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I. RECOMMENDATIONS 

The conclwsio~s and recommendatio~s related to specific 
topics are presented in the relevant section of the re?ort. How­
ever to summarize th~ reoort, the recommendations are reoeated 
here. Based on the on-site visit to a~d briefing at ~AS~/Lewis 
Research Center, the discussion presented ~n th~ report and the 
conclusiC'ns reached by the evaluation Ceam, it 13 recommended that: 

- the Photovoltaic Development and Support ?!'og-ram (PVDS'c') 
continue to support health delivery. ~ew health activities 
should emphasize cOllllD.unication needs or r'Jral health 
programs; 

new efforts be initiated in communicatio~s and education 
delivery programs; 

efforts be ~ade to include activities in other Geo­
grapbical. ~egions besides Africa and Latin America; 

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

- for planning purposes, ?VDSP operate ',;lith a two-year 
planning budget subject to annual funding authorization. 

- DS/E¥ continue its prinCipal role as funding agenc and 
progr~ ~anager of the PVDSP and as coordinator of AID's 
involvemenc ~itb DOE and ~ASA concerning photovoltaics; 

- as ~ractical and appropriate, direct management of the 
individual 5ubpr02ects be :onduc:eci by an AID officer 
responsible Eor the development ?rogram in which the 
photovo~tai':: technology will be used. Tbis will assure 
ch~c technology application concerns a~~ ?roperly related 
to the broader sociuleconomic development goals of AID. 

AID carefully eval~ate 'life cycle' casts of energy 
alternati~es in its development projects; 

where appropriate AID increase its use of pbotovoltaic 
technology in :ural areas; 

continued ~ttention be given :0 careful ~onitoring or 
fj~ld applicacions of the technology so as to demonstrate 
whether or cot che technolJgy is a cost-effective approach 
to providing che energy needed :or the application. 
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II. BACKGROUND 

Since lSi5 A I.D. has been encouraged Jy Congress to under­
take in~ovative, maginative programs of energy assistance to 
developing ~ountr es. In 1978 particular emphasis ~as placed on 
renewable energy sources and technologies. Special attention ~as 
to be shen t.J che use of such energy sysce!Ils i:1 A.1.J.'s rural 
development ei~or:s. Juri~g these years, aut~orizing ~egislation 
~as repeatedly s:ressed coordination ~ith the Depart~ent of Energy 
(and its :;,-redecessor. agencies). ?botavoltaic (?V) technology has 
f=equent~! ~een :ited jy Congress as a speciEic tec~nology chat 
A. I.D. shouLd 3P?ly in its ieveiopmenc programs. 

It ~as in this context that A.r.O. in i975 initiated a pro­
ject i~ an African village (Tangaye, Upper Volta) in which photo­
voltaic technology was used to pump water and grind grain. Funded 
jointly Jy USAIDiUpper Volta and AID/W (TA/OST, project cransferred 
co DS!EY upon tje creation of the offi:e), the oroiecc had several 
separate ?~.H"?oses. ''';ith regard co poocovol:aic' cechnology, its 
pur.pose '..;as to demonstrate that the technology coul.d provide reli­
abl~ electric cower in remot~ areas for ~ul:iple uses and that 
such ?V systems could he operated and ~aincai;~d ':Jy peeple w th 
li~i:ed :ec~ni=al backst8ppi~g. This ~ffort has re~ei~ed ~uch 
public icy and ies results have been '.-tell documented (::<.efs 1... 2, 3). 
Even t~eugh it is a first-generation demonstration system, i: has 
been o~era=ional 96 per cen~ of che time; although technical 
?rob1ems ',ave ar~sen, they have been solved with a ~iLlimum of 
outside in~ervention. Experience with this initial application 
has ~emonstrated that, while technical backstopping is i~portant, 
an on-site ?resence is noc needed. Rather, necessary instructions 
can Je sent t8 t~e application site and followed by the local 
personnel.. 

1:1e ?~otovol.c-:3.ic Development and Supporc ?:-ogram (?VDSP) 
builds upon t~e e~perience gained in ~he Tangaye project. Having 
demonstrated that the cechnology can be used by local personnel, 
the next step :s co apply the :echnology to cosc-effecrive appli­
cations. 7he ?~~SP i~corporates a strace.gic approach co selecting 
the appropriate application se~cors, demonstrating the use of PV 
technolcg1 ~ithi~ chese sectors and identifying che opportunities 
for possib:e replication of the demonstrati~ns. 

Th e act i '1 i : i e'i 0 £ ? VD S ? are = e a n C t 0 stUn u 1 ate a g rea t e r use 
of photovoltaics in international development efforts. This goal 
:eflects t~o themes: (2.) cne confidence chat ?V technology is 
the best technology for certain socio/economi~ development appli­
caciJns a~d (2) the desire to succor: the efforts of the US 
Government a~d che ~rivace sect8(·~J increase i~ti:~acional dccli­
':acions of ?~I tec;,nolog? dnd ~:<?orts of Amedcan-alade ?roducts: 
(T~i.s Jo:'nc :'s disc'.Jssed :'J:i:."ler i;) S~ccion :V.) As eX'Jlained in 
Annex ~, a ?MocovcLcai: syst~!Il usually includ~s several ~omponents: 
the ?Mo~oval:ai= modules, oac:~r7 storage, :ont:ol devices, support 
st:uccu:es and ~iscellaneous ot~er ~quipmen~. ~uch actention has 
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been given to the need for further research to reduce the cost of 
the photovoltaic module in order to make the t~chnology cost­
effective for general US applications. This work will go forward 
and expectations are high that technology advances ~ill lead to 
reduced cost and a greater number ot cost-effective applications. 
However, it is recognized chat there are numerous :ost-effecti~e 
applications for the existing technoLogy, especially in rural 
areas of developing count:ies ~here electric power is available 
only at high cost (Ref 4). The title or the Photovoltaic 
Development and Support Program is ~eanc to convey that AID is 
financin~ - noe cec~nology development - ~ut rather development of 
applications of a.dsting technology to pr:JgralIls of sociu/ 
economic progress and tne necessary technical support for those 
applicat ions. 

Since the goal of ?VDSP is a greater use of pnotovoltaics in 
soci 0 / econolIli:: developmen t progr aIDS, an ir.al?ortant e lemenc 0 f the 
activities is the info~ation chat potential users will need in 
order to make infoned decisions. This. information need must be 
kept fi~ly in ~ind as the project demonserations are planned and 
implemented and the results are promulgated. In this way the 
PVDSP activicies ·..;ill lead more directly and i.'!llD.ediately to repli­
cation of the efforts by other development agents and agencies. 

Appropriate though the technology may seem to be, ?rogram 
planners and managers of development efforts will noe be certain 
of the suitabilicy or pbotovoltaics to their programs until mucb 
more info~ation has been obtained on the actual ~~rfor~ance 0: 
tbe teChnology in actllal development act i vi ties. Th is need to be 
convinced is altogether proper. Conse<1uently, it is very impor­
tant that a program of carefully ~onito!'ed applications be ;:Jul.'sued 
in order to ?rovide. i.:lportant inror:::la.tion related :0 system co':t, 
operational performance, ~aintenance requirements, ability of 
local personnel to operate and mai~tai~ the system, availabili~v 
of system com~onents in 20untry and possibility of replicating :he 
system in 3i~ilar applications. 

Several factors that ar~ involved in deter~ining appropriate 
areas of interest are as follows: the application should involve 
the use of ~lectric power for priority development programs; small 
amounts of ~l=ctri= power should be needed; the. current price paid 
per unit of elect~ic power should be high; an i~plementation agenc 
should ~e ~asily identified; and possible r=plicators of the 
activity s~ould be identified in advance and their inror:::lation 
needs know~. 

The PIJ for the PVDS? was develooed in December 19i8 and 
approved i~ February 1979. The Project Paper ~as prepared in the 
Spring 1979. The project ~as designed as a five year SlO million 
program co be implemented by National Aeronautics and Space Admin­
ist: :oat ion's (:.rASA), Lewis Research Center, (LeRC) in coord inat ion 
Mitn the Depart~ent of Energy. Five application sectors were 
ident:ified in the project: paper: healtb delivery, education 
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delivery, cOlIlIIlunications, 'Nater pUI:lping, and food ?r~ces$i:"lg anc 
preservation. It was expected that the first application area 
would be basic health delivery. The program ',.;ould Je f'Jliy funded 
by A.I.D. and implemented for A.I.D. by ~ASA/LeRC. ~ASAiLeRC had 
already been identified as t~e principal implementor of DOE-funded 
applications of photovoltaics in remote areas. The use or the 
same i:nplemencing agent ,,·;ouLd enhance t:he coorcinat:iol1 and cross­
fertilizacion :,ecween t~e A.I.O. and the OOE-funde~ activici~s. 
In addition, as part of the larger JOE progL . ...1 of phocovol:aic 
research and acciication devel0cment, NASA, LeRC would have access 
to the results"~f DOE-funded wo:k being done by other agents and 
would be able to provide in£or~ation to the DOE program on the 
results and :es30ns lea~ned from :~e A. I.D.-funded effor:s. 

The ~nojecc "Nas approved in July L979 'Nith se'leral :;larifica­
cions to the original projecc paper. In particular, although 
recognizi~g t~e need for a long-ter.n program, the project: approval 
required that funding would be provided on a yearl; ~asi3 and 
funding approval would be concingent upon successful evaluations 
of the st:atus and progress of the project. The initial 52 :nillion 
would 5tress acclications in the rural health sector. Tne first 
:nanagement "evi~w cook ?lace in ~ay 1980 and led to a second fund­
ing of $SOO,uOO to continue t~e health sector ~ork and begin the 
process of idencifyi~g opportunities in the subsequent sector 
(edu,-ation/cornmunications) . 

TIl e f i. r s c f () ala 1 e IJ a 1 u a t ion 0 f the pro j e C t too k p 1 ace 0 n 
December 17, 1980. A ceam of A. I.D. officers visi:ed :1ASA/Lawis 
Research Center in Cle?eland to revi~w the status of the project, 
tour facilities and meet ~lASA personnel. Of this la.:-gel" group cor 
officers, a for~al evaluation team of five members had ~een comcos­
ed in ad'lance. The :nembers of the evaluation team, its comDosition 
and perspecti?e are detailed in Annex A. This report docum~nts 
the findi~gs of that evaluation team. 

The eval~ation team concludes that: 

- photovoltaic technology can potentially ~ake significant 
contributions to internacional developmenc efforts; 

- there is a need to concinue the systemacic field demon­
strations of the tecbnology and the acquiSition of tbe 
ocerational infor~ation needed for in£or~ed decision 
making; 

III. STATUS OF PROJECT ACTIVITIES 

The project ~as initiated in August 1979 tvhen tbe PASA 'tiith 
NASA was signed. This called ror an initial level of ei:ort of 
52,000,000 and a :;oncentration on health delivery applications. 
The ~anagement guidance given ~ASA was to exami~e existing AID 
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health programs, especially i~ Af=ica and Latin America/ 
Caribbean since these t~o Bureaus had pr~viously identiried a 
number of on-going pr~grams where ?otential applications ~ight 
be round. In addition. ~ASA ~as to consider private voluntary 
organizations (?VOs) active i~ health delivery programs in 
developi~g countries. 

The project ' .. ;::is ca i:1c~L,;je C',.;O types of activ:t:ies in each 
sector - l~rger appLicat~ons or ?ilot ?rojects aDd smaller appli­
cations or mini-demonstrations. In the health area, the Jilot 
projects ~ouid ~e ?V systems to prcviie general electric ~ower 
to :l:al health clinics; the smailer act~vities ~ould be demon­
strations of ?V-powered refrigerators fJr use in medical delivery 
pre g r at..: ~, in? are i C i..Il.H' C h est 0 rag ~ 0 f 'J a c : i n e s for i JJ.m u n i z a t ion 
programs ("coiri chain"). 

From the initial review of A.I.D. programs and contacts 
with PVOs, potential applications ~e:e evaluated against selec­
tion criteria and a list oE creferred accivicies was develoced. 
Investigative f:ald trips ~ere initially maGe to Kenya, Zaire, 
Guyana, Peru, and Ecuador. Trips were subsequently made to 
Zimbabwe and Jamaica. Ag~eement in principle was reached for 
pilot projects in ~enya, Guyana and Eucador. (Later Zimbabwe 
was added as a result or the visit or Dr. Frank Press, the 
Dl:~~tor or the P~esident's Office or Science and Technology 
P(Jl icy.) 

During the course or these initial discussions, ic became 
clear that in-country activities should be explicitly described 
and agreed co in country agreements. As a result, Limited Scope 
Grant P~oject Agr~ements ~ere developed for each country. These 
agreements are Signed by USAID and =~e appropriate host ~ount~y 
~inistr7 and spell out the roles and responsibilities of the 
several agencies i~volved - NASA, USAID and the appropriate host 
country organizations. The actual details of implementation are 
defined in subsequent implem~ntation plans developed ~y NASA and 
the host country agec:s. Agreements have been signed ~ith Kenya 
and Guyana. Dr3fc agreements have been developed for Zimbabwe and 
Ecuador and signing or the final agreements is ancipaced in the 
near f'Jture. Annex a contains a summary of the in-~ountry ',.;or:< to 
date and a copy or a typical country agreement (Guyana). 

In general, che agreements are for a :our year sub~rojecc. 
USAID ?rovide~ genera~ liason among the parties involved in the 
agreement - NASA, bost country governmental agency, in-counery 
imple~entQr ani contractors. The host country agency provides the 
site for the application, personnel far operation or the system 
and logistical and administrative support. NASA provides technical 
services and backstopping through the life of the proje:t (NASA 
personnel) and th~ ?V system, related equipment and training of 
host co~ntry personnel (via contracts). 
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In addition to tbe pilot ?rojeccs (g~neral power to rural 
health clini~s), other program activicies have been undertaken. 
These include cataloging medical equipmf::nt suitaole for Pl/-powered 
rural clinics; surveying healch delivery 0rganizacions to deter­
mine equipment needs, electric power needs and costs; reviewing 
educational and communications ~rograms in developi.::lg count:-ies to 
identify opportunities i~ rural education and communications 
programs. 

Although not funded under this project, DSB recently spon­
sored a ~ational Academy or Science Workshop on Two-way Radio 
Communicatior: for Pri.:nary Hea:.th Ser'/ices (jointLy ar"!:"21nged by 
DS/ST, DS/ED and DS/I-iEA). Ie \,las agreed chat che use of t· ... o-t ... ay 
radio communicacion could significanely improve the delivery of 
rural health care; the im?rovements include diagnos~s, treatmen~, 
logistiCS 2Qd supply of medicines, rotation of personnel and 
patient ~nd ~edic morale. For these radio systems, photovoltaics 
was clearly identified as the preferred power source - cheaper 
~han batteries, and more reliable than grid power when grid power 
was available. (Ref. 5). 

The :.tork to date has also included the use of PV-powered 
refrigerators in rural clinics to store me~:ci.::les and 'Iaccines. 
In conjunccion with the Center for Disease Control (and through 
them, the World Health Organization), NASA/LeRC is tes:ing several 
:nodels of such :efrigerators to deter.nine · ... hich will :np.et the 
perfor~ance ~pecifications for medical refrigerators as spelled 
ou~ by the TJHO. This work is r~lated to on-gOing efforts of the 
~~O to improve the storage of vaccines needed in world-wide immuni­
zation programs. DOE funds are used to under~rite NASA's involve­
ment ~ith this work. Based upon suc~essful completion of the 
?erfor~anc~ tasts, NASA/LaRC ~ill procure a Li~i:ed number of 
ac:eotable units for field deconstrations. The ?VDSP Hill fund 
the pur:hase of about ten units and their subsequent field use. 
The DOE-funded qualification tests Hill assure that only models 
thar. :nee!: w110 perfor~ance specifications r ... ill be used in AID-funded 
efforts. 

The bulk of the PVDSP runds Hill be used to purchase system 
hardware, craining and technical services from private contractors. 
~ASA procedures require that the autborization to enter into con­
tracts (and the required funding) be in hand before the contract­
ing procedure is i~itiated (i.e., before the Request :or ?roposal.s 
is issued). There 1.s a significant time lapse bet'Neen the issuance 
of a RFP and the ultimate contract award (perhaps six :Donths or 
longer). Consequently, it is important that AID plans and fur.ds 
for che PVDSP be developed with this required contracting time in 
mind. 

The existing project activities st':ess health deli'Jet'y appli­
cations, in particular clinic power supply and single-purpose 
PV-powered refrigerators. The possi~le usas of photovoltaics in 
bealth delivery are broader than this howevet. Photovoltaic power 
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30u~ces for two way c~mmunications in health deliv~ry are eSge~ial­
If actractive but these power sources ~ould also be appropriat; to 
operate single purpose devices like cassetC~ players and movies or 
slide projectors for health education efforts. !~ general, the 
communication/education sector appears co ~ffer ~any int~restjng 
and relevant opportunities to apply photovoltaic technology. Of 
3pecial interest ~ould be the use of ?V power systems in che AID 
a.ur'il Satellite Program (Ref. 6). The [Jurpose of ehe program is 
to -: Itther rural development by improving celecommunications 
betwe~n rural and urban areas. In ~aIticular it demonstrates the 
effec:ivenes5 and appropriateness or using satellite communication 
syste~3 and small receiving stations in rural areas to achieve 
this l~proved communications. Photovoltaic systems could easily 
be used to meet the ~ower requirements uf the receiving stations 
or to ~ower additior.al transmitters and receivers needed co extend 
the communi:ation link within t~e ser\ice area of the rural 
receiving sration. 

The evaluation team ~oncludes chat: 

the health community'5 interest in photovoltai:s 
~arrant3 continued suppor~ of this application sectori 

- the programs of both PVOs ana AID .;.fissions offe"r 
importanc potentiaL applications of photovoltaics; 

the AID application program offers significant bene­
fit~ tc other US efforts, specifically to DOE programs 
and to the private sector equipment ~anufactures; 

- qualification testing of the equipment to assure that 
it can ~eeC per:or.nance specifications is an important 
el~ment of the program; 

- the use of country-specific agreemencs to dafine roles 
and responsibil:ties of the various agencies ~ill 
assura a proper understanding of the activity and the 
workload imposed; 

It is therefore :ecommended that: 

- the ?VDSP continue to support" healtb delivery. New 
health activities should em~hasize communication ne~ds 
of rural health ?rograms; . 

- new efforts be initiated in communjcations and educa­
tiel delivery prog:a~s; 

- efforts be made to include activi~ies in otber Geo­
graphical Regions besides Africa and Latin America; 

- in-country agreements be used to delineate roles and 
responsibilities except ~her~ a ~l~ar justification 
exists tor another ~echanism; 
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- for planning purposes, PVDSP operate witn a two-year 
planning budget subject to annual funding authori­
zation. 

IV. PROJECT ~NAGEMENT 

A. Institutional Ar~aneements ... 

OSlEY is the AID Technical Office resoonsible for th~ 
overall ~anagement of the PVDSP. This office provides general 
management control over the project-funded zctivities of N~SAI 
LeRC and liason ~ith other elements of AID and outsi~e groups, in 
particular ~ASA;r";ashingt:ln and DOE-The OSlEY project officer 
maintains :ontact ~ith the responsible officer in NASA's Energy 
Systems Division and with the responsible officer in DOE's Photo­
voltaic Office. The linkage witb NASA/Washington assures program 
coordin~tidn and proper NASA institutional oversight of the pro­
ject activity. The linkage with DOE, althougb informal, assures 
proper coordination and maximum cross-fertil,ization of th~ related 
efforts of the two agencies, 

Within AID, OSlEY has serv~d as the focal ooint Ear the 
application of pnotovoltaics and for coordinating AID's use of 
the technology ~itb the DOE program. As specific activities are 
developed under- the PVDSP, AID management of those activities 
(subprojects of P~rosP) generally passes to otber AID entities 
more closely connected to the development assistance effort in 
~hich the PV systems will be used, eg a project manager at USAID 
as specified in tne country-specific agreements. 

The PVDSP Project is implemented for OSlEY by the NASA 
Lewis Research Center (LeRC) in Cleveland, Ohio. LeRC has had a 
substantial research and technology effort in PV devices since 
196J and is the ~ASA Lead Center for space PV technology. LeRC's 
involvement in terrestrial PV systems and applications began in 
1970. Since 1975, they have managed projects for tbe DOE 
(formerly ERDA) involving small-scale PV applications as part of 
tbe National PV Program and have supported AID PV activities 
since 1976. Recently, LeRC has been given responsibility for all 
international PV activities sponsored by th~ DOE exclusive of the 
so-c.alled "bilateral agreement" projects. At present, there are 
a total of about 40 profeSSionals working on PV at LeRC, several 
of who~ are national and international experts in tbeir field. 

Terrestrial PV activities at LaRC reside ~ithin the 
Solar and El~ctro-chemistry Division or the Energy Oireceorate 
(see organization charts in Annex D). A Terrestrial PV Projects 
Branch has ~een established consisting of the Development and 
Support P~oject Of:lce (AID), the Stand-Alone Applications Prc­
ject Oifice (DOE), and the Photovoltaic Applications Section. A 
matrix ~anag~~ent system is used to implement the AID and DOE 
work: project managers assigned to the respective project offices 
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draw upon che ~xpercis~ (project engine~rs) from che PV Applica­
tions Seccion as ne~ded. This arrangemenc allows close coordina­
tion of both AI~ and DO~ PV activities and enables efficient use 
of technical ?ersonnel. The DOE ?V Systems Tesc Facility at LaRC 
is also used to support AID PV projects on a non-interference 
basis. A total equivl1ent of 6 person-years is applied to the 
AID PVDSP annually by LeRC. 

Day-to-day project ~anagemenc is performed Jy LaRC in 
accordance ~it~ approved annual operating plans wi~h appropriate 
oversight by program officers. ~onthly progress repo~ts are 
provided for the :especti?e pr0grams and distributed to appro­
priat~ AID and JOE personnel. 

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

3. NASA Personnel 

The PVDSP Office, managed by f,olilliam J. Bifano, is 
staffed by tt~~e full time project managers who are responsible 
for medical arJo education/communication PV applications and 
country-specific applications such as Tunisia and possibly Egypt. 
As noted earlier, these project: managers work with project engi­
neers from the '2V Applicatjons Sect::' .. Jn. Typically, for- a gi'len 
project, a ~aoageL is assigned a project engineer who charges his 
ti~e, as needed, to that project:. It is not uncommon for project 
engi~eers to be Hor~ing simul:aneously on both AID and DOE pro­
jects. This results in botb an efficient utilization of manpower 
and an effective cross-pollination of ?V activities at the working 
level. 

The qualifications and experience of the LeRC personne_ 
assigned to AID projects are presented in Annex E. 

C. RelationsbiDs of AID ~nd DOE ?~oiects • 

The full DOE program in photovoltaic technology encom­
passes the spect:~um of activities from basic research to commer­
cialization of existing technology. The broad p~ogram goal is to 
?roduc~ a technology Chat will find general cost-effective appli­
cations in che US. r.,; several iIlajor contractors and agents 
invol'led \.Iich tnis complicated and ,:oordinaced program incl:.Jdes 
~ASA/LeRC. The linkages among tha principal organi.zacions are 
illust~ated i~ :he chart in Annex D. As an integral part of the 
DOE p~ogram, LeRC provides information to the otne~ components 
and has access to the :esults of the work or chese other :omoo­
nents. In particular, LeRC has been given the responsiblity' for 
managing the appLication of PV technology to systems that are not 
connected to reliable el.eccric power g-:ids ("Stand Alone" 
Systems). The i:1cent of this r.-lork is to find the largest iIlarket 
for the existi~g cechnology in order to accel~rQ:d tbe commer­
cialization of pnotovoltaics. 
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While different in program oOJectives, the AID and DOE 
activities are similar in demonstrating the a~~:~~abiljty of 
pnotovoltaics to a '1ariety of users. AID is part.~"~.;1rly inter­
ested in applying PV systems to selected socia/economic develop­
~ent programs ~here there is a priority need for electric powee. 
DC£'s interests lie - not in :he type of application - but in the 
number of potential systems that can be ~anufactwred and so~d, 
that is in the commercialization of PV s:rcems. AIJ, in managing 
the PVDSP, s~ecifies the application sectors, the needs and the 
requirements to be ~et by PV systems in ?riority international 
developmen~ efforts. NASA/LeRC, as technical i~plementator of 
~oth the AID appliCation efforts and the DOE commercialization 
~ork, assures appropriate interaction, facili~ates the transfer 
or infor7ilation ana prevents duplication or effort in the t'No 
programs. 

A few examples of AID and DOE P~oject synergism are as 
follows: 

The basic design of the PV system installed in Upper 
Volta was patterned after that used on an Arizona Indian reser­
vation and funded by DOE. The system ~necK out was then performed 
in the DOE PV Systems Test Facility prior to shipment. After 
nearly one year of operation, PV ~odule failures began to occur 
in the rpper Volta System whicb were traced to a faulty design by 
the PV ~odule ~anufacturer (Solarex Coru., Rockville, ~D.). 
NASA/LeRC then worked with DOE's Lead Center, Jet Propulsion 
Center (JPL) , to revise the qualification 2nd acceptance tests 
for ?V ~odules to evaluate ~~re carefully and detect any such PV 
~odule defects. A number of revisions to the JPL t~st procedure 
have been incorporated as a result of the Upper Velta experience. 
DOE, as part of i~s technology development ~ork, has agreed :0 
provide replacement ~odules to refur~ish and expand the Tangaye 
PV exoeri~ent. LeRC ~ill i~Dlement the refurbishment ard continue 
~onitoring the project Ear DS/EY for 2 more years. 

Another examole of AID/DOE coordination involves the 
LeRC (DOE-;u~d~d) tes~ing of PV medical va~cine refrigerators to 
determine wbich will meet requirem,nts established to meet the 
needs of the AI) project and ocher uSers. DOE funds are used to 
provide the i~formation that potential ma~uiacc~rers need to 
develop refrigerators which can be ~arketed worldwide. AID, as a 
~ser, ~ill E~na replication of these refrigerators for evaluation 
in the field once the units have passed the qualification and 
acceptance tests conducted by LaRC under the DOE project. 

The evaluation team concludes that: 

- there is' pOSitive and mutual value co the coordi­
nation between AID and DOE in the application of 
phocovoltaic technology: 
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- ehe use of NASA/teRC as the imple!Ilencor of both 
programs represents an appropriate, cost-effective 
mechanism to enhance the results of each program; 

- ehe continuation of the proper program gUidance 
and ~anagement from AID will assure that tte goal 
of the AID program is adhered co and not deleter­
iously admixed with the goal of the DOE program; 

NASA has developed a suitable organization for 
implementing :he ?VDSP; 

- ~ASA/LeRC has constituted a well qualified scaff 
of managers and engineers needed to i~plement the 
program; 

ehe level of effor~ of NASA/LeRC personnel is 
appropriate to the tasks inVOlved; 

ehe existing arrangements within AID are appro­
priate. DS/EY is r;sponsible for genecal program 
management and other AID elements (e.g. mission 
personnel) have responsibility for specific 
activities within their countries; 

- NASA/LeRe personnel have shown themselves ~o be 
sensitive to socio/economic develooment concerns 
and responsive to the guidance and"direction given 
b~ the AID officers with whom the personnel have 
worked; 

- appropriate management of development issues and 
technology application issues should result from 
continued close ~orking relationships between 
development officials and ~ASA;LeRC staff. 

It is there~ore recommend~d that: 

- OSlEY continue its principal role as funding agent 
and program ~anager of the PVDSP and as ~oordinator 
of AID's involvement with DOE and NASA concer~ing 
photovoltaics; 

- as practical and appropriate, direct management of 
the individual subprojec:s be conducted by an AID 
officer responsible for the development progr~m ~~ 
which the photovoltaic technology will be used. 
This will assure chat technology application con­
cerns are properly related to the broader socia/ 
economic development goals of AID. 
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V. PHOTOVOLTAICS ~~D AID POLICY 

In r~cent years in the Uni~ed States much attention has 
been given to alt~rnative energy technology chat could reduce 
our dependecce 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 ::he s?ace program that c.an Jleet rnore commonplace 
t~rrestial needs, a technology in Hnich the U.S. currently has 
a global leadership position that is endangered by technical 
developments in other countri~s and a US-manufactured product 
Mitn a potentially large market in LJCs. In fact the govern­
ments of several other industrialized countries that manufacture 
photovoltaics are already very aceive in demonstrations and 
~pplications of the technology in developing countries and, 
through these efforts, migbt Jlake market advances in these 
areas before U.S. companies do. Interestir.g and important as 
thesa facto~g may be, AID's use of pnotovoltaic technology must 
depend upon the :elevance of the technol~gy to meet the specific 
goals of the foreign assistance program. 

Of the many objectives, interests and elements of AID's' 
overall policy, several are especially appropriate for a dis­
cussion of this topic. First, a negative statement is in order. 
AID is not a scientific or technical research agency. Since 
its primary task is to provide assistance to country develop­
ment efforts, AID should not conduc~ research unless the results 
of that researc~ =an make an important contribution to national 
development and the research is not now being d0ne (r will not 
be done by others, especially other USG agencies under their 
own appropriations. AID's program emphasis is on rural develop­
ment and includ~s a growing incerest in employment generation 
and small industry development in rural areas. To foster rural 
de1lelopment, AEl supports rural electrificat iOll programs ::hat 
lead to a productive use of electriCity and measurable gains in 
income distribution and overall quality of rural life. ~l1ile 
AID is especially concerned Hitb rural dev~lopment, it muse 
consider ~nese effores ~ithin the context or overall national 
d~velopment. ~~garding energy, this is particularly t~ue and 
AID policy in the energy area explicitly acknowledges the need 
to ease t!ie i~ediQte energy const~aints to development and t:'Je 
need to assist the LDCs to develop a ~ix or energy sources that 
will sustain cbeir future econ~mies. In carrying out its p~o­
grams, AID should encourage a growing involvement or the private 
sector in the development or cbe LDCs - both the private sector 
within cne LDCs che!lls.:=l.ve~\ and the US private secto~ i:1 LDCs. 
In doi~g this, AID shoul~ ~aintain its role of ~ountry assist­
ance and should not b~come a oarticula~ advocace or increased 
US business activities in LDC~, a Eunction properly belonging 
to ocher USG bodieS. 

Photovolcaics has several characteristics and qualities 
that wake it an attractive technology Eor use in AID programs. 
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Its modula: nature lends icself co ei~her large or small appli­
cations - che size of cne array and =~e scorage system (if any) 
can be accurately sized to the job at hand. Photovoltaic 
systems can ~e engineered :0 be ext:emely reliable and co 
~equire limited ~aintenance; ~his is because af t~e absence of 
moving parts and the possiJility of proviji~g ~ul:iple ?achs in 
the system and ~ence of avoidi~g system fail~re d~e to che 
failure of single elenents. ~e operation of the system is 
very simple since the system essentially runs itself - rel!i~g 
on a renewable resnurce (the sun) and natural ~rocesses :0 
gener3te electrkity. T:1e electricity produced:an be :Jse-i for 
a number of applications - lightinC, corncunicatio~s, electronics 
and motive power for equipment lod appliances i~ unli~ited 
diverse uses. Li~e all renewable energy technologies, a photo­
voltaic system has no fuel cost and consequently low operating 
cosc. Hor ... ever, it has a high initial capital cost. Consequent­
ly the only way to evaluate overall cost effect~veness is to 
use 'life cycle' comparisons bet~een photovoltaics and other 
systems. At current costs, photcvoltaics is competitive ~ith 
other syst!~S f.or small electriCity demands. 

Photo·"oltaic technology has· a proven bistory. The exist­
ing technology can be reliably and cost-efficiently used in 
~any AID applications. Future changes in the technology, 
primarily cheaper celis and ar7ays, ~ill come about due to the 
researcb and developillent efforts of DOE and the private sector 
parricularly US industry ~~icn is :he wor.ld leader i~ ChlS 
field. As these improvem' :Jts occur, the number of potential 
applications of the tec~nolc~y in AID programs ~ill i~c=ease 
due to decreases in the cost of ohotovoltaic systems. An 
impocrant el~ment of cost calculations is the possibilicy of 
reducing the foreign eXChange costs of PV systems by local 
~anufact~re of system components (batt~ries, wiring, supports), 
local labor in system ass~mbly and local desig~ of systems for 
re91icatio~ and adapt ion. The foreign exchange costs of ~uture 
systems ar!;' discussed in Annex F. The design of a pnotovol::aic 
system is relatively si~ple, requi=ing competence in system 
engineering and electrical engineering. The education and 
training of ?roressionals in chese area.s is common bach in the 
US and in LDCs. Existing professionals can quickly learn the 
~cate of the art. Ex?anding the supply of such profeSSionals 
should not be difficult to do. 

The evaluation team concludes chat: 

pbotovoltaic technology C2n play a growing 
role in ~eeting rural electricity needs; 

- in particular the technology can provide small 
amounts of power needed in AID development 
prog=ams lnd, wh~n properly integrated, can 
enhance the effectiveness of thos~ progra~s; 
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at the present ti~e, pnotov~ltaic3 should ~ot 
be considered as a S~~7:e Gr large amounts of 
power; 

photovolcaic technology ~eets ~any of the 
criteria for use in :~ral areas in LDCs -
reliable, renewable, :epli~able and eaSi to 
maintain and operace. 

- in particular phocovoltai: technology is 
espec~al:y a?propriate Eor chose applications 
~bere the ?ower requi~emenc is iow, the 
reliability of ~he system ~ust je high and the 
availa~ility of alter~acive sources of power 
incl~ding Euel is Jncer~ain. 

'life cycle' :ost considerations are necessary 
~hen evaluating a ?otencial applicaticn or 
photovoltaics; 

- 'life cycle' cost considerations should ~e 
used when evaluating any ener3Y alternatIVe; 

the technology advances promised by on-going 
research and development ~ill affect AID's use 
of photovoltai:s. If costs are reduced, as 
promised, AID use should increase; if costs 
ar~ not reduced, AID should r~evaluate its 
interest in the technology. 

If is therefore recommended t~at: 

AID carefulll eval~a~e 'life cycle' costs of energy 
al:~rTIatives in i:5 development projects; 

- ~here app~opriate AI~ inc~ease it3 use of ~noto­
voltaic technology io rural areas; 

continued attention be given Co careful monitoring 
of field a?plications of the technology so as to 
demonstrate whether or not the technology is a 
co~t-ef£ective approach to providing the ~nergy 
needed for the application. 



ANNEX A 

EVALUATION TEAM 

The essential c;1aracter of t:;e ?VDSP is the innovative appli­
cation of a little used technology to ~eet selected needs of 
i~:ernational socia-economic development programs and the ~onitor­
ing, eva~uation and promulgation of the :esults of chese applica­
tions. ?rojec: activities have been ag:eed u~on I~ Africa and 
Loatin .-\mer:::'ca; :,le initial concentration ~::e.:t is heal::h d~liver:r. 
F'lture effor+.:s a.re expected to ea::phasi.:e :::our._ries ::::: t.l.sia and the 
~ear Sast and 300Licaticns i~ education a~d :0omunications. TNO 
aspects of the ~~ogram are especially important - the i~troduction 
of an unfamiliar technology to cna international development effort 
and tne integ~at:::'on of this tecnnclogy into selected developme~t 
?rograms. 

The selection of the evaluation tealJJ. was based on the desire 
to incorporate experience in the regional areas and application 
sectors in Nbich activities are already u~d~rway (Africa, Lat~~ 
Americ.a; healt:;; and in which activicies are oroDosed (Asia, Near 
Eoast; education and communication). In addition" eXDertise Nas 
desired in engineering and system developl:-(ent. The" biographies of 
the indivLiuaL :e~ ~embers :ollaw. 

Jerome :. 80sken. (Team leader and P:-oject :-fanager). 
Current~y Jeput! DIrector of the Office cE Energy (DS/SY), Mr. 
Bosken has had fi?e years experience ~ith developing ?olicy and 
prog"ams or energy assistance for AID. rtis prior experience 
includes strategiC planning, systems management and evaluation for 
the Depart~ent of Defense; university ~eaching in the United 
States; cir"iculum revisia~, teacher training and university 
teachi:'lg in Latin .-\merica. He nas developed assistance inojects 
and ~articiDated in technical ~issiJns in over 2S countries in 
Latin Amer:~a, Asia and Ai"i:a. 

~ichael S. Gould. As engineering aavisor to the Africa Bureau, 
Dr. Goula L5 responsible for ensuring the tec~nical quality of 
project p:anniJg and i~pl~mentation. His prior exp~rience has 
included domestic and interTIacional consulting in environmental 
engineering, and research and development experience Nich Union 
Carbide Ccr?oration. He has lived in West Africa and has actively 
been in';.rolved irl the Lnplementat:ion of projects i:'l five AiJ:'ican 
countries. 

Hcwar= 3. {eller. ~r. Keller is currently the Public Health 
Advisor and ~ealCh ?"ogram Analyst in the Papulation, ~ealth and 
~utrition Divi;ion of the Office of Technical Resou"ces of the 
Asia 3ureau, ~e has been with AID for 14 years in the field of 
?ublic health. Hi; experience includes designing. managing and 
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evaluating programs in :nalaria control, ,:ut'al ',.;ater supply; primary 
health care and family ~lanning. ~e has served overseas i~ 
Ecuad,~r, Tunisia and ?akistan and completed ?ost sradtJate sc:.;dies 
in Social Sciences and Public Health/Population. 

:"homas C':(eefe. ~r. O'Keefe is presently Senior P:ogram 
Anal/s' in :ne Jeve~opment 7echnology Ji?ision of the 3ureau for 
Development Su~por~. Program sectors irlclude energy, housing, 
science and :ecMno~ogy, environment and i:1for~ation systems. As a 
?~reis~ Ser~i:e Of~i:e, ~e has ser~ed in the Far East and Africa. 
?:-ior :0 iO:'rJLl12; JS6, ':1e '..;as Chier, East Africa and Indian Ocean 
~ea'on \7:-i.~, 5 u- oau 3ero-::. to iOl'",~",ry \TT"\ i.., ":]':;7 \,.(,.. O''J'''''''r-e L\. :I.... ,:l..l.. ... __ 0. U L. __. _' I.. _ ..J .. J 4o .. J ~ .;"'3,.J. ~ ...... J ..I.. 7 '''; , ......... ~ __ 

~orked as a scaff economist ~ith che J.S. DeDart~ent of Labor. 
?!'i'late secto: experience incl.udes systems analjst for a beavy 
equi?rnenc ~an~fact~ring f~r~ and inventory control specialist for 
a ~anu£~cturi:1g and dist:ibution corporation. 

RODert Schenkkan. ~r. Sc:-:'enk.'<an is ::'..Jr!'ently t:1e General 
~anager 8r tne ~ura~ Satellite Project in the Of£i:~ of ~ducation 
of the 3ureau for Development Support. Prior to joining AID, he 
served as a cOlIlI::lunications ::onsultant to AIJtJ and USAIDs, USICA, 
the ~orld 3ank and ~riv~te comDanies. Se Nas a ?roressor of 
C.Jtn.IDunications at" tSe University or Texas ; .. here his princi;Jal 
i~terests Nere in radio, television and fil~s. He is cast 
?resident and General ~anager of Southwest Public 3roa~casting 
Corporati~n and Eor:ner Chair:nan of the Board of the Public 3road­
.:ast i~ S Se :'1 ice. 

?:ed Zobrist. ~r. Zobrist is currently the Chief Engineer or 
t~e Ar:ica 3ureau. In this regard ~e serves as the 3ureau's senior 
techni.:al ey?ert i:1 the field of alternative energy. Prior to 
joining AID, he Harked as a consultant in the Eields of planning, 
environme~cal assessments and engineering including undertaking 
stud:es and design of other conventional and alternative energy 
syste~s. Earlier work Nith the Corps of Engineers involved exten­
sive background in the ?lanning and design of bydropower projects. 



ANNEX B 

COUNTRY ACTIVI-r:r:S Aim .1GR.EE:1£~TS 

Under project funds, ~ASA/LeRC personnel have visited th~ 
following countries - Ke..,ya, Zaire, ZiJ'lbr:!b;·;e, E.:uaaor, Guyana, 
Jamaica and Peru. In adaition unCler other ~unds, a visit was made 
co ::gypt. 

F:om a US-based review of bealt~ del!~er~ ?r0g7s~s a~d ?ra­
jects, s?eci~ic cn-gai~g activities ~ere idenci~ied and ~i:h 
~ission concurrence i~itial i~ves:igative t~i?s ~ere made to 
deter~i~e t~e interest ~i the AID ~ission, host country 50ver~­
ment and other agencies i~ the application or the technology to 
the s p e c if i .: ace i'J i t y . 7h i S iol a s d 0 r'] e for ::< e n y a, Z air e, .E..: u ado r , 
Guyana and ~gypt. Juring t~ese visits the ~ASA personnel met 
aDDrooriate officials of the vari~us bodies invnlved, explained 
tS~ t~chno~ogy and the ?VDSP project, visited potential ~ppli­
cation sites and learned ~ore detai~s of the on-goi~g ~ealth 
delivery programs in orde p to ascert~in ir the applic~tion of 
photovoltaics in those program ~ould meet nroject criteria. If 
the results of the i~itial' trip ~ere ~romisi~g, Enllnw-up visits 
we~e ~aCe Co begin the process oE :oLlecti~g the ~ngi- ~eeri~g 
c3ta that ~ouLd oe :equi:ed co design the app~op~jAt: pho~ovoltaic 
system ~rd to initiate the jra£ti~g of the :ountry a~re~mart. 
Follow-up visits ~ere ~ad~ to Kenya, E.:~ador and Guyana. 

Fo~ Zai~e, there has b~en ~o fol1o~-UD visit because or 
funding l~~itacions of ~he project. Howe~er t~e ~ission interest 
in an appL:catinn there remains very high. Only One visit has 
been ~ade to Jamaica. to presene a ge~eral ~riA£l~g on 
~hocovoltaic tecjnology tn government offlcials at the request of 
the L't i n i s cry c fEn erg y and ~ i :1 i. n g . T:-, P. '= e r..; a s nap r e li::::I i ~ a r Y 'I i sit 
to Zi~babwe. ~ather, ~ecause or t~e ine2,=:st generated by the 
visit of the Di~ector of the ?residenc's Office af SCience and 
Techno~Jgy ?olicy, a ~eci5ion was made to undertake an activity 
simiLar to Nhat was being planned for Kenya. As a result. only 
the ~ore detailed, technical visit was made. 

7h~ following tables list the dates. pur?oses and results of 
t~e various counery visits and give the current status of the 
country agreements. 



DATE 
1980 

Feb. 2~ 

Feb. 25 

March 3 

March 31 

April 15 

June 6 

June 8 

June 15 

July 10 

Sept:. 

Sepc: 

Nov. 3 

Nov. 8 

Nov. 16 

COUNTRY 

CHRONOLOGY OF COUNTRY VISITS 

PURPOSE RESULT 

Guyana 

C:cuador 

Per'J 

Zaire 

Kenya 

Jamaica 

Guyana 

Ecuador 

Kenya 

IniC:ial 

Inicial 

Inicial 

Inicial 

Inicial 

Technical Briefing 

Obcain cechnical d~ca, 
drafe counCry agreemenc 

Obcain cechnical daca, 
visit pocenci31 sices 

Obcain cechnical daca, 
suppor!: preparacion of 
health projecC 

Kenya Visil: of Presidential 
·Science/Technology 
Team, Dr. Press (Not 
p-roject: funded). 

Zimbabwe Visic of P~eside~cial 
Scien~e/Technology 
Team, : •. Press (Nor: 
projec. funded). 

Ecuador Decide syscem and site, 
prepare dratC country 
agreement: 

Zimbabwe Prepare draft agreement 

Kenya Obcain cechnical data 

COUNTRY 

Follow-up recommended 

Follow-',,;p recommended 

USAID Peru will consider 

Follow-up ~ecommended 

Follow-up recommended 

No rurCher action 

AID/W will review draft 
agreemenC 

CounCty AgreemenC C:o be 
drafced 

Follow-up by drafcing 
country agreemenC 

Agreemenc approved by USG 
and GOK 

Concept agreed Co by GOZ 
and USG 

Agreement being processed 
in country 

Agreemene being processed 
in councry 

Imolemencacion plan is 
pending. 

STATUS 

Kenya Country Agreement signed (Sepcember 24, 1980) 
Two projecC siC~s included 

Guyana 

Ecuador 

Zimbabwe 

ImplemencaC:ion Plan due December 31, 1980 

Councry Agreement signed (November 13, 1980) 
ImplemencaCi.on Plan due ~arch LS, 1981 

Final Ag:eement [)e~ding (January 13, 1981) 

Final Agreemenc pending (January 14, 1981) 
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In addition to the four ~ountries in ~hich Dr~;ects hav~ 
been approved (:<~nya, ZLnbabwe. Ecuador and Guyana), the AID 
Missions in Egypt and in Zaire have strongly urged that AID/W 
approve participation of these countri~s in t~e PVDS? AID/W 
has indicat~d that these requ~sts Hill be tully considared once 
a decision has been ~ade on the future direction and fundi~g of 
the PVDSP. Also the Asia Bureau has specifically requested to 
be included in future ac~ivities of the ?VDSP, i~cluding the 
appLication of ?V-powered refrigerators to i~unization 
programs underHay in Indonesia. 

As an example of a country agre~ment, a copy of the Limited 
Scop~ Grant Project Agreement Nicn Guyana is attached. 



~-- .... 

I.IMInJ) SCOPE GRANT PROJECT AGREEMENT 

Between the United Stata of America, a.ctin~ through 
the Agency for International Development (AID) 

AND 
':'!le Gove:rnmen 1: at Guyana 

Ministry ot ~cnc:mic Development and Cooperatives 

1. Project TitLe 
Ru:-al. Eealeh Pbatovoltaic 

Demcnstration Project 

(Grantee) 

2. AID Project :-lumbl!T 
(?ASA ~e.r) 

NASA/CSB-57 10-,' -79 

The above-named panie:s hereby mutually agree- to C3r'r"f out the Projet:t' de:Jcr~-d in this Agr~ment in accord­
ance with (1) the terms of this Agreement, including any anne-~es attached hereto, and (2) any general agr~­
ment between the two govanmenu regarding economic or technical cooperation. 

3. Amount of AID Grant 4. GranteeContrihurion to the Project .5. Project Assistance Completion Date 
~or. eo :;:Xceed in 

$400 1"100 'est' ',<,;,d $F'Z!cn H·~·S a""d Se::zicl::s December 31, 1984 (est.) 

6. This Agr~ment consists of this title page ~ Annex A, ?r~j eC"! Desai;tion; Annex S, 
Roles and Responsibilities of tbe pa.r-..icipating Pa.r:ies1 Annex C, ll.lust..-ative 
~pleml!lltat:icn .schedula~ ar.d, a. Stand.a.r.i Provisions .\nnex. 

7. For the Grantee 
Typed ~ame 

Signarure 

B. Desmond Eoyte 

Title Mi."liS't:e.r tf :;eonemic Development 
and Cooperat:~ves 

Date NOV 12 1sao 
AlI) 1330-11 (5-i9}· Cover Page 

9. :' or : !ti.:u.st:y of He al t.;' 

!?ped ~ame: Bamil~on Green 

Title: 

C~te: 

/' .' /1, .... _, . 

~~S~&r of Heal~h, Hous~~q 

and t.a.bor 

31. Ocr. 1550 

8. For the Agency for International Devdopmmt 
Typed. Na'mr:: 

oon~l.f. t.ion -; , 

Signature' 

Title Di:ector, OSAZO/Guyana 

Date 
NOV 1~_10.M 



ftojeC"t Title: 

A.r.D. Project Number: 

~oj ect ?'..lr'Oose ~ 

Rural Health ?ho~ovoltaic 
Cemanst:a~i~ Project 

PASA NASA/DSB-5710-2-79 

The purpose of this Foj ect is to demcnstrate and test t.~e use ot 
photovoltaic (PV) power systems for meeting the ba.sic electrical 
requirements af Guyana.' s health delivery system in rural areas. 

Project Desc=i~ian~ 

'nUs proj ect consists ot: (1) the design, developmen~, installa­
tion, and field-testing of FV systems in selected health !acilities in 
GUyarul1 (2) t.h~ provision of tra.i.ning and education programs !or 
a.~ropriate host count=y personnel. 1;: the t..'leory, operation, and ma.i.n­
tenanc:e of t.'le systel:1SI and (3) an a.ssessment of the cost-ef::ectiveness 
ot the installed ?V systems. '!'he estimated period of pe.rt~ce oX 
t!le project -..ril.l be fcur (4) years f:om the date ot '!le signing of this 
Aqreemen~. 

The Onited. States Agency for !;lternaticna.l ~evelopnen~ (A. r.D.) 
shall provide t.he. se.r7ices of '=-1.e ~at.iona.l Ae.rC'lautics and Space 
Admini.st=ation, Lewis Research Center (NASA/I.eRC) who s.ha.ll assume :ull 
:l!Sponsi!:iil.ity for the provi.3ion of technical. services and goods under 
the project witXL~ t..~ previsions of the ?ASA ~SA/DSB-S710-2-79. The 
implementing agency f::::r the Government of Guyana shall be- ttl! Minist:y 
o£ ~a.lt.h (MCH). The :oles and :esponsi.bilities of the par-o-icipa1:i.,g 
par.:ies ar e o'llt.lined in .'..nne:x: S. 

The exact number and location of the si~es !or deployment of t.."le ?V 
systens wi t..":.i..~ Guyana sh.a..ll be a.greed upon ':Jy t~e .''!OH, :-iA.SA(J" .. e..RC, and 
A.I.D. with.i!l ':""'0 cC'n't."ls after t..'1e signing of :.~s .;greement. An u.l.us­
t::'ative i:Jpleme."1tation schedule is i.~luded i.., Annex C; this scteeule 
sh.a.ll ~ fi.:la..ll.zed .u;d a. detaile~ i.::rplementation ?lan ~ha.ll be ::repared. 
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'.iit."l.:!.n approximately !our Qonti'.s after t.he signil'lg of ti'l.::.s .'lg:-eement 
At .... hich time t.'le conceptual sys"t:ems design work is e.xpe~ed to be 
caDplet:ed. A !il'lanc'::'al plan · ... hicb. S1.:~ari.zes cost esti..;na.tes of the 
qoods and services to be ~rov~ced ~~er ~he project, which is ~st~tad 
to be apFrox~~ately ~SS 400,000, shall also be prepared at that t~. 
Beth plans shall be mace a par,"= of ~us Aqreement L"l t.'le :crm of a 
Project ~lementat!on Letter. 
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ANNEX B RCUS AND P-ESPONSUlII.rrr:::S CF ~U'!'ICnATnIG PM'::IZS 

Project Title: 

A.I.D. ?roject Number: 

Rural Health Photovoltaic 
Demonstration Project 

PASA ~A/Osa-5710-2-79 

The followi.,g parties shall assume t:..~e roles and respons~ilities 
ou"C.l..ined below for implementation of t..~is proj eo:: (1) National 
Aeronautics and Space Admi.,.,istration, Lewis Researcb Center (NASA/I.e..~C); 

(2) Minist..1 of Health (MCa); a.nd (3) United States Agen~ for rntar­
n&tional Development: Mission to Guyana (USAID/G). 

(1) NASA/teRC shall: 

(a) Ass1Jlbe overall technical, financial, and administrative 
management responsilJi.l.ity for this proj ect. 

(b) Assign a. Proj ect Managl"I and ?roj ec: E:ngineer from t.~e 

NASA/LeRC staff ':.0 this proj ect. 

(c) In. collaboration ... it..i. t.~e MCH and OSAm/G, determine t.'1e 
m:mber and location of sites for deployment of the PV 
systems .,..rit.~'l t-.... o mont.'1s after t..'1e signing of ':..~is 

Ag:eement.-

(d) MaJce ar:angements for t..~e. collection of insolation dau 
and- otber meteoroloqica..l information in Guyana ... hic:h 
would be reql1i.:ed for t.he design of t..~e systems. 

(e) Onder:ake concept'.J.a.l systems design. 

(~) Prepare a detailed i=nplellhm't.ation plan and schedule 
witbin f C1J: l:Iont.~s aft er t.~e signi.:lg of t.'l.is Agreement 
wh.ich sha.:!.l incl~de: a detailed desc::iption of t..i.e pro­
j ect a.nd of t.~e conceptual design of t.~e PV sys't:e%Ils to 
1:Ie deployed and del.ineation of t..~e roles and responsi!:lili:ies 
of each participating party. 
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(9) Prep". a. financial plan wit!ll."l four :nonths aiter 
the signing of this Aq=ee:nent: ·",hich shall bcluc!e 
the es~ted cos~s of all qoods and services to 
be provided by ~A.SA/LeRC a.~d of ':.~e GIan~ee I s con­
tribution to the proj ect; t.~ese latte2::~sts shall 
be prepar.ed by ~~e ~CH L, consultat:ion wit~ CSAID/G 
and :-lASA/!.cRC. 

(h) Se.:u:re t..l-:.e approval of ~~e ::.mplementation and 
Financial ? lans ':Jy ~~e !-!'JR and :;S;,.r=/G. 

(i) Proc:tlre, :.n accordance . ..;i..;..~ ::::;;mpet:.i.ti·.re ?.roC'..lIe!Aen~ 

procedure~, t..~e se:vices of a J.S.-oased con~ac~~­
tQ l::le :esponsible for: 

(i)· 

(ii) 

(iii) 

(v) 

(vi) 

The ~esign, fabrica~ion, ~stallation, L~itial 

operati.on, and field-test:ug of t.~e ?v systems. 

The procurement f=on a . .s. sour.::es or ·",here 
avpropria.te, local sources, and the shi~ing 
via. O. S. carriers, where possible, of all 
materials, supplies, and equipment requi=ed 
for ~e fabrication and L,stallation ot t~e 
systems and. thei..::: :-epa..i= and mai.nt:enance dU::-:"""lq 
the li!e ot the pxoj ect. 

preparation o! a site plan incl~g a detailed 
wark plan for eac.b site. selected for installation 
of the system. 

Follawi.."lg ins1:all.ation of ':.~e ?V systems, mai.."l­
tana::lca and :nc.mite~ __ ~g (data acquisit..ion, system 
inspection) ot the systems for a speci.!iecl peried 
ot- time agreed upon by ~rASA/Lc.RC, dur:"",g whic.."l 
i:lter.,ded users and se.r7ice persoI"'.Ilel of ';..~e 

system shall be t=ai.,ed. 

The training of intended users and service 
personnel in the o!?era. tion, moni tering, and 
mainte.nance/repai.: of the ';V syst:erus. 

Providing for::lS and ins:'UC'tions fer ':h. recordi..'lq 
of sys~em data L,clu~,g date, time ot day, 
est~ated sky-cever, wea~er data, s~s~em voltage, 
uray ~en'C, etc. and mon"t!lly system inspecticn. 

http:i-cludi.nq
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Sul::lj act to t."le approval at ~e l1CH and 
NASAlL4RC, subcon~-a~~~~ with ~os~ :ountry 
ccntractor(s) I i! appropriate, to per=o~ 
certai.'l elements of t."le work related ':0 ':.."le 
proje~. 

(j) Monitor and tec:-.nically d.irec-= t..':e ;..rork of ~e con­
tractor as it relates speciiically to ~e design, 
taJ::lrication and c."leck-::lut, :..nstallat.ion: :ielc-':.est:i;lg, 

ar:d evaltlation of ~e systems, and t:='ai.r.i!'lg. 

(Jc) C1lri.'lg the esti;n.ated four-year period of i:..puts ':0 this 
proj e~ by A. I.:J. and NASA/LeRC I provide all equ.i::ment 
Uld spare parts requ.i:ed for bot.h tbe i."'ls-eallation a.'ld 
mai.nt.;=nance of t."le systems. 

(J.) Make arrangements for and participate i.~, as appropri3.te, 
training sessions for i.~tended l.l.Sers and se.-"'"7ice person:.'lel., 
includi."'lg t.!le provision of operation and :nai."'lte.'lance/ 
repai: :nanuals. 

(m) Organize info:.::nation dissem.i.'lation a~.ivities '..mic!:t may 
iLclude a conference or · ... orkshcp as · ... ell as ':..':e d..i.s­
t:o:ibution of brochures and other pri.~ted :naterials on 
tba use. of PV systems i."'l general. 

(n~ In collabcraticn- · ... ith ':.."le MeR and OSAID/G, ar=a."lge !or 
and. ~articii?ate in, as agreed upon, proj ec~ evaluations 
which shall. i1lcluce inter 3.1ia, an asseSSI:le.Ot 0: t.b.e 
cost eff e~i veness of t!1e systems. .til details relating 
to r..he: evaluation, incl.u.d.i."'lg sc."ledule, roles and :'e­
sponsibilities of pa..r':icipating parties and speci.!ic 
object:ives, shall be inclueed i."'l ~f! detailed i:nple.menta­
tion plan. 

(0) Assuma full responsilJility and autilority for all ?V 
systems I materials and equipment at eac..'" si ta '.:r.~ t.."le 
iN installations are completed. ~lASA/LeRC shall continue 
to. provide tec.~ical assis--ance as re~ed and spare 
parts for approx~taly ~~ years after ~"le handing-ov~ 
t;, the ~CG or dediC".aticn of ':..'J.e ir.sul.lations. 

(p) Provide t...'le MOH a .... 'ld OSAD/G wit."l '..rritten ~U'l,/ pro­
qress reports during the t"~-year pre-dcdica~on phase 
and on a bi-~ual basis dur~~g tile t-.... o-year post-dedica­
tion phase. 

http:spcnsibiliti.es
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(2) MOR shall: 

(a) In collaboration with ~SA/~RC ~d OSAID/G, 
dete~e t~e number and location of sites for 
the deployment of t."e ?V systems within two 
months after the signi.i.g of ':,.,.is Aq-:ef~ent. 

(b~ Assign a 1'-:ooj Slct Manage: !=cm t."e M...;E staff to 
this project. 

(e) Review and approve tbe detailed implementation 
plan and schedule to be sutmitted ~y NASA/LeRC 
within four :nonths after this Aqreeme..'lt is signed. 

(d) Assist the 0.5. contractor · .... it.,. regard to receiv­
ing all materials, supplies, and equipment requi.red 
for installation of t."e PV systems lncludi..i.g p:o­
C"olrement of import licenses, custom clearance at 
the port of ent:::"'l, transpor:ation of ~"e goo cis t~ 

a storage site and temporary storage of the goods, 
'lld ar=angi.""g :,or t--anspc.-tation of t"'e goods to 
tn. project site. Costs associated with in­
'C01mt...ry storage anc! t=anspor:ation shall be covered 
under t..."e cont=actor I s ~ont:act and shall be paid 
fer: ..,i:.h proj ee::: funds. 

(e) Maka all logistical ar.=angements related to t..."e 
contractor and local sub-a:lnt:actor (s) including 
in-eountzy clea-~ces for t=avel, in-count--y 
t::an.sportation and acccmmodations, and any other 
local lcgistical/a~ist=ative· s~~ices whi~~ may 
be reaui..=ed by t."e contractor c.u:i.:lg the l.i.::e of 
the proj ect. III costs for. in-count-1 '::avel and 
per diem UlC\:r:'ed by tbe cont::'actor or sub-con'C"actors 
shaJ.l. be- covered Wlde~ t."ei: ccn::.--act and paid for 
with proj ect !t:nds. 

(f) In collaboration with t.,"e NAS.i\/LaRC· and OSAID/':·, 
ide.a.ti=t- suitably qualified and appropriate per­
scnnal to be t:'ained as users and service personnel 
in the operation, moni torin:; and maintenance/repair 
of the sys'cems. 

(g) Assist NAS.i\lLeRC in ar:anging :or and conducting a 
conference or · .... Qrkshop for pU%'j;loses of infor.nation 
dissem.i.""ation • 
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(h) In colla.l::loration witb. ~fT~C and OSAt=l/G, 
arrange for and par:icipat;e in, as agreed 'JPon, 
prnj eC-C: evalua-=.i~ns / the details cf · .... hic!1 shall 
be included L, t..'le I=%'oj ec: i.=1ple.centat':'cn plan. 

(i) Provid.e t!1e necessary ~ .. Cs ar..d ensure ~e pro­
vision ot appropri.ate personnel to 9ar:ici~at$ 
in project planni."lg and coor::lu,ation :ne~tings to 
fulfill ~~e responsibilities ~~li."leated. 

(j) Provide t.'1e necessary :u.nds and ensure the pro­
vision of adequat.ely t::ained ;?er.<;onnel to: (i) 

opera1:e, ::lonitcr I a.nd :nai=.'t.~ t:"le ?V sys-cems 
during the projec't.; and (ii) ser~ice and ~epai: 
the PV systems (.i.!lc.i.ud.i:lg t.':.e procurement of 
spare part"') aftP..: A. I. t. and :v...sA/:.eP.C i..,pu1:S to 
the projece te-.~"l.ate. ':'0 carry cut ~s 
responsibility I the ~CH, i.., collaboration ·.n.~l 

NASA/Le.RC and O'SA.!D/G, shall select an organization 
which shall be charged · ... it..'1. the r'!sponsibi1.i.ty tor 
post-installati.on ~tenance and repairs. 

(3) USAIO/G shall: 

(a) Assign a Proj ect !1anager for ~'1e Mission. 

(b) In collaboration · ... ith ~ASA/LcRC and the !-10H, eeter.ni."'1o 
the number and location of sites tor deployment of the 
PIT systems, approve t.'1e. proj eC: UIpleme."l1:ation plan, 
and participate in proj ect evaluati.ons, the details of 
which shall be contai.'1ed in the proj e~ il::plementation 
plan. 

(c) Serve as l.ia.ison, when r~quested, bet" .... een t..~1! pa.reies 
i."'1Volved in t.'l.i.s. proj eC1; such as for the t--ansmissiQIl 
of. c.a.bled L"'1f or.:a 1:ion • 

http:NASA/Le.RC
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Project Title: Rural Heal~~ ?ho~ovoltaic 
Demonst--ation ?roject 

A.I.D. ?roj ect Number: 2ASA NASA/DSa-5710-2-79 

1. 

3. 

4. 

s. 

6. 

7. 

s. 

9. 

10. 

. , .... 

Activitv , 

Proj act Agreement signed 

Site- s~.J.ectiol1 ~T1d proj ect 
detinition fina.li.::ed 

Conceptual sys~ems design 
f ina.liz ed 

Detailed implementation plan 
and fi.nancial plan :L';.al.ized. 

Procurement of cr.s. -based con­
tractor through compet~tive 
biCding process 

Actual desi~ or systems 
by cont-~~c:r 

PV seminar in Guyana. 

Materials/supplies ~ equip­
ment prOC"lr@I!lent and !a.bric:a.ticnl 
check~u'C 

Site prepara~ion 

Receipt of all goods in­
coun~ and L~sta.llation of 
synems 

Installation completed 

Date C=mole~ed , 

~lovl!mber 15, 1.980 

J anua.rt 15, 1981 

March 15, 1981 

March l.S, 1981 

June 30, 1981 

September 30, 1981 

To be detecnined 

F~l 28, 1982 

Mar.ch 31. 1982 

April 30, 1982 

June 30, 1982 



u. 

13. 

14. 

15. 

- ':I -

Activity 

Tecr~ician e--a~~inq/~stam 
check-out completed 

I.n.itial project evaluation 

Cedication 

FinAl proje~ evaluation 

Cate COmt)leted 
1 

Sept~er 30, 1982 

OC'1:ober 31, 1982 

November 30, 1982 

December 31, 1984 
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..... ReC~a- tc '':.."U.s A;rc:.:nc:ll ' ';':Ica.ru t.:·u: ori~.nal Proj ect Agreement as modilicd by an)' re'\i sions 
wi:ljc.i. nave otued. into efica. Rcicrmcc to 'COopc1111n, country' rnc&nJ the- c:ownry or \c .. "ritory of 
the Cn.ntcc. . . 

B. { l ) .~ will make ... ·aC~ic the unount specific: in aleck 3 of thb Agreement. is ntt:Ss~' for 
rIl.i.c ?roj:c:t. u may oe (urthu desc:ibtG i: • . -\nne.: A. 

(2) The Gnntc: will fnUt' z,~.bic the amOUll t spccifi~ in BJocl;...4 of this Agrce:nclIt. u neces­
sary jor the Ptoj c:::.. as may further be dnc::'1-ocd in Alma ...... Tnc erante: wil! a.bo make, or U1'1.llS'c 
to have u:ad:. iLdditional CODC'lbuu';"N of pTOpCrt)', services, facili: ics and runc.s .equircd fot aJ'T1-1ng 
out the "oject u. $j)Ccificii in Anna .~ -. 
C. AID and the G~tcc may ooum tht a.uir..anee of other public and. private a!ctu:ia in Q.."'T)'ing 
out their ~cc::ivc obli~ons UDder this Agnc:r.c:rL The twO parties may agTec to accept eonafDu. 
~ons of propeny, sc:rvic:s. fa.cilities and funds .fo:' purposes of this .~cement frem other puDlic. Uld 
?m"'le lPccs, and. may agree up.on tile participation or any sue::" uurd partY in c.az:r>-ing out acth"i· 
rics unde: tAil 'Agrecme.:lt. • , 

D. u.c:ept as '!1er'\\-isc spC'cfiec.. berein or subl~uentlr agreed. by the PL"ties, all conuibuDons of 
-:he par:ies PI;;;;SlaJ'1t to thls .. '-greccc!1\ s.hall be. n:aQC: on or before en: Project .1...ssis:z.."1ee Completion 
;:)i.I.t:, 0:" &::Icocd oat:. A c:on ... :ibution of rooch or servic:a shzll be c:onsidered to r.a.vc been made 
\\.7::en the services have" Dec ?Crfor::e~ ~d :he. goocis: fo~ec: u conte::m?latec in tiW: Agrccna:t.. 
DiSoune:cnt of fL4.,cis n:av u.k..e ?lac:C' Ute Dn~ c:onmcuooQS.l:.avc: bec !:l.ad=. but AJI) shaD no; DC' 
:equired. to ciis:lt=Sc i"l.mdl ·oereun.::ic: a..'"ic J e expi::1t:lon of nine monci:s {oUo""';nr -:he estimated Pro­
jcc A!Jinane: Cc;:npietion Date (Block .5 of ti:Us Agrcr:nent) or Ul.y ~mded Project.As.listanc.c Com-
?letion Oat.: tpcci5e:d. ' , 

.E- r:,c- proCUTe:ne:u of commodities and sttYic.es te 'be: .:nanc.ea i:1 ,,-hole or in· pari br .~ .:!.a:y 
. (where so required by .4JD proceriures) De ,u.ndcrta.ken only purswnr to Project lrnpJcmenta.tion Or· 

OCI (PIQ.) issue<! br .\!D.; -

F. U=le.sl otnC"V.-ise ,?ecncd i:1 the I.?Plic:aDlc ?IO or ?roject .u:,?!csenratiOQUttCT \JlI!..). the pro- _ 
cu,.-e::;:..,t (if C:Or.u:l;O<iities i."':l.?onec S?ec:l:1.:aliy ior :';'C' Projc.:t UlC m:Ulcec: \vitil ;,.'c.\..W c:onaofou· 
don r:ie."Tt: ~o ir. 31Clck 3 oi t4is AiTcement s.,all be s:J.bject to tht' pro .. irior..s of .-\.ID t:.e;ulation 1. 

C. t:::Jess ot. ... e..~\,.:..se ~::d by the parties or otherwise specified in thc appll.;aO;e ,.?IO,.tilk-ro ~ 
?roperty procured t.i.r:lU;n ii.,ano.ns by . ...rD ?U.-J\W1t to Blod:. .3 of this Agreement siWl bc,in the 
C:ant:%.. or suc:.i. pul:lHc: or ?m. ... te "seney as it may ,uthOri1C. . 

rr_ (2) ·~r prope.r.y fl,;.",~.cci to !it.\:: ?Il"ty through f..·uru:ing by the other ?~. ?un-..unt to t.~is 
.4..gre::nent sh:iI!. urJcss ot,;ef',f.;s: a;Teea by lhe party \\'i".Jc;h ft::l...,c:ed t.;c proC".:re:nenty bc wed e{· 
rec:ri\'cly ior the purposes of the Project in ac::c:or:::1n.::e with t.i.is .j,.STument, and. upon c:ompletion oC 
the ?toj~.: w\ll be \aed. so :u to NT't. ...... er the oDjeem'cs srtught in arrring OUt the Project. titner party 
s..i:3lI orra to Te!'.Jrn to the othe, or to remo\!rSc the other ior, any prcpe..-"tj' which it obtains WOU!):t 

-- - ·• ... - t. __ -J4_ ~_ I ~ _ .......... 
- -_ .. .J 

. . 

, 
• 
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fina.raci...,s ay :;, e ( ... ;; :~ ?l1":)' ?:'::Sl,;ar.t to t.i.h. Ap,a:rr,cnt .... ·;,ieh is not ~(':: :r. .crorc;:...,c:e \\;t.~ the pr:· 

cegin: sfttH~':. 

(2) .-\tI)' i\;tlds provided .. 0 tithe! p.r.:' jum':Uit to l-"'.i, Ajrrce:nent ""'hic.h ire not wee in • .::cord· 
ance with this :\greement.. shall be: refw:tdcd to 0 e PU't)' ptO\-idinl: the funci.s. 

-
(3) Any interest at other n.mingt on funds provicicd by .aJ.D to the Grantee o"mdcr this Agree· 

ment \\oil] be rP:tUrn~ to .~ br the Gn.ntcc. 

L (1) It .~ il:'1d any ptl~iic or pri""atc or~ulion furnishing c:ommoditiCJ: through AID financing 
for opc.~tionJ hucunder in the COOpC!"1.Ong countr,,),. is. '.l11dt':" the jaws, re;u14tions OT administTltive 
procedurc:s oi the coope:ating country, liaDlc for C"oUloms, duties ar.d import .Uti on commodities 
L"'poncd intO the c:oopc:aring couney for purpOSe!! of c:urying out tiW '~Ir-'eemc:nl. the Gnntcc will 
pay Nch duties ~d u.x=s unlc:ss o:~PtiOD is otherwise providui by any applicable interna.tional 
agreement . .. 

(2) II lD)" pC'1onncl (oUia'thUl cimcm and resid.:tl.ts of the coopc-""I.ting country). wnethe::"' 
"Cnited Sa.w Govemment employees, or employea of public. or printe orpnil.:lrions undc contn.c: 
with. ~!'" incii\.iduaJ.s unaer contnct· .... ith AID,' the Gnlltcc 'or any qency authori2.ed by the Gr.U'ltce. 
who are present 'in thC'coopenting country to prOvide ,~ecs which '.JJD has agreed to.furnish or tin­
ane: uncier this A!Veement, are under the- laws. rCi\ll:nions or ad:ninistr:uivC' procedures of the cooper· 
ative COtmay, liabie for income and sodal security .. ues with rapea to income which they are obliga­
led to pay income or todal security uxes to the Government of the Colted States of Amaia, for pro­
perty ':nO on palonal propeny itm::ldcd for !.her own !JS:' or for the payment of any uri!f or duty 
upon pcnonal or household goods brough.t into the eoope::ating c:ounay {or the p:nonal usc of then­
sc.:ves U1d me:nben of their Wnilies (not including- suc:n persor.a.l or howcholci iOQcU as may be sojd 
by any sua pcnonnd in ti:e c:oopcnring counuy) or if any fi.~ not connally resident in the cooper­
ating country, is liable rOT income, rec.eipu. or other taXCS on work financed oy AID hereunda, the 
gnntee will pay such taXes. 'Wiii. or duty l!.:1Ieu exemption u otherwise provided. by Illy a.ppliable 
-internaEional1!1'c~c:1t. . 

. . 
]. If ftmdJ provided. by.AID are inC'Oduc~d into the coopc::ating countJ;' by _.UD or any public: or 
private ;qenc:y far purposc:s oi c::anying out ooli,ga.tions oi.AlI) nercundc:r, the Cn.ntte will mak~ such 
unngCJ'JeDQ u ~a.y be neccssar"f sa-..ha.t su'ch funds shill be c:onver-.iole intO C'.JJTe:nc:y of the eoopen­
ting country 'at the- highest rue whicb., u.:he time the c:onvemon is made, is :lot unlawful m the coop-

. . C'1Ql.f"'t:Cuzu::ry _ : , . -
, - .- . , . 

K, .~ shall eX?::lG. fl:::cis ud a.."':'Y on opcr1tioru ?WT'oJant tc th.i.s A;rceme::l onJy m a.ccordance' 
\\;tiJ l.~e appuClblc ia"'t ana r:~or.s or the L1titeci States GoVe::\.onellt. 

1- Toc"twO .,utie:nha.e 'nave the right at any o=c: to obsc::ve oiJe~tions orriai outHundc this_ 
A~c~ment.. !i~a parry du..-:ng the t~"'m,oI thc Projee: and ior th;= yea.., a...~e:, ~e Qmpletlon o( 
:.he Proje::. shall fu:-.iler have tbe right (l) to eU!:1ine allY propc;.')' procureC o.hrough 5n:aneng by 
that ?~. u.'"Ide this Agree:netr;t. wb~~c sue prope:ty is ioatcd.. and (2) to inspect and audit 
any :econis a.."d iccoW'lu .... itb respect lO funds ?ro\',idcci oy, or any propati~ 1nd c:ontrtc: t~c.es 
?rocur~ :.i.rou!b financing by. :.~a.: ?3..--ty unda this ,~e=nent, ~"'herevc: such rcconU may be 10-
eated and maintaineQ. Each pL'"'t)', in ar."3Jlgin~ fot iI..l1y ciisposition of ... any property procured 
til.tough Maneing by the other pa.rty under this .-\;:'e:ment. shall ~sutc that t.~e righu oi eumina­
tiOI\., ir.spec:ion ... "d audit dcsc:fccd in thc prccC'Ciing sentence l:'e rcervec to the: parry which did 
t..:'e iiru..-:.Cn!. 

,\1D 133Q.iitl ~~,19 ) 
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~-1. AID a.~d '.he G::c.."ltec- s::al.l each fu:nish t,n: o:.her with such information a.s ~3~' be nc:c:ciec to 
de~l:m'tine the nature: a..,ci scope of operations u.,Oer :.:'l.is Agre:men: and lO evalu.lte: the e:fieCtive· 

n~s of $\.Ieh ope:-auons. 

N. Tne prr:senl Agee=nent s.~a11 emc i."HO forc~ when signed. E.ither pa:"ty :nay temlinate tlllS 
AgTeeme:nt '::ly giving the '.Jt.;'er ?any thirty (30) days ... -nne::! ;"loue::: of intention to ter.ninate it. 
:"ernrination of tilis Agreemc:1t s;'all te:;:linate any obi.i~Jtions of the ""'0 parries to make: conmou· 
tions pursuant to 31oc.k.s 3 and + oi this Agreement, O::"ce?l for ?ayme:llS whiC.1 they a.n: committed 
to make r:urn.::l..'1t to nona.ncel1~je cc~mitmems entered into .... it.., tiUrc: pa.r:ies prior to the: ter· 
mination of Ute .l..£Teement. 1: is ex?re:ssly unocS1ood :.~at :he obligations under pa.ngraph H relate 
in; to the '.!Se of property or funds si'!a.!l remain in force aner ruc:h termination. In addition, upon 
such termination . .un ~y, It . .l..lI)"s e.xpe:1Se, direct tha~ :itle to goods :l.~ancecl under t.he Grant be 
transfe::ed to .® if t..~:: goods are from a source outside t..J,e Grantee's count:")·, are in a deliverable 
state and have not bern offloaded in poru of entry of the Granlee's country. 

o. To assist in the implementation of the ?roject, AID. from time to time, may issue PIL that will 
furnisb a.dditional inior.nacion about r:;.atters stated in tills. Agr.:ement. Tne parties may also use 
jointly agre::::i·upon Plli 'to confirm and record their mutual unders.andL"lg on aspeC"..s of the im­
pleme:1t.3.uon of this . .l..~e01ent. 

P. The Grantee a.grt;~, upon ieques::, to exeC..lte an asslgn.-nent to AID of any cause of action 
wnj6 xay accrue to :.he Grante:o: in connection with or :o..-ising om of :.he conrraC::J.;a1 perfor.nance 
or breac:.' of pciorm:mce by a?arty to a dire~ COS. Dollar contract with AID onancca in whole or 
in pan out of funds r.an ted by .-llD tl."lder this Agree::not. 

http:pur-u.nt


ANNEX C 

TECHNICAL CONSIDERATIONS OF PHOTOVOLTAICS 

Although the physical phenomenon of photovoltaic~ (PV) was 
discovered in 1839, the application of this knowledge ar.d 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 19j8, when solar cells were first used 
to provide electric power on the earliest U.S. saeellites, 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 technology of choice for 
many missions. 

For terrestial applications, PV systems have not been so widely 
accepted. Several factors account for this, principally cost. 
The initial space applications placed a premi~ on performance. 
Since the elect~ic power system was but a small part of the full 
satellite syseem, its cose 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- "one-of-a-kind" 
approach used in space systems means that mass production of com­
ponents specifi~ally for space use has noc been necessary. As a 
result, cost-cutting pract.ices in common use in illOrE: commercial 
sectors were noe· initially established for PV systems and 
..;omponents. 

Terrestial applications of PV systems began as early as 1959 
with their use in rural telephone systems in the U.S. A.I.D. 
funded the construceion and testing of a PV-powered fishing boae 
in 1962. These and other experimental @.fforts provided important 
initial info~ation abauc terrestial use of the technology. In 
1970 NASA/LeRC began ~o install PV systems for U.S. agencies such 
as the Forest Service and the Coase Guard. This work was increased 
',olben the "oil crisis" of 1973 focused the world's attention on the 
need to find alternatives to oil aDd funding for terres~ial appli­
cations of photovoltaics 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 a~ 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 st)red for later use. A typical photovoltaic system includes 
the ?V cells wired and packaged as modules, the structure to 
support the modules, switches and other electric current control 
devices, wiring, a battery to store electricity for later use (if 
desired) and other equipment. A sy~tem is designed to meet a 
speclfic requirement and can include any number of mcdules and 
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batteries. The ~odular nature of the techn~logy is a prime attri­
bute - the number of modules can be ~atched ~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 ?roduction teChniques and to future use of materials other 
than silicon as these ~aterials and processes are further 
developed. 

At the current cost level, the Pv module represents about 4010 
to 50% of the total system cost, the remaining being ter~ed the 
balance of system (BOS) .. As additional system expeience is 
accrued, it is expected that some of the components of 80S cost 
such as design engineering can be virtually eli~inated through 
system replication. Furthermore, design i~provements, reduced PV 
module cose and greater use should lead to lower costs of storage 
batteries, structures and assembly. To illustrate this, the DOE 
program, currently operating with a $150 million annual budget, 
projects a module price of about SO.70/peak watt and a system 
price of Sl.60 - $2.60/peak watt by 1986 (in 1980 dollars). 

A most important factor in considering photovoltaic costs is 
tbat the technology, like all solar technologies, requires co 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 ioitial capital costs and operaeiOtlS and 
maintenance costs for the life ot the system. USing such tech­
niques, an analysis of the cost of energy derived from PV systems 
at remote sites indicates cost-comoetitiveness relative to small 
diesel generator3, based on coday's ?V module prices, for cases 
where the price of diesel fuel delivered is S3/gallon. The results 
are presented in Figure C-2 which compares the unit cost of elec­
tricity generated by PV systems and diesel generators. Assumptions 
are noted in the legend. 

The results indicate that for applications having an annual 
electrical demand of 6,000 kWh or less, the energy cost for a 
photovoltaic system is less than ror a small diesel/electric 
system. Points of reference for annual electric demand are the 
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Schuchuli Village Project, 5,000 kWh/yr. and the Tangaye Vil13ge 
Project, 3,000 k~h/yr. Within the range of annual energy use up 
t a 5, 000 Ie \~ h li e :II any imp 0 r tan tap p li cat ion s 0 f i:JO e d i ate r e l e -
vance to develuoment in rural areas of Third ~orlc countries. 
Furthermore, over the next several years it :nay be anticipated 
that photovoltaic syste~ costs ~i~l conti~ue to drop steadily. 
Thus ~ithin a decade it is likely that ?notovol:aics ~ill become 
the least expensive and :nose reliable source of :nany decentralized 
e1ectri~ power applications in the developing ~orld. 

R e li a, 0 i li t ., . 

The reliability of a system :nust be taken into account when 
deter~ining its apprupriateness. wnen compared to other technolo­
gies, fV systems orier a pote~tially much greater reliability due 
to the intrinsic alod'..Jlar natu;7e of ?V technology. !tlith proper 
syscem design, the failure dw~ to a single system element can be 
minimized by assuring thac there are several elements that operate 
in parallel to :naintain system perior~ance in tbe event of a com­
ponent failure. Thus even though individual modules ~ight fail, 
the system can still function. In contrast, primarily mechanical 
systems (such as a gasoline engine) ar~ c:riticall! dependent on 
numerous components (such as a carborator), the failure of anyone 
of which will prevent cne operation of the system. 

The reliability of ?V systems fo':" space :lses has been proven 
by the- results of the t~enty year space program. For cerrestial 
applications, NASA/LeRC ha~ the greatest exp~rience with twenty 
system installations in the U.S. and overse~s since L975. Opera­
ti~nal experience to date with chese syst~ms, that on the average 
have been operating for chree years ',.;i':'~ ~0 obvi'Jus limi~ on the 
total lif~ of system, indicate~ t1e following conc;rning ~eli­
abil~ey. 

~odules - of a total of 2,000 modules i~stall~d, approxi­
mately 1, iDa mocules (consisting of units from three different 
U.S. manufacturers) evidenced less than 1% failures. The remaining 
300 modules (consisting of one manufacturers's units of a single 
mocel cype) exhibit~d 20% failures wichin che first L8 months of 
operacinn. Failure of these latter modules resulted from fatigue 
cracking of the ~~ll electrical interconnections induced by ~hermal 
stress, apparencly due to an in~ppr.opriate choice of module sub­
strate ~aterial. It may be not~c that for cbc :~o PV systems (the 
Schuchuli and Tangaye, Upper Volta, VillagE ?ow~r Systems), which 
contained cnese 300 aesign deficient modules, t~ere was no dorupt 
interruption of power. The systems concinwed to operate as mocule 
failu:es accuculated Qver an lS-month periOd, howbeit ~ich a pro­
greJsively di~lnishec overall energy output. ~ull system opera­
tional out?ut was restored by replacement of failed modules. 
Further details of the Upper Volta experience are given below. 
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Otner comoonencs • The majority of che syscems deployed 
did not exnlblc any component problems. ~inor, readily remedied 
component malfunctions or design problems (e.g., vOltage regulator, 
refrigerator compressor motor) were experienced ~ith seven of r.he 
systems. 

?cw~r system reliabiiity is strongly dependenc on system design 
and the proper selection and assembly of toe components, i.e., 
:nodules, J3cteries, conerols, re~ulators, structure and ',.;iring. 
In general operating experience rrom the variety of geographically 
aispersea a?plications indicates excellene system reliability. 
Ou~age rates for photovoltaic systems are generally lower than for 
U.:). central station electric utility power conSiderably 10weI:' 
tban foI:' electric utillty power in ~any developing couneries. 

NASA/LeRC EXDerience 

T~e Lewis Research Center has been ~ASA's Lead Center for 
scace photovoltaic technology since tbe early 1960's. Beginning 
in early 1970, LeRC, as pare of NASA's policy to apply space tech­
nology to otber needs, began designing, building and deploying 
small terrestrial PV syst~ms for the U.S. Forese Se~vice, Coast 
Guara and ocner agencies. In early 1976, LeRC installed two 
systems in rndia as pare of tbe Satellite Inseructional Television 
Experiment, a collaborative USG-India project: involving transmit­
ting educational TV programs using the ATS-6 satellite. Howeve~, 
until the mid-70's, nearly all PV arrays commercially produced in 
the U.S. were used for space applications. At about that time, a 
national terrestrial ?V program ~as inieiated, funded first by the 
~ational Science Foundation and then the Energy Research and 
Development Administration which became tbe DOE. LeRC was iotially 
assi~nea the Tests ~nd Applications ?~oject involving technology 
development ana dowestic :narket aevelopmene of PV stand-alone (no 
backup power) systems. Sine the terrestrial PV industry was in 
its infancy at cbat: time, DOE employed a sel:'ies of "block buys" of 
?V :nodules to stimulai.e croduction an~ tberebv decrease cose. 
LeRC used some of tbese modules for demonstracion projects. Again, 
because of limitea inaustrial capability to develop PV systems at 
the time, LeRC employed in-house personnel and local contractors 
in desi 6ning, fabricating, testing and installing PV systems for a 
variety of potential users, mostly governmental agencies, in the 
U.S. ~ucn of the design work developed ae LeRC during chis period 
has ~een or is bai~g transferred to che emerging PV syste~s 
industry. A brief summary of the LeRC experience with DOE and AID 
PV systems to date is given below. 

Under the DOE Project, LeRC has de910yed some 20 systems 
~ostly single function experiments such as communication or refri­
geration, ranging from Hawaii Co Maine and from Alaska to the 
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Florida Keys. The most significant experi~ent ~o date, nawever, 
is the world's first village PV ~ower syste~ in :he ?apago Incian 
Village of Schuchuli, Arizona. This 3.5 kW peak, 120 volt DC 
system, \oihich became operacional on December 16, 1973, provides 
the 95 villagers with electrical power for potable \oiater pumping 
(for- domestic use and ~i'/estock), lights in the homes and community 
buildings, family refrigerators, a communal \oiashing ~achir.e and a 
sewing machine. The system to date has perfor~ed continuously 
exc~pt for several Drief outages caused by control system ~al=unc­
tions \oinich have been subsequently corrected. Another significant 
multi-fun~tion experi~ent deployea by LeRC involves c~o Ei~e look­
out tower~ in northern Califor~ia operated by the U.S. Forest 
Service. The 294 watt peak ?V systems at these sites each power a 
· ... ater pump, refrigerator, lighr3 and a 2-way radio. [30th systems 
have been operating satisfactorily since they became operational 
in OctODer 1976. 

Under U.S. AID sponsorship, a ?V system powerieg a grain mill 
and a ~ater- pu~p Nas installed, under LeRC management, in the West 
Africa village of Tangaye, Upper Volta and became operational on 
March 1, 1979. The 1.8kwp, 120V JC system supplies DC electrical 
power to a grain grinder and a water pump. A cooperative has been 
formed by the Villagers of Tangaye to manage the mill. About 60 
village families invested in the enterprise. Charges for milling 
are set by the cooperative and are competitive ' .... ith cc..mmerr;ial 
mills in the region. Proceeds from membership and milling are 
used to pay two full-time millers and to accumulate funds for 
spare parts and repairs. Additional p"oEits are distributed to 
cooperative members. The water pump provides up to L5, 000 liters 
or \-Jatar per day for- domesc:ic and stock use. The watar is a1lail­
able to all villagers free of Charge. 

As of October 12, 1980, the system in Uppe~ Volc:a had Geen 
operational 96 ~ercent of the ti~e (i.e., 567 oue: of 591 days). 
3ecause or ~echanical problems encountered with the burr mill, 
installed ini:ially, only a hammer mill \-Jas subsequently installed 
to replace it. As a result of :be ~roblems with the original 
mill, ~he grain ~ill has been operational only 89 percent of the 
time. 

A summary of :he data for ~ater ?umping and grai~ grinding is 
given in ri~ures C-3 and C-4. Ie can be seen that water consump­
tion has followed a seasonal pattern to some degree, the ~aximum 
use occuring at the height of c:he dry season in March-April. The 
total amount of wac:er pumped as of October 12, 1980 is 4,523,000 
liters covering 3,700 hours of pumping. During a recent visit to 
Tangaye i~ December 1980, LeRC personnel were tole by an elder 
that the villagers no longer get sick from drinking the water from 
toe ~ell (since ~he ~ell was covered following installation of the 
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pump). This Dercepcion of cbe healch advaneag~s of pumped waeer 
is evidenely ~ecenc, not noted in Dr. Robere's final evaluation 
study conducted i~ the summer of 1980 (2). The consumption of 
ground grain, shown in Figure C-4, indicates several ?ea~s and 
valleys due to occasional ~echanical problems with the ourr ~ill 
and the failure of some of tile ?V ~oaules that began to occur in 
mid to late 1980. The failure involves fatigue c:acking af the 
metallic interconnects between che solar cells in t~e sDeci£ir PV 
modules ~anufact~red by the Sola=ex Car?oration that were used i~ 
~he projecc. 

The operation of the village system in Tangaye has jeen ~ain­
cained by the effective coordinacion among several people and 
organizaeions. ~ASA personnel tbemselves directed the initial 
installation of the system (February 1979) and the :eplacement of 
the grain mill (Sepcember 1979). Since that time NASA technicians 
did noe visit the village. ~ASA/LeRC did howeve: ~onitor the 
performance of the system and respona to the identiiicaeion of 
problems by cabling instructions to personnel in USAID and through 
them co the village. Tlle USAID personnel included an agricultural 
officer (project ~anager) and a Peace Corps Volunteer who had a 
college degree i~ physics. These cwo undertook necessary seeps to 
maintain the system ope~aeion. The daily operation of the system 
was the responsibility of an Upper Volta naeive of a nearhy 
village; he was ?rincipally responsible for identifying a problem 
and, on the basis of instructions from USAID personnel, for carry­
ing out the specific seeps needed to correct it. It should be 
noted thac only the NASA ?ersonnel had had any experience with 
phoeovolcaic systems before the Upper Volta syseem ~as installed. 

Lessons Leat~ed ?:oc Earlv PV Exceri~ents , 

Experience witb the Schucbuli, Arizona and Tangaye, Upper 
Volta systems has confir~eci tbe need ~or simple, low ~aintenance 
system components and loae device~. For boch systems, aueomacic 
concrols were initially installed tu limit the usage of tbe systems 
(to prevent depletion of the storage batteries under certain con­
ditiuns). It was found tbat these eimer-cype controls wera an 
unnecessary complication whicb, with proper education and training 
of tbe user, could be eliminated. Furthermore, electromechanical 
control systems for regulacing charge currents, used initially for 
lack of other suitable commercially available controls, ~ere also 
found to be t=oubl~some in UDDer Volta. (Yet a similar control in 
Scnucnuli, AriZona bas operaced f~awlessly for over twO years.) 
For the Tangaye system, chis unit was replaced witb a more reli­
able sulij seate control. Load devices such as the orizinal burr 
~ill in Tangaye and custom made refrigerators for Schuchuli have 
also experiencea occasional problems. Again this emphasizes the 
imporeance of selecting simple, reliable and yet energy-conservative 
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load devices for remote PV applicacions. It is int~ceseing co 
nOCe chac field experi~nce, especially that aC Tangay~, has pro­
vided in£or~ation on PV system and load device operation and 
maintenance that ~ould be virtually impossible to generate via a 
controlled experi~enc in ehe States. It should also be pointed 
out tnat the failure of some of ~h~ PV modules due co ehe previ­
ousl; ~entiGned design deficiency i3 ~eculiar to the specific 
Solarex nodules (9200J) and has not occurea in other projects 
~here different ~odules are or ~ere used. 

T~e Upp~r Volta project has aemonstrated t~e need for a 
:apabilitj to ?rovide technical advice and service to field 
systems, ie has also sho~n that the accual steDs to be taken can 
usually be undertaken by someone with minimal technical experi­
ence in gene~al and familiarity ~itb photo'/oltaics in particular. 
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ANNEX 0 

Organizacion Charts 

NASA - AID RelationshiD , 

An organizational chart showing general and functional rela­
tionship~ :elacive to ~ASAls support of che AID PV Development 
and Support Program is shown in Figure 0-1. NASA Headquarters 
coordinates wich AIDls 3ureau for Program and Management Services, 
Office of Contracc Management (SER/~) in formalizing and periodi­
cally amending the Participacing Agency Services Agreement (PASA). 
NASA LaRC, as projecc implementer, receives programmatic ciirection 
from OSlEY and issues progress and management reports co appro­
priate offices in AID, DOE and NASA. LeRe afcer securing OSlEY 
approval cypically deals directly with AID Missions, host country 
governmencs and PVOs in developing specific projects and then 
contracts with industry and/or awards grants to universities for 
tbe necessary goods and services. 
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ANNEX D-2 

DOE National PV P~og~am 

The major organizational elements of DOE's National PV 
P~og~am are shown in Figure 0-2. The Jet P~opulsion Laboratory 
(JPL) in Pasadena, operated for NASA by the University of 
California, serves as Lead Center for DOE. The program consists 
of an advanced R&D activity, a Lo~ Cost Solar Array Project, and 
four Application Pr.ojects. NASA L~RC manages the Remote Stand 
Alone/International Applications Project. 
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ANNEX 0-3 

NASA Lewis Research Csnter 

The orgdnization of NASA LeRC's upper level management is 
shown in Figure 0-3. The Energy Directcrate con~ists of three 
divisions ~hich manage a variety of pro~ects for che DOE. The PV 
projects managed for AID and DOE are in Che Solar and Electro­
chemistry Division. The ~~oject level orgnaizations and personnel 
of the Terrestrial PV Projects Branch are given in Figure 0-4 
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~XE 

P~ofile of NASA/LaRC Staff 

The Development of Support Project Office at LeRC is managed 
by Wiliiam J. Bifano and consists of three professionals who 
serve as project ~anagers. Project engineers from the PV 
Applications Section are assigned as needed to AID projects. 
Brie! resumes of D&S Office personnel and project engineers 
r.urrently working on AID activities are given below: 

~illiam J. 3ifano, manager of the D&S Project Office, 
served as project manager for both the Schuchule, Arizona 
Tangaye, Upper Volta PV Projects. He has participated in 
to Ecuador, Peru and Kenya in support of the D&S Projec~. 
holds a B.S. and M.S. deg~ee in physics and has been with 
siDce 1961. 

has 
and 
TDY's 

He 
LeRC 

Larry Scudder assists in managing the D&S Project Office, 
currently serves as AID project manager for the Tunisia Renewable 
ED~rgy Project, funded by rhe Near East 3ureau, the Upper Volta 
PV P~oject, 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, Nigeri~ and 
Cameroon in support of AID and DOE projects. He received an A.B. 
degree(witr honors) in L960 and has been with LeRC since 1962~ 
He has some familiarity with French. 

Stan Marsik serves as AID project manager for PV medical 
applicatlons. He previously served as project ~anager for tbe 
DOE ?V Endurance Test project, involving the deployment of PV 
modules at a variety of sites in tbe U.S. He is Eluent in both 
Czech and Seovak, passable in Russian and bas some familiarity 
with German, Italian and French. He has visited' Guyana, Jamaica, 
Zaire, Kenya and Zimbabwe in support of the D&S P~oject. He 
holds a B.S. in physics and bas been with LeRC since 1965. 

Fred Simon serves as AID project manager for PV education/ 
communication applica~ions and assist3 with PV medical 
applications. He is fluent in Spanish and has visited Ecuador 
and Peru in support of the D&S Project. He holds a B.S. and M.S. 
degree in Chemical Engineering and has been with LaRC since 1962. 

Ton~ Ratajezak is head of the PV Applications Section. He 
directe implementation of both the Schuchuli and Tangaye 
P~ojects and currently supervises nine engineers responsible for 
both AID and DOE p~ojects. He is also a consultant to the Solar 
Energy Resea=ch Institute and che United Nations in the area of 
PV. He holds a 8.E.E. degree (electrical engineering) and has 
been wich LeRC since 1962. He has some familiarity with French 
and has visited Ecuador, Egypt, Gabon, Senegal, Upper Volta, 
Italy and Tunisia in support of AID and DOE PV projects. 
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Oscar Gonzalez serves as project engineer for PV ~ducation/ 
communlcatlon accivicies and supports ~edical applications in 
Spanish speaking countries. He ~as a ~ember of th~ sice 
inspection ceam in Ecuador. He balds a 3.S. degree in electrical 
engineering (E.E.) and bas been with LeRC since 1977. A native 
of Puerto Rico, he is fluent in Spanisb. 

Dick DeLombard SLrves as project engineer for PV nedical 
applicatlon p:ojeces. He ~as actively involved in the design and 
deployment or both the Scbuchuli, AZ and Tangaye, U.V. systems. 
He bas visited Upper Volca, ~enya and Zimbabwe in support of cbe 
AID project. He holds a 8.S. and M.S. degree in E.E., bas some 
familiarity r.vieb French and bas been witb LeRC since 1977. 

Jim ~artz serves as project engineer for bach tbe Tangaye, 
U.V. ana runlsi~ Renewable Energy Projects. lId balds a B.S. 
degree in chemical enginering and has been witb LaRC since 1957. 
He bas visited both Upper Volta and Tunisia. He has some 
familiaricy ~ith French. 

Ron Cull serves as project manager for tbe PV Systems Test 
Facility at LeRC. He was actively involved in cbe desig:l and 
testing of both che Scbuchuli and Tangaye PV systems. He bold s 
a B.S. and M.S. in E.E. and is currently working on his 
dissertation fOL a Ph.D. in E.E. He is a nationally recognized 
expert in the design of controls and instrumentation for PV 
systems. He bas been with LeRC since 1966. 

Gay ~o~gan, currently work ing- for AID/UV under. contract, will 
be orrerea a pOSition with LeRC as an AID project manager in the 
D&S Project Office. Ms. Morg~n has also served in che Peace 
Corps. For the pase two years she bas supported tbe t~aining and 
~onitoring efforts associated with the Tangaye PV system. She 
holds a 3.S. degree in physics from the University of Colorado, 
is fluent io French and cae communicate in several Airican 
languages. 



ANNEX :' 

PROGRAl.'1 BUDGET 

The PV Development and Support Project represents a five-year, 
$9.75 million activity involving a series of non-c ntry specific 
demonstration ~rojects. Such projects are planned .or each of rour 
application categories, (viz., health, education/communication, 
water pumping and food processing and preservation). A budget 
breakdown is given below for: 1) a typical demonstration project 
for a given applica~ion, 2) system replication costs including 
projected foreign exchange costs, 3) the $2.5 million ~uthorization 
for FY 79/80, and 4) the planned authorization ~~r FY 81. 

E-l - Tyoical ~V Demonstration Budget Breakdown 

The procurement strategy being used by NASA LeRC for each AID 
applicat ion cat egory involves a ":nass buy:' approach where in a 
so-called "standard PV system" design is developed and a number of 
replicate :3ystems are fabricated, shipped and installed at" predeter­
mined sites in de'leloping countries. Those cosr:-s associated with 
one-time design/engineering activities are viewed as non-recurring 
costs, while those associated with materials, labor, shipping and 
travel are recurring costs which must be borne for each demonstra­
tion project. Operations costs involving such activities as moni­
toring of system operation and reporting are considered separately. 
For purposes of illustration, cost esr:-imates associated with the PV 
~edical applications are presented. below: 

PRELI~I~ARY CONTRACT COST ACCOUNT ESTIMATES ASSOCIATED WITH DESIGN, 
DEVELOPMENT, DEPLOYME.NT OF A FA.J.'1ILY OF EXPERIMENTAL PV SYS1'D1S 

(END or 1980 DOLLARS) 

Baseline System: Array - 1.8 kWp (28 C); 120 VDC Battery - 350 Ali 
(42 kWhr) 

Insolar:-ion: 390 langleys/day 

1. Nonrecurring costs 

1.0 Design (Labor) 

1.1 Engineering (1050 hrs @ S16-20/hr) 

1.2 Drawings (lK/dwg X 8 dwg) 

1.3 Failure ModeS/Effects (200 hrs @ S16/hr) 

1.4 Review (120 hrs @ S16/hr) 

Subr:otal 

SlB.OK 

B.O 

3.2 

2.0 

$31. 2 
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2.0 R&QA (Labor; 100 nrs @ SlO/nr) 

3.0 Fabrication (Labor; 700 hrs ~ SlO/hr) 

4.0 Proof of Design Tescing (Labor; 160 nrs 
I~ SlO/br) 

5.0 Opecation/~aincenance & Training ~anuals 
(~abor; 2.3K/~anual) 

6.0 Contractor's Project ~anagement (Labor; 
250 hrs ~ $2S/hr) 

7.0 Travel 

Subtotal 

O'lernead (1501. - 2501) 

8.0 Materials (Cost + Overbead) 

Subtotal 

G&A (201) 

Subtotal 

Contingency (101) 

Profits (10~ - exclusive of contingency 

Total Nonrecurring 

II. Recurring Costs 

1.0 ~aterials 

1.0 Array Field 

loOK 

7.0 

1.6 

S.O 

6.0 

4.0 

58.8 

88.2 - 1.47 

1.2 

148 - 207 

30 - 41. 4 

178. - 248 

18 - 25 

18 - 25 

214 - 298 

1.1.1 Modules; ll/Wp (28 C, including 51. 
spare) X 1. 8 kWp $20.8 

1.1.2 Frame, Suocort, Wiring, Signs, 
Fencing .. 

Suctotal 

1.2 Battery (51 Spare, S150/kwnr) X 42 kwh 

1.2.1 3attery Racks 

4.0 

24.8 

6.6 

0.4 
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1.3 Conttols & Instrumentacion (Hardward 
& Spar!:!s) 

1.4 Loads and Spares 

1.5 Enclosures (3acr:ery, Controls, ecc.) 

1.6 Electrical Distribucion 

1. 7 Packaging 

Subtocal 

1.8 Overbead (15~) 

Subtotal 

2. a Labor 

4.0K 

4.iJ 

1.0 

1.0 

2.0 

43.S 

6.6 

50.4 

2.1 Assembly of Ar~ay (Factory) 1.4 

2.2 Controls &. Instrumentation (Faccory) 2.0 

2.3 R&QA/Ac~epr:ance Testing (Factory .. Field; 
150 hrs. @ SlO/hr 1.5 

2.~ Packagicg 1.0 

2.5 Field Installation &. Checkout (Sice Prepara-
tion, Array, Battery, Loads, Enclosure, 
Powe~ Distribution; 1360 hrs @ S16/hr, 
S 10 / h r, S 1/ h r) 10 • a 

2.6 Site Specific Survey (40 hrs ~ $16/hr) 

2.7 training (40 hrs @ $16/hr) 

2.8 Contractor's Project Management 
(ZOO hrs @ $25/hr) 

Overhead (150~ .. 2501.) 

3.0 "hipping 

3.1 Array 

3.Z Battery 

3.3 Auxiliary Hardware 

Subtotal 

Subcotal 

~uctoca.L 

1.6 

0.6 

5.0 

22.1 

33.5 .. 55.3 

55.6 - 77.4 

1.2 

1.3 

0.7 

3.2 



Overhead (15~) 

4.0 Travel 

4.1 Si~e Specific Survey 

4.2 Field Installation/Training 

Subtotal 
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0.5K 

3.7 

1.4 

10.0 

Subtotal 11.4 

Overhead (15~) 1.7 

Subtotal 13.1 

Total (1 - 4) 123 - 145 

G&A (201.) 2.5 - 29 

Subtotal 148 - 174 

Contingency (10'7.) 15 - 17 

frofits (10~ - exclusive of contingency) 15 - 17 

Tac-al Recurring Cost: 178 - 208 

5.0 Operations 

5.1 Monicoting/Reporr.ing (320 hrs @ S16/hr) 5.0 

5.2 Service (320 hrs @ SlD/hr) ~.O 

5.3 Contractor's Project Management 
(64 hrs @ $25/hr) 1.5 

5.4 Travel 11.0 

Subtotal 

Overhead (100'7.) 

Subtotal 

G&A (20't) 

Subtotal 

Contingency (101.) 

Profit (10% - exclusive of contingency) 

TOTAL 

21.5 

21. 5 

43.0 

8.6 

51.6 

5.2 

5.2 

562.0 



III. Total System Cose 

A. Nonrecu~ring Cost 
(Independene of number of systems) 

c. 
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214 298 

c. 
C. 

Recurring Cose 
(For each system) 

Total System Cost 

Operations 

178 - 208 

$392 - 506 

$62 K 

E-2 - Svstem Reolication Costs , 

Once a design has been established and verified as being 
suitable for a given application, replication is ehpeceed to 
follow. For such replications, ehe costs can be divided into 
foreign exchange (U.S supplied goods and servic~s) and local 
costs (indigenous labor and materials). PV modules, electronic 
peripherals and, at least inieially, battery storage would fall 
in ehe former category, while structure, wiring, siee preparation 
and maintenance a~d service would rep;esent local coses. Since 
developing country officials are quite concerned about eocal 
dependency on outside sources of energy (whether conventional or 
aleernative ~enewable eypes), the use of local labor and materials 
~ill be encouraged so as Co minimize- foreign exchange costs. 

The estimated replication coses 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) 
Balance or System (battery/elec~ronics 
Packaging 
Overhead 
Shipping 

FX Subtotal 

LC 

Frames & Supports 
Site Survey 
Inseallation/Checkout 
Assembly 

LC Subtotal 

Toeal 

$20k 
17 

2 
6 
4 

l49'K 

S 4K 
2 

10 
6 

-z! 

$71K 

Foreign exchange costs projected for the near future (i.e., by 
~id-1980's) when PV ~odule pric~s are projected co drop to less 
chan S3/Wp, are as follows: 



PV Ar~ay ($3/Wp X 1800 Wp) 
Other 

FX Subtot:al 
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$ 5.4K 
29 

$34.4K 

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

FX 

PV Array 
Packaging 
Overhead 
Shipping 

TOTAL 

$ S.4K 
2.0 
2.2 
2.0 

$11. 6K 

Hence, while first costs -are relatively high for PV demon­
stration projects, future costs are projected to decrease 
significantly due to lower PV module costs (through increased 
production and technology development) and lower foreign 
eXChange costs (as the host countries begin to assume more of 
the con-PV telated costs, i.e., through the use of indigenous 
labo~ and matetials). 

E-3 - :Y 79/80 PVDSP Authorization 

Total commit~ents (actual and projected) relative to the 
PVDSP for the period September 1. 1979 to March 31. 1981 are­
given below: 

ACTIVITY 

Prolect Management (In-house) 
.lanpower 
Tr a vel, 
DCAS (Cont. Administration) 

Planning ana Studies (Contracts) 
MealCa.l. .survey 
Education/Comm. Definition Study 

Field T~st SuaDort (Contracts) 
Catalog or ~eaical Equipment 
Load Test & Evaluation 

TOTAL 
COMMITMENTS 

$ 5901< 
500 

75 
15 

12 
50 

43 
50 

62 

93 



Medical Aoolicaeions 
Medlcal Systems ror 5 Rural Clinics 1,450 
Medical Reirigeraeors 150 

Training and Infor~ation 

Other 
Management Support (Contract) 
Upper Volta (In-bouse) 

TOTAL 

E-4 - Plans for FY 8l 

75 
30 
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1,600 

SO 

105 

S2,500K 

An estimate for ehe PVDSP budget breakdown for FY ~l is 
given below assuming funding levels of $LM and $~~. As indi­
cated the bulk of che funding bas been allocated for education/ 
communication application projects. 

ACTIVITY 

Pro~ecc Manasemene 
L anpower 0 :t )OK 
Travel 

Planning & Studies 
Next Appl. Category 

Field Test SUDoort 

ADolicat ions 
PV Mealcal-Add Zaire 
Communication Satellites* 
Education Applications 

Training & Information 

TOTAL 

$LM (FY 81) 

$. 300K 
30 

o 
o 

150 
200 

(1) 250 

70 

$1,000 

*Support of AID OSlEY Rural Satellite Project(s) 

$2M (FY 81) 

.$ 300K 

10n 

50 

150 
400 

(3) 750 

200 

$2,000 
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