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FOREWORD 

This second volume of a two-part report oii the International Photovoltaic Program Plan 
(SERI Task No. 5224) c o ~ t c i n s  appendices summarizing the results of analyses conducted 
in preparation of the plan. These analyses include c-mpilations of relevant statutes and 
existing Federal programs; strategies designed to  expand the  use of photovoltsics abroad; 
information on the domestic photovoltaic plan and its impact on the proposed interna- 
tional plan; perspectives on foreign competition; industry views on the  international pho- 
tovoltaic market and ideas ahout how U.S. government actions could affect  this m a ~ k e t ;  
international finenzing issues; and information on issues affecting foreign policy and de- 
veloping countries. 

The Solar Energy Research Institute (SERI), with support from the Jet Propulsion Labora- 
tory (JPL), worked with several agencies to  compile relevant statutory and program poli- 
cy information (Appendix A). Drawing on this work and on other sources, the project 
team created a list of possible actions the  Federal government could take t o  carry out 
the plan (Appendix B). SERI prepared an introduction to photovoltaic technology (Appen- 
dix C), and Tom Jaras, Science Applications, prepared a perspective on foreign competi- 
tion in the photovoltaic~ market (Appendix D). SERI staff also compiled a section on 
industry perspectives (Appendix E). Under contract t o  JPL, an Illinois Institute of Tech- 
nology Research Institute (IITRI) panel provided information on export techniques suc- 
cessful in similar situations (Appendix F). John Day and Robin Sacks, of Strategies 
Unlimited, provided a summary of their findings on international financial issues and in- 
stitutions (Appendix G). Finally, JPL and the Massachusetts Institute of Technology 
(MIT) Energy Laboratory contributed papers on transnational issues and photovoltaic pro- 
grams for developing countries. 
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APPENDIX A 

RELEVANT LBGISLATION AND PROGRAMS 

A1 INTRODUCTION 

The Solar Energy Research, Development, and Dec31:stration Act of 1978 (PL 95-590) 
requires the Secretary of the U.S. Department c'; Energy (DOE), in consultation with the 
Secretary of State, the Administrator of the Agency for International Development 
(AID), the Director of AC'FION, The Director of the ExportlImport Bank, and other ap- 
propriate Federal officials to produce an international photovoltaic program plan. The 
legislation further requires that the plan be compatible, to the maximum extent possible, 
with other government agencies1 activities, pi-ograms? and legislation. 

To carry out this provision of the Act, representatives of DOE and other agency repre- 
sentatives, under the auspices of the International Solar Commercialization Working 
Group (ISCWG), met to discuss reconmendations for implementation of the plan. 
Table A-1 identifies the agencies ar?d the individuals interviewed. In addition, the pro- 
ject team rnet with representatives of each agency to gather material on their activities, 
programs, and legislation. A working paper for each agency was prepared fltorn the col- 
lected data and sent to each agency for rsiteration and diricussion. 

This material, where applicable, is contained in the plan. For example, the principal phw 
tovoltaic projects far the Agency for International Development are listed in Section 1.0 
of the plan. There are, however, legislation, activities, programs, and organizational 
characteristics of many of the agencies that are not detailed in the main program plan. 
Sw. A.2 of the appendix will review these characteristics, by agency. 

A.2 AGENCY ORGANIZATION, LEGISLATION, AND ACTIYITIES RELEVANT TQ 
PHOTOVOLTAICS 

A.2.l Agency For International Development 

The Agency for International Development, (AID), an agency within the U.S. Department 
of State, is charged with central direction and responsibility for the U.S foreign econom- 
ic assistance program. 

AID was authorized under the Foreign Assistance Act of 1961 (75 Stat. 424; 22 U.S.C. 
2381) and actuaily established by Executive Order 10973 (Nov. 3, 1961) and State De- 
partment Delegation of Authority No. 104 (Nov. 3, 1961; 26 FR 10603). In 1973 and 1975, 
Congressional legislation required that AID place its major emphasis on benefiting the 
poorest of the poor. 

The general mission of the Agency for International Development is to llcarry out assist- 
ance programs designed to help the people of certain less developed countries develop 
their human and economic resources, increase productive capacities, md improve the 
quality of human life as well as to promote economic or political stability in friendly 
countries." 

Both the general mission of AID and the 1973 and 1975 legislation place constraints on 
how AID cm participate in carrying out the objective of the International Photovoltaic 
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Table A.1. AGENCIES AND INDIVIDUALS PARTICIPATING IN PROGRAM PLAN 

Individuals Interviewed Agency 

Agency for International Development Jerome Bosken, William Anderson, 
John Rtumgart, Norman Erown, 
Roger Moeller, Thomas OfKeefe, 
Edgar Pike, Emmy Simmons 

U.S. Department of Commerce 

U.S. Department of Defense 

Nills hssett, Larry Cszart 

Williclm Sharky, Dam Fain, 
Ed Dyckman 

Export/Import Bank of the United States John Bierman, 
Frank Wilson 

Dennis Drabelle, Michael Straight Federal Trade Com mission 

Institute for Scientific and 
Technological Cooporation 

Yrincton Lyman, 
William Jones 

U.S. Department of Justice Glenn Stover 

National Aeronautics and 
Space Administration 

John Loria, 
Larry Scudder 

Office of the Special Representative 
for Trade Negotiations 

Steve Pi.per 

Overseas Private Investrr~ent Corporation Robert Jordan 

Peace Corps Francis Luzzatto 

Small Business Administration Tony Robinson 

U.S. Department of State Marty Prochnik 

U.S. Department of the Treasury Ted Rosen 



Plan. Despite these constraints, there are important, If not crucial, roles AID can play. 
For example, AID now conduct. photovoltaic demonstrations and will probably continue 
to do so in the future. In condilcting these demonstrations, AID could assess their tech- 
nical, economic, and political characteristics. This information, in turn, has important 
ramifications for user requirements and specifications, new applications, research design, 
and ultimately, future DOE photovoltaic development programs. Further, AID sponsored 
resemch and testing of a photovoltaic powered system with NASA-Lewis. 

At.l.1 organhatiah of the Agc;xy for Intamutiaral Development 

AID is headed by an Administrator who reports to the Secretary of State 8qd to the 
President. The Agency is divided into two clusters of bureaus, geographic and function- 
aL The gqraphic bureaus include Africa, Asia, Latin Am* ?a and the Caribbean, and 
the Near East. The functional or problem-oriented bureau, include Development Sup- 
port, Program and Policy Coordination, Intragovernmental and International Affairs, Pri- 
vate and Development Cooperation, and Program and Management Services. 

L2.1.2 Energy-Related Organizatiars 

Within the Bureau for Development Support is R relatively new office, the Office of 
Energy. In addition to this office, each of the four geographic bureaus has a staff mem- 
ber designated as an advisor or coordinator for energy programs. 

About 65 country missions have primary responsibility for generation and implementation 
of assistance programs and projects. The five nongeographic bureaus havs limited re- 
sponsibility and funding for program implementation. They operate primarily in policy 
formulation, budgetary allocation, funding basic research, and providing technical exper- 
tise for the country missions. On occasion, however, one of these bureaus-especially 
Development Support-may initiate projects. The durrent planning of a coordinated ap- 
plications program to be conducted with NASA-Lewis by the AID Office of Energy is an 
example of central bureau programming. 

A.2.2 US.  Department of Commerce 

The U.S. Department of Commerce (DOC) encourages, serves, and promotes the nation's 
economic development and technological advancement. 

DOC was designated as such by the Act of March 4, 1913, which reorganized the De- 
partment of Commerce and the Department s f  Labor into new, separate entities. The 
Act of February 14, 1903 (15 U.S.C. 1512 et seq,; 15 U.S.C. 171 et seq.) as amended, to 
foster, promote, and develop the foreign and domestic commerce of the United States; 
the Mutual Education and Cultural Exchange Act of 1961 (PS 87-256); and the Trade 
Promotion Authorization Act constitute DOC legislation. DOC comprises the Secretary 
and the operating units. 

Figure A-1 gives a possible schema for DOC participation in the international photovol- 
taic plan. The information was furnished to the study team by DOC but does not repre- 
sent an official endorsement. This schema did, however, furnish many ideas for plan 
actions. It also portrays DOC'S special strengths. The ideas found in the schema are 
found throughout the plan. 
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1Lt.t.l Departmart of Commerce Admin&tratiar and WPeam 

DOC administration and bureaus that would partmcipate in the phn ere listed below, .with 
a brief description of each one's responsioilities. 

The and Rde Adminicrhatian promotes growth of U.S. Foreign and domes- 
tic i x  and commw6e; foreign and domestic; stimulates the expansion of U.S. 
exports; i d  prepares and executk plans for industrial-mobilization readinesr through 
governn~ent. and business cooperation. 

%'he Wasru of Development (BW4 helps develop sales of U.S. businesg goods in 
the int ernat i o n a l z k e t  by providing corrmercial, economic, and marketing infor mation 
on export prospects, methods for marketing goods, and information on prospective cus- 
tomers. 

This bureau conducts c-xport-development activities tc increase national swcll rness of 
export opporirunit~es; improves government business cooperation: and assists U.S. firms 
on specific major export projects. It manages export-promotion and export-expansion 
facilities, such as trade fairs and trade centers. In addition, it stimulates nonexporting 
U.S. businesses t t  participate in overseas xarkeb, and it enlarges sales for present ex- 
porters. The bureau also coordinates the ,a.dLi\rities of the President's Export Council. 

The Wrau of Field ?perations (BPO),. DOC maintains 43 District Offices, which bring 
the Department's serzvxces to the doorsteps of the nation's business community. Experi- 
enced trade specialists help U.S. cotnpanies penetrate foreign markets an6 expand do- 
rnestic business as wet. District Offices maintain an extensive business reference 
library containing periodicals, directories, publications, and reprts from official as well 
as private sources. Most District Offices act as official sales agents of the Superintend- 
ent of Documents and stock Commerce a d  selected official government publicatiorls 
relating to business. 

The Wneur of Domestic Bmhetm Developmeat BDBD) provides business assistance and 
advice to the nation's business communi~y. It collects, analyzes, and maintains factual 
data on U.S. industries, including domestic and internatimd data in categories such as 
production pricing, inventoriel*, marketing, labor, financing, taxation, and location and 
size of companies. The BDBD provides a working forum for business and federal govern- 
ment on domestic-business issues. BDBD provides R focal po i~ t  for receiving and han- 
dling complaints, suggestions, inquiries, and information on federal programs of interest 
to the business community, and it is responsible for consumer-affairs activities. 

n# meau of East-West Trade ( B X m  coordinates policies on trade promotion and other 
commercial relations with Socialist nations; performs economic analyses of problems pe- 
culiar to East-West trade; studies market potential for U.S. trade with Swisllist naticns; 
and provides analytic support for development of trade policy and the conduct of trade 
egotiations. BEWT manages expwt administration and related responsibilities under the & ort Administration Acl. and the Fqual Export Opportunity Act. The Bureau rnlso pro- 

vidcs executive secretariat services to U.Y. joint com mercial commissions with Socialist 
nations. 



The Burmu of Trede Begulntion manages export administration and related activities 
under the Export Administration Act of 1969, as amended, incluaing advice and assist- 
ance on regulating elrgorts of U.S. goods and technology for purposes of national security, 
foreign policy, and short supply; developing and coordinating poliziee and measures eon- 
cerning foreign bo'ycotts agaimt countries friendly to the United States; and conducting 
hearings with respect to administrative complinnce and a b e d  proceedings. 

This bureau performs national defense and industrial mobilization functions, provides 
secretariat and sdministrative sr~pport services to the Foreign-Trade Zone B w d ,  and 
acts as assistant in several other programs. 

The m u  of Intenmtiaral B e a ~ ~ l r i c  Policy and Research (BIEPB) is responsible for co- - 
ordinetine activities involving the research, analysis, and formulation of international 
economic and commercial pxbgmms and policies relating to trade, finance, and invsst- 
ment as well as those of a bilateral, multilateral, or regimal nature. 

The bureau initiates and reviews research studies on developments affecting U.S. foreign 
trade and co~nmercial interests abroad; provides the U.S. business community with statis- 
tical analytical, and economic information on foreign trade; and develops and implements 
the Department's position on trade and investment relations with individual countries and 
regional economic groupings. The Bureau represeqts the Department in international 
trade and relsted negotiations; and manages consultations with U.S. industry in support 
of multilateral trade negotiations. It develops and coordinates policy formulation and 
carries out the Department's interagency policy role. 

The above-described Administration and bureaus within DOC would participate in the 
program within the bureaus' guidelines. Coordination and administration of DOC'S parti- 
cipation be headed by the Industry and Trade Administration. 

A.2.2.2 Department of Commetee Services 

The following is a descri tion of the various services available through DOC and those 
that will be useful in DOC program participation. 

Global Marketha Rogram. As part of this program, DOC provides periodic reports 
based on research studies in overseas markets with high growth potential. These reports. - - 
called Global Market Surveys (GMS), provide facts to help comptkies plan export market: 
ing strategy. They highlight opportunities to promote U.S. produets through Commerce- 
sponsored trade events. 

U S  made Catem, These are facilities for display, promotion, and sale of products. 
Trade centers are overseas commercial showrooms established in major marketing - 
centers with potential for sales of U.S. products. 

DOC and the U.Y. Foreign Service, 7J.S. Department of State, operate a network of Trade 
Centers and East-West Trade Development Facilities, including a number in strategically 
located developing markets. Centers are located in Mexico City, Sao Paulo, T~jk~o, and 
Taipei. The U.S. Commercial Office in Moscow and the Trade Development Center in 
Warsaw assist U.S. firms in several ways in doing business in nonmarket economies. 



US. Intematiaral Marketing Centera U.S. firms go where the customers traditionally 
gather-the recomized com mercial feirs. Working out of the smaller International Mar- 
ieting Centers (kc), the staffs can stage U.S. ~avilions at international fairs in a num- 
ber of countries in their respective geographic region% In addition, small, specialized 
eicl~ibitions can be accommodated at these per aanen t IMC facilities. Marketing centers 
are located in London, Milan, Paris, Singapore, and Sydney. 

Internatimd Wade Fairs are a meens of showing, demonstrating, and selling the pro- 
duct. More than 800 general and specialized international trade fairs are held eacn year. 

Because the cost of exhibiting overseas on an individursJ basis usually prohibits Phis type 
of promotion by many firms, DOC sponsors an official U.S. participation in selected ma- 
jor internattonal exhibitions. In areas where there are no suitable trade fairs, Commerce 
sponsors spt:cial solo exhibitions of Arnerican products. Exhibitions are scheduled only 
when in-depth research reveals excellent sales potentiai for products to be displayed. 

A market promotion campaign is conducted prior to each exhibition by the trade center 
or international marketing center staff and the Embassy/Commercisl section. The effort 
includes identification of 911. prospective customers, agents, and distributors in the mar- 
keting area, publicity in the selected media, and individual sales calk on the most prom- 
ising sales prospects on b2half cd each exhibitor. 

The Fore' em1 Propami is designed to encourage the maximum number of interna- 
tional buyzs?visiil-ihe Unlted States, and it will assist them in the purchase of U.S. 
goods and services while here. The State Department, through its diplomatic and consul- 
ar posts and the overseas International Communications Agency, promote the program, 
which is divided into three parts: 

1. Specialized Foreign Buyers1 Group. Specid buying groups visit the United 
States with itineraries developed to match business interests of various groups' 
members. Itineraries include prearranged plant visits and business appointments 
with selected suppliers. 

2. U.S. Trade Shows. These shows must meet certain criteria; primarily, the pro- 
ducts and services shown must have high sales potential in a large number of 
foreign markets. A DOC official welcomes visitors and arrtinges business dis- 
cussions with U.S. exhibitors who are seeking international trade. 

3. Individual Foreign Buyers1 Program. This provain assists foreign business exe- 
cutives visiting the United States by findini; p3:oducts or services of interest. 
Through Cornmerace district offices, trede associations and other cooperating 
agencies, 1J.S. suppliers are identified to match the business interests of poten- 
tial foreign buyers. DOC assigns a Washington Project Officer as a contact for 
foreign business executives. 

~ ~ b p r t o r  Service (ADS). ADS is used to locate foreign import agents and distri- 
butors. The essence of this service is the determination of a firm's interest in a specific 
export proposal and willingnem to correspond with the U.S. requester. U.S. ~orrc ib  Ser- 
vice posts supgly informatim on 1-6 qualified representatives. The data consist of the 
names and addresses of foreign firms; names and titles of persons to contact; telephone 



numbers; cable addresses and telex numbers; and brief comments about the firms or their 
stated interest in the propal(s). 

Maja Projects Program. This program is designed to help U.S. firms win contracts for 
planning, engineering, and constructing hrge foreign infrastructures and industrial sys- 
tems projects, including equipment and turnkey installations. Assistance is provided by 
sn American Embassy, a prospective foreign client, or a U.S. firm, when requested either 
to encoupage U.S. companies to bid on a particular project or to he!@ strrh companies pur- 
sue overseas contracts. 

Speed and flexibility itr developing a strategy for a c h  case are essential elements of the 
assistance giver! to U.S. firms. As circumstances warrant, the Major Projects Division of 
the Off ice of Export Marketing Assistance mobilizes and coordinates appropriate support 
from other U.S. Government agencies, including foreign service posts abroad. 

Tmde mumit ies  mrn (TOP). Overseas trade opportunities: both private and gov- 
ernment, are transmitted to the TOP computer through various Artlerican embassies and 
consulates. The U.S. business firms that subscribe to TOP indicate the product or pro- 
ducts they wish to export; the type of opportunities desired (direct sales or representa- 
tion); and countries of interest. The TOP computer matches the foreign buyers1 product 
interests wi'th the subscriberst interests. When a match occurs, a trade-opportunity notice 
is mailed to the subscriber. 

Additional information, as well as subscription costs for the TOP Notice Service and the 
TOP Bulletin, can be obt~inined from Commerce district offices or the Trade Opportuni- 
ties Program, Office of Export Marketing Assistance, Industry and Trade Administration, 
and DOC. 

East.-West Rade lbimmce - . ITAfs Bureau of East-West Trade promotes and assists de- 
vslopment of trade,between the United States and Socialist countries, including the 
USSR, countries in Eastern Europe, and the People's Republic of China. It helps U.S. 
businesses explore Socialist markets; it offers information, advice, and assistance on va- 
rious aspects of East-West Trade. It provides advice on business practices and assists 
with market dsvelopm ent, marketing problems, and specific transactions. The bureau 
hdps U.S. firms participate in trade fairs, exhibitions, and technical seminars to acquaint 
Socia!iat country officials with U.S. products. 

Through its Trade Development Center in Warsaw and its U.S. Commercial Office in 
Mscow, the bureau provides many services, including market conditions, trade relations, 
and business opportunities. It assists in contacting appropriate purchasers and W C ~ E  and 
helps find facilities for meetings, seminars, and 'temporary office space, 

Pn addition, the bureau analyzes economic developments in Socialist cc untries to assess 
their market potential for U.S. products, and it provides specialized country-by-country 
assistance in interpreting the effects of current and plamed economlc developments in 
U.S. effo~ts to a>.xpand East-West trade. It also interprets and disseminates trade statis- 
tics m centrally planned economies and p~ovides staff support and representation to the 
Joint Commercial Commissic;ro established with the USSR, Poland, and Romania. 

For information, the Deputy Assistant Sec~etary for East-West Trade, Department of 
Commerce, may be contacted. 
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Commerce Action G- i!or the Near &st (CAGNB). The purpose of CAGNE is to as- 
semble, analyze, and disseminate information for the U.S. business community on econo- - - 
mic &ditions and new opportunities in Algeria, Bahrain, Egypt, Iran, Iraq, Israel, 
Jordan, Kuwait, Lebanon, Libya, Morocco, Oman, People's Democratic Republic of 
Yemen, Qatar, Saudi Arabia, Syria, Tunisia, United Arab Emirates, and Yemen Arab Re- 
public. 

In addition to preparing marketing guides and surveys on individual countries, CAGNE 
plans and implements a trade-promotion program consisting of various types of events 
which, in most cases, provide personal contact between U.S. exporters and the Near 
East/North African customers. CAGNE helps U.S. companies gain a bigger share of ma-- 
jor development, engineering, and construction projects by providing direct assistance 
from the first announcement of a project that is still in the planning stage to the actual 
contract award. 

CAGNE serves as the focal point for Commerce participation in the joint commissions 
that have been formed with Egypt, Iran, Israel, Jordan, Saudi Arabia, and Tunisia. The 
commission mechanism enables CAGNE to bring U.S. technology and business expertise 
to tear on the economic development problems of various countries. 

Information is available through DOC District Offices or the Commerce Action Group 
for the Near Fast, Industry Trade Administration. 

Couu&ng Service. Personal counseling for exporters is available at DOC in 
Washington, B.C., or at  any of DOC'S 43 district offices. The Business Counseling Sec- 
tion of the Export Awareness Division offers guidance, in-depth counseling on the energy 
phase of international trade, and scheduling of appointments with appropriate officials 
within the Industry and Trade Administration, as well as with officials in other agencies. 
A wide range of information on major foreign projects under consideration by interna- 
tional financial institutions- .World Bank Group, Inter-American Development Bank, 
Asian Development Bank, and the United Nations Development Programme-is available 
in the Business Counseling Section of the DOC building in Washington, D.C. 

DOC'S district offices also provide business counseling services; identify foreign markets 
for products or services; and suggest possible agents or distributors, sources of credit in- 
formation, financing, insurance, and other special export assistance. 

District Brport Councils. In addition to the services offered by its district offices, DOC 
can furnish direct contact with business people experienced in all phases of export trade 
through its District Export Councils. Every city that has a district office has a District 
Export Council. 

These councils assis': in many workshops, seminars, and clinics on exporting that are a- 
ranged by the district offices in cooperation with chambers of commerce, trade associ- 
ations, banks, trade schools, colleges, and the Small Business Administration. The 
@ouncils d= qay arrange for private consultation between experienced and prospective 
exporters. 

Comprising approximately 1,000 business and trade experts who serve without compen- 
sation, the counciis can help Americans break into the export field. District Office di- 
rectors can provide details of this program. 



Otkw Aids and Mees. Other U.S. Government and private-source aids and services - 
available are: Bureau of Census monthly, Foreign ~ r a d e  Report, 
Commoditv bv Countrv. The Industrv and Trade Administration - - - - - - - - - - - - - - - 

hmomic hicators, ~ a r k e t  Share ~ g ~ o r t s ,  and Index to Foreign 
available is the International Marketing Information Series. 

U.S. Exports - 
!s International 
Reports. Also 

The U.S. Department of Defense (DOD) is the successor agency to the National Military 
Establishment created by the National Security Act of 1947 (61 Stat. 495). It was estab- 
lished as an executive department of the Government by the National Security Act 
Amendments of 1949 with the Secretary of Defense as its head (63 Stat. 578, 5 U.S.C. 
101). Major amendments have been made to the act by Reorganization Plan 6 of 1953, 
effective June 30, 1953, and the Department of Defense Reorganization Act of 1958 (67 
Stat. 638, 72 Stat. 514). The Act of October 21, 1977 (91 Stat. 1172), provided for the 
establishment of the two new positions of Under Secretary of Defense for Policy and 
Under Secretary of Defense for Research and Engineering. 

DOD includes the Office of the Secretary of Defense and the Organization of the Joint 
Chiefs of Staff, the military departments and services within those departments, the uni- 
fied and specified commands, pad such other agencies as the Mdretary of Defense estab 
lishes to meet specific requirements. 

DOD has implemented an energy management program to achieve national energy goals 
and objectives rne~bated by Congress and the President to achieve greater energy self- 
sufficiency, ?educe energy costs, and ensure operational readiness of the strategic and 
tactical fcrces. The Assistant Secretary of Defense for Manpower, Reserve Affairs, and 
Logistics (ASD(P~RA&L)) is the principal DOD energy official. The Deputy Assistant 
Secretary of Defense for Energy, Environment and Safety (DASD(EES)), reports to the 
ASrJ(MRA&L) and has responsibility for developing overall DOD energy policy and is the 
focal point for all DOD energy matters. There are many agencies and military depart- 
ments with responsibilities in this program. The organization for effective energy man- 
agement in DOD is decentralized. It is structured flexibl) to ensure adequate functional 
coordination. 

The DOD energy management program covers three distinct but interrelated areas: 

energy supply to provide the energy for mobility operations and installations; 
energy conservation to reduce consumption in mobility fuels and utility energy 
sources that support installations; 
energy technology applications to better utilize more plentiful energy resources 
and to demonstrate the feasibility of new energy technologies. 

DOD has chartered a Defense Photovoltaic Program Office at the U.S. Army Mobility 
Equipment Research and Development Com mand. This office, located a t  Fort Belvoir, 
Virginia, is ,the DOD agency for terrestrial applications of solar energy. Thus far, the 
office has demonstrated selected military applications, analyzed the potential DOD pho- 
tovoltaic market, and established a bi-service coordinating mechanism on photovdtaic 
matters. Possible military applications for pho'tovc4taics include battery charging, re- 
mote surveilalnce, communications, water purification, radar, and solar electric power 
plants.  any of these applications are currently in the demonstration phase. 



Those responsible for carrying out the international photovoltaic plan may want to keep 
abreast of DOD photovoltaic and energy activities. 

A.2.4 US. Department of Justice 

The U.S. Department of Justice (DOJ) was established by the act of June 22, 1870 (16 
Stat. 1.62; 28 U.S.C. 501, 503), with the Attorney General as its head. Prior to 1870 the 
Attorney General was a member of the President's Cabinet but not the head of a depart- 
ment, since the office was created under autharity of the act of September 24, 1789, as 
amended (1 Stat. 92, 16 Stat. 162; 28 U.S.C. 503). 

The affairs and activities of the DOJ are generally directed by the Attorney General. 
There are many offices, divisions, bureaus, and boards under DOJ. The DOJ offices and 
divisions that may contribute some assistance in the plan are listed below with a brief 
description of each one's responsibilities. 

The Assistant Attorney General in charge of the Office of Legal Counsel assists the At- 
torney General as legal adviser to the President and all executive branch agencies. The 
Office drafts legal opinions of the Attorney General rendered in response to requests 
from the President and heads of executive departments a1.3 i-~mrides written opinions arid 
informal advice to requests from various agencies of thc C -rnment and the Presiden- 
tial staff and advisers. 

The Office acts as general counsel for the Department itself and outside counsel for the 
other agencies of the executive branch. 

The Office coordinates the work of the Department with respect to treaties, executive 
agreements, and international organizations. 

The Assistant Attorney General in charge of the Antitrust Division is responsible for en- 
forcement of the Federal antitrust laws. The Antitrust Divlsion investigates possible 
antitrust violations, conducts grand jury proceedings, prepares and tries antitrust cases, 
prosecutes appeals, and negotiates and enforces final judgments. Anti trust laws are en- 
forced by criminal actions designed to punish violators for restraints on and monopoliza- 
tion of trade and by civil suits for injunctive relief aimed at  maintaining or restoring 
competitive conditions in the system of free enterprise, which is protected by the anti- 
trust laws. 

The Division st~dies, reports, and advises on the competitive considerations involved in 
policies of government departments and agencies, and makes recommendations with re- 
spect to such policies. The Division is responsible for supporting competitive policies 
within the Federal Government through comment and testimony on pending legislation 
and other matters. 

The Division represents the United States on the Restrictive Business Practices Commit- 
tee and, through the Department of State, maintains liaison with foreign governments on 
antimonopoly laws and policies. 

The Consumer Affairs Section of the Anti trust Division has primary responsibility for 
consumer protection activities. 
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A.2.5 U S .  Department of State 

The State Department's primary objective in the execution of our foreign policy is to 
promote the long-range security and well-being of the United States. 

On January 10, 1781, the Department of Foreign Affairs was established. Congress did 
not allow the Department ,to take independent action. It was made the medium of all 
correspondence with our agents abroad. In 1789, the Department was reconstituted as 
the Department of State and its functions were so expanded as to make it the most im- 
portant of the new executive offices. The State Department's authority has been further 
expanded in keeping with this nation's growing responsibilities in world affairs. 

State Department bureaus and their activities are listed below. They include on137 those 
bureaus and activities that could relate to the International Photovoltaic Plan. 

Ocenns and Interii~tiaml fivironmrental and Scientific Affairs (OIESA). The Bureau of - -- 

bIESA has the responsibility for the formulation and-implementation of policies and pro- 
posals for the scientific anh technological aspects of our relations with other countries 
and international organizations. It has management responsibility far a broad range of 
foreign policy issues a14d significant global problems related to oceans, fisheries, envi- 
ronment, population, nuclear technology, new energy technology, space and other fields 
of advanced technology, and for cooperative efforts dealing with the cpplication and 
transfer of technology. The Bureau advises the Secretary where scientific and technolo- 
gical factors or the Bureau's functional responsibilities are concerned; represents the 
Department in international negotiations, where responsible; provides policy guidance to 
the U.S. oceanic, environmental, scientific, and technological communities on activities 
and programs affecting foreign policy issues; and assures effective coordination of policy 
responsibilities between the State Department and AID in the field of science and tech- 
nology. 

The Bureau develops and directs the carrying out of policy recommendations relative to 
U.S. participation in international science and technology programs and in bilateral co- 
operative programs related to its area of interest. 

Intelligence and Research (I&R). The Bureau of I&R coordinates programs of intelli- 
gence, research, and analysis for the Department and for other Federal agencies, and 
produces intelligence studies and current intelligence analyses essential to foreign policy 
determination and execution. Through the office of External Research, it maintains liai- 
son with cultural and educational institutions and other Federal agencies on matters re- 
lating to government contractual and private foreign affairs research. 

Economic and Business Affairs. The Bureau of Economic and Business Affairs has overall 
responsibility for formulating and implementing policy regarding foreign economic 
matters, trade promotion, and business services of an international nature, and 
coordinating regional economic policy with other concerned bureaus. 

Management. The Deputy Under Secretary for Management serves as the principal advi- 
ser to the Secretary and the Deputy Secretary oil management xatters, including control 
of organizational structure and assignments and functions within the Department, and 
the allocation of the Department's personnel and financial resources. It also directs and 



supervises the activities of the Director Gen~ral of the Foreign Service, who is responsi- 
ble for personnel policies and programs governing the Department and Foreign Service, 
and the Director of the Foreign Service Institute, who is responsible for specialized 
training and instruction programs. 

Regional Bur-. These comprise the Bureaus of African Affairs, European Affairs, 
East Asian and Pacific Affairs, Inter-American Affairs, and Near Eastern and South 
Asian Affairs. The Assistant Secretaries are responsible for advising the Secretary in the 
formulation of U.S. policies toward the countries within their regional jurisdiction and 
for guiding the operation of the U.S. diplomatic establishments in the countries in their 
geographic area. They direct, coordinate, and supervise intardepart mental and inter- 
agency matters. They are assisted in these duties by Directors within thei? bureaus, who 
are responsible for overall guidance and interdepartmental coordination with respect to 
their assigned countries. These Directors serve the needs of U.S. Ambassadors. They 
work closely with "country teamsft at our missions abroad to insure *"l! all elements of a 
mission in a given country jointly pursue U.S. foreign policy directives. The regional 
Assistant Secretaries also serve as Chairpersons of Interdepart mental Groups in the Na- 
tional Security C~uncil system. 

Foreign Service. Our representatives at 138 Embassies, 10 Missions, 66 Consulates 
Ckiieral, 48 Consulates, 1 Special Office, 1 Branch Office, and 13 Consular Agencies 
througlrout the world report to the State Department on the multitude of foreign devel- 
opments bearing on the welfare and security of the American people. Ambassadors have 
full responsibility for implementing U.S. foreign policy by any and all U.S. Government 
personnel within their country of assignment, except the military. Their responsibilities 
include negotiating agreements between the United States and the host country, explain- 
ing and disseminating official U.S. policy, and maintaining cordial relations with the 
countr yts government and people. 

A.2.6 US. Department of Treasury 

The Department of Treasury or the Secretary of Treasury is responsible for formulating 
and recommending domestic and international financial policy and tax policy; participat- 
ing in the formulation of broad fiscal policies that have general significance for the eco- 
nomy; and managing the public debt. The Secretary serves as Chairman of the Cabinet- 
level Economic Policy Group and as U.S. Governor of the International Monetary Fund, 
the International Bank for Reconstruction and Development, the Inter-American Devel- 
opment Bank, the Asian Development Bank, and the African Development Fund. 

Congress created the Treasury Department on September 2, 1789 (1 Stat, 65; 31 U.S.C. 
1001). Subsequent acts have created the various bureaus and functions of the Depart- 
ment. 

With the exception of the role played by Treasury in the Saudi Arabian-United States 
Joint Commission on Economic Cooperatioil, the Treasury Department has no programs 
or statutes that deal with photovoltaics. That is, international sales of photovoltaics are 
treated as any other technology for tax purposes or by other Treasury programs. The fol- 
lowing list describes the Treasury programs that could relate to the International Plan 
for Photovoltaics, the Saudi Arabian-United States Joint Commission on Economic Co- 
operation, and possible actions that Treasury might take to further the objective of the 
plan. 



A.2.6.1 Relevant Treasrmrg Programs 

There are two offices within Treasury that could become directly involved with photo- 
voltaics: the Office of the Assistant Secretary ; ax Policy) and the Office of the Assist- 
ant Secretary (International Affairs). The Assistant Secretary (Tax Policy) analyzes tax 
policy, including proposed tax legislation and tax programs, and the effects of various tax 
measures. In addition, the Secretary provides legal advice and analysis on domestic and 
international tax matters; reviews international tax regulations and rulings; participates 
in international tax treaty regulations and in maintenance of relations with international 
organizatiorls on tax matters and the prescription of depreciation rates and repair allow- 
ances. 

The Office of the Assistant Secretary (International Affairs) advises and assists the De- 
partment in the formulation and execution of international financial, economic, mone- 
tary, commercial, energy, and trade policies and programs. This office conducts finan- 
cial diplomacy with industrial and developing nations and regions; coordinates policies 
and programs of bilateral and multilateral developm ent lending programs and institu- 
tions; formulates policy concerning financing of trade; and coordinates policies toward 
foreign investments in the United States and U.S. investments abroad. The office is also 
re~ponsible for economic relations with Middle East countries. It supports the Secretary 
as Co-Chairman of the U.S.-Israel Joint Committee for Investment and Trade, and as a 
member of other Middle Eastern joint commissions. 

A.2.6.2 Saudi Arabian-United States Joint Commission on Eronomic? Cooperation 

The Deputy for Saudi Arabian Affairs in Treasury has primary responsibility for 1J.S. 
involvement in the Joint Commission. The purpose of the Commission is to ttprom~~te 
programs of industrialization, trade, manpower training, agriculture, and science and 
technology." The Deputy for Saudi Arabian Affairs "... provides policy and operatior~al 
guidance to U.S. action agencies, coordinates the development of projects, and monitors 
project progress." 

U.S. action agencies include Agriculture; Commerce; Energy; Interior; Labor; Transpor- 
tation; Health, Education, and Welfare; the General Services Administration; aild the Na- 
tional Science Foundation. 

Under the management of the Commission, the Department of Energy, in cooperation 
with the Saudi Arabian National Center for Science and Technology (SANCST), are o u r  
suing a cooperative research program for development of solar energy. The fiveyear 
program totals $100 million and is financed by matching funds from the two govern- 
ments. 

A.3 EXPORT-IMPORT BANK OF THE' UNITED STATES (EXIMBANK) 

Eximbank was authorized in 1934 as an agency of the United States by acts of Congress. 
Made an independent agency of the government by the Export-Import Bank Act of 1945, 
it was reincorporated under Federal charter in 1947. The Export-Import Bank Act of 
1945, as amended through November 10, 1978, (with specific reference to Sec. 
(2XbX l)(C): "Consistent with the policy of section 50 1 of the Nuclear Non-Proliferation 
Act of 1978 and section 119 of the Foreign Assistance Act of 1961, the Board of Direc- 
tors shall name an officer of the Bank whose duties shall include advising the President 
of the ~ a n k  on ways of promoting the export of goods and services to be used in the d e  



velopment, production, and distribution of non-nuclear renewable energy resources, dis- 
seminating information concerning export opportunities and the availability of Bank 
support for such activities, and acting as liaison between the Bank and the Department of 
Corn rnerce and other appropriate departments and agencies." This Amendment would 
appear to give Eximbank authority to participate in the International Photovoltaic Plan, 
possibly through one or several of the programs listed that are now available or the ini- 
tiation of a new specific program to aid the international marketing of photovoltaics. 

A.3.1 The Export-Import Bank Programs: Preliminary Commitments 

A preliminary commitment for a direct loan and/or a financial guarantee can be an im- 
porttint sales tool for American sxporters. Eximbank will provide a U.S. supplier, the 
prospective borrower, or a participating financial institution with a Preliminary Com- 
mitment letter outlining the amount, terms, and conditions of the financial assistance it 
is prepared to extend to support major U.S. export sales. 

To apply, a letter including all details of the proposed export transaction would be sent 
to the Office of the Secretary, Export/Import Bank. These are used to assist in financing 
multimillion dollar sales that call for repayment periods of five years or longer. 

A.3.2 Direct Loans 

In a major U.S. export transaction, Eximbank often extends a loan directly to the purcha- 
ser. This is also to assist in financing multimillion dollar sales that call for extended re- 
payment periods of five years or longer. 

The loan, in U.S. dollars, may support from 30% to 45% of the U.S. export value, but 
occasionally co-dd go to 85%. Interest rates usually range from 7-314% to 8-314% per 
annum, depending on the repayment period. A commitment fee of 112 of 1% applies 
from authorization until disbursement. 

The application for a direct loan is a letter that includes all details of the proposed 
transaction, documented evidence of the borrower's financial position, evidence that 
commercial sources cannot satisfactorily provide the required financing without Exim- 
bank participation, descieiption of foreign competition, and an analysis of the impact the 
sale is likely to have lin equipment suppIies and employment in the United States. 

113.3 Financial Guarantees 

Eximbank may provide a Financial Guarantee to commercial lenders for multimillion dol- 
lar exports to encourage commercial financing. The lender pays commitment and guaran- 
tee fees for this protection. A Financial Guarantee is usually issued in conjunction with 
a Direct Loan from Eximbank. The two in combination may cove? up to 85% of the ex- 
port sale. A guarantee alone may cover up to 85% of a transaction, when there k no 
Eximbank Direct Loan. 

The commercial lender applies to Eximbank for a Financial Guarantee by seading a letter 
including all known details of the proposed export transaction to the 0Efic.j of i3e Secre- 
tary. 



A.3.4 Private Export Pinding Caporation (PEFCO) 

A privately owned corporation is prepared to finance, on a fixed-rate basis, portions of 
those major transactions in which the ExportIImport Bank's Financial Guarantee exists, 
with maturities longer than those normally available from U.S. com mercial banks. 

Applications should be sent to PEFCO headquarters, 280 Park Ave., New York, New 
York 10017. 

A.3.5 Foreign C d t  Jnsurancce Asmt5ati.m (FCIA) 

U.S. exporters who extend their own short- and medium-term credit to foreign customers 
may obtain commercial and political risk insurance from the FCIA, an association of pri- 
vate insurance companies working under a reinsurance and agency agreement with Exim- 
bank. Applications should be sent to FCIA Headquarters, One World Trade Center, Ninth 
Floor, New York, New York 10048. 

A.3.6 -Term Comprehensive Policy (SM=P) 

The Foreign Credit Insurance Program offers several policies intended to help businesses 
meet export requirements. STCP provides 180 days of commercial and political risk 
coverage and is regarded as the most useful insurance program for the small exporter. 

A.3.7 - Small-Business Short-Term Comprehensive Insurance Policg (SBSTOIP) 

Eximbank and FCIA are offering a new short-term insurance policy specifically to meet 
the requirements of small business exporters. The policy is available to firms with a net 
worth of $2 million or less and average annual export sales during the preceding two 
years of $350,000 or less who have not previously used Eximbank or FCIA programs di- 
rectly or indirectly. Special coverage will be provided for two years. Eximbank and 
FCIA will cover 100 percent of the political risk and 95 percent of the commercial risk 
involved in the financed portion of the transaction. The policy frees the smaller exporter 
from the llfirst-loss'l risk provisions found in the regular policies. 

A Medium-Term Policy provides coverage for extended terms of 181 days to 5 years. 
Coverage of this term is usually required for sales of U.S. capital and quasi-capital 
equipment to foreign buyers. One of the ehief differences between short-term ar.d 
medium-term financing requirements is that on medium-term sales the foreign buyer 
must make a minimum down payment of 15 percent of contract value before credit risk 
coverage can be applied. The remaining risk is then spread among the exporter, the 
commercial bank, and EximbankIFCIA; the latter takes the greatest portion. 

The Combination Policy (short- and medium-term) affords protection to U.S. exporters 
who sell their goods through overseas dealers and distributors. 

The Master Policy is structured to support exporters who may be shipping a variety of 
products to a number of different markets. It covers all (or a reasonable spread) of an 
exporter's eligible export sales, both short- and medium-term, made during a one-year 
period. It offers lower premiums, independent credit decisions by the exporters, and 
faster delivery of services to overseas buyers. 



&3,8 Other Edmbank Semites 

A.3.8.1 Commercial Bank Exporter Gmrantees 

Eximbank provides medium-term guarantees to U.S. commercial banks that lend money 
to the foreign customers of U.S. exporters. The guarantee covers most of the commer- 
cial and political risks of nonpayment by the foreign buyer. 

Application can be made through Eximbank's Exporter Credits and Guarantees Division. 

The Commercial Bank Exporter Gearantee Program covers direct sale of U.S. capital find 
quasi-capital goods to foreign blryeths. The Guarantee program is operated through a 
direct network of U.S. commercial banks. Over 280 national and regional banks partici- 
pate in this program. 

To use the program, the small exporter would apply to its bank for financing of overseas 
sales. The bank in turn would apply to Eximbank for guarantee coverage of the commer- 
c i ~ l  and political risks involved in extending credit to designated overseas buyers. 

A.3.8.2 The Small Business Guarantee Pmgmrn 

Eximbank will cover 100% of the political risk and 95% of the commercial risk involved 
in the financed portions for medium-term sales. The guarantees, which went into effect 
July 1, 1978, are offered to eligible small business exporters at the same rates as regular 
guarantee coverage to established exporters. 

A.3.8.3 Discount Loans 

Eximbank extends loans to U.S. commercial banks which provide export financing to en- 
courage them to extend medium-term (one- to five-year repayment) export loans at fixed 
rates of interest. The commercial bank must obtain a com~nitment for a Discount Loan 
before shipment cf the prodirci'&. Banks should apply to Eximbank's Discount Section. 

Eximbank will agree to buy eligible fixed-rate medium-term export debt obligations from 
U.S. commercial banks. With this asstrance, Eximbank has given tangible support to 
banks - particularly the small ones - that offer fixed-rate lows in the medium-term 
area. 

A.3.8.4 Small Business Advisary &mice (=AS) 

To encourage smaller export firms, Eximbank maintains a Small Business Advisory Ser- 
vice to provide information on the availability and use of export credit insurance, guar- 
antees, discount loans, and foreign bank credits supporting the sale of U.S. goods and 
services abroad. An Eximbank "Hotline" service has also been established to help small 
businesses. The toll-free telephone counseling service was designed to help answer ques- 
tions that small business exporters m.ay have concerning assistance in financing goods and 
services abroad. The toll-free number is (800) 424-520 1. 



A.3.8.5 Optiaml Coverages 

Eximbank initiated a "Switch Cover Option" for its Medium-Term Insurance Bank Guar- 
a2tce, Discount Loan, and CFF programs. This option was designed to assist U.S. expsr- 
ters selling through distributors and dealers overseas. Under the option, eligible U.S. 
equipment that has been exported to a dealer under a floor-planning scheme could be 
insured, guaranteed, or financed under the name of the ultimate end user if the user is 
found to be creditworthy. 

A.4 FEDERAL TRADE COMMISSION 

The Federal Trade Commission (PTC) has statutory responsibility to enforce certain con- 
sumer protection laws and (with the Justice Department) certain antitrust laws, including 
the following: 

(1) The Federal Trade Commission Act (15 U.S.C. S 41 et seq.), which prohibits 
ttunfair methods of competition . . . and unfair or deceptive acts or prartices in 
or affecting c~rnmerce.~~ The FTC Act has been interpreted to autiiwize the 
FTC to prevent conduct that violates the Sherman Act (15 U.S.C. S 1 et seq.) 
(including monopolization, attempts to monopolize, and agreements in restraint 
of trade or commerce, such as agreements to fix prices, limit production, divide 
markets, allocate customers, engage in boycotts, or refrain from competing), 
the Clayton Act (15 U.S.C. S 12 et seq.) (including certain anticompetitive mer- 
gers and acquisitions, and certain tie-in, reciprocal, arid exclusive dealing 
arrangements), and the Robinson-Patman Act (15 U.S.C. S 13, 13s) (including 
certain predatory pricing and predatory practices, as well as discrimination in 
price, service, rebates, etc., involving commodities sold for use, consumption, 
or resale within the United States). 

(2) The Webb-Pomerene Act (15 U.S.C. 5 61 et seq,), which permits FTC-approved 
export trade associations to conduct certain multicompany activities in other 
countries despite the fact that such activities might be illegal if conducted 
within the United States. These activities conducted by Webb-Pornerene asso- 
ciations are la-rvful. under U.S. law provided that: 

(a) "(the) association, agreement, or act is not in restraint of trade within the 
United States, and is not in restraint of the export trade of an.y domestic 
competitor of such association"; and 

(b) "(the) association does not, either in the United States or elsewhere, enter 
into any agreement, understanding or conspiracy, or do any act which arti- 
ficially or intentionally enhances or depresses prices within the United 
States of commodities of the class exported b37 such associations, or which 
substantially lessens competition within the United States or otherwise 
restrains trade therein." 

(3) The Fair Packaging and Labeling Act (15 U.S.C. S 1451 et seq.), which author- 
izes the FTC to prohibit unfair or deceptive packaging or labeling of certain 
commodities. 

(4) The Magnuson-Moss Warranty Act (15 U.S.C. S 2301 et seq.), which authorizes 
the FTC to promulgate regulations on warranties and to promulgate trade prac- 
tice rules. 



The FTC consists of five Commissioners. The FTC staff is divided into three bureaus 
(the Bureau of Compstitim, the Bureau of Consumer Protection, and the Bureau of Eco- 
nomics) and has an Office of Policy Planning. 

A.5 INSITI'UTB FOR SCIENTIFIC AND TECHNOLOGICAL COOPERlATION 

The Institute for Scientific and Technological Cooperation (ISTC) fosters technological 
and scientific cooperation with and within developing countries; serves as the central re- 
search and new technology development agency within the U.S. development assistance 
community; and encourages sustained and focused attention by the scientific community 
on development problems. It is planned that AID will transfer some of its research pro- 
grams to ISTC. It will develop its own research priorities and programs in close coopera- 
tion with specialists from both the U.S. and developing countries. Development of 
technologies to meet the energy needs of the rural poor is expected to be a high initial 
ISTC priority. 

Working with developing country experts, ISTC plans to evaluate existing energy devel- 
opment projects; test the appropriateness of energy technologies to different social set- 
tings; analyze and assess a1 ternative energ; technologies; analyze and assess com mercia- 
lization information; and exchange energy technology information both here and abroad. 

A.6 NATIONAL ABRONAU'IICS 14KD SPACE ADMlNBl%AIION 

The principal statutory functions of the National Air~nautics and Spme Administration 
(NASA) are to conduct research for the solution of problems of flight within and outside 
the Earth's atmosphere; develop, construct, test, and operate aeronautical and space 
vehicles; conduct space exploration activities; arrange for the most effective utilization 
of the scientific and engineering resources of the United States with other nations for 
peaceful purpcses; and provide for the widest pgactioable and appropriate dissemination 
of information concerning NASA's activities and their results. 

NASA was established by the National Aeronautics and Space Pact of 1958 (72 Stat. 426 
U.S.C. 2451 et seg.), as amended. The Solar Photovoltaic Energy Research, Develop 
ment, and Demonstration Act of 1978 (PL 95-590) indicates NASA participation in the 
program would be to assist in the research, development, and demonstration of solar pho- 
tovoltaic energy tc:chnologies. 

NASA is authorized to conduct programs in support of the nation's energy research and 
development needs. This authorization is contained in the Energy Reorganization Act of 
1974, the Department of Energy (DOE) Organization Act of 1977, and the National Aero- 
nautics and Space Administration Act of 1958, as amended. The DOE-NASA Memoran- 
dum of Understanding, dated March 21, 1978, describes the general conditions under 
which DOE-NASA cooperative efforts will be formulated and conducted. 

A.6.1 NASA Offices and Field Centers 

The following are NASA Headquarters, Offices, and Field Centers that may participate 
in the program with a brief description of each one's responsibilities. 

NASA Headquarters plans, coordinates, and has control of NASA programs, and 
hence oversees NASA photovoltaic programs. The NASA Administrator's office is 
located at Headquarters. 



u The five Program Offices conduct the planning, direction, and management of 
NASA's research and development programs. These offices report to and receive 
guidance from NASA's Administrator. 
The Office of Aeronautics end Space Technology is responsible for the conduct of 
programs to develop advanced technology to enable and enhance an aggressive 
pursuit of national objectives in aeronautics and space, to demonstrate this 
advanced ~echnology, and to ensure its early utilization. Further, this office is 
charged to identify technclogy developed in the aeronautics and space programs 
that has potential for making major contributions to the solution of energy pro- 
blems on Earth and to provide technical support to other agencies in developing 
specific applications, and to coordinate the application of NASA capabilities and 
facilities to programs of other agencies to accomplish energy-related research 
an,! development on a reimbursable basis. The Office coordinates the agency's 
total advanced research and technology promam to assure its overall adequacy 
and to avoid duplication. 

The Energy Systems Division of the Office of Aeronautics and Space Technology 
plans, manages, and evaluates the NASA program activities that support the na- 
tion's energy research and development needs. This mission is accomplished 
through program activities in energy technology and energy systems or through 
the use of space technology. Energy technology relates NASA's capabilities to 
the R h D  program needs of DOE and other governmental organizations and invol- 
ves the terrestrial application of NASA engineering facilities and manpower. 
Energy systems involves the use of space's unique capabilities for assistance in 
solving energy problems. These program areas are managed and executed 
through tine Solar Terrestrial Systems, Conservation and Fossil Energy Systems, 
and Space Utilization Offices, which reflect program content as defined in 
agreements with DOE and other agencies. 

The Solar T~rrestrial Systems Office is currently managing programs in solar 
heating and cooling, photovoltaics, solar thernial electric systems, wind turbine 
energy, and energy storage. It is also responsible for program development and 
planning in biomass and OTEC energy areas. 

These offices direct appropriate technology identification and verification 
efforts to the application of NASA capabilities to energy needs. Proposals are 
prepared for consideration and reimbursed by DOE or other "user agencies.I1 
Each office is then responsible for implementatiofi azd management of the re- 
imbursable project. 

Of NASA's 10 Field Centers and Natioral Space Technology Laboratories, the Jet 
Propulsion Laboratory (JPL), Pasadena, California (operated under contract by 
the California Institute of ~echnology), and the NASA-Lewis Research Center 
(LeRC), Cleveland, Ohio, are currently actively involved in work with photovol- 
taics for DOE, through an agreement with NASA. 

A6.2 Bwrgy Systems Pmgrams 

The NASA program strategy is to utilize NASA aeronautics and space technologies, ex- 
perience, and facilities in support of the energy RD&D program needs of the DOE and 
other government organizations. The overall goal of the program is the effective use of 



NASA capabilities in the accomplishrncnt of specific technical and programmatic goals 
resulting from national energy policy. 

The program goal is accomplished in two ways. One approach is to identify emerging 
technology requirements, verify NASA capabilities to effectively support program needs 
of DOE and other agencies, and prepare soundly conceived technology advancement 
plans. NASA "seeB1 money and manpower are used within approved areas of emphasis to 
prepare the plans for technology advancement. This approach arises because the defini- 
tion of energy problenns and their possible solutions change as the national perception of 
energy needs and options becomes more clearly defined and also because the NASA aero- 
nautics and space capability continues to develop and expand. 

Based on plans agreed upon with appropriate agencies, reimbursable funding is also 
obtained to conduct specific projects. This second approach permits NASA to continue to 
be responsive to national energy program needs as they evolve. 

TPe programs consist of three major ac'ivities, each of which includes projects wholly 
flrnr.;sd by NASA. The majority of activities, however, are funded by other agencies. 

The NASA-funded activities encompass specific technolqies that show the pote.ntia1 to 
satisfy emerging requirements of other agencies. Examples are: 

Small Integrated Solar Power Systems. Solar energy technology promises early 
benefits for remote areas that have ample sunshine but few resources to import 
scarce, expensive fuels for conventional power systems. Studies have been ini- 
tiated in FY79 to explore the feasibility and potential for integrating energy 
technology into small power systems for remote communities in the United 
States and in less developed countries. The studies will be closely coordinated 
with AID and DOE with a view to developing of fully 1-eimbursable projects. 

A.6-3 Solar Terrestrial 

This program activity encompasses ear,th-based technologies related to the nse of solar 
and solarderived energy. 

Solar Heating and Cooling. This is a 5-year DOE program to develop cod-effec- 
tive, reliable, commercially acceptable solar heating and cooling systems and 
subsystems and to demonstrate their effectiveness under different climatic con- 
ditions. The program has two major components, both of which are managed by 
NnSA's Marshall Space Flight Center (MSFC). 

Development and Demonstration. The purpose of this project is to complete the 
development of solar heating and cooling systems and components that are essen- 
tially ''state of the art," but are not yet qualified for use in planned residential 
and commercial demonstration programs. 

Commercial Demonstration. Contracts under this project lead to demonstration 
of available solar heating and cooling systems in nonresidential applications. All 
NASA-managed commercial demonstration projects will be completed by early 
1980. 

Photovoitaic Conversion (Solar Cells). The NASA role in support of the DOE 
Photovoltaic Conversion Program involves long-term (10-year) major partidpa- 
tion by NASA's Jet Propulsion Laboratory (JPL.) and NASA-Lewis Research 
Center (LeRC). 



JPL is responsible for advancing to a competitive level production technology for 
silicon solar cells. LeRC is to develop and test concepts for integrating the solar 
cell arrays stemming from the JPL project into a variety of practical terrestrial 
applications. Tt,, JPL work is under way, and the major portion has been con- 
tracted to industry. JPLfs key milestones are to develop the technology for mass 
production and demonstrate pilot plant operation by 1983, and to establish by 
1986 a national capability to produce more than 500 MW per year of solar cell 
arrays at a cost in 1975 dollars of less than $500/kW. The principal objectives of 
LeRCvs Photwoitaic Test and Applications Project are to stimulate the near- 
term market for the application of photovoltaic systems to determine their oper- 
ational characteristics, devise measurement and diagnostic techniques, and de- 
termine .$he durability of solar cell systems under realistic conditions. 

f 

Wind Turbo-Gene~atcrs. LeRC manages a major portion of the Wind Energy Pro- 
gram for DOE. DOE has assigned LeRC responsibility for the development of 
large, horizontal-axis, wind turbo-generators ( wTGs). This will require dem on- 
stration of a sufficient number of machines in realistic applications to assure the 
potential for cost-effective commercial operation. A 100 kW WTG (MOD-0) de- 
signed and constructed by LeRC at the Plum Brook Station, Sandusky, Ohio, 
began test operations in September 1975. Four additional machines uprated to 
200 kW (MOD-OA) will be tested in conjunction with small electric-utility com- 
panies in New Mexico, Puerto Rico, Rhode Island, and Hawaii. A 1.8 MW TG 
(MOD-1) was erected late in 1978 on Howard's Knob near Boone, North Carolina, 
and will begin operation in early 1979. An even larger W'TG (MOD-2) is  being de- 
signed to produce approximately 2.5 MW. It is scheduled for first operation late 
in 1979 at a site yet to be determined. 

Solar Thermal Electric Conversion. JPL is responsible for a relatively new acti- 
vity in the solar thermal-electric conversion area. JPLvs role is to help DOE 
develop its Thermal Power System Program plan and to manage the advanced 
technology and small power- system applications portions of the program. LeRC 
is providing support to JPL in t'le energy-conversion portion of the work. 

Energy Storage. LeRC is managing the high-temperature, thermal-energy stor- 
age portion of the DOE Energy Storage Program. The objective is to develop 
effective thermal-energy storage systems for use by electri: utilities, industrial 
plants, and dispersed solar energy systems. Energy storage concepts under eva- 
luation include storage of heat energ3 in both solids and fluids. LeRC is also 
evaluating the potential worth of a room-temperature battery as as alternative 
to the present lead-acid batteries used for utility applications. 

A.7 OFFICE OF TIIE SPECIAL REPRESENTATIVE FOE TRADE NEGOTIATIONS 

The Office of the Special Representative for Trade Negotiations was established as an 
agency in the Executive Office of the President by the Trade Act of 1974 (88 Stat. 1999; 
19 U.S.C. 2 171) and signed into law January 3 1975. Its functions are carried out by the 
authority of the Trade Expansion Act of 1962 h 9  U.S.C. l8ol) and the Trade Act of 197; 
and under authority de1.egated by the President in Executive Order 11846 of March ' 
1975, as amended. 

A cabinet-level official with the rank of ambassador heads the Office and reports direct- 
ly to the President. Two Deputy Special Representatives, with the rank of ambassador, 
and a professional staff constitute the Office. 



Three interagency committees under the direction and control of the S;~ecial Representa- 
tive are: The Trade Policy Staff Committee, the Trade Policy Committee Review 
Group, and the Trade Policy Committee. The Special Representative is responsible for 
supervision and coordination of the trade agreements program and directs U.S. participa- 
tion in trade negotiations with other countries. 

A.8 OVERSBAS PRIVATE INmMENT CORPORATION 

The Overseas Private Investment Corporation (OPIC) is an independent agency, created 
in 1969 (83 Stat. 805; 22 1J.S.C. 2191). It received its formal authority in 1971 (Executive 
Order 1 1 579). OPIC is charged with assisting U.S. investors to make secure and profit- 
able invest men ts in developing countries. OPICfs legislative mandate places emphasis on 
application of OPIC services for small U.S. businesses. 

A.8.1 - Present OPIC Services and Prom ms 

OPIC services are structured to reduce investors risk and to provide financial assistance 
not otherwise available, that is, to help ease the social and economic problems that 
undercut the attractiveness of investment in developing countries. Specific services in- 
clude direct loans to U.S. investors of up to $5 million; guarantees to U.S. lenders on 
loans to U.S. investors of from $2 to $50 million; insurance for U.S. investors against PO- 
litical risks of expropriation, inconvertibility of currency, and damage from W&, revolu- 
tion, or insurrection; investment information and counseling; and up to 75% of the cost of 
feasibility studies (to be repaid as a loan if the studied project is implemented). In joint 
venture investments, OPIC provides its services for only the U.S. share of the venture. 

OPIC programs are available only for new and expansion projects (new facilities, modern- 
ization or expansion of existing facilities, or new inputs of technology or services), and 
OPIC specifically encourages investment projects that are likely to contribute to the 
economic and social development of the base countries. 

A.8.2 Involvement With Photovoltaics 

At  this time, OPIC is not and has not been providing services to any investors in photo- 
voltaic production or marketing. However, such investors would have access to OPIC 
services. As U.S. photovoltaic industries increase their interest in developing commer- 
cial outlets in developing countries, OPIC could play a significant role in facilitating 
their investments. 

A.9 THE PEACE CORPS 
I 

The Peace Corps was created by Congress in 1961 with the mission of helping people in 
developing countries to meet their needs f ~ r  trained citizens, helping promote better 
understanding of the American people among communities served, helping to increase 
Americans1 understanding of other peoples, and promoting world peace and friendship. 

The Peace Corps is a branch of ACTION (an independent agency, created by Reorganiza- 
tion Plan 1 of 1971). It operates through Peace Corps Volunteers (PCVs) who are based in 
over 60 developing countries. The efforts of PCVs are concentrated on the local (usually 
rural) community level and in cooperation and integralion with existing programs of na- 



tional governments and international assistance agencies. The Peace Corps itself does 
not fund projects, but rather provides projects with volunteers for person-to- 
person transfer of information. 

Peace Corps Volunteers have worked primarily in the areas of agriculture/rwal develop- 
ment, health, and education. Only very recently has a special concern with energy evol- 
ved in the Peace Corps. This new focus on energy is resulting in two new Peace Corps 
programmatic efforts: (1) design and implementation of studies of village-level patterns 
of energy use in at least 20 selected sites around the world. These studies will begin dur- 
ing 1979, and will be conducted by PCVs in coordination with interested parties in the 
site countries. AID and the Overseas Development Corlncil are working with the Peace 
Corps in the funding and analysis of these studies. (2) Beginning at this time, some new 
PCVs will receive specific training to enable them to undertake energy-related work in 
developing countries. A few PCVs already work with energy projects (specifically, PCVs 
in Upper Volta and Mali are working with AID-sponsored photovoltaic projects); this new 
training program will ensure a cadre of appropriately skilled new volunteers over the 
next several years. 

A.10 THE SMALL BUSINESS ADMINISTRATION 

The fundamental purposes of the Small Business Administration (SBA) are to aid, counsel, 
assist, and protect the interests of small businesses. 

The SBA was created by the Small Business Act of 1953 (67 Stat. 232), and derives its 
present existence and authority from the Small Business Act (72 Stat. 384; 15 U.S.C. 631 
et seq.) as amended. It also derives its authority from the Small Business Investment 
Act of 1958 (72 Stat, 689; 15 U.S.C. 661), as amended, the Disaster Relief Act of 1970 
(84 Stat. 1744; 42 U.S.C. 4401 et. seq.), and S 9 of the Act of April 20, 1973 (87 Stat. 
24). The Secretary of Commerce has delegated to the Administration certain responsi- 
bilities and functions under S 282 of the Public Work and Economic Development Act of 
1965 (79 Stat. 556; 42 U.S.C. 3142), as amended, and is further authorized to delegate to 
the Administration certain responsibilities and functions under Chapter 3 of the Trade 
Act of 1974 (88 Stat. 1978; 19 U.S.C. 2101). 
Public Law 95-3 15, 92 Stat. 377, the ttSmaU Business Energy Loan Acttt, signed July 4, 
1978, directed SBA to implement an energy loan assistance program designed to provide 
loans and loan guarantees as a means for small business to establish or expand energy- 
related businesses, The legislation under S 1 30.3(b), llP,ligible energy measurest1, reads: 
 photov voltaic cells and related equipment. Such devices produce electricity when ex- 
posed to radiant energy, especially light. Several devices have been devel02ed to utilize 
photovoltaic solar cells. One example is photovoltaic powered solar irrigation pumps." 
This legislation, particularly with reference to S 130.3(b), would appear to give SBA the 
authority to participate in the International Photovoltaic Plan. 

The Small Business Energy Loan Program, prepared by SBA, provides for eligibility, 
credit requirements, and loan 1:fzrms to be used in the program. 



APPENDIX B 

PROGRAMS AND GOVERNMENT ACTIONS 
CONSIDBRED IN PREPARING .-.. THE PLAN 

B.l INTRODUCTION 

In order to execute the international plan successfully, the proposed program elements 
had to satisfy a varied group of interests, be in accord with existing statutes and legisla- 
tion, build on present agency initiativts and plans, and accelerate the widespread use of 
photovoltaic systems in international markets. 

To accomplish the above objectives, the study team consulted a large group of partici- 
pants. They met with agency representatives and industry officials; cons~dered interna- 
tional financial materials, developing country considerations, and foreign competition; 
and consulted marketing experts with experience in other industries. These interviews, 
contacts, and papers produced a list of plan alternatives. The proposed actions were then 
evaluated by the study team using the criteria listed below: 

accord with legislative intent; 
legality; 
cost; and 
potential for direct and indirect effect in achieving the plan objectives. 

B.2 STUDY PARTICIPANTS AND SOURCBS 

lhsembling a credible and representative project team was one of the important early 
priorities of the project. The participants fell into three major groups. The first group 
included U.S. government agencies who would play a role in international photovoltaic 
developments. This group consisted of members of the expanded International Solar 
Commercialization Working Group plus other interested agencies. The role of this group 
was to provide comments on and reviews of all the end products of the project. 

Photovoltaic and related industries composed the second group of participants in the 
study. The photovoltaic industries are key participants in the plan because the plan 
affects their corporate strategies and its success depends crucially on their actions. The 
photovoltaic industry was involved through a series of interviews with selected compa- 
nies. The companies interviewed included: 

Solar Power Varian 
RCA Photon Power 
OCLI SES, Inc. 
Sensor Technology Solenergy 
ARC0 Solar SUNTRAC Corporation 
Solarex Mobil Tyco 

Other industries also have had experience in exporting high-technology U.S. products. 
The Illinois' Institute for Technology Research Institute (IITRI) marketing panel included 
several marketing experts with experience in other industries: 



Justin Bereny (international market consultant) 
Gastone Chingari (IITRI) 
William Watt (international market consultant) 
Robert McMenamin (international market consdtant) 
Benjamin Weiner (Probe International) 
I.D. Canton (Strategic Decisions) 
Charles Gross (Associate Professor, IIT) 
Lawrence Wortzel (Professor of Marketing, Boston University) 
Dave Morrison (IITRI) 

A number of small subcontractors were also included as participants. The MIT Energy 
Laboratory (Richard Tabors and Tom Kline) provided expertise on rural development 
problems. Science Applications, Inc. (Tom Jaras) drew on previous market studies to de- 
scribe international competition. Strategies Unlimited (John Dayand Robin Sacks) 
brought extensive knowledge of photovoltaic markets and international financing to the 
project team. 

Finally, other organizations interested in photovoltaics and the international photovoltaic 
plan were involved. Through informal meetings and correspond<, Ice, ideas and comments 
were solicited from the Office of Technology Assessment, the Solar Lobby, and the staff 
of relevant Congressional committees. 

Table B-1 lists the actions considered and their disposition by the SERIIJPL study team. 
For reference to the main document of the plan, the recommended actions are arranged 
by program element headings; i.e., market demonstrations, systems developm ent, s u p  
plier assistance, and purchaser assistance. There is an additional category - "othert1 - 
that encompassed the program management and inf or Ination clearinghouse functions. 



Table B-1. ACTIONS CONSIDERED AND THEIR DISPOWIION 
U a 

Recommend ~ c t i o n / ~ e l a t e d ~  
Program Element Source Disposition 

Market Demonstrations 
1. Fund demonstrations in selected IITRI, Industry, Atlanta Adopted. Section 3.0. 

countries, systems should be country workshopD ~triitegies Un- 
or region specific. limited, MIT En rgy Lab* 

ratory workshop 8 
2. Finance country specific market 

studi.es to be completed by PV or PV 
systems manufacturers. 

3. Emphasize sliaall village power sys- 
tems for PV demonstrations. 

4. Conduct demonstrations in U.S. of 
PV systems with eqort potential. 

5. Use U.S. PV's in Saudi Project. 

Systems Development 
6. Develop standard basic need type 

systems, i.e., pumps, communica- 
tiorrs, etc. 

Supplier Assistance 
7. U.S. military sales of PV systems. 

8. Set aside fixed percentage of U.S. 
foreign aid for PV applications. 

9. Guarantee loans for international 
P.V. projects. 

IITRI, Industry 

IITRI 

IITRI 

IITRI 

ZITRI, A ency, Strategies 5 Unlimited 

SERI/JPL Study Team 

SERI/JPL Study Team 

SERI/JPL Study Team, 
Strategies unlimitedC 

Adopted. Section 3.0 

Adopted, i.e., not precluded in present 
plan. However, these systems are pre- 
sently extremely costly. 

Adopted. Section 3.0 

Now being considered by responsible U.S. 
agencies. 

Adoptc& Systems development is pre- 
sently ongoing and is taken into account 
in plan. Section 3.0. 

Impractical s t  this time. Based on infor- 
mal discussion with responsible agency. 

Not practical in view of current agency 
and U .S. Governm ent policies. 

Present U.S. Governm ent programs ade- 
quate for this action. 



Table B-1- ACTIONS CONSIDERED AND THEIR DISPOSITION (continued) 

Becom mend ~ e t i o n l ~ e l a t e d ~  
Program Element Source Disposition 

*I 
10. Exclusive company rights to mar- IITFU Not adopted on basis of anti-trust con- 

ket studies siderations. 

11. Government grants for research IITRI 
production met hods. 

Not adopted on basis this activity dupli- 
cates work being done under domestic PV 
program. 

12. Government funding of pilot sys- SERI/JPL Study Team Not adopted. Duplicates domestic PV 
terns assembly line. program activities and proposed plan ac- 

tivities. 

13. Prototype development and testing IITRI 
done with joint U.S. and developing 
country participation. 

14. Negotiate cooperative agreements IITRI 
so contractor retains all patent 
rights. 

15. Remove licensing restriction on PV IITRI 
systems. 

16. Encourage comprehensive trade Industry 
promotion activities. 

Adopted. Section 3.0. 

Not adopted. Present DOE patent policy 
adequate for plan. 

May or may not be adopted, i.e., plan 
calls for a review of U.S. regulations and 
tax statutes affecting P.V.'s. 

Adopted. See entire plan and Section 
4.0. 

17. Establish informal PV advisory Agency recommendation Adopted. Section 3.0. 
committee for market studies. 

18. Negotiate lower tariffs for PV sys- IITRI 
tems. 

19. Favorable cooperative agreem en t s  IITRI 
to  promote PV systems. 

Not adopted. Present U.S. policy is to 
seek lower tariffs for all U.S. products. 1 
Adopted. See Section 3.0. 
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9 
Recommend ~ c t i o n l ~ e l a t e d ~  faI 
Program Element Source Disposition 

- 

20. Conduct workshops on marketing in Atlanta workshopb Not adopted. This recommendation 
selected areas. would duplicate present U.S. DOE activi- 

ties 

21. Improve communications between Atlanta ~orkshop~,  IITRI, Adopted. Section 3.0 and 4.0. 
manufacturers and U.S. Govern- Industry 
ment. 

22. Government guarantee bid bonds. SERIIJPL Study Team Not adopted. Present U.S. activities 
adequate. Other program elements were 
judged better options. 

23. Provide travel expenses for sales- SERIIJPL Study Team, Not adopted. Violates International 
men. UrRI trade agreements. 

24. Support solar trade fairs and other SERI/JPL Study Teg-n, Adopted. Section 3.0. 
trade promotion activities. IITRI, Atlanta Workshop 

25. Warranty Insurance provided by SERI Staff Member Not adopted. Would be studied in review 
U.S. Governement. of current U.S. regulations and tax stat- 

utes. 

26. Tax credits for PV export and R&D IITRI, Atlanta workshopb, Not adopted. Wi l l  be studied by program 
expenses. Strategies unlimitedC office at part of review of U.S. tax stat- 

utes. Section 3.0. 

27. Tax concessions to banks for Strategies unlimitedC Not adopted. Will be studied by program 
foreign solar loans. office as part of review of U.S. tax stat- 

utes. Section 3.0. 

28. Prepare outreach material inform- PTRI, Atlanta workshopb Adopted. Section 3.0. 
ing U.S. companies of U.S. Govern- 
ment programs and capital 
oeportunities. 

29. Provide capital loans to BV com- SERIIJPL Team, Strategies Not adopted. Probably illegal based on 
panies for export activities. unlimitedC informed agency discussion. 



Table B-1, ACTIONS CONSIDERED AND THEIR DISPOSITION (continued) 

Recommend ACY on/~ela ted~ 
Program Element Source Disposition 

30. Formation of a photovoltaic export 
company. 

3 1. Protection by foreign governments 
of U.S. PV license. 

32. Amendment of Robinson Patman 
Act to favor photovoltaics. 

33. Permit different pricing in differ- 
o ent countries but not lower than in 
b P  U.S. 

34. Seek low cost Small Business Ad- 
ministration loans. 

35. U.S. Government should guarantee 
against appropriation of U.S. PV 
firms operation overseas. 

36. Guarantee loans for U.S. sales in 
foreign countries. 

37. U.S. Government provide matching 
funds for each PV cell exported. 

38. U.S. Government certifies systems 
and provides labels. 

IITRI 

IITRI 

IITRI 

IITRI 

DTRI 

IITRI 

SERIIJPL Studg Team, 
Atlanta Workshop 

SERIIJPL Study Team 

SERIIJPL Study Team 

Not adopted. Would take too long to im- 
plement and there are considerable poli- 
tical problems in developing such a 
recommendation. 

Impractical for U.S. Government to take 
such role. 
Impractical and not needed based on in- 
formal agency discussions. 

Apparently not illegal now. Company 
wanting to do this should seek Depart- 
ment of Justice guidance. 

Not adopted, i.e., companies may now do 
so, no plan recommendation needed. 

Not adopted. Present general U.S. policy 
is adequate. 

Not adopted. Already present policy. 

Not adopted. Not in accordance with 
present U.S. trade treaties. 
Not adopted. Duplicates existing stan- 
dards work. 



Table B-1. ACTIONS CONSIDERED AND THEIR DISPOSITION (continued) 
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Recornmend ~ c t i o n l ~ e l a t e d ~  
Program Element Source Disposition I* 

39. U.S.Governmentidentifypotential IITRI Not adopted. This role left to systems 
buyers. houses and manufacturers. 

Purchaser Assistbnee 
40. Send information packages on PVfs Agency, Atlanta workshopa Adopted. Section 3.0. 

to  embassies. 

41. Educate embassy personnel on PV IITRI 
potential. 

42. Provide input into country five- IITRI 
year plans. 

Adopted. Section 3.0. 

Not adopted. This role more easily left  
to  countries themselves. 

43. AID assist least developed count- Strategies unlimitedC Adopted. Section 3.0. 
ries (LDCs) with design and specifi- 
cations for PV systems. 

44. Train foreign students, potentid IITRI 
customers, and elite in photo- 
voltaic technology. 

45. Provide training materials on PVs IITRI 
and PV systems. 

Adopted. Section 3.0. 

Adopted. Section 3.0. 

46. Involve Non-Government organiza- MIT En gy Laboratory Adopted. Secticn 3.0. Y' tions in demonstrations and PV Workshop 
activities. 

47. Educate banking community on PV Strategies unlimitedC Adopted. Section 3.0. 
potential. 

48. Prepare promotional materials for IITRI 
PV systems. 

Other 
T ~ n t e r n a t i o n a l  economic analysis Strategies Unlimited 

Adopted. Section 3.0. 

Referred to DOElProgram Office, if 
program. named. 
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AI a 
Recommended A c t i o n l ~ e l a t e d ~  
Program Element Source Dispasi tion 

50. Inform PV manufacturers and sys- IITRI, I dustry, Atlanta Adopted. Section 3.0. 6 tems houses on present U.S. Gov- Workshop 
ernment policies and programs. 

51. One stop clearinghouse t o  deal with Industry, IITRI, Atlanta Adopted. Section 3.0. 
PV's withint the U.S. Government. w orkshopb 

a ~ a n y  of the recommendations listed above are similiar to  those made at the DOE-sponsored Solar Export Issues 
Workshop held in Bethesda, Maryland, August 13, 14, 1979. Because these recommendations were directed at all of 
the solar technologies and not specifically directed at photovoltaics, they are not cited. 

b ~ e p a r t m e n t  of Energy. April 1979. DOE/Solar Export Opportunity Workshop in Atlanta, Georgia, SERI Report 
No. TP-49-186. Golden, CO: Solar Energy Research Institute, pp 177-181. 

'strategies Unlimited. August 1979. Impact of International Financial Institutions on Markets for Solar Energy Sys- 
tems. Mountein View, CA: Strategies Unlimited, pp. 17-19. - 
d~assachuse t t s  Institute of Technology. Photovoltaic International Plan Meeting. July 1979. Boston, Mass.: MIT 
Energy Laboratory Working Paper MIT-EL-79438WP. 



APPENDIX C 

INTRODUCTION TO PHOIKIVOLTAIC TBCHNOLOGP 

Solar photovoltaic energy conversion is one of the half-dozen technologies that comprise 
the solar option.* Photovoltaic technology exhibits both strong attributes and difficult 
implementation problems. 

Like all solar technologies, the source of photovoltaics is inexhaustible. Photovoltaic 
cells provide direct conversion of solar radiation to energy in the most refined of all 
forms, electrical power. Economies of scale do not dominate photovoltaics as they do 
some of the other solar technologies. Applications encompassing all size ranges may be 
considered. The solar cell is also a fundamentally simple structure that uses available 
raw materials, has a strong existing industrial manufacturing base, and requires little 
special knowledge or skills to use. 

The basic problem with photovoltaic conversion, as with mast solar technologies, is 
cost. At circa 1977 prices for solar cells of $11 per peak watt (W ) of output, the cost of 
photovoltaic energy would be $1-2lkWh or 20 times the compeative range for utility- 
generated power in the United States. This cost is competitive for some applications - 
space satellites, com munications quipment, corrosion protection for bridges and pipe- 
lines, aids to navigation, and others that do not have ready access to the utility power 
grid. However, the total nongovernmental demand for solar cells at $1 I We is well below 
1 MW of peak capacity per year and does not yet provide the base for the multi-MW 
annual production levels that will be required to reach DOE1s price goals for solar cell 
mrdlilerr: $2/Wp by 1982 and $0.50/Wp by 1986 (i975 dollars). 

A photovoltaic &vice converts light energy (photons) into electrical energy (a voltage). 
This phenomenon is known as the photovoltaic effect and involves the excitation of elec- 
tkons by absorption of light, thus permitting their movement through a semiconductor 
material. 

Materials are referred to as semiconductors because they conduct electricity only if they 
contain appreciable numbers of electrons can be excited across a band of energy states (a 
band gap) into the conduction band. Conductor8s, sueh as copper: have no band gap. When 
semiconductors are specially treated or doped, they are capable of converting incident 
energy (light) into electrical energy. Therefore, solar cells are special types of semicon- 
duc tors. 

In a photovoltaic cell the conversion of light to electricity b accomplished by electrons 
that absorb energy from photons and jump to higher energy states. The electronic energy 
transition is followed by a separation of electrons and vacant energy states or llholeslt 
producing a distribution of charge that causes a difference in voltage between the front 
(sunlight side) and back of the solar cell on the mder of half a volt. 

- 

*Others are solar thermal, solar thermal electric, wind, ocean thermal, and bioconversion. 
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A silicon solar cell is typically a thin (1/4 mm) wafer, approximately 5-10 cm in diam- 
eter, consisting of two layers. Materials other than silicon cnn be used for photovoltaic 
cells and are the subject of R&D efforts at the present time. mong these materials are 
gallium arrenide (GaAs), cadmium sulfide (CdS), copper sulfide (Cu2S), and indium anti- 
monide (InSb). Whatever the material, the essential features of a photovoltaic cell are 
the same. 

Solar cells are only one part of complete solar photovoltaic power conversion systems. A 
photovoltaic system contains array structures to support the modules, circuitry to con- 
trol and modify output in various ways, and a means of storing energy, if required. 

The cost of the array structures that support the modules are estimated to be a signifi- 
cant portion of photovoltaic system cost. Ancillary circuitry also may be costly; the 
direct current (DC) produced by solar cells in some applications must be changed to al- 
ternating current (AC) used by most electrical loads and utility systems. For many a p  
plications, electrical storage is needed to provide electrical power when the array is not 
producing power or to supplement the array output during trmlsient loading. In addition, 
a means of regulating the flow of power among the solar array, energy storage, and load 
are often required. The exact design and balance of system costs depend on the applica- 
tion in which the system will be used. Also, the word lfsystemw may be defined to include 
the applice.tion; e.g., a photovoltaic-driven pump. 

The flat-plate collector, or array, is composed of a r~umber of panels which, in turn, con- 
tain the photovoltaic cells. The cells and panels are connected in series and are parallel 
to provide the voltage and current output ratings required by the individual application. 
The cells in the panels are covered with clear plastic or glass and me sealed against en- 
vironmental elements. The output per unit area is dependent on the packing density and 
other efficiency and degradation factors. 

Solar arrays are expected to be highly reliable and nearly maintenance free. The princi- 
pal cause of failure in photovoltaic arrays is the corrosion of electrical contacts after 
moist we penetrates the array through lamination separations and other "packaging" fai- 
lures. Few data defining the life of arrays are available. However, it is believed that 
the packaging problem can be overcome as the technology matures, so that array lives of 
20 years and more are probable. 

Currently, commercial systems that service relatively small operating power require- 
ments employ lead-acid batteries as the storage mediilm. The characteristics of batte- 
ries used with photovoltaic systems vary among applications. For photovoltaic systems 
operating in an augmentation mode, shallow discharge cycles may compensate for passing 
clouds and other brief interruptions. However, long lives with deep discharge cycles will 
be required for solar energy systems to provide continuous power supplies during long, 
periods without sunlight. High discharge rates may also be required to provide instanta- 
neous power when induction motors are on line. 

Power conditioning units contain two components: a power inverter and a shunt regula- 
tor. The purpose of the inverter is tu transform the DC electricity received from the 
collector or electric storage device into AC, which may be needed for some applica- 
tions. Several types of iaverters exist that are appropriate to use with photovoltaic gen- 
erators. In many applicatons, a photovoltaic system is replacing another DC power 
purce, such as primary batteries or thermal electric generators. For these systems, no 
inverter is needed. Shunt regulators are used to prevent overcharging of the batteries. 



CA SILlCON MODULE PRODUCTION PROI"JlBS 

While there are many types of materials that can function as photovoltaic cells, there 
are also a multitude of ways in which silicon photovoltaic cells can be fabricated and 
manufactured into photovoltaic modules, These technologies generally are classified as 
ingot, noningot, or concentrator technologies. 

The present production process for silicon solar cells (ingot) begins with quartz, a relati- 
vely pure form of Si02. This is reduced to metallurgical-grade silicon. The next step is 
to refine the silicon to semiconductor-grade. The purity, cost, and production volume of 
this material is determined by the requirements of the semiconductor industry, since that 
industry uses most of the high-purity silicon produced. The purity and quantity require- 
ments sf silicon solar cells are sufficiently different that a growing demand for solar 
power devices would be likely to result in production of a lower purity, lower cost, solar- 
grade polycrystalline silicon. 

Next, the semiconductor-grade, or polycrystalline, silicon is recrystallized to form 
single-crystd silicon by a method called the Czochralski process, a technique commonly 
used in the semiconductor industry. The first step in this process is to melt the semicon- 
dhctor-grade silicon and dope it with very small quantities of other dements (boron, 
phosphorus) to make it n-typt: or ptype. A small silicon seed crystal is then dippea' in a 
pool of the molten semiconductor-grade silicon to initiate crystal growth and withdrawn 
slowly, pulling with it a large, growing, cylindrical single crystal of silicon (a boule). De- 
pending on the speed of pulling and the rate of cooling, boules of 7-10 cm in diameter are 
produced. Larger diameters have advantages in production efficiency, and research into 
larger boules has yielded diameters as large as 30 cm. 

The Czochralski crystallization process is followed by a sawing step to cut the cylindrical 
boule into flat wafers. The present sawing technique might be improved by reducing the 
width of the saw blades and the thickness of the wafers. Silicon is wasted in sawdust and 
in unnecesarily thick wafers. 

Then, the wafers are doped with an impurity that is the opposite of the one used in the 
crystallize.tion process. These impurities diffuse in a short distance into the surface of 
the cell as the wafers are heated in an oven. Most photovoltaic cells are made of ptype 
wafers with a thin n-type layer on the sunlit side. 

Metal contacts are applied to the front and b~ck  of the wafers, and antireflective coat- 
ings are applied to the front of the cells to reduce the amount of solar energy which is 
lost as reflection from the front surface of the cell. The finished solar cells are wired in 
series, in parallel, and encapsulated in glass or plastic for weatherproofing to form an 
array. 

Analyses indicate that, with imprc*~ements in production techniques, ingot technology has 
a high probability of leading to modules produced at $2.00/W (1975) in the near future. 
Further reductions in the cost of ingot-produced arrays are al& possible. 

The second process, noningot technology, involves the creation of a thin crystalline sili- 
con sheet as opposed to an ingot. This is acconiplished by pulling a continuous ribbon or 
web of material from a replenished melt. This process uses silicon material (similar to 
polycrystalline silicon used for ingot solar cells) much more conservatively by avoiding 
sawing losses since slicing is no longer required. The packing density also improves since 
rectangular cells, rather than round cells, result. It is possible that noningot arrays could 
be produced for $0.50/Wp or less by 1986. 



There are no obvious barriers to the production of photovoltaic concentrating systems, 
which tzday use single-crystal silicon cells. Photovoltic concentrators use special mil- 
rors or lenses to focus incident light on the photovoltaic cell. Some concentrating arrays 
are designed to track the sun's path to maximize the energy collected. Concentrators 
require fewer solar cells and, therefore, the total cost of photovoltaic cells required for 
a given area of collector is low (a direct inverse function of concentration ratio). The 
technologies required to manufacture concentrating Fresnel lenses and mi- are well 
known, as are the production processes of tracking systems. Production and design im- 
pmvernents that could reduce concentrator costs are being examined now. R&D efforts 
are also being directed at high-efficiency cells for use in concentrators (such as gallium 
e,rsenide). 



CHARAZTERIZATION AND ASSESSMENT OF POTENTIAL EUROPEAN 
AND JAPANESE COMPLTITION I N  PHOTOVOLTAICS 

SUMMARY 

The object ive o f  t h i s  study i s  an assessment o f  the poten- 

t i a l  o f  European and Japanese f i rms t o  produce and market photovol taic 

(PV) power systems in te rna t i ona l l y  i n  competition w i th  f i rms i n  the 

United States. The work was performed by Science Applications, Inc. 

for the Solar Energy Research Ins t i t u te ,  Golden, Colorado, i n  support 

of the development of the In ternat ional  Photovol t a i c  Program Plan f o r  

the U.S. Department of Energy. 

The study consists o f  three d i s t i n c t  parts: (1) an over- 

view o f  worldwide export a c t i v i t y  which describes the general posture 

of se lect  European countries and Japan; (2) an assessment of European 

competition focusing on Germany, Frarrce and the United Kingdom; and 

(3) an assessment of Japanese competition. This l a s t  section on the 

Japanese competitive pos i t ion  was based on a previous study by 

Science Appl i c a t i  oris, Inc. prepared f o r  the Department o f  Energy, 

Export Potent ial  fo r  Photovol t a i c  Systems, Prel iminary Report, Apri 1 

1979. 

The study i s  l i m i t e d  i n  scope t o  an evaluation of ex is t ing  

1 i terature i n  photovol l a i c  technology and in ternat ional  marketing 

trends. Data on spec i f i c  Japanese and European marketing plans were 

not avai lab le for  analysis during the study period. Within t h i s  

framework we attempt t o  po in t  out what i s  possible i n  the photovol taic 

export area, drawing as much on h i s t o r i c a l  perspectives i n  a l l i e d  



f ie lds  as on market project ions of PV systems. A l l  research was con- 

ducted w i th in  the United States. Sources o f  data included published 

reports i n  the sc ien t i f i c ,  trade, and business press, f i rm 's  annual 

reports, telephone i n t e r v i h s  w i th  representatives of European and 

J~panese firms, and a review of the f indings o f  three U.S. groups 

t h a t  had recent ly  toured Japanese photovol t a i c  f i m s  . European and 

Japanese government representatives were a1 so i nterviewed and govern- 

ment program descriptions evaluated. 

Overview of Worldwide Export A c t i v i t i e s  (Section 2.0) : 

The approach used t o  analyze the European marketing pos i t ion  

throughout the world involved looking a t  two levels  o f  competition. 

F i r s t ,  the world was div ided i n t o  four  major regions- Asia, Af r ica,  

the t.liddle East, and La t i n  America-and the competitors w i t h i n  each 

region were studied i n  terms o f  a l l  imports. With the exception o f  

Austra l ia  and New Zealand, the emphasis was on developing countries. 

This ref lects  the current view tha t  the most promising appl icat ions 

~f photovoltaics are i n  developing countries, where there i s  o f ten  a 

strong demand f o r  o f f -g r i d  e l e c t r i c  power. 

Within each region, the import markets were analyzed fo r  

three product areas : ( 1 ) t e l  ecomnunS c a t i  on equipment -- telephone, 

telegraph equipment, non-broadcast and broadcast rad io and te lev is ion,  

data comnunications equipment, microwave systems, and comnunications 

t e s t  equipment; (2) e l e c t r i c  power equipment -- diesel  generators and 

other* ge2erati on equipment and cab1 es , transformers , and other 

transmission and d i s t r i b u t i o n  equipment, and (3) agr icu l tu ra l  

equipment. O f  the avai lable product areas, these were believed t o  be 



most c losely  re la ted  t o  the photovol t a i c  power systems markets. 

Together the top three European exporters-Germany, United 

Kingdom, and France-exported $241 b i  1 1 ion o f  goods i n  1977, which 

amounted t o  35.5% o f  the exports o f  a l l  indus t r ia l i zed  countries. 

I n  1977, Germany, the world's second largest  exporter, to ta led  

$118 b i l l i o n  i n  exports. 

For the  past twenty years, Japan has been one o f  the leading 

world exporters. I n  1977, Japan exported $31 .I25 b i l l i o n ,  which was 

11.9% o f  the $677 b i l l i o n  exported by a l l  indus t r ia l i zed  countries. 

Only two countries, the United States ($120 b i l l  ion) and West Germany, 

exported more than Japan i n  1977. France and the United Kingdom were 

fourth and f i f t h ,  respectively. A l l  f i v e  o f  these countries sold 

more than h a l f  o f  t h e i r  exports t o  indus t r ia l i zed  countries o r  o i l  

exporting nations. O f  these f i v e  countries, Japan had the la rges t  

share of exports, 45. I%, t o  countries outside these two categories. 

This suggests t h a t  a l l  f i v e  countries devote roughly the same amount 

of a t ten t ion  t u  the same markets. 

Japan i s  successful ly exportfng t o  a l l  regions o f  the world 

and re ta ins  the strongest marketing pos i t ion  i n  Asia, where i t  

supplies a la rge  f r a c t i o n  o f  the imports o f  Austral ia,  New Zealand, 

and Southeast Asia. Although Japan has a special advantage i n  t h i s  

region due t o  i t s  proximity, i t  faces strong competition from other 

major export ing nations. The bliddle East and La t i n  America are not 

Japanese strongholds, but the Japanese provide a s ign i f i can t  share 

o f  the  t o t a l  imports. Japan i s  not  very act ive i n  Africa, p a r t i c u l a r l y  

Francophone A f r i ca  . 



Japan i s  a serious competitor i n  the markets for tele- 

comnunications equipment and electric power equipment worldwide. Japan 

i s  often strong i n  radio and television equipment, bu t  i n  both product 

categories , i t s  strength varies considerably from country to country. 

In both products, Japan usually faces strong competition from the 

United States and Nest Germany while France and the United Kingdom 

provide competition only i n  select regions. Japan is not prominent 

i n  the markets for agricultural equipment,with the exception of Asia. 

However, recent expansion of their market share i n  Australia, Phillippines, 

and Mexico i l lustrate  Japan's abil i ty to  rnwe from a relatively minor 

position to  a dominant position very quickly i n  relevant product lines. 

Germany, the most successful European exporter, i s  not 

the leading supplier to  any of the thirty-three countries examined. 

However, Germany i s  among the top three suppl iers to  twenty-three of 

those nations, and i s  frequently the second largest supplier, such as 

Latin America or North and West Africa. Germany i s  a strong competi- 

tor in the markets for telecommunications equipment and electric power 

equipment, two of the product markets examined i n  this study. 

Germany i s  particularly successful in selling a t  least one of these 

products i n  countries having subsidiaries of Sienens (the major 

Geman electric and electronic equipment firm). 

The United Kingdom i s  a less successful exporter on the world 

market. Although a strong supplier of imports t o  former colonies, 

the UK i s  one of the top three suppliers to  only eleven of the thirty- 

three nations studied. The UK i s  a major exporter of telecmunications, 



electric power, and agricultural equipment to Africa, but is much less 

successful than Gemcny in sell ing tel ecomnuni cations and electric 

power equipment to other regions of the world. 

French exports focus on former colonial areas in North and 

West Africa. Overall, France is the least important of the three 

European countries in tne other regions of the world. Excluding North 

and Nest Africa, France is one of the top three suppl iers to only 

one nation of the thirty-three countries studied. France is rarely 

a major supplier of any of the three products examined in this study 

(telecomnunications equipment, electric power equipment, and 

agricultural equipment). 

European Competition (Section 3.0): 

European competition is addressed in three di stinct areas : 

the characterization of the PV industry, the current and potential 

marketing activity, and the status of PV and related technological 

developments. In characterizing the PV industry in Europe, the focus 

is on a description of the firms currently active in photovol taics. 

The firms addressed include: AEG Telefunken, Wacker-Chemie Gmbh, 

Phi 1 ips, RTC, LEP, France-Photon, Photowatt International , Ferranti 
and tlontedison. The European PV industry is comprised of a few large 

mu1 tinational corporations, most of which are active in electrical 

and electronic equipment and telecomnunications equipment. A few are 

major firms with impressive capabilities in silicon materials. All 

support internal R&D programs. 

A1 so addressed are the recezt 1 inks between the U .S. 



photovol t a i c  industry  and European firms, parg t icu la r ly  the a c t i v i t y  

wi th  French corporations. Jo in t  ventures w i t h  U. S. PV manufacturers 

provide European f i rms w i th  advanced PV manufacturing capabi l i t ies,  

a proven PV product, and access t o  U.S. W results. I n  turn, U.S. 

manufacturers benef i t  from cap i ta l  izat-ion, impr -ved market posit ion, 

and access t o  European RLD. 

Today U. S. manufacturers dominate the world market w i th  

European production representing about 18 percent o f  the world t o t a l  

f o r  1979. Only Ph i l i ps  i s  cur ren t ly  a major competitor although 

Telefunken and Japanese f i rms could be major competitors i n  the  next 

few years. The European presence i n  the world photovoltaics market 

i s  c losely  1 inked w i th  nat ional  government developnent funding. French 

devel opment assi stance i s  1 argely responsible f o r  the a t ten t ion  Hest 

Af r ica i s  receiving today as a major potent ia l  market.   em an 
exposure overseas i s  almost exclusively re la ted t o  government develop- 

ment a c t i v i t i e s  i n  support o f  PV demonstrations, The current focus 

o f  European f inns and U.S. exporters on the Francophone Afr ican 

markets r e f l e c t s  ear ly  French a t ten t ion  i n  t h i s  area. Europeans view 

the major PV markets t o  be i n  developing c w n t r i e s  and other regions 

where centra l  s ta t i on  grid-power i s  not  available. 

Throughout Europe a large number o f  un ivers i t ies,  research 

i ns t i t u t i ons ,  and i ndus t r i a l  research centers are performing R&D work 

re1 ated t o  photovol t a i c  systems. The t o t a l  government funds ava i l  able 

fo r  t h i s  R&D i s  i n  excess o f  $35 m i l l  i on  annually, France and Germany 

providing more than 85 percent of  the  to ta l .  U.S. R&D today i s  i n  a lead 

I 



position i n  most areas of European R&D activity. The notable ex- 

ception i s  the cast ingot polycrystalline effort  i n  Germany. 

if a cell technology 'breakthrough'' occurs a t  a European 

research center, the U.S. i s  i n  a position t o  develop that technology 

rapidly. If the reverse happens, a t  least one European country 

will be able to  develop the technology quickly. T h i s  reflects the 

focused programs of European programs i n  comparison to  the broader 

U. S . programs. 

Japanese Competition (Section 4.0) : 

Since World War I1 Japan's industry has developed several 

groups of strong manufacturing firms--each w i t h  activit ies i n  the 

electrical, electronics, and semiconductor areas. Soon after the 

photovoltaic cell was invented a t  AT&T1s Bell Labs i n  the mid-19501s, 

Japanese firms began to  manufacture cells on a pilot basis. While 

devoting major resources to  transistor and la ter  integrated circuit  

production, each major group member has maintained activity i n  

photovol taic cell research, development, and manufacture. 

There are about ten companies i n  Japan which are actively 

involved i n  photovol ta ic  production, or which have the potential, 

based upon similar product lines, to  enter the field quickly. These 

firms are very large, having annual total sales i n  the r-.nge of 1 to  

10 bil l  ion do1 lars. Senliconductor sales and, i n  particular, photo- 

voltaic sales comprised a small fraction of the total sales. This 

situation appears to  be typical of most Japanese PV manufacturers. 

Extensive exporting of numerous products has allowed the seven major 



companies combined t o  establ i s h  a f f  i 1 i a t e  companies i n  22 countries, 

subsidiary companies i n  9 countries, and branch o f f i ces  i n  51 countrjes. 

The sales and d i s t r i b u t i o n  networks o f  these companies are prepared 

for increased marketing and export o f  photovoltaic devices. 

Tota l  Japanese sales are estimated t o  range between 30 

and 50 KWp i n  1978 and maximum Japanese production today i s  between 40 

and 80 KUp. Two general observations can be made: domestic sales 

are small and depend mainly on government purchases. Secondly, 

fore ign sales are l im i ted  and the module pr ices high. The Japanese 

domestic market i s  no t  impressive. I t  i s  expected t o  develop slowly 

and perhaps reach 200-400 KWp annual sales i n  1985. A small potent ia l  

market ex i s t s  because the country has a h ighly  developed central  u t i l i t y  

g r i d  and few undeveloped regions. 

I n  the area o f  fore ign sales, Japanese export a c t i v i t i e s  

can be summed up as exploratory. Japan exports PV systems t o  a wide 

range of countries i n  Afr ica, South America,and Asia. Austral ia i s  

considered a leading market area. Most U.S. PV companies s tate tha t  

they ra re l y  compete w i th  Japanese products. A p a r t i a l  reason f o r  t h i s  

i s  t ha t  the  world PV market i s  extremely fragmented today. This i s  

characterized by small volume sales over broad geographical regions. 

It i s  not uncommon t o  meet few competitors except where t h e  potent ia l  

sales are o f  s ign i f icant  s ize and frequency. 

"Project Sunshine", the broad Japanese government R&D program 

i n  so la r  energy, includes work on photovoltaics; the program emphasis 

i s  on c e l l  f ab r i ca t i on  techniques, especial ly those re lated t o  mass 



production. A1 1 major c e l l  technologies are represented, inc lud ing 

several on edge defined f i l m  feed, plasma and chemical vapor t h i n  

f i l m  deposition, ion beam and conventional ep i tax ia l  t h i n  f i l m  

g~owth, and golysi  1 icon production. 

Photovoltaic R8D outside o f  "Project Sunshine" i s  underway 

a t  several un i ve rs i t i es  and pr iva te  companies. This includes work 

on emerging mater ials and amorphous s i l i con .  There i s  l i t t l e  de ta i led  

pub1 ished information avai lable on most o f  the  research e f fo r t s ,  bu t  

t ha t  which i s  avai lable indicates tha t  the Japanese are no more than a 

year o r  two behind the United States' e f f o r t  i n  the  areas they ac t i ve l y  

pursue. The Japanese R&D program allows researchers i n  Japan t o  keep 

abreast o f  the development throughout the world, but the 1 i m i  t ed  

funding and broad program scope r e s t r i c t s  the  researchers ' r o l e  from 

leading technological developments. 

The Japanese R&D e f f o r t  i n  photovoltaics r e f l e c t s  an i n te res t  

t o  keep up w i th  worldwide technological developments, but l i t t l e  

emphasis i s  placed on market s t imulat ion or  systems development 

spec i f i ca l l y  f o r  photovol ta ics.  This posture w i  11 a1 low Japanese 

industry  t o  exp lo i t  breakthrough or  t e c i ~ ~ o l o g i c a l  developments made 

i n  photovoltaics, but minimizes the r i s k  involved. 

A t  present Japan i s  not  a major f ac to r  i n  the photovol taic 

power system market; the  United States i s .  Despite t h i s  f a c t  t he  

authors be1 ieve tha t  Japanese f i m s  have the potent ia l  t o  capture 

the major share of the world market i n  a time frame of about twenty years. 



This w i  11 become true if  several assumptions are valid concerning 

the probability of technical and manufacturing breakthroughs i n  photo- 

v o l t a i c  power, growth of market demand, a detemined national push 

by Japan, and a lack of concerted e f for t  t o  promote U.S. PV exporters. 



APPENDIX B 

INDUSFRY PBBSPgCTIVES ON 
INTERNATIONAL MARKETS FOR PHOTOVOLTAICS 

SERI visited 13 selected companies currently active in the photovoltaic industry to 
gather opinions on international markets and the International Photovoltaic Program 
Plan. Table E-1 iaentifies the companies and individuals interviewed. Seven of the in- 
terviewed companies currently are producing photovoltaic modules; six are potential pro- 
ducers but are not actively marketing photovoltaics today. The companies participating 
do not include all companies active in photovoltaic R&D and production. However, they 
do represent the majority of current production, the diverse technological approaches 
under investigation, and the vari~us types of companies with photovoltaic programs. 
Figure E-1 characterizes the companies by financial backing and primary business and by 
business status. 

The interviews were informal. Topics discussed included: current international applica- 
tions and customers; future international applications and customers; obstacles to making 
international sales; business and marketing arrangements for international sales; inter- 
national competition; and the role that should be played by the federal government in 
facilitating international sales. Each of these topics is discussed in the tollowing see- 
tions. 

B2 CURRENT APPLICATIONS AND CUSTOMERS 

Photovoltaic systems are currently being sold by U.S. manufacturers for a wide variety 
of applications in many different countries. Current applications include systems for 
commursications, cathodic protection, navigational aids, educational television, small 
scale pumping, and remote general power. All of these current applicatior~s have been 
previously identified in publicly available market studies or analyses of past industry 
sales. Several companies have made photovoltaic system sales in over thirty foreign 
countries. Othersf sales have been confined to fewer countries. Sales have ranged from 
European countries to the Middle East, Africa, South America, and Australia. 

Photovoltaic power systems are sold internationally to three types of customers. First, 
original equipment manufacturers buy photovoltaic- modules for use with equipment sub- 
sequently sdd to foreign governments, utilities, or private companies. Navigational aids 
are good examples of photovoltaic systems sold in this way. Other sdes are made to sys- 
tem houses which then resell complete systems to foreign governments or private users, 
or install the photovoltaic system and equipment it powers as part of foreign develop 
ment projects. Communication and pumping systems are examples of systems often sold - - 

underthh arrangement. A third type of sale is made directly by the photovoltaic msdule 
manufacturer or its affiliate +o a foreign government, utility or private user. The rela- 
tive Importance of these sales channels is not known; it is likely to vary significantly 
from company to company depending on company sirategy and position. 
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Table El. COYPANLBS AND INDIVIDUALS PARTICIPATMG IN m D Y  
-- 

CURRBNT PRODUCERS 

Compeny Individuals Interviewed 

Solarex Corporation Joseph Lindmayer, President 
John Goldsmith, Vice President 
Ted Blumenstock, Director of 

Marketing 

Solenergy Corporation Robert Willis, President 

Sensor Technology, Inc. 

Optical Costing Laboratory, Inc. 

Irwin Rubin, President 
Sunjeev Chitre, Director, 

Solar Operations 
Kees Van Der Pool, Vice President 

of Marketing 

INugles OtCwaor, President, 
Photoelectronics Division 

Raymond Mattison, Manager, 
Corporate Market Development 

Robert Brown, Manager, Terrestrial 
Sdar Power Programs 

Motorola Semiconductor Products, Inc. Bill OtConnor, Director, Solar Energy 
Robert McGinnis, Manager, 

Solar Operations 

Solar Power Corporation 

T. D. McLaughlin, Vice President 
and General Manager 

J. W. Yerkees, Vice President, 
Engineering and Research 

Kenneth Ude, Coordinator, 
Market Research 

W. W. Hawley, Manager of Programs 

John Wurmcer, President 
Paul Caruso, Vice President 
William Brusseau, Marketing Manager 

POTENTIAL PRODUCERS 

Sun Trac Corporation 

RCA 

Douglas MoeUer, President 
James Frommeyer, Consultant 

Howard Rosenthal, Staff Vice 
President of Engineering, 
David Sarnof f Research Center 



Table El. COHPANIZ&S AND INDIVIDUAIS PARTICIPATING IN STUDY (concluded) 

POTENTIAL PRODUCERS (con tld) 

Varian Associates 

Mobil 'l'yco Solar Energy Company 

SES, Inc. 

John Hekdack, Vice President 
Corporate Development and 
Public Affairs 

Edward Barlow, Vice President, 
Research and Development 

Ron Bell, Director, Solid State 
Laboratory 

Henri Maget, Program Manager, 
Corporate Solar Energy Programs 

Jim McNeil, President 
A. I. Mlavsky, Executive Vice 

President 

Steve Dizio, President 
Robert Johnson, Manager, Marketing 

Photon Power, Inc. Guy Roderick, President 

E 3  FUTURE APPLICATIONS AND CUSTOIYBBS 

Current and potential prociucers are optimistic about future growth in the size of foreign 
markets. All but one of the 13 companies interviewed were confident that international 
markets will be the most important markets for photovoltaics through the mid-1980s. 
Several companies believed that international markets may dominate sales into the 
1990s. 

Expansion of international markets for existing applications will offer significant growth 
opportunities. Water pumping for both drinking and irrigation, remote general power sys- 
tems (substituting for gas and diesel generators), and water desalination arc! believed to 
be the most promising applications. Educational television systems and sefrige~etion also 
show some promise. All of these amlieations have been identified previously in photo- 
voltaic market studies. At present, photovoltaic companies do not expect yet-to-be- 
defined applications to lead to growth in internatimal sales. 

Most companies categorized markets for foreign sales into three general groups. The 
first consists of industrialized nations, such as European countries, that will have charac- 
teristics similar to U.S markets. Several companies presently are marketing in these 
countries and anticipate some growth in industrialized markets. Australia, for example, 
has already proved to be an attractive market. The large rural areas of Australia and the 
financial resources available to pure) ,:.:se photovoltaic systems make Australia a good fu- 
ture market. 

The second market group is made up of developing countries with access to monetary re- 
sources for financing photovoltaic systems. The oil-rich countries in the Middle East are 
en example of this group. These countries have needs for power typical of developing 
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countries, but have only limited electric utility systems for irrigation, potable water, re- 
frigeration, and general power. Countries in this group will initiate substantial develop- 
rnent efforts over the next decade that will provide for these and other needs. Projects 
will be funded with their own resources or with private financing. Photovoltaics could be 
used in many of these projects. 

Poorer developing countries make up the third market group. The need for electric 
power in these countries is great. Photovoltaics could be well suited to meet many of 
these needs. The delta regions of Africa, for example, might benefit from extensive irri- 
gation supplied by small-scale photovoltaic pumps. However, it is unlikely that these 
countries will have the resources to fund many projects. World development institutions 
such as the World Bank, the U.S. Agency for International Development, and other aid- 
giving nations md agencies would need to support these projects. 

The customers for photovoltaic systems among these market groups are expected to 
vary. Foreign governments will be the most Likely customers among the financially self- 
sufficient developing countries. Ministries of development in agriculture and electrifica- 
tioii may make the majority of decisions concerning the selection of types of projects and 
power supply. For the poorer developing countries, ministries of government as well as 
officials in institutions that finance development programs will share decision-making 
power. In the industrialized countries, private purchasers, utilities, and government offi- 
cials are all likely customers. U.S. photovoltaic companies may take a variety of 
approaches to selling in these markets. 

El  OBSTACLES TO INTERNATIONAL SALES 

Seven principal obstacles to U.S companies increasing their photovoltaic sales in inter- 
national markets were identified. These are listed in Table E-2. Several d these obsta- 
cles were mentioned repeatedly by companies interviewed. 

One obstacle described by many companies is that photovoltaic systems are too expen- 
sive for foreign applications and markets. Reductions in photovoltaic system prices 
would improve the outlook for international sales. All of the companies interviewed 
were confident that optimal photovoltaic system prices could be achieved, at least to the 
extent that their cost-effectiveness in several applications for internation~l markets 
would be improved. Reductions in photovdtaic module prices are anticipated, as well as 
balance-of-system costs, through standardization of components and systems. Transpor- 
tation costs, however, could make the cost of complete systems shipped from the United 
States prohibitive. One company felt that foreign purchasers were not particularly price 
sensitive and that other obstacles would prove more significant than price. 

A second obstacle is the lack s f  funds to pay for photovoltaic systems. This obstacle is 
particularly important in the poorer developing countries. Some companies fear that 
current optimism abcrlrt foreign markets may b2 based on simplistic assessments of 
needs. Limitations in funds could greatly reduce actual demand. 

Several cornpanies are concerned about the costs of effectively marketing photovoltaic 
systems in international markets. Current foreign markets are highly fragmented; sales 
to these markets require substantial effort. Actual sales are mostly for single, small, 
systems, making the marketing-costs-per-sale substantial. The actual purchasers in 
many foreign markets are also difficdt to identify. Government officials or officials of 



development institutions will of ten be the decision makers. Finding the appropriate offi- 
cial adds to marketing costs. 

Two obstacles stem from poor information about photovoltaic system capabilities and 
potential markets. On the purchaser side, potential users of photovoltaic systems how 
little about photovoltaic applications, system availability and performance, specific sup- 
pliers, or cost. Before international markets expand greatly, the public needs to become 
more familiar with photovoltaics. Suppliers are also poorly informed on potential mar- 
kets, perhaps because merket experience to date is limited. Market studies have yet to 
define the characteristics of markets at a level of detail sufficient for companies to de- 
velop detailed marketing plans. Even companies with more extensive experience are un- 
certain about the ultimate potential of several markets and applications. While some 
level of uncertainty is inevitable, a better understanding of the international market 
would motivate companies to pursue more aggressive marketing plans. 

Related to the obstacles of insufficient information on the part of both users and sup- 
pliers is that more needs to be known about how photovoltaic systems work in specific 
applications. Several suppliers felt that international sales would not expand rapidly 
until more users have gained experience with photovoltaic systems. Building systems 
would also help companies improve system designs. 

The last obstacle was identified by only one company. That company felt that the United 
States has a poor reputation in many developing countries where the influx of American 
industry is associated with political control. This image problem may make many count- 
ries hesitant to encourage the expansion of U.S. photovoltaic sales. 

Table E2. OBSTACLES TO INTERNATIONAL SALES 

High Price of Photovoltaic Systems 
Lack of Financing In High-Need Areas 
High Costs of Marketing 
Low User Awareness 
Lack of Supplier Information on Markets 
Limited Systems Experience 
Poor U.S. Government Reputation In Some Markets 

E 5  BUSINESS AND MARKETING ARRANGEMENTS 

Photovoltaic companies use a variety of approaches to sell in international markets. All 
seven of the current producers interviewed make some sales through direct contact with 
foreign purchasers. Companies that are subsidiaries or affiliates of large, multinational 
corporations take advantage of the marketing abilities of their parent corporations and 
affiliate companies. Arrangements with local distributors in foreign countries are also 
made by photovoltaic companies. Some companies have formed joint ventures with 
foreign companies that sell electronic or other related equipment on. that will produce 
photovoltaic cells. Joint ventures with French electronics ancl origincnl equipment manu- 
facturers (OEM) of reievant equipment (e.g., pumps) have been initiated by several com- 
panies. These arrangements are interkcled in part to take advantage of French marketing 
strength in Africa, particularly through French development programs. 

These various business arrmgements are expected to continue as international markets 
expand. The need for local distributors will increase and photovoltaic companies will 



continue to team with original equipment manufacturers to deter marketing costs. Small 
companies, especially, will rely m OEM marketing abilities. Systems companies with 
marketing positions in foreign countries will become another sales avenue. 

Several companies see an evolution in marketing photovoltaics internationally, from ini- 
tial exporting of complete U.S. systems, to exporting photovoltaic modules, to exporting 
photo*~oltaic production facilities. This evolution will occur as international markets ex- 
pand. It will become more economical to use indigenous capabilities to assemble the 
components of complete systems. This approach is already common today. For example, 
a Yrench purnp has frequently been teamed with a U.S.-manufactured photovol taic 
module. User countries are also likely to want to play a larger role in putting together 
systems. This larger role may be essential to meet service and installation require- 
ments. As photovoltaic sales increase, many countries will desire to manufacture 
modules in their own country. At this point, the role of U.S. companies may be limited 
to licensing production facilities or to building and operating plants outside the United 
States. 

Companies that foresee this trend felt strongly that it is unrealistic to anticipate large- 
scale exports of complete systems. Not to move in the direction of exporting modules 
and production facilities would diminish the competitive position of U.S. photovoltaic 
companies. Therefore, a systems marketing approach would still be necessary. Most 
companies believe that the muket for photovoltaics will be a systems market. But, the 
extent to which components of these systems will be manufactured exclusively in the 
United States will be reduced. The trend will be toward greater reliance on systems and 
manufacturing capabilities in user countries. 

Two factors give some international competitors a possible advantage in photovoltaic 
markets: marketing ability and government marketing assistance. Historically, the 
United States has not been par titularly effective at selling products in international 
markets. France and Japan have proven to be more successful in foreign markets. The 
French have been particularly strong in some developing re,*ons, such as in Africa where 
early markets for photovoltaics have been sllpported thro~gh French development pro- 
jects. Japan has shown a strong ability to ir, 2lement tecllnology developed elsewhere, to 
produce products cheaply, and to sen them throughout the world, especially in Asia. 

As for government support, governments are known to support export activities of their 
own companies more aggressively. The French, according to two companies, encourage 
competing French companies to concentrate their marketing in separate regions, thereby 
reducing competition and marketing costs. Foreign governments were also said to s u p  
port sales activities and marketing exhibits of their photovoltaic companies. Details on 
the extent or origins of this support were not provided. 

Several countries are supporting photovoltaic technology development and production. 
None of the companies interviewed, however, were particularly concerned that other 
countries would gain a preeminence in the technology area. Germany and Japan could 
develop a competitive product, as could others. But the U.S. position in the technology 
area appears to be strong. 

Although several companies felt that foreign companies could develop a marketing 
advantage in photovoltaics, no company believed that this advantage could not be chal- 
lenged. Even in French-supported development projects in Africa, U.S. companies are 



successfully selling photovoltaics through cooperative arrangements with French s u p  
pliers. Marketing support offered to photovoltaic companies by other governments 
appears to be stronger than that of the United Statcs in this early stage of market devel- 
opment. This is the reason why the French have been successful in Africa with photo- 
voltaics, for example. But companies interviewed expect to compete in the future. They 
would like to see increased support by the U.S. government to offset any advantage that 
their competition might enjoy. 

E.7 ROLE OF THE US. GOVEBNMENT 

Table E-3 lists the government actions recommended by the companies interviewed. 
Twelve of the thirteen companies believe that photovoltaic demonstration projects rele- 
vant to international applications would be an effective way for the U.S. government to 
facilitate the development of international markets. A few companies think that it is 
not essential that these projects be conducted outside the United States, so long as they 
are oriented toward international applications. However, demonstrations in foreign 
countries would be more helpful to potential users and producers. 

Companies are concerned that demonstrations of international applications be conducted 
properly. Of particular concern is the choice of applications. In the past, demonstra- 
tions with little relevance to international markets have been funded. These projects are 
often too large; most sales of photovoltaic systems will be smaller. The U.S.-Saudi 
Arabia Soleras program's 350-kW village power system, outside of Riyadh, is an example 
of a system much larger than any likely to be sold commercially. Demonstration systems 
also tend to be overdesigned. Projects more similar to those in possible commercial 
markets should be funded as demonstrations. Administrative requirements of an interna- 
tional demonstration program also need to be minimized. A demonstration program 
should not have so much government involvement and control that industry learns little 
about the market. Industry should be given the flexibility to learn from market condi- 
tions and respond to them, and, with the help of users, to select appropriate projects. 

Information dissemination is a second area in which several companies suggested the U.S. 
government could help foreign sales. One of the major obstacles to greater foreign sales 
is lack of awareness on the part of foreign purchasers. One company stated that through 
an aggressive information dissemination effort, the government could introduce buyers to 
sellers. Individuals in charge of development projects should be the target of one aspect 
of an information program. U.S. agency representatives (Embassies, AID, etc.) could be 
used in information dissemination efforts. Some companies, however, were concerned 
that these representatives might not devote sufficient attention to photovoltaics in the 
midst of numerouis other responsibilities. 

'Table E3. RECOMMENDED GOVKRNMENT ACTIONS 

Demonstrations in International Markets 
Information Dissemination to Potential P-~rchasers 
Information Dissemination on Markets to Suppliers 
Support for Trade Fair Participation 
Support for Marketing 
Provide Accessible Description of U.S. Programs 

Federally funded market studies were another form of support suggested. Companies 
rfissgrted on the value of publicly available market studies; about half felt they are help- 



ful. Other conlpanies stated that studies have been too general to be of much use. HOW- 
ever, if country-specific studies of sufficient detail that examine sales mechanisms, 
financing, government regulation, and other relevant market factors were conducted, 
these studies could be helpful. No company interviewed believed that public studies 
could substitute fcp their own market research. However, they could offer a starting 
point. Small businesses, especially, could benefit from well planned, public market 
studies. 

Internatimal trade fairs were thought by @.bout half the companies interviewed to be a 
good approacn to information dissemination. One of the problems with trade fairs is that 
they rarely lead to actual sales for a participating company. Instead, they tend to raise 
general awareness about photovoltaics, which often makes the costs of sending and staf- 
fing an exhibit more than they are worth to a participating company. Federal support for 
trade fair participation would make U.S. companies' participation more feasible, and 
could reduce companiesf concerns that the benefits of participation are only to the indue 
try in general. 

Several other government actions were suggested by individual companies. One company 
thought that U.S. manufacturers should be trained in effective exporting techniques. 
Another suggested that loans for systems bought by developing countries should be 
guaranteed. One company recommended that marketing costs for international sales 
efforts on the part of small businesses could be paid by the government. 

Still another company stated that no matter ,&hat the government role, there is a need to 
describe clearly to U.S. industry how available programs work and could be useful. Cur- 
rently, U.S. activities are very scattered. It is nearly impossible for companies to identi- 
fy sources of help and information needed to market photovoltaics internationally. A 
directory of federal programs, which is periodically updated, could be valuable. 
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POLICY STRATEGIES FOR THE INTERNATIONAL 
MARKETING OF U. S . PHOTOVOLTAICS 

EXECUTIVE SUMMARY 

Preface 

The increased wor ld demand f o r  energy, r i s i n g  o i l  pr ices,  and uncer ta in t ies  

i n  supply have s t imulated an i ~ c r e a s e d  i n c l i n a t i o n  o f  developed and l esse r  de- 

veloped countr ies (LDCs) toward energy se l f -su f f i c iency .  I t  i s  apparent t h a t  

such a l t e rna t i ve  energy sources as so la r  energy, photovol ta ics (PV) i n  p a r t i c -  

u lar ,  r e p r e ~ e n t ~ v i a b l e  oppor tun i t ies  today i n  the in te rna t iona l  marketplace, 

espec ia l ly  the LDCs. The long-term business outlook f o r  sales o f  a l t e rna t i ve  

energy products and systems i s  thus extremely favorable. A t  the same t ime i t  

i s  important t o  recognize t h a t  cu r ren t  r i s k s  are high, as a r e s u l t  o f  uncertain- 

t i e s  a f f e c t i n g  energy technoSogies, markets, etc. 

This ind icates t h a t  every reasonable coordinated e f f o r t  should be made by 

the U.S. Government and indus t ry  t o  counter the i n i t i a l  r i s k s  by acce lerat ing 

the in te rna t iona l  market development o f  such promising energy technologies as 

photovol ta ics .  The Photovol t a i c  Act o f  1978 spec i f ies  t h a t  the Department o f  

Energy (DOE) sha l l  develop a plan " f o r  de~nonstrat ing appl icat ions o f  so la r  PV 

energy systems and f a c i  1 i t a t i n g  t h e i r  widespread use i n  o ther  nations." This 

plan ,which w i l l  be completed by November, 1979, i s  expected t o  support a program 

that  w i l l  provide near- and mid-term demands f o r  U.S. photovo l ta ic  products, a i d  

i n  market development, and a s s i s t  i n  meeting the e l e c t r i c  energy requirements 

of developing countr ies. 

The ob jec t i ve  o f  the ZIT Research I n s t i t u t e  ( I ITRI )  study was t o  provide an 

input  t o  t h i s  p lan by developing and documenting p o l i c y  s t ra teg ies  f o r  the i n -  

ternat iona l  marketing o f  U,S. photovol t a i c  systems and products, w i t h  p a r t i c u l a r  

emphasis on the 1980-1990 timeframe. Several key issues were considered i n  the 

course o f  the study which impact the implementation o f  photovo l ta ic  p o l i c y  

strategy opt ions by government and industry.  These issues inc lude the fol lowing: 

the q u a l i t a t i v e  impact on foreign sales by U.S. manufacturers, the possible 

bar r ie rs  t o  implementation of the options,and the appropriate posture, l eg i s l a -  

t ion,  and ac t ion  requi red by the U.S. Government and i t s  agencies. The I I T R I  

study was designed t o  develop c rea t i ve  and novel approaches t h a t  would faci  1 i i a t e  

the export  o f  U.S. pho tovo l ta ic  products and systems abroad as qu i ck l y  and e f -  

fec t i ve ly  as pract icab le .  



The study ob jec t i ve  was accomplished by i n t e g r a t i n g  the ideas and view- 

po in t s  o f  exper ts  knowledgeable and experienced i n  the in te rna t iona l  marketing 

of h i gh  technology products i n t o  a  p o l i c y  s t ra teg ies  report .  The experts were 
selected on the  basis o f  t h e i r  extensive i nd i v i dua l  cont r ibut ions i n  indus t ry  

as w e l l  as the  consu l t i ng  sector , re la t ing t o  energy development and in terna-  

t i o n a l  marketing o f  h igh  technology products and systems. Spec i f i c  i n d u s t r i a l  
experience of t he  experts i s  represented by t h e i r  currene and previous 

pos i t i ons  as: D i rec to r  o f  Commercial Development and Planning f o r  In te rna t iona l  

Minerals and Chemicals; corporate market ana lys t  f o r  Ford Motor Company; 

Managing D i rec to r  o f  In te rna t iona l  Harvester subs id iar ies  i n  New Zealand, 

Aust ra l  ia, and France; and i n d u s t r i a l  engineering, manufacturing and i n t e r -  

na t iona l  marketing manager f o r  Motorola, Inc. I n  add i t ion,  the  experts 

represent a  broad base o f  consu l t i ng  experience inc lud ing  such pos i t ions as: 

?res ident  o f  Solar  Energy Informat ion Services ( S E I S )  and Solar  Energy Business 

Consultants (SEBC) ; Assis tant  D i rec to r  o f  the  I n te rna t i ona l  D iv i s ion  o f  

I I T  Research I n s t i t u t e ;  United States Senior Advisor on Science and Techrlology 

t o  t h e  United Nations; consu l tant  t o  the U.S. Department o f  State; memher o f  

the Advisory Comnittee f o r  the U.S. Department o f  Commerce and the East-West 

Trade Counci 1  ; D i rec to r  o f  I I T  Research I n s t i  t u  te; Seni o r  Program Manager 

and Manager o f  Energy and Environmental Programs o f f  i c e  o f  Ba t t e l  l e  ' s  Co1 umbus 

Laboratories; member o f  the  U.S. diplomatic service; and consul tant  t o  the 

World Bank on expor t  o f  manufactured goods from developing countr ies.  

There were th ree  primary task elements d i rec ted  toward the object ive.  They 

consisted o f  two workshop sessions held a t  I I TR I  i n  Chicago and an independent 

preparat ion of concept papers by the experts. This r epo r t  sumnarizes both the 

i nd i v i dua l  and j o i n t  e f f o r t s  o f  the expert  panel i n  i den t i f y i ng ,  developing, 

and i n t e g r a t i n g  v iab le  government and indust ry  opt ions f o r  the purpose o f  de- 

vel  op ing the i n t e r n a t i o n a l  market f o r  photovol ta ics .  

To support the  implementation o f  the tasks, the l a t e s t  ava i lab le  informa- 

t i o n  was used t o  b r i e f  the panel regarding the cur ren t  and expected f u tu re  s ta te  

of t h e  photovol t a i c  technology, industry, appl i cations, and markets. Important 

assumptions were made a t  the outset  t o  permit  the exper t  panel t o  develop p o l i c y  

op t i on  s t r a teg ies  which cou ld  be synchronized w i t h  t he  o v e r a l l  expor t  plans and 

ac t i ons  o f  t he  U.S. Government and the PV industry.  The major assumptions and 

base l i n e  o f  i n f o rma t i on  used by the experts are described below. 



. An in ternat ional  market now ex is ts  f o r  U.S. -made photovol t a i c  

products and systems. The plan DOE w i l l  develop f o r  the i n -  

ternat ional  marketing of photovol t a i cs  i s  based on t h i s  assumption. 

. It has been determined tha t  PV products and systems are cur ren t ly  

cost-competi t i v e  i n  foreign markets, p a r t i c u l a r l y  LDCs. 

. PV products and systems w i l l  have major near-term poten t ia l  f o r  

remote appl icat ions such as water pumping and v i l l age  power. 

. Signi f icant PV market development i n  in ternat ional  markets i s  

ant ic ipated w i th in  the 1980-1990 timeframe. 

. It i s  expected tha t  increased production i n  response t o  a 

developing in ternat ional  demand f o r  photovol ta ics  w i l l  have the 

benef i t  o f  reducing costs t o  al low advanced PV technology t o  

u l t imate ly  become competitive i n  the U.S. market, and other 

g r i d -o r im ted  markets, beginning i n  the 1 ate 1980s. 

As the in ternat ional  market f o r  photovoltaics develops, the nature o f  the 

I PV industry i t s e l f  w i l l  change. It i s  expected tha t  while photovol taic products 

and systems are today p r imar i l y  marketed by PV c e l l  at~d/or system firms, the 

core o f  in ternat ional  PV demand may be stimulated by end-use products such as 

pumps, appliances, etc., which incorporate photovol t a i c  components. Thus the  

or ig ina l  equipment manufacturers (OEMs) represent a key element i n  what w i l l  be 

considered the PV industry. 

Findings 

The I ITRI study resul ted i n  two forms o f  output. The concept papers o f  

the experts represent ind iv idua l  perspectives on the task o f  developing an ap- 

proach t o  the in ternat ional  marketing o f  U.S. photovol ta ics.  Secondly, the 

workshops a t  I ITRI provided a s i g n i f i c a n t  leve l  o f  infornlation and d e t a i l  re- 
garding the formulation o f  an in tegrated set o f  po l i cy  strategies for penetrat- 

i n g  the in ternat ional  PV rriarket i n  the  near-term. These two forms of output 

are described i n  t i le paragraphs which follow. 



I nd i v i dua l  Concept Papers 

The concept papers represent a d iverse se t  o f  perspectives regarding the 

p o t e n t i a l  mechanisms and approaches which would be most useful  and/or necessary 

t o  penetrate the i n te rna t i ona l  market f o r  U.S. photovoltaics. The range o f  

concepts i s  represented by the fo l low ing  sunlmary descr ipt ions:  the development 

o f  a new product d i f f u s i o n  theory as app l ied t o  photovoltaics; the es tab l i sh -  

ment o f  a U.S. i n t e rna t i ona l  export  company t o  provide f o r  a coordinated, i n t e -  

grated U.S. t h r u s t  i n t o  the  in te rna t iona l  PV marketplace; an emphasis on the 

market development o f  t a rge t  countr ies which are p o l i t i c a l l y - ,  social ly-,  energy- 

appropr iate f o r  pho tovo l ta i c  systems; and t he  development o f  s t ra tegy mechanisms 

which are phased t o  (1) analyze i n  d e t a i l  the PV app l ica t ions (i .e. market iden- 

t i f i c a t i o n  and analys is  stud-ies), (2) provide PV prototype development and t e s t -  

i ng  targeted t o  count r ies  and appl icat ions,  and (3) provide PV production and 

marketing s t ra teg ies  which w i l l  qu ick ly  b u i l d  a responsive supply-demand s t ruc -  

ture. A l l  o f  the  concept papers address the issues as t o  what the indus t ry  

could/shauld do and what the U.S. Government could/shou;d do t o  cons t ruc t i ve ly  

f o s t e r  the rap id  development o f  a v iab le  PV market s t ruc tu re  t o  serve the energy 

needs o f  the i n te rna t i ona l  cornuni ty and the LDCs i n  par t i cu la r ;  

Worksho~ Sessions and I ITR I  Analvsis 

The r e s u l t s  o f  the I ITR I  study represent the  most promising po l  i c y  

s t ra tegy options, designed and in tegrated t o  provide the maximum p o s i t i v e  

impact on fo re ign  PV product sales by U.S. f i rms.  The r e s u l t s  present 

several i n te rna t iona l  marketing options, which a re  supplemented by several 

spec i f i c  p o l i t i c a l / l e g i s l a t i v e  act ions and f inance-related incent ives t h a t  

impact the successflnl implementation o f  the  marketing options. Thus we 

have segmented our  p o l i c y  s t ra teg ies  and recomnendations i n  the f o l l ow ing  

manner : 

. In te rna t i ona l  Marketing Options 

. Market-Related Pol i t i c a l / L e g i s l  a t i v e  f is t ions 

. Finance-Related Incent ives 



. Internat iona l  Marketing Options 

The in te rna t iona l  marketing options are or iented toward a new product 

adoption mechanism which focuses on (1) i d e n t i f y i n g  and segmenting po ten t i a l  

users/purchase-decision makers and (2) t a rge t i ng  promotional and market de- 

velopment e f f o r t s  i n  order t o  generate awareness and i n te res t ,  and st imulate 
t r i a l ,  evaluation, and adoption. The options we have developed are defined 

as fol lows: 

. Market I d e n t i f i c a t i o n :  - 
Determine those end-#user countr ies and ;i;iplications t h a t  would o f f e r  the 

quickest and most successful penetrat ion f o r  PV product/systems worldwide. 

. Market Development: 

Provide market development support f o r  ind iv idua l  f i rms i n  those countr ies 

where selected PV appl icat ions appear most promising. 

. Market Awareness (outs ide the U.S.): 

Design and implement a comprehensive market awareness program which w i l l  
enhance an e a r l y  and rap id  development o f  in te rna t iona l  market po ten t ia l .  

. Market Awareness ( ins ide  the  U.S.): 

Organize a ser ies  o f  tours  f o r  representat ives from po ten t i a l  PV end-user 

countr ies t o  v i s i t  U.S. PV i n s t a l l a t i o n s .  

. Local Partnerships: 

I d e n t i f y  and es tab l i sh  l o c d l  partnerships between the U.S. PV indust ry  and 

appropr iate organizations i n  each t a rge t  country i n  order t o  gain quick en t ry  

t o  in-place business re la t ionsh ips  and d i s t r i b u t i o n  and service systems. 

. F i e l d  Demonstrations: 

Develop a program o f  f i e l d  demonstrations i n  several t a rge t  cour'tries 

which w i l l  show prospective purchasers and users the meri ts and benef i ts  o f  PV 

products/systerns i n  t h e i r  own envi  ronmnt .  

Each o f  the above opt ions i s  presented on pages 7 through 19 i n  Terms o f :  

. the  background ( j u s t i f i c a t i o n )  f o r  proposing the opt ion 

. the  ac t ion  p lan (mechanisms) f o r  implementing the option, 
inc lud ing  poss ib le  p o l i t i c a l / l e g i s l a t i v e  ac t ion  



. the  r e s u l t s  an t i c ipa ted  from implementation o f  the opt ion 

. the po ten t i a l  advantages and disadvantages which the opt ion 
represents i n  terms o f  the ove ra l l  i n t e rna t i ona l  PV plan. 

The marketing opt ions are no t  mutual ly  exclusive, bu t  r a the r  represent the 

spectrum o f  involvement by government which would be most const ruct ive  t o  t he  

f u tu re  v i a b i l i t y  o f  the PV i ndus t ry  and the i n te rna t i ona l  P'J plan. T t  i s  cru-  

c i a l  t o  the success o f  the PV plan t h a t  the government ~ c t  dec is ive ly ,  s w i f t l y ,  

and i n  a s t ra ight forward,  in tegrated fashion t o  achieve the ob jec t i ve  o f  s ig -  

n i f i c a n t l y  penet ra t ing the in te rna t iona l  PV markct i n  the near-term. I f  i m -  

mediate steps are n o t  taken t o  develop the i n te rna t i ona l  PV sarket ,  s i g n i f i c a n t  

delays w i l l  occur i n  the ove ra l l  PV program which w i l l  h inder the acceptance o f  

photovol t a i c s  as a  v iab le  s o l a r  energy option. I n  pnrt icula.r ,  the i d e n t i f i c a -  

t i o n  and charac te r i za t ion  o f  ta rge t  appl icat ions,  markets, and countr ies rzpre- 

sents the key i n i t i a l  task which must be accomplished as soon as pract icab le  

t o  permit  e f f i c i e n t  and well-focused implementation o f  subsequent marketing 

a c t i v i t i e s .  

Once i n i t i a l  f i nd ings  have been obtained through market i d e n t i f i c a t i o n  

e f f o r t s ,  the subsequent opt ions o f  an in tegra ted  PV plan can proceed concur- 

r en t l y ,  supported by appropriate act ions from government and indust ry .  It i s  

c r i t i c a l  t o  the success o f  the plan t h a t  there by substant ia l  industry-govern- 

rnent in te rac t ion ,  as a e l l  as indust ry  involvement and feedback. Government 

support should not be d i rec tkd  toward c rea t ing  excessive a r t i f i c i a l  demand, 

s ince t h a t  w i l l  no t  reduce the long term r i s k s  o f  PV market development, on ly  

de fe r  thern. The government should focus resources and incent ives on the de- 

velopment o f  a  s t rong and dynamic indus t ry  based on photovo l ta jc  technology, i n  

order  t o  create a stable,  long-term PV supply and demand market s t ruc ture  



INTERNATIONAL MARKETING OPTIOF!: - - Market I d e n t i f i c a t i o n  

OPTION STATEMENT: 

Determine those end-user count r ies  and applS i2 t ions t h a t  would o f f e r  the 
quickest  and most successful penet ra t ion f o r  PV products/systems worldwide. 

BACKGROUND: 

There a r e  many p o t e n t i a l  PV app l i ca t ions  which can be marketed i n  a vast  number 
o f  appropr ia te  user  countr ies.  It i s  apparent, however, t h a t  many of these 
markets may be d i f f i c u l t  t o  reach f o r  various reasons: d i f f u s e  end-use markets, 
lack o f  a b i l i t y  t o  pay, unfavorable po l  i t i c a l  environments, e x i s t i n g  a1 t e rna t i ves  
t o  photovol t a i c s  which may represent more appropr iate techno1 ogy, minimal U. S. 
presence i n  the country. The PV industry,  i n  order t o  e f f e c t i v e l y  develop the 
market, requ i res  de ta i l ed  in format ion regarding po ten t i a l  i n te rna t iona l  markets 
as evidenced by the issues ra ised a t  the DOE Solar  Export Opportunit ies Workshop, 
Atlanta, Georgia, 19?9. 

ACTION PLAN: 

An ongoing i d e n t i f i c a t i o n  and eva luat ion o f  i n t e rna t i ona l  markets should be 
conducted by an independent p r i v a t e  organization. 

Funds f o r  t h i s  work should be provided on a j o i n t  basis by the U.S. Government 
and PW Indust ry .  

- 50% funding by Department o f  Commerce/Energy 

- 50% funding by PV Industr) -on a prorated basis (consortium) 

Developed in format ion w i l l  be provided i n i t i a l l y  t o  subscribing companies 
only, w i t h  pub l i c  re lease delayed f o r  a predetermined per iod o f  t ime. 

Continual updating o f  in format ion w i l l  be given t o  a l l  pa r t i c ipan ts .  

A "Board o f  D i rec to rs  (Advisors) " comprised o f  i ndus t ry  and government 
representat ives w i l l  a c t  as a Steer ing Committee: 

- To focus t h e  e f f o r t s  t o  usable data and r e s u l t s  
- To o r i e n t  t he  indus t ry  towards the i n te rna t i ona l  market 

Thi s program w i  11 represent a screening mechanism f o r  PV in te rna t iona l  
market development i n  order to: 

- I d e n t i f y  those count r ies  which o f f e r  p o t e n t i a l  f o r  photovol ta ics:  

- Solar  p l e n t i f u l  coun t r ies  
- Countrfes where sales o f  U.S. p:-oducts and technologies a re  

c ~ r r e n t l y  strong 
- Energy poor count r ies  t h a t  are: 

- S t r i v i n g  f o r  a g r i c u l t u r a l  se l f - su f f i c i ency  

- Cur ren t l y  r ec i p i en t s  o f  A.I.D. 

- Able t o  "pay" 
- Se lec t  app l i ca t ions  t h a t  b e s t  s u i t  the need o f  the ta rge t  countr ies.  



INTERNATIONAL MARKETING OPTION: Market I d e n t i f i c a t i o n  (continued) 

ANTICIPATED RESULTS: 

Provide complete in format ion t o  the indust ry  on po ten t i a l  i n t e rna t i ona l  
markets i n d  count r ies  by app l i ca t ion :  

- Product/system appl i c a t i  ons 

- Estimated po ten t i a l  sales 

- Pr ice e l a s t i c i t y  and economics 

- Nature o f  compet i t ion 
- User government a t t i t u d e s  ( p r i o r i t i e s ,  technology acceptance, 

so la r  pos i t ion,  e x i s t i n g  development projects,  etc.)  
- Customer p r o f i  l r s  (dec is ion makers, end-users, i n f r as t ruc tu re )  

- Po ten t ia l  channels o f  d i s t r i b u t i o n  ( I  ocal partners) 
- Desire and a b i l  i ty t o  manufacture/ instal l / se r v i ce  

- A b i l i t y  t o  pay f o r  purchases 

- Rela t ive  e f f e c t  on the q u a l i t y  o f  l i f e  

- To se lec t i ve l y  segment the po ten t i a l  market and ob ta in  continuous 
feedback o f  changing requirements and appl ica t ions.  

ADVANTAGES AND DISADVANTAGES 

ADVANTAGES 

I n f x m a t i o n  w i l l  be provided on in te rna t iona l  markets t h a t  normally would 
be d i f f i c o l  t and expensive t o  obta in  by an i nd i v i dua l  company. 

The feedback aspect o f  t h i s  program w i l l  provide continuous in format ion 
on market needs, developments and changes. 

The program w i  11 provide necessary data t h a t  permits quick market penet ra t ion 
and development. 

J o i n t  market i d e n t i f i c a t i o n  e f f o r t s  w i  11 encourage continued indus t ry  
involvement throughout the program. 

D I  SADVANTAGES 

There may be lega l  r e s t r i c t i o n s  t h a t  prevent c o n t r o l l i n g  (access t o )  t he  
in format ion and t h a t  p r o h i b i t  use o f  government funds t o  bene f i t  i nd i v i dua l  
companies i n  the  consortium. 

Unless t h i s  in format ion i s  developed quickly,  the PV indus t ry  w i l l  l a ck  a 
valuable resource t h a t  w i l l  a l l ow f o r  t ime ly  and s i g n i f i c a n t  ac t i on  t o  be 
taken i n  developing selected in te rna t iona l  markets. 



INTERNATIONAL MARKET1 NG OPTION: Market Development 

OPTION STATEMENT: 

Provide market development support f o r  ind iv idua l  f i rms  i n  those coun t r ies  
where selected PV app l i ca t ions  appear most promising. 

BACKGROUND: 

As market information i s  obtained it i s  important t o  a c t  on t h i s  in format ion 
by marketing selected PV products and systems i n  t a rge t  count r ies .  There a re  
f i rms  i n  the  PV indus t ry  which have i d e n t i f i e d  o r  eventual ly w i l l  i d e n t i f y  the 
appl i c a t i  ons, countr ies,  and markets appropriate f o r  PV products and systems. 
But the f i r m s  i n  general lack  the resources and c a p a b i l i t i e s  t o  qu ick ly  develop 
t he  in te rna t iona l  market. This ind icates the value of formulat ing an 
assistance program which would be d i rec ted  toward helping PV f i rms  develop 
markets abroad. 

ACTION PLAN: 

Firms t h a t  l ack  su f f i c ien t  resources t o  develop in te rna t iona l  markets on 
t h e i r  own could  request f i nanc ia l  assistance from the U.S. Government. 

The Government (Department o f  Commerce/Energy) s  hou 1 d  i ssue "product 
opportuni ty no t i ce (s ) "  request ing proposals by i nd i v i dua l  f i rms  f o r  
assistance i n  market development. 

The companies request ing assistance must submit a  non-conf ident ia l  business 
s t ra tegy f o r  the appl icat ion,  market, and country t o  be developed. 

Funding could  be awarded on a cost-sharing basis: 

- Government funds, bu t  using appl icant  company manpower 
- Development costs  cou ld  be repaid p a r t i a l l y  t o  the Government from 

u l t ima te  sales o f  products. 

Government funding could  be used f o r  t yp i ca l  market development costs: 

- Salar ies  (p lus  re l a ted  overhead) 

- Engi neer i  ng design 

- Sales 1  i tera  t u r e  

- Travel  

H igh ly  de ta i l ed  informat ion w i l l  be obtained by v i s i t s  t o  each selected 
country: 

- Market segments 

- Energy programs and plans 

- Current U.S. presence 

- Channels o f  d i s t r i b u t i o n  
- Costs and economics o f  doing business 

Any in format ion r e r u l  t i n g  from t h i s  assistance program should be kept 
con f i den t i a l  f c r  some per iod o f  time. 

The resu l t s  of t h i s  op t ion  w i l l  be t o  develop the market and achieve sales 
i n  selected countr ies.  



INTERNATIONAL MARKETING OPTION: Market Development (continued) 

ANTICIPATED RESULTS: 

To es tab l i sh  on a se lec t i ve  basis f i r s t -hand  contacts i n  po ten t ia l  markets 
f o r  the U.S. PV indus t ry  

The f i r m  w i  11 experience in-country presence and w i  11 establ  i s h  contacts 
and long-term re la t ionsh ips  t h a t  u l t i m a t e l y  should r e s u l t  i n  sales: 

- Determine the dec is ion makers 

- Es tab l i sh  l o c a l  partnerships 

- Assess the market po ten t i a l  

- User needs 

- Produc t/system a,ppl i c a t i  ons 

- Determine methods o f  payment o r  c r e d i t  

Th is  market development op t ion  w i l l  e s tab l i sh  a U.S. Government pos i t i on  
o f  funding and in-count ry  l i a i s o n ,  and w i l l  a l l ow  U.S. companies t o  
experience and undertake the market development themselves. 

ADVANTAGES AND D I  SADVANTAEES 

ADVANTAGES 

Creates the 09portuni t y  f o r  r a p i d  market development t h a t  otherwise would 
no t  take place. 

A1 lows e a r l y  and continuous dominance by U.S. f i rms  i n  in te rna t iona l  markets. 

DISADVANTAGES 

Program would not  be adopted by a l l  companies i n  the PV indust ry .  
- Companies have c a p a b i l i t i e s  and/or t i e s  t o  do the martet  

development themselves. 
- There may be concern t h a t  the experience gained by a f i r m  might 

be used by a competi tor. 
- C r i t i c i s m  may be ra ised  t h a t  the U.S. Government involvement cou ld  

l i m i t  f r e e  compet i t ion among U.S. PV f i rms  i n  p a r t i c u l a r  selected 
country/markets. 



INTERNATIONAL MARKETING OPTIONS : Market Awareness (Outside U. S . ) 
OPTION STATEMENT: 

Design and implement a comprehensive market awareness program which w i l l  
enhance an e a r l y  and r a p i d  development o f  i n te rna t iona l  market po ten t ia l ,  

BACKGROUND 

The maximum r e t u r n  on market development e f f o r t s  i s  gained by generat ing 
market awareness. It i s  therefore  appropr iate t o  develop a market awareness 
program t o  assure t h a t  a l l  key dec is ion makers and adopters a re  made 
cognizant o f  the value which PVs can represent t o  them i n  terms o f :  user 
benefi ts, energy se l f - su f f i c i ency ,  a g r i c u l t u r a l  improvements, and improved 
standard o f  l i v i n g .  It i s  imperative t ha t  the U.S. PV indus t ry  have a f u l l  
appreciat ion o f  t h e  count ry-spec i f ic  values, business techniques and 
mechanisms, p o l i t i c a l  a t t i t udes ,  and purchase dec is ion var iables.  When 
proper ly phased, a market awareness program w i l l  serve as an ad junct  and 
support t o  market development e f for ts .  

ACTION PLAN 

A market awareness program should represent a m u l t i p l e  t h r u s t  e f f o r t  t o  
support ongoing i ndus t r y  market development a c t i v i t i e s .  

While the U.S. Government should manage t h i s  awareness program, i t  i s  
imperative t h a t  i ndus t r y  representat ives play an ac t i ve  r o l e  i n  implementing 
the program. 

This program should be f e d e r a l l y  funded j o i n t l y  by the U.S. Departments o f  
Commerce and Energy w i t h  support from the Department o f  State. 

Not only should t h e  indus t ry  p a r t i c i p a t e  i n  designing the  program, b u t  
members should a l s o  be invo lved i n  the  market awareness a c t i v i t i e s  i n  the 
selected count r ies .  

A 'PV '  market awareness team should be coordinated by DOE and be comprised 
o f  government spec ia l  i s t s  and indus t ry  representat ives : 

Government Special i s t s  Indust ry  Representatives 

- Energy/Photovoltaics - Key Management 

- Diplomatic - Marketing 

- Commercial - Product 

- Ag r i cu l t u ra l  - Engineering 

- F inanc ia l  - Communications/Advertising 
Indust ry  representaives should a l t e rna te  t o  a l l ow  the widest  indus t ry  
i nvolvement . 
The PV Market Awareness Team would conduct i n t e rna t i ona l  c i r c u i t s  through 
ta rge t  count r ies  t o  reach key dec is ion makers and create  awareness about 
photovol t a i c s  and i t s  p r a c t i c a l  value. 

The Government should reimburse the indus t ry  representat ives ' expenses. 



INTERNATIONAL MARKETING OPTIONS: Market Awareness (Outside U.S. ) (continued) 

ACTION PLAN (continued) 

The awareness program should provide inPormation regarding U.S. photovol t a i c  
products/s~stems t o  key dec is ion makers a t  a l l  l e ve l s  i n  each t a rge t  country: 

- Foreign Government o f f i c i a l s  (energy, f inance, ag r i cu l  ture, planning) 

- Un i ve rs i t i es  

- Business leaders 

- Po ten t i a l  reg iona l  users 

A mobi le in format ion package should be organized which w i l l  support the 
e f f o r t s  o f  the PV awareness team: 

- Seminars ( techn ica l ,  economic) 

- L i t e r a t u r e  

- Portable working models 
- Mass media mate r ia l  (v ideo tapes, press releases) 

The nlarket awareness team should i n t e r a c t  w i t h  U.S. personnel i n  f o re i gn  
countr ies:  

- Embassy o f f i c i a l s  
- Other U.S. nat iona ls  (exchange professors, business people i n  

f o re i gn  subsidiar ies,  A. I .D. and ACTION personnel, e tc  .) 

ANTICIPATED RESULTS: 

Generate awareness and s t imula te  t r i a l  among key foreign decis ion makers 
ems: and adopters f o r  U.S. products/syct 

- Costs 

- Bene f i t s  

- A v a i l a b i l i t y  

Create a two-way exchange of in format ion t o  a s s i s t  U.S. suppl iers  i n  
fo l lowing-up on po ten t i a l  sales opportuni t ies,  as wel l  as t o  ass i s t  
i n t e res ted  f o r e i g n  decision-makers and adopters i n  i den t i f y i ng  sources 
o f  PV product/system supply. 

Provide leads f o r  i nd i v i dua l  U.S. f i rms  t o  es tab l i sh  l o c a l  partnerships 
and d i s t r i b u t i o n  mechanisms. 

Provide feedback t o  t he  U.S. PV indus t ry  regarding the cur ren t  and expected 
needs of t a r g e t  countr ies,  as we l l  as t h e i r  a b i l i t y  and wi l l ingness t o  
adopt photovol t a i  cs. 



INTERNATIONAL MARKETING OPTIONS: Market Awareness (Outside U.S. ) ( con t i  nued) 

ADVANTAGES AND DISADVANTAGES 

ADVANTAGES 

Provides an organized and we1 1 - targeted support t o  ongoing market development 
e f f o r t s  o f  i nd i v i dua l  f i rms. 

Sets the stage f o r  subsequent demonstration and sales e f f o r t s  and con t r ibu tes  
t o  an awareness o f  the  c a p a b i l i t i e s  o f  U.S. suppl iers.  

DISADVANTAGES 

Could provide f a l l o u t  assistance t o  fo re ign  compet i t ion through promotion 
o f  photovol t a i c s  as a  whole. 

I f  not t imed proper ly  t o  co inc ide w i t h  the a v a i l a b i l i t y  o f  the  products 
and systems, the awareness program could a f f e c t  the c r e d i b i l i t y  o f  
U.S. supp l ie rs '  a b i l i t y  t o  de l i ve r .  



INTERNATIONAL MARKETING OPTION: Market Awareness ( Ins ide  U.S. ) 

OPTION STATEMENT: 

Organize a  se r ies  o f  tou rs  f o r  representat ives from po ten t i a l  PV end-user 
count r ies  t o  v i s i t  U.S. PV i n s t a l l a t i o n s .  

BACKGROUND: - 
An add i t iona l  i n t e rna t i ona l  market awareness e f f o r t  woul d  be appropr iate t o  
st imulate i n t e res t ,  commitment, and t r i a l  among decis ion makers and adopters. 
It i s  not  o n l y  important f o r  i n te res ted  decis ion makers and adopters t o  be 
aware o f  the advantages and a v a i l a b i l i t y  o f  U.S. PV products and systems, 
bu t  a lso t c  personal ly  view the operation o f  in-place systems. Aside from 
a general po r tab le  working model used by the PV awareness team outs ide the 
U.S., i t  i s  c r u c i a l  i n  generating sales t h a t  decis ion makers observe 
appl i cab le  products and systems i n  operat ion ins ide  the U.S. which cou ld  
serve t h e i r  s p e c i f i c  needs. 

ACTION PLAN: 

The Department o f  Energy i n  conjunct ion w i t h  the  PV indus t ry  should develop 
several i t i n e r a r i e s  o f  selected PV i n s t a l l a t i o n s  i n  the U.S. 

The i t i n e r a r i e s  should be designed toward the specif'c needs o f  the fo re ign  
v i s i t o r s .  

These on-s i te  v i s i t s  w i l l  provide f i r s t - hand  knowledge o f  the  product ion 
and operat ion o f  PV systems. 

These tours should be well-pub1 ic ized,  i n t e rna t i ona l l y ,  t o  reach the 
broadest c ross-sect ion o f  po ten t i a l  decis ion makers, change agents, and 
partners: 

- Government representat ives 

- Business leaders 

- Po ten t ia l  dealers 

- Un ivers i t y  associates 

- Others 

The purpose o f  t h i s  program i s  t o  enable decis ion makers t o  be d i rec ted  
toward selected, appropr ia te  app l i ca t ion  i n s t a l l a t i o n s  and companies t h a t  
a re  most s u i t e d  t o  t h e i r  i n t e res t s  and needs. 

I n  addi t ion,  in format ion can be suppl ied t o  v i s i t o r s  concerning PV indus t ry  
manufacturers ' loca t ions  f o r  the purpose o f  f u t u r e  contact .  

ANTICIPATED RESULTS: 

Key t o  t h i s  program w i l l  be the opportuni ty f o r  po ten t i a l  decision-makers 
and par tners  t o  see the  U.S. PV indust ry  products i n  o9erat ion as 
they  r e l a t e  t o  app l i ca t i ons  i n  t h e i r  countr ies.  



INTERNATIONAL MARKETING OPTION: Market Awareness ( Ins ide  U. S. ) (continued) 

ANTICIPATED RESULTS: (cont inued) 

Working re la t ionsh ips  can be developed t h a t  w i  11 provide: 
- Ear ly  feedback regarding :fie unique needs o f  each customer 
- Informal communication between buyer and s e l l e r  

- Good w i l l  toward the  U.S. PV indus t ry  on the p a r t  o f  p o t e n t i a l  
fo re ign  buyers 

- Advantages over f o re i gn  competi tors f o r  U.S. f i rms en te r ing  t a rge t  
countr ies t o  make sales 

- Contacts w i t h i n  the government and business h ie ra rch ies  which w i l l  
ease any subsequent marketing d i f f i c u l t i e s  t h a t  might evolve 

Generate serious i n t e r e s t  which w i l l  lead t o  commitments and t r i a l .  

A s t rong purchaser/user i d e n t i f i c a t i o n  o f  U.S. f i rms w i t h  the concept o f  
PV product/systems as an energy a l t e rna t i ve .  

ADVANTAGES AND DISADVANTAGES : 

ADVANTAGES 

There are m in im1  costs associated w i t h  t h i s  program f o r  both the  
U.S. Government and the PV industry:  

- Government involvement would be a focusing, pub1 i c i t y  and coord inat ion 
e f f o r t  . 

- Industry costs  would be normal market development expenditures. 

The program enables the  U.S. PV i ndus t r y  t o  establ is:.  c r e d i b i l i t y :  

- Manufacturing and engineering s k i l l s  

- Demonstrated productslsystems 

- V i s i b i l  i ty,  image ana reputat ion.  

Potent ia l  f o re i gn  par tners  and dealers can develop and strengthen working 
re la t ionsh ips  w i t h  U.S. supp l iers .  

DISADVANTAGES 

Foreign competi tors can l e a r n  o f  U.S. PV a c t i v i t i e s  from p o s t - t r i p  
discussion w i t h  v i s i t o r s .  



INTERNATIONAL MARKETING OPTION: Local Partnerships 

OPTION STATEMENT: 

I d e n t i f y  and es tab l i sh  l o c a l  partnerships between the 10.S. PV indus t ry  and 
appropr ia te  organizat ions i n  each t a rge t  country i n  order t o  gain qu ick  
en t r y  t o  in -p lace business re la t ionsh ips  and d i s t r i b u t i o n  and serv ice 
systems. 

BACKGROUND: 

Quick and e f f ec t i ve  i n t e rna t i ona l  market development depends on the 
u t i l i z a t i o n  o f  e x i s t i n g  i n f r as t ruc tu res  w i t h i n  t a rge t  count r ies .  Appropriate 
l o c a l  manufacturing capab i l i t i e s ,  mater ia ls  a v a i l a b i l i t y ,  and channels 
f o r  d i s t r i b u t i o n ,  i n s t a l l a t i o n  and serv ice are  key elements i n  gain ing 
en t r y  and penet ra t ing the market. Success i n  marketing products abroad 
i s  dependent on a market s t ra tegy which i s  d i f f e r e n t i a t e d  by the spec i f i c  
mechanisms and b a r r i e r s  i n  doing business w i t h i n  each t a r g e t  country. 
With the PV i ndus t r y  i n  i t s  infancy, w i t h  no strong domestic U.S. 
d i s t r i b u t o r  network, and w i t h  a major market emerging f i r s t  i n t e rna t i ona l l y ,  
i t  i s  c r u c i a l  t o  quick market development t o  t i e  i n  t o  appropr iate e x i s t i n g  
manufac tu r ing ld is t r i  but ion/serv ice arrangements i n  each t a r g e t  country. 

ACTION PLAN: --- 
As a r e s u l t  of l o c a l  t a r g e t  country contacts establ ished through market 
i d e n t i f i c a t i o n ,  development, and awareness e f f o r t s ,  the PV industry,  w i t h  
assistance f rom the  U.S. Government, should s o l i d i f y  and expand country-  
spec i f ic  working re la t ionsh ips:  

- Mate r ia l s  suppl iers  I 
- Dealers I - Service organizat ions I - Research I ns t i t u t es /Un i ve rs i t i es  I - U.S. subs id ia r ies  I 

The U.S. Government Department o f  Commerce should provide a l i s t  o f  U.S. 
f irms doing business i n  each t a rge t  country t o  encourage the p o s s i b i l i t y  
o f  'piggybacking', t y i n g  i n  w i t h  an establ ished U.S. f i r m ' s  channels o f  
d i s t r i b u t i o n  and/or service. 

The U.S. Government should o f f e r  l oca l  partnership development grants t o  
promote f i n a n c i a l  incent ives and encourage a mutual commitment between 
U.S. PV f i rms and l o c a l  t a rge t  country f i rms: 

- Local product  development I 

- Local  pro to type t r i a l  

- Local rnanufacturi ng and/or assembly p l an t  equipment 1 
- Local  f i e l d  se rv ice  t ra in ing ,  serv ice equipment, and veh ic le  support I 

I - T ra i n i ng  o f  l o c a l  mnu fac tu r i  nglassembly personnel i n  the U.S. 



INTERNATIONAL MARKETION OPTION: Local Partnerships (continued) 

ACTION PLAN (continued) 

The grants should be t i e d  t o  spec i f i c  market development s t ra teg ies  and 
t o  a predetermined schedule, and should be ava i l ab le  t o  any qua1 i f  i e d  
U.S. f i rm.  

When ava i lab le  and appl icab le  f o r  a t a rge t  country, U.S. grants cou ld  be 
matched o r  supplemented by the  government o f  the country t o  encourage 
i t s  indus t ry ' s  p a r t i c i p a t i o n  and subsequent con t r i bu t i on  t o  economic 
develcprnent. 

Local partnership arrangements do no t  preclude the re ten t i on  o f  
p rop r i e ta r y  technology/skills/information by the U.S. par tner  f i r m .  

Technical l icenses should be granted t o  the l oca l  par tner  f o r  the use 
o f  trademarks, know-how, and t h a t  po r t i on  o f  PV systems technology 
which would be appropr iate t o  in-country manufacture. 

ANTICIPATED RESULTS : 

Develops a heal thy marketing, d i s t r i bu t i on ,  and serv ic ing  s t ruc tu re  f o r  
operat ing w i t h i n  t h e  country over an extended per iod of time. 

Taps mater ia ls  s~rpply/manufacturing/distribution/service w i t h i n  each 
country t o  provide access t o  and s t imu la t ion  o f  primary demand. 

Permits an e a r l y  cost-compet i t ive p o s i t i o n  viz.a v i z .  the  competit ion i n  
key mul t i -count ry  regi..rls which represent the core o f  the in te rna t iona l  
photovol t a i c  market. 

ADVANTAGES AND DISADVANTAGES-: 

ADVANTAGES : 

Establishment o f  l o c a l  partnerships can e f f e c t i v e l y  preempt f u tu re  
compet i t ive presence by f o re ign  PV f i rms w i t h i n  a t a r y e t  country. 

Assembly by l o c a l  f i r m  des i rab le  i n  avoiding import dut ieslquotas on PV 
products/systems prov id ing a compet i t ive edge. 

Contr ibutes t o  the  economic and soc ia l  advancement o f  developing count r ies  
through employment o f  l oca l  resources and reduct ion i n  requi red f o re ign  
exchange . 
Encourages i n te rna t i ona l  s c i e n t i f i c  and technical  cooperation through 
j o i n t  development and demonstration pro jects .  

Close re l a t i onsh ip  hetween the U.S. and f o re ign  partners provides 
convenient and r e l i a b l e  count ry-spec i f ic  feedback regarding market needs 
and trends. 

A1 lows access t o  e x i s t i n g  d i s t r i b u t i o n  networks i n  t a rge t  markets. 

DISADVANTAGES 

Implementation o f  p lan may lead  t o  d i f f i c u l t i e s  i n  maintain ing con t ro l  o f  
p rop r i e ta r y  informat ion.  

There may be a l i m i t e d  number o f  appropr iate l o c a l  f i rms  i n  each country 
w i l l i n g  and/or ab le  t o  q u a l i f y  f o r  partnership w i t h  a l l  i n te res ted  U.S. firms. 

Success o f  t h i s  op t i on  may preclude f u t u r e  en t ry  by competing U.S. f i rms.  



INTERNATIONAL MARKET1 NG OPTION : F i e l d  Demonstrations 

OPTION STATEMENT: 

Develop a proqram o f  f i e l d  demonstrations i n  several t a rge t  count r ies  . 
which w i l l  show prospective purchasers and users the mer i t s  and bene f i t s  
o f  PV products/systems i n  t h e i r  own environment. 

BACKGROUND: 

For purposes o f  t h i s  repor t  we def ine f i e l d  demonstrations t o  be PV u n i t s /  
systems which a re  operat ing i n  normal end-user envi ronments t o  substant ia te  
performance i n  spec i f i c  app l ica t ions.  P r i o r  t o  a f i n a l  purchase dec is ion 
the p o t e n t i a l  purchaser should have the oppor tun i ty  t o  observe f i r s t - hand  
i n  h i s  own o r  a s i m i l a r  end-use appl ica t ion,  an operat ing demonstration 
unit/system. Th is  i s  important t o  assure t h a t  products/systems a re  
designed and manufactured f o r  and are ab le  t o  operate i n  a spec i f i c  
count ry 's  end-use environment f o r  each i d e n t i f i e d  appl i ca t ion ,  

ACTION PLAN: 

F i e l d  demonstrations represent a key aspect i n  the advancement o f  market 
development a f t e r  awareness and i n t e r e s t  i n  PV products/systems have been 
i n i t i a t e d .  

Local par tners ldea lers  should be u t i l i z e d  t o  i d e n t i f y  key po ten t i a l  users 
o r  ea r l y  adopters who would provide the greatest  impact i n  a region f o r  
f i e l d  demonstration pro jec ts .  

F i e l d  demonstration u n i t s  could be o f f e red  t o  selected users by the  
suppl iers  on a l i m i t e d  t r i a l  basis w i t h  the opt ion t o  purchase, 

Through grants issued by the U.S. o r  l oca l  government, u n i v e r s i t i e s  and 
research i n s t i t u t i o n s  could purchase f i e l d  demonstration u n i t s  and 
operate them i n  cooperation w i t h  a l o c a l  village/farmer/cooperative. 

Univers i t i es ,  research organizations, o r  i nd i v i dua l  users could be a1 lowed 
t o  "buy" PV units/systems i n  r e t u r n  f o r  supplyin~g perfornance data and 
f o r  a l low ing  po ten t i a l  buyers t o  observe the  u n i t  i n  operation, 

Grants should be d i s t r i b u t e d  i n  a manner which assures demonstration o f  
the most appropr iate app l ica t ions f o r  a g iven market envi ronment/country/ 
ti mef rame . 
To maximize the oppor tun i ty  f o r  an in te res ted  po ten t i a l  user t o  purchase 
a PV product/system, a mechanism could  be developed, i n  cooperation w i t h  
t h e  l oca l  government, which permits the purchaser t o  o f f e r  l oca l  mater ia ls /  
products as a means o f  reducing f o re i gn  exchange requirements - so t h a t  
imbalance i n  t rade  i s  minimized t o  the t a rge t  countrby (e.g. , LDC) . 
Whi le perfoi-mance data should be der ived from each f i e l d  demonstration 
p ro jec t ,  these PV uni ts lsystems must no t  be unproven experimental designs. 

I t  i s  important  t h a t  i n  the case o f  each f i e l d  demonstration the suppl ier /  
i n s t a l l e r  assures t h a t  the  PV u n i t  operates as e f f e c t i v e l y  as possib le t o  
f o s t e r  o n l y  a p o s i t i v e  image o f  photovo l ta ics  which can lead t o  
a d d i t i o n a l  sales. 



INTERNATIONAL MARKETING OPTION: F i e l d  Demonstrations (continued) -- - 
ACTION PLAN (continued) 

It i s  important t h a t  the p ro jec ts  selected f o r  f i e l d  demonstration be 
chosen on the bas is  of t h e i r  social/cultural/political compatab i l i t y  
w i th  the needs of the t a r g e t  country. 

F i e l d  demonstration i n s t a l l a t i o n s  should include an in-depth t r a i n i n g  
and education program f o r  the user, t o  assure proper maintenance and use. 

F i e l d  demonstration u n i t s  should represent the l a t e s t  i n  commercially 
ava i lab le  PV products/systems i n  order t o  provide t o  the user the best  
economic advantage. 

Any PV model systems i n s t a l l e d  i n  U.S. Embassy loca les,  wh i l e  perhaps 
useful  f o r  p re l im inary  promotional ef for ts,  do no t  serve the same func t i on  
as f i e l d  demonstration u n i t s  because they are not  operated t o  exemprify 
r e a l i s t i c  end-use appl ica t ions.  

Un t i l  f i e l d  demonstration u n i t s  a re  establ  ished on-s i te  i n  t a rge t  countr ies,  
e x i s t i n g  PV i n s t a l l a t i o n s  i n  the U.S. could demonstrate several end use 
appl ica t ions t o  i n t e res ted  design makers as pa r t  o f  a market awareness 
program. 

ANTICIPATED RESULTS : 

Exposure o f  l a rge  number o f  po tea t i a l  purchasers t o  PV systems operat ing 
i n  app l i ca t ions  important  t o  them. 

Establishment o f  v i s i b i l i t y  and c r e d i b i l i t y  o f  U.S. PV - f i rms w i t h i n  the  
ta rge t  count r ies  which represent subs tan t ia l  market po ten t i a l .  

Formati on o f  an in-p lace mechani sm d i  s t r i  buted across key count r ies  and 
appl ica t ions which can be used t o  capture the core o f  the i n te rna t i ona l  
market f o r  photovol t a i c s .  

ADVANTAGES AND DISADVANTAGES: 

ADVANTAGES 

Provides f o r  on-going feedback on performance o f  i n s t a l l e d  systems t o  
respond t o  user needs and improve product performance. 

Serves as a na tu ra l  mechanism f o r  up- f ron t  t r a i n i n g  and education o f  
l oca l  f i e l d  i n s t a l l a t i o n  and serv ice personnel. 

Ac t i ve ly  b r ings  photovol t a i c  produc ts/systems t o  the hear t  o f  "grass-roots" 
demand f o r  energy a1 te rna t i ves .  

DISADVANTAGES 

Increased v i s i b i l i t y  of PV systems could a i d  f o re i gn  PV f i r m s  i n  t h e i r  
marketing a c t i v i t i e s ,  

I f  suppl iers  f a i l  t o  prov ide q u a l i t y  products/systems and es tab l i sh  a 
responsive serv ice network, the f i e l d  demonstrations w i l l  r e s u l t  i n  a 
negative image f o r  the  PV indus t ry  and i n h i b i t  f u t u r e  sales e f f o r t s .  



. Market-Related P o l i t i c a l / L e g i s l a t i v e  Actions - 
There are several government i n i t i a t i v e s ,  i nvo l v i ng  p o l i t i c a l  and l e g i s l a -  

t i v e  act iznc coupled w i t h  f i nanc ia l  incentives, which should be used t o  support 

the m r k e t i n g  opt ions proposed i n  t h i s  report .  I t  i s  important t o  opt imize the 

type, l eve l  o f  support, and t iming of government e f f o r t s  i n  order t o  reduce 

photovol t a i c  expor t  t rade barr iers ,  enhance the growth of :he PV industry,  and 

provide p r a c t i c a l  incent ives f o r  U.S. PV f i rms t o  en te r  and develop the i n t e r -  

na t iona l  market. The major government i n i t i a t i v e s  which we have iden t i f i ed ,  i n  

add i t i on  t o  those recommended w i t h i n  each marketing op t ion  development, are 

described below. 

. An outreach education program should be developed and 

iwplemented by the Department o f  Comrce/Smal l  Business 

Admin is t ra t ion as a  mechanism f o r  c rea t ing  awareness 

among small businesses and new f i rms  ( cu r ren t l y  o r  poten- 

t i a l  l y  invo lved i n  photovol t a i cs )  o f  spec i f i c  governmc,rt 

programs and a c t i  v i  t i e s  or iented toward en te r ing  the ex- 

p o r t  market. An ac t i ve  dissemination p lan ( r a the r  than 

a  passive one) should be developed t o  t a rge t  the i n f o r -  

mation t o  f i rms  who could u t i l i z e  i t  t o  i n i t i a t e  o r  ex- 

p a w  expor t  emphasis i n  photovol t a i  cs. 

. A coordinated l i a i s o n  e f f o r t  o f  the Departments o f  Sta te  

and Energy should be ca r r i ed  out  t o  ensure a  close, ac t i ve  

1  i a i son  between the U.S. Government and  he purchasing 

countr ies; i n  addi t ion,  coordinat ion should be developed 

w i t h  i n t e rna t i ona l  organizations such as the UN, FAO, etc. ,  

s p e c i f i c a l l y  w i t h  respect t o  photovol ta ics .  The 1 i a i  son 

personnel would encourage ta rge t  count r ies  t o  consider PVs 

as valuable t oo l s  t o  achieve t h e i r  energy planning and/or 

ag r i cu l  t t i r a l  se l f - su f f i c i ency  object ives.  The program 

would prov ide a  formal means t o  negot ia te  the t r ans fe r  o f  

funds t o  f o re i gn  governments t o  a i d  i nd i v i dua l  buyers i q  

f inancing purchases. 



. PV ce l l / co l l ec to r  products and PV systems should be assured 

general (nsn-control led)  export 1 icense-status (represent- 

i ng  non-strategic, non-sensitive goods which do not  s ign i f -  

i c a n t l y  a f f e c t  the nat ional  secur i ty)  i n  order t o  minimize 

the export requirements/restrictions of the U.S. Government. 

. The Robinson-Patman Act should by amended t o  permit the PV 

industry t o  s e l l  par ts  o r  products a t  d i f f e r e n t  pr ices i n  
d i f f e r e n t  markets as long as p r i ce  i s  a t  l eas t  equal t o  costs 

plus some reasonable p r o f i t .  

. Legis la t ion should be proposed t o  establ ish - a more spec i f i c  

in te rpre ta t ion  o f  the Webb-Pomerene Act so t h d t  small and 

medium sized f i rms i n  the PV industry may u t i l i z e  the advan- 

tages o f  cooperative t rad ing a c t i v i t i e s  without unnecessary 

concern over a n t i t r u s t  actions under the Sherman and Clayton 
Acts. 

. Introduce l e g i s l a t i o n  and conduct discussions w i th  target  

countries t o  permit  releace o f  Sof t  'urrency (PL480) funds 

t o  be used t o  enable purchasing/finance o f  PV products/ 

sys tems. 

. Finance-Related I ~ c e n t i  ves 

I n  addi t ion to  pol  i t i ca l / l . eg i s la t i ve  actions, there are several supportive 

and supplementary f inance-related incenei ves which can be taker? by the govern- 

ment t o  ass is t  PV f i rms i n  implementing various marketing-re1 ated options and 

p o l i t i c a l / l e g i s l a t i v e  actions. This assistance includes grants, loans, give- 
aways, tax and other incentives, information gathering and d is t r ibu t ion ,  and 

negotiat ion. The most appropriate sources o f  t h I s  assistance are expected t o  

r e s u l t  from discussions between the U.S. PV industry, the U.S. Government, f o r -  

e ign governments, and foreign and/or U.S. partner firms. These f inanc ia l  and 
otherwise supportive thrusts  should be targeted t o  two discrete stages of PV 

commercial izat ion:  start-up and on-going. The f igure on the fol lowing page 
,ill ustrates t h e  types o f  re la t ionships and forms o f  assistance which would be 

most benef ic ial  i n  developing an integrated, e f f i c i e n t  appyoach t o  penetrat ing 

the in ternat ional  market as wel l  as reducing the r i s k s  faced by the PV indus- 

t ry  a t  t h i s  ea r l y  stage o f  the market. 



FINANCE-RELATED INCENTIVES 

* 
In-Country 
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Sumnary Recomnendati - ons 

The I ITR I  study recommendations are sumnarized below t o  demonstrate the 

range o f  act ions which are necessary i n  order t o  consider the inp ie rna t iona l  PV 

p lan as a  serious e f f o r t  t o  be accomplished w i t h i n  the decade o f  the 1980s: 

. The i n te rna t i ona l  PV p lan should be viewed by government and indus t ry  as 

a  complex, h i gh l y  i n t e r a c t i v e  and react ive process which can on ly  be implemented 

successful 1  y over a  t ime hor izon subs tan t ia l l y  greater than t h a t  represented by 

any s ing le  po in t  i npu t  o f  funds, manpower, etc. 

. It i s  c r i t i c a l  t o  the  success o f  an in te rna t iona l  PV plan t h a t  there be 

substant ia l  industry/government interact ion,as wel l  as indus t ry  involvement and 

feedback. 

. Natural,  proven h igh technology market development mechanisms should be 

u t i l i z e d  as a framework f o r  government support and PV indus t ry  act ion.  

. Governmet~t support should - not create excessive a r t i f i c i a l  demand, s ince 

t h a t  w i  11 r " reduce the l ong  term r i s k s  ( rea l  o r  perceived) o f  PV market 

development, bu t  the government should focus resources and incent ives on the 

development o f  a  s t rong and dynamic P\!-based industry--cel  l/module manufactur- 

ers, systems suppl i e r s ,  and o r i g i n a l  equipment manufacturers. 

. There should be an understanding on the p a r t  o f  a l l  appropr iate agencies 

and pol icy-making bodies o f  government t ha t  the ob jec t i ve  o f  marketing photo- 

vo l  ta ics  i n te rna t i ona l  l y  has three major t h rus t  areas: 

- speci f ic ,act ionable markh-ting options 

- market-related pol  i t i c a l / l e g i s l a t i v e  act ions 

- support ive f inance-re1 ated incent ives 

. It i s  c r u c i a l  t o  the success o f  a  PV p lan t h a t  the government ac t  deci-  

s i ve ly ,  sw i f t l y ,  and i n  a stra ight forward,  in tegrated fashion ( i n  terms o f  

po l  i t i c a l / l e g i s l a t i v e  ac t ion  and f i nanc ia l  support) t o  achieve the  ob jec t i ve  

of s i g n i f i c z n t l y  penet ra t ing the in te rna t iona l  PV market i n  the near term. 

. It IS f e l t  t h a t  i f  imnediate steps are no t  taken t o  develop the in terna-  

t i o n a l  PV market, s i g n i f i c a n t  delays w i l l  occur i n  the overa l l  PV program which 

w i l l  h inder the acceptance o f  photovol t a i cs  as a  v iab le  so la r  energy option. 



. Marketing opt ions which have been presented i n  t h i s  repor t  are no t  mutual ly  

exclusive,  but  r a the r  represent the spectrum o f  involvement by government which 

could be rnost cons t ruc t i ve  t o  the f u tu re  v i a b i l i t y  o f  the PV indus t ry  and the 

i n te rna t i ona l  PV plan. 

. S i x  major marketing opt ions have been presented i n  t h i s  r epo r t  which pro- 

vide a comprehensive plan f o r  developing and penet ra t ing i n  the near term the 

i n te rna t i ona l  m a ~ k e t  f o r  photovol ta ics:  

- Market I d e n t i f i c a t i o n :  

Determine those end-user count r ies  and appl i ca t i ons  t h a t  would 

o f f e r  the quickest  and most successful penetrat ion f o r  PV 

products/systems worldwide, 

- Market Development: 

Provide market development support f o r  i nd i v i dua l  f i rms i n  

those count r ies  where selected PV appl ica t ions appear most 

promi sing, 

- Market Awareness (Outside the U.S.): 

Design and implement a comprehensive market awareness 

program which w i  11 enhance an e a r l y  and rap id  development 

of i n t s rna t i ona l  markzt po ten t i a l ,  

- -- Market Awareness ( I ns i de  the U.S.). 

Organize a ser ies o f  tours  f o r  representat ives from po- 

t e n t i a l  PV end-user count r ies  t o  v i s i t  U.S. PV i ns ta l l a t i ons ,  

- Local Partnerships: 

I d e n t i f y  and es tab l i sh  l o c a l  partnerships between the U.S. PV 

indust ry  and appropr iate organizat ions i n  each t a rge t  country 

i n  order t o  gain quick en t r y  t o  in-place business re la ta ion-  

ships and d i s t r i b u t i o n  and serv ice systems, 

- F i e l d  Demonstrations: 

Develop a program o f  f i e l d  demonstrations i n  several t a rge t  

coun t r ies  which w i l l  show prospect ive purchasers and users 

the  mer i t s  and bene f i t s  o f  PV products/systems i n  t h e i r  own 

environment. 



. The i d e n t i f i c a t i o n  and character izat ion of t a rge t  app l i ca t i cns ,  markets, 

and count r ies  represents the key i n i t i a l  task, which must be accor~lplished as 

soon as p rac t i cab le  t o  permi t  e f f i c i e r t  and we1 1 -focused implementation o f  sub- 

sequent marketing a c t i v i t i e s .  

. It i s  important t h a t  the marketing options be supported by appropr ia te  

act ions f rom government and indust ry  which w i l l  provide a phased progression 

f rom market i d e n t i f i c a t i o n  t o  the remaining options. 

. Once i n i t i a l  r e s u l t s  have been obtained through market i d e n t i f i c a t i o n  e f -  

f o r t s ,  the subsequent opt ions o f  an in tegrated PV p lan should proceed concur- 

r en t l y .  

. The Department o f  Energy should serve as the f'ocal p o i n t  f o r  i n t eg ra t i on  o f  

a l l  elements o f  a Government/PV indus t ry  plan i n  order t o  minimize dup l i ca t i on  

o f  e f f o r t  and opt imize the a l l oca t i on  o f  manpower and f i n a n c i a l  resources. 

. The Department o f  Energy should be given c l e a r  l i n e s  o f  inter-agency 

leadership and coord inat ion r e s p o n s i b i l i t y  f o r  implemeriting the i n te rna t i ona i  

PV plan through a formal congressional and p res iden t ia l  mandate. 
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1. EXECUTIVE SUMMARY 

In support of t he  International Photovoltaic Program Plan being 
prepared for t h e  U.S. Department of Energy by the  Solar Energy Research 
Insti"ite, Strategies Unlimited has conducted a study to assess the  impact of 
international financial institutions on the  markets for  solar e l ~ x t r i c  systems, 
with special emphasis on photovoltaic power systems. In this report, 
international financial institutions a r e  assessed in the  context of an overall 
r e v i ~ w  of the sources and uses of funds for economic development in t he  
Third World. The origin of development funds is quantified, t h e  channels 
through which funds reach the  developing ~ o u n t r i e s  a r e  examined, and t he  
uorromic sectors where funds a r e  applied for country development a r e  
detailed. 

The role of both public and private financial institutions in 
providing development funds that  could be used for the  pu rchax  of 
photovoltaic systems i s  examined. Policies and attitudes of bilateral and 
hult i lateral  organizations tow -rd solar programs a r e  su~nmarized. The 
project cycle for  the  development of programs tha t  may use photovoltaics is 
described. 

The emerging use of photovc!t~~cs in international markets has 
brought t o  industry at tention the  impsrtance c:;f international financial 
institutions t o  t he  future expan~ion of Third WoAd markets. This study has 
been c t ~ ~ d u c t d .  "io gain insight into the  financial <:ommunity as it will impact 
the g- ----A' r GW rn of these photovoltaic markets. 

t he  methodology for this study is basad on a classic top-down 
assessment of funds for t h e  development of the  l'hird World. By this 
methodology the  magnitude s f  funds a r e  measured at their source, t he  donor 
countries. Funds a r e  then tracked as they pass through inrernational financial 
institutions t o  t he  developing countries where they a r e  applied t o  various 
projeets and programs deemed appropriate for b c a l  development. The study 
identifies and prioritizes economic development activities in t he  Third World 
by: 

World geographic region 
Country per capita income class 
Economic sector class (agriculture/powet/ eleetricity/other) 
Lending institution 

Patterns and trends in lending a r e  examined as  they influence the  
future developmer~t of the  solar electric market. 



The scgrc of this investigation is  limited t o  the  U.S. offices of the  
principal mult i laterd financial institutions, U.S. bilateral financial 
institutions, and t h e  principal U.S. commercial banks. The study did not 
include U.S. government offices bctrve in Official DevpJopment Assistance, 
such w AID. 

Both primary a i d  secondary information were used in the  
preparation of this report. Primary information included in-person interviews 
with decision makers at: 

Multilateral institutions - World Bank - Inter-American Development Bank - International Monetary Fund 

e Bilateral institution - Eximbank 

a U.S. international commercial banks - Bank of America - Chase Manhattan - Citicorp - Morgan Guaranty - Manufacturers Hanover Corp. 

a Regulatory institutions - Federal Reserve - Comptroller of the  Currency 

Interviews were conducted in order t o  examine at t i tudes and 
perspectives toward t he  solar market. Opinions of alternative government 
policies appropriate for assisting international export sales of photovoltaic o r  
other solar energy systems were solicited. Secondary source i'nformation 
included a variety of reports from all the  institutions interviewed as well as 
annual reports from development banks which were not interviewed. 



1.1 SOURCES OF FUNDS FOR DEVELOPMENT 

To understand the  impact of international financial institutions (m 
the development of any market, om must first understand the existing 
patterns and levels of demand for funds flow to the developing world. Toward 
this objective, a review of the  sources of funds for developing nations was 
conducted which included a review of funds by: 

a Origin 
Donor countries have been grouped into three sectors: - Organization of Economic Cooperation and Developnie~~t 

(OECD) - Organization of Petroleum Exporting Countries (OPEC) - Centrally Planned Economies (CPE) 

Transfer channel - Official bilateral - Official mu1 tilateral - Private banking 

Nature of the transfer - Concessionary (Official Development Assistance) - Non-concessionary 

Figure 1.1 presents the framework for analysis which identifies the 
paths which funds follow from the donor countries through alternate channe!s 
t o  t he  developirig country. The relative importance of each channel is  
identif i d  in Table 1.1. Of the $64 billion funneled to  the  developing world in 
1977, the largest channel was bilsteral non-concessional transfers (loans at 
the prevailing interest rate) by the large industrial countries who a re  
members of t h e  Development Assistance Committee (DAC) of the 
Organization of Economic Cooperation and Development (OECD). These 
transfers are  primarily export credit financing provided by the Export-Import 
Bank of the United States, Germany's Hermes, France's Compagnie Francaise 
dgAssurance pour Ie Commerce Exterieur, and England's Export Credits 
Guarantee Department. This transfer channel is significact to photovoltaics 
since it can potentially provide loan terms up to 20 years for major 
development projects. 

The second largest channel of funds for the developing world is 
commercial banks through their traditional lending activities. International 
commercial bank lending provided 2.5 times as much money in 1977 as all 
multilateral financial institutions combined, including the  World Bank and the 
various regional development banks. A popular misconception overestimates 
the  magnitude of funds provided by these multilateral institutions. 



Over the past decade there has bten a general k l i n e  in the  
importance of Official Development Assistance (foreign aid or concessionary 
lours), but it still accounts for approximately 30% of total transfers. 
Figure 1.2 illustrates this decline as a percentye of total transfers. The 
decline in Official Development Assistance has been accompanied by an 
increase in ~ o n c ~ i o n a r y  loans. The increase in non-com=essionary 
transfers has resulted in a significant rise in the accumulated debt of tlie. 
Third World. By 1977 cutstanding claims against the developing countries 
reached $244 billion compared to $95 billion only five years ago. 

FIGURE 1.1 
FUNDS TRANSFERS TO A DEVELOPING COUNTRY 

SOURCES CHANNELS BENEFICIARIES 

8nk of A n & i  
Citihk 
L r d r y s  
6ank of Tokyo 

OECD Organization for Economic Co-worrtion uwl Dovelopmmt 
OPEC Orgmnization of Potdawn Exporting Cciunaia 
CPE ConarllyflauwdEcsnomh 
DAC -As&mwComminor 



TABLE 1.1 
PERCENTAGE TOTAL NET RESOURCES OF DEVELOPING COUNTRIES 

FROM ALL SOURCES 
(NET DISBURSEMENlS) 

Figures may not add due t o  round-off error.. 

TOTALS 

:I.% 
7.1% 
1.1% 

12.6% 

100.0% 2 7 * & 7  I 

L 

Transfer Channel 

B i  1 ateral  - OECD/DAC - OPEC - CPE 

Mu1 ti- la te ra l  

International Bank Lending 

TOTALS 

Memorandun: 
Private Sector Grants 

DM - Development Assistance Comni t t ee  
OPEC - Organization o f  Petroleun Exporting Countries 
CPE - Central ly  Planned Economies 
OECD - Organizati on f o r  Economic Cooperati on and Development 

2.3% 

FIGURE 1.2 
PERCENTAGE OF TOTAL NET RESOURCES RECEIPTS 

OF DEVELOPING COUNT RlES BY NATURE OF TRANSFER 

Nature o f  Funds Transfer 

ODA 

15.9% 
5.S 
1.1% 

7.0% 

-- 
30.6% 

Won- 
Concessional 
Transfers 

35.3% 
1.3% 
ow 

4.8% 

- - 

41.4% 

Bank 
Lendi ng 

ow 

Om 

ow 

-9 

27.0% 

27.8% 



Ont measure of credit worthiness is the magnitude of outstanding 
debt that has previously been extended by both official public institutions and 
private commercial institutions. The geographic distribution of outstanding 
debt, as well as the public/priuatc mix, is presented in Figure 1.3. Latin 
America carries the lugest percentage of the tutal outstanding debt, having 
been highly favored by private commercial lending institutions. South Asia, 
with a lower absolute magnitude of debt, has been unable to obtain strong 
commercial bank support and continues to rely on officizll non-conccssionar ;. 
and concessionary loans. 



FIGURE 1.3 
EXTERNAL PUBLIC DEBT OF 96 DEVELOPENG COUNTRIES BY REGION 

(DISBURSED ONLY) 

World Bank Data 



1.2 MULTILATERAL 1NS'I"XtITIONS 

This study includes a review of t h e  following multilateral 
institutions: 

World Bank (IBRD and IDA) 
a Regional development banks - Asian Development Bank (ADB) - African Development Bank (AfDB) - Inter-American Development Bank (IDB) - Caribbean Development Bank (CDB) 

QPEC institutions 
United Nations Devclopmcnt Program (UNDP) 

a International Monetary Fund (IMF\ 

The sogrces and uses of funds from each institution a r e  ident i f ie ;  and 
discussed. Major solar projects a r e  identified and at t i tudes towards 
photovoltaics are assessed. 

These international mu'ltilateral institutions a r e  ranked by the  
relative s ize  nf ! 97& disbursements in Figure 1 .%. Over 44% of the total  
multilateral funds approved in 1978 were from the  World Bank. OPEC 
institution disbursements have increased sharply, such tha t  in 1978 OPEC 
represen.te8 t h e  second largest source of multilateral funds. Table 1.2 reports 
the  principal Arab/OPEC development fund disbursements, and shows how the  
funds have increased almost 35 fold in the  four year period from 1973 to 
1977. 

The distribution of loans by sector for t h e  World Bank (IBRD and 
IDA) is presented in Figure 1.5. The two sectors  which directly impact 
photovoltaics a r e  t h e  Agricultiire and Rural Developmex Sector,  which 
received 38.9% of the  1978 disbursements, and t h e  Power Sector,  which 
received 13.6% of t h e  1378 disbursements. For these twa sectcrs, Figure I .h 
totals disbursements from all official multilateral institutions. I t  should b e  
noted t h a t  Agriculture and Energy Sectors  only represent one-third of t h e  
total funds distributed by these multilateral institutions. 

, Tie acknowledged policy of t h e  development banks is t o  direct 
funds toward the  Least Developed Countries, and especially toward the  
agricultural poor. This policy has caused a definite trend t o  increase 
agricultural and rural development funds, while reducing energy 
disbursements. Energy sec tor  programs have shifted their emphasis to oil 
exploration and hydroelectric dam construction, rather  than toward 
alternative sources of energy such as d 3 r .  The Agriculture Sector is more 
receptive to plans for distributed electr ici ty generation for  water  pumping 
than t h e  Energy Sector. 



FIGURE 1.4 
FUNDS APPROVED BY INTERNATIONAL MULTILATERAL 1NSTITUTIONS 

1978 

CDB 539.8 M 
A f r h  8ank Group $423.5 M 

fw UNOP $434.1 M 

OPEC Inrdtut;w7 

World Bank S(1,749.1 M 

7 Amount indicated for OPEC Institutions i s  for 1977. 



TABLE 1.2 
MAJOR ARAEVOPEC AID IfUSTlTUTlONS 

AFESD - Arab Fund fo r  Economic and Soci a1 Development 
BADEA - Arab Bank f o r  Economic Development i n  Africa 
Is00 - Islamic Development Bank 

Kuwait Fund 
AFESD 
Abu Dhabi Fund 
Saudi Fund 
BABEA 
OPEC Special Fund 
I sD8 

Source: OECD 

Percent Increase Per Year 
v 

Comni tmer t s  $ Millions 

Formed 

1953 
1972 
1971 
1967 
1973 

1973 

59.5 
-- _- _ - - - 
_- _ - 
59.5 

# Projects 
March 78 

44 
24 
13 
24 
24 
10 
6 

448% 

1974 

143.4 
127.3 
55.1 
o - 
..a - 
Om 

o - 
325.8 

53% 168% 61% 

1977 

411.8 
362.6 
138.1 
841,l 

76.0 
243.0 
120.3 

2,192.9 

1975 

343.1 
200.8 
46.2 

282.7 - - 
-. 
-- 

872.8 

1976 

324.5 
336.3 
169.4 
458.3 

79.5 
42.7 
o - 

1,410.7 



FIGURE 1.5 
WORLD BANK (IBRD AND IDA) DISTRIBUTION OF LOANS BY SECTc)R 

(Approvals) 

1946 1978 Cumulative 
$44,708.2 M 

Source: World Bmk 



FIGURE 1.6 
DISTRlt3UTION OF FUNDS FROM MULTILATERAL INSTITUTIONS 

1978 

Afrkan Bank Graup 23% 
UNDP 2.4% 

African Bank Group 2. 
African Bank Grwp 6.0% 

IDB 60.3% 

World h k  

$2,274.8 M 
12.1% of Approved Funding 

Total Alrprovod Fundim 

$18,723.1 M 

1 Amount indiutod for OPEC Imtiartiocu b for 1877. 



1.3 INTERNATIONAL COMMERCIAL BANK LENDING 

The growing importance of commercial banks in financing the 
developing world required a review of the Eurocurrency Market and i ts  
strategic role in recycling balance of trade surpluses t o  the developing world. 
Chatrging banking practices in both the Western and Arab worlds a r e  
examined. The role of foreigii government participation in foreign 
commercial banks and the ush? of these banks as instruments of these 
governrent's foreign policy a re  identified. 

CI,S. c~mmerc i a l  banks have sharply increased their international 
lorn. activities to industrialized and tccvdoping nations in the  past decade. 
Among the major U.S. banks are  sc.veral with one-half to  three-quarters of 
their total assets and earnings abroad. This has been accompanied by 
increased U.S. government regulation of foreign loans, and U.S. government 
discriminatory tax treatment for foreign loans of U.S. banks, placing U.S. 
suppliers at a competitive disadvantage in selected foreign markets. 

Data on wtstanding debt to 'developing countries by U.S. banks is 
maintained by the Federal Reserve. Table 1,3 lists the  ten nations in greatest 
debt to U.S. commercial banks, which account for 70% of the total 

- 

outstanding U.S. debt to developing countr;es. 



TABLE 1.3 
FOREIGN EXPOSURE OF US BANKS 

DECEMBER 1978 
$ Biliions 

h. 

Qi 1 Export ing Oeveloping 
Countries 

Non-Oi 1 Export i  ng 
Developing Countries - L a t i n  America 

6 Caribbean - Asia - A f r i c a  

Total Developing Wcrld 

GRAND TOTAL (Deve 1 oped 
and Devel ap i  ng Wor 1 d )  

I 

Source : Federal Reserve 

Ten Most Indebted M ~ t u r i t y  D f s t r i b u t i m  o f  C1a:ms 
Devel opi  ng Countries Tota l  1 Y r  1-5 Yrs ' 5 Yrs 

1.4 COUNTRY RISK ANAL"'S1S 

Tot a1 

20.0 

Braz i 1 
Mex i co 
Venezuel a 
Korea 
China (Taiwan) 
Phi 1 i ppi  nes 
Argenti na 
I r a n  
I ndones i a 
Alger ia  

) TOTAL ( l o )  

Since t h e  borrower's credit rating is the  key variable for 
commercial  bank lending, considerable ef for ts  by t h e  banking community 
have been devoted to "counfi-y risk anaiysis". Country risk analysis is the  
process by which lendirig institutions establish the  f u n d a m ~ n t a l  credit  
worthiness of a nation. Country risk is assessed through a combination of 
quanti tat ive and qualitative analyses. Through personal interviews with a 
broad profile of commercial institutions, a qualitative country risk 
assessment was developed for  solar commercial opportunities. Table 1.4 
provides a summary of this assessment. 

13.4 4.7 6.7 2.8 
10.7 4.5 4.6 1.5 
7.5 5.1 2.0 0.5 
3.8 2.7 0,8 0.2 
3.3 2.3 0.9 0.1 
2.8 1.8 0.7 0.4 
2.8 1.5 1.1 0.2 
2.6 1.2 1.1 0.3 
2.2 1 .O 0.9 0.3 
1.8 0.4 1.1 0.3 

50.9 
1 

I 

Maturity  D is t r i bu t i on 'o f  Claims 
1 Y r  

11.4 

35.5 I 16 .O 

1-5 Yrs 

6.7 

15.2 
3.2 
1.3 

26.4 

53.6 

13.7 
2.9 

72.1 

217.3 

5 Yrs 

1.9 
1 

4.2 
1.0 
0.2 

7.3 

15.9 
4 

9.5 
1.4 

38.3 

147.8 



TABLE 1.4 
DEVELOPING COUNTRIES 

SOLAR COMMERCIAL OPPORTUNITIES - COUNTRY RISK 

* 

Geographical 

L 

South Asia 

Afr ica 

A 

Best 

-- 

- - 

6 

Good 

-- 

South A f r i ca  

C 

Satisfactory 
(With Care) 

- - 

Ivory  Coast 

Korea 
Taiwan 
Phi l ippines 
Thai 1 and 

Egypt 
Morocco 

Argentina 
Chi le 
Ecuador 
Col mbi a 
Trinidad & 
Tobago 

Greece 
Is rae l  

L iber ia  
Cameroon 
Kenya 
Senegal 

Papua, Y.G. 
Indonesi ,a 
Malaysia 

Gabon 
UAE 
Oman 
Quat ar 
Tunisia 

Panama 
Costa Rica 

Yugcs 1 awi a 
Portugal 

South o f  Sahara 

Far East 

North Af r ica  
& Mid East 

Central & 
South America 

D 

Govt. Assistance 
Candidates 

Ind ia  
Pakistan 

Nigeria 1 

- - 

Saudi Arabia 
Kuwait 
Algeria 

Braz i 1 
Mexico 
Vesezuel a 
Bahamas 

E 

poor 

Bang1 ades h 

Zaire Congo 
Botswana 
Zimbabwa- 

R hodes i a 

F i j i  

I ran  
Jordan 
Sudan 

Peru 
Uruguay 
Guatamal a 
Paraguay 

Zambia Angola 
Ghana 
Ethiopla 
Tanzania - -- 

L i bya 
I r aq  
Syria 1 

Bo l i v ia  
Jmaica 
H a i t i  

Turkey Cyprus 



1 *5 EXPORT-IMPORT BANK OF THE UNITED STATES (EXIMBANK) 

The Export-Impart Bank of t h e  United Sta tes  (Eximbank) has  been 
 extreme!^ ac t ive  in supporting U.S. export sales and co-financing with t h e  
U.S. co~rrmercial banks. As shown by a comparison of Table 1.5 and Table 1.3, 
U.S. Exportdmport Bank Exposure, four of t h e  top  f ive countries appedr on 
both t h e  list  for  t h e  largest outstanding claims against U.S. banks and t h e  list 
for the  largest outstanding claims against the  Export-Intport 23ank. These 
four coufitries are: 

Brazil 
Mexico 
Korea 
China (Taiwan) 

TABLE 1.5 
US EXPORTIIMPORT BANK EXPOSURE 

SEPTEMBER 30,1978 

Source: iJ.S. Eximbank 

L 

Country 

Mex f co 
Korea 
Spain 
China (Taiwan) 
Oraz i I 
Algeria 
Japan 
Y ugos 1 avi a 

Co-financing is the  practice in which a commercial bank and 
Eximbank may jointly fund a large development project. A common 
co-financing arrangement permits the  commercial bank t o  receive iGcs full 
payment during t h e  early years while t h e  Eximbank is  repayed during t h e  
la ter  years  of t h e  loan agreement. The period covered by t h e  commercial 
bank is a mat te r  of negotiations and a function of t h e  particular project. 
Normally, commercial banks limit loans to seven years, however, recent  loans 
on nuclear power plants have reached 12 to 15 years. Eximbank will then 
accept  t e r m s  beginning at t he  end of the  commercial bank loan and 
continuing on to a total  of 20 years. Photovoltaic projects in the  form of 
large rural electrification projects o r  regional agricultural irrigation 
programs should qualify for  similar long-term co-financing. 

S M i l l i o n  

1,847 
1,832 
1,727 
1,764 
1,616 
1,325 

907 
859 



1.6 IMPLICATIONS FOR THE PHOTOVOLTAIC INDUSTRY 

Six underlying principals have been identified during this  study 
which should guide t h e  policies of both the  phouava?r~ic  industry and t h e  U,S. 
p v e r n m e n t  as each establishes policy for  .the e , q ~ r f  mark~t. 

(1 ) Economic Viability Must Be Established 

The single most important variable controlling future market 
growth for  photovoltaics i s  i ts  economic viability compared to 
al ternat ive forms of remote  s i t e  power. Once economic viability is 
established and proven, more funds will tt made available than t h e  
industry can absorb. The financial community must b e  convinced 
t h a t  photovoltdcs is the  best  long-term alternative. 

Both commercial and private financial institutions want solar 
energy to succeed. They will support it, in f a c t  bend to support it, 
when i t  approaches cost effectiveness. Broad industrial 
development will b e  easily achieved once tlat economics and 
reliability are established, 

(2) U.S. Government is Responsible For Establishicg Technical and 
Economic Viabilitv 

The a t t i tude  of t h e  d~?velopment b m k s  and foreign recipients is  
clearly tha t  i t  is  the  responsibility of the  U.S. government to 
underwrite t h e  expenge necessary to establish technical and 
economic viability of photovoltaics in their markets. Once 
technical and economic viability have been established, normal 
commercial and devclopment financig~g channels will car ry  the  
world photavoltaic market  to exponential heights. 

(3) The Export-Import Bank is  Key t o  Long-term Financing 

Since solar energy systems a r e  capital intensive, long-term 
financing is necessary in order tha t  "life cycle costtf can  indeed 
approach "annual variable cost". Because i t  is the  practice of 
commercial banks to limit the i r  loans t o  f ive to seven years under 
normal conditions, t h e  U.S. Export-Import Bank, through the  
mechanism of co-financing, is the  most likely source to achieving 
long-term financing. A standard pract ice for  the  Eximbank in 
major capital  improvement programs in the  Third World has been t o  
cooperate on a pari passu basis with commercial banks. In this 
manner for a given project short-term maturities a r e  carried by t h e  
commercial banks, while long-term maturities a r e  carried by 
Eximbank, This technique is directly applicable t o  photovoltaics if 
t h e  buyer i s  credit  worthy and the  project is large enough t o  
interest  Eximbank. A key recommendation deals with this issue. 



(4) Commercial Bank Sup$- 5 Is Available In G d  Credit Risk; 
Countries But First  Photovoltaics Must Be 

Though commercial banks have historically provided funds to 
developing countries considered g t d  credit risks, they must b e  
, ~ n v i n c e d  tha t  photovoltaic systems a r e  sound investments. 
Commercial banks have demonstrated a wore rapid response 
capability than rr~ultilateral devclopment hanks. However, before 
this more available source of funds can be used, these financiers 
r q u i r e  current  information on t h e  state of photovoltaic 
deveiopments, their  economics, and their sar~sfac tory  performance. 

(51 World Bank and Reglonal Development Banks Are Emphasizing 
Agricultural Development 

Since the  World Bank and the  regional development banlqs have 
placed priority upon t h e  development of t h e  agricultural poor, 
projects tha t  incarporate photovoltaics into agricultural 
development, for  example, irrigation or water  pumping 
applications, a r c  good prospects for  World Bank support once 
economic viability is  established. These projects, however, should 
be  submitted through t h e  Agricultural Sector. Proposals should not 
b e  routed through the  Energy Eector where preference is being 
given to hydra iec t r i c  development, petroleum exploration, and 
nuclear energy devclopment. 

The project cycle for t h e  World Bank is detailed in t h e  report. The 
cycle r q u i r e s  typically three  years and involves e x ~ c n s i v e  work 
with t h e  receiving country. In spi te  of t h e  long t ime  f rame 
required, this may be a practical avenue t o  follow in very large 
regional development programs. 

The influence of the  World Bank exceeds i ts  available funds. Some 
commercial banks a r e  interested in co-financing with the  World 
Bank since they feel  tha t  the  World Bank and other development 
banks have grea ter  llpolitical influence1' with t h e  governments of 
developing countries in t h e  evertt a loan gets  into difficulty. 
Development banks, a lor~g with t h e  IMF, czn cause policy changes 
in t h e  recipient country's government tha t  commercial banks 
cannot demand. 



(6) An Exporter9 Strategy Must Be Country Specific 

A different approach to export must be taken in those countries 
considered good crzdft risks than in those countries considered t o  
be poor credit  risks. Good credit risk ccmtr ies  a r e  candidates for 
commercial bank lending and Eximbank financing. In poor risk 
countries, longer term deveiopment projects require World Bank or  
Official Development Assistance funds. If the U.S. Agency for 
International Development (AID) Program coincides with markets 
or  opportunities for photovoi t~cs ,  then poor credit risk countries 
may offer near term opportunities. 



1 .7 RECOMMENDATIONS FOR GOVERNMENT POLICY 

These recom:nendations are intended to further the primary 
objective of the  international photovoltaic program, which is to accelerate 
the  widespread uoc of photovoltaics in international markets. These 
recommendations a r e  predicated on t h e  thesis t h a t  through stimulating 
exports for United Sta tes  manufacturers, t h e  photovoltaic Industry production 
volume can be increased. With a s u h ~ t m t i a l  increase in volume, prices for  
photovoltaics will decline to a price level appropriate for domestic market 
applications. 

In order t o  stimulate exports, there  a r e  clearly two separate 
international markets tha t  must be addressed as elements of the  U.S. 
International Photovolt.aic Plan. These arc: 

e The Commercial Market 
The Foreign Assistance Market 

The commercial market includes those countries which Grg deemed . 
credit worthy by commercial lending institutions. The foreign assistance 
market includes those sauntrlcs which are deemed not credit warthy by 
commercial lending institutions, and by virtue of their  economic plight, a r e  
beneficiaries of official development assistance from the  developed world and 
concessionary funds from development banks. 

The primary thrust of the U.S. program should be toward t h e  
commercial market, though not at t h e  total  exclusim of programs in t h e  
foreign assistance market. ?he reasons for  this emphasis a r e  tha t  t h e  
commercial market: 

Aas t h e  financial resources in hand to  undertake major rural 
electrification or agricultural development programs. 

Has already used conventional sources t o  meet  urban 
electrification rquirernents ,  understands t h e  costs of 
electrification programs, and now seeks rural electrification. 

Responds more rapidly t o  market development efforts, 
hence could provide larger volume demand for industry at an 
earlier date. 

e Is generally more stable politically. 



In order t o  st imulate both of these market  sectors, 
recommendations for  the  international photovoltaic plan have been divided 
into th ree  sets: 

Commercial Market Development Activities - A set of special recommendations focused on t h e  
commercial market opportunity 

r, Foreign Assistance Market Development Activities - 1% set of special recommendations focused on t h e  foreigr~ 
assistance market  opportunity 

General Support Activities - A set of general recommendations which a r e  necessary 
t o  support both of t h e  market-focused programs 

Each of these three  activity areas  is described below. 

1.7.1 COMMERCIAL MARKET DEVELOPMENT ACTIVITIES 

Key elements of the  commercial market program include 

Eximbank Program 
Demonstration Program 
Commercial Bank Education Program 
Photovoltaic Technical Assistance Program 

P.s a result of this investigation, the  following a r e  specific 
recommended programs which would enhance the  export oppcrrtmities for  
photovoltaic systems for  I1.S. manaufacturers t o  commercial markets: 

EXIMBANK PROGRAM 

The Export-Impc~rt Bank of t h e  United Sta tes  should undertake a 
program to: 

Establish special solar project cr i ter ia  under which 
10-1 2 year funds would be  available for Buyer Credit t o  
finance photovoltaic installations abroad. This program 
should include provisions for  co-financing with commercial 
banks on a pari passu basis tha t  would permit the  
commercial banks t o  t a k e  the  early maturities while 
Eximbank could take  t h e  later  maturities. 



e Define a minimum threshold for solar projects below t h e  
level currently set for Buyer Credit Programs. - For the first year the rtcommended threshold for solar 

project funding should be $250,000 (the quivalent of 
installing 10-15 photovoltaic water pumps, or 
electrifying two small villages) 

- In succeeding years, the minimum solar project threshold 
could be increased annually urttil it complies with t h e  
standard $1 million criteria of Eximbank for Buyer 
Credits. 

C3MMERCIAL DEMONSTRATION PROGRAM 

Fund a series of U.S. demonstration projects in key credit worthy 
countries, such as: 

Venezuela 
Brazil 
Mexico 
Argentina 
Indonesia 

0 Philippines 
Columbia 

Commercial demonstration projects must be conducted in 
eooperatlon with local power or rural electrification authorities, and have the 
support of the developing country's government. If satisfactory, t h e  host 
country could buy the demonstration project after an agreed upon time 
period, Typical demonstration projects could include irrigation projects for 
regional agricultural cooperatives, i.e. the Coffee Trust, or other comparable 
agencies with broad requirements. It may be possible to cooperate with t h e  
commercial banks in the selection of an appropriate recipient country and 
agency. 

Data on costs for these installations will have to be collected and 
analyzed relative to costs of competing forms of energy in each country. 

TAX CONCESSIONS TO BANKS FOR FOREIGN SOLAR LOANS 

Review and revise current tax regulations as applied to foreign 
loans by commercial banks for solar energy systems. A key revision would be 
to allow for preferential or full domestic tax credit for foreign taxes and fees 
paid on solar energy system export-financing loans. 



COMMERCIAL BANK EDUCATION PROGRAM 

Initiate a special photovoltaic information progrem for t h e  U.S. 
financial community to provide d a t a  on: 

Existing photovol taic installations 

Economic feasibility of systems - Emphasis on bwiness/commercial aspects of distributed 
electricity generation - Cost analysis of photov *I .~I~L:s relative to diesel fuel 
systerns o r  grid extensit ..,.; - Projected cos t  reductia, r 

Types of systems currently available from U.S. 
manufacturers 

Reliability of systems 

PHQTOVOLTAIC TECHNICAL ASSISTANCE PROGRAM 

A formal photovolt J c  technical assistance program sho:lld b e  
developed to assist foreign countries in preparing technical specifications 
related to particular applications and toassist in the  preparation nf I 7 
applications for  financial Institutions. This program would providL the  
ttrchnical photovoltaic expertise to foreign users who a r e  not familiar with 
t!ie design of photovoltaic systems. These preliminary designs a r e  necesary 
for bid solicitations, and would also serve to train t h e  foreign buyer in 
designing photovol taic systems. 

Commercial markets will require engineering companies, major 
construction companies, or  t h e  equivalent of the  architect  and engineering 
firms to become familiar with photovoltaic systems. These companies will 
then perform this function for a fee. 

1.7.2 FOREIGN ASSISTANCE MARKET DEVELOPMENT ACTIVITIES 

Key elements of the development program t o  address the  foreign 
assistance market are t h e  following: 

Foreign Assistance Demonstration Program 
Development Bank Education Program 
AID Technical Assistance Program 



FOREIGN ASSISTANCE DEMONSTRATION PROGRAM 

In contrGi: to the  commercial demonstration program, t h e  
selection cri ter ia  f o r  the  foreign assistance market  will emphasize t h e  

a Low income, lower middle income and intermediate middle 
income countries 

a World geographic distribution 

Demonstration s i tes  should be selected in consultation with AID. However, 
general recommendations from this analysis are as follows: 

RECOMMENDED SITES FOR AID DEMONSTRATION 

R EGIO N 

Asia 

Africa, South s f  
the Sahara 

PRIMARY - SECONDARY 

Pakistan Bangladesh 

Kenya 
Nigeria 
Senegal 

Malawi 
Botswariia 

Far  East Fiji Malaysia 

North Africa 
& Mid East  

Central & 
South America 

Mediterranean 
Developing 
Countries 

E ~ Y  p t  
Sudan 

Peru 
Chile 

Turkey 

Jordan 

Costa Rica 

DEVELOPMENT BANK EDUCATION PROGRAM 

The education program for  development banks differs from t h e  
education program for  commercial banks primarily in respect to the  social 
humanitarian benefits which could b e  derived by t h e  recipient. Identification 
of t h e  least cost economic alternative is important, however, social benefits 
to the  e x t r e m e  poor from agricultural development, improved medical 
services, o r  reduced birth ra tes  a r e  also considered by the  development banks, 



The market  impact will come from educating t h e  staff  of t h e  
various development banks on t h e  economic and social benefits of 
photovoitaics in order tha t  bank personnl ' can recommend photovo~taics t o  
their  beneficiaries. 

The AID demonstration projects should be coordinated with t h e  
regional development banks in order to gdn the  greates t  market impact. 

AID TECHNICAL ASSISTANCE PROGRAM 

Projects in t h e  Least  Developed Countries (LDCs) will require t h e  
trained technical support. AID will have t o  assist t h e  LDC governments in 
t h e  design and specification of new ahotovoltaic systems. While commercial 
opportunities will obtain this  assista::e from t h e  traditional architectural and 
engineering (A&E) construction firms, AID will have t o  provide this service 
ei ther  by paying the  commercial A&E firms or by using a U.S. national 
laboratory t o  perform t h e  same function. 

1.7.3 GENERAL SUPPORT ACTIVITIES 

Its support of both commercial and foreign assistance market  
development programs, t h e  following general support programs a r e  
recommend& 

a Technology Development Program 
International Economic Analysis Program 

TECHNOLOGY DEVELOPMENT PROGRAM 

The U.S. DOE Technology Development Program must continue on 
an aggressive development front. Costs must be  constantly recluced t o  open 
ever-broadening markets. The U.S. must maintain its technological 
leadership over t h e  balance of t h e  industrialized world. Clever financial 
arrangements cannot overcome an inferior or expensive product. The U.S. 
must have a superior product t h a t  has high availability around the  world. 

There is, however, need for more attention t o  be devoted t o  t h e  
systems tha t  operate in remote sites with photovoltaic power. The key 
systems required are: 

Water pumping systems 
Small refrigeration systems 
DC lighting systems 



INTERNATIONAL ECONOMIC ANALYSIS PROGRAM 

To support both commercial and devdopment bank lending 
institutions, a series of economic analyses of the  potential role of 
photovoltaics in different market sectors is desirable to show t h e  
circumstsnccs under which ph~tovoltaics is the least-cost power alternative, 
Assessment should include examination of the tole of photovoltaics in: 

Agricultural development, and 
Rural electrification. 

Cost comparisons of distributed power generation versus 
centralized power generation must be developed for t h e  financial 
community. The resulting benefits to the recipients, both economic and 
social, must be identified. 

The agricultura impact assessment should include t h e  impact c,f 
photovoltaics on levels of agricultural development, crop yields, livestock 
yields, water availability, and water quality. Rural electrification appraisals 
should seek the least-cost economic alternative comparing distributed with 
centralized electricity generation. The various economic alternatives 
examined should include evaluating the extension of an existing power grid or 
the we of small diesel engines. I t  is important that these economic analyses 
be accepted as r e a s t i c  by the foreigt~ buyers. 



APPENDIX H 

PHOTOVOLTAIC ISSUES IN DEVELOPING COUNTRIES 



APPENDIX H 

PHOTG)VOLT,UCS BSUES IN DEVELOPING COUNTRIZS 

This Appendix contains papers relating to photovoltaicv systems and international 
marketing issues, particularly concerning developing or "Third Worldt countries. i 

I 
Included are: 1 

A summary of the July 1979 Photovoltaic International Plan Meeting, prepared as 
i 

a Massachusetts Institute of Technology Energy Laboratory working paper; 
j 
t 

llPhotovoltaics in the Third World," prepared by Douglas Smith; 
f 

llPhotovoltaics in the Third World: Priorities of Consuming Countries Concerning i Commerciali~ation,~ prepared by Thomas P. Klsin; and 
1 

"Transnational Issues of the International Photovoltaic Plan,11 prerared by Lewis 
J. Perelman and Sylvia H. Forman. 



H. 1 SUMMARY : PHOTOVOLTAI C INTERNATIONAL PLAN 
MEETING 

MASSACHUSETTS INSTITUTE OF TECVNOLOGY , July 9 ,I 979 

M I T  Energy Laboratory Working Paper No. 
MIT-EL-79-038WP 

July 1979 



Summary of Photovol ta ic I n te rna t i ona l  Plan kleeting, Ju ly  9, 1979 a t  
Massachusetts I n s t i t u t e  o f  Technology 

The MIT workshop on the  In te rna t iona l  Plan for  Photovol t a i c s  was cor~vened 
a t  t he  request o f  SERI and the Je t  Propulsion Laboratories t o  b r ing  together  
a group o f  i nd i v i dua l s  i n  t he  Cambridge area who had s p e c i f i c  exper t ise  i n  
energy planning and f inance i n  the  developing nations. Appendix One contains 
a l i s t i n g  o f  those i nd i v i dua l s  present a t  t he  workshop, The agenda and 
p r e l  iminary 1 i s t  o f  questions prepared for  t he  workshop i s  inc luded as 
appendix two, While the mater ia ls  discussed covered i n  l a rge  pa r t  the  ' l i s t i n g  
inc luded i n  appendix two, they were not  discussed i n  order. The repo r t  which 
fo l lows  w i l l  no t  attempt t o  present a chronology of the  discussion,but w i l l  
r a t h e r  present a sumrndry o f  the major po in ts  which came out  o f  the  workshop 
and present a se t  o f  a l t e r n a t i v e  approaches for  development of a pho tovo l ta i c  
market e f f o r t  i n  the  developing nat ions.  

Figure 1 presents a schematic diagram of the a l t e r n a t i v e  pathways open 
t o  t he  photovo l ta ics  indus t ry  i n  sales t o  end users i n  the developing nat ions.  
Only one o f  these a l t e rna t i ves  represents d i r e c t  sales wh i le  a l l  o f  t he  o ther  
a l t e rna t i ves  represent sales e i t h e r  t o  o r  through governmental agencies i n  
a.L 
L I ~ ~ S  ~ ~ t i i i t i = y  OF 5 i i  t h e  hos t  c o u n t r y .  The d i s c u s ~ i ~ n  ~ ~ ~ r t ~ i i d i i - i g  t h i s  ~ ~ h e i i i i i t f  i: 
focused on the  f a c t  t h a t  i t  was extremely u n l i k e l y  t h a t  there would be 
d i r e c t  sales o f  photovol t a i c  products t o  end users i n  the  developing na t ions  
f o r  two reasons. The f i r s t  and most s i gn i f i can t  reason was t h a t  even though 
there  was a market f o r  water o r  poss ib ly  for  pumping there was not  a market :I 

f o r  energy divorced from i t s  end use. As a r e s u l t  i t  was f e l t  t h a t  t he re  
would not  be a market f o r  photovol ta ics even though there r i g h t  wel l  be a 
market f o r  a system such as an i r r i g a t i o n  o r  v i l l a g e  e l e c t r i f i c a t i o n  which 
cou ld  be photovol t a i c  powered. The second reason for  there no t  t o  be sa les / 

d i r e c t l y  t o  end users was t h a t  the  end users i n  the developing nat ions requ i red F 

extensive f i nanc ing  t o  be able t o  purchase dny type o f  cap i t a l  good. Th is  
I 
3 

f i nanc ing  most f requent ly  comes through governmental i n t e r ven t i on  and then \ i 
f requen t l y  through mu1 t i 1  a te ra l  o r  b i  1 ate ra l  f inancing agreements between i 
t he  host nat ions and the doner nat ions.  j 

The pa r t i c i pan t s  emphasized t h a t  there i s  a separation between "need" 
and "demand" which must be made whenever one discusses t he  market p o t e n t i a l  
i n  t h e  developing nat ions.  Smith and others have analyzed t he  p o t e n t i a l  need 
f o r  pho tovo l ta i c  m i c r s i r r i g a t i o n  systems y e t  there has no t  been demonstrated 
t o  be a demand. The need i s  present and i t  would appear t h a t  a demand might  
a l s o  e x i s t  a t  a favorable system pr i ce .  The dema~d has not  been demonstrated 
and, indeed i t  w i l l  no t  be demonstrated u n t i l  there i s  a s u f f i c i e n t  number o f  
systems f i e l d e d  and f inanc ing ava i lab le  for  the purchase o f  such systems. 
Whi le farmers may see the need and understand it, t h e i r  a b i l i t y  t o  t r a n s l a t e  
t h a t  need i n t o  a demand required considerable add i t i ona l  assistance. 

The above considerat ions l e d  t o  a set  s f  proposed methods o f  i n t e r v e n t i o n  
which t he  DOE cou ld  f o l l o w  t o  have an impact upon the p o t e n t i a l  market f o r  
photovol  t a i c s  i n  t he  developing nat ions.  These are : 

I n t e r v e n t i o n  i n t o  e x i s t i n g  p ro jec ts  
Informed manpower a v a i l a b i l i t y  
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C i r c u l a r  l e t t e r s  of p ro j ec t  p o s s i b i l i t y  i ns i de  o f  USAID 
Cooperative e f f - r t  w i t h  o i l  nat ion development program 

r Energy Tcchni ca l  t r a i n i n g  program 
Grass roo t s  agency development and implementation program 

A t  the csnclusion o f  the  discussions an executive session developed another 
a1 te rna t i ve :  

r Staged i ndus t r y  systems development and deployment 

In te rven t ion  i n t o  e x i s t i n g  pro jec ts .  

The argument was made t h a t  i t  i s  not  poss ib le  t o  design a  p r o j e c t  us ing 
a  technology which i s  t o t a l l y  urproven but t h a t  i t  i s  poss ib le  t o  en te r  i n t o  
a p ro jec t  which has been i n i t i a t e d  and provide -- w i t h  guarantees o f  pe r fo r -  
mance -- a  p o r t i o n  o f  the  systen~ requirments. The example given was i n  terms 
o f  the small scale i r r i g a t $ r q  p ro jec ts  which are underway i n  a  number o f  
countr ies.  Were there  t c  b2 ;n ac t i ve  i n t e r ven t i on  pro5ram developed i t  would 
be possib le t o  add photovo l ta ic  power systems i n t o  p ro jec ts  oq i r r i g a t i o n  
both t o  t e s t  t h e i r  v i 3 b i l i t y  and t o  begSn t o  make the engineering and systems 
people who are responsible f o r  tne design o f  such p ro jec ts  aware o f  the  
po ten t i a l  o f  photovo l ta ics  whi le  convering a l l  down s ide r i s k .  I n  so doing, 
photovo l ta ic  systems are seen and handled and are tes ted I n  an env i ro~ment  
where they are compared d i r e c t l y  w i t h  the c o ~ ~ p e t i t i o n .  The sense o f  the  
meeting was t h a t  the  type o f  i n te rven t ion  would o f f e r  t h e  greatest  p o s s i b i l i t y  
f o r  a  r ap id  en t r y  i n t o  the  sphere o f  i n t e rna t i ona l  a i d  g i v i n g  agencies as 
i t  would b r i n g  photovol t a i c  power systems i n t o  t h e i r  l i g i t i m a t c  d i c i s i o n  
and operat ing s t ruc ture .  To accomplish t h i s  e f f o r t  wou'ld requ i re  t h a t  a l l  
d i f f e r e n t i a l  costs be born outs ide o f  the i r r i g a t i o n  ( o r  o ther )  p r o j e c t  
an3 t h a t  the re  be a  guarantee o f  performance which i f  no t  met would requ i re  
the  replacement o f  the  photovo l ta ic  system by the  dominant a l t e r n a t i v e .  

Informed manpower a v a i l a b i l i t y .  

A major considerat ion i n  choosing o r  no t  choosing a  given a l t e r n a t i v e  
i n  development p ro jec ts  i s  informat ion ava i lab le  t o  t he  development teams o r  
missions which prepare the  scope o f  a  p ro jec t .  Given t h i s  requirement 
f o r  in format ion i t  was proposed t h a t  there be made ava i l ab le  a cadre o f  
t r a i ned  and knowledgeable ind iv idua ls  who ~ o u l d  -- a t  no cost  t o  the  a i d  
agency -- be provided t o  missions concerned w i t h  e i t h e r  i r r i g a t i o n  o r  w i t h  
v i  11 age e l e c t r i f i c a t i o n  3nd who could introduce -- where appl i cab1 e  -- 
photovol t a i c  power systems as a l te rna t i ves  i n  g iven p ro jec ts .  This proposal 
was considered as s i y i n i f i c a n t  for  two reasons. The f i r s t  was t h a t  i t  would 
be poss ib le  t o  en te r  photovol ta ics i n t o  the vocabulary o f  the p ro j ec t s  them- 
selves and t he  second was t h a t  i t  would be poss ib le  t o  a c t  as educators o f  
t h e  more t r a d i t i o n a l  loan o f f i c e r s  and enyineers/economists who people the  
a i d  missions today. 

C i r cu la r  1 e t t e r s  o f  p r o j e c t  p o s s i b i l i t i e s  i ns i de  o f  USAID, 

Wi th in  USAID there  i s  a channel by which c i r c u l a r  l e t t e r s  may be d i s t r i b u t e d  



t o  a l l  o f  the missions s o l i c i t i n g  i n t e r e s t  i n  a p a r t i c u l a r  type o f  development 
a c t i v i t y .  I n  t he  case o f  t he  photovo l ta ic  technology such a l e t t e r  would 
need t o  present the  t~2hno logy  i n  b r i e f ,  present a l i s t i n g  o f  13 ke ly  appl ica- 
t ions o f  the technolcgy w i t h  a b r i e f  descr ip t ion  o f  each and then offer addi- 
t i ona l  sources of information inc lud ing  a Washington drop p o i n t  a t  which i n -  
formation and manpower could be d i  recced toward a p a r t i  cu1 a r  missions needs. 
Such a miss9le c i r cu la ted  w i t h i n  t hs  USAID would have the advantage of reaching 
tll o f  the missions and reaching a f a i r l y  broad spectrum o f  mission personnel. 
I f  acted upon i t  would o f f e r  prog,*bnatic support i n  the  f i e l d  and would of fer  
a mechanism by which a major program could be i n i t l a t e d .  The approach has 
the disadvantage o f  r equ i r i ng  t h a t  there be an i n i t i a l  response from what 
may be an overtaxed s t a f f  w i t h i n  the mission. 

Cooperative e f f o r t  w i t h  an O i l  Nation Development Program. 

A number o f  o i l  r i c h  nations i n d i v i d u a l l y  and c o l l e c t i v e l y  have begun 
t o  ass i s t  the non-oi l  r i c h  nat ions i n  t h e i r  e f f o r t s  t o  survive i ~ c r e a s e d  
o * i l  pr ices.  I n  p a r t i c u l a r  the Saudis have been concerned w i t h  increasing 
wor ld food output. As such these sources o f f e r  poss ibS l i t i es  f o r  developing 
food and energy re l a ted  p ro jec ts  i n  the  developing nations, p a r t i c u l a r l y  the 
Moslcm nat ions which form a major b lock of South and Southeast Asia and A f r i ca .  
This proposal has the advantage o f  external f ind fng  s f  the project but  the 
disadvantage of r equ i r i ng  a means of enter ing t he  p ro jec t  schedu'le o f  thc 
Saudis o r  o ther  po ten t i a l  donor*. 

Energy Technical T ra in ing  Program, 

Many o f  the developing nat ions are sending representa.tives t o  programs 
such as the Brookhaven Energy Management Program a t  which the new technoloqies 
are being presented. Addi t iona l  e f f o r t  could be placed on prnesenting photovo l ta ics  
as a v i ab le  op t ion  f o r  s p e c i f i c  appl icat ions i n  the  nations. Demonstrations 
of hardware and discussion o f  successfui appl i ca t i ons  i n  other nations could 
g rea t l y  enhance the value of the presentat ion and t ra in ing .  

Grass roo t s  agency development and implementation program. 

There e x i s t  i n  the  Uni ted States and i n  many o f  the developed nat ions 
voluntary agencies i n  operat ion a t  the  v i l l a g e  l eve l  i n  the developing nations. 
While these agencies receive a po r t i on  -- sometimes near ly  a l l  -- o f  t h e i r  
funding from governmental sources they perform t h e i r  most s i g n i f i c a n t  funct ion 
a t  the v i l l a g e  l eve l .  Such agencies as Oxfam, CARE, and Cathol ic Re l i e f  
Services t o  name on ly  three have extensive s t a f f  operations and are f requent l y  
i n  a p o s i t i o n  t o  experiment w i t h  new techniques o r  technologies. It was 
unclear i n  the workshop what spec i f i c  informat ion would be requi red by the  
program o f f i c i e r s  of such an agency bu t  i t  was suggested t h a t  they be 
approached for  both i n t e r e s t  and for  a d e f i n i t i o n  o f  t h e i r  needs i n  order 
t o  experiment w i t h  o r  introduce such systems f o r  i r r i g a t i o n  o r  f o r  v i l l a g e  
e l e c t r i f i c a t i o n  through t h e i r  agency wings i n  country. 



Staged indus t ry  sys tems devel opment and deployment . 
There was cofisiderabl e d i  scussi on throughout the workshop o f  the 

inmatur i t y  of the photovol t a i c s  indus t ry  as i t  present ly  e x i s t s  i n  enter ing 
4 
i 

a deve? oping nat ion market. Workshop par t i c ipan ts  were n o t  enthus iast ic  about 
suggestions o f  a program t o  subsidize j o i n t  venture marketing a c t i v i t i e s  
i n  an e f f o r t  :a team a U.S. pho tovo l ld ic  manufacturer w i t h  an incountry 
d i s t r i b u t o r  because they f e l t  tl:at such a team would s t i l l  no t  be able t o  
break i n t o  the market a t  the governmental l eve l  where one could generate a 
demand ra ther  than merely discuss a need. To offeln an a l t e r n a t i v e  i t  was 
suggested t h a t  there be a staged program t o  invo lve present photovol ta ics 
manufactures i n  systems development f o r  dewlop ing  nat ions appl icat ions 
followed by ass is ted depolyment o f  t e s t  systems i n  spec i f i c  locat ions.  The 
three s ta tes o f  t he  proposal would be the  fo l lowing:  

SIkGE ONL. Issue an RFP fo r  the development o f  na t ion  o r  region s p e c i f i c  
appl icat ions f o r  photovo l ta ic  power systems which take i n t o  considerat ion 
f i r s t  needs f o r  which photovol ta ics w i l l  have a market edge and second demands, 
i .e. areas i n  which funding fo r  such an appl'cation would be forthcoming from 
w i t h i n  i n t e r n a l  nat iona l  funding o r  from in te rna t iona l  agencies. Such an e f f o r t  
would no t  be long i n  durat ion bu t  would requ i re  a cont ractor  who was knowledgeable 
i n  energy requirements i n  the developing nat ions - not one who was knowledgeable 
i n  photovol t a i  cs. 

STAGE TWO: Issue RFPs oP FRDAs f o r  the development aP systems whtch could 
be appl ied t o  the app l i ca t ion  requirements l i s t e d  above. Here the need would 
be t o  develop systems aimed a t  s p e c i f i c  geographic areas o f  s p e c i f i c  gei izr ic 

I 

! 
markets i n  order f o r  the contractors t o  develop system experience i n  meeting I 

t he  engineering requirements o f  a s p e c i f i c  appl icat ion.  The emphasis here must 1 
be upon engineering e f f i c i enc ies  and cost  thus c a l l i n g  f o r  cleverness i n  design i 
w i t h  an eye t o  marketing o f  the p ro jec t  -- and possible assembly -- w i t h i n  a 1 
s p e c i f i c  geographic region. ! 

I 
STAGE THREE: Given a se t  o f  succsssful systems designs, the next  stage 

should be the incountry i n s t a l l a t i o n  o f  a se t  o f  systems i n  conjunct ion w i t h  
an incount ry  pa r t i c i pan t  e i t h e r  a d i s t r i b u t o r  o r  a manufacturer. The e f f o r t  
here i s  t ' r l reciold. F i r s t  t e s t i n g  of the  equipment, second development o f  
experience on the p a r t  of the U.S. supp l ie r  i n  deal ing w i t h  the i n t r i c a c i e s  
o f  developing nat ions and t h i r d ,  the development o f  an indigenous supply/ 
marketing/manufacturing capabi 1 i t y  which i s  c r i t i c a l  t o  the  eventual market- 
a b i l i t y  o f  any device i n  the developing nations. 

There are two points which came ou t  i n  the discussion which do no t  f i t  
w e l l  i n t o  the summary above bu t  ra ther  c u t  across a l l  of t he  discussion. 
The f i r s t  deals w i t h  the cost  dec l ine curve f o r  photovo l ta ic  hardware. The 
second deals w i t h  the  nature o f  the good i t s e l f .  

It was suggested t h a t  the photovo l ta ic  hardware w i l l  be dec l in ing  i n  
c o s t  over the  next  decade. Many o f  the  par t i c ipan ts  saw t h i s  as a major s e l l i n g  
p o i n t  fo r  the  technology i n  discussions w i t h  the  developing nations. The 
p o s i t i o n  of the U.S. may be one o f  o f f e r i n g  a subsidy f o r  the  power system 
i n  response t o  a f u t u r e  dec l ine i n  p r i ce .  Under these circumstances i t  i s  
poss ib le  f o r  the nat ions o r  agencies t o  put  photovo l ta ic  power systems on equal 
foo t ing  w i t h  t h e i r  a1 ternat ives and place photovol t a i c  systems i n t o  appl icat ions ' 
which w i l l  be cost  e f f e c t i v e  i n  the near future ra ther  than the  present. 



The second po in t  was raised by several par t ic ipants w i th  extensive 
experience i n  both the p o l i t i c s  of the developing nations and the r u r a l  energy 
environment. It was pointed out t h a t  providing power o r  water was long seen 
as a pol i ti cal/economics means o f  contro l  1 i ng  populations. Having e l e c t r i -  
c i t y  i n  Indonesian v i l lages  was something tha t  was handed out by the centra l  
government. A diesel  engine generator set represented a large block of 
cap i ta l  t o  the v i l l age rs  but they had t o  stHuggle m igh t i l y  t o  pay f o r  the main- 
tenance a ~ d  f o r  the fue l  t o  keep the generator i n  operation. While the g i f t  
was large i t  none the less car r ied  a cost w i th  it. Much the same srgument 
was made f o r  the prov is ion o f  water pumps i n  Bangladesh. The pump was provided 
by the government bu t  the farmer(s) provided the fue l  and the maintenance. 
Again, a la rge  g i f t  w i t h  a r e a l  upkeep cost. Photovoltaics represents a 
greater g i f t  because there i s  no o r  l i t t l e  maintenance and no fuel cost. As 
a resu l t  the  technology represents, w i th in  the ru ra l  power system a means o f  
in f luencing even more than before the social s t ructure of the area and o f  
benef i t t ing  the l a r g ~ v  farmer t o  the detriment o f  the smaller, o r  o f  rewarding 
the  loyal  region t o  the detriment o f  t ha t  o f  the opposition. While i t  i s  no t  
porsible f o r  a plan such as t h a t  under development t o  consider a l l  problems 
such as these i n  the design of the plan, the nature o f  the technology requires 
t h a t  these considerations be recognized and tha t  t h e i r  po ten t ia l  soc ia l  impacts 
be noted. 

I n  summary, the workshop attempted t o  present a view from the developing 
nations on the l i k e l y  acceptance of photovo!tsics and the channels f o r  
in t roduc t ion  of the technology. I t  was not believed t h a t  the technology could 
be marketed d i r e c t l y  as i t  was not a good bought and sold, but  one component 
o f  a system t o  perform a spec i f i c  funct ion such as pumping water. With t h i s  
caveat i n  mind, the workshop pointed t o  a number o f  a1 ternat ive pathways for  
i n f  1 uenci ng a i d  gp! v i  ng agencies t o  i n c l  ude photovol t a i  c sys terns i n  t h e i r  de- 
velopment projects.  
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PHOTOVOLTAIC INTERNATIONAL PLAN 

CAMBRIDGE REV1 EW MEETING 

July 9, 1979 

PURPOSE: Di scuss p re l  iminary s t ructure o f  photovol t a i c  Sn ternat ional  plan, 
inc lud ing j u s t i f i c a t i o n  f o r  U.S.D.O.E. involvement and a l te rna t i ve  s t rategies 
f o r  plan implementation. 

Review avenues f o r  acceptance o f  U. S. manufactureG/r!on U.S. manufactured 
photovol t a i c  power systems w i t h i n  developing nations w i th  p a r t i c u l a r  a t ten t i on  
t o  the a1 te rna t ive  financing, amnufacluring, and marketing structures avai lab1 e 
and t o  a l t e rna t i ve  means of developing t e s t  and demonstration programs. 

The fo l lowing se t  sf questions are presented t o  o f f e r  areas o f  consideration. 
They are no t  intended t o  be a l l  inc lus ive  but ra ther  t o  o f f e r  po ints  of depar- 
t u re  for the discussi~n.  

Role o f  Photovol t a i  cs i n  development : 
Is there a market f o r  photovoltaics i n  the developing nations? I f  so, 
where, how la rge  i n  what types of applications? 
What are the economic market constraints? 
What are the  f inanci  a1 market constraint::? 
What are the physica l / in f rast ructure constraints? 
How do (do) photovol taic power systems fir i n t o  the development require- 
ments o f  the nations themsel ves? 

U. S . Government i nvol vement : 
Should the U.S. Government be ac t ive ly  involved i n  the support o f  U.S. 
manufactured photovol t a i c  power systems i n  the developing nations? 

d i r e c t  support t o  manufactures 
i n d i r e c t  support through 1 i censing 
i n d i r e c t  support through embassy assistance 
i n d i r e c t  support through R&D e f f o r t s  ins ide  s f  the United States 
no d i r e c t  o f  i n d i r e c t  support 

Agency/private sector involvement : 
What agencies o f  the U.S. Government o r  other m u l t i l a t e r a l  groups 
would lead o r  be involved i n  a photovoltaics development 2 f f o r t ?  

USDOE 
USA1 D 
IBRD 
UNDP o r  UNIDO o r  UNEP 

What are the options open f o r  a l te rna t ive  forms o f  involvement by the 
p r i va te  sector? 

Sales only  
J o i n t  Venture a c t i v i t i e s  ranging from marketing through f u l l  

manufacture 
I n  country l icensing agreements 



a '  What are the constraints t o  p r iva te  sector involven~ent and t h e i r  means 
o f  reducing/el im ina t i  ng these constraints? 

LDC Response: 
a What are the l i k e l y  responses o f  developing nations t o  the in t roduct ion 

o f  a high technology energy source such as photovoltaics? 
a Does the type o f  response vary by leve l  o f  development, by leve l  o f  

i ndus t r i a l  i zation, by agr icu l tu ra l  structure, etc? 

I f  there i s  t o  be a federal DOE program: 
a What are the planning options, i.e., should the e f f o r t  be sec tora l l y  

spec i f i c  -- agr icu l tu re  o r  r u r a l  e l e c t r i f i c a t i o n  -- o r  should the program 
be region spec i f i c  -- Asia o r  Afr ica. 

a What levels  o f  funding would be required and how much i s  too much? 
a What type o f  cooperative, interagency re1 ationshi ps are both necessary 

and possible? 

Testing and demonstration a c t i v i  tes: 
a Should tes ts  and demonstrations be re lated t o  e f f o r t s  t o  promote U.S. 

industr ies i n  the developing nations? 
a What i s  a "good" demonstration pro ject  i n  a developjng nat ion context? 
a Where are the p i  t f a l l s  and how ( i f )  can they be avoided o r  minimized? 
a What i s  the correct  leve l  o f  monitoring and evaluation and i n  what 

areas -- 
soci a1 
techni cal  
economi c 



H.2 Photovoltaics i n  the Thi rd World 

prepared by Douglas Smith 

Dramatic increases i n  world o i l  prices, food shortages, the  

environmental and economic consequences of firewood shortage, and the 

universal demise o f  the nuclear dream have underscored the need f o r  new 

approaches t o  energizing the world's v i  11 ages. New energy must focus on 

need rather  than consumption demand o f  the r ich,  u t i l i z e  the loca l  

renewable energy resource: the sun, and have low maintenance 

requirements. For sane o f  the most urgent o f  v i l l a g e  needs: water 

l i f t i n g  f o r  human and animal consumption, i r r i g a t i o n ,  and powering o f  

small ag r i cu l tu ra l  machinery such as r i c e  m i l l s  and cotton gins, 

photovol t a i c s  appea? we1 1 suS ted because of t h e i r  zero fue l  requi rements, 

neg l i g ib le  e l e c t r i c a l  storage requirements, low maintenance, long l i f e ,  

modu1ar.i ty, and benign environmental impacts. 

The expense o f  photovcrl ta ics,  an expense tha t  i s  nearly 100 percent 

f ront-end costs, represents a powerful ba r r i e r  t o  acceptance. Ris ing o i  1 

prices, however, have made petroleum-based v i  11 age energizat i  on an even 

more e lus ive  goal f o r  the hundreds o f  m i l l i ons  o f  the world's r u r a l  poor 

whi le  costs o f  photovoltaics continue t o  decline even more rap id l y  than 

predicted by o f f i c i a l  sources. This paper attempts t o  estimate when 

photovol taics systems w i l l  compete cos t -e f fec t ive ly  i n  those Th i rd  World 

appl icat ions of most importance t o  v i  11 age devel opnent. 

Two e a r l i e r  papers (Smith, 1977, and Smith and Al l ison, 1978) have 

discussed i n  some d e t a i l  several Th i rd  World applications of 

photovol ta ics.  This paper reviews and updates the conclusions o f  e a r l i e r  

work w i th in  the context Q#'  the in ternat ional  plan documentation ca l l ed  

f o r  under PL 95-590. A1 though the most recent equipment prices, 



ef f i c iency  estimates, and operation and maintenance costs are employed i n  

t h i s  paper, the  most s t r i k i n g  change since the 1977 paper has been fue l  

prices. For a1 1 appl ications, photovol t a i c s  look even more a t t r a c t i v e  

now i n  the r u r a l  Thi rd World than they d i d  as recent ly  as ea r l y  1977. 

The analyses and concl wsions presented here are conservative--further 

rev is ion  i n  the  fu tu re  w i l l  pa in t  an even br igh ter  fu tu re  of 

photovol t a i cs  ' prospects. 

Comparisons of photovol t a i c  costs w i th  costs o f  the least-cost, 

conventional a1 te rna t ive  are performed f o r  the f o l  lowing cases: 

a) 5 horsepower diesel  i r r i g a t i o n  pump or  agr icu l tu ra l  

processing machine, 

b) 1 horsepower gasoline water supply pump, 

c) 500 watt gasoline generator f o r  educational te lev is ion  and a 

few radios and l i gh ts ,  

d) 12.5 k i l owa t t  diesel generator f o r  v i l l age  e l e c t r i f i c a t i o n ,  

and 

e) 250 watt mic ro- i r r iga t ion  pump. 

These f i v e  appl icat ions cover the range of r u r a l  Thi rd World power 

requirements, excluding the very small communications appl i ca t ions  t h a t  

do not  contr ibute d i r e c t l y  t o  r u r a l  well-being. I f  photovoltaics can 

compete i n  any or a11 o f  these markets, t h e i r  fu tu re  i n  the new solar  

world i s  ensured. By computing the annual cost of performing the desired 

task by conventional means, then computing the annual cost o f  performing 

the same task w i th  photovol ta ics  (together w i th  the requ is i t e  power 

condi t ion ing and storage devices), i t  has been possible t o  determine the 

"breakeven costn o f  so lar  arrays. This i s  the cost, i n  ea r l y  1979 

dol lars,  a t  which photovol taics become cost e f fec t i ve  compared t o  the 
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least-cost conventional alternative. As will be seen, for a l l  five 

applications, breakeven costs are those projected by DOE for the early 

1980's. 

a)  5 horsepower irrigation-pum, .. , rice mill, cotton gin,  

sugarcane crusher, flour mill, oil press, or other crop processor. 

Elsewhere the use of photovoltaics w i t h  a 2 cusec or 200 m3/hour 

law-lift ( 4  meters) pbmp i n  the Lake Chad polders has been analyzed. (See 

D. V. Smith, 1977.) Such an Installation would use a 5 horsepower 

engine. Also analyzed were a similar sized pump on a tubewell i n  the 

Pakistan Punjab (100 m3/hour, 8 meter total l i fe ,  5 horsepower) and on 

a river i n  Bangladesh (200 m3/hou;r, 4 meter l i f t ,  5 horsepower), The 

earlier report detailed the implications for photovoltaics use of 

different solar and crop irrigation regimes. That report also analyzed a 

5 horsepower rice huller (0.2 tons per hour) which can be considered 

typical of agrf cul tural processing machinery. 

Table 1 l i s t s  the assumptions used in assessing the 

cost-effectiveness of rep1 aci ng 5 horsepower diesel engi'nes i n  remote 

areas of the T h i r d  World where fuel and maintenance casts are h i s h .  For 

further details see the 1977 report. A1 1 costs and performance 

specifications have been updated based on July 1979 distributors ' 

quotes. 

Diesel costs wi 11 be calculated using two a1 ternative fuel prices: 

$.35/liter ($1.32/gallon) and $.50/li te r  ($1.89/gallon.). The July 31, 

1978, price of diesel fuel i n  Kenya (urban) was $.33/li ter. Local 

delivery costs to remote villages can easily increase this  to merely 

$. 50/li ter. Recent reports indicate diesel fuel prices i n  Ouagadougou, 

Upper Vol t a ,  are a1 ready i n  excess of $. 50/l i ter  so these costs are not 

the highest that could be used. 
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Table 1: 5 Horsepower Pump and Rice M i l l  - Assunptions 

Diesel engine 

l i f e :  8 years 
fuel consumption: 0.31 1 iters/hp-hour 
cost: $1400 including 12 percent spares 
rnain-leriaflce and 1 ubr icat ion o i  1 s: S. 73 per operating hour 

Photovol t a i c  system 

i) DC permanent maqnet motor, brushless 
l i f e :  12 years 
ef f i c i  encyi 75 percent 
cost: $300 inc luding 12 percent spares 
maintenance: $30 per year (10 percent) 

i i ) Maximm power t racker  
11fe: 12 years 
e f f i c iency :  90 percent 
cost: $30 f o r  bra in and $500 f o r  DC/DC converter 
maintenance: $53 per year (10 percent) 

ii i) Solar arrays 
l i f e :  10 .years f o r  arraus; 20 Years f o r  s t ructure 
cost: 75 bercent array;- 25 percent s t ructure including 

spares and i n s t a l  I a t i  on 
maintenance: $30 per year ( loca l  labor) 

Both systems 

hours o f  operation: 1000 hours per year 
r i c e  hulled: 200 tons per year (200 hectane worth a t  one 

ton per hectare) 
water pumped: 200,000 m3 per year i n  Chad and 

Bang1 adesh; 100,000 i n  Pakistan 
area i r r iga ted :  13.8 hectares of wheat/cotton ro ta t i on  

i n  Chad; 20.1 hectares o f  boro r i c e  o r  49.4 hectares 
of wheat i n  Bangladesh; 5.9 hectares o f  wheat/cotton i n  
Pak i s',an 



The annual cost of the diesel system is (see Table 1 for 

assunptions) : 

capi tal cost = 1400 R(10.8) = $262 

maintenance = 1000 x .73 = 730 

fuel = .31 liter/hp-hr x 1000 hours x 5 hp x .35/1 = 543 

or .31 liter/hp-hr x 1000 hours x 5 hp x .50/1 = 775 

Total = $1535 far  fuel price of $.35/liter 

= $1767 for fuel price of 5.50lliter 

The ~nnual cost of the solar system is ,  where S i s  the installed 

cost of solar arrays per peak kilowatt: 

capital cost = 30R(10,12) + 5.5s [.75R(10,10) + .25R(10,20)] 

maintenance = '  83 + 30 = 113 

se, the breakeven cost of installed arrays, including 

structure cost: for diesel price of $.35/liter, Se , 1707 which is 

equivalent t o  $1.28 

per watt for arrays (1984 goal) 

for diesel price of $.SO/liter, Se . 1986 or $1.49 

per watt for  arrays (1983 goal) 

Either diesel or solar can improve their competitive positions i f  

they are used more than 1000 hours per year. In theor,y, the solar engine 

oould be used more than twice as many hours, the diesel engine more t h a n  

eight times. In practivc, significantly greater utilization rates are 

not usual 1y achieved because of  the seasonal nature of agr icul turat 



a c t i v i t i e s  and diseconomies of scale caused by small landholdings, p l o t  

f ragnentati  on, and d l  ff i c u l  t i e s  o f  cooperative organization under 

semi-feudalism and nascent capitalism, I f  both systems were used f o r  

1800 hours a t  a d iesel  p r i ce  o f  $,SO/liter, breakeven array cost would be 

$2.57/watt. 

Maintenance costs given i n  Table 1 f o r  diesel are high, but based on 

experience i n  countr ies l i k e  Chad. They are several times too high fo r  

I n d i a  but would be low f o r  remote diesels maintained by labor pa? d a t  

U.S. ratcs. 

b) 1 horsepower water supply punp 

A c r f t i c a ?  need Sn many ~f the wcrld's v i l lages  i s  safe, r e l i a b l e  

dr ink ing water. A typ ica l  v i l l age  o f  500 persons and 150 c a t t l e  and 

bu f fa lo  w i l l  need 20 liters/person/day f o r  domestic purposes and 40 

1 i ters/animal/day f o r  l ivestock or  a t o t a l  of 16 m31day: 4 m3lhour if 

punping proceeds f o r  four  hours. With a 30 meter pumping head ( inc luding 

5 meters t o  storage tank), 50% pumping ef f ic iency,  63 percent motorlpower 

condit ioner ef f ic iency, one k i l owa t t  w i l l  be required. Table 2 l i s t s  

relevant assumptions. 

The annual cost o f  the gasoline system is: 

cap i ta l  cost = 150 R(10,3) = $60 

maintenance = 60 

f u e l  = .47 l i t e r s l h o u r  x 1440 hours x 3.3511 = 237 

o r  .47 l i t e rs lhou r  x 1440 hours x $1.5011 = 338 

Tota l  = $357 f o r  f ue l  p r i ce  o f  $.35/l i ter 

= $458 f o r  f ue l  p r i ce  o f  $.50/ l i ter  



Table 2: 1 Horsepower Water Supply Systein Assumptions 

Gas01 ine engine 

l i fe :  3 years 
fuel consunption: 0.47 1 i ters/hp-hour (50 percent 

greater than diesel engine) 
cost: $150 i ncl uci ng spares 
maintenance: $60 per year 

Photovol taic system 

i )  DC motor 
life: 12 years 
eff i ci ency: 70 percent 
cost: $200 including spares 
maintenance: $20 per year (10 percent) 

i i ) Maximum power tracker 
1 ife: 12 years 
efficiency: 90 percent 
cost: $30 for brain and $100 for DC/DC converter 
maintenance: $13 per year (10 percent) 

ii i) Solar arrays 
l ife:  10 years for arrays; 20 years for structtlre 
cost: 75 percent array; 25 percent structure including 

spares and instal 1 a t i  on 
maintenance: $30 per year (local labor) 

Both systems 

hours of operation: 4 hours per day; 1440 hours per year 
water pumped: 16 m3/day for 500 persons, 150 ca t t le  
pumping efficiency: 50 percent 
pwpi ng head: 30 meters (including 5 meters to  storage 
tank) 



The annual cost of the solar system is: 

capital cost 330R(10,12) + S[,75R(1Ov10) + .25~(3.0,20) 1 
maintenance = 33 + 30 63 

Solving for  breakeven cost, Set 

for diesel price of $.35/literv 5, . 1626 or  

$1.22 per watt for  arrays (1984 goal) 

for  diesel price of $.50/liter, Se . 2295 or  

$1.72 per watt for  arrays (1983 goal) 

I t  should be noted that  only four hours per day of operation is 

assuned. Most places in the Third World have s i f f i c ien t  solar  radiation 

t o  operate photovoltaics more than 4 hours so there can be some reduction 

i n  array requirements. 

C) 500 watt gas01 ine generator fo r  educational television, radios, 

and lights.  

Educatf onal television and radio and school house and meeting place 

lighting can serve useful canmunity functions. In many countries a small 

generator provides sufficient power t o  run a TV (60-160 watts usually) 

and a few 1 i g h t s  (15 watt fluorescent l i g h t s  are a good possibi l i ty fo r  

energy efficiency). 

A 500 watt generator rarely bears a load of 500 watts b u t  i t  will be 

assuned here that  a 500 watt solar capability is required. Energy loss 

i n  the battery system i s  matched by arrays being able to  generate power 

on the average more than four hours per day: i n  many places 6-7 hours per 

day i n  fac t .  



Water punping systems d i d  no t  requi re bat tery  storage because water 

can be stored. TV and l igh ts ,  however, w i l l  be used at n igh t  so 

e l e c t r i c i t y  storage i s  needed. Ten days minlmun i s  provided but because 

i t  i s  not ant ic ipated tha t  a f u l l  load o f  500 watts w i l l  be borne f o r  

four  hours, there w i l l  i n  f a c t  be storage avaf l a b l e  f o r  a considerably 

longer period. See Table 3 f o r  f u r the r  assunptions. 

The annual cost o f  the gasoline generator i s :  

cap i ta l  cost = 440R(10,3) = 177 

maintenance 60 

fuel = .67 1 i ter/hour x 1440 hems x $,35/! = 338 

or .67 1 i ter/hour x 1440 hours x $.50/1 = 482 

The annual cost o f  the solar system is:  

cap i ta l  cost (75 x 20)H(10,6) + S[0.375R(10,10) + .125R(10,20) 1 
maintenance = (20 x 5) + 30 = 130 

for breakeven costs Se: for diesel  p r i ce  of $.3S/l i ter, 

Se = 1329 o r  $1.00 pria watt f o r  arrays (1984-5 goal ); f o r  diesel  p r i ce  

Of Sb5a/1iter9 Se = 3231 o r  $2.42 per watt f o r  arrays (1982 goal). 

It should be emphasized tha t  ba t te ry  costs account f o r  over h a l f  the 

t o t a l  for t h i s  photovol taic system. Less storage, lower cost o f  

ba t te r ies  (DOE has a S5OjkWh cost goal ), or lower maintenance cost 

assunptions w i l l  improve the outlook f o r  photovol t a i cs  considerably. For 

instance, ba t te r ies  a t  $SO/kWh and no maintenance (permanently sealed) 

increase the breakeven cost o f  arrays t o  $4.55 per watt (1980-1 goal) a t  

a gas01 Jne p r i c e  o f  $.SQ/l i ter .  



Table 3: 500 Watt Generator - Assunptions 

Gas01 ine qeneratpy 

l i f e :  3 years 

fue l  consunpti on: 0.67 1 i tei-z/hour (reported by 

Wei ss/and Pak , IBRD, Honda generator) 

cost: $440 including spares 

maintenance: $60 per year 

Photovsl t a i c  system 

I) ba t te r ies  

1 i f e ;  6 years 

cost: J751kWh 

e f f  i c i  Zncy: 85 percent 

maintenance: b5lkWh 

storage capacity: 2OkWh (.5kW x 4 hourslday x 10 days 

minimum) 

i i )  so lar  array 

1 i fe: 10 years f o r  arrays; 20 years f o r  s t ructure 

cost: 75 percent array; 25 percent s t ructure inc luding 

spares and i n s t a l  1 at ion 

maintenance: $30 per year ( l oca l  labor) 

doth systems 

hours o f  operation: 4 hours per day; I440 hours per 

year 



I It should also be noted t h a t  i f  power w i l l  i n  f a c t  on ly  be demanded 

I f ou r  hours a day, the photovol taic system i s  oversixed a t  500 watts. I n  

a place w i th  an average inso la t ion  o f  5,5 kWh/kW/day only (500/.85 x 

(4.55) = 430 watts peak i s  needed. This argument cuts both ways, 

however, because when required the gas01 ine generator can more eas i l y  

provide power more than four hours per day without storage depletion. 

I n  sane si tuat ions; e.g., i n  ETV systems i n  Malaysia as described i n  

Weiss and Pak, a 500 wat t  generator i s  used only t o  power a 67 watt  

te levis ion. I n  such a s i t ua t i on  the genemator i s  obviously oversized and 

photovol t a i cs  laok more a t t rac t i ve  if sized t o  match the 67 watt need. 

$3 t h i s  case, wi th  a ba t te ry  e f f i c i ency  o f  85 percent and a matching 

between solar insol  a t ion  and hours of use, an array o f  80 watts would be 

needed. Breakeven costs w i l l  be $26.86 f o r  f u e l  p r i c e  o f  $.35/1iter. 

Photovoltaics shine b r i gh tes t  where there i s  i n  present pract ice a c lear  

m i  srnatch between power source and power use. 

d) 12.5 kW v i l l a g e  e l e c t r i f i c a t i o n  

Conventional v i l l a g e  e l e c t r i f i c a t i o n  i s  accomplished o rd ina r i l y  by a 

d'iesel generator or g r i d  connectico. Table 4 describes some features o f  

a t y p i c a l  Gangetic P l a i n  vi l lage. E l e c t r i f i c a t i o n  would provide: 

i) potabie water supply 1kW 

ii) r b i c e m i l l  5 . W  

iii) TV, l i gh ts ,  rad io  1 kW 

i v )  other v i l l a g e  loads 5kW 

Table 5 1 i s t s  the assunptions f o r  a comparison between providing 

t h i s  power by diesel  and by photovoltaics. The annual cost of  diesel  

generation is :  

capl t a l  cost = 5500 R(10,8) = $1031 



Table 4: Typical Th i rd  World Vi l lage (Gangetic Pla in)  

popu 1 a t  i on 500 

fami l ies  110 

c a t t l e  150 

area cul ti vated 200 hectares (1) 

depth t o  water 10 meters (1) 

solar  inso la t ion  5.1 kwh/d/day (1) 

r a i  n f  a1 1 100 centimeters (2) 

food gra in y i e l d  1 ton per hectare 

(1) This i s  low compared w i th  other par ts  of the  Thi rd World 

(2) This i s  high ccmpared w i t h  other parts o f  the Th i rd  World 

Note: See 0. V. Smith, 1977, f o r  more d e t a i l  

Table 5: 12.5 kW Vi l lage E l e c t r i f i c a t i o n  - Assumptions 
Diesel qenerator 

l i f e :  8 years 

fuel consumption: 4.73 1 i ters/hour (reported by Mubayi, 
BNL, f o r  Wi t te  generator) 

cost: $5500 i ncl  udi ng spares 

maintenance: 9.73 per operating hour 

d i s t r i bu t i on  l ines: 3 Ian at  $4500/km (IBRD); 20 year 
1 i fe ;  $675 maintenance 

Photovol t a i c  system 

i) bat te r i es  ( f o r  TV, l ights ,  radios: 1kW) 
i) bat te r ies  

1 i f e :  6 years 

cost: S75/kWh 

ef f ic iency:  85 percent 

maintenance: $5/kWh 



Table 5: 12.5 kW' Village Electrification - Assumptions (continued) 
storage capacity: 400kWh (IkW x 4 hours/day x 10 days 

m i  nimun) 
i i ) maxirmm power trackers (for water pumps, r ice  m i  11, 

other applications: 11.5 kW) 
l ife:  12 years 
eff sciency: 90 percent 
cost: a) water punp 130 

b) rice mill 530 

c) 2 other applications totaling 5kW 560 
maintenance: $122 per year (10 percent) 

l i i )  DC motors 
1 ife: 12 years 
efficiency: 70 percent 
cost: a) water pump 200 

b)  r ice  mill 300 
c) 2 other applications, 2.5KW each 500 

maintenance: $100 per year (10 percent) 
i v )  Solar arrays 
l ife:  10 years for arrays; 20 years for structure 
cost: 75 percent array; 25 percent structure including 

spares and instal lation 
maintenance: $30 per year (local labor) 

Both systems 
hours of operation: 4 hours per day, 1440 hours per year 
water pumped: 16 m3/day for 500 persons, 150 ca t t l e  
rtce hulled: 200 tons per year 
ETV and lights to maximun of lkW, 4 hours per day 
5 kW for other v i  11 age uses 



maintenance = S.73 x 1440 = 1051 

distribution system = 3 x 4500 R(10,20) + 675 = 2261 

fuel = 4.73 1 i terslhour x 1440 hours x S. J5/l i t e r  = 2384 

or 4.73 literslhour x 1440 hours x $.5O/liter = 3406 

Total annual cost = $6727 for S.35 diesel fuel 

= $7749 for S.50 diesel fuel 

The annual cost of the solar system is: 

capital cost = (40 x $75) R(10,6) + 2220 R(10,12) 

+ 12.5s C0.75 R (10,lO) + 0.25 R(10,20)] 

maintenance = $222 + 30 = $252 

Solving for breakeven cost, 5,: - 
for diesel price of  $. 3511 i ter ,  Se = 2885 or 

$2.16 per watt for arrays (1982 goal) 

for diesel price of $ .50/ l i t~r ,  5, = 3425 or 

$2.57 per watt for arrays (1981-2 goal) 

If grid extension i s  short enough, that, rather than  diesel 

generation, is the relevant a1 ternative. Table 6 1 i s t s  assumptions 

regarding grid extension. If diesel fuel costs $,50 per l i t e r ,  grid 

extension under these assumptions i s  economical only if the 

sub-transmission line distance i s  less than 5 kilaneters. (If diesel 

fuel costs 5.35 per l i t e r ,  line distance would have to  be less than 3.5 

kilaneters.) 



Table 6: Grid Extension Assumptions 

Cost of energy at  exist ing grid: S.lB/kWh ( India)  

cost o f  g r id  extensions: $4500/km ( IBRD) 

kWh consuned: 12.5 kW x 1440 hours 

= 18000 kwh 

d!strfbution lines: 3 icnr a t  $4580jkm 

1 i f e :  20 years 

maintenance: 5 percent of capi ta l  cost 



e) 250 watt  m ic ro- i r r iga t ion  

For a complete discussion of t h i s  appl icat ion o f  photovol ta ics  the 

reader i s  re fe r red  t o  Smith and All ison, 1978. The argment presented 

there i s  that  a need o f  imnense proportions ex is ts  f o r  an i r r i g a t i o n  u n i t  

t h a t  i s  designed f o r  small p lo t s  of  approximately an hectare and f o r  low 

heads (up t o  5 meters), t ha t  i s  low i n  maintanance requirements and 

su i tab le  f o r  use by the m i l l i o n s  o f  smal\ farmers i n  the world's sunny 

deltas. No fossi 1 fue l  or  grid-connected a l ternat ives now match t h i s  

need: grid-connection -is too i n f l e x i b l e  and cos t ly  f o r  m a l l  p lo t s  and 

diesel  pumps are not avai lab le i n  small enough sizes. As a consequence, 

a fanner uses human or  animal power or does not i r r i g a t e  when land 

holdings are small and cooperation i s  infeasible.  

Table 7 describes the assumptions used t o  analyze photovol t a i c  

micro- i r r igat ion:  Such a 250 watt (1/3 horsepower, 9 m3/hour a t  4.5 

meter head) system has an annual cost o f  $240 i f  photoval taic arrays cost 

$2.80/peak watt: the cost goal wi th  current technology. 

Such a system can i r r i g a t e  0.67 ha. r i c e  wi th in  a 4.5 meter l i f t  or  

1.25 ha. wheat, o r  2 ha. r i c e  w i th  a 1.5 meter l i f t  or 3.75 ha. wheat. 

For r i ce ,  i r r i g a t i o n  should allow a production increase worth about 

$250/hectare/hear (2.5 tons/hectare increase a t  $100 per ton). 

Therefore, a t  a so lar  array cost o f  $2.80/watt, a r i c e  farmer breaks even 

l i f t i n g  from 3 meters. Any less l i f t  and p r o f i t s  flow. For wheat and 

simi 1 ar p roduc t i v i t y  assumptions, the breakeven 1 i f  t i s  5.6 meters. 



Table 7: 250 Watt Micro - I r r i g a t i o n  - Assunptions 

Photovol t a i c  system 

i )  punp/well ($0 gpm a t  4.5 meters) 

l i f e :  8 years 

cost: $225 

maintenance: $22 per year 

ii) DC permanent magnet motor (1/3 hp) 

1 i fe :  12 years 

cost: $80 

maintenance: $8 per year 

iii ) Maximm power tracker (250 watt) 

1 i f e :  12 years 

cost: $30 f o r  bra in and $30 for  converter 

maintenance: $6 per year 

i v )  Solar arrays 

l i f e :  10 years f o r  arrays; 20 years for s t ruc ture  

cost: 75 percent array: 25 percent s t ructure inc luding 

spares and i n s t a l l a t i o n  

maintenance: $30 per year ( l oca l  labor) 

v) System 

eff iciency: 45 percent 

solar inso l  ation: 4.8 watt-haurs/peak watt/day 

heads: 1.5 meters and 4.5 meters 

crops: r i c e  o r  wheat 



Table 8: Sumnary o f  Breakeven Costs o f  Solar Arrays ($ wat t  peak) 

Appl i ca t ion6  .35 .50 Power 

(a)  1.28 1.49 5hp 
d iese l  i r r i g a t i o n  (2.57)l 

(b) 1.22 1.72 
gasol ine water supply 

(c ) 1.00 2.42 
gas01 ine generator (26.86) 2 (4.55)3 

f o r  TV 

( d  
d iese l  e l e c t r i c  

generator f o r  v i  11 age 

'used both d iese l  and so lar  systems f o r  1800 hours ra ther  than 1000 

' insta1,lat ion o f  photovol t a i c s  t o  meet so le  demand o f  67 w TV 

'bat ter ies a t  S501kwh and no maintenance 

4max. g r i d  extension 3.5 km 

5max. g r i d  extension 5 km 

( f o r  appl i c a t i  on (e), 250 watt micro- i r r i g a t i o n ,  breakeven pump 1 i f  t 
f o r  $2.80/watt ar ray cost and r i c e  i s  3 meters; f o r  wheat i s  5.6 
meters 



Summary and Conclusions 

Table 8 sunmarizes breakeven costs for the above appl icat i ons. 

Breakeven costs for  fuel prices of f.35 and $.50 per If te r  are 

exhibited. Breakeven costs are i n  early 1979 dollars and are for salar 

arrays (assuned to be 75 percent of the solar systm cost exclusive of 

power conditioning, batteries, and motors). 

For canparison, a 1979 solar array cost of f2.80jwatt peak i s  

assuned by DOE to  be attainable with current technology by 1981. 

The f i r s t  line of Table 8 indicates the breakeven cost of solar 

arrays for a 5 horsepower diesel irrigation sgstm, or diesel rice or 

flour mill, operating 1000 hours per year 1s about $1.50 per peak watt  if  

diesel fuel costs S.50 per l i t e r  as i t  already does i n  many isolated 

Third World villages. ThJs breakeven cost would be even higher if :  

i )  the diesel and solar systems operate more hours ($2.57 per peak 

watt for 1800 hours and $.50 per l i t e r ) ;  

i i )  diesel fuel were more expensive than $.5Q per l i t e r ;  

i i i )  cropping intensities were higher t h a n ,  for example, the 

cstton/wheat assuned for Chad, say wheat/cotton/fodder; 

iv) solar arrays were used for cotton ginning and flour milling when 

not required to pump water; 

V )  diesel engines smaller t h a n  5 horsepwer are being replaced by 

photovol taics, i n  which case diesel maintenance costs look even 1 wrger 

compared to  solar; or 

v i )  pumping head were less (as i v  v because of the economies of scale 

of diesel diesel engines). 

The second line of Table 8 sunmarizes the breakeven costs of solar 

arrays used to  replace a one horsepower water supply pmp. For S.50 per 



l i t e r  gas~,>line, the breakevcn solar array cost i s  approximately $1.75 per 

peak watt--a cost goal f o r  1983. It should be noted that, compared t o  

t h e  5 horsepower diesel  system, t h i s  one horsepower water punping system 

i s  more affected by increases i n  fuel pr ices because o f  the r e l a t i v e l y  

low cost of the gasoline engine compared t o  f u e l  costs. 

The t h i r d  l i n e  o f  Table 8, a 500 watt system, i l l u s t r a t e s  

s e n s i t i v i t y  of so lar  array breakeven costs t o  f u e l  pr ices most 

dramatical'ly. If gasoline i s  $.35/liter, breakeven cost i s  $1.00 per 

peak watt; hut  i f  gasolin? i s  $.50/liter, hreakeven costs soars t o  $2.40 

per peak watt. 

If so1 ar arrays are used so le ly  t o  power a 67 watt educational 

te levis ion, and gasoline i s  $.35 per l i t e r ,  breakeven cost i s  $27 per 

peak watt. This explains why solar-powered ETV systems already e x i s t  f n  

several countries. 

The impact of  ea r l y  achievement o f  DOE ba t te ry  cost goals i s  also 

i l l u s t r a t e d  f o r  the 500 watt systun. Battery costs o f  $SO/kWh (instead 

o f  the assumed $75/kWh requ i r ing  l i t t l e  or no maintenance ra i se  the solar 

array breakeven cost from $2.42 t o  $4.55 wi th  a $.50 per l i t e r  gasoline 

pr ice. This i s  p r a c t i c a l l y  achievable now from the photovol taic side but 

no t  f r a n  the ba t te ry  side. 

The fou r th  l i n e  summarizes resu l ts  f o r  a 12.5 kW v i l l a g e  generator 

comparing three systems: 

1) a 12.5 kW Wit te  diesel  generator w i th  v i l l a g e  d i s t r i b u t i o n  

system, 

2) extension o f  an ex i s t i ng  power grid, and 

3) a modular so la r  s y s t m  consist ing of: 

i) 1 kW potable water system, 



i i )  5.5kW r i c e  m i l l ,  

i ? i )  1 kW i i s t r i b u t e d  arrays f o r  l ights ,  TV, and radios, and 

i v )  two 2.5 kW separated loads. 

Breakeven solar  array cost i s  above $2.50 when diesel  f ue l  i s  S.50 

per 1 i t e r m  This puts the v i  1 lage e l e c t r i f i c a t i o n  market near ly  w i  t h l a  

the range o f  current  photovol t a i cs  technology provided g r i d  extension 

exceeds 5 kilometers. 

The f i n a l  application, 250 watt  micro- i r r igat ion,  i s  reported i n  a 

d i f ferent  manner. I t  i s  shown that, f o r  a solar array cost o f  $2.80 per 

peak watt, i t  i s  p r o f i t a b l e  f o r  a farmer t o  use such a system t o  i r r i g a t e  

r i c e  i f  the pumping 1 i f t does net exceed three meters or t o  i r r i g a t e  

wheat i f  the l i ft does not exceed 5.6 meters. Even a t  current solar 

array prices, low l i f t  pumping w i th  small photovol taic pumps i s  a 

p r o f i t a b l e  venture provided f inancing i s  made available. There i s  no 

foss i  1 fuel  a1 ternatuve t o  these mic ro- i r r iga t ion  pumps: the 

a l ternat ices are human, animal, or  wind power, a l l  o f  which are generally 

more expensive than photovol t a i cs  f o r  new systems. 

It i s  therefore s t r i k i n g  tha t  w i th  the most l i k e l y  assumptions 

breakeven costs 1 i e  between $1.00 and $2.57 f o r  the f i r s t  four 

applications. I n  other words, even w i th  fuel  pr ices o f  $.50/l i ter, sane 

improvement i n  array costs beyond the  $2.80 achievable wi th  current 

technology w i l l  be needed t o  be competit ive i n  any o f  these Th i rd  World 

markets. Once costs below $2 are achieved, markets open up rapidly.  
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1.0 Introduct ion 

Nwerous recent studies have drawn the conclusion tha t  the 

developing countries of the world represent a potent i  a1 l y  enormous 

near-term market f o r  photovol t a i c  power.1 Whi l e  a number of smaller 

markets have been i d e n t i f i e d  i n  applications such as anti-corrosion 

equipment, microwave repeaters, and navigat ional  and warning equipment, 

the projected growth o f  the market i t  l a rge l y  a t t r i bu ted  t o  water punping 

and v i l l age  power applications i n  the t h i r d  world. A recent study 

e n t i t l e d  Export  Potent i  a1 f o r  Photowol t a i c  Systems conducted by Pac i f i c  

Northwest Laboratory estimates that  water pumpi ng and v i  1 1 age power w i  1 1 

consitute 39 megawatts of a t o t a l  estimated fo re ign  market o f  53 

megawatts by 1986. 

In te res t  i n  a1 te rna t i  ve power sources f o r  agr icu l tu ra l  appl icat ions 

can be a t t r ibu ted  t o  a number o f  factors. The f i r s t  i s  the predominant 

r o l e  of agr icu l ture i n  the economies o f  most developing countries. 

Agr icu l tu ra l  connodi t i e s  are usual ly the main export and are central  t o  

the maintenance o f  a sat is factory bal ance of the trade. As wi th  the 

developed countries, the developing countries o f  the world have found i t  

increasingly d i f f i c u l t  to  cover the r i s i n g  costs o f  petroleum imports. 

There i s  also a rea l i za t ion  tha t  the ambitious plans f o r  r u r a l  

e l e c t r i f i c a t i o n  of the l a s t  decade w i l l  have t o  be revised sharply 

dgwnward as g r i d  extension costs continue t o  r i s e  and urban danand 

continues t o  o u t s t r i p  production capabi l i ty.  Yet the incomes o f  the 

l ~ r n i t h ,  D. V., Photovol t a l c  Power i n  Less Develnaed Countries- 

I r r i g a t i o n  i n  

. ~ . . ,  -.. ---- ----.- - 
.; Tabors, R.D., The Economics o f  Water L i f  
the ThSrd World: Tradi t ional  and Photovol 
MIT-EL 79-011; Paci f ic Northwest Laborator 
Photovol taic systems, DOE/CS-0078. 



r u r a l  poor--general l y  a func t ion  of ag r i cu l tu ra l  product i v i  ty--must be 

raised f o r  overa l l  nat ional  eccmomic growth t o  be achieved. 

I n  November 1978 the U.S. Congress passed Publ ic Law 95-590 of which 

Section l l a  ca i led fo r  a plan t o  demonstrate appl i c a t  lons o f  photovol t a i c  

power and f a c i l i t a t e  i t s  use i n  other countries. As one input  i n t o  t h i s  

PI an, t h i s  paper attempts t o  assess L.D.C. p r i o r i t i e s  and goa l s regarding 

comnercialization w i th in  t h e i r  boundaries. For t h i s  purpose the  L o D o C *  

market development process has been divided i n t o  three phases: 

demonstration, ea r l y  sales, and f 01 low-on sales. I n  r e a l i t y ,  o f  course, 

the process i s  a continuum and most o f  the conclusions regard rng any one 

phase may be relevant ta  other phases as we!!. 

The repor t  also includes three case studies a t  the end, The purpose 

o f  t h e i r  i w l u s i o n  i s  t o  C l lus t ra te  the  larger  environment w i th in  which 

po l i cy  decisions regarding photovol t a i cs  w i l l  be made. This can vary 

widely from one country t o  the next according t o  such fac tors  as nat ional  

development goals, a v a i l a b i l i t y  o f  t t  sd i  t i ona l  energy sources, and l eve l  

of af f 1 uence . 
Fina l l y ,  much o f  the response which has been included i n  the sect ion 

an demonstration pro jec ts  i s  i n  r e a l i t y  more appl icable t o  the research 

and experimentation programs which precede them. This lack o f  a 

d i s t i n c t i o n  i s  consistent w i th  perceptions w i th in  the developing 

countrtes. 

2.8 Methodology 

This study was based p r imar i l y  on information from two source 

types. The f i r s t  i s  the  r a p i d l y  expanding pool o f  studies, appl icat ions 



assessments, and reviews o f  the  solar programs o f  other countries, as 

wel l  as more general Department o f  Commerce studies o f  countries' trade 

and investment pol  ic ies.  A1 so examined were nat ional  development plans 

and economic studies conducted by in ternat ional  badking i ns t i t u t i ons .  

Second, exiensive interviews were conducted w i th  researchers who had 

traveled t o  Afr ica, Asia, and L a t i n  America on behalf o f  the 

In ternat ional  Solar Comnercial i za t i on  Working Group (I. S.C.W.G.) and wi th  

members and/or hosts o f  v i s i t i n g  delegations o f  energy o f f i c i a l s  from 

L.D.C.'s. I n  par t icu lar ,  these fore ign delegations consisted o f  

par t ic ipants i n  the A. 1.D.-sponsored Solar Energy Project, the 

1.C.A.-sponsored L a t i n  American Seminar on Energy Economics, and the 

African Solar Energy Workshop, cosponsored by A. I.D., U.N.D.P., and 

U.N.E.P. L i s t s  o f  par t i c ipants  i n  the above are contained i n  the 

Appendices f c r  the purpose o f  forming a basis of  i n s t i t u t i o n a l  and 

personal contacts w i th in  the developing countries. 

Last, interviews were conducted w i th  members of  the photovo l taks  

industry, the  academic c m u n i t y ,  o f f i c i a l s  of  the Departments o f  State, 

Canmerce, and Energy, and the Agency fo r  1nterr:ational Developnent, as 

we l l  as numerous nongovernmental organizations. 

Two caveats should be stated. Par t ic ipants i n  the above workshops 

and seminars, who form the bulk of  fore ign input  i n t o  thris repor t  cane 

predominantly from technical backgrounds. Input from pol i t i c i  ans and 

developnent planners from these countries was, unfortunately, less 

accessible. 

Second,--and t h i s  applies mainly t o  the post-demonstration section 

of the report--attempts t o  p red ic t  the postures of  governments on 

speci f ic  energy issues i s  q u i t e  r isky. Projections dre based on 



extrapolat ions f ran past trade pol  ic ies,  currerct economic trends, and a 

few commercial transactions i n  t h i s  area t o  date. 

3.0 Demonstration Programs 

3.1 In t roduct ion 

The effectiveness o f  demonstration programs as an imp1 ement of  

technology d i f f u s i o n  i s  broadly recognized i n  the f i e l d  o f  p o l i c y  

analysis. From the interviews and presentations o f  the numerous 

par t ic ipants i n  the  Afr ican Solar Energy Project and the  L a t i n  ,tmerican 

Seminar on Energy Economics, i t  i s  s t rongly  apparent t ha t  the r o l e  o f  

demonstration programs i n  developing countries i s  more p i v o t a l  yet. I n  

par t i cu la r ,  a pi-ogrm must address the requirements o f  four  groups. 

These are: the technica l  c m u n i  ty, planners, nontechnical government 

o f f  i c i  a1 s, and the general pub1 ic .  

3.2 Technical Community 

For the technical  cmmuni ty--general l y  those working i n  un ivers i t ies  

or  government laboratories--demonstrati on programs f i 11 an important 

role.  Speci f ical ly,  the fo l low ing  points were made: 

a Depending on the extent of i ndus t r i a l  i zat ion achieved, most 

devel opi ng countries su f fe r  from varying degrees of weakness i n  

t h e i r  R&D prograns. This i s  a r e s u l t  both of  shortages of 

t ra ined manpower and i n  , equate funding. Yet, academic and 

governmental laborator ies f i l l  a c r i  Zical advisory r o l e  i n  

technology-based p o l i c y  decisions, such as would be the case 

w i th  a program of photovol taic-powered i r r i ga t i on .  

a Demonstration programs f i l l  an important function as a conduit 

f o r  information on the  s tate of the a r t  i n  r a p i d l y  changing 

solar technology. A f te r  t r i p s  t o  U.S. research i ns t i t u t i ons ,  a 



number o f  v i s i t o r s  expressed concern over t h e i r  own generally 

i nsu f f i c i en t  data bases on solar technology and the time l a g  i n  

information f low f r a n  the U.S. t o  the L.D.C.'s. As a r e s u l t  of 

t h i s  time lag, photovol t a i c  power i s  of ten evaluated (and 

re jected)  on the basis of obsolete data regarding cost and 

re1  i abi 1 i ty. 

a Projects should ac t ive ly  seek the input  and involvement of  

1 oca l researchers. Cooperati on and technol ogy exchange not  

on l y  create good w i  11--a v i t a l  ingredient f o r  successful 

marketing--but also serve a valuable funct ion i n  the successful 

adoption of new technolagy. As the report, Export Potent ia l  

f o r  Photovoltaic Systems, points out, i t  i s  necessary t o  

d i f fe ren t i  ate between appl i c a t i  ons technol ogies and production 

technologies; while the 1 a t t e r  may be considered proprietary, 

the  former " i s  inherent ly su i ted t o  in ternat ional  cooperation 

since the purchaser has a hand i n  f i t t i n g  the technology t o  h i s  

speci f ic  problems while the producer learns t o  make a be t te r  

product ."2 

0 Demonstration prc3ects have the po ten t ia l  t o  p lay a s ign i f i can t  

r o l e  i n  the  t ra in ing  o f  new solar  technicans. One Afr ican 

delegate proposed tha t  demonstration projects have closer t i e s  

t o  vocational t ra in ing  centers i n  order more e f f e c t i v e l y  t o  

promote solar technology diffusion. It was argued tha t  such 

t r a i n i n g  programs have been instrumental i n  China i n  the 

widespread adoption of small -scale b i  ogas plants. 

* ~ a c i f  i c  Northwest Laboratory, Export Potent i a1 f o r  Photovol t a i  c 
S stems, U.S.D.O. E. Office f o r  Conservation and Solar Applications 
D 8 E/CS-0078, A p r i l  1979, p. 6.16 



3.3 Planners 

Of considerable concern t o  planners i s  the soc ia l  i rn~ac t  o f  the 

in t roduct ion o f  new technology. Since a t  t h i s  time i r r i g a t i o n  w i th  

photovol t a i  c-powered pumps i s  cost-effective only f o r  the smal l e s t  p l o t s  

(under two hectares), major questions remain as t 2  the e f f e c t  on income 

d i s t r i bu t i on .  Evaluation o f  soc ia l  impact w i l l  l i k e l y  not only be 

required by nat ional  governments but also by the a id  agencies who w i l l  

douhtless be ca l led  upon t o  fund any major purchases. Research i n  t h i s  

area, preferably  conducted by indigenous sc ient is ts ,  should a1 so be 

designed i n t o  any program. 

3,4 Go~ermen t  O f f  i c i  a?s 

Nontechnical government o f f i c i a l s  also play a v i t a l  r o l e  i n  the 

adoption of a new technology. Charged 5h f u l f i l l i n g  nat ional  

p r i o r i t i e s  such as increasing agr icu l  t u ra l  output, reducing r u r a l  

poverty, or possibly planning r u r a l  e lec t r i f i ca t i on ,  they are ti, r group 

which must u l t ima te l y  make the decision whether t o  invest i n  

photovoltaics. Consequently, they must see photovoltaic power 

demonstrated w i t h i n  the context o f  i t s  most rea l  i s t i c ,  cost -ef fect ive 

appl icat ions t o  these problems. 

V i s i b i l i t y  of pro jects  i s  a strong necessity. Plans t o  c u l t i v a t e  

ac t i ve l y  the  i n t e r e s t  of  government o f f i c i a l s  should be included i n  any 

program. Their  succes3s or  f a i l u r e  w i l l  subsequently be re f l ec ted  i n  

development p l  ans and budget a1 1 ocat i  ons . 
Fina l l y ,  some funding agencies l i k e  U.N.D.P. do not i n i t i a t e  

development programs on t h e i r  own but  ra ther  respond only  t o  government 

proposals. This fu r ther  emphasizes the importance o f  government in terest .  



3.5 Consuming Pub1 i c  

The f o u r t h  group which must be addressed i s  the public. Given t h a t  

the primary app l ica t ion  f o r  photovoltaics 1 ies  wi th  micro i r r igat ion,  I 

successful di f fusion and e f f i c i e n t  u t i l i z a t i o n  w i l l  l a rge l y  depend on the 

confidence and par t i cn ipa t ion  o f  small farmers. I n  t h i s  respect small I 

projects, consistent i n  scale w i th  loca l  agriculture, may have more 
I 

I 

1 
impact than l a rge  ones. Popular involvement becanes even more c ruc ia l  if I 

I 
the government seeks t o  finance the cap i ta l  costs o f  purchases from 

I 
voluntary v i l l a g e  cooperatives as has been done i n  par ts  o f  I n d i a  w i th  1 
other types qf investments. I 

I 
3.6 General Consi dera t i  ons: Demonstration Programs I : 

I 

F ina l l y ,  i n  addi t ion t o  the observations and rocomnendations of  the  1 
I 
1 

foreign delegates, a number of  conclusions of the Department of Commerce i 
study, Analysis o f  Federal l y  Funded Demonstration Pt-ograms: are relevant: i 

a The technology should be wel l  i n  hand. I n  the case o f  

photovoltaics, the technologies of i n te res t  t o  L.D.C.'s have 

been shown t o  be generally workable and re1 iable. Although 

research and development continue, the  emphasis l i e s  on 

production technology and less on appl ications. Ear ly  sales, 

however, w i l l  be less a function o f  cost than of effectiveness, 

and a more balanced research program may be required. 

a Clear d i s t i nc t i onshou ld  bemade betweenexperimentation 

programs, whose purpose i s  t o  gather in format i  on and develop 

hardware, and demonstration programs, aimed t o  show simple and 

re1  i a b l e  operation. I n  demonstration programs, hardware should 

be f r e e  o f  nonessenti a1 monitoring equipment, which i s  

f requent ly  i n d i ~ t i n g u i ~ s h a b l e  t o  the l a y  eye from the 



demonstration equipment, Also, i n i t i a l  v i s i b i l i t y  of 

demonstration pro jects  should be low t o  al low f o r  "debugging." 

e Large pro jects  should not be emphasized a t  the expense o f  small 

ones. For photovol taics, which are 1 i k e l y  t o  be cost -ef fect ive 

f i r s t  i n  small-scale applications, t h i s  may imply a strategy o f  

nunerous demonstration projects consist ing not o f  complete 

photovol t a i c  v i 1  lages but perhaps groups o f  mic ro i r r fga t ion  

pumps a1 lowing mu! t icruppi ng i n  contrast t o  surrounding 

rain-fed f i e lds .  The number of pumps should be large enough t o  

support the maintenance and supply in f ras t ruc ture  w i th in  a 

given geographic area. 

e To maximize effectiveness, pro jects  should i n c l  ude i n  planning 

and operations a l l  elements needed f o r  c m e r c i a l  izat ion. This 

would apply t o  manufacturers o f  pumps, batter ies,  power 

condit ioning equipment, m i l l  i ng  equipnent, etc. These f inns 

would gain val uable experience working and marketing abroad and 

t h e i r  products would become fami l ia r .  Wherever possible, i t  i s  

a lso  important t o  i d e n t i f y  and c u l t i v a t e  the i n te res t  o f  local  

i n s t i t u t i o n s  which could ass is t  i n  technology d i f fus ion.  

4.0 Early Sales 

4.1 In t roduct ion 

Where demonstration projects serve t o  promote awareness and in te res t  

i n  photovol ta ics,  e a r l y  sales w i  11 represent ef forts t o  assess 

independently the value o f  the technology i n  meeting devel opnental 

p r i o r i t i e s .  I n  many ways, t h i s  per iod w i l l  ac t  as a more in tensive 

cont inuat ion o f  the demonstration phase. Actual increases i n  



agr i cu l tu ra l  output w i  11 be measured, soci a1 impact more re1 i a b l y  

determined, and p o l i t i c a l  benef i ts  caref u1 l y  weighed. 

4.2 Role o f  Systems A v a i l a b i l i t y  

As the study, Export Potent ia l  f o r  Photovol ta?c Systems, notes, 

p r i ce  competition i n  ea r l y  sales i s  probably less important than 

providing systems which are "easy t o  buy;" tha t  is,  complete systems not 

requ i r ihg  i n d e f i n i t e  amounts of add! t i ona l  equipment and engineering nor 

complex negotiat ions, Technical competition w i l l  be on the basis of  

ab i  1 i t y  t o  meet loca l  needs and t h i s  w i l l  be l a rge l y  determined by the 

strength o f  the engineering e f f o r t  expended on the demonstration phase. 

The degree cT suppl ier -c l ient  cooperation w i l l  he a majnr f ac to r  i n  

determining the success o f  t h i s  e f fo r t .  

Interviews w i th  v i s l t i n g  sc ien t is ts  confirm t h i s  emphasis on the 

system as opposed t o  the power source alone. Ther-. i s  an awareness tha t  

whi le  photovol taic-cel l  modules current ly  represent 50-80% of the t o t a l  

System price, t h i s  i s  projected t o  f a l l  t o  20~30% by 1986. Together, 

these facts  suggest t ha t  the U.S. programs industry should u t i l i z e  a 

"systems house" approach t o  market devel oprrent . 
4.3 In f ras tuc ture  Requirements 

Also required for  successful sales i s  the existence o f  a v i s i b l e  

sales and service in f ras t ruc tum.  America being a nat ion o f  re luc tan t  

exporters, t h i s  tends t o  be a weak area which i s  by no means res t r i c ted  

t o  the  f l e d g l i n g  photovol t a i c s  industra,,y. However, i t  contr ibutes t o  a 

1 ack o f  famf 1 i a r i  t y  w i th  American brands and trademarks and consequently 

a general concern about t he  r e l i a b i l i t y  of the f i rms themselves. 

There are some exceptions to  t h i s  weakness of an overseas American 

comnercial presence. American manufacturers, f o r  example, tend t o  be 



both f a m i l i a r  and respected i n  the f i e l d s  of  ag r i cu l tu ra l  machinery and 

power-generating equipment--ne.i ther completely incompatible w i t h  

photovoltaics. An e f fec t i ve  U.S. marketing strategy could be t o  involve 

manufacturers from these areas i n  the photovol t a i cs  commercial i z a t i o n  

process, possibly act ing as t h e  systems houses. This would address cwo 

major L.D.C. concerns, 4.e. lack of in f rast ructure and poor f a r n l l i a r i t y  

w i th  manufacturers. 

There i s  a second mechanism for bu i  ld ing  in f ras t ruc ture  which would 

involve working w i th  nat ionals of  the consuming country. This can be 

done e i the r  through the u t i l i z a t i o n  o f  an indigenous firm as d i s t r i b u t o r  

o r  through formation o f  a j o i n t  venture with n z t i o n a ! ~ .  Indf gerious 

par t i c i pa t i on  i s  heavi ly  preferred w i th in  the developing countr ies 

because i t  helps b u i l d  a nat ional  comnercial base. A f t e r  tour ing 

nlmerous countries i n  Africa, southern Asia, and the Middle East, members 

o f  the U.S.D.O. E. In te rna t iona l  Solar Comnerci a1 jza t ion  Working Group 

concluded tha t  j o i n t  ventures provide the most promi s ing mechanism f o r  

p e n e ~ r a t i o n  of the developing country market. This was a t t r i bu ted  t o  

s t rong ly  na t i ona l i s t  sentiments I n  favor of  se l f -sur f  icienc,~. 

4.4 Sumnary 

The research conducted f o r  t h i s  repor t  confirms a preference i n  f he 

developing countries t o  do business w i t h  f i rms making use o f  indigenous 

businesses. This not only promotes developent but i s  a lso p o l i t i c a l l y  

preferable. I n  sane countries, loca l  agents can be essent ial  t o  doing 

business and are used i n  establ ish ing contacts w i th  government o f f i c i a l s ,  

obta in ing tenders, and hand1 i n g  de ta i l s  re1 ated t o  csnplet ing 

transactions. 



5.0 rollow-On Sales 

5.1 In t roduc t ion  

Among the developing countries, p a r t i c u l a r l y  the l eas t  developed, i t  

i s  genera l ly  accepted t h a t  e a r l y  purchases w i  11 involve f in ished 

products. This i s  a t t r i b u t a b l e  t o  the f a c t  t h a t  these purchases w i l l  

s t  i 1 1 be 1 arge ly  experitnental i n  nature. 

5.2 Indigenous Pa r t i c i pa t i on  

A t  such t ime as major investment i n  photovoltaic-powered equipment 

i s  deemed desirable, a major c r i t e r i o n  i n  the choice o f  suppl ier  w i l l  be 

the degree t o  which indigenous firms parx ic ipa te  i n  the manufacturing 

process. Th is  po fn t  was heav i l y  stressed by v i s i t i n g  s c i e n t i s t s  and 

o f f i c i a l s  and was confirmed by the experiences o f  U.S. manufacturers. I t  

stems from a number o f  cancerns: 

For the  OPEC-dependent developing countries, skyrocketing 

p e t r o l e m  costs have posed a serious t h rea t  t o  f o re ign  exchange 

posi t ions.  I n  most cases, developnent plans and pro jected 

growth ra tes have had t o  be revised subs tan t ia l l y  downward. As 

a consequence, proposed energy sources are c l ose l y  examined f o r  

t h e i r  e f f e c t  on balance o f  trade. I n  the case o f  

photovol ta ics,  t h i s  means import ing only as much o f  the 

products as cannot be produced l oca l l y .  I n i t i a l l y  t h i s  w i l l  

apply p r i m a r i l y  t o  assembly but  i n  time could a f f e c t  a l l  

processes. 

a Unemployment i s  an increas ing ly  serious problem i n  the  t h i r d  

wor ld  and w i l l  continue t o  be so wel l  i n t o  the future.  I n  

Mexico, f o r  example, the s ize  o f  the labor  force w i l l  double i n  

t h e  nex t  twenty years. For t h i s  reason, planners are 



p a r t i c u l a r l y  in te res ted  i n  indigenous labor- in tens ive processes 

of production. 

0 Given the h igh cost  o f  labor  i n  the i n d u s t r i a l i z e d  West, therqe 

i s  the po ten t i a l  f o r  s i g n i f i c a n t  savings t o  the  consuming 

count r ies  if inexpensive don~estic labor can be u t i l i z e d .  As 

system cos t  becomes a more s i g n i f i c a n t  f ac to r  i n  purchase 

negot iat ions,  i t  i s  e n t i r e l y  possible t h a t  manufacturers w i l l  

independently e l e c t  t o  manufacture w i t h i n  the consuming country 

i n  order t o  minimize t h e i r  costs. 

0 There i s  a strong desire i I numerous count r ies  t o  b u i l d  a base 

of indigenously-owned small 3nd medium scale industry. The 

goal i s  no t  only t o  increase employment but  a l so  t o  i nves t  

na t iona l  funds where i t i s  f e l t  there are the  highest 

p r o d u c t i v i t y  gains per do1 1 ar o f  cap i t a l  investment. 

Consequentl./, nat ions l i k e  l n d i  a are espec ia l l y  r e l u c t a n t  t o  

import goods whose manufacture i s  f e l t  t o  be cons is tent  w i t h  

such industr ies.  A1 so, the techno1 ogy t r ans fe r  invo lved i s  

seen as h i g h l y  desirable. 

A recurrent  theme i s  the b e l i e f  t h a t  l oca l  i npu t  i n t o  design 

ana product ion i s  necessary t o  minimize cost  and op t ima l l y  take 

i n t o  account l o c a l  condi t ions and requirements. These issues 

are cer i t ra l  t o  the  subject  o f  appropr iate technology and are 

fundamental t o  the  d i f f u s i o n  of new technologies. 

5.3 Options f o r  In-Country Involvement 

To meet the consuming count r ies '  requirements f o r  indigenous 

p a r t i c i p a t i o n  several opt ions are avai lable.  These are: u t i l i z a t i o n  o f  

a loca l  f i r m  as a sales and service representative, which could be a 



Jo in t  venture t o  manufacture; a l i cens ing  arrangement which could invo lve  

t he  supply of ce r ta i n  components; and use o f  f ree-trade zones i n  which t o  

manufacture. 

The ex ten t  t o  which a country requi res p a r t i c j p a t i o n  and the 

mechanism most desirable d i f f e r  from one country t o  the  next, This study 

d i d  not  attempt t o  analyze t h i s  on a country-by-courttry basis. However, 

a number of factors can be i d e n t i f i e d  which a f f e c t  the p o l i c i e s  of a 

country regarding imports. These would include ideology, the existence 

o f  an entrepreneur ia l  class, and the strength o f  nat iona l  indust ry  and 

the p o l i t i c a l  power i t  wields. 

Also p i v o t a l  i s  the extent  t o  which the consuming nat ion i s  

dependent on outs ide f inanc ing fo r  photovo l ta ic  purchases. If the 

suppl ier  i s  able t o  include long-term f inanc ing  as p a r t  o f  the package i t  

can exercise more con t ro l  over the manufacturing process. Conversely, a 

country l i k e  Mexico which can look forward t o  a more f i n a n c i a l l y  secure 

future, can a f f o r t  t o  negotiate s t rongly  f o r  l o c a l  par t i c ipa t ion .  

Several mechanisms are employed t o  promote indigenous involvement 

inc lud ing  the l i cens ing  o f  a l l  imports and tbe  assignment o f  import 

quotas. R e s t r i c t i v e  import t a r i f f s  are another common means. Po l i c i es  

regarding d i r e c t  investment cover the f u l l  spectrum from Braz i l ,  which, 

as p a r t  o f  i t s  ambitious import subs t i t u t i on  program requi res 90% 

indigenous p a r t i c i a t i o n ,  t o  I vo ry  Coast, which has no 1 i m i t  on the  degr1.z 

o f  f o r e i g n  p a r t i c i p a t i o n  i n  investment enterpr ises and encourages f o re ign  

investment. 

5.4 Summary 

I n  v i r t u a l l y  every case, the p o l i c i e s  o f  count r ies  regarding 

pho tovo l ta ics  have y e t  t o  be determined; the process o f  comnercial i z a t i a n  



i s  only now beginning t o  mature t o  the p o i n t  where p o l i c y  decisions w i l l  

be necessary. Ext rapola t ion frm past  o r  cu r ren t  p o l i c l e s  i s  l i m i t e d  i n  

value due t o  the newly acquired p r i o r i t y  f o r  energy projects,  I n  the  

f 01 lowing sections, however, the economic c l imates o f  three countr ies, 

India, Mexico, and Nigeria, are examined t o  i l l u s t r a t e  sane o f  the 

factors which w i l l  a f f e c t  such p o l i c y  decisions i n  the  caning years. 

6.0 S u m r y  and Conclusions 

It i s  the conclusion o f  t h i s  study that ,  whether examined i n  view o f  

competing nat ions o r  o f  competing companies, a major f ac to r  i n  market 

share determination w i l l  be the a b i l i t y  and w i l l i ngness  t o  engage the  

developing count r ies  as partners i n  the comnercial i z a t i o n  process. 

Specif i c a l l y ,  the f o l l ow ing  po in ts  are made: 

a In format ion flow must be accelerated. It should wark i n  both 

d i rect ions,  w i th  research r e s u l t s  go in t  t o  the developing 

count r ies  and appl i c a t i  ons development r e s ~ ~ l t s  coming from them. 

e Demonstration programs should be c a r e f u l l y  planned t o  address 

the  requirements o f  technica l  workers, planners, government 

o f f i c i a l s ,  and the pub l i c  o f  the host ing country. 

a The nature of projects,  whether experimentation o r  

demonstration, should be c l ea r  t o  v i s i t o r s .  Demonstration 

programs should show equipment which i s  r e l i a b l e  and 

cos t -e f f ec t i ve  and r e s i s t  temptation t o  achieve the  dramatic a t  

t he  expense o f  the p a g q ~ a t i c .  

a Photovol t a i c s  are being evaluated and w i  11 be purchased w i t h i n  

the  context  o f  t o t a l  systms, such as pumping sets, educational 

t e l e v i s i o n  systems, etc. F a i l w e  t o  market accordingly w i l l  

jeopardize e a r l y  sales prospects. 



0 Firms w i l l  need a v i s i b l e  marketing in f ras t ruc ture  t o  s a t i s f y  

concerns about re1 i abi li ty. I t  i s  s t rongly  preferred t h a t  such 

in f rast ructure include indigenous companies or j o i n t  ventures. 

7.0 Country Pro f i le :  I nd ia  

7.1 General 

With agr icu l ture contr ibut ing approximately 45% o f  the GNP, the 

l n d i  an economy i s  1 inked inex t r i cab ly  t o  weather conditions. Several 

years of good monsoon ra ins  i n  combination w i th  increased i r r i ga t i on ,  use 

of f e r t i l i ze rs ,  and a general increase i n  gross cropped area have 

improved output but  gains have been la rge ly  o f f s a t  by population growth. 

With a per capi ta GNP o f  around $150, Ind ia  ranks around the poorest 

of nations. Imports o f  approximately 17 m i l  l i o n  tons o f  crude o i l  per 

year have contributed t o  a trade d e f i c i t  averaging $100 m i l l i o n  a month. 

Due t o  the wide dispersement o f  r u r a l  v i l l ages  and the low leve l  o f  

r u r a l  e l e c t r i c a l  demand, the government has shown increasing i n te res t  i n  

solar a l ternat ives t o  g r i d  extension. I nd ia  has good insoluat ion w i th  an 

annual average in tens i t y  o f  550 cal/cmZ/day. I n  a r i d  and semiarid 

regions the i n tens i t y  i s  as high as 650 cal/cmz/day. 

7.2 A c t i v i t y  i n  Sola* 

The Indian gove~*nment ,?as established w i th in  i t s  M in i s t r y  o f  Science 

and Technology an "Expert Panel o f  Solar Energy." I t s  funct ion i s  t o  

advise the government on means t o  incorporate so lar  energy i n t o  the 

country 's long-term energy plans. 

Con:*iderable funds are being expended on R&D e f f o r t s  i n  numerous 

areas, w i t h  emphasis on biogas and photovol ta lcs.  Other programs include 

developnent o f  low-grade thermal devices f o r  space and water heating, 
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crop drying, solar pumps, and water desalination. 

7.3 Pol ic ies  Af fec t ing  Photovoltaics Commercialization 

Ind i  an economjs p o l  i c y  r e f l e c t s  the high p r i o r i t y  attached t o  

agr jcu l  ture. Recognizing tha t  i r r i ga t i on ,  along wi th  increased 

f e r t i l i z e r  usage and in t roduct ion of h igh-y ie ld  crops, hold the key t o  

increase and s t a b i l i t y  o f  production, the government has s tead i ly  raised 

expenditures i n  these areas. 

As p a r t  o f  i t s  e f f o r t s  t o  develop r u r a l  areas, i t  has been the 

p o l i c y  t o  extend the e l e c t r i c  g r i d  as rap id l y  as possible. The 

percentage o f  v i l l ages  receiv ing e l e c t r i c i t y  from the g r i d  has increased 

from 0.5% i n  1951 t o  j u s t  over 38% i n  1978. The number o f  pumpsets 

e l e c t r i f i e d  has r i sen  over the same period from 21,000 t o  over 3.3 

m i  l l f on ;  t h a t  i s  a t  an annual average ra te  o f  21%. 

As a consequence of r i s i n g  petroleum costs and the gveat expenses 

incurred i n  e l e c t r i c  g r i d  extension, the government began t o  show 

in te res t  i n  solar powcv several years ago. The development o f  

photovol tajc power, however, has been impeded by other government 

p r i o r i t i e s  regarding the bti i  l d i n y  o f  an indigenous manufacturing base. 

Po3 i c i e s  regardSi ng foreign investment, 1 i ccnsi ng agreements, and 

roya l  t ies g,,::ect the government's long-range goal of reducing fore ign 

inf luence i n  Ind ia 's  i n d u s t r i a l  and comnercial sectors by becoming 

se l f -su f f i c ien t  i n  modern i n d u s t r i a l  technology. Any agreements between 

fo re ign  and Indian businessmen involv ing the t ransfer  o f  technology must 

be evaluated i n d i v i d u a l l y  by the Directorate General o f  Technical 

Development. Major considerat ion i s  given t o  the requirements f o r  

imported components and raw materials, the level  o f  technology involved, 

and the time reall ired for  the Indiar! firms t o  'become se l f -su f f j c ien t ,  



The Foreign Exchange Regulation Act (FERA) o f  1973, as modif ied i n  

1976, i s  the most important piece o f  l eg i s la t i on  a f fec t i ng  foreign 

investment. It controls the percentage of equity whsich must be held by 

indigenous in terests  according t o  guidelines based on the p r i o r i t y  o f  the 

products produced. It i s  cur ren t ly  uncertain how photovol t a i c s  w i  11 be 

regarded i n  t h i s  area. 

The government d id  express i n te res t  i n  having a fo re ign  manufacturer 

o f  photovoltaics bu i l d  production f a c i l i t i e s  i n  Ind ia  and requested 

proposals. The terms suggested by the government, however, were not 

considered favorable enough t o  warrant serious consideration by most 

manufacturers. Currently, one American f i r m  i s  negot ia t ing t o  

manufacture photovoltaic-powered mic ro i r r iga t ion  systems i n  Ind ia  using 

imported c e l l s  but de ta i l s  are not available. 

It should be noted t h a t  recent p o l i t i c a l  events i n  Ind ia  could 

affect government po l i c ies  bearing on fore ign trade and investment. 

8.0 Country Pro f i le :  Niger ia  - - 
8.1 General 

Niger ia  i s  the eighth largest o i l  exporter i n  the world, I t  f l a r e s  

natural  gas and has abundant coal and hydropower reserves. Consequently, 

i n te res t  i n  solar energy t o  date has been r e l a t i v e l y  low. I n  s p i t e  o f  

the country 's r e l a t i v e  wealth of energy sources, however, e l e c t r i c  power 

i s  maldistr ibuted; Lagos, w i th  about 4 percent of the population, 

consumes more than 60 percent of the power. 

O f  the population of 80-100 m i  11 ion, approximately 70 percent 

consists o f  subsistence l eve l  farmers, Of these, 95 percent work small 

farms o f  2 hectares or less. 



While as recent ly  as the ea r l y  1970's Niger ia had been a net 

exporter of agr icu l tu ra l  canmodi t ies,  estimates f o r  1977 ind icate a 

negative external  ag r i cu l tu ra l  trade balance o f  nearly $600 m i  11 ion  w i th  

t o t a l  imports o f  ag r i cu l tu ra l  canmodi t i e s  reaching $1.2 b i l l i o n .  This  

has raised improvemefit o f  agr icu l tu re  t o  a top p r i o r i t y  and generated 

in te res t  i n  solar technologies, pa r t i cu la r  i n  the areas o f  i r r i g a t i o n  and 

crop drying. 

8.2 A c t i v i t y  i n  Solar 

I n  June 1978 the M in i s t r y  o f  Finance and Economic Developnent 

commissioned a study t o  examine Niger ia 's  current s i tua t ion  artd fu tu re  

prospects regarding energy. Solar energy w i l l  be one o f  the areas t o  be 

considered. I n  addition, the National Science and Technology Development 

Agency was established i n  1977 t o  supervise energy research, inc lud ing 

solar. Solar research a t  Nigerian univers i t ies,  however, has remained 

low and there are not believed t o  be any commercial solar enterprises. 

8.3 Po l ic ies  Af fec t ing  Photovoltaics Comnercialization 

Agriculture, once the backbone o f  the Nigerian economy, now 

contr ibutes less than 25 percent o f  the GDP and has shown a recent growth 

r a t e  o f  1 t o  2 percent i n  r e a l  terms--signif icantly less than 

population. A major fac to r  cont r ibu t ing  t o  low output has been drought 

and uneven r a i n f a l l  d i s t r i bu t i on .  

The government has i n s t i t u t e d  two major programs t o  try t o  reverse 

t h i s  trend, the National Accelerated Food Production Program (1974) and 

Operation Feed the Nation (1976). These programs have attempted t o  

introduce modern crops and farming techniques and equipment. As a 

resu l t ,  N iger ia  has proved a r i c h  market for agr icu l tu ra l  equipment ( the 

most markctable use for  photovoltaics) and the U.S. alone exported 

approximately $40 m i l l i o r !  -worth i n  1977. Many i tems considered essent ia l  



f o r  economic development or  imported by and f o r  government use are 

admitted du ty  free, a1 though i t  i s  unknown whether photovol t a i c s  

equipment would f a l l  i n t o  t h i s  category. 

I n  1974 the Niger ian Enterprises Promotion ( Ind igenizat ion)  Decree 

went i n t o  e f f e c t  and expresses the p o l i c i e s  of the government t o  increase 

Nigerian p a r t i c i p a t i o n  i n  a l l  aspects o f  economic a c t i v i t y ,  

Consequently, the government prefers  t o  deal through indigenous agents o r  

poss ib ly  d i r e c t l y  bu t  not  through th i rd-count ry  middlemen,. 

Established, t echn i ca l l y  qua1 i f i e d ,  indigenous d i s t r i b u t o r s  do e x i s t  

i n  Niger ia  a1 though t h e i r  services tend t o  be i n  very h igh demand and 

they may even represent the product l i n e s  o f  competing manufacturers. 

When s e l l i f i g  t o  the Niger ian government, procedural complexi t ies and 

shor t  lead t imes make l oca l  representat ion o f  fo re ign  f i rms  h i g h l y  

necessary. . .. ' 
0 0 -  

Along w i t h  the Niger ian Enterprises Promotion Decree of 1972 (as 

amended i n  1976 and 1977) the Zompanries Decree o f  1968 con t ro ls  fo re ign  

investment. Pusiness enterpr ises f a1 1 i n t o  one o f  three schedules which 

determine whether i t  i s  (1) exc lus ive ly  reserved f o r  Nigerians, (2) an 

enterpr ise i n  which Nigerians must have a t  l eas t  60 percent in terest ,  o r  

(3) an en te rp r i se  i n  which Nigerians need have only a 40 percent 

in te res t .  It would appear t h a t  photovol ta ics ventures f a l l  i n t o  the 

t h i r d  category. I n  addit ion, 1 im i ta t ions  e x i s t  on r e p a t r i a t i o n  o f  

earnings and expa t r ia te  u t i l i z a t i o n .  

N ige r i a  suf fers  from an acute shortage o f  t echn i ca l l y  t r a i ned  

personnel and looks h i g h l y  favorably on investment proposals w'  i c h  

include measures t o  t r a i n  nat iona ls  and are i n  keeping with i t s  

long-range development goals. 



I n  s p i t e  o f  Niger ia 's  r e l a t i v e l y  strong pos i t ion  regarding 

e l e c t r i c a l  generation po ten t ia l  the rap id  increase i n  urban demand has 

delayed r u r a l  e l e c t r i f i c a t i o n  and t h i s  could be a fu r the r  boost t o  

photovol t a i c s  program f o r  Nigeria. 

9.0 Country Pro f i le :  Mexico 

9.1 General 

I n te res t  i n  so lar  energy has been very high; Mexico i s  cur ren t ly  the 

f i f t h  highest user o f  solar technology i n  the world. I n  sp i te  o f  the 

recent discovery o f  substant i a1 pe t ro l  e m  resources, the government i s  

very interested i n  fur ther  developing solar and other a1 ternat  ives t o  

f ossi  1 energy. 

Thirty-two percent o f  the population (over 15 m i l l i o n  people) i n  

r u r a l  areas have no access t o  e l e c t r i c i t y .  To address t h i s  area, the 

National Plan f o r  Rural E l e c t r i f i c a t i o n  (1979-1982) calls f o r  the 

investment o f  $420 m i  1 l i o n  t o  extend the e l e c t r i c  grid. However, the 

f a c t  that  over 80,000 communities having 500 or fewer inhabitants l i e  i n  

areas o f  h igh  inso la t ion  makes solar power an a t t rac t i ve  a1 ternative. 

9.2 A c t i v i t y  i n  Solar 

There has been considerable a c t i v i t y  i n  both pub 1 idacademic sectors 

as we l l  as i n  p r i va te  sectors. A major recent development i s  a $28 

m i l l i o n  j o i n t  program wi th  Germany t o  create a solar f i s h i n g  v i l l a g e  i n  

Baja Cal i forn ia,  of which over h a l f  o f  the cost i s  being paid by the 

Germans. Current pro jects  involve photovol taic-powered ra i l r oad  signals 
l 

and i r r i g a t i o n  pumps, and solar desalination. The government i s  also 

believed t o  be considering a j o i n t  program wi th  French SOFRETES for  the 

i n s t a l l a t i o n  of 10,OQO 1KW solar pumps and several SOKW pumps. ~ n i t i a l l y  



only the  pumps would be assembled i n  Mexico; la te r ,  a l l  components would 

be fabr icated in-country. 

9.3 Po l i c i es  A f f ec t i ng  Photovol ta ics Commercialization 

A top p r i o r i t y  f o r  Mexico i s  a d ras t i c  reduct ion i n  the leve l  of 

~nmploynent .  This w i l l  continue t o  remain the case f o r  mdny years as 

46% o f  M e x i c ~ l s  popula t ion i s  cu r ren t l y  age 14 or younger. I n  keeping 

w i t h  th is ,  the government has fo l lowed an import subs t i t u t i on  p o l i c y  

whereiv i t  purchases danest i c  products whenever possible. Foreign 

purchases are made on ly  when the products are not  produced i n  Mexico o r  

when large p r i c e  d i f f e r e n t i a l s  ex is t .  

I n  the past, imports have been con t ro l l ed  through the use o f  

l i cens ing  and import quotas. Products seen t o  be a th rea t  t o  domestic 

firms or genera l ly  labor- in tens ive have been s t r i c t l y  l i m i t e d  or excluded 

altogether. More leniency has been shown i n  the import o f  cap i t a l  

equipment and needed technology. 

Mexica i s  c u r r e n t l y  changing i t s  p o l i c i e s  away from the system o f  

l i cens ing  and quotas toward a system o f  t a r i f f s  and no quotas. This 

should s i m p l i f y  the prccess o f  import ing i n t o  Mexico and, indeed, -it i s  

the p o l i c y  of the government t o  increase imports as new o i l  revenues 

improve the country1 s f o re ign  exchange p o s i t  ion. 

I n  the area o f  d i r e c t  fore ign investment Mexico has taken a 

conservative p o s i t i o n  and s o l l e i t s  or  permits f o re ign  investment only 

when i t  meets c e r t a i n  c r i t e r i a .  Investment i s  viewed most favorably when 

it br ings  technology no t  otherwise avai lable, produces l o c a l l y  goods 

which were otherwise imported, increases the  countryls exports, or when 

i t  provides subs tan t ia l  new employment. The "Law t o  Promote Mexican 

Investment and Regul a te  Foreign Investment, " e f fec t ive May 1973, governs 



new fore ign d i rec t  investment and, fo r  example, s t ipu la tes  t h a t  f o r e i ~ n  

equi ty  investments w i l l  not exceed 49 percent o f  a f i r m ' s  t o t a l  equ i ty  

( there are exceptions t o  t h i s  percentage i n  both direct ions).  

Considerable f i nanc ia l  incentives are avai lable t o  f i rms which are 

ma jo r i t y  Yexican-owned including subsidized c r e d i t  and numerous tax 

incentives. 

Mexico has no foreign exchange controls; capi ta l ,  p ro f i t s ,  and 

dividends may be read i l y  t ransferred t o  and from Mexico. 

Free-trade zones cover a1 1 o f  Baja Cal i fornia,  the immediately 

adjacent area o f  Northwest Sonora, and Quintana Roo. Speci f ied goods may 

be shipped t o  these f r e e  zones without payment o f  duty and are generally 

exempt from the import l icense requirement. L i s t s  o f  products e l i g i b l e  

fo r  duty-free and/or license-exempt entry  i n t o  the f r e e  zones are subject 

t o  chanqe without no t ice  and exporters should check the status o f  the 

product p r i o r  t o  shipment t o  avoid penalt ies or cos t l y  re tu rn  charges. 
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INTRODUCTION 

This is the f i n a l  repor t  of t h e  Transnational  Issues  Study c a r r i e d  out  by 
JPL i n  support of SERI and DOE f a r  the  development of t h e  I n t e r n a t i o n a l  Photo- 
vol ta ic8  Program Plan (IPPP) mandated by t h e  Photovoltaics Research, Devefop- 
m n t ,  and Demonstration A c t  of 1978. The authors wish t o  express t h e i r  appre- 
c i a t i o n  f o r  t h e  contr ibut ion8 of the many individuals who agreed t o  be  i n t e r -  
viewed f o r  t h i s  t a sk ,  and a l s o  f o r  t h e  ass i s t ance  provided by t h e  s t a f f  of t h e  
Solar Energy Research I n ~ t i t u t e ,  t h e  Massachusetts I n s t i t u t e  of Technology 
Energy Laboratory, and t h e  Rockefel ler  Foundation. 

This t a s k  was conducted by Dr .  Lewis Perelman with t h e  a s s i s t a n c e  of Dr.  Sy lv ia  
Forman, JPL Sunnner Faculty Fellow from t h e  Department of Anthropology of t h e  
University of Massachusetts. Paul Carpenter of JPL d i rec ted  t h e  s tudy,  and 
support se rv ices  were provided by D r .  Richard Tabors of MITIEL. 

Individuals  interviewed f o r  the  study a r e  l i s t e d  i n  Annex A. Attendees of t h e  
Rockefeller Foundation meeting and the  MITIEL, workshop a r e  l i s t e d  i n  Annex B. 

METHODOLOGY 

The ob jec t ive  of the t r ansna t iona l  i s sues  study was t o  examine c r i t i c a l  i s s u e s  
beyond t h e  domestic an(' t echn ica l  concerns relevrant t o  t h e  implementation of 
the IPPP. Key i s s u e s  examined i n  t h i s  s tudy included: 

- requirements and c o n s t r a i n t s  af fore ign governments and i n t e r n a t i o n a l  
agencies whose cooperation w i l l  b e  required i n  implementing United S t a t e s  
i n t e r n a t i o n a l  photovol ta ic  a c t i v i t i e s ;  

-. scope and type of i n t e r e s t s  i n  photovoltaic deveiopment ou t s ide  t h e  f e d e r a l  
government and e x i s t i n g  photovol ta ic  indust ry ;  

- p o t e n t i a l  s o c i a l ,  economic, and environmental impaots of United S t a t e s  
i n t e r n a t i o n a l  photovoltaic a c t i v i t i e s ;  

- t h e  general  i n t e r n a t i o n a l  p o l i t i c a l  environment i n  which t h e  IPPP must be 
implemented ; and 

- optimum approaches t o  United S t a t e s  i n t e r n a t i o n a l  photovoltafc f i e l d  p ro jec t s  
and other  overseas photovol ta ic  program a c t i v i t i e s .  

The approach t o  the  t a s k  was based i n  genera l  on focused interviews,  reviews of 
re levant  l i t e r a t u r e  and a r c h i v a l  documents, and a worWnop with a panel  of exper ts .  
Spec i f i c  sub t l~sks  included: 

A) Interviews of r e levan t  irrdfviduals i n  United S t a t e s  governmeat agencies,  
i n t e r n a t i o n a l  agencies, nongovernmental organizat ions (NGOs), u n i v e r s i t i e s ,  
a a d  p r i v a t e  f i r m ;  

B) S i t e  v i s i t  t o  Schuchuli Indian Reservation picotovoltaic p ro jec t ;  

C) Attendance of  "mference on So la t  E l e c t r i c  Applications for Auerican 
Indian Com~uni t ies  (Tucson, Arizona, 21-22 June 1979); 



D) Attendance of meeting a t  t h e  Rockefel ler  Foundation on t h e  r o l e  of p r i v a t e  
foundations i n  i n t e r n a t i o n a l  s o l a r  energy development (New York, 22 June 
1979) ; 

E) Workshop a t  t h e  MIT Energy Laboratory (XIT/EL) with a panel  of exper ts  i n  
t h e  p o l i t i c s  and economics of i n t e r n a t i o n a l  development a s s i s t a n c e  (9 Ju ly  
19 79) ; 

F) Review of e x i s t i n g  and pending United S t a t e s  b i l a t e r a l  s o l a r  energy agreements; 

G) Review of 2 e x i s t i n g  United S t a t e s  i n t e r n a t i o n a l  photovol ta ic  demonstration 
p r o j e c t s ;  aud 

H) Review of Department o f  Energy "country notebooks". 

GENERAL FINDINGS : PROGRAM STRATEGY 

1. Conf l i c t  between domestic photovol ta ic  development goals  and i n t e r n a t i o n a l  
p o l i t i c a l  goals is  p o t e n t i a l l y  severe.  

The genera l  view was thae  a " b l q ~ a n t  indus t ry  b ias"  i n t h e  IPPP wouidprovoke 
r e s i s t a n c e  and h o s t i l i t y  among t h e  less developed countr ies  (LDCs) the  program 
presumably would be d i rec ted  a t .  LDCs w i l l  be hos t?  .a t o  any United S t a t e s  
program which appears se l f -serving,  even though t h e r e  may be expected mutual I 

b e n e f i t s .  The Department a£ Energy (DOE) 1s wideby viewed a s  inexperienced and I 

i n s e n s i t i v e  i n  p o l i t i c a l  r e l a t i o n s  with LDCs (e .g . ,  n a t u r a l  gas negot ia t ions  with 
I i 

Mexico). LDCs w i l l  be e s p e c i a l l y  s k e p t i c a l  a b o u ~  Vnited S t a t e s  motives i n  pro- 1 

moting LDC adoption of a technology which i s  rrot ye t  e s t ab l i shed  i n  domestic use. j 

On t h e  o the r  hand, demonstrated United S t a t e s  commitment t o  domestic photovol ta ic  
i 

development and app l i ca t ions  could enhance acceptance of United S t a t e s  products 
I 

i n  competition wi th  o the r  photovol ta ic  s u p p l i e r s  such a s  Germany, France, o r  
Japan. I n  reviewing the  hear ing  record f o r  t h e  Photovoltaic RD&D Act, w e  noted 
t h a t  testimony was dominated by domestic indust ry  r ep resen ta t ives .  Viewpoints 
surveyed i n  t h i s  s tudy a r e  l i k e l y  t o  appear i n  f u t u r e  Congressional hearings 
on i n t e r n a t i o n a l  photovol ta ic  development, and indeed w i l l  need t o  be considered 
i f  a success fu l  i n t e r n a t i o n a l  program i s  t o  be achieved. 

2. There is  considerable uncer ta in ty  and skepticism about the  exis tence  of a 
s u b s t a ~ ~ t i a l  photovol ta ic  market i n  LDCs. 

Most development exper t s  contacted were higbly s k e p t i c a l  about t h e  exis tence  of 
3 s u b s t a n t i a l  market f o r  photoval ta ic  s a l e s  l a  LDCs. The exper ts  noted t h a t  LDCs 
genera l ly  l ack  t h e  money t o  buy photovol ta ic  equipment except f o r  l imi ted  a i d  
money and a few currency-earning cash crops. There i s  an important d i f f e rence  
between t h e  p o t e n t i a l  -- need f o r  photovoltaic energy i n  LDCs and t h e  a b i l i t y  t o  
JXIJ f o r  equipment; a l s o ,  f n  most LDCs t h e r e  i s  an important d i f f e rence  between 
t h e  p o t e n t i a l  purchase r s  and t h e  p o t e n t i a l  -- users  of photovoltaic systems. 
Anthony Pryor argued t h a t  t h e  i n a b i l i t y  of poor countr ies  t o  pay f o r  increas ingly  
c o s t l y  d i e s e l  f u e l  does n o t  i r ~ p l y  a grea te r  a b i l i t y  t o  pay f o r  photovol ta ic  
systems. Actual ly ,  rep2nt  Organizat ion of Petroleum Exporting Countries p r i c e  
i n c r e a s e s  th rea t  .,.L LG push many poor countr ies  over t h e  b r ink  of bankruptcy, 
implying l i t t l e  financ-lng a7;ailabi.e f o r  fu tu re  imports of photovol ta ic  systems. 



While new OPEC pr ices  w i l l  i nc rease  the  annual t r a d e  d e f i c i t s  of LDCs by 
$12-16 b i l l i o n ,  OPEC w i l l  i nc rease  f i n a n c i a l  a i d  t o  LDCs by only $100 mi l l ion .  

Many experts  w e  contacted mentioned the  high c o s t  of photovol ta ics  i n  expla in ing 
cur ren t  re luc tance  t o  use  p h o t o v o l t a i w i n  development p r o j e c t s  and t o  have t h e  
Agency fo r  I n t e r n a t i o n a l  Development (AID) subs id ize  photovol ta ic  d i s t r i b u t i o n ,  
The Peace Corps f e l t  even more s t rong ly  about the  c o s t  isfiue than d id  A I D  and 
the I n s t i t u t e  f o r  S c i e n t i f i c  and Technological Cooperathn (ISTC). Ind iv idua l s  
wi th in  a l l  t h e s e  agencies expressed concern (ranging from mild t o  s e r i o u s )  about 
the  "high technology" image of photovol ta ics  and about the  "appropriateness" of 
photovoltaics f o r t h e  development process. 

People we interviewed noted t h a t  65% t o  90% of energy used i n  r u r a l  a reas  of 
LDCs i s  used f o r  cooking, The growing demand f o r  cooking f u e l  has l e d  t o  
s e r i o u s  de fo res ta t ion  problems and t o  extens ive  displacement of biomass m a t e r i a l s  
from a g r i c u l t u r a l  uses t o  cooking. Therefore, f inding replacements f o r  cooking 
f u e l s  is a h igh p r i o r i t y  concern t o  development a s s i s t a n c e  agencies; i n t e r e s t  i n  
photovoltaic app l i ca t ions  is r e l a t i v e l y  less urgent.  

Most of  the exper t s  questioned whether t h e r e  i s  r e a l l y  a market f o r  photovol ta ics  
i n  t h e  LDCs. I f  so, i t  i s  l i k e l y  t o  exist  i n  the  r e l a t i v e l y  developed a reas  of 
the LDCs--in countr ies  such as Mexico, India,  and Erazi l ,  arid in some urbanizing 
pockets of o t h e r  poor countr ies .  Even t h e  few LDCs t h a t  a r e  r i c h  i n  o i l  o r  some 
other  exportable resource tend t o  have l i t t l e  d i sc re t ionary  income o r  even may 
be i n  debt because of t h e  pressures  of poverty and populat ion growth. The 
app l i ca t ion  of photovol ta ics  i n  mil l ior  - of r u r a l  v i l l a g e s  was viewed by most 
of t h e  experts  a s  highly unl ike ly  without mawive fore ign a i d  which does not  
now e x i s t .  To t h e  extent  t h a t  an LDC market f o r  photovol ta ics  may e x i s t ,  i t  i s  
prec ise ly  i n  those  coun t r i e s  t h a t  w i l l  be most committed t o  l o c a l  production 
r a t h e r  than imports.  That is,  t h e  export  mar be^ (if any) w i l l  be one f o r  j o i n t  
ventures,  l i censed  production, turnkey f a c t o r i e s ,  t echn ica l  se rv ices ,  and some 
end-use equipment (pumps, TV s e t s ) ,  rat ' ier than f o r  la ige-sca le ,  continuous 
importation of ph~t .ovol ta ic  systems. 

3. The s t r a t e g y  of using t h e  i n t e r n a t i o n a l  market a s  a "springboard" o r  "bridge" 
for  developing t h e  domestic photovol ta ic  indus t ry  involvc?~ high r i s k  and p o t e n t i a l  
p o l i t i c a l  opposi t ion.  

Some exper ts  be l i eve  t h a t  t h e  purpostB of t h e  IPPP is  t o  provide a "springboard" 
to  a c c e l e r a t e  t h z  development of t h e  domestic photovol ta ic  indust ry  u n t i l  a 
s u b s t a n t i a l  domestic market is  rea l i zed .  A major obs tac le  t o  the  "springboard" 
s t r a t egy  i s  t h a t  the  ex i s t ence  of any LI)C market, o r  of any LDC market f o r  
s i z a b l e  United S t a t e s  expor ts ,  is highly  uncertain.  Therefore, a domebtic 
development s t r a t e g y  which depends on the  exis tence  of such a market e n t a i l s  
prodigious r i s k  f o r  both t h e  s t a b i l i t y  of t h e  domestic photovoltaic indus t ry  and 
the success  of t h e  domestic photovol ta ic  development program. Even assuming t h a t  
such a market does e x i s t ,  t h e r e  a r e  t h e  c r u c i a l  ques t ions  whether (1) t h e  s i z e  - 
of t h e  t o t a l  market, and (2) the  United S t a t e s  sha re  of the  t o t a l  market would be  
large enough t o  s u s t a i n  s e v e r a l  o r  even a s i n g l e  photovol ta ic  mass-production l i n e  
in5ide the  United Sta tes .  Furthermore, t h e  "springboard" s t r a t e g y  would appear 
t o  f a c e  strong p o l i t i c a l  opposi t ion  from domestic s o l a r  lobby i s t s ,  from i n t e r n a t i o n a l  
development i n t e r e s t s ,  and from LDC governments. The domestic miar lobby appears 
to  p r e f e r  a sepa ra t ion  of domestic from i n t e r n a t i o n a l  photovoltaic davelopmcnt, 
wanting strong f e d e r a l  support  f o r  both IndependenPly. Development i n t e r e s t 3  
view such a s t r a t e g y  a s  p o l i t i c a l l y  and economically counterproductive. And LDCs 



vilkmotsee direct benefits to themselves from helping United States industry 
(of course, industrialized countries with the potential for developing their 
own photovoltaic production capacity would be even more resistant.) 

4 ,  The role of OPEC in the international photovoltaics market could became 
7 

skgnff icant. 

Several individuals speculated that OPEC, following recent price increases, 
may find it politically expedient to commit substantial aid money to the 
development of renewable energy in WCs, given the disastrous impact of oil 
price increases on LDC economies. If so, this could have a major impact on 
the tangibility of the international photovoltaics market, and on the direction 
of the IPPP. So far,though, OPEC assistance commitments to the LDCs have been 
minima 1. 

5. Mexico could become an important collaborator in photovoltaic development. -.- 

There is some indication that Mexico may be interested in seeking United States 
assistance with photovoltaic development in that country. Development experts 
disagreed about the potential of Mexican demand for photovoltaics, given Mexico's 
abundant supplies of oil and gas. Some felt that Mexico would develop oil and 
gas for export use and seek to develop labor-intensive, renewable energy sources 
for domestic use. Others believed the Mexicans would rely primarily on their 
fossil fuel resources to support industrial development, and would not offer a 
significant market for photovoltaics. 

6 .  The IPPP has the potential for greater negative impacts than any previous 
federal solar program. 

A final but sober conclusion is that the IPPP has a serious potential for 
actually doing harm to photovoltaic development, the domestic industry, and 
United States foreign relations. LDC "markets" are, in fact, highly vulnerable 
social systems where even minor economic, political, or ecological perturbations 
may have disastrous consequences for the local population. An ominous example 
particularly germane to the potential application of photovoltaics for water 
pumping in LDCs is the case of the African Sahel. In this region, Western 
development assistance emphasized introduction of deep water wells, designed 
to encourage the proliferation of nomads' herds. However, the ultimate results 
were overgrazing, increased desertification, and widespread starvation: 

By the late 1960s desertification had set in, and with no end of the 
drought in sight, a major international effort was requized' to keep 
millions of Sahelians alive.... It is reasonable that ciiziate variations 
were not solely responsible for the disaster. Clearly, thoughtless 
applications oi technology and poorly examined social and economic 
priorities must also be deeply implicated.* 

The margin for error in photovoltaic development programs in LDCo is several 
orders of magnitude smaller than in dom~etic technology development programs. 
Existing federal solar energy programs have not yet had to deal with such 
vulnerable environments. Ill-conceived and improperly executed photovoltaic 
projects in LDCs could prove counterproductive to United States foreign policy 

* S. Schneider. The Genesis Strategy. New York: Plenum, 1976; pp. 81-83. 
20 2 



goals and to the development of the photovoltaics industry. 

GENERAL FINDINGS: PROGRAM IMPLEMENTATION 

1. Interagency coordination needs to be developed and strengthened. 

There was universal recognition that the present lack of effective coordination 
among concerned federal agencies would be a major barrier to any internatio;~al 
photovoltaics program. Lincoln Gordon (Resources for the Future) and Jamea 
Howe (Overseas Development Council) recommended in a recent report the creation 
of an International Energy Development Service (IEDS), modeled in part after 
the agricultural and energy extension services. The IEDS would combine staff 
of DOE and AID. Some such structure clearly would be valuable for an effectLve 
IPPP. 

Our informal survey suggested considerable strain in the relations between DOE 
and foreign assistance agencies. Individuals within both DOE and AID felt that 
links between those two agencies so far had not been satisfactorily effective. 

2. There is confusion over the meaning of "demonstration" program. 

Many of those contacted felt that a "demonstration" program would be an essential 
feature of an IPPP. However, there are at least three different types of 
"demonstration" projects to be considered: 

- experiments to further technology development (type I); 
- experiments to establish the economic, social, and environmental 
feasibility of working systems in authentic field conditions (type 11); and 

- promotional demonstrations to encourage user awareness and acceptance ot 
proven systems (type 111). 

Development experts hrgue strongly for the type I and type I1 approach. The 
United States-Saudi photovoltaic project is viewed almost universally as an 
inappropriate model for the kind of demonstration program needed in the IPPP. 
Also, several development experts noted that recent French and German "demonstra- 
tion" projects may prove ineffective and even counterproductive; therefore, the 
hited States should not necessarily try to "catch up" with these existing 
promotional activities. 

Photovoltaic systems have to be designed, installed, and managed in such a way 
that (a) they work well and (b) that they actually and effectively meet local 
needs. Existing demonstration projects (both of the United States and other 
nations) generally do not satisfy these criteria. For a successful demonstration 
program, untested systems must be avoided; demonstration projects must be 
carefully monitored; and system design (both sizing and balance of systems 
design) must reflect sensitive understanding of local en~ir~nmental and social 
realities. Overseas "demonstration" pro.jects should be tied to domestic 
technology development through sub-programs specifically aimed at lLDC and other 
export markets. In general, projects should require local financial participation 
at a level which would simulate ultimate market performant:e. 



3. Effective program management is needed. 

Effective IPPP program management requires provision for continuing Congressional 
oversight, appropriate experimental design and control of projects, thorough 
evaluation and documentation of project experience, and systematic reporting 
requirements. Assessment and evaluation of social, cult~ral, political, and 
environmental impacts of projects is essential. 

4 .  Relation to United States industry should be carefully managed. 

United States industry participation in development projects is useful but needs 
to be subordinated to the direction of responsible United States government and 
foreign government agencies. United States government efforts to facilitate 
export marketing of domestic photovoltaics is appropriate and necessary, 
but should be clearly separated from technology and socioeconomic development 
programs. Export marketing assistance should be only for proven equipment and 
systems, following adequate field testing (type I and type 11) experience. 

5. The role of AID is important. 

There was strong feeling among development experts that the IPPP should be 
directed, at least outside the United States, by experienced development agency 
(AID) personnel, knowledgeable about development programs and about the specific 
countries where projects would be implemented. 

Within AID, program linkage is difficult. Most program definition in AID is 
done by the country missions (though reviewed in Washington). It is difficult, 
if not impossible, for AL~/Washington to initiate programs or projects for the 
country missions. This seems to indicate that the primary need within AID 
relatedto the IPPP would be information flow. The information flow would have 
to be in two directions. AI~/Washington (especially the energy office) has to I 

i 
let the country missions (and the country des? officers in Washington) know 4 
about photovoltaic possibilities; on the other hand, those missions that do 
undertake projects with a photovoltaic component have to let Washington staff 

1 

'r 
have timely, ongoing feedback on project operation and impacts. This feedback, 
in turn, should be directed to DOE and industry. Furthermore, in relation to 5 

some aspects of the commercialization of the IPPP, country missions have to be 
encouraged to promote awareness of and to disseminate information about demon- I 

stration projects. 3 
In AID, the average time between project conception and signing of an agreement 
for implementation is 2.7 years. Country mission staff stay from 2 to 4 years 
in a country. Thus, there is a lack of continuity in overseeing projects from 
corlception through implementation 2hases; there is a need for continuous 
information flow to reach newly arrived personnel in each country; and it 
takes a long time to get even a small demonstration project launched. 

6 .  Review two existing projects. 

Two existing projects, managed for AID and DOE by the NASA Lewis Research 
Center, suggest the implications of the IPPP at the local, project level. One 
project is in the African nation of Upper Volta while the other is located in a 



Schuchuli  Indian v i l l a g e  i n  Arizona. Fonaan v i s i t e d  t h e  Schuchuli  Ind ian  
Reservatj.on p r o j e c t  and we revlewcd informat ion  concerning both  t h i s  and t h e  
Upper Volta p r o j e c t ,  The pho tovo l t a i c  system a t  Schuchul i  has  been i n  o p e r a t i o n  
s i n c e  mid-.December 1978. It was f u l l y  o p e r a t i v e  when Forman v i s i t e d  i n  June 
1979. So f a r ,  t h e r e  had been one outage  of  t h e  syslem, c a w e d  by n f a i l u r e  
of a c o n t r o l  l i g h t  i n  t h e  vo l t age  monitor ing ins t ruments  ( i n  t h e  exper imenta l  
i n s t rumen ta t ion ) ,  which i n  t u r n  caused a d i s r u p t i o n  of t h e  e n t i r e  mon i to r / coc t ro l  
ins t rumenta t ion .  Other problems w i t h  t h e  system have been p r imar i ly  w i t h  the  
equipment run  by t h e  photovof ta ic  source :  the  water  pump has broken s e v e r a l  
t imes;  a i r  compressors f o r  t h e  r e f r i g e r a t o r s  k.tve caused some problems; b reake r s  
and fuses  r e q u i r e  per iodk  a t t e n t i o n .  The v i l l a g e  headman a c t s  a s  t h e  r o u t i n e  
system monitor;  records  d c t a  f o r  NASA Lewis; handles  minor system problems; 
and c l eans  t h e  pho tovo l t a i c  pane ls  p e r i o d i c a l l y .  Th i s  work r e q u i r e s  about  1 
hour a day of h i s  a t t e n t i o n  when t h e r e  a r e  no problems, He appears  t o  f e e l  
comfortable wi th  t h e  system, t o  understand h i s  maintenance d u t i e s  c l e a r l y ,  and 
t o  f e e l  conf ident  about  c a r r y i n g  o u t  h i s  d u t i e s .  (The pho tovo l t a i c  system i n  
Upper Volta  is managed i n  a s i m i l a r  f a sh ion ,  though monitor ing t h e r e  is apparent ly  
s impler ,  s i n c e  t h e  i n s t r u m e n t a t i o i ~  i s  s impler . )  

From conference r e p o r t s  and b r i e f  d i scuss ion  wi th  t h e  v i l l a g e  headman, i t  
appears  t h a t  v i l l a g e r  maintenance is  a v i a b l e  p o s s i b i l i t y ,  w i th  a modicun of 
t r a i n i n g  provided. The enhanced degree of sense  of invslvement and c o n t r o l  
t h a t  goes w i t h  maintenance by l o c a l  people is probably more than  wo-th t h e  
r e l a t i v e l y  small c o s t  of t r a i n i n g  them t o  conduct it. The more a r t . c u l a t e  and 
p s l i t i c a l l y  o r i e n t e d  Native Americans who a t tended  t h e  conference mentioned a 
number of times t h a t  one of t h e  a t t r a c t i o n s  s o l a r  energy holds  f o r  them is 
independence from t h e  g r i d  and from o t h e r  o u t s i d e r s .  This  would l i k e l y  be the  
case  i n  some developing count ry  s e t t i n g s  a l s o ,  and could be considered a no tab le  
s e l l i n g  po in t  f o r  p h o t o v o l t a j , ~  systems,  

System design f o r  Schuchuli  w a s  f a c i l i t a t e d  by t h e  f a c t  t h a t  v i l l a g e r s  had 
d i e s e l  genera tors  and p r i o r  exper ience  w i t h  e l e c t r i c  appl iances .  Thus they  
were i n  a p o s i t i o n  t o  a r t i c u l a t e  t h e i r  own p r i o r i t i e s  f o r  t h e  load .  Also, 
NASA Lewis was able t o  e s t i m a t e  reasonably t h e  demand and t h e  s i z i n g .  

Apparently t h e  Upper Vol ta  s i te  has had much more t r o u b l e  than Schuchuli .  The 
pho tovo l t a i c  pane ls  t h e r e  were damaged t o  some e x t e n t  by animals.  The grain-  
gr inding  m i l l  h a s  no t  worked w e l l  and i s  going t o  have t o  be rep laced ,  a f t e r  
caus ing  d i s s a t i s i a c t i o n  among t h e  v i l l a g e r s .  The o v e r a l l  system des ign  f o r  
Upper Volta appears  t o  have been less appropr i a t e  and l e s s  w e l l  adapted t o  t he  
l o c a l  environment. 
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