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SUMMARY 

Between 1978 and 1984, t h e  NASA Lewis Research Cen te r  was r e s p o n s i b l e  for  
t h e  d e s i g n ,  f a b r i c a t i o n ,  i n s t a l l a t i o n ,  and o p e r a t i o n a l  s u p p o r t  o f  57 p h o t o v o l -  

tn t a i c  power s y s t e m s  i n  27 c o u n t r i e s .  These s y s t e m s  w e r e  i n s t a l l e d  i n  l o c a t i o n s  
h n o t  se rved  by  a c e n t r a l  power system and ranged i n  s i z e  from 40 W f o r  power ing  
7 s t r e e t  l i g h t s  t o  29 kW fo r  p r o v i d i n g  power t o  a comple te  v i l l a g e .  Severa l  of 

t h e  systems p r o j e c t s  had s o c i a l / e c o n o m i c  s t u d i e s  components t h a t  p r o v i d e d  f o r  
an assessment o f  how t h e  i n t r o d u c t i o n  o f  b o t h  e l e c t r i c i t y  and a n o v e l  h i g h -  
t e c h n o l o g y  power s y s t e m  a f f e c t e d  t h e  u s e r s  and t h e i r  s o c i e t y .  

tn 
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INTRODUCTION 

The NASA Lewis  Research Cen te r  has been i n v o l v e d  i n  p h o t o v o l t a i c  ( P V )  
c e l l  r e s e a r c h  and a r r a y  systems t e c h n o l o g y  s i n c e  1960 and i s  now N A S A ' s  Lead 
Cen te r  f o r  PV c e l l  t e c h n o l o g y .  NASA Lewis  f i e l d e d  i t s  f i r s t  t e r r e s t r i a l  PV 
systems i n  t h e  e a r l y  1 9 7 0 ' s  t o  t e s t  t h e  t e r r e s t r i a l  a p p l i c a b i l i t y  of module 
f a b r i c a t i o n  t e c h n i q u e s  d e r i v e d  from space r e s e a r c h .  Those f i rst  few systems 
demons t ra ted  t h e  p r a c t i c a l i t y  o f  t e r r e s t r i a l  PV s y s t e m s  and p r o v i d e d  a s m a l l  
e x p e r i e n c e  base f o r  u n d e r s t a n d i n g  t h e i r  p rob lems .  

I n  1975, NASA Lewis  was s e l e c t e d  t o  manage t h e  Remote Stand-Alone PV Sys- 
t e m s  A p p l i c a t i o n s  P r o j e c t  o f  t h e  N a t i o n a l  P h o t o v o l t a i c  Program for what was 
t h e n  t h e  Energy Research and Development  A d m i n i s t r a t i o n  (now t h e  Depar tment  of 
Energy ) .  I n  1976, t h e  U.S.  Agency fo r  I n t e r n a t i o n a l  Development  (U.S. AID)  
r e q u e s t e d  t h a t  NASA Lewis  a s s i s t  i n  PV ene rgy  programs i n  l e s s  deve loped  coun- 
t r i e s  ( L D C ' s ) .  

Between 1976 and 1980, t h e  Lewis  P h o t o v o l t a i c  P r o j e c t  O f f i c e  des igned ,  
f a b r i c a t e d  and i n s t a l l e d  19 PV p o w e r / l o a d  s y s t e m s  i n  t h e  U n i t e d  S t a t e s  i n c l u d -  
i n g  t h e  w o r l d ' s  f i rs t  v i l l a g e  PV power system a t  S c h u c h u l i ,  A r i z o n a ,  and one 
sys tem i n  A f r i c a .  Those f i r s t  s y s t e m s  p r o v i d e d  t h e  NASA Lewis  T e r r e s t r i a l  Pho- 
t o v o l t a i c  P r o j e c t  O f f i c e  w i t h  t h e  e x p e r i e n c e  base necessa ry  t o  d i r e c t  and man- 
age l a t e r  systems p r o j e c t s  f o r  wh ich  t h e  d e s i g n s ,  hardware and i n s t a l l a t i o n  
were p r o c u r e d  by  c o m p e t i t i v e  b i d d i n g  from U . S .  PV systems s u p p l i e r s .  From 
1981 t h r o u g h  1985, Lewis  p r o c u r e d  57 PV systems wh ich  were i n s t a l l e d  i n  27 
d e v e l o p i n g  c o u n t r i e s .  



It is our intent in this paper to describe some of the challenges assoc 
ated with the introduction of renewable energy systems and new technologies 
into rural settings of developing countries. The lessons learned from the 
NASA Lewis PV demonstration project should be instructive as terrestrial app 
cations for future space-based research are introduced into the Fourth World 
development process. 

BACKGROUND 

- 

1 -  

The PV systems projects NASA Lewis implemented for U . S .  AID and the for- 
eign systems projects for the DOE were meant to demonstrate the applicability 
of PV systems in a variety of rural development settings and to introduce elec- 
trical energy into the development process. The projects concentrated on 
applications in the health, education, potable water, and community services 
sectors. Table I displays the country of location and the load service sector 
for those systems. The largest project was a field trial project of PV-powered 
vaccine refrigerator systems conducted with the U . S .  Centers for Disease Con- 
trol (CDC) and the World Health Organization (but funded by the CDC, DOE and 
U.S. AID (refs. 1 and 2 ) ) .  Others were: a PV-powered health clinics project 
(ref. 31 ,  a four village community services project in Gabon (ref. 4 ) ,  a 
Pacific island village power project, and a village power project in Tunisia. 
Table I1 details the extent of the vaccine refrigerator field trials project. 

The NASA Lewis PV projects were initiated in a variety of ways. The Tan- 
gaye, Burkina Faso water pumping and grain milling project, the Guyana, Ecua- 
dor, Zimbabwe and Kenya medical clinic systems project, and the Indonesian 
earth station project were initiated by the Office of Science and Energy Tech- 
nology at U . S .  AIDjWashington. The Tunisian village systems project was 
initiated by the U . S .  AID mission in Tunisia. The Gabon Village PV-powered 
Community Services project was initiated by the Government of Gabon. The Uti- 
rik project was initiated by the people of Utirik through the Government of 
the Republic of the Marshall Islands, and the PV-powered vaccine cold chain 
refrigerator project was initiated by the U . S .  Centers for Disease Control. 

All projects were established on a government-to-government basis and 
were implemented in cooperation with appropriate ministries within the host 
countries. Typically, a memorandum of understanding and an implementation 
plan between NASA and the host country ministry provided the framework within 
which a project was carried out. 
participated in the formulation of the project. In all cases, except for some 
of the vaccine refrigerator field trial sites, NASA Lewis' project office per- 
sonnel visited the host country to perform a site inspection and to work with 
ministry personnel to draft the memorandum of understanding and implementation 
plan. NASA's intent was to involve host country personnel as much as possible 
in the complete project process. 

In every case, the host country government 

The Tangaye system was designed and built by NASA Lewis engineers. NASA 
provided performance requirements and specifications for all other foreign sys- 
tems. For all those systems, system design, fabrication, installation, docu- 
mentation, preparation of training materials, and user training was provided 
by U . S .  companies under competitively bid contracts. 

To measure the development significance of these projects, NASA Lewis 
built socio-economic impact research into all except the vaccine refrigerator 
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field trial project. This research was performed by non-NASA personnel in 
cooperation with host governments. While positive results were obtained, the 
successes of this research varied widely depending on a several factors, most 
of which were out of control of the NASA Lewis project office, (e.g., diffi- 
culty in gaining access to the local people during necessarily brief visits by 
anthropologists, withholding of results from research performed by in-country 
personnel, and studies performed by researchers with bias and lack of back- 
ground information). 

In looking back over the various NASA Terrestrial Photovoltaic Applica- 
tions projects, however, these shortcomings add to the sense gained from the 
social impact research that was successful that, as frequently as not, the 
ultimate success of new technology demonstration and application in LDC's 
depends as much on social factors as on the excellence of the technology being 
introduced. Observed critical social factors include: proper extension serv- 
ice for rural people meant to benefit from the technology; cooperative manage- 
ment and oversight by both the provider and host countries; and the evaluation 
and follow-up from one project being inputted to the next project. It has 
often been said that technology cannot exist in a social vacuum and the NASA 
PV projects affirmed this important rule. Unfortunately, lack of emphasis on 
the importance of the social factors during project planning and implementa- 
tion has meant that in a number of cases PV technology has not received a 
proper field test because of failures in the human support system. 

Overall, the program proved to be valuable for understanding the process 
necessary to introduce both electrical energy and new renewable energy technol- 
ogy into developing countries (ref. 5 > ,  for the need to create the necessary 
infrastructure in host country ministries to accommodate the new energy tech- 
nology, and for understanding the impact on rural people in LDC's of the intro- 
duction of electricity to serve critical human needs. 

PROJECT BRIEFS 

All of NASA's projects resulted in the introduction of a technologically 
advanced energy system providing electrical energy and services to rural peo- 
ple in L D C ' s .  NASA provided the PV system and i n  most cases t h e  electrical 
appliances (loads) to be powered from the PV system. Most of the projects had 
higher order (primary) objectives that were served by the availability of elec- 
tricity (see table 111). 
served had to be measured against the resources and background of each host 
population. Table IV displays the baseline energy and socio-economic back- 
ground for some of the projects. 

The effect of each of these projects on the people 

PV TECHNOLOGY AND EQUIPMENT SUITABILITY AND PROBLEMS 

Photovoltaic power systems are ideally suited to application in develop- 
ing countries because: 

( 1 )  PV systems may be "high-tech" in nature and manufacture, but they 
are "low-tech" in installation, maintenance, and operation and can be easily 
operated by people having little or no formal technical education, but who are 
trained in the operation of the systems; 

( 2 )  PV modules are inherently reliable and have a lifetime of over 20 
years ; 



( 3 )  Of system design flexibility; (i.e., the same modules may be used 
singly for small distributed systems or in larger numbers for larger or cen- 
tralized systems); 

( 4 )  Small P V  systems consisting of a single module and battery producing 
sufficient energy for one light or other small appliance can be introduced for 
individual purchase, use and care as catalysts for microenterprise or other 
programs of "percolate up" development (as opposed to the often unsuccessful, 
1 arge scale "tri ckl e-down" programs 1 ; D 

( 5 )  PV systems are humanly portable allowing for easy transport, 
off-loading, and assembly in remote locations where materials handling equip- 
ment cannot be made available; 

( 6 )  System capacity can be easily increased (or decreased) as load 
requirements change; 

( 7 )  There is a paucity of single point failure modes - a P V  array may 
get "sick" (i.e., some cells or modules may fail), but rarely fails completely. 
Failure modes are almost always downstream of the P V  array in controls (effects 
o f  failures in the control system can be minimized by the use of redundant sub- 
systems), energy storage, distribution, and lcads; 

( 8 )  The P V  system itself has no moving parts to service or to wear 
out--experience has shown that inadequate maintenance is the single greatest 
threat to longevity of mechanical systems in developing countries; 

( 9 )  PV systems have a benign (if any) environmental impact; 

(10) PV systems are very safe at low voltages, but require standard 
safety procedures and practices at high voltages; 

( 1 1 )  PV systems are silent and so do not intrude on the cultural environ- 
ment. 

A s  appropriate as PV systems are from a technological point of view, expe- 
rience has shown that there is one major problem relating to their actual use, 
and that is the vulnerability o f  the energy storage subsystem to mismanagement 
of the electrical loads. Depleted energy storage has been the most common 
problem related to the use of stand-alone PV systems. A s  a minimum, the sys- 
tem controls must have provisions for disconnecting loads i f  energy storage 
(i.e., battery state-of-charge) becomes so low as to threaten the integrity of 
the batteries. The concept or reality of a dead battery is easily understood, 
but effective and appropriate management of energy consumption in a renewable 
energy system is less well understood and often reluctantly and ineffectually 
put into practice by people in rural areas of L D C ' s .  

There were other problems associated with the introduction o f  P V  systems 
in developing countries that may be indicative of what may happen with the 
introduction of other space-age technologies. Specifically: 

in 
Pl e 
can 
cat 

( 1 )  The success of new technology demonstration and application projects 
ural areas of LDC's depends heavily on identifying and training local peo- 
who show an interest in the technology and who have some basic skills that 
be adapted to the immediate need. Often such people show remarkable dedi- 
on and skill in managing systems, but unless these people are well trained 
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and d i s c i p l i n e d  t o  fol low main tenance,  t r o u b l e s h o o t i n g ,  and r e p a i r  d i r e c t i o n s ,  
t h e y  can become t i n k e r e r s  w i t h  t h e  system and may cause more harm t h a n  good. 
I n a d e q u a t e l y  t r a i n e d  use rs  a n d / o r  t e c h n i c i a n s  exace rba te  prob lems w i t h  
i n s t a l l e d  s y s t e m s  because t h e y  do  n o t  r e c o g n i z e  problems i n  t h e i r  f o r m a t i v e  
s tages ,  because t h e y  do n o t  r e c o g n i z e  t h e  need t o  r e p o r t  t h e  prob lems up t h e  
l i n e  of s u p p o r t ,  or because t h e y  a r e  n o t  a b l e  t o  i d e n t i f y  and r e p o r t  p rob lems 
a c c u r a t e l y ,  t h u s  r e n d e r i n g  t h e  h i g h e r  l e v e l  s u p p o r t  f u n c t i o n  i n e f f e c t i v e .  A 
s u c c e s s f u l  t e c h n o l o g y  d e m o n s t r a t i o n  program must i d e n t i f y  t hese  peop le  i n  t h e  
l o c a l  community and t r a i n  them t o  o p e r a t e  and m a i n t a i n  systems and when t o  
r e p o r t  d i f f i c u l t i e s  t o  h i g h e r - o r d e r  s u p p o r t  s t a f f .  To do t h i s  sor t  o f  t r a i n -  
i n g  w e l l  r e q u i r e s  a degree o f  d e d i c a t i o n  t o  t h e  t r a i n i n g  p rocess  r a r e l y  f o u n d  
i n  contemporary  development  p rograms,  whether  t h e y  be o f  Amer ican o r  o t h e r  
i n i t i a t i o n .  
peop le  was case o f  a l o o s e  P V  a r r a y  power p l u g  t o  a PV-powered v a c c i n e  r e f r i g -  
e r a t o r  t h a t  r e s u l t e d  i n  t h e  b a t t e r i e s  c o n s t a n t l y  b e i n g  d i s c h a r g e d  and wh ich  
took one and o n e - h a l f  y e a r s  t o  d iagnose  and co r rec t .  I n  a n o t h e r  case,  a v e r y  
remote  v i l l a g e  l e v e l  PV system was managed by a l o c a l  pe rson  w i t h  some e l e c t r i -  
c a l  s k i l l s .  When e lements  o f  t h e  system f a i l e d ,  he took i t  upon h i m s e l f  t o  
make m o d i f i c a t i o n s  t o  t h e  system wh ich  u l t i m a t e l y  caused s e r i o u s  prob lems w i t h  
t h e  sys tem. )  

( 2 )  Peop le  i n  t h e  r u r a l  s e c t o r  t r a i n e d  i n  t h e  o p e r a t i o n  and main tenance 
o f  new t e c h n o l o g y  o f t e n  g a i n  i n  s o c i a l  s t a t u s  and p o l i t i c a l - e c o n o m i c  power.  
Such s o c i a l  advancement o f t e n  r e s u l t s  i n  t h e i r  moving t o  more r e s p o n s i b l e  p o s i -  
t i o n s  i n  t h e  government or t o  u rban  l o c a t i o n s  t h u s  l e a v i n g  a v o i d  i n  a f l e d g -  
l i n g  r u r a l  s u p p o r t  i n f r a s t r u c t u r e .  F i l l i n g  such a v o i d  r e q u i r e s  t h a t  t h e r e  be 
an on -go ing  t r a i n i n g  program t o  b r i n g  new peop le  i n t o  t h e  s u p p o r t  i n f r a s t r u c -  
t u r e .  No c o u n t r y  we d e a l t  w i t h  i n s t i t u t e d  such a program d u r i n g  o u r  a s s o c i a -  

p l i c a t i o n  we i n i t i a t e d  was 

(An example o f  t h e  consequences o f  t h e  l a c k  o f  p r o p e r l y  t r a i n e d  

t i o n  w i t h  them and t h e  p rocess  o f  new t e c h n o l o g y  a 
o f t e n  i n h i b i t e d  t o  t h e  d e t r i m e n t  o f  t h e  p a r t i c u l a r  
g o a l s .  ( D u r i n g  t h e  med ica l  c l i n i c s  s y s t e m s  p r o j e c  
i n t e r n s  t r a i n e d  t o  use and m a i n t a i n  t h e  PV systems 
where w i t h  n o  o v e r l a p  and no  one o n - s i t e  who c o u l d  

( 3 )  Most d e v e l o p i n g  c o u n t r i e s  l a c k  a s u p p o r t  
i n t r o d u c e d  t e c h n o l o g i e s .  Such i n f r a s t r u c t u r e  shou 

p r o j e c t  and b r o a d e r  p rogram 
, fo r  i n s t a n c e ,  m e d i c a l  
w e r e  soon t r a n s f e r r e d  e l s e -  
t r a i n  t h e i r  r e p l a c e m e n t s . )  

i n f r a s t r u c t u r e  f o r  new ly  
d i n c l u d e  i n f o r m e d  and 

i n v o l v e d  gove rnmen t -peop le ,  t r a i n e d  t e c h n i c i a n s  and u s e r s ,  a spare  p a r t s  i nven -  
to ry ,  a f a c i l i t y  f o r  m a i n t a i n i n g  a spare  p a r t s  s u p p l y  l i n e ,  and an e x t e n s i o n  
s e r v i c e  t o  ensure  t h a t  t h e  u s e r s  p r o p e r l y  i n t e g r a t e  t h e  t e c h n o l o g y  and s e r v i c e s  
i n t o  t h e i r  l i f e s t y l e .  C r e a t i o n  o f  such a s u p p o r t  i n f r a s t r u c t u r e  r e q u i r e s  
i n v e s t m e n t  o f  c o n s i d e r a b l e  t i m e  and e f f o r t  by  donor  agency s t a f f ,  e s p e c i a l l y  
t hose  l o c a t e d  i n - c o u n t r y .  Problems i n  any bu reauc racy  must  be r e c o g n i z e d  from 
t h e  s t a r t ,  i n c l u d i n g  t h e  d i f f i c u l t y  o f  communica t ing  between one o f f i c e  w i t h i n  
a m i n i s t r y  and a n o t h e r  w i t h i n  t h a t  same or a d i f f e r e n t  m i n i s t r y .  The con- 
s t r a i n t s  o f  p r e s e n t  o r g a n i z a t i o n  o f  i n - c o u n t r y  f o r e i g n  a s s i s t a n c e  b y  U . S .  A I D  
and o t h e r  agenc ies  o f t e n  p r e c l u d e  t h i s .  

( 4 )  The p rob lem o f  t h e  l a c k  o f  a t e c h n o l o g y  s u p p o r t  i n f r a s t r u c t u r e  i s  
n o t  and w i l l  n o t  be un ique  t o  PV s y s t e m s .  Any new t e c h n o l o g y  or p r o d u c t  i n t r o -  
duced i n t o  a d e v e l o p i n g  c o u n t r y  w i l l  have t h e  same r e q u i r e m e n t s  f o r  a s u p p o r t  
i n f r a s t r u c t u r e  and t h e  same i n i t i a l  p rob lems stemming from t h e  l a c k  o f  such an 
i n f r a s t r u c t u r e .  A t e c h n i c a l  i n f r a s t r u c t u r e  can e i t h e r  be m a i n t a i n e d  by  t h e  
government  or ,  more p r e f e r a b l y ,  by  a commerc ia l  o r g a n i z a t i o n .  A commerc ia l  
o r g a n i z a t i o n  i s  p r e f e r a b l e  because i t  can o f f e r  an immedia te  o p p o r t u n i t y  and 
f a c i l i t y  for g r o w t h  o f  use o f  t h e  t e c h n o l o g y .  F a c t o r s  r e l e v a n t  h e r e  wou ld  



i n c l u d e  access t o  i n t e r n a t i o n a l  s u p p l y  sources  and even more i m p o r t a n t ,  t h e  
p o s s i b i l i t i e s  f o r  warehous ing  and d i s t r i b u t i o n  o f  p a r t s  or  add-on components 
matched by c e n t r a l i z a t i o n  o f  t e c h n i c a l l y  t r a i n e d ,  f i e l d - e x p e r i e n c e d  s t a f f .  
P a r t i c i p a t i o n  b y  p r i v a t e  e n t e r p r i s e  c o n t r i b u t e s  to  h o s t  c o u n t r y  economic d e v e l -  
opment and may w e l l  be t h e  b e s t  way t o  ensure  a secure  f u t u r e  fo r  t h e  t e c h n o l -  
ogy i n  a c o u n t r y .  

( 5 )  There may be a r e l u c t a n c e  t o  a c c e p t  new t e c h n o l o g y  i n  t h e  form o f  
new systems.  T h i s  i s  a s o c i a l ,  n o t  a t e c h n i c a l  p rob lem ( a l t h o u g h  i t  must  be 
remembered t h a t  t e c h n o l o g y  canno t  e x i s t  i n  a s o c i a l  vacuum). I n  some cases ,  
when t h e  n e w ' t e c h n o l o g y  a f f e c t s  or r e p l a c e s  e a r l i e r  ways o f  d o i n g  t h i n g s ,  u s e r s  
may e i t h e r  choose n o t  t o  use t h e  new system, adap t  t h e  s y s t e m  t o  t h e i r  needs 
as t h e y  unders tand  them and p r i o r i t i z e  them, o r  misuse t h e  system l e a d i n g  to  
i t s  damage or d e s t r u c t i o n .  I d e a l l y ,  s o c i a l  impac t  r e s e a r c h  s h o u l d  b e g i n  
b e f o r e  p r o j e c t  d e s i g n  i s  comple te  so t h a t  i t  can be m o d i f i e d  t o  r e f l e c t  t h e  
u s e r s '  own expressed needs.  The r e s e a r c h  s h o u l d  be c o n t i n u e d  d u r i n g  t h e  
p r o j e c t  p e r i o d  t o  i d e n t i f y  u s e r  r e l u c t a n c e  or a v e r s i o n  t o  t h e  p r o j e c t  or tech -  
no logy ,  and i t  shou ld  be e v a l u a t e d  a f t e r  t h e  p r o j e c t  t o  u n d e r s t a n d  shor tcom- 
i n g s  or  un fo reseen  b e n e f i t s  o f  t h e  p r o j e c t  t h a t  can e i t h e r  be a v o i d e d  or b u i l t  
i n t o  t h e  n e x t  p r o j e c t .  (Women were found  a v o i d i n g  use o f  wa te r  from a t a n k  
f i l l e d  by  a PV-powered pump because i t  was n o t  a s s o c i a t e d  w i t h  a n c e s t r a l  s p i -  
r i t s  as i s  s t ream w a t e r .  I n  a n o t h e r  case,  f a r m e r s  were p r o v i d e d  w i t h  a PV- 
powered pump and d r i p  i r r i g a t i o n  system f o r  f r u i t  t r e e s .  I n s t e a d ,  t h e y  used 
the pump f o r  t r e n c h  irrigation as t hey  were p r e v i o u s l y  accustomed t o  doing 
because t h e y  were n o t  s u f f i c i e n t l y  t r a i n e d  t o  u n d e r s t a n d  t h a t  d r i p  i r r i g a t i o n  
r e q u i r e s  f a r  l e s s  wa te r  because i t  wastes f a r  l e s s  w a t e r .  They t h e n  com- 
p l a i n e d  t h a t  t h e  PV-powered pump was inadequa te  f o r  t h e i r  needs.  A s  an 
example of a p o s i t i v e  a d a p t a t i o n ,  men adap ted  a PV-powered g r a i n  m i l l  t o  accom- 
modate t h e  g r i n d i n g  of damp, f e r m e n t i n g  g r a i n  used t o  brew b e e r . )  

( 6 )  There i s  o f t e n  a l a c k  o f  a p p r e c i a t i o n  by  U . S .  p l a n n e r s  fo r  t h e  d i f f i -  
c u l t y  o f  i n s t a l l i n g  and s e r v i c i n g  equ ipment  i n  r u r a l  s e t t i n g s  o f  d e v e l o p i n g  
c o u n t r i e s .  Equipment i s  o f t e n  n o t  packaged f o r  ease o f  h a n d l i n g  and s e c u r i t y .  
I n s t a l l a t i o n  tools a r e  o f t e n  i nadequa te  or  i n a p p r o p r i a t e ,  e s p e c i a l l y  i n  te rms 
o f  t h e i r  own need f o r  a power source  ( e . g . ,  e l e c t r i c  d r i l l s ) .  S u f f i c i e n t  and 
a p p r o p r i a t e  spare  p a r t s  t o  c o v e r  those  damaged or l o s t  d u r i n g  i n s t a l l a t i o n  a r e  
o f t e n  e i t h e r  n o t  i n c l u d e d  i n  t h e  i n s t a l l a t i o n  k i t  or  a r e  p r o v i d e d  i n  i nade-  
qua te  q u a n t i t i e s .  W i t h o u t  a p r i o r  s i t e  s u r v e y  or good knowledge o f  t h e  l o c a l  
c o n d i t i o n s ,  i t  i s  o f t e n  d i f f i c u l t  t o  a n t i c i p a t e  s i t e - u n i q u e  c o n d i t i o n s  or  
r e q u i r e m e n t s .  I n  o t h e r  words,  i t  i s  a l o n g  and expens ive  way back to  t h e  shop. 

RESULTS FROM INTRODUCING PV-GENERATED ELECTRICITY I N T O  DEVELOPING COUNTRIES 

The i n t r o d u c t i o n  o f  e l e c t r i c i t y  i n t o  j u s t  f o u r  use s e c t o r s  i n  r u r a l  a reas  
o f  d e v e l o p i n g  c o u n t r i e s  ( w a t e r  pumping, l i g h t i n g ,  r e f r i g e r a t i o n ,  and communica- 
t i o n ) ,  can have a s i g n i f i c a n t  impac t  on  u s e r s '  l i v e s ;  e . g . :  

( 1 )  PV pumped w a t e r  ve rsus  wa te r  l i f t e d  by hand can i n c r e a s e  wa te r  a v a i l -  
a b i l i t y  and t h e  t i m e  spen t  l i f t i n g  and h a u l i n g  w a t e r  b o t h  f o r  human and an imal  
consumpt ion can be f r e e d  fo r  o t h e r  pu rposes .  P o t a b l e  w a t e r ,  i f  p r o v i d e d  from 
deep w e l l s ,  can be c l e a n e r ,  t h u s  r e d u c i n g  t h e  i n c i d e n c e  o f  i n t e s t i n a l  d i s e a s e s .  
I r r i g a t i o n  i s  made e a s i e r  and more e f f i c i e n t  when d r i p  i r r i g a t i o n  i s  i n c o r p o -  
r a t e d  w i t h  pumped w a t e r .  New c r o p s  can be i n t r o d u c e d ,  a d d i t i o n a l  l a n d  can be 
c u l t i v a t e d  a n d / o r  l e s s  l a b o r  i s  needed f o r  fa rm ing .  
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( 2 )  PV-powered r e f r i g e r a t o r s  f o r  v a c c i n e  p r e s e r v a t i o n  a l l o w  t h e  v a c c i n e  
" c o l d  c h a i n "  t o  be ex tended i n t o  t h e  most i s o l a t e d  r u r a l  l o c a t i o n s .  T h i s  eases 
t h e  o u t r e a c h  burden on  r u r a l  v a c c i n a t i o n  programs,  i n c r e a s e s  v a c c i n e  p o t e n c y ,  
lowers nu rse  work load  a t  a d m i n i s t r a t i o n  s i t e s  v i s - a - v i s  h a v i n g  t o  m a i n t a i n  k e r -  
osene f u e l e d  r e f r i g e r a t o r s ,  and u l t i m a t e l y  lowers d i s e a s e  and t h e  a s s o c i a t e d  
human misery.  PV-powered f o o d  r e f r i g e r a t o r s ,  e s p e c i a l l y  for f i s h  and s i m i l a r  
p e r i s h a b l e s ,  ex tends  marke ts  and m a r k e t i n g  t i m e ,  i n c r e a s e s  p r o d u c t i v i t y ,  
improves t h e  l o c a l  economy and can c o n t r i b u t e  t o  improvement  i n  t h e  n a t i o n a l  
n u t r i t i o n .  

( 3 )  PV-'powered l i g h t i n g  can a l l o w  for e v e n i n g  m a r k e t s ,  s t u d y i n g  o p p o r t u -  
n i t i e s  for s t u d e n t s ,  a d u l t  l i t e r a c y  and h e a l t h  c a r e  c l a s s e s ,  b e t t e r  med ica l  
s e r v i c e s ,  added o p p o r t u n i t i e s  f o r  c o t t a g e  i n d u s t r y ,  changes i n  home l i f e ,  and 
i n c r e a s e d  community a c t i v i t y .  

(4) PV-powered communica t ion  can f a c i l i t a t e  med ica l  d i a g n o s i s  and evacua- 
t i o n ,  h e l p  m i n i m i z e  t h e  e f f e c t s  of p r e d i c t a b l e  n a t u r a l  d i s a s t e r s  and m i t i g a t e  
t h e  n e g a t i v e  e f f e c t s ,  and i n c r e a s e  commerce and t o u r i s m .  PV-powered T V  can 
f a c i l i t a t e  e d u c a t i o n  and b r i n g  peop le  i n t o  c l o s e r  t o u c h  w i t h  o t h e r s  i n  t h e i r  
c o u n t r y  and t h e  w i d e r  w o r l d .  

I n  some measure, a l l  o f  these  b e n e f i t s  w e r e  obse rved  d u r i n g  t h e  NASA p ro -  
gram. There a r e ,  however ,  t e c h n i c a l  and s o c i a l  r i s k s  a s s o c i a t e d  w i t h  t h e  
i n t r o d u c t i o n  o f  t e c h n o l o g y  and energy  i n t o  r u r a l  a reas  o f  d e v e l o p i n g  c o u n t r i e s .  
Some c o u l d  be a s s o c i a t e d  w i t h  t h e  i n t r o d u c t i o n  o f  any new t e c h n o l o g y ,  o t h e r s  
r e s u l t e d  from t h e  i n t r o d u c t i o n  o f  PV s y s t e m s .  For i n s t a n c e :  

( 1 )  There may be r e l u c t a n c e  t o  embrace t h e  t e c h n o l o q y  and or some o f  t h e  
b e n e f i t s  i t  b r i n g s  i n t o  s o c i e  
new t e c h n o l o g y  i s  t h e n  e i t h e r  
powered pump f o r  d r i p  i r r i g a t  
doned. 

( 2 )  PV g e n e r a t e d  e l e c t r  
r a i s e  e x p e c t a t i o n s  above r e a l  

y because these  a r e  c o n t r a r y - t o  t r a d i t i o n .  The 
used i n  an i n a p p r o p r i a t e  f a s h i o n  ( e . g . ,  PV- 
on  used i n s t e a d  f o r  t r e n c h  i r r i g a t i o n )  or aban- 

c i t y  and suppor ted  s e r v i c e s ,  e s p e c i a l l y  TV,  may 
s t i c a l l y  a c h i e v a b l e  l e v e l s .  

( 3 )  F a i l u r e  of new t e c h n o l o g y  or s e r v i c e s  p r o v i d e d  t h e r e f r o m  can have a 
l o n g - t e r m  n e g a t i v e  i m p a c t .  We have n o t i c e d  a tendency  o f  u s e r s  t o  a s s o c i a t e  
t h e  f a i l u r e  o f  a l o a d  d e v i c e  w i t h  a f a i l u r e  o f  t h e  PV t e c h n o l o g y  ( e . g . ,  vac- 
c i n e  r e f r i g e r a t o r  f a i l u r e  i s  a f a i l u r e  o f  t h e  PV system and a s s o c i a t e d  t e c h n o l -  
o g y ) .  I f  t h a t  same r e f r i g e r a t o r  w e r e  powered from an e l e c t r i c a l  g r i d ,  f a i l u r e  
o f  t h e  r e f r i g e r a t o r  would be t a k e n  i n  s t r i d e .  I n  a s i m i l a r  v e i n ,  f a i l u r e  of 
any new t e c h n o l o g y  i s  o f t e n  accep ted  w i t h  f a t a l i s t i c  a t t i t u d e  by t h e  u s e r s ;  
i . e . ,  "we d i d  w i t h o u t  i t  b e f o r e  and we can do w i t h o u t  i t  i n  t h e  f u t u r e . "  

( 4 )  When t e c h n o l o g y  i n t r o d u c e d  by  t h e  government  l a n g u i s h e s  due t o  l a c k  
o f  government  s u p p o r t  t h e  u s e r s  f e e l  t h a t  t h e y  have become t h e  v i c t i m  of 
a n o t h e r  f a i l e d  government  e x p e r i m e n t  i n  b r i n g i n g  them i n t o  t h e  2 0 t h  C e n t u r y  
and become d i s i n t e r e s t e d  i n  t h e  new t e c h n o l o g y  and c y n i c a l  t oward  f u t u r e  i n t r o -  
d u c t i o n s  o f  new t e c h n o l o g y .  

( 5 )  New t e c h n o l o g y  p r o j e c t s  may f a i l  i f  t h e  community i s  n o t  i n v o l v e d  i n  
e v e r y  a s p e c t  o f  t h e  p r o j e c t ,  from p l a n n i n g  t h r o u g h  o p e r a t i o n .  Such i n v o l v e -  
ment f o s t e r s  i n t e r e s t ,  c o o p e r a t i o n ,  c a r e  and p r i d e ,  and a sense o f  o w n e r s h i p  
v i t a l  t o  system l o n g e v i t y .  W i t h o u t  community i n v o l v e m e n t ,  t h e  i n t r o d u c t i o n  o f  
a new t e c h n o l o g y  c o u l d  be doomed t o  f a i l u r e .  
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A summary o f  t h e  soc ia l -economic  r e s u l t s  o f  those  NASA PV p r o j e c t s  for  
wh ich  t h e r e  was soc io-economic r e s e a r c h  i s  as fo l lows:  

Tangaye, B u r k i n a  Faso ( r e f s .  6 t o  10) 

Peop le .  - Tangaye r e s i d e n t s  q u i c k l y  made t h e  PV system and l o a d s  ( s t a -  
t i o n )  t h e i r  own, e x p l o i t i n g  i t s  s e r v i c e s  and a d a p t i n g  c e r t a i n  o f  i t s  f e a t u r e s  
t o  m e e t  t h e i r  own needs. However, t h e  e x t e n t  o f  p o s i t i v e  s o c i a l  impac t  as 
o r i g i n a l l y  p lanned  and expec ted  was n o t  r e a l i z e d  because; ( a )  Tangaye h a m l e t s  
a r e  so w i d e l y  s c a t t e r e d  t h a t  i t  i s  i m p r a c t i c a l  f o r  those  l i v i n g  f a r t h e s t  from 
t h e  s t a t i o n  t o  use i t s  s e r v i c e s  r e g u l a r l y ;  ( b )  t h e  s i z e  and o u t p u t  o f  t h e  m i l l  
was l e s s  t h a n  what was needed, c a u s i n g  l o n g  d e l a y s  and f r u s t r a t i o n ,  e s p e c i a l l y  
e a r l y  i n  t h e  p r o j e c t ;  and ( c >  some b a s e l i n e  assumpt ions  about  t h e  d i v i s i o n  of 
women's work were u n s u b s t a n t i a t e d  ( e . g . ,  t h e r e  i s  a much lower  f r e q u e n c y  of 
f l o u r  p r o d u c t i o n  by any g i v e n  woman i n  a l i v i n g  u n i t  i n  wh ich  a number o f  women 
share  such t a s k s ) .  A s  a r e s u l t ,  a few  Tangaye women b e n e f i t e d  from t h e  PV sys- 
tem r e g u l a r l y ,  most d i d  so o c c a s i o n a l l y ,  and some never  a t  a l l .  

S o c i a l  p a t t e r n s .  - By 1982, peop le  had begun t o  c o n c e n t r a t e  c e r t a i n  a c t i v -  
i t i e s  a round  t h e  PV s t a t i o n  c r e a t i n q  a v i l l a g e  c e n t e r  where none had e x i s t e d  
b e f o r e .  
n a l l y  b u i l t  for use d u r i n g  t h e  a n t h r o p o l o g i s t ' s  s t u d y  was c o n v e r t e d  t o  s e r v e  
m u l t i p l e  v i l l a g e  needs as an o c c a s i o n a l  d i s p e n s a r y ,  l i t e r a c y  c e n t e r ,  m e e t i n g  
f a c i l i t y  and warehouse; and p e o p l e  d r i v i n g  a l o n g  t h e  main  r o a d  used t h e  s t a -  
t i o n  as a s t o p p i n g  p l a c e .  The s t a t i o n  c o - o p e r a t i v e  was one o f  s e v e r a l  founded 
or e x i s t i n g  i n  Tangaye. W i t h  m in ima l  gu idance ,  Tangaye r e s i d e n t s  o r g a n i z e d  
upkeep of t h e  s t a t i o n  and t h e  r u n n i n g  o f  t h e  PV-powered g r a i n  m i l l .  

A chu rch ,  b a r ,  and permanent s t o r e  were b u i l t  nea rby ;  t h e  house o r i g i -  

Economy. - The g r a i n  m i l l  g e n e r a t e d  a p r o f i t  from f e e s  s e t  and c o l l e c t e d  
by  t h e  s t a t i o n  c o - o p e r a t i v e .  A f t e r  some r e s i s t a n c e  due t o  u n f a m i l i a r i t y  w i t h  
u rban  p r a c t i c e s ,  v i l l a g e r s  l e a r n e d  t o  bank t h e s e  i n  t h e  p r o v i n c i a l  c a p i t a l .  
The co-op d i s b u r s e d  funds  t o  f i n a n c e  s o c i a l  e v e n t s  accompanying r e g u l a r  s t a -  
t i o n  c l e a n  up, t o  purchase s e e d l i n g s  f o r  a l o c a l  r e f o r e s t a t i o n  e f f o r t ,  and for 
s i m i l a r  purposes  t h a t  t h e y  themse lves  deemed a p p r o p r i a t e .  

Loca l  government .  - The s t a t i o n  c o - o p e r a t i v e  worked c l o s e l y  w i t h  t h e  
h e r e d i t a r y  c h i e f  to  m a i n t a i n  t h e  s t a t i o n  and ove rsee  i t s  a c t i v i t i e s .  Some 
f r i c t i o n  deve loped o v e r  who wou ld  c o n t r o l  t h i s  r e s o u r c e ,  as a r e t i r e d  army 
o f f i c e r  contended w i t h  t h e  h e r e d i t a r y  c h i e f  for a u t h o r i t y  i n  t h e  v i l l a g e .  
There was a l s o  some ill f e e l i n g  by  r e s i d e n t s  o f  v i l l a g e s  near  Tangaye, who 
were j e a l o u s  o f  t h e  b e n e f i t s  and a t t e n t i o n  Tangaye peop le  were r e c e i v i n g .  

Energy uses .  - O r i g i n a l l y ,  t h e  p r o j e c t  was t o  have two l o a d s ,  t h e  w a t e r  
pump and g r a i n  m i l l .  When t h e  PV a r r a y  was expanded i n  1982, l i g h t i n g  was 
b r o u g h t  t o  an o u t b u i l d i n g ,  and a PV r e f r i g e r a t o r  connected  t h e r e  as w e l l .  
T h i s  PV l i g h t i n g  was used f o r  l i t e r a c y  c l a s s e s  and h e a l t h  c a r e  a c t i v i t i e s .  
The g r a i n  m i l l  was adapted  ( b y  a l t e r i n g  t h e  sc reen  used t o  d e t e r m i n e  f l o u r  
f i n e n e s s )  t o  a l l o w  t h e  g r i n d i n g  o f  f e r m e n t i n g  g r a i n  f o r  b r e w i n g  b e e r .  

S p i n - o f f  a c t i v i t i e s .  - V i l l a g e r s '  en thus iasm f o r  t h e  PV p r o j e c t  s p i l l e d  
o v e r  t o  o t h e r  g rass  roots development  p r o j e c t s  ( e . g . ,  p r o f i t s  from t h e  m i l l  
were used t o  purchase s a p l i n g s  f o r  a r e f o r e s t a t i o n  p r o j e c t ) ,  and in fo rmed 
t h e i r  r e c e p t i v i t y  t o  development  e f f o r t s  by  o t h e r  o u t s i d e  agenc ies  ( e . g . ,  a 
m i s s i o n a r y  h e a l t h  p r o j e c t ) .  

8 



Hammam Biadha,  T u n i s i a  ( r e f s .  1 1  and 12)  

Peop le .  - The Hammam Biadha p r o j e c t  can be d i v i d e d  i n t o  two p a r t s ,  t h e  
v i l l a g e  power s y s t e m  and t h e  a g r i c u l t u r a l  a p p l i c a t i o n s .  The f i r s t  o f  t h e s e  
was b e t t e r  r e c e i v e d  t h a n  t h e  second, as t h e  c e n t r a l  P V  sys tem p r o v i d e d  power 
f o r  t h e  ne ighborhood o f  new s c a t t e r e d  t r a d i t i o n a l  houses ( l e n d i n g  them an a i r  
o f  m o d e r n i t y  and ease ) ,  t h e  schoo l  and s e v e r a l  s to res ,  c o f f e e  house,  d i spen-  
s a r y ,  and mosque. The v i l l a g e  i s  o n l y  15 km from t h e  main  r o a d  and i t s  access 
t o  g r i d  e l e c t r i c i t y ,  and many r e s i d e n t s  o f  Hammam Biadha have l i v e d  where f u l l  
use o f  an e l e c t r i c a l  g r i d  has been p o s s i b l e .  People were d i s a p p o i n t e d  w i t h  
t h e  l i m i t a t i o n s  o f  t h e  PV system, e s p e c i a l l y  r e g a r d i n g  t h e  number and sor t  of 
househo ld  a p p l i a n c e s  t h a t  t h e y  c o u l d  and c o u l d  n o t  use ( e . g . ,  t h e  p r o p r i e t o r  
o f  t h e  co f feehouse  purchased an exp ress0  machine he c o u l d  n o t  p l u g  i n ,  a n o t h e r  
man wished t o  open a w e l d i n g  shop, househo lde rs  wanted a i r - c o n d i t i o n i n g  
and o t h e r  h igh -energy  a p p l i a n c e s ) .  The PV and o t h e r  renewab le  energy  tech -  
n o l o g y  a p p l i c a t i o n s  f o r  f a r m i n g  f a i l e d  a l t o g e t h e r ,  due t o  a l a c k  o f  o r  poor  
e x t e n s i o n  work t o  teach  f a r m e r s  t h e  l o n g - t e r m  advantages o f  t h e  PV-powered d r i p  
i r r i g a t i o n ,  w i n d - d r i v e n  pump, and p a s s i v e  s o l a r  green-houses ( w i t h  berm w a l l s )  
f o r  g row ing  s e e d l i n g s  and d r y i n g  c r o p s .  The f a r m e r  g i v e n  a w i n d - d r i v e n  pump 
used i t  l o n g  enough t o  save s u f f i c i e n t  c a p i t a l  t o  purchase a d i e s e l  pump; t h e  
PV-powered pumps fo r  d r i p  i r r i g a t i o n  were c o n v e r t e d  t o  t r e n c h  i r r i g a t i o n ,  or 
w e r e  abandoned a l t o g e t h e r ;  greenhouses were n o t  m a i n t a i n e d .  E x t e n s i o n  work 
t h a t  s h o u l d  have accompanied t h e  p r o j e c t  was p u t  i n  t h e  hands o f  two Peace 
Corps v o l u n t e e r s  who k e p t  no  r e c o r d s  o f  t h e i r  p r o g r e s s .  The U . S .  A I D  manager 
a d m i t t e d  t h a t  t h e  d e f i n i t i o n  and p r i o r i t y  o f  t h e  PV p rogram had changed d u r i n g  
t h e  p r o j e c t  p e r i o d ,  and t h a t  o r d i n a r y  o v e r s i g h t  had been abandoned. The tech -  
n o l o g y  d i d  n o t  f a i l ,  a l t h o u g h  t h e  human/soc ia l  s u p p o r t  sys tem d i d .  

Economy. - The program h y p o t h e s i s  was t h a t  t h e  renewab le  energy  a g r i c u l -  
t u r a l  p r o j e c t s  would upgrade f a r m e r s '  p r o d u c t i v i t y  and p r o f i t s .  To t h e  e x t e n t  
t h a t  t h i s  happened, f a r m e r s  used t h e  p r o f i t s  t o  c o n v e r t  t o  f o s s i l  f u e l  ene rgy  
sou rces ,  a g a i n ,  n o t  because t h e  renewab le  energy  d e v i c e s  and power s y s t e m s  
f a i l e d ,  b u t  because t h e  f a r m e r s  were n o t  e f f e c t i v e l y  t a u g h t  t h e i r  l o n g - t e r m  
advantages .  

Loca l  government .  - The NASA p r o j e c t  was managed l o c a l l y  by  t h e  T u n i s i a n  
e l e c t r i c i t y  company, w h i l e  components o f  t h e  p r o j e c t  t a r g e t e d  a g r i c u l t u r a l i s t s .  
A s  i n  any bu reauc racy ,  i t  was d i f f i c u l t  t o  e s t a b l i s h  l i n k s  b e t w e e n  t h e  two min- 
i s t r i e s  i n v o l v e d .  I n  e f f e c t ,  a g r i c u l t u r e  m i n i s t r y  s t a f f  d i d  n o t  assume t h e  
p r o j e c t  as t h e i r  d i r e c t  r e s p o n s i b i l i t y ,  and so t h e r e  was n o  e x t e n s i o n  work 
t h a t  m i g h t  have been accompl ished under  t h e  r u b r i c  o f  e x i s t i n g  a g r i c u l t u r a l  
programs.  T h i s  sor t  o f  p rob lem was encoun te red  i n  o t h e r  NASA d e m o n s t r a t i o n s  
p r o j e c t s ,  i n c l u d i n g  t h a t  i n  Gabon. 

Gabon ( r e f .  4 )  

Peop le .  - The f o u r  v i l l a g e s  r e c e i v i n g  PV power community s e r v i c e  systems 
w e r e  i n  d i f f e r e n t  c o r n e r s  o f  a c o u n t r y  i n h a b i t e d  by p e o p l e  o f  d i f f e r e n t  e t h n i c  
g roups  and h i s t o r i e s .  Enthus iasm,  p a r t i c i p a t i o n ,  and s o c i a l  impac t  was d i f f e r -  
e n t  i n  each case.  People i n  v i l l a g e  A a r e  o f  t h e  m a j o r i t y  e t h n i c  g roup  of 
Gabon and have been d e n i e d  p o l i t i c a l  power f o r  some y e a r s .  They f e e l  n e g l e c t e d  
by  t h e  c e n t r a l  government and saw t h e  i n s t a l l a t i o n  o f  t h e  PV-powered s y s t e m s  
as a means t o  modern ize  and g a i n  r e c o g n i t i o n  f o r  t h e i r  v i l l a g e  and r e g i o n .  
T h e i r  v i l l a g e  i s  a l s o  i n  t h e  home r e g i o n  o f  one o f  t h e  key m i n i s t r y  o f f i c i a l s  
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o r g a n i z i n g  t h e  Gabonese s i d e  o f  t h e  PV program. Peop le  i n  v i l l a g e  A were t h e  
most e n t h u s i a s t i c  o f  any r e g a r d i n g  d a t a  c o l l e c t i o n  and f o r w a r d i n g ,  and p o s i -  
t i v e  e x p l o i t a t i o n  o f  t h e  PV system. V i l l a g e  B i s  a c l u s t e r  of f i s h i n g  hamle ts  
on  a rocky p romon to ry  j u t t i n g  i n t o  t h e  Ogoue e s t u a r y .  A t  i t s  c e n t e r  i s  a 
c e n t u r y - o l d  m i s s i o n  and schoo l  where many o l d - g u a r d  Gabonese o f f i c i a l s  r e c e i v e d  
t h e i r  e d u c a t i o n .  The schoo l  has f a l l e n  on  h a r d  t i m e s  due t o  i s o l a t i o n  and t h e  
d i f f i c u l t y  o f  p r o v i d i n g  s u f f i c i e n t  wa te r  f o r  y e a r  round  use.  The PV systems 
were seen as a means t o  r e e s t a b l i s h  t h e  s c h o o l ' s  impor tance ,  and t o  renew t h e  
v i t a l i t y  o f  t h e  f i s h i n g  community. V i l l a g e  C i s  on t h e  edge o f  t h e  Gabonese 
P r e s i d e n t ' s  homeland. People were r e c e p t i v e ,  b u t  n o t  e s p e c i a l l y  impressed b y  
t h e  PV sys tem b e i n g  g i v e n  t o  them, as r e f l e c t e d  i n  t h e i r  l a c k  o f  en thus iasm 
fo r  r e p o r t i n g  d a t a ,  f o r  p e r f o r m i n g  on-go ing  main tenance and u s i n g  t h e  system. 
V i l l a g e  D was t h e  most p r o b l e m a t i c  from t h e  s t a r t .  The d i s p e n s a r y  n u r s e  asked 
for  s p e c i a l  payment t o  use t h e  system and r e p o r t  i t s  d a t a ,  and when he was 
e x h o r t e d  t o  p r o v i d e  these  s e r v i c e s  i n  t h e  cou rse  o f  h i s  o r d i n a r y  d u t i e s  f o r  
t h e  b e t t e r m e n t  o f  t h e  community he r e f u s e d  t o  do so. A schoo l  meant t o  r e c e i v e  
one component of t h e  p r o j e c t  was never  comple ted .  

S o c i a l  p a t t e r n s .  - Our knowledge o f  t h e  p r o g r a m ' s  s o c i a l  impac t  i s  hamp- 
e r e d  by an un fo reseen  a s p e c t  o f  t h e  r e s e a r c h :  i t  was r e c o g n i z e d  e a r l y  i n  t h e  
NASA program t h a t ,  w h i l e  PV t e c h n o l o g y  t r a n s f e r  t o  LDC's was a ma jo r  purpose,  
t h a t  a p p l i e d  s o c i a l  s c i e n c e  methods c o u l d  be t r a n s f e r r e d  t o  h o s t  c o u n t r y  
r e s e a r c h e r s ,  as an a d d i t i o n a l  p rogram b e n e f i t .  S o c i a l  impac t  s t u d i e s  were com- 
m i s s i o n e d  by Gabon w i t h  a s s i s t a n c e  and o v e r s i g h t  p r o v i d e d  by  Dr. R o b e r t s ,  t h e n  
a t  t h e  U n i v e r s i t y  o f  M i c h i g a n .  I n  t h e  f i r s t  two cases ,  i n t e r e s t i n g  and va lua -  
b l e  d a t a  were o b t a i n e d ,  even as h o s t  c o u n t r y  r e s e a r c h e r s  g a i n e d  t r a i n i n g  and 
e x p e r i e n c e  under  t h e  NASA p rogram.  T h i s  d i d  n o t  p r o v e  t r u e  i n  Gabon, as t h e  
s o c i a l  s c i e n t i s t s  saw t h e  program as an o p p o r t u n i t y  t o  b u i l d  a r e s e a r c h  capa- 
c i t y  a t  t h e  u n i v e r s i t y ,  and demanded a 4-wheel d r i v e  v e h i c l e ,  o f f i c e  equ ip -  
ment, and p a i d  l e a v e  t i m e .  These were o u t s i d e  t h e  p u r v i e w  o f  o u r  p rogram and 
t h e  f i n a l  a r rangement  made between t h e  Gabonese government  and t h e  r e s e a r c h e r s  
was accompanied by  such resen tmen t  t h a t  n o  r e p o r t  has y e t  been s u b m i t t e d  t o  
NASA, d e s p i t e  f r e q u e n t  u r g i n g .  A s  a consequence, we do  n o t  know what f i n a l  
impac t  t h e  program had on s o c i a l  p a t t e r n s  or  o t h e r  a s p e c t s  o f  v i l l a g e  l i f e .  

Loca l  government .  - When a Gabonese M i n i s t r y  o f  Energy was e s t a b l i s h e d ,  
i t  assumed r e s p o n s i b i l i t y  f o r  t h e  NASA program from t h e  M i n i s t r y  o f  Mines 
t h r o u g h  wh ich  t h e  program had been i n i t i a t e d .  The PV a p p l i c a t i o n s  f e l l  w i t h i n  
t h e  a c t i v i t y  domains o f  t h e  m i n i s t r i e s  o f  h e a l t h ,  h i g h e r  e d u c a t i o n ,  and r u r a l  
deve lopment .  A s  w i t h  t h e  T u n i s i a n  d e m o n s t r a t i o n ,  i t  p roved  v e r y  d i f f i c u l t  t o  
e s t a b l i s h  w o r k i n g  r e l a t i o n s  among s t a f f  o f  t h e s e  m i n i s t r i e s ,  and t h i s  was exac-  
e r b a t e d  by t h e  d i s t a n c e  among t h e  f o u r  v i l l a g e s  t h a t  r e n d e r e d  r e g u l a r  s u p p l y ,  
o v e r s i g h t ,  and o t h e r  l o g i s t i c a l  p rob lems e x t r e m e l y  p r o b l e m a t i c  ( e . g . ,  t h e  
PV-powered v a c c i n e  r e f r i g e r a t o r s  were n o t  r e g u l a r l y  s t o c k e d  w i t h  med ic ines  
r e q u i r i n g  r i g i d  tempera tu re  c o n t r o l  and t h e r e  were no  v i d e o  tapes  s e n t  t o  t h e  
schoo ls  equ ipped w i t h  V C R ' s ) .  

S p i n - o f f  a c t i v i t i e s .  - Gabon has c l o s e  t i e s  t o  F rance ,  i t s  former colo- 
n i a l  mas te r .  NASA e n g i n e e r s  m e t  w i t h  French c o u n t e r p a r t s  i n  Gabon e a r l y  i n  
t h e  program p e r i o d ,  for what were expec ted  t o  be f r a n k  exchanges o f  in fo rma-  
t i o n  u l t i m a t e l y  u s e f u l  t o  t h e  Gabonese. Tha French s e i z e d  t h e  o p p o r t u n i t y  t o  
m a i n t a i n  p o l i t i c o - e c o n o m i c  advantage and q u i c k l y  b u i l t  a d e m o n s t r a t i o n  PV 
power system near  t h e  c a p i t a l  t o  t h e  e x a c t  s e c i f i c a t i o n s  o f  those  p lanned  for  
t h e  NASA p rogram b e f o r e  t h e  NASA systems cou d be imp lemented.  The thunder  
was s t o l e n ,  d i m i n i s h i n g  somewhat t h e  commerc a1 and p o l i t i c a l  b e n e f i t s  t h e  
Amer ican program m i g h t  have had.  
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U t i r i k  

Peop le .  - T h i s  p r o j e c t  was unusua l  i n  t h a t  v i l l a g e  r e s i d e n t s  themse lves  
sought  a PV power system t o  meet needs t h e y  themse lves  d e f i n e d .  They i n t e n d e d  
t o  pay f o r  i t  w i t h  money t h a t  was t h e i r s  from c o n g r e s s i o n a l  f u n d i n g .  NASA 
s t a f f  took c a r e  t o  d e s i g n  t h e  system t o  p r o v i d e  power for community needs p a r -  
t i c u l a r  t o  l o c a l  c u l t u r e ,  such as n i g h t - l i g h t s  i n  homes because o f  f e a r  o f  
g h o s t s .  V i l l a g e r s  were e n t h u s i a s t i c  abou t  h a v i n g  and u s i n g  t h e  s y s t e m .  The 
g r e a t e s t  d i f f i c u l t i e s  l a y  i n  t h e  poor  i n s t a l l a t i o n  and t r a i n i n g  p r o v i d e d  by  
t h e  U . S .  c o n t r a c t o r .  A l o c a l  pe rson  was chosen t o  manage and t r o u b l e s h o o t  t h e  
s y s t e m .  He i s  an a b l e ,  c l e v e r ,  and we l l -mean ing  pe rson ,  b u t  h i s  s k i l l s  a r e  
l i m i t e d  t o  t h e  t i n k e r i n g  o f  a "backya rd  E d i s o n . "  H i s  t r a i n i n g  was so s h a l l o w  
t h a t  i t  was n o t  d i s c o v e r e d  u n t i l  t h e  c o m p l e t i o n  o f  t h e  t r a i n i n g  program t h a t  
he cannot  r e a d  and i s  t h u s  u n a b l e  t o  use t h e  v a r i o u s  manuals p r o v i d e d  t o  c a r e  
f o r  t h e  system. The i s o l a t i o n  o f  U t i r i k  w i t h i n  t h e  M a r s h a l l  I s l a n d s ,  and o f  
t h e  M a r s h a l l  I s l a n d s  w i t h i n  t h e  r e s t  o f  t h e  w o r l d ,  c o n t r i b u t e d  t o  t h e  d i f f i c u l -  
t i e s  of e f f e c t i v e  o v e r s i g h t ,  as d i d  t h e  f a c t  t h a t  t h e  NASA program was i n  
phase-out  and t h e  U.S. c o n t r a c t o r  had dec ided  t o  abandon e f f o r t s  t o  deve lop  
i t s  c a p a c i t i e s  i n  PV system d e s i g n  and i m p l e m e n t a t i o n .  When t h e  s y s t e m  had 
mechan ica l  d i f f i c u l t i e s ,  t h e  l o c a l  manager made a s i n c e r e  e f f o r t  t o  r e c t i f y  
them. When f l u o r e s c e n t  b u l b s  burned o u t ,  i n s t e a d  of r e q u e s t i n g  spares  from 
any hardware s t o r e  on  M a j u r o ,  t h e  c a p i t a l  of t h e  R e p u b l i c  o f  t h e  M a r s h a l l  
I s l a n d s ,  he r e p l a c e d  them w i t h  i ncandescen t  b u l b s ,  a l t h o u g h  these  use much 
more e l e c t r i c i t y  and r e q u i r e  r e w i r i n g .  When b a t t e r i e s  began t o  f a i l ,  he 
changed t h e  l o a d s  and a v a i l a b i l i t y  o f  power so t h a t  some p o r t i o n  o f  t h e  sys tem 
wou ld  s t i l l  f u n c t i o n .  A s  l a u d a b l e  as h i s  e f f o r t s  were, he l a c k e d  s u f f i c i e n t  
t r a i n i n g  t o  make these  changes c o r r e c t l y  and as a consequence he damaged t h e  
s y s t e m  w h i l e  t r y i n g  t o  save i t .  

S o c i a l  p a t t e r n s .  - A U.S. c o n s u l t i n g  f i r m  was h i r e d  t o  p e r f o r m  an e v a l u a -  
t i o n  o f  t h e  p r o j e c t  and i t s  s o c i a l  i m p a c t .  T h i s  was n o t  done as expec ted  as 
t h e  s c i e n t i s t s  h i r e d  d i s a g r e e d  w i t h  t h e  c o n t r a c t o r  as t o  how t h e i r  work was t o  
be used and were summar i l y  f i r e d  w i t h o u t  pay by  t h e  c o n t r a c t o r  who t h e n  p i e c e d  
t o g e t h e r  u n e d i t e d  i n f o r m a t i o n  t h e y  had p r o v i d e d  to  f i l e  t h e  r e p o r t  needed t o  
r e c e i v e  h i s  payment. A s  a consequence, t h e  " e v a l u a t i o n "  i s  so i m p r e s s i o n i s t i c  
and f r a u g h t  w i t h  e r r o r  t h a t  i t  c o u l d  have been w r i t t e n  w i t h o u t  v i s i t i n g  U t i r i k  
a t  a l l  and i s ,  t h e r e f o r e ,  w o r t h l e s s .  Aga in ,  i t  i s  no t  c l e a r  what i m p a c t  t h e  
program has had on  t h e  community. 

Loca l  government .  - Wh i le  PV can be an i d e a l  ene rgy  t e c h n o l o g y  for remote  
a reas  l i k e  t h e  P a c i f i c  because o f  i t s  s tand -a lone  low-maintenance c h a r a c t e r i s -  
t i c s ,  c e r t a i n  o r g a n i z a t i o n  w i t h i n  t h e  l o c a l  government  i s  r e q u i r e d  t o  p r o v i d e  
e f f e c t i v e  o v e r s i a h t .  U t i r i k  i s  a t i n y  a t o l l  many m i l e s  from M a j u r o ,  t h e  
e q u a l l y  t i n y  c a p i t a l  of t h e  R e p u b l i c  
o f  t h e  M a r s h a l l  I s l a n d s  became r e l a t  
"Compact") d u r i n g  t h e  p r o j e c t  p e r i o d  
imp lement ,  and ove rsee  p r o j e c t s  such 
had t o  be c r e a t e d  as t h e  p r o j e c t  evo  
r e s p o n s i b l e  for  t h e  p r o j e c t  a t  t h e  t 
t h i s  h e c t i c  p e r i o d  i n  l o c a l  h i s t o r y .  
n a l  and h i s  a b i l i t y  t o  r e a c h  U t i r i k  

o f  t h e  M a r s h a l l  I s l a n d s .  The government  
v e l y  autonomous from t h e  U.S. ( t h r o u g h  a 
and necessa ry  i n f r a s t r u c t u r e  t o  p l a n ,  
as t h i s  one was v i r t u a l l y  n o n e x i s t e n t  and 
ved.  The M a r s h a l l e s e  o f f i c e r  i n  M a j u r o  
me had many o t h e r  r e s p o n s i b i l i t i e s  d u r i n g  

H i s  t r a i n i n g  i n  ene rgy  m a t t e r s  was nomi- 
n a r e g u l a r  or  even emergency b a s i s  was 

p r o b l e m a t i c  a t  b e s t .  The U.S.  p resence i n  M a j u r o  was b e i n g  r e d e f i n e d  a t  t h e  
same t i m e  and t h e r e  was n o  Amer ican r e p r e s e n t a t i v e  o n - s i t e  who c o u l d  ove rsee  
t h e  p r o j e c t  and ease i t s  o r g a n i z a t i o n a l  and l o g i s t i c a l  d i f f i c u l t i e s .  Aga in ,  
t h e  t e c h n i c a l  p o t e n t i a l  o f  PV a p p l i c a t i o n s  was n o t  g i v e n  a f u l l  t e s t  i n  t h i s  
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p r o j e c t  because o f  s o c i o - p o l i t i c a l  f a c t o r s  on  b o t h  t h e  Amer ican and h o s t -  
c o u n t r y  s i d e s .  

WHAT IS  THE ROLE OF FOURTH WORLD 4TH LEVEL DEVELOPING COUNTRIES I N  SPACE 
POWER RESEARCH AND DEVELOPMENT? 

The s o - c a l l e d  F o u r t h  Wor ld  (most o f  A f r i c a ,  much o f  L a t i n  Amer ica ,  and 
p a r t s  o f  t r o p i c a l  and c e n t r a l  A s i a )  c o n s i s t s  o f  t h e  p o o r e s t  o f  t h e  poor  coun- 
t r i e s .  I t  i s  d i f f i c u l t  enough fo r  t h e  governments o f  these  c o u n t r i e s  t o  meet 
t h e i r  p e o p l e s '  most b a s i c  human s e r v i c e  and e d u c a t i o n a l  needs,  l e t  a l o n e  p a r -  
t i c i p a t e  i n  t h e  space age. F o u r t h  Wor ld  c o u n t r i e s  l a c k  s u f f i c i e n t  r e s o u r c e s  
or f o r e i g n  c u r r e n c y  c r e d i t s  t o  p a r t i c i p a t e  i n  a f o s s i l - f u e l  or n u c l e a r  e l e c t r i -  
c a l  f u t u r e  en joyed  or a n t i c i p a t e d  by  t h e  r e s t  o f  t h e  w o r l d .  For now, these  
c o u n t r i e s  shou ld  c o n t i n u e  t o  r e c e i v e  t h e  b e n e f i t s  o f  PV t e c h n o l o g y  and such 
space power d e r i v e d  t e c h n o l o g i e s  wh ich  a r e  e s p e c i a l l y  a p p r o p r i a t e  t o  t h e i r  c i r -  
cumstances.  

The presence and use o f  these  t e c h n o l o g i e s  i n  t h e  " F o u r t h  Wor ld"  w i l l  
f i r e  t h e  i m a g i n a t i o n  o f  c h i l d r e n  t h e r e  no l e s s  t h e n  i t  f i r e s  t h e  i m a g i n a t i o n  
of c h i l d r e n  i n  t h e  U . S .  Europe,  Japan, and e l sewhere .  Some o f  t hese  c h i l d r e n  
w i l l  go on t o  become s c i e n t i s t s  and o t h e r  t e c h n o l o g y  s p e c i a l i s t s  who w i l l  p a r -  
t i c i p a t e  i n  n a t i o n a l  and i n t e r n a t i o n a l  r e s e a r c h  and development  a c t i v i t i e s  i n  
or abou t  space. 

S t i l l ,  i m p o r t a n t  q u e s t i o n s  rema in .  The gap grows g e o m e t r i c a l l y ,  
even a s t r o n o m i c a l l y ,  between t h e  s t a t e  and advances o f  t e c h n o l o g y  (space-  
r e l a t e d  or o t h e r w i s e )  i n  t h e  F i r s t  and F o u r t h  Wor ld  c o u n t r i e s .  A q u e s t i o n  
such as "how can we i n c r e a s e  F o u r t h  Wor ld  o p p o r t u n i t i e s  f o r  p a r t i c i p a t i o n  i n  
s p a c e - r e l a t e d  r e s e a r c h ? "  i s  sometimes s u p p l a n t e d  by o t h e r s  such a s  "why s h o u l d  
we i n c r e a s e  such o p p o r t u n i t i e s  f o r  p a r t i c i p a t i o n  when F o u r t h  Wor ld  c o u n t r i e s  
have so l i t t l e  t o  g i v e  i n  r e t u r n ? "  I s  t h e  c o m m e r c i a l i z a t i o n  o f  space t o  be a 
g r e a t  poke r  game, t o  be p l a y e d  o n l y  by  t h o s e  who can " a n t e  up?"  

To r e t u r n  t o  a p r i m a r y  p o i n t  o f  t h i s  paper ,  t e c h n o l o g y  canno t  e x i s t  i n  a 
s o c i a l  vacuum. There i s  an e t h i c a l  s i d e  t o  t e c h n o l o g y  development  t h a t  can- 
n o t - - o r  a t  l e a s t  s h o u l d  not - -be a v o i d e d .  We must  c o n t i n u e  t o  t a k e  g r e a t  s t e p s  
i n  space f o r  a l l  o f  human i t y  and we must a l s o  f i n d  ways t o  b r i n g  t h e  b e n e f i t s  
t o  a1 1 o f  humani t y .  

Through t h i s  r e v i e w  o f  t h e  NASA Lewis Research C e n t e r ' s  t e r r e s t r i a l  PV 
a p p l i c a t i o n s  program, we have t r i e d  t o  show t h a t  t h e r e  a r e  a p p r o p r i a t e  uses 
for  space t e c h n o l o g i e s  i n  r u r a l  development  i n  LDC's .  I m p l i c i t  i n  o u r  p resen-  
t a t i o n  o f  p r o j e c t  b e n e f i t s  and sho r t comings  (as  we see them i n  h i n d s i g h t )  i s  a 
r e c o g n i t i o n  t h a t  t e c h n i c a l  e n g i n e e r i n g  must  be complemented by s o c i a l  e n g i n e e r -  
i n g  ( i n  t h e  b e s t ,  p a r t i c i p a t o r y  sense o f  t h a t  t e r m ) ,  as r u r a l  p e o p l e ' s  own 
needs as t h e y  see them a r e  i d e n t i f i e d ,  t e c h n i c a l  s o l u t i o n s  t o  them a r e  sought ,  
and o v e r s i g h t  i n f r a s t r u c t u r e  i s  r e i n f o r c e d  or c r e a t e d .  T h i s  has p r o v e n  t o  be 
an e x e r c i s e  i n  and o f  g r e a t  s e n s i t i v i t y  on  a l l  s i d e s  and, i n  t h i s  r e g a r d ,  o u r  
f a i l u r e s  have been as i n s t r u c t i v e  as o u r  successes .  I t  remains  f o r  o t h e r s  t o  
b u i l d  on  our e x p e r i e n c e  and lessons  l e a r n e d .  

12 



REFERENCES 

1 .  R a t a j c z a k ,  A .F . :  P h o t o v o l t a i c - P o w e r e d  Vacc ine  R e f r i g e r a t o r - F r e e z e r  Sys- 
tems F i e l d  T e s t  R e s u l t s .  NASA TM-86972-REV, DOE/NASA/20485-18, 1985. 

2 .  R a t a j c z a k ,  A .F . :  User  E v a l u a t i o n  o f  Pho tovo l ta i c -Powered  Vacc ine  R e f r i g e r -  
a t o r / F r e e z e r  Systems. NASA TM-88830, DOE/NASA/20485-80, 1987. 

3. DeLombard, R :  P h o t o v o l t a i c  Development  and Suppor t  Program f o r  M e d i c a l  
Systems i n  D e v e l o p i n g  C o u n t r i e s .  NASA CR-180876, 1988. 

4 .  Kasze ta ,  W.J.: Des ign ,  Development  and Deployment  o f  P u b l i c  S e r v i c e  
P h o t o v o l t a i c  Power/Load systems f o r  t h e  Gabonese R e p u b l i c .  NASA 
CR-179603, 1987. 

5 .  R a t a j c z a k ,  A .F . :  P h o t o v o l t a i c  Systems i n  Remote L o c a t i o n s :  An E x p e r i e n c e  
Summary. NASA TM-87106, 1985. 

6 .  M a r t z ,  J . E . ;  and R a t a j c z a k ,  A .F . :  Des ign  D e s c r i p t i o n  o f  t h e  Tangaye V i l -  
l a g e  P h o t o v o l t a i c  Power System. NASA TM-82917, 1982. 

7. M a r t z ,  J.E.; R a t a j c z a k ,  A.F. ;  and DeLombard, R . :  O p e r a t i o n a l  Per fo rmance 
of t h e  P h o t o v o l t a i c - P o w e r e d  G r a i n  M i l l  and Water Pump a t  Tangaye, Upper  
V o l t a .  NASA TM-82767, 1982.  

8 .  M a r t z ,  J.E.; and R o b e r t s ,  A.F.: O p e r a t i o n a l  Per fo rmance o f  t h e  
P h o t o v o l t a i c - P o w e r e d  G r a i n  M i l l  and Water Pump a t  Tangaye, B u r k i n a  Faso 
( F o r m e r l y  Upper  V o l t a ) .  NASA TM-86970, 1985. 

9. R o b e r t s ,  A.F.: A F i n a l  E v a l u a t i o n  o f  t h e  S o c i a l  Impac t  o f  t h e  Tangaye 
(Upper  V o l t a )  So la r -Energy  D e m o n s t r a t i o n .  C e n t e r  f o r  A f r o a m e r i c a n  and 
A f r i c a n  S t u d i e s ,  U n i v e r s i t y  o f  M i c h i g a n ,  Ann A r b o r ,  M I ,  Sep t .  24,  1980. 

10. R o b e r t s ,  A.F.: S o c i a l  Impac t  o f  t h e  Tangaye (Upper  V o l t a )  S o l a r  Energy  
D e m o n s t r a t i o n :  A Summary R e p o r t .  C e n t e r  f o r  A f r o a m e r i c a n  and A f r i c a n  
S t u d i e s ,  U n i v e r s i t y  o f  M i c h i g a n ,  Ann A r b o r ,  M I ,  J u l y  30, 1981. 

1 1 .  R o b e r t s ,  A . F . :  An Update  o f  t h e  Socio-Economic Impac t  Research  on t h e  Tan- 
gaye (Upper  Vol t a )  S o l a r  Energy  D e m o n s t r a t i o n .  C e n t e r  f o r  A f r o a m e r i c a n  
and A f r i c a n  S t u d i e s ,  U n i v e r s i t y  o f  M i c h i g a n ,  Ann A r b o r ,  M I ,  Aug. 1982.  

12.  Scudder ,  L .R. ;  M a r t z ,  J.E.;  and R a t a j c z a k ,  A . F . :  T u n i s i a  Renewable Energy  
P r o j e c t  Systems D e s c r i p t i o n  R e p o r t .  NASA TM-88789, 1986. 

13. R e t r o s p e c t i v e  A n a l y s i s  of Hammam B iadha  Renewable Energy P r o j e c t  
( H u d d l e s t o n / R o b e r t s  T r i p  R e p o r t ) .  The T u n i s i a n  Energy  P l a n n i n g  P r o j e c t .  
Resource Management A s s o c i a t e s  o f  Madison,  I n c . ,  Madison,  W I ,  
RMAIGOT-TD-39, Feb. 7, 1986. 

1 3  



TABLE I .  - NASA LEWIS REMOTE LOCATION PHOTOVOLTAIC SYSTEMS LOCATIONS AND TYPES 

V i l l a g e  C o u n t r y  R u r a l  
c l i n i c  

H a i t i  
D o m i n i c a n  R e p u b l i c  
S t .  V i n c e n t  
Canouan 
Gau t emal a 
Honduras  
Guyana 
Co lumb ia  
Ecuador  
P e r u  
Morocco  
J o r d a n  
T u n i s i a  
Ganibi a 
Mal i 
B u r k i n a  Faso 
L i b e r i a  
I v o r y  Coas t  
Gabon 
Z a i  r e  
Kenya 
Zimbabwe . 
I n d i a  
M a l d i v e  I s l a n d s  
Tha i  l a n d  
I n d o n e s i a  
U t i r i k  I s l a n d  

- 

T o t a l  w a t t s  

284 
284 
200 
200 
248 
200 

1 8 5 4  
284 

3 744 
284 
355 
160 

34 647 
640 
200 

3 800 
390 
990 

12 080 
355 

3 140 
1 a54  

355 
284 
200 

2 220 
7 920 

V a c c i n e  
r e f  r i  g- 
e r a t  i o n  

Schoo l  
1 i g h t s /  
T V / V C R  

5 

2 

0 

4 

~ 

O u t d o o r  
1 i g h t  i n g  

O t h e r  

Farm house  

G r a i n  m i l l )  

E a r t h  s t a t i o n  
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TABLE 11. - SUMMARY OF NASA LEWIS PHOTOVOLTAIC-POWERED REFRIGERATOR FIELO TESTS 

[Systems tes ted  a t  Lewis: 
400 W  peak1315 A-hr: 

So la r  Power Corp./Adler-Barbour, 330 W peak/630 A-hr; S o l a v o l t  I n t e r n a t i o n a l / P o l a r  Products, 
Marvel w i t h  Lewis p h o t o v o l t a i c  a r r a y  and a r r a y  vo l tage  r e g u l a t o r ,  450 W  peak/420 A-hr.] 

( a )  L a t i n  America/Caribbean 

Date 

11 Sept. 1982 

14 Oct. 1982 

28 Aug. 1982 

S i t e  
a f f i 1 i a t  i on 

System 
manufacturer  

So la r  Power Corp. Center f o r  Disease Con t ro l  

- 

Agency f o r  I n t e r n a t i o n a l  
Development 

- 

Center f o r  Disease Con t ro l  

12 Jan. 1984 
18 Jan. 1984 

25 Jan. 1984 

Agency f o r  I n t e r n a t i o n a l  
Development 

S o l a v o l t  I n t e r n a t i o n a l  
S o l a v o l t  I n t e r n a t i o n a l  

S o l a v o l t  I n t e r n a t i o n a l  

Loca t ion  

Ad1 er-Barbour 

Po la r  Products 

Po la r  Products 

P o l a r  Products  

Adler-Barbour 

Bocas Del Palo. 
Columbia 

Pucara, Peru 

Las Tablas 
Domi n i can 
Republ i c 

Anse-a-Veau, 
H a i t i  

Coinuna Cobos, 
Ecuador 

Schepmoed. 
Guyana 

T i e r r a  Blanca. 
Guatemala 

Waramuri , Guyanab 
Pedro V icen te  

Maldonago, 
Ecuador 

Guiamaca. Honduras 
New Sandy Bay. 

S t .  V incent  
Canouan, Grenadines 

320 
320 
355 

355 

355 
284 --- 
--- 
--- 
200 

280 

200 

390 

Kaur, Gambia 
Gunjur, Gambia 
N i o f o u i n .  I v o r y  

Zaranow, I v o r y  

Kionzo,  Z a i r e  
Ch io ta ,  Zimbab e 
Kibwezi ,  Kenyg'6 
I ku tha ,  Kenya 
Chikwakwa, 

Z i  nibabweb 
Ouel essebougou, 

Mal i 

coast  

Faso 

Coast 

coast  

Menee. I v o r y  

Orodora, Bu rk ina  

Iuehu, L i b e r i a  

2 Sept. 1982 

23 Sept. 1982 

30 Sept. 1982 

7 Oct .  1982 

1 Feb. 1983 
31 Mar. 1983 

Solarex 
Solarex 

( b )  A f r i c a  

2 1  Jan. 1983 
27 Jan. 1983 

5 Feb. 1983 

5 Feb. 1983 

11 Feb. 1983 
15 Feb. 1983 
10 May 1983 
10 May 1983 
31 May 1983 

14 Feb. 1984 

25 Feb. 1984 

21 Feb. 1984 

12 O c t .  I984 

Solar  Power Corp. 

I 

Sol arex 
Sol arex 
Solarex 

Solavol  t I n t e r n a t i o n a l  

Solavol  t I n t e r n a t i o n a l  

S o l a v o l t  I n t e r n a t i o n a l  

So la r  Power Corp. 

Ref r i g e r a t o r  
s u p p l i e r  

Adler -  i r bou r  

Marvel 
Marvel 

Po la r  Products 

Array 
peak 

power, 
W 

B a t t e r y  
c u r r e n t ,  
A-hr 

630 

1 
c525 
630 

I 
315 

315 

315 

630 
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Table 11. - Concluded. 

( c )  Near  Eas t  

~ Solar Power C o r p .  

So la r  Power Corp. 

Solavol t I n t e r n a t i o n a l  

S o l a v o l t  I n t e r n a t i o n a l  

Solavol t I n t e r n a t i o n a l  

Agency F o r  I n t e r n d t i o n a l  
Deve l  opnient 

Center f o r  D i s e a s e  C o n t r o l  

Hdiiinldiil Biadha, 
Tun is ia  

Bouabou t e ,  
Morocco 

Es-Si i i i  r a t  
( S i 1 i ana) , 

Turii s l a  
8 i r Anidma, 

Mowaqar ,  Jordan 
T u n i s i a  

Bhoorbaral ,  I n d i a  

Agency f o r  I n t e r n a t i o n a l  
Deve l  opiiient 

Jan. 1983 

28 O c t .  1983 

3 feb .  1984 

6 Feb.  1984 

28 June 1984 

Cibuny Bulang 
Indonesia 

8dtUJaya 
I nd ones i a 

Ku ludut fush i  
Taiiibon Tha Thong, 

r l id l  1 arid 

( d )  A s i a  

Ad1 er-Barbour 

Adler-Barbour 

Po lar  P r o d u c t s  

M a r v e l  

Marvel 

19 O c t .  1981 

16 A p r .  1982 

16 A p r .  1982 

6 May 1982 
2 Nov. 1983 

Solar Power Corp .  

1 

S o l a v o l t  I n t e r n a t i o n a l  I Marvel 

P r o j e c t  

Tangaye 

T u n i s i a  
V i  11  age 
s y s t e m  and 
fa rmhouse  
s y s t e m  

I r r i g a t i o n  

V a c c i n e  
r e f r i g e r a t o r s  

Gabon 

U t i  r i  k 

E a r t h  s t a t i o n  

M e d i c a l  c l  i n i  c s  

630 

' 5 2 5  

315 

420 

420 

630 

420 

b a t t e r y  tlanlayed 01' l o s t  i n  t r a n s i t .  
b R e f r i g e r a t i o n  i s  p a r t  o f  a l a r g e r  c l i n i c  sys tem.  

TABLE 111. - PHOTOVOLTAIC SYSTEMS PROJECTS P R I M A R Y  OBJECTIVES 

O b j e c t i v e  

U . S .  AID p r o j e c t  o b j e c t i v e  t o  d e t e r m i n e  t h e  e f f e c t  o f  e n e r g y  on womens' use  
o f  t i m e  when r e l i e v e d  o f  l i f t i n g  w a t e r  and m i l l i n g  g r a i n  f o r  f l o u r  by  hand. 

U.S. AID/Government  o f  T u n i s i a  (GOT) p r o j e c t  o b j e c t i v e  t o  m i n i m i z e  
r u r a l - u r b a n  m i g r a t i o n  t h r o u g h  r u r a l  v i l l a g e  e l e c t r i f i c a t i o n  by  a PV-powered 
e l e c t r i c  u t i l i t y  g r i d  ( w i t h  e x c e p t i o n s  o f  pump ing  w a t e r  due t o  i n - p l a c e  
i n - p l a c e  pump ing  s y s t e m  and e l e c t r i c i t y  s u b s t i t u t e  f o r  p r i v a t e  d i e s e l  d r i v e n  
m i l l i n g  o p e r a t i o n )  and a PV power  s y s t e m  f o r  a t y p i c a l  fa rmhouse.  

U.S. AID/GOT p r o j e c t  o b j e c t i v e  t o  d e m o n s t r a t e  t o  l o c a l  h o r t i c u l t u r i s t s  
i m p r o v e d  a g r i c u l t u r a l  o u t p u t  t h r o u g h  use o f  a d r i p  i r r i g a t i o n  s y s t e m  
u s i n g  a PV-powered pump. 

U.S. C e n t e r s  f o r  D i s e a s e  C o n t r o l / W o r l d  H e a l t h  O r g a n i z a t i o n  o b j e c t i v e s  t o  
d e m o n s t r a t e  and s i m u l t a n e o u s l y  c o n d u c t  f i e l d  t r i a l s  o f  t h r e e  t y p e s  o f  
PV-powered v a c c i n e  r e f r i g e r a t o r  s y s t e m s .  

Government  o f  Gabon o b j e c t i v e  t o  d e m o n s t r a t e  and g a t h e r  d a t a  on a p p l i c a b i l i t y  
o f  PV power sys tems  f o r  commun i t y  s e r v i c e s  ( w a t e r  pumping ,  v i l l a g e  s t r e e t  
l i g h t i n g ,  d i s p e n s a r y  ( l i g h t s ,  v e n t i l a t i o n  and v a c c i n e  r e f r i g e r a t o r ) ,  s c h o o l  
l i g h t i n g  and TV/VCR f o r  e d u c a t i o n a l  p r o g r a m s ) .  

I s l a n d  r e s i d e n t s  d e s i r e  t o  use  t h e i r  own money t o  o b t a i n  PV s y s t e m  f o r  
e l e c t r i c i t y  f o r  l i m i t e d  r e s i d e n t i a l  l i g h t i n g  and some commun i t y  s e r v i c e s  
( r e f r i g e r a t o r s  f o r  s c h o o l ,  d i s p e n s a r y  and q u e e n ' s  home, s t r e e t  l i g h t i n g  a t  
t h r e e  s t r a t e g i c  l o c a t i o n s ,  and v e n t i l a t i o n  i n  communi ty  b u i l d i n g s ) .  

U.S. AID p r o j e c t  o b j e c t i v e  t o  d e m o n s t r a t e  a p p l i c a b i l i t y  o f  PV s y s t e m  t o  s u p p o r t  
a r u r a l  e d u c a t i o n  p r o j e c t  w h i c h  used a s a t e l l i t e  e a r t h  s t a t i o n  f o r  v i d e o  and 
a u d i o  t e l e c o n f e r e n c i n g ,  g r a p h i c s / f a x  c a p a b i l i t y ,  c l a s s r o o m  l i g h t i n g ,  and 
t e l e p h o n e  t o  a n e a r b y  v i l l a g e  f o r  u n i v e r s i t y  c l a s s r o o m s  i n  a r e m o t e  l o c a t i o n  i n  
I n d o n e s i a .  

U.S.  AID p r o j e c t  o b j e c t i v e  t o  i n c r e a s e  h e a l t h  s e r v i c e s  i n  r u r a l  a r e a s  by  
d e m o n s t r a t i n g  a p p l i c a b i l i t y  o f  PV power sys tems  f o r  r u r a l  c l i n i c s  by  p r o v i d i n g  
e l e c t r i c i t y  f o r  v a c c i n e  s t o r a g e ,  l i g h t i n g  and o t h e r  d i s c r e t i o n a r y  u s e s ;  e . g . ,  
d e n t a l  e q u i p m e n t ,  c o m m u n i c a t i o n s ,  s t a f f  r e s i d e n t i a l  l i g h t i n g  and w a t e r  pumping .  
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TABLE I V .  - NASA L E W l S  PHOTOVOLTAIC SYSTEMS PROJECTS ANTHROPOLOGICAL BACKGROUND AN0 ENERGY RESOURCES BASELINE DATA 

P r o j e c t  

Hdnimaiii Biadha 
V i l l a g e  system 

Farm house system 

D r i p  i r r i g a t i o n  

GdbOn v i  11 i aye coiiimun- 
i t y  se rv i ces  systems 

P r o j e c t  

Vaccine r e f r i y e r a t o r s  

U t i r i k  

Ea r th  s t a t i o n  

Medical c l i n i c s  
( 5  each) 

An th ropo log ica l  background 

V i l l a g e r s  a r e  smal l -sca le farmers l i v i n g  i n  
decen t ra l i zed  hamlets: h e r e d i t a r y  c h i e f  r e l a t e d  
by k i n s h i p  and c l a n  t o  many v i l l a g c r s :  f e e l i n g  
of i s o l a t i o n  and neg lec t  by c e n t r a l  government; 
immediate enthusiasm f o r  p r o j e c t ;  semi -sk i l l ed  
workers a v a i l a b l e  t o  run  m i l l  (no p r i o r  t r a i n i n g ,  
l i t t l e  formal educa t ion ) .  

V i l l a g e  o f  about 150 people w i t h  neiyhborhood o f  
"modern" masonry houses, t r a d i t i o n a l  houses, 
schools ,  s to res ,  mosque, co f fee  house and o the r  
c e n t r a l i z e d  f a c i l i t i e s ;  many res iden ts  have l i v e d  
i n  urban areas and have r e l a t i v e s  who s t i l l  do: 
exper ience w i t h  g r i d  e l e c t r i c i t y  i n  c i t i e s :  
possess e l e c t r i c a l  appl iances they would l i k e  t o  
run on p r o j e c t  power. 

Farmsteads s p r i n k l e d  across wide v a l l e y ;  farmers 
engaged i n  mu l t i - c rop  a g r i c u l t u r e ,  mid- level  
technology (some mechanical means); orchards 
des i red ,  as promulgated f o r  area by government 
ex tens ion  programs. 

farmers f a m i l i a r  w i t h  d i e s e l  pumps f o r  t rench  
i r r i g a t i o n ;  have open w e l l s  f o r  i r r i g a t i o n ,  
understand i r r i g a t i o n  by & water brought  
i n  q u a n t i t y  t o  seedl ings.  

Four  v i l l a g e s  i n  f o u r  corners o f  t he  country  
were se lec ted  by the c e n t r a l  government as 
r e s e n t a t i v e  s i t u a t i o n s  and t o  spread development 
b e n e f i t ;  each v i l l a g e  t o  rece ive  f o u r  PV-powered 
community se rv i ce  systems: a c c e s s i b i l i t y  o f  each 
v i l l a g e  d i f f i c u l t .  e s p e c i a l l y  d u r i n g  r a i n y  season; 
each v i l l a g e  a d i f f e r e n t  e t h n i c  group w i t h  d i f -  
f e r e n t  h i s t o r y  o f  development--each t o  be consid- 
ered on case-by-case bas i s ;  i n  f i r s t ,  people f e e l  
neglected by government and a re  anxious t o  become 
"modern;" i n  second, major  impact o f  system i s  
abundant water  and power t o  m iss ion  school: i n  
t h i r d ,  v i l l a g e  near p r e s i d e n t ' s  homeland: i n  
f o u r t h ,  i s o l a t i o n ,  apathy and d i s a f f e c t a t i o n .  
Socia l - impact  research conducted by l o c a l  
an th ropo log is t .  

TABLE I V .  - Concluded. 

An th ropo log ica l  background 

Each l o c a t i o n  chosen by hos t  coun t ry ,  many very 
remote: l i t t l e  chance o f  r e g u l a r  o r  d i r e c t  o v e r s i g h t .  

A t o l l  very  remote, f i s h i n g  and coconut farming 
main p u r s u i t s ;  res iden ts  d i r e c t l y  a f f e c t e d  by 
f a l l o u t  from 1954 hydrogen bomb b l a s t ,  much 
d i r e c t  and la te r -genera t i on  r a d i a t i o n  s ickness;  
U.S. Government prov ides w e l f a r e  suppor t  and 
money compensation f o r  r a d i a t i o n  acc iden t :  v i l -  
l a g e r s  used $loOK i n  compensation funds toward 
purchase o f  PV system: most have l i v e d  i n  Majuro 
o r  Kwa ja le in  where g r i d  e l e c t r i c i t y  a v a i l a b l e :  
people f a m i l i a r  w i t h  VCR's and o the r  e l e c t r i c a l  
appl iances: semi-ski 11 ed l a b o r  avai  1 ab le  
f o r  PV system maintenance. 

No an th ropo log ica l  data a v a i l a b l e .  

PV-powered e l e c t r i c i t y  p rov ided  t o  r u r a l  c l i n i c s  
i n  Guyana, Ecuador, Zimbabwe, and Kenya ( two  
systems), a l l  i n  remote s e t t i n g s :  d i f f i c u l t  l o g i s -  
t i c s ,  l i t t l e  p o s s i b i l i t y  o f  t r a i n i n g  f o r  nurse 
o r  f o r  r e g u l a r  p r o v i s i o n  o f  co ld-chain vacc ines 
needing r e f r i g e r a t i o n ;  occas ional  v i s i t s  by MO; 
s o c i a l  impact research conducted i n  Guyana and 
Zimbabwe by l o c a l  an th ropo log is t s .  

Energy resources 

Water: 10m w e l l ,  l i f t e d  by hand 
Winnowing and m i l l i n g :  hand 
opera t i on  (mor ta r  and p e s t a l )  

Water: d i e s e l  d r i v e n  v i l l a g e  pump 
Gra in ing  m i l l i n g :  p r i v a t e  d i e s e l -  
powered m i l l  
E l e c t r i c i t y :  none 

E l e c t r i c i t y :  none 

Water: d i e s e l  d r i v e n  pump w i t h  
convent ional  t rench  i r r i g a t i o n  

No pumped water  o r  e l e c t r i c i t y ,  
no on-s i te  vacc ine s torage 

Energy resources 

No vacc ine r e f r i g e r a t o r  o r  
kerosene fue led r e f r i g e r a t o r /  
f reeze r  

No pumped water  o r  e l e c t r i c i t y  f o r  
community (some i n d i v i d u a l s  had 
engine-generator s e t s )  

No e l e c t r i c i t y  o r  communications 

V a r i a b l e  rang ing  from d i e s e l -  
powered generator  f o r  l i g h t s  
t o  no e l e c t r i c i t y  

ORIGINAL PAGE IS 
OF POOR QUALITY 



National Aeronautics and 
Space Administration 

1. Report No. 

NASA TM- 102042 

Report Documentation Page 
2. Government Accession No. 

7. Key Words (Suggested by Author(s)) 

7. Author@) 

Allen F. Roberts and Anthony F. Ratajczak 

18. Distribution Statement 

9. Performing Organization Name and Address 

National Aeronautics and Space Administration 
Lewis Research Center 
Cleveland, Ohio 44135-3191 

9. Security Classif. (of this report) 20. Security Classif. (of this page) 21. No of pages 

Unclassified Unclassified 18 

2. Sponsoring Agency Name and Address 

National Aeronautics and Space Administration 
Washington, D.C. 20546-0001 

22. Price' 

A03 

3. Recipient's Catalog No. 

5. Report Date 

6. Performing Organization Code 

8. Performing Organization Report No. 

E-4799 

10. Work Unit No. 

142-70-10 

11. Contract or Grant No 

13. Type of Report and Period Covered 

Technical Memorandum 

14. Sponsoring Agency Code 

5. Supplementary Notes 

Prepared for the Symposium on Space Commercialization: Roles of Developing Countries sponsored by the 
University of Tennessee Space Institute, Nashville, Tennesse, March 5-10, 1989. 

6. Abstract 

Between 1978 and 1984, the NASA Lewis Research Center was responsible for the design, fabrication, instal- 
lation and operational support of 57 photovoltaic power systems in 27 countries. These systems were installed in 
locations not served by a central power system and ranged in size from 40 W for powering street lights to 29 kW 
for providing power to a complete village. Several of the systems projects had social/economic studies components 
that provided for an assessment of how the introduction of both electricity and a novel high-technology power 
system affected the users and their society. 

Photovoltaic 
Systems 
Solar energy 

Unclassified - Unlimited 
Subject Category 20 


