserves and uncertain 
supplies of foreign exchange.

The recovery programme had been supported by the IMF, in a 175 MUSD three year 
Enhanced Structural Adjustment Facility (ESAF) approved in September 1994, and 
by credits from the World Bank’s soft-loan arm, the International Development 
Association (IDA). These re-established Uganda’s credentials with the aid 
organisations and donor countries of the West, and generated significant flows of 
funds in the form of balance-of-payments support and project assistance.

Economic output was dominated by agriculture, which was responsible for about 
46 % of GDP including substantial non-monetary production. Most Ugandans owed 
their survival during the troubles of the 1970s and 1980s to the resilience of the 
informal agricultural sector, and most wage earners still used small plots for 
domestic food supplies. Food crop production was by far the most important 
economic activity, accounting for more than one-quarter of GDP, compared with only 
5 % for cash crops. Manufacturing output contributed only about 7 % of GDP. It 
suffered badly from the decades of instability and failed to recover the position it held 
in the economy at independence. Most agricultural production took place in the 
south, where climatic conditions have always supported the densest rural 
populations.

The basis of regional economic variations in Uganda was partly climatic (the south 
favours agriculture much more than the north) but also historical in that the 
construction of the Uganda Railway during the colonial period laid down the 
infrastructure for subsequent urban developments. The contrast between a more
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prosperous south and less prosperous north also broadly coincided with the major 
ethnic division between a Bantu south and Nilotic north.

2 Grid Electrification Status

The electrical distribution system suffered through years of neglect and was plagued 
by failures. Electricity generation capacity was 172 MW, of which 168 MW was 
accounted for by a single hydroelectric plant. Annual generation in 1996 was 
974 GWh, of which 262 GWh was exported to Kenya, leaving per capita 
consumption of less than 32 kWh. The Uganda Electricity Board (UEB) was 
responsible for all generation, transmission and distribution in Uganda. However, 
the government granted a licence in 1995 to a US and South African consortium to 
construct a 290 MW hydroelectric plant although the plant was not expected to start 
generating until after 2002. The construction of a 60 MW thermal plant in Kampala, 
which was originally scheduled for completion in 1997, had been delayed by 
contractual difficulties. An agreement had also been reached with a Norwegian 
company for the construction of an underground electricity plant at Karuma Falls in 
Western Uganda. The first phase of the project will aim to improve distribution in 
northern and eastern Uganda.

National electricity requirements were 240 MW and were growing at an estimated 
24% annually. The domestic energy sector was responsible for 80 % of total energy 
consumption, and 97 % of this was biomass, illustrating the poor state of the 
economy and low level of industrialisation. Commercial energy represented only 
about 10 % of total energy consumption, with most energy being met from fuelwood 
and charcoal. Between 3 % and 5 % of the population had access to electricity with 
only 2 % of the rural population with access.

Power shortages seriously affected manufacturing industry and were hampering 
growth (which reached 8.7 % in 1995 and could exceed 12 % with adequate 
electricity supplies).

3 PV Programme Experiences and Policy Issues

As of 1996, Uganda had an installed photovoltaic capacity of approximately 
150 kWp, mostly in communications, refrigeration and domestic lighting systems. 
The Uganda Posts and Telecommunications Corporation and Uganda Railways 
Corporation have installed photovoltaic microwave repeater stations and radio call 
stations.

The Solar Electric Light Fund (SELF) in conjunction with Habitat for Humanity 
International (HHI) who build 10,000 homes a year world-wide mostly in unelectrified 
rural areas initiated a pilot project to install 100 PV SHS on HHI homes. The full cost 
of systems was 800 USD and a 50 % subsidy was provided by the US Department 
of Energy. It was planned that the financing mechanism would be developed into a 
revolving fund. The project included training of technicians and owners, as well as a 
public information work and training in additional economic activities. Systems were 
assembled in Uganda to minimise costs

In order to ensure that PV systems went to customers who were not likely to default 
on payments, only home owners would had completely repaid their mortgages were
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allowed to apply for a Solar Home System. Repayments were through a three year 
loan using the existing HHI credit system on house mortgages. The possibility of 
receiving a system appeared to encourage payment of mortgages (many of which 
were in arrears). For the pilot programme, payment was for 50 % costs (400 USD) 
with a 10 % down-payment followed by 36 monthly payments of 10 USD. The 
monthly payment was estimated to be equivalent to costs of kerosene, candles & dry 
cell batteries. There were no defaulters on payment therefore no repossessions. In 
fact, some loans were paid off early after the additional lighting enabled additional 
money generating activities. b&

The project appeared to have been very successful although it was unclear why it 
had not developed further. The project was to be developed into a revolving fund at 
full system cost but this had not happened due to ‘administrative problems’. ~

Funding had been secured for a 1.76 MUSD GEF funded PV for Rural Electrification 
Project. The project aimed to install 2,000 SHS and solar lanterns in rural 
communities. The project will act as a pilot using different financing schemes to 
assess their suitability. A key part of the financing schemes will be the use of NGOs 
already active in providing credit in the rural areas. The SHS will be installed on a 
full cost recovery basis but using development rates for loan interest.

Other planned projects included the installation of 360 solar home systems in 
dioceses of Church of Uganda which would be subsidised by 50 % by the Anglican 
church of USA. The Ministry of Health was planning to install more than 500 solar 
units and 117 solar refrigerators in health centres.

PV components were zero tax rated for import duties and until 1995, solar equipment 
was also exempt from VAT. However, in 1996 VAT was levied on solar equipment 
at 17%. Certain educational/health goods are currently VAT exempt and NRSE 
(New & Renewable Sources of Energy, within the Department of Energy in the 
Ministry of Natural Resources) are pressing for PV to be included in this exemption.

4 Domestic PV Industry

Uganda had very little manufacturing capability. System components must be 
imported, and assembled in country. There were nine companies in Uganda dealing 
with photovoltaic power systems, usually either selling systems to middle and upper 
income consumers, or working in conjunction with electrification projects.

The NRSE (New & Renewable Sources of Energy) within the Department of Energy 
in the Ministry of Natural Resources was an important institutional player in Uganda, 
providing support for private industry NRSEs major functions include facilitating the 
development of renewable sources of energy and this ensured government 
involvement in renewables. NRSE carried out a review of rural energy carried out 
and were instrumental in developing the GEF PV for Rural Electrification Project

5 Financing Options

The Uganda Commercial Bank had an extensive nation-wide network and was 
particularly active in supporting sub-sectoral and other small farmers’ programmes. 
The Small Farmers’ scheme developed into a semi-autonomous area of the bank’s
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activities which had greatly extended the outreach of the bank. The Co-operative 
Bank managed to develop a viable rural banking system in parallel to the credit 
activities of producer and marketing co-operatives and the network of savings and 
credit co-operatives. ; ^ ,

Several organisations tried to establish micro-lending programmes in the early 1990s 
but retreated because of widespread corruption and theft. Nonetheless, a village 
banking programme promoted by FINCA through local NGOs, which began in 1992, 
had proved a success, channelling 1.3 MUSD into the hands of low-income women 
over the last five years. By the end of 1996,110 village banks had been established 
with over 3 300 members, almost all of whom were women. Average loans were 
small (120 USD) but significant in relation to income levels: recovery was put at 
99 %.

In 1996, IFC provided a loan to Uganda Leasing Company (ULC), part owned by the 
Development Finance Company of Uganda. IFC had an equity stake in both 
organisations. ULC started operations in mid-1995 as the first dedicated leasing 
company in the country. The IFC loan was designed to enable ULC to undertake 
foreign currency denominated leases, largely for export oriented companies.

The World Bank / GEF programme was intended to assist in developing rural credit 
facilities to assist in the development of a sustainable market. PV system 
manufacturers would extend credit for private purchases although only for a 
maximum term of 45 days. System suppliers extended credit over same period or 
longer (4 months quoted from one supplier) to customers at zero interest rate.
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Vietnam

CAIHB-UUM

Land Area 325 000 km2

Population 75 million - r

GDP per capita 311 USD

Population Density 231 inhab per km2

Urban Population 19%

Labour Force 38 million

Population Growth 
Rate (1980-1996)

2.1 %

Literacy Rate 94%

General Data

Insolation kWh.m*2.day*1 Latitude 16°N!

Population unelectrified 80 %, 6 million 
households without 
electricity

Terrain Low flat delta in south and north, central 
highlands, hilly, mountainous in far north 
and northwest.

PV Data

PV power installed 100 kWp

Technical potential 195 MWp (based on 50 Wp SHS for 65 % of the 6 million households without electricity)

PV programmes 
committed

The World Bank and DANIDA provided funding for a Rural Electrification Masterplan to 
identify regions to be supplied by the grid, and those which would be supplied by a 
variety of other energy sources, including micro-hydro and PV.

Government policy The Government had played a major role in establishing PV industry and energy policy. 
The National Program for New and Renewable Sources of Energy (NRSE) was 
established by a government initiative to improve living conditions in rural areas.

Utility programmes & 
strategies

The state utility, Electricity of Viet Nam collaborated with the Institute of Energy for long 
term planning in the power sector, including rural electrification and renewable energy.

Market sophistication Low

Technical development Organisations involved in design, fabrication, supply and installation of PV systems and 
three dealers of international PV companies.

Pricing structure The Solar Electric Light Fund collaborated with the Vietnam Women’s Union on a pilot 
project to install SHS. Loans for rural electrification projects may be available through 
the Vietnam Bank of Agriculture. In addition, there is one private company involved in 
supply, installation and financing of PV systems.

Testing & Standards Unknown
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1 Economic and Political Aspects

Up until the early 1980s, Vietnam was a centrally planned economy. Since then a 
number of liberalising measures had been introduced through a reform programme 
begun in 1986 known as ‘Doi Moi\ This dismantled collectives and returned the land 
to family farming, liberalised most pricing structures, encouraged new private 
businesses, and opened the trade and investment regime. This resulted in low 
inflation and an average growth rate of 8 % since 1991.

Although the average GDP of 311 USD per capita puts Vietnam amongst the poorer 
countries in the world, the country had many social characteristics of a much higher 
income, for example life expectancy of 68 years and adult literacy of 94 %. There 
was also clear evidence of a rapidly growing economy in the huge number of 
consumer goods in the shops and the surge in traffic in major towns. Investment 
capital, however, remained very scarce and was a major constraint on government 
and local authority spending.

Responsibility for energy lay with both the Ministry for Science and Technology and 
the Ministry of Industry. The Ministry of Planning and Investment (MPI) was in 
charge of all domestic and foreign investment affairs. All foreign investments must 
be licensed with MPI, and it could take 6-12 months for this process to be 
completed.

2 Grid Electrification Status

The World Bank and DAN IDA provided funding for a Rural Electrification Masterplan, 
which had been developed by the Institute of Energy on behalf of the state utility, 
under the Ministry of Industry. This plan identified the regions to be supplied by the 
grid, and those which would be supplied by a variety of other energy sources, 
including micro-hydro and PV. This Masterplan was due to be completed in 1998.

New power plants and extension of transmission lines constructed as a result of 
economic reforms since 1986 greatly increased the implementation of rural 
electrification in Vietnam. However, the World Bank’s power engineer for Vietnam 
estimated that it will be at least 20 years before the majority of rural households 
could be electrified.

Total national electricity generation was 16.4 TWh in 1996. Energy production at 
around 225 kWh per capita was low, although production was growing at 8 % per 
annum. The government aimed to increase capacity by about 15 % per annum to 
2000, increasing capacity from 6.7 GW in 1996 to 9 GW in 2000.

The state utility, Electricity of Viet Nam (EVN), was responsible to the Ministry of 
Industry, it collaborated with the Institute of Energy for its long term planning in the 
power sector, including rural electrification and renewable energy. The projects were 
implemented by regional branches of EVN. At the time of writing, about 5 000 of the 
country’s 9 000 communes were supplied by the grid.
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The domestic tariff for electricity was around 0.04 USD/kWh. Around 6 million rural 
households remained without a grid connection, and little prospect of one in the next 
ten years. The degree of rural electrification coverage varied over the country. The 
highest coverage was in the Red River delta where a majority of homes were 
reported to have a supply. Coverage was considerably less in the central areas of 
the country and less still in the Mekong delta where lack of accessibility was a major 
obstacle. A recent World Bank ESMAP study of rural electrification in Vietnam was 
pessimistic about prospects for wide-spread electrification due to the lack of 
investment resources.

3 PV Programme Experiences and Policy issues

The Government of Vietnam played a major role in establishing PV industry and 
energy policy, and was expected to continue to do so. Although the political 
environment was rapidly becoming more liberal, the government will still have a large 
influence over future economic and technical developments.

To date a total capacity of around 100 kWp of PV had been installed throughout the 
country, at least 70 % of which had been for telecommunications systems.

The National Program for New and Renewable Sources of Energy (NRSE) was 
established by a government initiative to improve living conditions in rural areas. 
Based at the Ho Chi Minh Polytechnic, the NRSE was focused on research, 
development and application of different types of NRSE for rural, mountain and 
island areas.

The ‘Solarlab’ research team at the Centre of Physics, Ho Chi Minh city, together 
with the French NGO, FONDEM collaborated in a project to construct and install 
several types of PV systems including village ‘solar stations' of 300 Wp to 1200 Wp, 
telecommunication systems (1200 Wp), and hundreds of other smaller systems such 
as vaccine refrigerators, navigation flashlights and height indicators. Over 40 solar 
stations and cultural houses had been set up in rural areas with amenities for public 
battery charging, TV/video, kareoke, lighting and local radio broadcasting.

An analysis reported that the Vietnamese perceive advantages of solar stations over 
SHS including a reduction in installation costs, easier management, control and 
maintenance, and a high level of safety. Training of women as solar educators, 
technicians and entrepreneurs was seen as one of the benefits of this project. With 
good management capital investment was expected to be returned within 5 years 
through charges for battery-charging, video and kareoke ticket sales etc.

The Solar Electric Light Fund (SELF) a Washington DC-based non-profit 
organisation, and the Vietnam Women’s Union (VWU) representing 11 million 
women had collaborated to install 240 SHS, 5 community centre PV systems and 
street lights in two village markets. The project received financial and technical 
assistance from the Rockefeller Brothers Fund and Saridia National Laboratories 
(funded through the US-DoE).

Following on from this project, SELF and the VWU proposed a programme of one 
million SHS to be installed over the next 10 years (150 000 in 5 years) by
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establishing SELCO-Vietnam. SELCO-Vietnam was a 100 % foreign owned 
company providing financial and technical assistance for management, 
administration, training, consumer credit and marketing, while the VWU would be in 
charge of system installation, troubleshooting, service and revenue collection. 
SELCO-Vietnam would operate a range of cash, credit and leasing schemes through 
40 ‘Solar Service Centres’ around the country.

Photovoltaic related materials and equipment were listed as duty-free imports in 
Vietnam.

4 Domestic PV Industry

There were five Vietnamese organisations involved in design, fabrication, supply and 
installation of PV systems and three dealers of international PV companies. In 
addition, there was one established private company involved in supply, installation 
and financing of PV systems. All of the organisations in the first category had some 
capacity for manufacture of solar electronic components (charge controllers), and 
two were involved with small-scale PV module manufacture. Indigenous batteries 
were of poor quality and better products were imported from Korea.

There was still an element of government control and ownership in all of the 
Vietnamese organisations, but nevertheless, there was keen rivalry between the 
institutes.

Solarlab was founded as part of the National Centre for Science and Technology in 
1989 and was the country’s leading PV institute. Solarlab staff had designed and 
manufactured their own PV modules and a regulator-inverter apparatus called the 
‘solarstat’. They had installed a number of Solarstat battery charging stations, island 
power systems, and telecommunications systems under government and military 
contracts.

The Solar Electric Light Company (SELCO) was to begin electrifying the country’s
6-7 million off-grid rural households with solar home systems (see below). SELCO- 
Vietnam expected to be manufacturing PV equipment in Vietnam towards the end of 
the decade.

5 Financing Options

The Solar Electric Light Fund (SELF) collaborated with the Vietnam Women’s Union 
(VWU) on a pilot project (not fully cost recoverable) to install 130 SHS, completed in 
early 1995, and expanded to a further 110 in 1996. Individual families paid for their 
residential systems through a subsidised revolving loan fund established by SELF 
and operated by the VWU. Families made a 20 % down-payment and monthly 
payments over 4 years. Collection rates were around 95 %.

It was not clear whether the fund as actually managed to revolve due to unforeseen 
expenditure required to resolve early technical problems. In the next phase, SELF 
and VWU were planning a sustainable solar program based on full cost recovery, 
and funds had been requested from UNDP.
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Loans for rural electrification projects were sometimes available through the Vietnam 
Bank of Agriculture (VBA) although their financial resources were limited. As well as 
the Vietnam Women’s Union, the Vietnamese Farmers Union covered the whole 
country and may be a useful vehicle for PV sales/dissemination. It was co
operatives such as these that had the organisational structure to take SHSs into the 
rural areas.

In early 1997 the UNDP proposed a 350 000 USD plan for financing an additional
1 000 solar home systems on the SELF / VWU model, with the Vietnam Bank for 
Agricultural Development managing the revolving fund on behalf of the VWU.

Unfortunately historical factors and distrust of the banking sector had limited the 
extent of financial deepening even under transition of the economy and a large 
proportion of assets were held outside the banking system in the form of foreign 
currency, gold, precious stones and metals. In 1995 such hoarding was estimated at
2 BUSD.
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Appendix I: Glossary of Terms

Accreditation: The procedure by which an authoritative body gives formal recognition that a 
body or person is competent to carry out specific tasks.

(As) needed/ (as) appropriatey'(as) necessary: These indicate requirements that may or may 
not apply to your business.

Audit: A systematic and independent examination to determine whether or not quality activities 
and related results comply with planned arrangement, and whether or not these 
arrangements are implemented effectively and are suitable to achieve objectives.

Auditor: An individual who is tasked with performing audits.

Certification: The procedure by which a third party gives written assurance that a product, 
process, or service conforms to specified requirements.

Component: A constituent part of a product.

Conformity evaluation: The systematic examination of the extent to which a product, process, 
or service fulfills specified requirements.

Continuous improvement: A process by which an organization or a process is regularly 
reviewed against its actual and expected functioning or results in an attempt to improve 
its functioning.

Contract: Agreed-upon requirements between a supplier and customer transmitted by any 
means.

Corrective action: An action taken to eliminate the causes of an existing situation of 
nonconformity, defect or other undesirable condition in order to prevent recurrence.

Customer: An individual or organization that purchases and receives a commodity, product or 
service provided by the supplier.

Deficiency: Sub-standard or non-complying, relative to objective standards.

Documentation: Furnishing or authenticating with documents; evidence of a process; 
conformity to historical or objective facts or standards.

IEC: International Electrotechnical Commission

IECQ: IEC Quality Assessment System for Electronic Components

ISO 9000: A family of standards, under the International Standards Organization (ISO), which 
specify requirements for quality systems and which provide guidance to aid in the 
interpretation and implementation of the quality system.
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Inspection: Conformity evaluation by observation and judgment accompanied, as appropriate, 
by measurement, testing, or gauging.

Management representative: The organization’s representative who shall have defined 
authority for ensuring that a quality system is established, implemented, and maintained 
in accordance with the standard, and reporting on the performance of the quality system 
to management for review and as a basis for improvement of the quality system.

Manager: The person who is exercising authority, taking responsibilities, making decisions, 
and fulfilling similar managerial functions on behalf of the business.

Non-conformity: Any instance of failure to meet a specified requirement.

Objective evidence: Information that can be proven true, based on facts obtained through 
observation, measurement, test, or other means.

Organization: A company, corporation, firm, enterprise or institution, or part thereof, whether 
incorporated or not, public or private, that has its own functions and administration.

Photovoltaic: Solid-state, semiconductor-based solar electric technology that directly converts 
light energy into electricity.

Preventive action: An action taken to eliminate the causes of a potential nonconformity, defect 
or other undesirable situation, in order to prevent occurrence.

Procedure: A specified way to perform an activity; a description that details by whom, with 
what, when, where, and how processes are carried out.

Process: A series of actions or activities directed to a planned or specific result or product that 
transform inputs into outputs.

Product: The result of activities or processes.

Project: A unique process consisting of a set of coordinated and controlled activities with a 
start and finish dates, undertaken to achieve an objective conforming to specific 
requirements, including the constraints of time, cost and resources.

PV GAP: Global Approval Program for Photovoltaics: a world-wide organization for promoting 
satisfactory photovoltaic products, and systems.

Quality: The totality of characteristics of an entity that bear on its ability to satisfy stated and 
implied needs.

Quality assurance: All the planned and systematic activities implemented within the quality 
system, and demonstrated as needed, to provide adequate confidence that an entity will 
fulfil requirements for quality.

Quality control: Operational techniques and activities that are used to fulfil requirements for 
quality.
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Quality improvement: Actions taken throughout the organization to increase the effectiveness 
and efficiency of activities and processes, in order to provide added benefits to both the 
organization and its customers.

Quality manager: A management representative with responsibility for the quality system, its 
implementation, and its maintenance.

Quality manual: The document in which is compiled the organization's procedures and 
documentation for quality and quality improvement programs.

Quality plan: The document setting out the specific quality practices, resources and sequence 
of activities relevant to a particular product, project or contract.

Quality policy: The overall intentions and direction of an organization with regard to quality as 
formally expressed by top management.

Quality system: The organizational structure and procedures by which an organization’s 
processes are carried out, writing down how things are done and recording the results to 
show how things were done.

Quality team: An organization’s team of management and staff responsible for developing and 
reviewing the organization’s quality systems.

Registrar: An independent, third-party body that audits organizations for
accreditation/certification and registers those qualified organizations.

Review: The broad overview of the activities relevant to the situation under study. Here, used 
in three situations: management review, contract review, and design review.

Service: The result generated by activities at the interface between the supplier and the 
customer and by supplier internal activities to meet the customer needs. Also the non
tangible result of a process or effort (e.g., testing, maintenance, repair, consulting, etc.)

Shall: This means a requirement has to be followed whenever it occurs in the manual.

Should: (may/can) These items are normally used to suggest or recommend a course of action. 
They are never used to indicate a requirement that must be followed.

Specified requirements: Product requirements prescribed by the customer and agreed to by 
the supplier. Also, requirements prescribed by the supplier that are perceived as 
satisfying a market need.

Subcontractor: Any organization from which you purchase products or services, or both. You 
normally refer to them as your vendors or your suppliers.

Supplier: In this manual, this term refers to the company or laboratory providing the product or 
service; therefore it means you.

Supply chain: A set of interrelated resources and activities that accepts inputs from suppliers, 
adds value to those inputs, and produces outputs for customers.
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Tender: An offer made by a supplier in response to an invitation to satisfy a contract award to 
provide a product or service.

Training: Processes to introduce, expand, and/or improve the knowledge and skills of 
individuals and teams in a systematic way.

Vendor: An outside provider of a product or service.
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Appendix II: Publications Issued by IEC TC 82
IEC 60891 Ed. 1.0 (1987-04)
Procedures for temperature and irradiance corrections to measured l-V 
Characteristics of crystalline silicon photovoltaic devices

IEC 60891 Amd.l Ed. 1.0 (1992-06)
Amendment No.1

IEC 60904-1 Ed. 1.0 (1987-12)
Photovoltaic devices. Part 1: Measurement of photovoltaic current-voltage 
characteristics

EC 60904-2 Ed. 1.0 (1989-05)
Photovoltaic devices. Part 2: Requirements for reference solar cells

IEC 60904-2 Amd.1 Ed. 1.0 (1998-02)
Amendment I

IEC 60904-3 Ed. 1.0 (1989-02)
Photovoltaic devices. Part 3: Measurement principles for terrestrial 
photovoltaic (PV) solar devices with reference spectral irradiance data

IEC 60904-5 Ed.. 1.0 (1993-10)
Photovoltaic devices - Part 5: Determination of the equivalent cell 
temperature (ECT)
of photovoltaic (PV) devices by the open-circuit voltage method 

IEC 60904-6 Ed. 1.0 (1994-09)
Photovoltaic devices - Part 6: Requirements for reference solar modules

IEC 60904-6 Amd.l Ed. 1.0 (1998-02)
Amendment 1

IEC 60904-7 Ed. 2.0 (1998-03)
Photovoltaic devices - Part 7: Computation of spectral! mismatch error 
introduced
in the testing of a photovoltaic device

IEC 60904-9 Ed. 2.0 (1998-02)
Photovoltaic devices - Part 8: Measurement of spectral response of a 
photovoltaic (PV) device

IEC 60904-9 Ed. 1.0 (-995-09)
Photovoltaic devices - Part 9: Solar simulator performance requirements

IEC 60904-10 Ed. 1.0 (1998-02)
Photovoltaic devices - Part 10: Methods of linearity measurement
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IEC 61173 Ed. 1.0 (1992-09)
Overvoltage protection for photovoltaic (PV) power generating systems - 
Guide

IEC 6ll94Ed. 1.0 (1992-12)
Characteristic parameters of stand-alone photovoltaic (PV) systems 
IEC 61215 Ed. 1.0 (1993-04)
Crystalline silicon terrestrial photovoltaic (PV) modules - 
Design qualification and type approval

1EC61277Ed. 1.0 (1995-03)
Terrestrial photovoltaic (PV) power generating systems - General and 
guide

IEC 61345 Ed. 1.0 (1998-02)
UV test for photovoltaic (PV) modules

IEC 61646 Ed. 1.0(1996-11)
Thin-film terrestrial photovoltaic (PV) modules - Design 
qualification and type approval

IEC 61701 Ed. 1.0 (1995-03)
Salt mist corrosion testing of photovoltaic (PV) modules 

IEC 61702 Ed 1.0 (1995-03)
Rating of direct coupled photovoltaic (PV) pumping systems 

1EC6T721 Ed. 1.0(1995-03)
Susceptibility of a photovoltaic (PV) module to accidental impact 
damage (resistance to impact test)

IEC 61724 Ed 1.0(1998-04)
Photovoltaic system performance monitoring - Guidelines for 
measurement, data exchange and analysis

IEC 61725 Ed. 1.0 (1997-05)
Analytical expression for daily solar profiles

IEC 61727 Ed. 10(1995-06)
Photovoltaic (PV) systems - Characteristics of the utility interface 

IEC 61829 Ed. 1.0 (1995-03)
Crystalline silicon photovoltaic (PV) array - On-site measurement of IV 
characteristics

IEC6l836TR2Ed. T,0~(1997-I0)
Solar photovoltaic energy systems - Terms and symbols
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IEC TC 82 Work in Progress

IEC 60904-9 Ed. 2.0
Amendment to IEC 60904-9 (1995) to take into account thin-film silicon 

IEC 61683 Ed. 1:0
Photovoltaic systems - Power conditioners -Procedure for measuring 
efficiency

IEC 61723 Ed. 1.0
Safety guidelines for grid connected photovoltaic (PV) systems mounted 
on buildings

IEC 61728 Ed. 1.0
Safety test procedures for utility grid connected photovoltaic inverters 

lEC61729Ed. 1.0
Equipment and safety specifications for direct coupled PV-pumping 
systems

IEC61730 Ed.~.0
Safety testing requirements for PV modules 

IEC 61836-2 Ed 1.0
Solar photovoltaic energy systems - Terms and symbols - Part 2 

1EC61849 Ed 1.0
Design qualification and type approval of photovoltaic (PV) modules for 
marine environments

IEC6I8S3 Ed.1.0
Power and energy rating of photovoltaic (PV) modules 

IEC 62078 Ed. 1.0
Certification and accreditation program for photovoltaic (PV) components 
and systems -Guidelines for a total quality system

1EC62093 Ed. 1.0
BOS components - Environmental reliability testing 
-Design qualification and type approval

IEC62I08 Ed 1.0
Concentrator photovoltaic (PV) receivers and modules 
Design qualification and type approval

IEC 621Q9 Ed. 1.0
Electrical safety of static inverters and charge controllers for use 
in photovoltaic (PV) power systems
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IEC 62116 Ed. 1.0
Testing procedure - Islanding prevention measures for power conditioners 
used in grid connected photovoltaic (PV) power generation systems

IEC 62124 Ed. 1.0
Photovoltaic stand-alone systems - Design qualification and type approval 

IEC/PAS62111 Ed. 1.0
Specification for the use of renewable energies in rural decentralized 
electrification

❖ PNW 82-225 Ed. 1.0
Crystalline silicon terrestrial (PV) modules - Blank detail Specification- 
Qualification approval

❖ PNW 82-226 Ed. 1.0
Thin-film terrestrial PV modules - Blank detailed specification - 
Qualification approval

PWI 82-1 Ed. 1.0
Photovoltaic electricity storage systems

PV GAP “PVRS" introduced as New Work Item

Appendix III: IEC Standards
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Possibly Useful for PV1

BATTERIES

IEC 1044 Ed. 1.0 Opportunity-charging of lead-acid traction batteries

IEC 1056-1 Ed. 1.0 Portable lead-acid cells and batteries (Valve regulated types) - 
Part 1: General requirements, functional characteristics - 
Methods of test

IEC 1056-2 Ed. 1.0 Portable lead-acid cells and batteries (Valve regulated types) - 
Part 2: Dimensions, terminals and marking

IEC 1056-3 Ed. 1.0 Portable lead-acid cells and batteries (Valve-regulated types) - 
Part 3: Safety recommendations for use in electric appliances

IEC 254-1 Ed. 3.0 Lead-acid traction batteries - Part 1: General requirements 
and methods of test

IEC 254-2 Ed. 3.0 Lead-acid traction batteries - Part 2: Dimensions of cells and 
terminals and marking of polarity on cells

IEC 896-1 (1987-01) Stationary lead-acid batteries - General requirements and 
methods of test. Part 1: Vented types.

IEC 896-1 Amd.1 Ed. 1.0 Amendment No. 1

IEC 896-1 Amd.2 Ed. 1.0 Amendment No. 2

IEC 896-1 Ed. 1.0 Stationary lead-acid batteries - General requirements and 
methods of test. Part 1: Vented types

IEC 896-1-am 1 (1988-01) Amendment No. 1

IEC 896-1-am2 (1990-12) Amendment No. 2

IEC 896-2 (1995-11) Stationary lead-acid batteries - General requirements and test 
methods - Part 2: Valve regulated types.

IEC 896-2 Ed. 1.0 Stationary lead-acid batteries - General requirements and test 
methods - Part 2: Valve regulated types

IEC 95-1 Ed. 5.0 Lead-acid starter batteries. Part 1: General requirements and 
methods of test

IEC 95-2 Amd.1 Ed. 3.0 Amendment No. 1

IEC 95-2 Amd.2 Ed. 3.0 Amendment No. 2

IEC 95-2 Ed. 3.0 Lead-acid starter batteries. Part 2: Dimensions of batteries 
and dimensions and marking of terminals

IEC 95-4 Amd.1 Ed. 1.0 Amendment No. 1

IEC 95-4 Ed. 1.0 Lead-acid starter batteries. Part 4: Dimensions of batteries for 
heavy trucks

1 PV GAP Reference Manual, Version 1.1,1998. © 
Reprinted with the permission of PV GAP
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IEC 952-1 (1988-07) Aircraft batteries. Part 1: General test requirements and 
performance levels.

IEC 952-1 Ed. 1.0 Aircraft batteries. Part 1: General test requirements and 
performance levels

IEC 952-2 (1991-03) Aircraft batteries - Part 2: Design and construction 
requirements.

IEC 952-2 Ed. 1.0 Aircraft batteries - Part 2: Design and construction 
requirements

IEC 952-3 (1993-07)

IEC 952-3 Ed. 1.0

CABLING/WIRING

Aircraft batteries - Part 3: External electrical connectors.

Aircraft batteries - Part 3: External electrical connectors

IEC 610 (1978-01) Principal aspects of functional evaluation of electrical 
insulation systems: Aging mechanisms and diagnostic 
procedures.

IEC 611 (1978-01) Guide for the preparation of test procedures for evaluating the 
thermal endurance of electrical insulation systems.

IEC 614-1 (1994-03) Conduits for electrical installations - Specification - Part 1: 
General requirements.

IEC 614-1-am1 (1995-09) Amendment No. 1

IEC 614-2-1 (1982-01) Specification for conduits for electrical installations. Part 2: 
Particular specifications for conduits. Section One: Metal 
conduits.

IEC 614-2-1-am 1 (1993-10) Amendment No. 1

IEC 614-2-5 (1992-11) Specifications for conduits for electrical installations - Part 2: 
Particular specifications for conduits - Section 5: Flexible 
conduits.

IEC 811-1-1 (1993-10) Common test methods for insulating and sheathing materials 
of electric cables - Part 1: Methods for general application - 
Section 1: Measurement of thickness and overall dimensions - 
Tests for determining the mechanical properties.

IEC 811-1-2 (1985-07) Common test methods for insulating and sheathing materials 
of electric cables - Part 1: Methods for general application - 
Section Two: Thermal aging methods.

IEC 811-1-2-am1 (1989-11) Amendment No. 1

IEC 811-1-4 (1985-07) Common test methods for insulating and sheathing materials 
of electric cables - Part 1: Methods for general application - 
Section Four: Test at low temperature.

IEC 811-1-4-am1 (1993-08) Amendment No. 1
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EC 811-4-1 (1985-10)

IEC 811 -4-1 -am 2 (1993-08) 

IEC 812 (1985-07)

IEC 998-1 (1990-05)

IEC 998-2-1 (1990-05)

IEC 998-2-2 (1991-11)

IEC 998-2-3 (1991-11)

IEC 998-2-4 (1993-05)

IEC 998-2-5 (1996-01)

CHARGE CONTROLLER

IEC 439-1 (1992-12)

IEC 439-1-am1 (1995-11) 

IEC 439-1-am2 (1996-12) 

IEC 439-2 (1987-11)

IEC 439-2-am1 (1991-09) 

IEC 439-3 (1990-12)

Common test methods for insulating and sheathing materials 
of electric cables - Part 4: Methods specific to polyethylene 
and polypropylene compounds - Section One - Resistance to 
environmental stress cracking - Wrapping test after thermal 
aging in air - M

Amendment No. 2

Analysis techniques for system reliability - Procedure for 
failure mode and effects analysis (FMEA).

Connecting devices for low voltage circuits for household and 
similar purposes. Part 1: General requirements.

Connecting devices for low voltage circuits for household and 
similar purposes. Part 2-1: Particular requirements for 
connecting devices as separate entities with screw-type 
clamping units.

Connecting devices for low-voltage circuits for household and 
similar purposes - Part 2-2: Particular requirements for 
connecting devices as separate entities with screwless-type 
clamping units.

Connecting devices for low-voltage circuits for household and 
similar purposes - Part 2-3: Particular requirements for 
connecting devices as separate entities with insulation 
piercing clamping units.

Connecting devices for low-voltage circuits for household and 
similar purposes - Part 2-4: Particular requirements for twist- 
on connecting devices.

Connecting devices for low-voltage circuits for household and 
similar purposes - Part 2-5: Particular requirements for 
connecting boxes (junction and/or tapping) for terminals or 
connecting devices.

Low-voltage switchgear and controlgear assemblies - Part 1: 
Type-tested and partially type-tested assemblies.

Amendment No. 1

Amendment No. 2

Low-voltage switchgear and controlgear assemblies. Part 2: 
Particular requirements for busbar trunking systems 
(busways).

Amendment No. 1

Low-voltage switchgear and controlgear assemblies. Part 3: 
Particular requirements for low-voltage switchgear and 
controlgear assemblies intended to be installed in places 
where unskilled persons have access for their use - 
Distribution boards.
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IEC 439-3-am1 (1993-10) 

IEC 439-4 (1990-12)

IEC 439-4-am1 (1995-12) 

IEC 439-5 (1996-03)

IEC 529 (1989-11)

DC SAFETY

IEC 1204 (1993-02)

INVERTER

IEC 146-1-1 (1991-04)

IEC 146-1-1-am 1 (1996-07) 

IEC 146-1-2 (1991-04)

IEC 146-1-3 (1991-04)

LAMPS

IEC 400 (1996-06)

IEC 400-am1 (1997-04)

IEC 598-1 (1996-12)

IEC 598-2-1 (1979-01)

IEC 598-2-1-am 1 (1987-01) 

IEC 598-2-23 (1996-04)

IEC 598-2-3 (1993-04)

IEC 598-2-3-am1 (1997-04) 

IEC 598-2-4 (1997-04)

IEC 598-2-5 (1979-01)

Amendment No. 1

Low-voltage switchgear and controlgear assemblies. Part 4: 
Particular requirements for assemblies for construction sites 
(ACS).

Amendment No. 1

Low-voltage switchgear and controlgear assemblies - Part 5: 
Particular requirements for assemblies intended to be installed 
outdoors in public places - Cable distribution cabinets (CDCs) 
for power distribution in networks.

Degrees of protection provided by enclosures (IP Code). 
Applies to the classification of degrees of protection provided 
by enclosures for electrical equipment with a rated voltage not 
exceeding 72,5 kV. Has the status of a basic safety 
publication.

Low-voltage power supply devices, d.c. output - Performance 
characteristics and safety requirements.

General requirements and line commutated convertors - Part 
1 -1: Specifications of basic requirements.

Amendment No. 1 to IEC 146-1-1.

General requirements and line commutated convertors - Part 
1 -2: Application guide.

General requirements and line commutated convertors - Part 
1 -3: Transformers and reactors.

Lampholders for tubular fluorescent lamps and starterholders. 

Amendment No. 1

Luminaires - Part 1: General requirements and tests

Luminaires. Part 2: Particular requirements. Section One: 
Fixed general purpose luminaires.

Amendment No. 1

Luminaires - Part 2: Particular requirements - Section 23: 
Extra low voltage lighting systems for filament lamps.

Luminaires - Part 2: Particular requirements - Section 3: 
Luminaires for road and street lighting.

Amendment No. 1

Luminaires - Part 2: Particular requirements - Section 4: 
Portable general purpose luminaires

Luminaires. Part 2: Particular requirements. Section Five: 
Floodlights.
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IEC 598-2-5-am1 (1987-01) Amendment No. 1

IEC 598-2-5-am2 (1993-04) Amendment No. 2

IEC 598-2-7 (1982-01) Luminaires. Part 2: Particular requirements. Section Seven: 
Portable luminaires for garden use.

IEC 598-2-7-am1 (1987-01) Amendment No. 1

IEC 598-2-7-am2 (1994-08) Amendment No. 2

IEC 598-2-8 (1996-07) Luminaires- Part 2: Particular requirements - Section 8: 
Handlamps.

IEC 81 (1984-01) Tubular fluorescent lamps for general lighting service.

IEC 81-am1 (1987-01) Amendment No. 1

IEC 81-am2 (1988-01) Amendment No. 2

IEC 81-am3 (1992-07) Amendment No. 3

IEC 81-am4 (1993-09) Amendment No. 4

IEC 81-am5 (1994-12) Amendment No. 5

IEC 810 (1993-10) Lamps for road vehicles - Performance requirements.

IEC 810-am1 (1994-07) Amendment No. 1

IEC 924 (1990-07) D.C. supplied electronic ballasts for tubular fluorescent lamps 
- General and safety requirements.

IEC 924-am1 (1993-03) Amendment No. 1

IEC 925 (1989-06) D.C. supplied electronic ballasts for tubular fluorescent lamps 
- Performance requirements.

IEC 925-am1 (1996-05) Amendment No.1

IEC 95-1 Amd.1 Ed. 5.0 Amendment No. 1

IEC 95-1 Amd.2 Ed. 5.0 Amendment No. 2

IEC 1162-1 (1995- 11) Maritime navigation and radio communication equipment and 
systems - Digital interfaces - Part 1: Single talker and multiple 
listeners. Contains the requirements for data communication 
between maritime electronic instruments, navigation and radio 
communication.

Appendix IV: PV GAP Recommended Standards*
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PVRS 1 (Version 1.1)

Photovoltaic Stand-alone Systems 
Design Qualification and Type Approval

PVRS 2

Crystalline silicon terrestrial photovoltaic (PV) modules. Blank detail Specification 
Qualification Approval under the IEC Quality Assessment System for Electronic 
Components (IECQ)

PVRS 3

Thin-fiim terrestrial photovoltaic (PV) modules. Blank detail Specification - 
Qualification Approval under the IEC Quality Assessment System for Electronic 
Components (IECQ)

* As of July 25,1999
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Appendix V: Example of a Certifiable Standard
Table 1 —Test schedule for quality conformance inspection

(Part 1)

Subclause number and Test 
of IEC 61215

Destructive 
or non

destructive

Conditions of test Performance requirements

GROUP A INSPECTION 
(100%)

Subgroup A1 ND

10.1 Visual inspection As in 10.1 of IEC 61215

4 Marking

— Dimensions
(gauging)

Check that marking is 
present

Clear and indelible.

See the outline drawing in 
item (7) of the cover page of 
this specification and any 
related tables.

Subgroup A2 ND

10.2 Performance at STC See 2.1 and the 
manufacturer’s data sheet 
with the calibration reference

10.3 Insulation test As in 10.3 of IEC 61215

GROUP B INSPECTION 
(100%), covering additional 
important characteristics

none
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Table 1 —Test schedule for quality conformance inspection
(Part 2)

Subclause number and Test 0 Conditions of test Sample size and Performance
(see Note 1) or acceptance criterion requirements
of IEC 61215 ND (see Note 1)

P n c
GROUP C INSPECTION
(periodic)

Subgroup C1 24 1 0 or change in product 
see 2.1

10.4 Measurement of ND See 2.1
temperature coefficients

10.5 Measurement of NOCT ND See 2.1
10.6 Performance at NOCT ND See 2.1, first five 

items
10.7 Performance at low ND See manufacturer's

irradiance data sheet
10.8 Outdoor exposure ND After, repeat tests

10.1, 10.2,10.3 of IEC 
61215

10.9 Hot-spot endurance D

GROUP C INSPECTION
(periodic)

Subgroup C2 D 12 2 0

10.10 UV test IEC 61345 See clause 7 of IEC 
61345

10.11 Thermal cycling 50 cycles After, repeat See 10.1, 10.2, 10.3
tests 10.1,10.2,10.3 of IEC 61215

10.12 Humidity freeze

of IEC 61215

See 10.1,10.2,10.3 
of IEC 61215

10.14 Robustness of 1 0 See 10.14.5 of
terminations IEC 61215

10.15 Twist 1 n See 10.15.4 ofu IEC 61215
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Table 1 —Test schedule for quality conformance inspection
(Part 3)

Subclause number and Test 
(see Note 1) 
of IEC 61215

D or 
ND

Conditions of test Sam
accept

(s
e

pie size 
Lance cr 
ee Note

n

and
iterion
1)

c

Performance
requirements

Subgroup C3

10.11 Thermal cycling

D

200 cycles

12 2 0

See 10.11.5 of IEC 
61215

Subgroup C4
10.13 Damp heat

10.16 Mechanical load

D
1 OOOh

12 2

1

0

0

See 10.13.4

See 10.16.4

NOTE 1 - In this table: p = periodicity (in months)

n = sample size

c = acceptance criterion (permitted number or non-conforming items)
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Modifications
(Part 1)

Modifications likely to affect Qualification Approval

For the modifications listed below, the Qualification Approval tests in IEC 61215 shall be repeated as 
indicated :

a) Modification to thin-fiim layers

For modifications such as

— metallization materials and/or process,
— anti-reflective coating,
— diffusion process,
— order of cell process, and
— change of manufacturing site of the thin-film layers 

repeat

— thermal cycling, 200 cycles (10.11),
— humidity freeze (10.12),
— damp heat (10.13),
— outdoor exposure (10.8), and
— hot spot endurance (10.9).

b) Modification to encapsulation system

For modifications such as

— different materials,
— different additives,
— different primer or method of priming, and
— modification of encapsulation process (that is, different time, temperature, pressure, etc.) 

repeat

— thermal cycling, 200 cycles (10.11),
— UV (10.10, IEC 61345) / thermal cycling, 50 cycles (10.11) / humidity freeze sequence (10.12),
— insulation test (10.3), and
— outdoor exposure (10.8).
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Modifications
(Part 2)

c) Modification to superstrata

For modifications such as

— different material,
— different thickness,
— different additives, and
— different preparation process,

repeat

— UV (10.10, IEC 61345) / thermal cycling, 50 cycles (10.11) / humidity freeze (10.12) sequence,
— twist test (10.15),
— mechanical load test (10.16),
— insulation test (10.3),
— hail test (10.17), and
— damp heat (10.13) (if non-glass)

d) Modification to backsheet/substrate 

For modifications such as

— different thickness,
— different additives, and
— different preparation process,

repeat

— UV (10.10, IEC 61345) / thermal cycling, 50 cycles (10.11) / humidity freeze (10.12) sequence,
— robustness of terminations (10.14),
— damp heat (10.13) (if non-glass).

If there is a change from superstrata to substrate design or from substrate to superstate design, the 
entire qualification test sequence in IEC 61215 shall be conducted.
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Modifications
(Part 3)

e) Modification to frame and/or mounting structure 

For modifications such as

— cross section of frame
— different framing material, and
— elimination of frame altogether,

repeat

— mechanical load test (10.16),
— outdoor exposure (10.18) if plastic material is used,
— UV (10.10, IEC 61345) / thermal cycling (10.11), 50 cycles / humidity freeze (10.12) sequence, if 

plastic material is used, and
— hail test (10.17), unless tempered glass is used as superstrata.

f) Modification to junction box/electrical termination

For modifications such as

— different material,
— different design, and
— different method of attachment

repeat

robustness of terminations (10.14), 
thermal cycling, 200 cycles (10.11), and 
insulation test (10.3).

g) Lower or higher efficiency cells in identical package and identical cell process 

Repeat

— hot-spot endurance (10.9),
— thermal cycle, 200 cycles (10.11), and
— damp heat (10.13).
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Modifications
(Part 4)

Modifications that do not require re-testing

Provided that all structural components, materials used and processes (including cell process) remain the 
same, the following modifications shall not require re-testing:

— fewer cells in module;
— smaller cells in module, as long as each cell has the same number or area of interconnects and 

equivalent numbers of solder bonds per unit area.
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Marking

Marking of the PV module shall be in accordance with clause 4 of IEC 61215. The detail specification may 
also require that, in addition, the following be marked:

— maximum power (W);

— maximum power current (A);

— open-circuit voltage (V);

— short-circuit current (A);

— NOCT (°C).

Marking of the package may also be required, for example

— manufacturer’s name, logo or trade mark;

— model/type number;

— serial number.
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Appendix VII: Pilot Training Schedule

MONDAY TUESDAY WEDNESDAY

9:00 a.m. 1-1 Introduction
Review of Objectives and 
Agenda;

Homework Review Homework Review

9:30 a.m. Introduction of Participants 
Identification of Participant 
Expectations

Group Interaction Group Interaction

10:00 a.m. Break Break Break

10:15 a.m. l-2-Elements of a Quality 11-1-Quality in Manufacturing 111-1-Process Control (4.9)
System (Q&A) Procedures & Planning 

(ISO 4.2)
Inspection & Testing (4.10) 
Control of Insp. & Test Equip 
(4.11,4.12)

11:15 a.m. l-3-Global Approval ll-2-Contract Review Process lll-2-Non-conforming Produ*
Program for PV (PV GAP) and Design Control 

(4.3, 4.4)
(4.13), Corrective Action(4.1 
Training (4.18)

12:30 p.m. LUNCH LUNCH LUNCH

1:30 p.m. l-4-The evolution and merits ll-3-Document and Data III-3- Handling, Storage,
of the ISO Standards Control (4.5) and Control of 

Quality Records (4.16)
Packaging, Preservation anc 
Delivery (4.15)

2:30 p.m. I-5-ISO Standards for ll-4-Case Study #1: Contract Servicing (4.19)
Quality in Manufacturing Control lll-4-Case Study #2: Module
and ISO levels 9001,9002, 
9003

Participant Interaction Process Control
Participant Interaction

3:45 p.m. Break Break Break

4:00 p.m. l-6-The Fundamentals of 
Quality Management (ISO 
4-1)

II-5- Purchasing (4.6) Customer 
supplied Product (4.7 ),&
Product ID and Trackiing(4.8)

III-5 Statistical Data(4.20)

5:00 p.m. Daily Recap Daily Recap Daily Recap
Homework Assignment and Homework Assignment and Homework Assignment and
Survey/Evaluation Survey/Evaluation Survey/Evaluation

5:30 p.m. End of Session End of Session End of Session
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THURSDAY FRIDAY

9:00 a.m.

9:30 a.m.

10:00 a.m. 

10:15 a.m.

11:15 a.m.

12:30 p.m. 

1:30 p.m.

2:30 p.m.

3:45 p.m. 

4:00 p.m.

5:00 p.m. 

5:30 p.m.

Homework Review

IV-1 Existing Standards 
Case Study #3: PV Standards

Break

IV-2-When There Are No 
Standards
Certifiable Standards 

Group Interaction on Standards

LUNCH

lV-3-lntermediate Tests & Final 
Product Test

IV-4-Case Study #4: Charge 
Controller Conundrum 
Participant Interaction

Break

IV-5-Testing Labs 
(Q & A)

Daily Recap 
Survey/Evaluation

End of Session

V-1- Quality Audits (Q & A) (4.17)

V-2-The Steps to ISO Qualification

Break

V-3-IECQ/PV GAP Approval 
Process

LUNCH

V-4-PV GAP Mark & Seal 
(Q & A)

V-5-The Costs and Benefits of 
Quality
Unresolved Problems

Break

Group Discussion and Final 
Evaluation of Training Course

Summary and 
Final Remarks 
Refreshments
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