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DOE AND AID STAND-ALONE PHOTOVOLTAIC ACTIVITIES: A STATUS REPORT
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ABSTRACT 


The NASA Lewis Research Center (LeRC) is 

managing stand-alone photovoltaic (PV) sys-

tem activities sponsored by the U.S. Depart-

ment of Energy (DOE) and the U.S. Agency

fcr International Development (AID). The 

DOE project includes village PV power demon-

stration projects in Gabon (four sites) and 

the Marshall Islands, PV-powered medical
 
refrigerators in six countries, PV system

microprocessor control development activi-

ties and PV-hybrid ;ystem assessments. The
 
AID project includes a large village system 

in nisia, a water pumping/grain grinding 

project inUpper Volta, five medical clinics 

infour countries, PV-powered medical re-

frigerator field tests in eighteen countries 

and one PV-powered remote earth station 

application. This paper reviews these PV 

activities and summarizes significant find-

ings to date. 


1. 	INTRODUCTION 


The NASA Lewis Research Center (LeRC) mana-

ges two projects involving the deployment 

of small-scale, decentralized photovoltaid 

(PV) power systems. For the U.S. Department 

of En.rgy (DOE), LeRC manages the PV Stand-

Alone Applications Project which ispart of 

the National DV Program. This project con­
sists of technology development and systems 

applications subprojects. The objective of 

the project is to expand the PV stand-alone
 
application technology base in support of 

U.S. industry. For the U.S. Agency for 

International Development (AID), LeRC mana-

ges the PV Technology Project (formeirly 

Development and Support Project), the objec-

tive of which is to deternine the suitabil-

ity (i.e., reliability and cost-competitive-

ness) of PV power systems for development 

assistance activities in rural areas of 

developing countries, 


The DOE and AID projects are similar in 

that they are both ultimately aimed at dem-

onstrating the applicability of stand-alone 

photovoltaic systems to a variety of users, 


LeRC, as technical manager for both proj­
ects, coordinates and integrates the activ­
ities to assure appropriate interaction,
 
facilitate technology transfer and prevent
 
duplication of effort.
 

This paper reviews the current status of
 
the LeRC-managed DOE and AID PV activities
 
and summarizes significant findings to date.
 

?. 	STATUS OF CURRENT FIELD TEST ACTIVITIES
 

A summary of DOE and A'D photovoltaic activ­
ities currently being managed by NASA LeRC
 
is presented in Table 1. With the exception
 
of the Tangaye, Upper Volta field test proj­
ect, 	which has been conducted primarily by
 
NASA 	LeRC, these activities are being or
 
will 	be implemented by U.S. industry through
 
competitive contracts. For the field test
 
activities, the contracts typically involve
 
design, prototype fabrication and testing,
 
preparation of user manuals, shipping and
 
installation, and one to two years of opera­
tional support, performance evaluation and
 
reporting. Complete design description
 
packages are also to be provided to enable
 
subsequent replication of the systems. In
 
most cases, cost-sharing is included. The
 
ongoing DOE and AID-sponsored PV activities
 
are described briefly below:
 

2.1 	 Tan aye, Upper Volta PV-Powe-ed Grain
 
Mill and Water Pu p
 

Under U.S. AID sponsorship, a PV system
 
powering a grain mill and water pump was.
 
installed inthe West African villaqe of
 
Tangaye, Upper Volta and became operational
 
on March 1, 1979. A total of $110,000 of
 
AID funds were allocated for the technical
 
component of the project. The PV system,
 
which initially consisted of a 1.8 kW
 
(peak), nominal 120 volt PV array and 540
 
ampere-hours of battery storage, supplies
 
DC electrical power to a hammer mill and a
 
positive displacement water pump. During
 
the second year of operation, degradation
 
of the array output was observed which was
 
increasing with time. This was subsequently
 



determined to be due to a PV module design 

defect resulting in thermal stress-induced 

cracking of the cell electrical intercon-

nects. Nearly 30% of the PV modules had 

failed (open-circuit) by the end of the 

second year of operation. As a result, and 

because the demand for ground grain exceeded 

capacity, the system was refurbished and

increased insize in May of 1981 from 1.8 

to 3.6 kW and an improved hammer mill was 

installed. Surplus modules from the DOE 

Program were used for the expansion. 


To date, no furthe" array degradation has 

been observed. Inspite of the problems 

encountered with the PV modules installed 

initially, the system has proven to be very

reliable, having been on-line 98% of the 

time during the first four years of opera-

tion. As of July of i982, the cooperative, 

organized to operate the mill, had a bank 

account of $1500 and was grinding an average 

of 1.2 metric tons of finely ground flour
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per week. Water consumption averaged 74 m
 
per week during the past dry season. Addi­
tional information on the operation of 

this system is given in References (1-3). 


Socio-economic impact studies relative to 

the Tanqaye Project have been conducted by

Dr. Allen F. Roberts of the University of 

Michigan under sponsorship of the AID 

Bureau for Africa. 


2.2 PV-Powered Medical Refrigerators 


As part of an activity involving both DOE 

and AID, PV-powered refrigerators for cold-

chain preservation of vaccines will be 

field tested at 28 sites around the world, 

eight for DOE inconjunction with the Cen-

ters for Disease Control (CDC), and 20 for 

AID. It isestima'ted that approximately 

30,000 rural health centers in developing 

countries currently use kerosene-fueled, 

absorption-type refrigerators for vaccine
 
preservation. However, such units do not 

meet World Health Organization (WHO) re-

quirements and exhibit a number of opera-

tional problems as well. In 1979, NASA 

LeRC, on behalf of DOE, entered into a 

joint cost-shared project with CDC to de-

velop PV-powered medical refrigerators 

which meet the WHO requirements. Initial-

ly, contracts were awarded to the Solar 

Power Corporation (SPC) and Solavolt Inter-

national (SVI) as part of a competitive

procurement for the fabrication, testing 

and evaluation of prototype PV-powered 

refrigerator/freezer systems. Following 

successful completion of this activitiy, 

follow-on contracts were awarded to SPC
 
and SVI for the deployment of field test 

systems. InJanuary of 1982, SPC was
 
awarded a contract for the installation of 

19 PV-powered refrigerator systems (8 for 

CDC and 11 for AID) in 16 countries. The 

total contract cost for this effort was 


$313,472. In January of 1983, SVI was
 
awarded a contract for the fabrication of
 
10 PV-powered refrigerator systems, 9 of
 
which are to he installed in 8 countries
 
with one being held as a spare. This con­
tract, totalling $199,052, was funded
 
solely by AID.
 

The locations and installation status of
 
these refrigerator field-tests issumma­
rized in Tablb 2. Of the 17 SPC refriger­
ator systems installed to date, 14 are
 
functioning satisfactorily. The unit in­
stalled in the Maldive Islands never became
 
operational apparently because of a loss
 
of refrigerant. One unit in Indonesia
 
appears to have a defective voltage regu­
lator, and the unit in Guyana isexperienc­
ing unexplained automatic shutdown inearly
 
evening. All three systems are currently
 
being investigated further to determine
 
the appropriate corrective action.
 

2.3 PV-Powered Medical Clinic Systems
 

Under the AID PV Technology Project, PV
 
power systems are being installed at rural
 
health facilities inGuyana, Ecuador, Kenya

(two systems), and Zimbabwe. These sites,

representative of similar facilities in
 
other developing countries, stress preven­
tative health care and are staffed by para­
medical health officers, interns and/or
 
nurses. The provision of relatively modest
 
amounts of electricity to such facilities
 
is expected to result in a significant

improvement inhealth delivery effective­
ness. Characteristic uses of electricity

include lighting, refrigeration, steriliz­
ers and 2-way radios. A reimbursable,
 
cost-shared contract was awarded to the
 
Solarex Corporation to implement this ac­
tivity. The total contract value was
 
$830,000 (approx.). In addition, no fee
 
was charged by the contractor.
 

The specific sites of the PV medical field
 
tests are as follows: Waramuri, Guyana;
 
Pedro Vicente Maldonado, Ecuador; Kibwezi,
 
Kenya; Ikutha, Kenya; and Chikwakwa, Zim­
babwe. The system at Waramri became op­
erational on January 17, 1983. All five
 
systems are scheduled to be operational by

May of 1983. The general characteristics
 
and specifications of the PV medical system
 
are presented inTable 3.
 

Inconjunction with each of these field
 
tests, seminars ouiPV technology are being

held for host country personnel through a
 
grant to the University of Michigan.
 

2.A Tunisia Villaqe PV Systems
 

Under a cooperative, cost-shared project
 
between the Government of Tunisia and AID,
 
PV, wind and solar heating units have been
 
installed in the village of Hammam Biadha
 



Sud. This village (population 120) and 

the surrounding farm area (600 hectares) 

are situated 130 km southwest of Tunis. 

The PV portion of the project consists of 

the following: 1) a 27 kW, 220 volt, 50 

Hz system to serve the domestic, public' 

and commercial sectors of the village; 2) 

a 1.4 kWp system for a remote farm (for

lighting, refrigerator, TV and radio); and 

3) two 1.4 kWp systems to power drip irri-

gation for a greenhouse and an orLhard. 

In September of 1981, a reimbursable, cost-

shared contract was awarded to the Solar
 
Power Corporation (SPC) to design, fabri­
cate and install the systems and train the 

villagers in the use of photovoltaics. 

The total value of this contract was
 
$1,015,942 including cost sharing. 
 In 

addition, no fee was charged by the 

contractor.
 

All PV systems were installed in February 

of 1983 and are fully operational. All 

activities associated with the project are 

being coordinated with the Societe'Tuni-

sienne de L'Elctricite"et du Gaz (STEG),

the designated host country agency for 

implementation. 


STEG is providing meters to users who de-

sire electrical service and will bill 
cus-

tomers for electricity consumed. A STEG 

engineer is stationed in the village for 

operation and maintenance of the PV sys-

tems. The U.S. Peace Corps has supplied 

two volunteers for the project who will 

live in the village during the two-year 

demonstration phase and assist the resi-

dents of the region in the use of the solar 

power for agricultural applications, 


Additional information on this project is 

given in reference 4. 


2.5 	 Utirik Village PVPower Sstem 


As a result of a request from the President 

of the Marshall Islands, DOE recently au-

thorized NASA LeRC to implement a jointly 

funded village PV power system project on 

Utirik Island. The 400 people of Utirik 

are contributing $100,000 in funds recently

appropriated to them by the U.S. Congress 

under PL 96-126. DOE is providing a modu-

lar PV power system being designed and
 
fabricated under an existing NASA LeRC 

contract with Hughes Aircraft Company.

Utirik Island, comprising an area of less 

than one square mile, has approximately 

400 residents. The Island's 46 dwellings 

and 7 community buildings will 
use PV power 

for lighting. In addition, electricity 

will be provided for village roadway light-

ing, and lighting, fans and refrigerators 

for some of the community buildings, in-

cluding a medical dispensary, school, com-

munity house and church. 


A conceptual design of the village PV power
 
system was prepared by NASA LeRC based on
 
the goals of the Utirik Village Council
 
and the funding available. The overall
 
system will consist of the modular PV power
 
subsystem (8 kW peak array and battery
 
capacity of 180 kWh), an underground power

distribution subsystem and a connected
 
load of about 4 kW with a daily energy 
consumption of approximately 22 kWh. Ss­
tem installation is scheduled for January-
February 1984.
 

3. 	 STATUS OF TECHNOLOGY AND SYSTEMS
 
DEVELOPMENT ACTIVITIES
 

3.1 	 Microprocessor-Based Control Sub­
system Development
 

As part of the technology development ac­tivity, a generalized microprocessor tech­
nology-based PV control subsystem is being
 
developed under contract to the TriSolar
 
Corporation of Bedford, Massachusetts.
 
The total value of the contract is
 
$341,000. The objective of this contract
 
is to provide a low-cost control subsystem
 
applicable'to a wide range of PV systems
and maximize the overall PV system effi­
ciency by overall system energy management.
 
The controller is to be designed to be
 
commercially manufacturable using present

hardware and manufacturing technology but
 
be representative of a step increase in
 
the state-of-the-art of control subsystem
 
designs. The control subsystem is to con­
sist of an intelligent microprocessor-based
 
controller, power controlling PV system
 
interfaces and control data acquisition PV
 

system interfaces.
 

The contract consists of three primary
 
ta'sks as follows: 1) Design Considerations

Assessment, 2) Conceptual Designs and 3)
 
Development Hardware. 
 Parallel development
efforts are included for software, firmware
 
and hardware. The hardware will 
consist
 
of two developmental control subsystems.
 
A final report documenting all work under
 
the contract will also be provided. To
 
date work has focused on the design task.
 
The contract is scheduled for completion
 
in October 1983.
 

3.2 	Assessment of PV Hybrid Energy Systems
 

On November 10, 1982, a contract entitled
 
"Assessment of PV Hybrid Systems" was
 
awarded to Engineering and Economics Re­
search, Inc. of Vienna, Virginia, under a
 
competitive procurement. Total value of
 
the contract is $193,206. The goal of the
 
contract is to provide a comprehensive
 
assessment of the potential of PV hybrid
 
energy systems for stand-alone applica­
tions. The contract consists of five major
 
tasks. Tasks 
1 and 2 deal with the iden­

3
 



tification, definition and evaluation of

candidate PV hybrid concepts. Under these

tasks, methodologies will be developed and

utilized to evaluate the technical and 

economic merits of PV hybrid concepts.

Screening procedures are now being devel-

oped to select the four most promising

hybrid technologies for further study.

Under Task 3,conceptual designs of the

four selected hybrid systems will be devel-

oped while Task 4 will 
involve recommenda-

tions or technology development activities 

needed for successful implementation of
the PV hybrid systems within the next 5 to

10 years. A final report documenting all

work performed under the contract will 

also be provided.
 

The contract isscheduled for completion 

inSeptember 1983.
 

4. PLANNED FIELD TESTS 


PV field-test projects planned for imple-

mentation in1983 are described below, 


4.1 Remote Villaaes inGabon 

"Community service" PV packages will be
installed infour remote villages inGabon 

as part of a cooperative, cost-shared dem-

onstration project between the Government 

of Gabon and the U.S. DOE. 
 Selected as

the test sites are Bougandji, Nyali, Don-

cuila, and Bolossoville, four remote vil­
lages with populations of 1000-1500. 
 Four
complete PV-powered public service systems

will be supplied to each village as fol­
lows: I)health - lighting, ventilation,
and "redical refriqerator for he dispen-

sary; 2)education - lighting and audio-

visual teaching equipment for the school;

3)water supply - water pump, storage and 

distribution system; and 4)area lightinq"
- outdoor pole light. Standard power

packages and loads will be provided to all
the villages for each public service 

application. 


The socio-economic aspects of this project 

are being addressed by Dr. Allen F.Roberts
under a Unoiversity of Michigan grant. 


Proposals received inresponse to a 
soli-

citation for the implementation of this
project are inreview. Award of a 
cost-

reimbursable contract isscheduled for

June-July, 1983. 


4.2 Remote Earth Station Application 


Under the AID Rural Satellite Project man­
aged by the Academy for Educational Devel­opment (AEP), Washington, D.C., a number
 
of pilot projects will be implemented to
 
demonstrate the economic feasibility of
 

satellite communications for remote areas
 
of developing countries. A key objective

of this Project isthe development and

demonstration of low cost, low power earth
 
stations. Inconjunction with this effort,
PV power systems will be designed, fabri­
cated and field-tested at 
one or more re­mote earth station sites as part of the
 
LeRC-managed PV Technology Project. 
 Re­
quests for proposals for the implementation

of the PV power system component of this
activity were issued on March 4,!D83.
 
Award of a cost-reimbursable contract is
tentatively planned for August l98 
. The
 
procurement of the earth stations isthe

responsibility of AED.
 

5. CONCLUDING REMARKS
 

The Tangaye, Upper Volta grain grinding

and water pumping system, now in its fifth
year of operation, has demonstrated the
 
reliability of photovoltaic technology for
remote applications. Other applications

such as village power, rural health clinics
 
and remote earth stations are now being

implemented under AID and DOE sponsorship.
 
Results of these field tests, which will
be distributed to the internationl devel­
opment assistance community, are expected

to Further establish the technical and
 
economic viability of PV technology for
 
remote power applications.
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TABLE
DOE r2 ODPV Actlalei Curn Mtf by NASA LRC 

ProJet SuppIt/ImpI nter Contract Valet Contract OperatIonal Romarts 
Award Date Date(s)
Tangayd.Upper Volta 
 ASA-LC


Voter Pmp 	 - March 1, 1979(A 	 System transferred to Govnt of
Upper Voltaon Aprilt , 1983. 

MedicalRetrigerators SolarPowerCorporation $313.472 
 1-19-83 
 Oct.1981(India) I year fieldtestsat 19
(A)&(D)Medical Refrlerators Solavolt 	 Oct. 82 - May83 locationsInternational $199.052 1-27-83 Jaue-Oct. 1913 1 year field testsat 9 

Medical Systems 	 (A)
Solare Corporation $829,684 	 locations

12-15-81 Jan.-Apr. 1983 2 year field tests at
(A) 	 s 

Tuntita VillageSystm SolarPower Corporation 	 $1.015,942 locations
9-4-81 larch1983 Operationmanagedby Tunisia"


(A ) 4UtirikVillag System " e AircraftCo. TID elect. UP lityauthorityTo 
 T 
 Uses Modular V systemdesigned(D)GabonPublic Service Too 	 undercontractD03-207TOo TOO tooPVSystms 	 Proposalsunderreviewas of 
Rcooote 	 (D)EarthiStation


Application TEo To'TeoYI	 March193T 0O TOO(A) Site In Indonesia to be 
Mlicroprocestor.Oated detemined

TrnSolar CorporatIonControl Subaystme 	 $341. o 1-26-83(-)lvirbles .. i Include software,Development (D) firtube, an hardware 
Assessment of PV Enpiaoring and Economics 1193,2w16 11-10-82Hybi Systems Research, Inc. (D) ... 	 Final Report to be Issued in 

September 1983 

'Includes cost sharin9 ins cases Funding Agency: (A)=AID, (D)-OOETO * to be determined 

TABLE2 

MAUA IARC PV MfWRaf wo FRek-Test Stmmuay 

(CDC) Peru (CDC) )(CDC)
PucAr4 1. Kaur 2. Gunjur Maldivs
 
14 Oct. 82 SPC/Al ( K)aluduush
27 Jan.83 SPC/A.-6 

Kl6a 2 5C/Ah

Boca%Del Palo(CDC) Colombia 
 (CDC) I-IVoryCDC)GUILeaS 2. laranou ( hoo)II .ep. 82 SPC/A 	 India al5 Feb. 83 SPC/A§ SPC/A8 

19oorbaral19 Ot 81 SPC/AS(AID) DominicanRep. (AID) IvoryCoast 
 (AID) Egypt(2) 
 (AID) Indonesla(2)
Las Tablas 
 Abidjan 

e Aug. 82 SPCIAR 	 ? 1. Cibung Bulanq 2. BatujayaS1VI/PP SVI/PPS'1lM 16 Ar. 82(AID) Gatemala 	 SPC/AR(AID) Uper Volta (AID) Tunisia (AID) Thailand


TlerraBlasci Orodarn 
 s*lrat (Sillana)
I Oct. SPC/AI 	 Tlafbn ThathongSVl PP 
 SVI ­(AID) Honduras 	 SI/M(AID) Liberia (AID) Morocco 
 (AID) Bangladesh
Aloa ovsSemBousboste 

SPC/Al 	 7Feb. 83 SPC/A8 SIl/M(AID) Haiti 
 (AID) Zaire 
Anse-A- Vau Kfanto 
2 Sty.82 SPC/All 
 I Feb. 83 SP/Al

(AID) Guyana 
 (AID) Zlibabwe
 
Scl~tOp 
 Chlota
30 Sep. 82 SPC/AlI 15Feb. 83 SPCIA8 tGL14:
 

AID) Ecuador 
 SPC SolarPowerCorp. PP •PolarProducts

CostumeCobs51 * SolavoltInternational M4 Marvel
 
16 Sep. 82 SPC/A1 Al * Adler Ba''ur
 

(AID) St. V1"CntJ Sandylay
 

svt5 



TABLE3
 

GrNd Chwactsstk and Spec Uatione of PV eckW System 
General O oquiremns 

o Dailyelectrical
energyoutputof 4000watt-houri
 
o Nonnal outputvoltong: 120VOC
 

o All OC loads hardulrod
 
0 Meets local elbctrlcal U.S.
codesor ictio.al Electrical Code 

Eastlin SystS 

PV Array: dS-Solarox Modules, TAMo5300EGor 1440Watts 

BatteryBank: 19-C&0 Pb-CaBStteris, Type 3DP7-7 or 30kWh 

Controller: 
 l-Solsrex ACi-4 Controller/Requslator 

Instrumentation: 1-CUtOe Oasign with LEDIndicators, fetars and Alarms 
LoadSystem: 
 Priority Los (3 groups) operated by Controller 

AS: l-ihlionDataAcquisition System;Typo80 

Site Secific Eolowent.
 
Inverter: 
 I-MAcus Controls(2 KVA),OC-ACfor Ecuador 

Converter: 
 IO-WilmoreElectronics, Model 1295-125-13-15,DC-DCfor Radios and 
Rlrfrigrstors
and ExternalLPSVLIghts 

EcuadorSystem: Baseline plusan additional 45-Solarsx Mduleo Ty. S300EGor
 
250 Watto (due to low Insolation)
 

toe Esulpnt Surae,r
 

Fluorescent
Laws: 
 STD,4CWTues & Fixtureswith odtmeTrsns-lal,Type120PS40EB 
(Single Lap)
 

Exminatlon Lawi: 
 LuxoNodel itY-IW/100 Incandescent Bulbon T-Stand 
LP SodiumVanor Lasos. ThornEMI LightinQ, ModelIse.Oft I8/I, forExteriorLightwith 

Iodine Tro-Bal (12 vDC) 
nefrisarutor: Solarex Model RHC-ICOwithout BatteriesbutOperating from Central 

PowermiruCC-DCConverter(120Y-12V) 

Sterilizer: 
 HalogenProducts.Inc.ModelI O-2O 

Two-WayRadio : Stoer Model 558-40A ThruDC-OCConverter (12V-12) 

DentalDrill: 
 I HP DCator fitted with (Seas Catalog ec. 301117751M)single(Ecuadoronly) stagecmPrestsorrated at 5S.3SCINat90 psi with2 cylinder pum 
WaterPump: Shallowwellpistonpump(SearsCatalogMs.42129250)
with12 gal.
 
(Guyanaonly) steeltank(fittedwith 112HP OC motor)
 

http:ictio.al

