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I. RECOMMENDATIONS

The conclusions and recommendations relatad to specific
tepics are presentad in the relevant section of the report. How-
ever to summarize the report, the recommendations are cepeated
here. 3ased on the on-site visit to and brisfing at NASA/Lewis
Research Center, the discussion presentad in the report and the
conclusions reached by the evaluation team, it i3 recommended zhat:

- the Photovoltaic Development and Support ?Program (PVDS?)
continue to support nealth delivery. New nealth activities
should emphasize comaunication needs of rural health
programs ;

- new efforts be initciated in communications and education
delivery programs;

- efforts be made o include activities in other Geo-
grapbical Regions besides Africa and Latin America;

- in-country agreements de used to delineate roles and
responsibilities except where a clear justification
exists for another mechanism;

- for planning purposes, PVDSP operate with a two-year
planning budget subject to anmnual funding authorization.

- DS/EY continue its principal role as fundiog agent and
program xmanager oL the PVDSP and as coordinator of AID's
involvement with DOE and NASA concerning photovoltaics;

- ag practical and appropriate, direct management of the
individual subproiects be conductad by an AID officer
rasponsible Ior the development program in which the
photovoltaic technology will be used. This will assure
that technology application concerns ate properly telated
to the broader sociu,economic development gzoals of AID.

- AID carefully avaluate 'life cycle' costs of energy
alternatives in its development projects;

- where appropriate AID increase its use of photovoltaic
technology in cural areas;

- continued attention be given to careful zonmicoriang of
field applications of the technology so as to demonstrate
whether or not che technology is a cost-effective approach
to providing the energy needed Ior the applicatica.



II. BACKGROUND

Since 1575 A.I1.D. has been =ncouraged by Congress to under-
take innovative, -maginacive oprograms OL energy assistance to
developing countties. In 1573 particular empbasis was placed on
renewable =nerzy soutces and tecnnologies. Special attantion was
co be ziven to the use of such snergy systems in A.I.2.'s rural
development e=fiorcs. During these years, authorizing la2gislation
has repeatadlv stressed coordinacion with the Department of Energy
(and its predecessor agenciss). Photovolraic (V) technology has
frequently been zirted Dy Congress as a speciiic tachnclogy that
A.I.D. should apoly in its development progrTams.

It was ia zhis context that A.I.D. in 1972 initiated a pro-
ject ia an African village (Tangaye, Upoer Volta) in which photo-
voltaic tachnology was used £3 pump water and zZrind grain. Funded
jointly bv USAID/Upper Veolta and AID/W (TA/OST, project transfsrred
to DS/EY upon the cresation of the office), the project had several
separate purposes. With regard to photovoltaic technology, its
DUTDOSe wWas €2 demonstrate that the techmology could provide reli-
abla 2lectric power in temot2 areas for tul:tiple uses and that
such 2V systems could he operated and maintained by pecpla w th
limiz=d zechnical DaC(aCODDlﬂg This 2fforc has teceived much
publicity and its resulfs have been well documented (Refs L, 2, 3).
Even thcugh iZ is a Eirst-generacion demonstraction system, it has
been operacional 96 per cent of the time; although technical
oroblams nave arisen, they have been solved with a minimum of
butside inrarvencion. Zxperience with this inicial application
has demonstratesd that, while tachnical backstopping is iamportant,
an on-site presence is not needed. Rather, necessary iasttuctions
can se sent co the application site and followed by the local
personnel.

The Photovolraic Development and Support 2Program (PVDSP)
builds upon the 2xperisnce zained in the Tangaye project. Having
demonstratad that the technolcgy can be used by local personnel,
the next step s <o apply the tachnoleogy to cost-effacrive appli-
cations. The PVDSP incorporates a stratagic approach to selecting
the appropriata application seccors, demonstrating the use of PV
technoleogy within :Hese sectors and identifying the opportunities
for possible taplication of the demonstraticns.

The activitiss of PVDS? are zeant to stimulate 2 greatsr use
of PUOCOVO.ual;a in international development efforts. This goal
ceflacts two themes: (1) cthe coniidence that PV technology is
the bes: tachnology Ior certaia socio/economic devalopment appli-
catiscns and (2) the desire Io support the 2Ifor=s of the US
Government 3nd the private sector ¢ inctzase Intarcnacional appli-
cations of ?V tecanology and exports of American-made products.
(This point is discussed fuztler in Section IV.) As 2xplained in
Annex C. a pnotovcolraic svscam usually iacludes several components:
the pnoctovolzaic modules, Dactctary storage, conttol devizes, supporet
structures and aiscallaneous other =2quipment. Much actention has
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been ziven to the need for further research to reduce the cost of
the photovoltaic module in order to make the tachnology cost-
effective for zeneral US applicatioms. This work will gzo forward
and expectations are high that technology advances will l2ad to
reduced cost and a greater number of cost-effective applications.
However, it is recognized chat there are numerous cost-effective
applications for the existing technology, especially in rural
areas of developing countrties where electric power is availaple
only at nigh cost (Ref 4). The title of the Photovoltaic
Development and Suppcrt Program is meant to convey that AID is
financing - no¢ technology development - but rather development of
applications of axisting technology to programs of socio/
economic progress and the necessary Cechnical support Zor those
applicaticns.

Since the goal of P?VDSP is a greater use of photovoltaics in
socio/economic development programs, an important element of the
activities is the information that potential users will need in
order to make informed decisions. This information need must be
kept firmly in mind as the project demonstrations are planned and
implemented and the results are promulgated. In this way the
PVDSP activities will lead mores directly and immediately to repli-
cation of the efforts by other development agents and agencies.

Appropriate though the technology may seem to be, program
planners and managers of development efforts will noc be certain
of the suicabilicy of photovoltaics to their programs until much
more information has been obtained om the actual performance ol
the technology in actual development activities. This need to be
convinced is altogether proper. Consequently, it is very impor-
tant that a program of carerfully monitored applications be pursued
in order to provide important information related o systam cort,
operational pertformance, maintenance requirements, ability of
local personnel to operata and maintaia the system, availabiliry
of systsm components im country and possibility of replicating zhe
system in similar applications.

Several factors that are involved in determiniag appropriate
areas of interest are as follows: the application should involve
the use of z2lectric power for priority development programs; small
amounts of 2lectric power should be needed; the current price paid
per unit of 2lactric power should be high; an implementation agenc
should bSe =asily identified; and possible ceplicators of the
activity saould bde identified in advance and cheir iaformation
needs knowmn.

The PID for the PVDSP? was developed in December 1378 and
approved in rebruary 197S. The Project Paper was prapared in the
Spring 1979. The project was designed as a f{ive year S10 millionm
program £O be implamented by National Aeronautics and Space Admia-
istracion's (NASA), Lewis Research Canter, (LeRC) in coordination
with the Department of Energy. [Five application sectors wers2
identifiad in the project paper: health delivery, education



delivery, communicaticms, water pumping, and food processiag and
preservation. It was expected that the first application area
would be basic health delivery. The program would >e fully funded
by A.I1.D. and implementad for A.I.D. by NASA/LeRC. NASA/LeRC had
alreadyv been identified as the principal implamentor 2f DOE-funded
applicacions of photovoltaics in remote areas. The use of the
same [mplamenting agent would enhance the coordination and cross-
fertilizacion Hecween the A.I.D. and the DOE-funded accivicias,

In addition, as part orf the larger DJOE progr.a of phorovol:iaic
research and application development, NASA,LeRC would nave access
to the results of DOE-funded wo"% being done by other agents and
would be able zo provide information to the DOE program on the
results and l2ssons lz2armed from Zhe A.I.D.-funded =2:ior=s.

o
ca

The project was approved in July 1979 with several clarifica-
tions to the original project paper. In particular, although
recogniziag the need for a lLong-tarm program, the projacct approval
required that funding would be providsd on a yearly basis and
funding approval would be contingent upon successiul esvaluations
0L the status and progress ol the project. The initial 32 million
would stress applications in the tural health sector. The first
management review took place in May 1580 and la2d to a second fund-
ing of $500,000 to continue the health sector work and begin the
process of identiiying opportunities in the subsequent sector
(education/communications).

The firsc formal evaluation of the project took place on
December 17, 1980. A team of A.I.D. officers visiZed NASA/Lawis
Research Center in Cleveland to reviaw the status of the project,
tour facilizias and meet NASA personnel. Of this largsr= group of
officers, a formal evaluarion team of Iive members had teen compos-
ad in advance. The members of the avaluation t2am, its compositicn
and perspective are detailed in Annex A. This report documents
the findiags of that evaluation team.

The avaluation t=2am concludes chat:

- photovoltaic technology can potentially make significant
contributions to internatioanal development efforcs;

- there 15 2 need to continue the systemacic fiald demon=-
strations of the tachnology and the acquisiciom of the
operational informaticon needed for informed decision
making;

III. STATUS OF PROJECT ACTIVITIES

The project was initiated in August 1979 when the PASA wicth
NASA was signed. This called for an inicial level of effort of
§2,000,000 and a concentrtacion on nhealth delivery appolications.
The management guidance given NASA was to examine existing AID
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health programs, 2specially in Africa and Latin America/
Caribbean since these two 3Bureaus had praviously identified a
number of on-going programs where potential applications might
be found. In additicn. NASA was to consider private voluntarty
organizations (2V0s) active in nealth delivery programs in
developing countrisas.

The project was to iaclude two types of activitiess in =2ach
sector - :.irger applications ot pilot projects and smaller appli-
cations or mini-demonstrations. In the nealth area, the pilot
projects wouid be PV systems to prcvide zeneral alnccrlc power
to Tusal nealzh zlinics; the smailer activicies would be demon-
scrations of PV-powered refrigerators Ior use In medical delivery
pregraws, in particular the storage or vaccines [or immunization
programs (''coid chain’).

From the :nirial review of A.I.3. programs and contacts
with PVOs, potential apolications were =2valuated against selec-
tion criceria and a list ol preferred activicies was developed.
Investigative fi2ld trips were initially mace to Xenya, Zaire,
Guyana, Peru, and Ecuador. Trips were subsequently made to
Zimbabwe and Jamaica. Agreement in principle was reached for
pilot projects in Xenya, Guyana and Eucador. (Latesr Zimbabwe
was added as a result of the visit of Dr. Frank Press, the
Dizector of the President's Office of Scisnce and Technology
Policy.)

During the course of these initial discussions, it became
clear that io-councry accivitcies should be explicitcly described
and agreed £o In countty agreements. As a result, Limited Scope
Grant Project Agr=ements were developed for each country. These
agreements are signed by USAID and the appropriats host count:y
ainistry and spell out the roles and responsidilitiss of the
several agencias involved - NASA, USAID and the appropriate host
country organizations. The actual details of implementacion are
defined in subsequent implementation plans developed by NASA and
the nost countrty agerts. Agreements have been signed with Xenya
and Guyana. Draft agreements have been developed for Zimbabwe and
Ecuador and signing of the final agr=2ements s ancipated in the
near [uture. Annex B3 contains a summary of the in-country work to
date and a copy of a typical country agreement (Guyana).

In general, the agreements are for a four year sudproject.
USAID vrovides generai liason among the parties involved in the
agreement - NASA, host country governmental agency, in-country
implementor and contractors. The host country agency provides the
site for the application, personnel for operation of the system
and logistical and administrative support. NASA provides technical
services and backstopping through the life of the projest (NASA
petrsonnel) and the 2V system, related equipment and ¢t alning ot
nost countty personnel (via concraccs).
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In addition to the pilot projects (general pcwer to rural
health clinics), other program activities have been undertakan.
These include cataloging medical equipment suitaple for PV-powered
rural clinics; surveying bealth delivery organizaticns to detar-
mine equipment needs, elactric power needs and costs; reviawing
educational and communications nrograms in developing countrties €O
identify opportunities in tural education and communications
programs.

Although not funded under this project, DSB recantly spon-
sored a National Academy or Science Workshop on Two-way Radio
Communication for Primary Health Services (jointly arranged by
DS/ST, DS/ED and DS/HEA). It was agreed that the usa of two-way
radio communicacion could significancly improve the delivery of
rural nealch care; the improvements include diagnoses, treatmenc,
logistics apd supply of medicines, rotacion of personnel and
patient and medic morals. For these radio systems, photovoltaics
was clearly identified as the praferred power source - cheaver
chan batteries, and more reliable than grid power when grid power
was availabla. (Ref. 3).

The work to date has also included the use of PV-powered
refrigerators in rural clinics to store me-”.cines and vaccines.
In conjunccion with the Center for Disease Control (and through
them, the World Health Organization), NASA/LeRC is tes=ing several
nodels of such rafrigerators to detarmine which will meet the
performance specifications for medical refrigerators as spelled
out by the WHO. This work is related to on-going erfforts of the
WHO to improve the storage of vaccines needed in world-wide immuni-
zation programs. DOE funds are used to underwrite NASA's involve-
ment with this work. Based upon suczessful completionm of the
performanca tests, NASA/LeRC will procure a limizad oumber of
acceptable units for field demonstrations. The 2VDSP will fund
the purchase of about ten units and their subsequent field use.
The DOE-funded qualification tests will assure that only models
than meet WHO performance specifications will be used im AID-funded
efforts.

The bulk of the PVDSP funds will be used to purchase system
hardware, training and technical services from private contractors.
NASA procedures require that the authorizatiom to enter into con-
tracts (and the required funding) be in hand before the contract-
ing procedure is ianitiated (i.=2., before the Request Zor Proposals
is issued). There is a significant time lapse between the issuanca
of a RFP and the ultimate contract award (perhaps six @onths or
longer). Consequently, it is important that AID plans and furnds
for the PVDSP be developed with this required contracting tZime in
aind.

The existing project activities sttass health delivery appli-
cations, in particular clinic power supply and single-purpose
PV-powered refrigerators. The possible uses of photovoltaics in
bealth delivery are broader than this nowever. Photovoltaic power
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sources for two way communicatcions in health delivery are 2special-
ly actractive but these power sources would also be appropriate to
operate single purpose devices like cassett2 players and movies or
slide projectors for nealth education efforts. Ia general, the
communication/aducation sector appears to 2ffar many interesting
and relevant opportunitias to apply pnotovoltaic technology. Of
special interest would be the use of PV power systems in the AID

Rural Sacallite Program (Ref. 5). The purvose of che program is
to 7 tther rural development by improving talacommunicaticns
petwe=n rural and urban areas. In particular it demonstrates the

effecziveness and appropriateness of using satellice communication
systems and small receiving stations in tural areas to achiave
this i1aproved communications. Phcotovoltaic systems could easily
be used to meeC the power resquirements of the receiving stations
or to power a2dditioral transmitters and receivers needed to extend
the communization link within the service area of the rural
receiving scation.

The avaluation tsam <oncludes rthat:

- the health community's interest in photovoltaic:s
warrants continued support of this application sector;

- the programs of both PVOs ana AID Missions offer
important potential applications of photovoltaias;

- the AID application program offers significant bene-
gits tc other US =fforts, specifically to DOE programs
and to the private sector equipment manufactures;

- qualification tescing of the equipment to assura that
it can zeet performance speciiications is an important
element of the program;

- the use of country-specific agreements to dafine roles
and rtesponsibilitiss of the various agencias will
assure a proper understanding of the activity and the
workload imposed;

It is therefore racommended that:

- the PVDS? continue to suppert health delivery. New
health activities should smphasize communication needs
of rural health programs;

- new afforts be initiated in communications and educa-
tici1 delivery progranms;

- efforts be made to include activities in other Geo-
grapbical Regions besides Africa and Latin America;

- in-count:y agreements be used to delineate roles and
responsibilities except where a cla2ar justification
exists for another mechanism;
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- for planning purposes, PVDSP operate with 2 two-year
plaoning budget subject to annual funding authori-
zacion.

IV. PROJECT MANAGEMENT

A. Institutional Arrangements

DS/EY is the AID Technical Qffice responsible for the
overall management of the PVDS?. This office provides general
management contTol over the project-funded activitcias of NASA/
LeRC and liason with other elements of AID and outside groups, in
particular NASA/Washington and DOE. The DS/EY project officer
maintains contact with the responsible officer in NASA's Energy
Systems Division and with the responsible officer in DOE's Photo-
voltaic Qffice. The linkage with NASA/Washington assures program
coordination and proper NASA institutiomal oversight of the pro-
ject activity. The linkage with DOE, although informal, assurtes
proper coordination and maximum cross-fertilization of the related
efforts of cthe two agencies.

Within AID, DS/EY has served as the focal point for the
application orf phoctovoltaics and for coordinating AID's use of
the technology with the DOE program. As specific activities are
developed under the PVDSP, AID management of those activities
(subprojects of PVDSP) generally passes to other AID entities
more closely connected to the development assistance effort in
which the PV sysctems will be used, 2g a project manager at USAID
as specified ino tne country-specific agreements.

The PVDSP Project is implemented for DS/EY by the NASA
Lewis Research Centar (LeRC) in Cleveland, Ohio. LeRC has had a
substancial research and tachuology effort in PV devices since
1963 and is the NASA Lead Center fotr spaca PV technology. LeRC's
involvement in tercestrial PV systems and applications began in
1970. Since 1975, they bhave managed projects for the DOE
{formerly ERDA) involving small-scale PV applicatioms as part of
the Nationmal PV Program and have supported AID PV activities
since 1375. Recently, LeRC has beem given responsibility for all
international PV activities soonsor=d by the DOE exclusive of the
so-called "bilateral agreement'' projects. AL present, there are
a total of about 40 professionals working on PV at LeRC, several
of whor are national and incernmational experts in their field.

Terrestrial PV activities at LeRC reside within the
Solar and Elactro- -chemistry Division of the Energy Directorate
(see organization charts in Annex D). A Terrestrial PV Projects
Branch has been established consisting of the Development and
Support Project Qffice (AID), the Stand-Alone AppllcaC1ons Prc-
ject Orfice (DCE), and the Photovoltaic Applications Section. A
matrix ;anagement system is used to implsment the AID and DOE
wotk: project managers assigned to the respective projact offices
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draw upon the =xpertise (project 2=ngineers) from the PV Applica-
tions Section as needed. This arrangement allows close coordina-
tion of both AID and DQE PV activities and enables afficient use
of tachnical personnel. The DOE PV Systams Test Facility at LeRC
is also used to support AID PV projects on a non-interfsrence
basis. A cocal equivilent of 5 person-y=ars is applied to the
AID PVDSP annually by LeRC.

Day-to-day project management is performed >y LeaRC in
accordance wit: approved annual operating plans wich appropriate
oversight by program officers. Monthly progress reports are
provided for the respective programs and distributed to appro-
priata AID and J0E personnel.

Organization charts covering LeRC personnel and the
relactionships of the project and program offices are given in
Annex D.

3. NASA Personnel

The PVDSP Qifice, managed by William J. Bifano, is
staffed by th~ee full time project managers who are responsible
for medical and education/communicaticn PV applications and
country-specific applications such as Tunisia and possibly Egypt.
As notad earlier, these project managers work with project engi-
neers from the PV Applications Sectiun. Typically, for a given
project, a manager is assigned a project engineer who charges nis
time, as needed, to that projectc. It is not uncommon for project
engineers to be working simultaneously on both AID and DOE pro-
jects. This results in both an efficiant utilization of manpower
and an effective cross-pollination of PV activities at the wotking
lavel,

The qualifications and experience of the LeRC personne.
assigned to AID projects are presentad in Anmex E.

C. Relationshbios of AID and DOE Projacts

The full DOE program in photovoltaic technology encom-
passes Che spectrtum of activities from basic¢c research Co commer-
cialization of axisting technology. The broad program goal is to
oroduce a tachnolcgy that will find gemeral cost-effective appli-
cations in the US. The several major contractors and agents
involved with this complicated and coordinated program includes
NASA/LeRC. The linkages among the principal organizations are
illustrataed ia the chart in Anpmex D. As an integral part of the
DOE program, LeRC provides information to the otner components
and pas access to the results of the work of these other compo-
nents. In particular, LeRC has been given the responsiblitcy for
managing the application of PV technology to systems that are not
connected to teliable electric power grids (''Stand Alone”
Systems). The iatent of this work is to find the largest markst
for the existcing technology in order to accelerste the commer-
cialization of photovoltaics.
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While different in program objectives, the AID and DOE
activities are similar in demonstracing the au.lizability of
pbotovoltaics to a variety of users. AID is part erlarly inter-
ested in applying PV systems to selacted socio/econcmic develop-
ment programs wbere ther2 is a priority need for 2lectric power.
DCE's incerests lie - not in =he Zype of application - buf in the
number of potential systems that can be manufactured and sold,
that is in the commercialization of PV sytems. AID, in managing
the PVDSP, specifies the application sectors, the needs and the
requirements to be met ty PV systems in priority international
developmen: efforts. NASA/LaRC, as technical implementator of
both the AID application efrforts and the DOE commercialization
work, assures appropriate interaction, facilizates the transisr
of informacion ana prevents duplication or effort in the two
programs.

A few 2xamples of AID and DOE Project synergism are as
follows:

The basic design of the PV system installed in Upper
Volta was patterned after that used on an Arizonma Indian reser-
vation and funded by DOE. The system c¢heck out was then performed
in the DQE PV Systems Test Facility prior to shipment. After
nearly one year of operaticn, PV module rfailures began to occur
in the Upper Volta System which were traced to a faulty desizn by
the PV modul2 manufacturer (Solarex Corp., Rockville, MD.).
NASA/LeRC then worked with DOE's Lead Center, Jet Propulsion
Center (JPL), to revise the qualification ond acceptance tests
for PV modules to evaluate zore carerully and detect any such PV
module defects. A number of revisions to the JPL rsst procedure
hnave been incotporated as a result of the Upper Vclta 2xperience.
DOE, as part of ics technology development work, has agreed =o
provide replacement modules to rtefurbish and expand the Tangaye
PV experiment. LeRC will iampleament the cefurbishment ard continue
aonitoring the project for DS/EY for 2 more years.

Apother example of AID/DOE coordination involves che
LaRC (DOE-iunded) testing of PV medical vazcine refrigerators co
determine which will meet raquirem.nts sstablished to meet the
needs of the AID project and other users. DOE funds are used to
orovide the information that potential manuracturars need to
develop tefrigerators which can be marketad worldwide. AID, as a
user, will funa ceplication of these refrigerators for evaluation
in the field once the units nave passed the qualification and
acceptance tasts conducted by LeRC under the DOE projacec.

The avaluation taam concludes thac:

- there is positive and mutual value co :the coordi-
nation between AID and DOE in the application of
photovoltaic tachnology;



<11l-

- the use of NASA/LeRC as the implementor of both
programs rtepresents an appropriate, cost-effactive
mechanism to enhance the rasults of each program;

- the continuation of the proper program guidance
and management from AID will assure that the goal
of che AID program is adhered to and not deleter-
iously admixed with the goal of the DOE program;

- NASA has developed a suitable organizaticn for
implementing the PVDSP;

-~ NASA/LeRC has constitutad a well qualified staff
of managers and engineetrs needed to implement the
program;

- the lavel of effort of NASA/LeRC personnel is
appropriate to the tasks involved;

- the existing arrangements within AID are appro-
priate. DS/EY is ressponsible for general program
management and othetr AID elements (e.g. mission
personnel) have responsibility for specific
activities within their countries;

- NASA/LeRC personnel have shown themsalves 7o be
sensitive o socio/economic development concerns
and responsive to the guidance and direction given
by the AID officers with whom the personnel have
worked;

- appropriate management Of development issues and
technology application issues should result from
continued close working celationships bLetween
development ocificials and NASA/LeRC staf:.

It is therafores recommended that:

- DS/EY continue its principal role as funding agent
and program managetr of the PVDSP and as :zoovdinator
of AID's involvement with DOE and NASA concerning
photovoltaics;

- as practical and appropriate, direct management of
the individual subprojects be conductad by an AID
nificer responsible for the development program in
which the photovoltaic technology will be used.
This will assurs that technology application con-
cerns are properly relacad to the broader socio/
economic development goals of AID.
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v. PHOTOVOLTAICS AND AID POLICY

In recent years in the United States much attention has
been given to alternative enmergy techmology =hat could reduce
our dependence on imported oil. Photovoltaics has received its
share of attention in this regard. Also, the technology has
been frequently cited as a premier example of other concerns:

a result of the space program that can meet more commonplace
t2rrestial needs, a techmology in wnich the U.S. currently has

a global leadership position that is endangered by technical
developments in other countrias and a US-manuifactured product
with a potentially large market in LDCs. In fact the govern-
ments Oof several other industrialized countriss that manufacture
photovoltaics are already very active in demonstrations and
applications of the technology in developing countriass and,
through these efforts, might make market advances in these

areas before U.S. ccmpanies do. Interesting and important as
thesa factors may be, AID's use of photovoltaic technology wmust
depend upon the ralavance of the technology to meet the specific
goals of the foreign assisctance program.

Qf the many objectives, interescs and elsments of AID's
overall policy, several are aspecially appropriate for a dis-
cussion of this topic. Firstc, a negative statement is in order.
AID is not a scientific or techuical research agency. Since
its primary task is to provide assistance Zo country develop-
ment efforts, AID should not conduct research unless the results
of that research can make an important contrtibution to national
development and the research is not now being done ¢(r will not
be done by others, especially other USG agencies under their
own aporopriations. AID's program emphasis is on rural develop-
ment and includes a growing incterest in amployment generacion
and small industry development ian ctural areas. To fostar rural
development, AID supports rtural electrification programs Cthac
lead to a productive use of electricity and measurable gains in
income d4istribucion and overall quality of rural life. While
AID is especially concerned with rural devilopment, it must
consider these erfforts within the context orf overall national
development. Regarding energy, this is particularly ttue and
AID policy in the energy area explicitly acknowledges the need
to ease the immediate energy constraints to development and the
need to assist the LDCs to develop a mix of energy socurces that
#ill sustain their future 2concmies. In cartying out its pro=-
grams, AID should =ncourage a growing involvement of the private
sector in the development of the LDCs - both the private sector
within the LDCs themselves and the US private sector ia LDCs.

In doing this, AID shoul< maincain its role of country assist-
ance and should not become a particular advocats of increased
US business activities in LDCs, a Zunction properly belonging
o other USG bndias.

Photovolcaics has several characteristics and qualities
that make it an attractive tachnology for use in AID programs.
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Its modular nature lends itself to either large or small appli-
caticns - the size of the array and the storage system (if any)
can be accurataly sized to the job at nand. Photovoltaic
systems <an Se 2angineered :to be extremely reliable and co
cequire limitad zaintenance; this is because of the absence of
moving parts and the possibility of providiag aulziple pachs in
the system and hdence of avoidiag system failurs due £o che
failure of singls elements. The operation of the systam is

very simpls since the system essentially rumns itseli - ra2lying
on a resnewabla resnurce (the sun) and natural processes -o
generate =lactricity. The 2lactricity produced can e used for
a number of applications - lightinr, communicatiors, 2lactronics
and motive power Ior equipment and appliances in unlimited
diverse usas. Like all renewabls energv zachnolegiss, a photo-
voltaic system has no fuel cost and consequently low operating
cost. However, it has a high initial capital cost. Consequent-
ly the only way to evaluate overall cost effect.veness is to

use 'life cycle' comparisons between photovoltaics and other
systams. AC current costs, piotcvoltaics i3 competitive with
other systms f{or small electricity demands.

- () b (

Photovolcaic technmology nas a proven bistory. The axist-
ing tachnology can be reliably and cost-efficiantly used in
many AID applications. Future changss in the technology,
primarily cheaper cells and arrays, will come about due to the
tesearch and developuwent efforts of DOE and the private sector
pacticularly US industry wnich is the world leader in ¢his
field. As these improvem uts occur, the aumber of potential
applicacions of the technology in AID programs will incraase
due to decreases in the cost of photovoltaic systems. An
imporcant =l2ment of cost calculations is the possibilicy of
raducing cthe foreign exchange costs of PV systems by local
manuiacture Of system components (batt:ries, wiring, supports),
local labor in svstam assembly and local desiga of systems for
replication and adaption. The foreign exchange costs of ZIuture
systems are discussed in Annex F. The design of a pnotovolrtaic
systam is relatively simple, requizing competence {n system
engineering and electrical angineering. The education and
training or prorfassionals in these areas is common bdoch in the
US and in LDBCs. Existing professionals can quickly l=2aru the
state of the art. Expanding the supply of such professionals
should not be difficulr to do.

The evaluacion team concludes chat:

- photovoltaic technology can play a growing
tola in meeting rural electricity needs;

- in particular the technology can provide small
amounts of power needed in AID development
programs 1nd, when properly integrated, can
ennance the effactiveness of those programs;



at the present time, pnotovoltaics should not
be considered as a scurce of large amounts of
power;

photovolraic technology meets many 2f the
criteria for use in -ural areas in LDCs -
reliable, renewable, replicabls and =2asv to
mainctain and operacs

in particular pnhotovolta hnology is
especially appropriate I se appliczations
where the power raquirementc Is Low, the
reliability or the systam znust e nigh and the
availacility of altcernmacive sources Of power
including fuvel is uacercain.

12
or
en

"life cycle' cost considerations are pecessary
when evaluating a potential applicaticn o:f
photovoltaics;

'"life cycle' cost considerations should bSe
used when evaluating any energy alternative;

the tachnology advances promised by on-going
regearch and development will affecc AID's use
of phatovoltaics. I1I costs are reduced, as
promised, AID use should increase; if costs
are not raduced, AID should reevaluate its
interest in the technology.

If is therefore recommendad Chat:

AID carsfully svaluarts 'life cj
altarnatives in izs development projects;

where appropriate AID inctease its use of pnoto-
voltaic technology in rural areas;

ycle' costs of enmergy

continued attention be given Lo carerful monitoring

of field anplications or the technology so as to
demounstrate whether or not the technology is a
cost-effective approach to providing the cnergy
needed for the application.



ANNEX A

EVALUATION TEAM

The essential character of the PVDSP is the innovative appli-
cation of a liczle used technology to meet selected needs of
irzernational socio-economic development programs and =he monitor-
ing, evaluation and promulgation of the rcesults of these applica-
tions. Project activities have been agreed upon 12 Africa and
Latin America; 92 initial concentration 2rea is heal:h delivery.
Future efiorus are expectsd %0 emphasize coun.ries in Asia and the
Near Zast and applicaticos in education and Inmmunications. 7Two
aspects of the program are especially importanc - the introduction
of an unfamiliar technology to the international development =ffort
and tne intsgracion of this tecnnclogy into selected developmert
DrogTams.

The selecrcion of the evaluation teaw wasc based on the desire
to incorporate experience in the regiomal arezas and application
gactors in which activities are already urnderway (Africa, Latin
America; healrth) and ia which activities zare proposed (Asia, Near
Zast; aducation and communication). In addition expertise was
desired in engineering and system developuient. The biographies of
the individual T2am nembers Zollow.

Jerome . Boska2n. (T2am Leader and Projact Manager).
Currantly Jeputy oJirector of the Office oI Energy (DS/EY), Mr.
Bosken bas nad five years experience with developing policy and
programs of energzy assistance ot AID. His prior experisnce
includes strategic planning, systems management and evaluation Zor
the Department of Defense; university teaching in the United
States; cirrticulum revision, teacher training and university
t2aching in Latin America. He nas developed assistance projects
and participated in technical missions in over 25 countries in
Latin America, Asia and Afvicza.

Michael S. Gould. As esngineering acvisor to the Arfrica 3ureau,
Dr. Gould s responsible for ensuring the techknical quality of
project pranning and izmplementation. His prior expariznce has
included dcmestic and intermational consultinz in environmencal
engineering, and research and development axperiance with Union
Carbide Ccrporation. He has lived in West Africa and nas actively
been involved in the implementation of projects ia five African
countries.

Howarad 3. Xeller. Mr. Keller is currently the Public Health
Advisor and Health Zrogram Analyst in the Population, Health and
Nutrition Division of the Qffice of Tachnical Resources of the

/

Asia 3ureau. He has been with AID for 14 years in the fiald of
public healch. His experienmce includes designing, managing and
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evaluating programs in mpalaria control, cural water supply, primary
health care and -amlly olanning. He has served overseas in
Zcuador, Tunisia and Pakistan and complated post zraduata szudies
in Social Sciences and Public Health/Population.

Thomas C'Xsef2. Mr. O'Keefs is presently Senior Program
Analys® 1n zhe Jevelopment Technology Division of the 3Bureau Ior
Development 3Surport. ?2rogram sectors include energzy, bousing,
scienc= and zzcanology, environment and information systams. As a

Foreizn Dé'!l‘ﬂ OfZice, De has served in the rar Zast and Alrica.
‘“i@f o) ne was Chief, Zasc Africa and Indian Oc=an
Regxon A’ eau. 3Befora to joiniang AID ia 1957, Mr. O'{eef
worked as a sconomist with the U.3. Department of Labor.
3t11at= secta: perisnce includes svstsms analyst for a heavy
aquipment man. turing firm and iaventory control specialist for
a Janurfdcturin nd '
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Rooert Schenkkan. Mr. Schenkkanis currtently :the General
Manager oL the Rural Sarellite Project in the Office of Zducation
oL the Bureau for Development Support. Prior to ioining AID, he
servaed as a communications consultant to AID/W and USAIDs, USICA,
the World 3ank and private companies. He was a3 Professcr of
Communications at the University of Texas where dis principal
interests were in radio, television and films. He is past
President and General Manager of Southwest Public 3rocadcasting
Corporatizcn and former Chairman of the 3oard of the Public 3road-
casting Se:cvice.

t. Mr. Zobrist is currently the Chi=f Engineer of
au. In this regard he serves as the Bur eau's senior
pert In the field of altermative esnergy. ?2rior Zo
joining AID, he worked as a consultant in the fi2lds of planning,
anvironmencal assessments and engineering including undertaking
studles and design of other conventional and alternative =pergy
systems. Earlier work with che Corpe of Engineers involved sxten-
ive background {z the planning and design of bydropower projects.

l
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ANNEX B

COUNTRY ACTIVITIES AND ACREEMENTS

Under proizct funds, NASA/LeRC personnel have visited the
following countries - Kenya, Zairs, Zimbabwe, Zcuador, Guyana,

Jamaica and Peru. In adaizion uncer ocher funds, 3 visit was made
Co Zgypt.

From a US-hased raviaw of nealth delivery drograms and pro-
iscts, specifiic cn-going activizies wers idenmciiiad amd wiZh
Mission concurrencs initial invesZigative Lrips were made £0O
detarmine the intsarestc of the AID Mission, bosc countrty zZovern=

ment and other agencies ia the application of the tachnology t9
the spec1:1: gccivity. This was done for Xenya, Zaire, Ecuador,
Guyana and Zgyot. O2uring these visitls the JASA personnel met
approbriate officials of the various bodies invnlved, explained
the tachnology zand the 2VDSP project, visitea Dotential appli-
cation sites arnd learmed more details of the on-going nealth
delivery programs in crde~ CO ascertain 1f the application »I
pootovolraics in thosa program would meet nroject criteria. If
the resulzs of the initial Crip were promising, follow=-up visics
were made Co hegin the process of collecting the 2ngi- neering
data thac would be required to design the aporop=iats pho~ovoltaic
system ard o iniciace the drzfzing of Cthe ":”nbgf agre=manrc.
Follow-up visits were made to Kenya, Ecuador and Guyana.

For Zaire, there has bheen 0o follow-up visit because ot
funding limications orf the project. However tae Mission interest
in an applicatiop there remains very high. Only one visit has
been Tade to Jamaica. Io presenc a Zeperal ~-1e£1“g on
phoctovoltaic tecinology tn government cfficials at the resgquest of
the MLnfac-y cf Znergy and M‘nvng There was no preliminary visit
to Zinbabwe. Rather, because o[ the 1nCetast geperatad by the
visic of the Director of the Presidenc's O::*;e of Scianca and
Tachnology 2olicy, a <ecision was made to undertake anp activity
similar to what was being planned for Kenmya. As a rasult, only
the nore detailed, technical visit was made.

The following tables list the dates, purposes and results of
the various country visits and give the current status of the
sountry agreemencCs.



DATE
1380

Feb. 24
Feb. 25
March 3
March 31

April 15

an

June

June 8

June 16

July 10

Sept.

Sept

Nov. 3

Nov. 8

Nov. 16

COUNTRY

Guyana
tcuador
Paru
Zaire
Kenya
Jamaica

Guyana

Ecuador

Kenya

Kenya

Zimbabwe

Ecuador

Zimbabwe

Kenya

COUNTRY
Kenya
Guyana

Ecuador

Zimbabwe

CHRONOLOGY OF COUNTRY VISITS

PURPOSE

Initial
Inicial
Inicial
Initial
Inicial
Technical Briefing

Obtain technical data,
draft country agreement

Obtain technical data,
visit potential sites

Obtain technical data,
support praparation of
health project

Visit of Presidential

-Science/Technology

Team, Dr. Press (Notc
project funded).

Visit of Presidential
Science/Technology
Team, =c. Press (Not
projec. funded).

Decide system and site,
prepare draft country
agreement

Prepare draft agreement

Obtain tachnical data

Country Agreement signed (September 24,

RESULT

Follow-up recommended
Follow-up recommended
USAID Peru will consider
Follow=-up recommended
Follow=-up recommended

No further action

AID/W will review draft
agresment

Country Agreement Co be
drarcted

Follow-up by drafting

countCry agresment

Agreement approved by USG
and GOK

Concept agreed to by GOZ
and USG

Agreement being processed
in country

Agreement being processed
in country

Implementation plan is
pending.

STATUS

1980)

Two project sitas included

Inplementation Plan due December 31,

1580

Country Agreement signed (Novamber 13, 1980)

Implamencation Plan due March L3,
Final Agreement pending (January 13,

Final Agreement pending (January L4,

1981
1581)
1981)
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In addition to the four countries in which projects bave
been approved (Xs=nya, Zimbabwe, Ecuador and Guyana), the AID
Missions in EZgyot and in Zaire have strongly urged that AID/W
approve participation of these countries in the PVDSP?. AID/W
has indicatcad that these requests will be fully considsred once
a decision has be=n made on the fucture direction and funding of
the PVDSP. Also the Asia Bureau has specifically requested to
be included in future acrivities of the PVDSP, iancluding the
applilication ot ?V-powered refrigerators t£o immunization
programs underway in Indonesia.

As an example of a country agreement, a copy of the Limited
Scope Grant Project Agreement with Guyana is attached.
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LIMITED SCOPE GRANT PROJECT AGREEMENT

Between the United States of America, acting through
the Agency for International Development (AID)

AND
The Govermment cf Guydna

Ministry of EZccnemic Development and Cooperatives

(Grantee)
1. Project Tide 2. AID Project Number
Rural Fealth Photovoltaic (PASA Number)
Demcnstration Project NASA/DSB~3710-2-79

The above-named parties heredy mutually agres to carry out the Project deserb~d in this Agreement in accord-
ance with (1) the terms of this Agreement, including any annexes attached hereto, and (2) any general agree-
ment between the two governments regarding economic or technical cooperation.

3. Amount of AID Grant ~ |4. Grantee Contribution to the Project | 3. Project Assistance Completion Date
Nor o Exceed in
3400,200 (st ) ¢ind $Faciliriac and Sawrices December 31, 1384 (est.)

6. This Agreement consists of this ttle page 2dx  Annex A, Project Descriztion; Annex 3,
Reles and Responsibilities of the Participating Parties; Annex C, Illustrative
Inplementaticn Schedula; and, a Standard Provisicns Annex.

7. For the Grantee 8. For the Agency for International Development

Typed N Typed Nz
P ame 2. Desmcnd Eovte yped Hame

Signature 4&1{{9 L‘ Signature A\/‘M‘( 4{ ‘_O‘é‘/\,\

Tide Minister 4% ESconcmic Develorment Title Dirsctor, USAID/Guyana
and Cooperatives

Date NOV 12 1880 Date NOV 15 ngn

AID 1330-17 (579! - Cover Page
9. Fer: Ministry of Health

Dcnc:.\id. Lien _~

Typed Vame: BHamil:ion Green

- P

Signature: ~—r -

Title: Minister of Heal:th, Housing
and Laber

Sates 3L 00T 1550




ANNEX A - PROJECT DESCRIPTION

Project Title: Rural Health Photovoltaic
Demonstratiun Project

A.I.D. Project Number: PASA NASA/DSE-5710-2-79

Project Purdnose:

The purpose of this project is to demonstrate and tast the use of
photovoltaic (PV) power systams for meeting the basic electrical
requirements of Guyana's health dalivery system in rural areas.

Project Descristion:

This project consists of: (1) the design, develormentc, installa-
tion, and field-testing of PV systems in selected health facilities in
Guyana; (2) the provision of training and educatian programs for
appropriate host countzy personnal iz the theory, operation, and main-
tenance of the systems; and (3) an assessment of the cost-effectiveness
of the installed PV systems. The estimated pericd of perfcormance of
the project will be fcur (4) years from the date of the signing of this
AgTeement.

The United States Agency far Intermaticnal Cevelopment (A.I.D.)
shall orovide the services of <he Naticnal Aercmautics and Space
Administration, Lewis Research Canter (NASA/LeRC) who shall assume Zull
zasponsibilicy for the provision of technical sarvices and goods under
the project within the provisicns of the PASA NASA/DSB-3710-2-79., The
implementing agency Izxr the Government of Guyana shall be the Ministzy
of #ealth (MCH). Tha roles and responsibilities of the participating
parties are outlined in Annex 3.

The exact number and locaticn of the sitas for deployment of the 2V
systems within Guyana shall be agreed upen by the MCH, NASA/LeRC, and
A.I.D. within two omonths after the signing of this Agreement. 2An illus-
tTative inplementation schedule is included in Annex C; this schedula
shall be finalized and a detailed implementaticn plan chall be Trepared



within approximataly four menths after the signing of this Agreement
at which time the ccnceptual systems Jdesign work is expectad %o te
complated. A financial plan which summarizes cost estimates of the
goods and services to Le srovided under the project, which is estimatad
to be aprroximately US$ 400,000, shall also be prepared at that tizmae.
Both »lans shall be made a part of this Agreement in the form of a
Project Inplementation Lettar.



ANNEX B = RCLES AND RESPONSIBILITIES CF PARTICIPATING PARTIZIS

Project Title: Rural Health Photsovoltaic
Demonstration Project

A.I.D. Project Number: PASA MASA/DSB-3710-2-79

The following parties shall assume tha roles and responsibilities
cutlined relow fcr implementation of this project: (1) National
Aercnautics and Space Administration, Lewis Rasearch Center (NASA/LeRC);
(2) Ministzry of Health (MCH); and (3} United Statas Agency for Intar-
national Develcrment Mission to Guyana (USAID/G).

(1) NASA/leRC shall:

(a) Assume overall technical, Zfinancial, and adminjistrative
management rasponsibility for this project.

{b) Assign a Project Manager and ?roject Zngineer freom the
NASA/LeRC staff o this project.

(e) In collabecration with the MCH and USAID/G, determine tha
number and locaticn of sitas for deployment of tha FV
systems within two months after the signing of %his
Agreement..

(d) Make arrangements for the callection of insolation data
and other metsorvlogical information in Guyana which
would be required for the design of tie systems.

(e) Under=ake concaptual systems design.

(£) Prepare a detailed implemantation plan and schedule
within fzur months after the signing of this Agreement
which shall include: a detailed descxription of the rro-
ject and of the conceptual desisn of the PV systems %o
be deployed and delineaticn of the roles and responsibilitias
of each participating party.



(9)

(h)

(1)

Prepare a firancial plan within four months aftar
the signing of this Agreement which shall include
the estimated costs of all goods and services to

be mrovided by NASA/LeRC and of the Grantee's con-
tribution to the project; <hese latter zgsts shall
be prepared -y the #CH in consultation with USAID/G
and NASA/leRC.

Sesure the approval of the Implementation and
Pinancial Plans Sy the M7H and USAIZ/G.

Procure, in accordance wi.h competitive procurement
procedures, the services of a J.3.-based <gntractcr™
to be responsibla for:

(L)

(14)

(144)

(iv)

(v)

(vi)

The design, fabricaticn, installation, initi
cperation, and field-testing of the PV systems.

The procurement frcm J.35. sources or where
appropriate, local sowrces, and the shigping
via U.S. carriers, where tossible, of all
materials, supplies, and squipment required
for «he fabricaticn and installaticn of the
systems and their repair and maintenance during
the life of the project.

Preparation of a site plan including a detailed
wark plan for each site selected for installation
of the sgystem.

Following installatien of the PV systems, main-
tenanca and menitoring {(data acquisiticn, system
inspaction) of the systems for a specified pericd
of time agreed upon by NASA/LeRC, during which
intended users and service personnel of the
systam shall be tzained.

The Sraining of intended users and sarvica
perscnnel in the operaticn, manitoring, and
maintenance/repair of the PV systens.

Providing forms and instzucticns for the recording
of system data including dates, time of day,

estimatad sky-cover, weather data, svstem veltage,
array current, etc. and menthly system inspecticn.
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(vil) Subject to the approval of the MCH and
MASA/LeRC, subcontracting with host countzy
contracter(s), if agrropriate, %o perform
certain elaments of the work related <o the
preject.

(f) Monitor and technically direct the work of e con-
tractor as it relates specifically to the design,
faprication and check=-out, installation. Ziald-testing,
ard evaluaticn of the systems, and training.

() During the estimated four-vear period of inputs 5 this
project by A.I.D. and NASA/LeRC, provide all equimment
and spare parts recuired for both the installation and
maintanance of the systems.

(1) Make arrangements for and particirate in, as approgriate,
training sessicns for intendad users and service personnel,
including the provisicn of operatiocn and maintenance/
repalr manuals.

(m Organize infoxmarion dissemination activities which may
include a ccnference or workshcp as well as <he dis-
tvibution of brochures and other printed materials on
the use of PV systems in general.

(n) In collabcraticn with the MCE and USAID/G, arrzange for
and. participate in, as agreed upon, sroject evaluaticns
whiclt shall include inter alia, an assessment <f the
cost effectiveness of the systems. All details relating
to the evaluation, including schedula, roles and re-
spensibilities of participating parties and specific
objectives, shall be included in the detailed implementa=-
tion plan.

(o) Assume full responsibdility and authority for all 2V
systems' materials and equipment at each sits until the
WY installations ars completed. YNASA/LeRC shall continue
ta provide technical assistance as required and spare
parts for approximataly two years after the handing-over
t3 tha GCG or dedicaticn of <he installations.

(p) Provide the MCH and USAID/G with written gquartarly pro-
gress reports during the two-year pre-dedication phasa
and on a bi-annual basis during the two-year post-dedica-
tion phasa.
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(2)  MOE shall:

(a) In collaboration with MASA/IeRC and USAID/G,
determine the number and locaticn of sites for
the deployment of the 7V systems within two
months after the signing of this Agrzement.

(b, Assign a Pxoiect Manager Zxcm the MUE staff to
this proiect.

(e) Review and approve the detailed implementation
plan and schedule to be submitted by NASA/LeRC
within four months after this Agreement is signed.

(d) Assist the U.35. contracter with regard to receiv-
ing all materials, supplies, and equipment required
for installartion of the PV systems including pro-
curement of impart licenses, custam clearance at
the port of entxy, transportation of fie goods ¢
a storage sita and tamporary staorage of the goods,
a1d arzanging for transperstation of the goods to
the project site. Costs associated with in-
‘countxry storzge and transportation shall be coverasd
under the contractor's contract and shall be paid
for with zroject funds,

(@) Make all logistical arrangements ralated to the
contractor and local sub-contractor(s) including
in~country clearances for travel, in-country
transportation and acccmmedations, and any other
local lcgistical/administrative servicas which may
be required by the contracter during the liZa of
the project. All costs Zor in-country traval and
per diem incurred by the contractor or sub=-<ontractors
shall be covered under their cecnizact and paid for
with project funds.

(£) In collabeoration with the NASA/LeRC and USAID/Z,
identify suitably qualified and appropriata per-
sennal to be trained as users and service personnal
in the operation, monitorin; and maintenanca/respair
of the systems.

(g) Assist NASA/LeRC in arranging for and conducting a
conference or warksheop for purposes of information
dissemination,



(h)

(1)

&)

In collaboration with NASA/LeRC and USAID/G,

arrange for and par<icipate in, as agreed upon,
project evaluations, the details cf which shall
be included in the croject implementaticn plan.

Provide the necessary funds and ensure the o=
vision of approoriate gersonnel to sarticipate
in project planning and ccordinaticn meetings to
fulfill the responsibilities dnlineacted.

Provide the necessary funds and ensure the zro-
vision of adequately trained perscnnel to: (i)
operate, aonitcr, and maintain the PV systems
during the zroject; and (ii) service and repair
the PV systems (incliuding the procurement of
spare parts) after A,I.D., and YASA/LeRC Inputs &0
the project terminate. 7To carry cut this
responsibility, the MCH, in collaboratian with
NASA/LeRC and USAID/G, shall select an organization
which shall ke charged with the rasponsibility for
post-installation maintenance and repairs.

(3) USAID/G shall:

(a)

(b)

(c)

Assign a Project Mandger far the Missicn.

In collaboration with NASA/LeRC and the MCQH, determine
the number and locaticn of sites for deployment of the
PV systems, approve the project ilaplementaticn plan,
and participate in mroject esvaluaticns, the details cof
which shall be contained in the projact implementation
plan.

Serve as liaiscon, when regquested, between the parties
involved in this croject such as for the transmission
of cabled informatiaon.
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ANNEX C - ILLUSTRATIVE

TMPLIMENTATICN SCIEDULE

Project Title: Rural Health Photovoltaic

A.Il.D. Proiect Number:

l.

2.

4.

s.

Activity

Project Agreement signed

Site selection and project
definition finalized

Conceptual systems design
€inalized

Detailed implementation plan
and £inancial plan firalized

Procurement of U.S.-bhased con-
tractar through ccmpetitive
bidding process

Actual design of systems
by eontracter

PV seminar in Guyana

Materials/supplies and equip~-

Demonstratian Project

PASA NASA/DS2-53710-2-79

Data Ccompleted

lNlovember 15, 1380

January 15, 1981

March 15, 198l

March 1S, 1981

June 30, 1981

September 30, 1981

To be determined

February 28, 12982

ment procurement and fakrication/

check-ocut

Site preparation

Receipt of all goods in-
country and installation of

systems

Installaticn ccmpletad

Mareh 31, 1982

April 30, 1982

June 30, 1982



2.

u.
4.

1s.

Activity

Technician training/system
check-cut cuampleted

Initial project evaluation
Dedicaticn

Final project evaluation

Date Completad

September 30, 1582

Qctober 31, 1982
November 30, 1982

December 31, 1984



' " PROJECT AGRIEMENT

FROAG STANDARD PROVISIONS ANNEX

A. Reference to ‘this Agresment’ means the original Project Agreement as modified by any revisions
which have eatered into efiect. Reference 10 ‘cooperating country' means the counuy or territory of

the Grantes,

B. {1) AID will make «valabie the amount specified in Block 3 of this Agreement, as necessary for
1ine Project, 2s may be further descrided in Annex A.

(2) The Grantes will tnake 2vziabie the amount specified in Block 4 of this Agreement, as neces-
sary for the Project, as may further be described in Annex A. The Crantes will also make, or arrange
to have mads, additional conmibutiuns of property, services, facilities and funds reguired {or carrying
out the Projct.'l: as specified in Annex A

-G AI.‘D and the Grantes miay obtain the assistance of ot.her public and private agendes in a.-rymg
out their respective obligarions under this Agreement. The Two parties may agres 1o accept conwribu-
dans of property, servicss, faclities and funds for purposes of this Agreement from other public and
Private 2gendes, and may agree upon the partcpation of any such third party in qm-mg out actvi-
tes under this Agreement.

D. Except as otherwise specified herein or subseguently agreed by the paries, all contribudons of
the pardes pazsuant to this Agreement shall be made on or before the Project Assistance Compietion
Date, or amended dats. A conmibution of goods or servicss snali be considered to have beea made
whien the services have deen periormed aad the goods furnished as contemplated in this Agresment.
Disburse=ent of funds mayv take place after final contriburtions kave been made, but AID shall not be
:equ.i.red to disbusse funds hersunder afier tie expiration of nine months following the estimated Pro-
jeet ssistancs Compietion Date (Block 3 of this Ag‘r:em:nt) or any amended Projec: Assiszance Com-
pledon Dats specifed.

E. The procurement of commodides and services to be Snanced ia whoie ar in pars by AID may
(where so nqmren by AID procsdures) be u.nquulen oniy pursuant to Project u-nnlememznon Or-
ders (PICs) issued T m,. AID. 2

F. Unless otherwise specied in the appiicable PIO or Project Impiementadon Zetter (PIL), the pro-..

curement of commodities imported speciSzally for the Project and financed with the AID contribu-
tion referres to in Block 3 of tais Agresment shall de subject to the provisions of ADD Reguiation 1.

G. Ulxless otherwise agreed by the parties or ctherwise specified in the appiicanie.PIO, dde to al
property procured through financng by AID pursuant to Block 3 of this Agreement shall be.in the
Grantss, or such pubiic or _.-,rh-ue agency as it may authorize. .

H. (1) Aoy property fumished to either sarty thrsugh financing by the other samy pursuant to this
Agresment shall, unless otherwiss agreed b}' the party which financed the procurement, be used ef-
fectvely for the purposes of the Project in accorsanse with this Agresment, and upon completion of
the Project, will be used so as to further the objectives sought in carrying out the Project. Either party
shall offer to return to the oiher, or 1o reimourse the other for, any property which it obrains through
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financing By e cilier parTy pussuant to Wis Afteement which is not wed in accordance with the pre-

ceding sentence.

(2) Any funds provided 1o either party pursuart to this Agreement which are not used in accord-
ance with this Agreement, shall be refunded to tae party providing the funds.

(3) Any intércst or other earnings on funds provided by AID to the Grantee under this Agree.
ment will be returned to AID by the Grantee. o

L (1) If AID and any public or private organization furnishing commodities through AID financing
for operations hereunder in the cooperating country, is, under the jaws, regulations or administrative
procedures of the cooperzting country, liadle for customs, duties and import taxes on commodities
imported into the cooperating counmry for purposes of carrying out this Agreement, the Grantee will
pay such duties and taxes un.l:s.l exemption is otherwise provided by any applicable intemnational

agreement ,

(2) If any personnel (other than crizens and residents of the cooperating country), whether
Tnited States Govemnment emplovess, or employess of public or private organizations under contract
with, or individuals under contract with AID; the Grantes-or any agency authorized by the Grantee,
who are present in the cooperating country to provide services which AID has agreed to furnish or fin-
ancs under this Agreement, are under the laws, regulaticns or administrative procedures of the cooper-
ative country, liable for income and socal security taxes with respect to income which they are obliga-
ted to pay income or social security taxes to the Government of the United States of Americz, for pro-
perty taxes on personal property intended for their own use, or for the payment of any tariff or dury
upon personal or housenold goods brougnt into the cooperating counwy for the personal use of them-
seives and members of their families (not including such persoral or household goods as may de soid
by any such personnel in the cooperanng country) or if any fizm, not normally resident in the cooper-
ating counay, is liable for income, recsipts, or other taxes on work financed by AID hereunder, the
grantee will pay such taxes, tarifi, or duty waless ex:mouau is otherwise pm\nucd by any applicable

“internadonal agreement. = ‘ . ‘

J. If funds provided by AID are inroduced into the cooperating country by AID or any public or
private agency for purposes of curying out coligatons of AID hersunder; the Grantee will make such
arrangements as may be necessary sathat such funds shill be convertibie into currency of the coopera-
tng counwy-at the highest rate whick, atihe time the cnuvman is made, is zot un.lawfu.l in the coop-

© CACRZTOUNDY e : s . :

K. AID shall expend funds and casry on Operations pursuant tc this Agreemest only in accordance
with the 2ppiicable Iaws and rszulitions of the United States Government.

L. The’two pardes-shall have the right it any time to observe operations carried out.undes this.
Agresment. Zither party dusing the term.of the Project and ior thres vears after the canmicuon of
the Project shall further have wte rignt (1) to examine any property procured through &nam:ng by '
that party under this Agreement, wherever such property is located, and (2) to inspect and audit .
any records and accounts with respect to funds provided by, or any properties and contracs sevices
procured ihrougn 'ma.nczng by, that pasTv under this -\g-rc.mcm, wherever such records may de lo- i
cated and maintained. Each party, in a.rmgmg for any disposition of any property procur:d ;
through financing by the other party under this Azresment, shall assure that the rights of examina- rr:
tion, inspection and audit described in the preceding sentence are reserved to the party which did .

the financog.
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M. AID and the Grantee shall each furnish the other with such information 2s mav be needed 10
determine the nature and scope of operations uader this Agrezment and to evaluate the cffective-

ness of such operations.

N. The present Agreement shall enter into forcs when signed. Zither party may lerminate this
Agreement by giving the other garty tirty (30) days writtea noties of intention to terminate it.
Termination of this Agresment siall terminate any oblizations of the two parties 10 make contribu-
dons pursuant 1o 3locks 3 and £ of this Agresment, except for payments wnich they are committed
to make purstant 10 noncancziizbie commitments entzrad into with third parties prior o the ter-
mination of the Agresment. 1i s expressly undersiood thar the obligations under paragrapa H relat-
ing to the use of property or funds shali remain in force after such termination. In additon, upon
such terminagon AID mav, at AID's expense, direct that title to zoods {inancsad under the Grant be
transferred to AID if che goods are from a source outside the Grantes's countcy, are in a deliverable
state and have not been offloaded in ports of entry of the Grantee's country.

O. To assist in the implementadon of the Zroject, AID, from time to time, may issue PILs that will
furmisn additonal informaron about rmarters stated in this Agriement. The parties may also use
jointdy agresd-upon PILs to condrm and record their mutual undersianding on aspects of the im-

plementation of this Agreement.

P. The Grantee agrees, upon request, to execute an assignment to AID of anv cause of action
wiich mav acaue o the Grantes in connection with or arising out of the conrraciual performance
or breach of performancs oV a party to a direct US. Dollar contract with AID financed in whaole or
in part out of funds granted by AID under this Agreement.
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ANNEX C
TECHNICAL CONSIDERATIONS QF PHOTOVOLTAICS

Although the physical phenomenon of photovoltaics (PV) was
discovered in 1839, the applicaticn of this knowledge and the
development of PV systems for generating electricity from the sun
(solar cells) were not systematically pursued until the advent of
the space programs. Since 1958, when solar cells were first used
to provide electric power on the earliest U.S. satellites, PV
systems have been used on nearly every spacecraft flown by the
U.S. and other countries. As space technology, photovoltaics are
well known, proven and accepted as the cechnology of choice for
many missions.

For cerrestial applicacions, PV systems have not been so widely
accepted. Several factors account for this, primcipally cost.
The initial space applicatioms placed a premium on performance.
Since the elesctric power system was but a small part of the full
satellite syscem, its cost was not nearly so important as the
performance, reliability and appropriateness for the mission.
Since PV systems sacisfied the last three criteria, the high cost
of the technology was justifiable. Also, the '"onme-of-a-kind"
approach used in space systems means that mass production of com-
ponents specifically for space use has not been necessary. As a
result, cost-cutting practices in common use in more commercial
sectors were not. imitially established for PV systems and
components.

Terrestial applications of PV systems began as early as 1959
wicth their use in rural telephone systems in the U.S. A.I.D.
funded the construztion and cesting of a ?V-powered fishing boat
in 1962. These and other experimental efforts provided important
inicial information about terrestial use of the techmology. 1In
1970 NASA/LeRC began to install PV systems for U.S. agencies such
as the rorest Service and the Coast Guard. This work was increased
when the "oil crisis' of 1973 focused the world's attention on the
need to find altermatives to oil and funding for terrestial appli-
cations of pbotovoltaics was provided by a series of Federal
agencies as they sequentially assumed the leaderships in energy
technology development - NSF, ERDA and DOE.

A photovoltaic system works as follows: Light strikes a PV
cell and produces electric charges that are free to flow in a-:
electric circuit. This electric current can be used immediately
or stayred for later use. A typical photovoltaic system includes
the PV cells wired and packaged as modules, the structure to
support the modules, switches and other electric currant concrol
devices, wiring, a battery to store electricity for later use (if
desired) and other equipment. A system is designed to meet a
specific requirement and can include any number of mcdules and
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batteries. The modular nature of the technnlogy is a prime attri-
bute - the number of modules can be matched :o the amount of
electric power required, the capacity of the battery storage can
be matched to the time profile of the electricity demand.

cost

There are numerous materials which exhibit the photovoltaic
effect. Commercially available PV modules all use the same mater-
ial, silicon, which was initially developed for the space program.
As figure C-l indicates, the cost of these modules has been con-
tinuallv decreasing as production levels have increased. Current
PV module prices range $10 to $15 per peak watt. Continued cost
reductions are expected: they will be due to greater use of auto-
mated poroduction techniques and to future use of materials other
than silicon as these materials and processes are turther
developed.

At the current cost level, the PV module represents about 40%
to 30% of the total system cost, the remaining being termed the
balance of system (BOS). As additional system expeience is
accrued, it is expected that some of the components of BOS cost
such as design engineering can be virtually eliminated through
system replication. Furthermcre, desigon improvements, reduced PV
module cost and greater use should lead to lower costs of storage
batteries, structures and assembly. To illustrate this, the DQE
program, currently operating with a 3130 million annual budget,
projects a module price of about 350.70/peak watt and a system
price of $1.60 - S2. 60/peak watt by 1986 (in 1980 dollars).

A most important factor im considering photovoltaic costs is
that the techmology, like all solar technologies, trequires nc fuel
input and, therefore, has very low operating costs. However the
initial capital costs are high. The only valid way to calculate
energy costs for photovoltaics is to employ life-cycle costing
techniques which consider imitial capital costs and operatious and
maintenance costs for the life of the system. Using such tech-
niques, an analysis of the cost of energy derived I{rom PV systems
at remote sites indicates cost-competitiveness relative to small
diesel generators, based on today's PV module prices, for cases
whete the price of diesel fuel delivered is $3/gallon. The results
are presented in rigure C-2 which compares the unit cost of elec-
tricity generatad by PV systems and diesel generators. Assumpcions
are noted in the legend.

The results indicate that for applications having an annual
electrical demand of 5,000 kWh or less, the anergy cost LOor a
photovoltaic system is less than for a small diesel/elactric
systam. Pcints of referencz for annual electric demand are the
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Schuchuli Village Projectc, 5,000 kWh/yr. and the Tangaye Village
Project, 3,000 kWh/yr. Within cthe range of annual enerzy use up
to 5,000 kiWh lie many important applications of immediate reslas-
vance to development in rural areas of Third Worlc countries.
Furthermore, over che next several years it may be anticipated
that photovoltaic system costs will continue £o drop steadily.
Thus wicthin a decade it is likely that pnotovolzaics will become
the least expensive and most raliable source orf many decentralized
electric power applications in the developing world.

Reliepilicy

The reliability of a system Dnust De Caken into account when
determiaing its apprupriateness. When compared to other Cechnolo-
gles, FV systems orfrar a potantially much greater reliability due
to the intrinsic modular natuve of PV technology. With proper
system desizgn, tnhe failure duw to a single system element can be
minimized by assuring thac there are several =lements that operate
in parallel to maintain system periormance in cChe avent of a com-
ponent failure. Thus aven though individual modules might fail,
the system can scill function. In contrast, primarily mechanical
systems (such as a gasoline engine) ara critically dependentc on
numerous components (such as a carborator), the failurs of any one
of which will prevent tne operation of the system.

The reliability of PV syscems IoT space uses has been proven
Oy the results of the twenty year space program. FoOrC carcvestial
applications, NASA/LeRC has the greatest =xparience with twency
system inscallations in the U.S. and oversess since 13748, OQOpera-
tional experience to date with these systems, that on the average
have been operating for chree years wirh =Jo obvious limir on che
total life of system, indicates the following concsrning celi-
abilicy.

Modules - of a total of 2,000 modulss iascalled, approxi-
macely 1,700 modules (consisting of units from three differant
U.S. manufacturers) evidenced less chan L% failures. The remaining
300 modules (consisting of one manufacturars's units of a single
mogel type) exhibitad 20% failures within the firsc 13 montchs of
operation. Failure of these latter modules resulted from fatigue
cracking of the c2ll electrical interconnections induced by thermal
stress, apparently due to an inappropriate choice of moduls sub-
strats material. It may be noteaq chat for thr Iwo PV systems (the
Schuchuli and Tangaye, Upper Vol:ta, Village ?ower Sysctems), wbich
contained tnese 300 design derficient modules, thers was no 4brupt
intertuption of power. The systems conCinued O cperats a5 moqule
failures accumulated over an l8-month perioca, nowbeit with a pro-
gressively diminisheq overall enmergy outpuc. Full system opera-
tional ouctput was restored oy replacement of failed modules.
rurcher datails of the Upper Volca experience atre given below.



ANNEX C
Page &4 of 7

Other compconents - The majority of the systems deployed
did not exhibit any component problems. Minor, readily remedied
component malfunctions or design preblems (=2.g., voltage regulator,
refrigerator compressor motor) were axperienced with seven of the
systems.

Pcwer system reliability is strongly dependent on system design
and the proper selection and assembly of tne components, i.e.,
modules, oacceries, controls, regulacors, struccurs and wiring.
In general operating experience rrom the variety of geograpnically
dispersea applications indicates excellent system reliabilicy.
Qutage tates for photovoltaic systems ara generally lower than for
U.3. cencral scation electric utility power considerably lower
than Iotr electric utilicy power in many developing countries.

NASA/LaRC Experience

The Lawis Research Center has been NASA's Lead Center for
space photovoltaic technology since the early 1960's. Beginning
e .
1n early 1970, LeRC, as part of NASA's policy to apply space tech-
nology to other needs, began designing, building and deploying
small terrestrial PV systems for the U.S. Forest Service, Coast
Guard and ocher agencies. In early 1976, LeRC installed two
systems in [ndia as part of the Satellite Inscructional Televisionm
Experiment, a collaborative USG-India project involving transmit-
ting =ducacional TV programs using the ATS-6 satellite. However,
until the mid-70's, mearly all PV arrays commercially produced in
the U.S. were used {or space applications. At about thart time, a
national terrestrial PV program was initiated, funded first by the
National Science Foundation and then the Energy Research and
Development Administration which became the DOE. LeRC was iatially
assignea the Tests and Applicacions Project involving technology
devefopmenc and Jowestic market development of PV stand-alone (no
backup power) systems. Sine the terrestrial PV industry was in
its inrfancy at chat time, DOE employed a seriss of ""block buys' of
PV modules to stimulare production ana thereby decrease cosc.

LeRC used some orf these modules for demonstration projects. Again,
because of limitag industrial capability to develop PV systems at
the time, LeRC employed in-nouse personnel and local contractors

in designing, facricating, testing and installing PV systems for a
variety of potential users, mostly governmencal agencies, in the
U.S. Much of tpe design work developed at LeRC during this period
bas been or is being transferred to cthe emerging PV syscems
industry. A orief summary of the LeRC experisnce with DOE and AID
PV systems to date is given below.

Under the DOE Project, LeRC has deployed some 20 systems
mostly singls function experiments such as communication or refri-
geracion, ranging from Hawaii to Maine and from Alaska to the
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Florida Keys. The most significant experiment to date, ncowever,

is the world's first village PV power systam in the Papago Inaian
Village of Schuchuli, Arizoma. This 3.3 kW peak, 120 volt DC
system, which bDecame operational on December 15, 1373, provides

the 95 villagers with electrical power for potable water pumping
(for domescic use and iivestock), lighbts in the homes and communicCy
buildings, family refrigeracors, a communal washing nachine and a
sewing machine. The system to date has performed continuously
except for several orief outages caused by control syszsm zmaliunc-

tions which have been subsequently zorrectad. Another signilicant
mulci-function experiment deployed by LeRC involves two fire look-
out towers in northern California operated by the U.S. Forest

Service. The 294 watt peak PV systems at these siCes esach power a
watar pump, refrigerator, lights and a 2-way radio. Both systems
have been operating satisfactorily since they became operational
in Qctober 1975.

Under U.S. AID sponsorship, a PV system powering a zrain mill
and a watsar pump wWas iaostalled, under LeRC management, in the West
Africa village of Tangaye, Upper Volcta and became operatiocnal on
March 1, 1979, The Ll.8kWp, 120V DC system supplies DC electrical
power to a grain grinder and a water pump. A cooperative bhas been
formed by the villagers of Tangaye to manage the mill. About 60
village families invested in che entecprise. Charges for milling
are sec Dy the cooperative and are competitive wiZh ccmmerrial
mills in cthe regiom. Proceeds from membersaip and milling are
used Co pay two full-time millers and to accumulate funds for
spare parcs and repairs. Addicional profics are distribuced to
cooperacive members. The water pump provides up to 13,000 liters
Of water per day for domestic and stock use. The water is avail-
able to all villagers free of charge.

As oL QOctober 12, 1980, the systam in Upper Volta had been
operational 96 percent of the time (i.e., 567 out of 391 days).
3ecause of xmechanical problems encountered with the burr @;ill,
inscalled inizially, only a hammer mill was subsequently installed
to replace it. As a resultc of the problems with the original
@ill, the grain mill has been cperational only 89 percent of the
Cime.

A summary of the data for water pumping and grain grinding is
given in Tizures C-3 and C-4. It can be seen that water consump-
tion has followed a seasonal pattern to some degree, the maximua
use occuring at the heignht of tne dry season in March-April. The
toctal amount of watar pumped as of October 12, 1930 is 4,523,000
liters covering 3,700 hours of pumping. During a racent visic to
Tangaye in December 1980, LeRC personnel wera told by an elder
that the villagers no longer get sick Itom drinking the wacer from
tne well (since the well was covered following installation of che

3]
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pump). This perception of the health advantages ¢l pumped wacer
is evidently recenc, not noted in Dr. Robert's Iinal avaluation
study conducted in cthe summer of 1380 (2). The consumption Of
ground grain, shown in Figure C-4, indicates several peaxs and
valleys due to occasional mechanical problems with the burrt aill
and the failure oI some of the 2V moqulas that began to occur iIn
mid to late 1530. The failure involves fatigue cracking or the
mectallic intarconnects between the solar cells in the specific 2V
modules manufactured by the Solazex Corporation that were used ip
the projecct.

The operation of the village system in Tangaye has been main-
tained by the effective coordination among several peopla and
organizations. NASA personnel themselves directad the initial
installation of the system (February 13793) and the replacsment of
the grain mill (Sepcember 1979). Since that time NASA technicians
did noc visit the village. NASA/LeRC did however monitor the
performance of the system and respond to the identirfication of
problems by cabling instructions to personnel in USAID and through
them co the village. The USAID personnel included an agricultural
officer (project manager) and a Peaca Corps Volunteer wno nhad a
college degree in physics. These two undertcok necessary steps (o
maintain the systam operacion. The daily operation of the system
was the responsibilicy of an Upper Volta nacive of a nearhy
village; he was principally responsible for identifying a problem
and, on the basis of instructions from USAID personnel, for carrty-
ing out the specific sceps needed to correct it. It should be
noted that only the NASA personnel nad had any 2xperisnce with
photovoltaic systams before the Upper Volta system was installed.

5}

essons Learnec Twom Tarly PV Experiments

3

Experisnce with the Schuchuli, Arizoma and Tangaye, Upper
Volta systems has confirmec the need Zor simple, low maintenance
system components and locad devices. For both systems, automatic
controls were inicially installed to limit the usage of the systems
(to prevent depletion of the storage batteries under certain con-
dicioms). It was found that these timer-type controls wer=a an
unnecessary complication which, with proper education and trainiag
of the user, could be eliminated. [urthermore, elactromechanical
control systems for regulating charge currents, used initcially for
lack orf other suitable commercially availabla controls, were also
found to be ctoublescme in Upper Volta. (¥Yet a similar concrol in
Schucnuli, Arizona has operatad flawlessly for over two years.)
For the Tangaye systam, this unit was replaced with a more rali-
able solid state control. Load devices such as che origzinal burr
pill in Tangayes and custom made refrigerators f{or Schuchuli nave
also experiencea occasional probleams. Again this emphasizes the
importance of selecting simple, reliable and yet energy-conservative
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load devices for remote PV applications. It is interesting to
note that field experiance, esvecially that at Tangays, has pro-
vided information on PV system and load device cperation and
maintenance that would be virtually impossible to zenerate via a
controlled experiment in the States. It should also be pointed
out chat the failure of some of the PV modules due o the previ-
ously menticned design deficiency is peculiar to che specific
Solarex modulas (9200J) and has not cccured in orher projects
where diffarent modules are or were usad.

The Upper Yolta project nas aemonstrated the need for a
capabilicy to provide technical advice and service to field
systams, 1t has also shown that the actual steps fo be taken can
usually be undertaken by someone with minimal technical experi-
ence in zeneral and Iamiliarity with photowvoltaics in particular.
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PHOTOVOLTAIC AND DIESEL ENERGY COST COMPARISONS ASSUMPTIONS

_IMSII

® 20 AR \IfE
o $3/CALLON TIRST YEAR TRL COSI
© 4 hVA DICSTE ¥R

* MIG APPROVED MAINTENANCE SOROWE;
$1071R TADNR CHARGE

e 7% RUAL TUTL ESCMANON
e 15T DISCOUNT RATT

Figure C-2

\l‘)ﬂﬁ oestt

FIRTOVOUIAICS

o 20 YIAR LHi¢

o | 6RMIt ANNUN ENTRGY OUIPUT
PIAK TYATT

¢ 15% DSCIUNE RATE

500 1980 DIESTL

SOINKIRAY ARIZONA

*

Qs

HAMMAM DINHIA TUNISIA

aom

T
4CU 11. REFRIGERAIOR

ENERGY COST,
$/KWh (1980 DOLLARS)

joo

200 R

- - - —mememe el - —————e

5000 10000 1500
ANNUAL ELECTRICAL ENERGY CONSUMPTION, KWh/p



Ticure C-2a
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Figure C-4
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ANNEX D

Organizacion Charts

NASA - AID Relationship

An organizational chart showing general and functionmal rela-
tionshipc relative to NASA's support of the AID PV Development
and Support Program is shown in Figure D-1. NASA Headquarters
coordinates with AID's Bureau for Program and Management Services,
Qffice of Contract Management (SER/CM) in formalizing and periodi-
cally amending the Participating Agency Services Agreement (PASA).
NASA LeRC, as project implementer, receives programmatic airection
from DS/EY and issues progress and management reports CO appro-
priate offices inm aID, DOE and NASA. LeRC atfter securing DS/EY
approval typically deals directly with AID Missions, bost country
governments and PVOs in developing specific projects and then
contracts with industry and/or awards grants to universities for
the necessary goods and services.
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DOE Natiomal PV Program

The major organizational elements of DOE's Natiomal PV
Program are shown in Figure D-2. The Jet Propulsion Laboratory
(JPL) in Pasadena, cperated for NASA bty the University of
California, serves as Lead Center for DOE. The program consists
of an advanced R&D acctivity, a Low Cost Solar Array Project, and
four Application Projects. NASA LeRC manages the Remote Stand
Alone/Incernational Applicatioms Project.



AMNEX D-2

MAJOR PROJECT ELEMENTS AND IMPLEMENTERS
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SERI : Solar Energy Research Laboratory
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NASA Lewis Research Canter

The orgzanization of NASA LeRC's upper level management is
shown in Figure D-3. The Energy Directcrate consists of three
divisions which manage a variety of projects for the DOE. The PV
projects managed for AID and DOE are in the Solar and Electro-
chemistry Division. The itvoject level orgnaizations and personnel
of the Terrestrial PV Projects Branch are given in Figure D-4
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ANNEX E
Profile of NASA/LeRC Staff

The Development of Support Project Office at LeRC is managed
by Wiltiam J. Bifano and consists of three professionals who
serve as project managers. Project engineers from the PV
Applications Section are assigned as needed to AID projects.
Brief resumes of D&S Qffice personnel and project enginesers
currently working on AID activities are given below:

William J. Bifano, manager of the D&S Project Office, has
served as project manager for both the Schuchule, Arizona and
Tangaye, Upper Volta PV Projects. He has participated in TDY's
to Ecuador, Peru and Kenya in support of the D&S Projecrt. He
bolds a B.S. 2nd M.S. degree in physics and has been with LeRC
since 1962.

Larry Scudder assists in managing the D&S Project QOffice,
currently serves as AID project manager for the Tunisia Renewable
Energy Project, funded by the Near East 3ureau, the Upper Volta
PV Project, and is in the process of initiating a PV project with
AID/Egypt, also to be funded by the Near East Bureau. He has
participated in TDY's in Upper Volta, Tunisia, Egypt, Nigeria and
Camerocon in support of AID and DOE projects. He received an A.B.
degree (wit:k bonors) in 1960 and has been with LeRC since 1962.

He has some familiarity with French.

Stan Marsik serves as AID project manager for PV medical
applications. He previously served as project manager for the
DOE 2V Endurance Test project, involving the deployment of PV
modulas at a variety of sites in the U.S. He is fluent in both
Czech and Seovak, passabls in Russian and has some familiarity
with German, Italian and French. He bas visited' Guyana, Jamaica,
Zaire, Kenya and Zimbabwe in support of the D&S Project. He
holds a B.S. in physics and bas been with LeRC since 19635.

Fred Simon serves as AID project manager for FV education/
communication applicacions and assists with PV medical
applications. He is fluent in Spanish and has visited Ecuador
and Peru in support of the D&S Project. He bolds a B.S. and M.S.
degree in Chemical Engineering and bas been with L2RC since 1962,

Tony Ratajezak is head of the PV Applications Section. He
directed Implementation of both the Schuchuli and Tangaye
Projects and currently supervises nine engineers tesponsible for
both AID and DOE projects. He is also a consulrcant to the Solar
Energy Reseacch Institute and the United Natioms in the area of
PV. He nolds a B.E.E. degree (electrical engineering) and bhas
been with LeRC since 1962. He has some familiarity with French
and has visited EZcuador, Egypt, Gabon, Senegal, Upper Volta,
Italy and Tunisia in support of AID and DOE PV projects.
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Oscar Gonzalez servaes as project engineer for PV educacion/
communication activities and supports medical applications in
Spanish speaking countries. He was a member of the site
inspection team in Ecuadotr. He bolds a 3.S. degree in electrical
engineering (E.Z.) and has been with LeRC since 1977. A native
of Puerto Rico, he is rluent in Spanish.

Dick Delombard serves as project engineer for PV medical
application projects. He was actively involved in the design and
deployment of both the Schuchuli, AZ and Tangaye, U.V. systems.
Ye has visited Upper Volta, (enya and Zimbabwe in suppotrt of the
AID project. He nolds a B.S. and M.S. degree in E.E., Das some
familiarity wich French and has been with LeRC since 1977.

Jim Martz serves as project engineer for both the Tangaye,
U.V. angd Tdnisia Renewable Epergy Projects. ile holds a B.S.
degree in chemical 2nginering and has been with LeRC since 1957.
He has visited both Upper Volta and Tunisia. He has some
familiarity with French.

Ron Cull serves as project manager for the PV Systems Test
Facility at LeRC. He was actively involved in the desigi and
testing of both the Schuchuli and Tangaye PV systems. He hold s
a B.S. and M.S. io E.E. and is currently working on his
dissertation for a Ph.D. in E.E. He is a nationally recognized
expert in the design of controls and instrumentation for PV
systems. He has been with LeRC since 1966.

Gay Morgan, currently working for AID/UV under contract, will
be orier=a a position with LeRC as an AID project manager ino the
D&S Project Qffice. Ms. Morgan has also served in the Peace
Corps. For the past two years she has supported the training and
monitoring efforts associated with the Tangaye PV system. She
holds a 3.S5. degrse in physics from the University of Colorado,
is fluent in French and can communicate in several Airican
languages.



ANNEX 7
PROGRAM BUDGET

The PV Development and Support Project represents a five-year,
$9.75 million activity involving a series of non-¢ ntry specific
demonstration projects. Such projects are planned .or each of four
application categories, (viz., bealth, education/communication,
water pumping and food processing and preservation). A budget
breakdown is ziven below for: 1) a typical demonstration project
for a given applicacion, 2) system replication costs including
projected foreign exchange costs, 3) the $2.5 millionm autborization
for ¥Y 79/80, and 4) the planned authorizatiom for FY 81l.

FE-1 - Typical vV Demonstration Budget Breakdown

Tne procurement strategy being used by NASA LeRC for each AID
application category involves a '"mass buy™ approach wherein a
so-called '"standard PV system' design is developed and a number of
replicate systems are fabricated, shipped and installed at predeter-
mined sites in developing countries. Those costs associated with
one-time design/engineering activities are viewed as non-recurring
costs, while those associated wich materials, labor, shipping and
travel are recurring costs which must be borne for each demonstra-
tion project. (Ovperations costs involving such activities as moni-
toring oL system operation and reporting are considered separately.
For purposes of illustration, cost estimates associated with the PV
medical applications are presented below:

PRELIMINARY CONTRACT COST ACCOUNT ESTIMATES ASSOCIATED WITH DESIGN,
DEVELOPMENT, DEPLOTMENT OF A FAMILY OF EXPERIMENTAL PV SYSTEMS
(END OI 1980 DOLLARS)

Baseline System: Artay = 1.8 kWp (28 C); 120 VDC Battery - 350 AH
(42 kWhr)
Insolation: 390 langleys/day

l. Nonrecurring cCosts

1.0 Design (Labor)

1.1 Engineering (1050 hrs @ $16-20/br) $18.0K
1.2 Drawings (lK/dwg X 8 dwg) 8.0
1.3 Failure Modes/Effects (200 hrs @ $l6/hr) 3.2
1.4 Review (120 hrs @ 3l6/hr) 2.0

Subtotal §31.2
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2.0 R&QA (Labor; 100 hrs @ 3i0/br) L.0K
3.0 Fabrication (Labor; 700 hrs @ $10/hr) 7.0
4.0 Proof of Design Tescing (Labor; 160 brs
@ $10/brt) 1.6
5.0 Operation/Maincenance & Training Manuals
(Labor; 2.3K/manual) 8.0
6.0 Contractor's Project Management (Labor;
250 brs & $25/hrt) 6.0
7.0 Travel 4.0
Subtotal 58.8
Qverhead (130% - 250%) 88.2 - 147
8.0 Materials (Cost + Qverhead) 1.2
Subtotal 148 - 207
G&A (20%) 30 -4l
Subtotal 178 - 243
Contingency (10%) 18 - 25
Profics (1L0% - exclusive of contingency 18 - 25
Total Nonrecurring 214 - 298

IT. Recurting Costs

1.0 Materials
1.0 Array Field
L.1.1 Modules; ll/Wp (28 C, including 5%

spare) X 1.8 kWp $20.8
1.1.2 Frame, Support, Wiring, Signs,
Fencing 4.0
Suttotal 24.8
1.2 Battery (5% Spare, 3150/kWhr) X 42 kWh 6.6

1.2.1 3atcery Racks 0.4
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1.3 Cont:ols & Instrumentation (Hardward
& Spartes)

1.4 Loads and Spares
1.5 Enclosures (Batrery, Controls, etc.)

1.6 Electrical Distribution

1.7 Packaging
1.8 Qverbead (l5%)
| Subtotal

Labor
2.1 Assembly of Arrvay (Factory)

2.2 Controls & Instrumencation (Factory)

2.3 R&QA/Acueptance Testing (Factory - Field;

150 brs. @ $10/br

2.4 Packagicg

2.5 Field Installation & Checkout (Site Prepara-

tion, Array, Bactery, Loads, Enclosure,

Power Distribution; 1360 brs @ Sl6/hr,
$§10/hr, S1l/hro)

2.6 Sice Specific Survey (40 hrs @ Sl6/hr)
2.7 Training (40 brs @ 316/hrt)

2.8 Contractor's Project Management
(260 brs @ 325/hrt)

Overhead (130% - 250%)
Shipping
3.1 Array

3.2 Battery
3.3 Auxiliary Hardware

Supcocal

33.35

55.6

4.0K
4.V
L.0
1.0
2.0
43.8
6.6
50.4

l.4
2.0

l.5
1.0

10.0
L.6
0.6

5.0
22.1

- 55.3
- 77.4

1.2
L.3
0.7
3.2
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Overbead (l5%) 0.5K
Subtotal 3.7
4.0 Travel

4,1 Site Specific Survey 1.4
4.2 TField Installation/Training 10.0
Subtotal 11.4

Overhead (15%) 1.7
Subtotal 13.1

Total (1 - 4) 123 - 145

G&A (20%) 25 - 29
Subtotal 148 - 174

Contingency (10%) 15 - 17

Profics (10% - exclusive of contingency) 15 - 17
Total Recurring Cost 178 - 208

5.0 Operations

5.1 Monicoring/Reporring (320 hrs @ S16/ht) 5.0

5.2 Service (320 brs @ 310/hr) 4.0
5.3 Contractor's Project Management

(64 hrs @ $25/ht) 1.5

5.4 Travel 11.0

Subtotal 21.5

Overhead (100%) 21.5

Subtotal 43.0

G&A (20%) 8.6

Subtotal 51.6

Contingency (10%) 5.2

Profit (l0% - exclusive of contingency) 5.2

TOTAL 562.0
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II1. Total System Cost

A. Nonrecurring Cost

(Independent of number of systems) 214 - 298
c. Recurring Cost

(For each system) 178 - 208
C. Total System Cost §392 - 506
D. QOperacions $62 K

E-2 - System Replication Costs

Once a design has been established and verified as being
suitable for a given application, replication is expected to
follow. For such replications, the costs can be divided into
foreign exchange (U.S supplied goods and services) and local
costs (indigenous labor and materials). PV modules, electronic
peripnerals and, at least initially, bactery storage would fall
in the former category, while structure, wiring, site preparation
and maintenance azd service would represent local costs. Since
developing country officials are quite concerned about total
dependency on outside sources of energy (whether conventional or
alcernative renewable types), the use of local labor and materials
will be encouraged so as to minimize foreign exchange costs.

The estimated replication costs for PV medical systems
assuming today's PV module cost, are given below in terms of
foreign exchange (FX) costs and local costs (LC):

FX
PV Array (Sll/Wp X 1800 Wp) $20k
Balance of System (battery/electronics 17
Packaging 2
QOverhead 6
Shipping 4
FX Subtotal F13°)'d
LC
Frames & Supports S 4K
Sice Survey 2
Installation/Checkout 10
Assembly 6
LC Subtotal 27
Total S§71K

Foreign exchange costs projected for the near future (i.e., by
mid-1980's) when PV aodule prices are projected to drop to less
than $3/Wp, ars as follows:
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ta
PV Artay ($3/Wp X 1800 Wp) $ 5.4K
Qther 29
FX Subtenal $34.,4K

Assuming local manufacture of electronic components, battery
storage and construction materials, well within the capability
of many developing countries, FX costs could decrease further
as follows:

FX

PV Array $ 5.4K

Packaging 2.0

Overhead 2.2

Shipping 2.0
TOTAL $11.6K

Hence, while first costs -are relatively high for PV demon-
straction projects, future costs are projected to decrease
significantly due to lower PV module costs (through increased
production and techoology development) and lower foreign
exchange costs (as the host countries begin to assume more of
the non-PV related costs, i.e., through the use of indigenous
labor and materials).

E-3 - Y 79/80 PVDSP Authorization

Total commitments (actual and projected) relative to the
PVDSP for the period September 1, 1979 to March 31, 1981 are
given below:

TOTAL
ACTIVITY COMMITMENTS
Project Management (In-house) $ 590K
Manpower 500
Travel, 75
DCAS (Cont. Administration) 13
Planning and Studies (Contracts) 62
Medical sucvey 12
Educacion/Comm. Definition Study 50
Field Test Support (Contracts) 93
Catalog or Medical tquipment 43

Load Test & Evaluation 50
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Medical Apolicatioans 1,600
Medical Systems ror 5 Rural Clinics 1,450
Medical Rerrigerators 150
Training and Information S0
Other 105
Management Support (Contract) 75
Upper Volta (In-house) 30
TOTAL $2,500K

E-4 - Plans for FY 3l

An estimate fot the PVDSP budget breakdown for FY 81 is
given below assuming funding levels of $1M and $2M. As indi-
cated the bulk of the funding has been allocated for education/
communication application projects.

éQTIVITY : $IM (FY 81) $2M (FY 81)
Project Management

“Manpower o X 30K $ 300K § 300K

Travel 30
Planning & Studies

Next Appl. Category aQ 100
Field Test Support | 0] 50
Applications

PV Medical-add Zaire 150 150

Communication Satellites* 200 400

Education Applicactions (1) 250 (3) 750
Training & Information 70 200
TOTAL $1,000 $2,000

*Support of AID DS/EY Rural Satellite Project(s)
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