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For develo~ina countries. an important step on the path to . - 
self.suff.c~ency, soclal progress, and sLstalnaote oevelopment 
IS to find economical, environmentally acceptao e, and rehab e 
sources of power. However, in generating this power and sup- 
plying it to end-users, particularly in remote areas, develop- 
ment planners face a difficult challenge. Utility grid extension 
for many rural areas is expensive and may be difficult to build 
due to rugged terrain or long distances. Diesel and other con- 
ventional power options require reliable fuel supplies and ser- 
vice networks which are costly to develop and maintain. 

Renewable energy provides a way to meet this challenge in a 
variety of applications. Renewable energy technologies and 
products are well suited to typical rural conditions, both techni- 
cally and economically. And, because they rely on the country's 
own fuel sources, renewables reduce reliance on imported 
fuels, reducing demand on scarce foreign exchange reserves. 

The Lnlted States renewao e energy $nodstry IS acknowleogeo 
as the world leaaer and Innovator In tecnnology development 
and servlces. Today's L.S. lnoustry IS capable of sJpplylng re11 
able conversion technoloq~es to a wvde varlety of end Lses for a 
broad spectrum of poweFdemands and system configurations. 

The technologies portrayed in this publication exemplify the 
leadership of the U.S. in most areas of renewable energy 
design, p;oject development, installation, maintenance, manu- 
facturing and management of both customized and turnkey 
projects, systems and components. The U.S. Agency for 
International Development, Ofice of Energy & Infrastructure 
(AID) orovided suooort to the U.S. Ex~ort  Council for . . .  
Renewable ~nergy '(US/ECRE) to update and reprint this publi- 
cation. The seven United States renewable energy trade associ- 
ations comprising US/ECRFs membership promote exports, 
joint ventures, overseas project development, and technology 
licensing in alcohol fuels, biomass, energy efficiency, geother- 
mal. hvdropower. passive solar. ~hotovoltaics, solar thermal, 

The U.S. government has several programs that assist  develop^ 
ing countries with renewable energy applications, including 
the AID Renewable Energy Applications and Training project. 
the Private Sector Energy Development project, and several 
bilateral projects administered through country missions. In 
cooperation with the Committee on Renewable Enerav 
commerce and Trade (CORECT), a federal interagency working 
aroup that coordinates commerce in U.S. renewable enerqv 
iechnologies. a range of programs are ava,lable to accelerate 
the use of renewable rechnoloa~es as a ternat ves to conven- 
tional energy sources. 

Thls publlcarlon hlghllgnts cost-effect ve app~lcatlons of renen 
able energy technologies focuslng on J.S.-manufacturea eqdp 
ment and servlces. We are pleased to present tnls broch~re to 
acqua nt p anners and Lsers ~ l t h  vlable appllcatlons for renew- 
able energy and encourage their use where appropriate to 
improve the quality of life for people worldwide. 

Judy Siegel 
President 
U.5. EXPORT COUNCIL FOR RENEWABLE ENERGY 

Scott Sklar 
Executive Vice President 
U.S. Expmr COUNCIL FOR RENEWABLE ENERGY 

James Sullivan 
Director. Office of Energy and Infrastructure 
US. AGENW FOR INIERNA~ONAL DEVELOPMENT 

March 1994 

wind, and wood energy. 

Table of Contents 

To the Reader 
Renewable Energy: Improving Agriculture and Health 
Water Supply 
Health 
Grinding. Milling, and Drying 
Agro-Industrial Processing 
Village Power 
Water Heating 
Additional Applications 
Biomass 
Photovoltaics 
Wind 
Micro and SrnallLScale Hydro 
Solar Thermal 
The U.S. Renewable Energy Industry 
For Additional lnformat~on 



Renewable Energ : 
Improving Agricu r ture and He 

~ - ~ p ~ - ~ ~ ~ -  ~ ~ . 

Daily life in rural areas of  developing countries is made 
more difficult by poor sanitation, inadequate energy supplies, 
and heavy reliance on human labor. Drinking water is often 
contaminated, and is retrieved bv hand from wells or nearbv 
streams Crop prod~ctlon, bu lolng materials, clothlny. dnd 
f ~ r n l t ~ r c  m a n ~ f a c t ~ r e  oepend on m a n ~ a l  labor, somettmes 
aided by animals or fossii fuel-powered equipment. The 
human time and effort needed to meet basic human health, 
fooo, and shelter needs typlcall~ eave I4rt e opoonJnlty for 
s ynlfcant econom c an0 soclal deve optnent. 

Renewable energy systems-based on energy sources such as 
biomass, water, wind and the sun-are designed to help rural 
residents overcome the barrier of insufficient power. These 
systems provide energy for many critical needs-from pump- 
ing and heating water to vaccine refrigeration and large-scale 
agricultural proces5ing. Communication, education, water 
heating for sanitation, and many other requirements are also 
served. Access to power promotes increased agricultural pro- 
duction, improved sanitation, reduced infant mortality, and 
higher productivitv for both workers and local industries. In 
general, renewables can help contribute to progress and a 
higher quality of life. 

Few rural communities are linked to national utility systems 
because grid extensions to remote regions with dispersed 
populations are both expensive and difficult to build. 
Traditional sources o f  power-animals and fossil fuels-also 
have major drawbacks. Animals require food and care and 
using them as a source of labor ultimately lowers milk and 
meat production. Casoline- and diesel-powered engines 
require costlvfuel and mare Darts. Usino wood and dun0 for 
coon~nq and'heattng also places an addliona o ~ r d e n  o c  
nLmans ro co lect rhe f ~ e l ,  and vrood burnlna contrloJtes 10 
worldwide deforestation. 

Because o f  such problems and the drain on foreign exchange 
from a dependence on imported fuels, a movement is under- 
way to promote the use of renewable, local sources of energy 
b i omass ,  photovoltaics, wind, hydro, and active and passive 
solar thermal-in applications where they are economically 
and technically competitive. These renewable enerqy sources 
provlde re lable, manageable, afforoao e, ano env hnmenta y 
5 0 ~ n d  energy that 15 v.el s~ l t ed  ro sLsta nable deue.opment 
and the conditions found in rural communities. The primary 
uses ofthese technologies in agriculture and health applica- 
tions are shown in Figure 1 .  Key characteristics which make 
renewable energy viable in these applications are described in 
detail on the following pages and summarized in Figure 2. 
Overall, renewable energy is an appropriate solution to the 
basic needs of developinq countries for enhanced agricultural 
prod~ct lon ano mproveo health an0 sanltat on servTces 
Ach ev,nq these qoals 4s the f rst amDonant steo for anv (oun- 
try on the road to progress. 

A decaoe of experience in renevrable enerqr appl cdtlon an0 
tnarned Improvements in eqLlpmen1 and n coJntry c ~ p p o n  
g be Lsers a va uable nevr opt on for s ~ p p  ylng power to rbra 
drear As w th any nnovarlon, howeber. carefu econ0m.c ano 
technical evaluation o f  needs and alternatives is essential for 
successfully meeting high-priority rural development needs. 

FIGURE 1 
Renewable Aoolications in Aariculture and Health 
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FK;URE 2 
Benefits o f  Renewable Energy 
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Safe, reliable, and convenient water supplies are essential 
to health and economic well-being. Unfortunately, nearly a 
billion people in rural areas of the developing world do not 
have access to safe sources of water. The result, according to 
the world Health Organization WHO), is that 1 5  million chi l~ 
dren under 1 5  vears of aae die each vear due to diseases 
transmittca th r0~9n contam~narca nater. Conseq~ent b. W~IO 
nas assenea that prov~o~nq ' a  safe and conven ent *ater rep- 
ply is the single most important activity that could be  under^ 
taken to improve the health of people living in rural areas." 

In spite of technological achievements, much of the world's 
rural population continues to rely on manual labor to collect 
water from rainfall, surface sources, and hand-dug wells. This 
reliance impedes economic development and places a large 
burden on the populations of these remote areas. 

Traditional means of gathering water in remote areas include 
human power, animal power, and diesels. Human and animal 
power are limited by how much they can lift, and the resulting 
costs place a strain on human resources and a loss of animal 
meat and milk production. These low daily yields also diminish 
the value of the expensive wells built to tap groundwater w-POWERED WATER PUMPING 

sources, ~ i ~ ~ ~ l . ~ ~ ~ ~ ~ ~ d  pumps produce greater output but A ~hotovolta~c-powered waterpumping iflstal~~tion in Africa. 

require sewice and supply networks to work reliably. 

Renewable energy technologies such as photovoltaics (PV) and 
wind orovide cost-effective and reliable alternatives to tradi- ~ ~~ ~ 

tional'water-pumping techniiues. These pumping technolo- 
gies feature ease of operation, low maintenance, and indepen- 
dence from external fuel sources. They are also designed to be 
modular, allowing small or large volumes of water to be 
pumped effectively from a variety of sources. Furthermore. 
renewable energy pumping systems can easily be used for 
more efficient irrigation methods, such as drip irrigation on 
small farms, where diesels are not cost-effective. 

As a result of these benefits, thousands of photovoltaic and 
wind pumping systems have been installed worldwide, sup- 
plying safe drinking water for human consumption, livestock, 
and small-scale irrigation. Commercially available and proven 
renewable energy wateryxmpinq systems can supply water 
from surface sources or wells upto a few hundred meters 
deep. Dally water output ranges from a few cub~c meters to 

WIND/W HYBRID 
A wind and photovoltaic power hybrid system prowdes water near 
Kherkura, Pakistan. The 3~kW wmd system and the 5-kW phoro~ 
voltaic system pump water at a rate of 1.000 gallons per hour. 

several hundred cubic meters. 

WATER.PUMPING WTrH WIND POWER 
A 3~kW wind turbine provider water in Naima, Morocco 



VILIAGE ELECTRICW wrm WNO POWER 
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In rural waternrpplypmjectsphotovoltaic and wind-powered water 

pumpingis likely to be competitive compared to human- or animal-powered 

water-liftingmethods in areas where the water table is deep, well costs ure 

high, a n d m h  wellsupplies the daily needs of 1UOpeopIe or more. 'fiese 

technologies are also economic when compared to diesels in remote areas 

wherefirel supplies and maintenance m ' c e s  are txpensive and unreliable 

and fover than several thousandpeople are being served Photovoltaic 

water-pumpingrequires at leactfour hours ofbright sunshine each day to be 

competitive. For shafi-powered windpumping, an unnual average wind 

speed ofgreater than three metersperrecond (m/sec) is required. Electrical 

windpumping requires 4 m/xc or better, bbufor many situations, h u  the 

major advantage that the turbine does not need to be sited at the wellhead. 

There widandsolar requirements are met in many developingountriks. 

Figure 3 illustrates the r e p m  ofdaily water volume and l j i  wherephotu- 

voltaic amiwimipumpingare compm'tive with diesel-poweredpumpiny. 

Water Volume (Cubic Meterr/Day) 

Assumptions 
1 .  Solar ~nsalation- 4-6 kwh/m2/day. 
2 .  Wind speed- 5 m/sec. 
3 .  Fuel p r i c e s  US $0.50-I.OO/liter. 
4. Equipment cortr include transport and installatron costs in developing country. 

Costs exclude operating manpower costs. 



Health 
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A variety of weventable infectious d i s e a s e s ,  combined 
with a laik of adequate health care, has contributed to an infant 
and child mortalitv rate in developinq countries that is estimat- 
eo to De aooJt 5 mllllon oeaths per year Poor health has 
devastat nq economlc an0 soc~al conseqLences the a~a l l t y  
of life is diminished, agricultural and industrial development is 
hindered, and caring for the sick and disabled is difficult, i f  not 
impossible. 

Vaccination programs have been highly successful in reducing 
the occurrence of infectious diseases in both humans and 
livestock. These Droarams. however. deoend on reliable 
refrigeration system; to maintain vaccine quality and potency 
To remain effective, most vaccines must be refrigerated 
between 0-8.C up to the time o f  use. The transportation and 
storaae of refriqerated vaccines. known as the cold chain. is a 
majo;challenge to health planners 

Today, kerosene- and bottled gas-powered refrigerators are 
most commonly used in rural areas to keep vaccines at the 
proper temperature. Developing country experience with 
these systems, however, has been poor due to the short 

fet me of these systems, the need for constant ma ntenance 
ano spare parts, and, most mportantlv, tne cont nJoJs need 
for ~ncontaminateo f ~ e  to operate tnem. txamples of \acc ne 
osses a t tno~ ted  to fai.Jre of kerosene or bort ed-qas 
refrigerators are cited below 

VACCINE Loss FROM KEROSENE/ 
COUNTRY B O ~ E D - G A S  REFRIGERATORS 
Sierra Leone 71% 
Peru 52% 
Tanzania 45% 
Pakistan 30% 
Indonesia 2 6% 
Ethiopia 21% 
Kenya 2 0% 

Photovo ta cs offers a better optlon for pov.er ng remote nea th 
refr qerators as recoqn zed by 00th UnO and rne Jnlred hat~ons 
children's Fund (UNICEF). photovoltaic refrigerators, with their 
reduced maintenance, lower operating costs, greater reliability, 
and longer working lives, provide a more effective and  sustain^ 
able cold chain. These systems have underqone laboratory 
testing and field trials by international agencies, resulting /n 
proven equipment that meets or exceeds the technical require- 
ments o f  most country health officials. Today, over 1,000 
photovoltaic refrigerators have been installed in more than 30 
countries worldwide. The Government of Zaire has stated that 
photovoltaic refrigerators are the only solution for vaccine stor- 
age and is installing over 100 systems in rural health clinics. 

In addition to vaccine refriaeration. there are a number of other 
remote, health-related use; of electricity where renewable tech- 
noloqies, such as ~hotovoltaics and wind, make sense. These 
inc lde clinic lightkg and radio communications, among others. 

The advantages o f  photovoltaics and wind over expensive bat- 
teries, qasoline, or diesel-enqine aenerators for these uses are - - 
n ~ g h  re j~ab~ ~ ty ,  no ~ J P  or ma nrenance rmts ,  no nolse or poi J- 

tlon d ~ r l n q  operatlon, an0 no nee0 to take batter es to electr - 
fied areasfor.recharging. Also, unlike engine generators, 
renewable power sources provide an ideal match to the low 

FIGURE 4 
Economicallv Comoetitive Conditions 
for a vaccine ~e f r ide ra to~  

20 40 60 80 100 120 140 160 180 
Annual Vaccine Requirements (Liters per Year) 

Ass~mpt ions 
I .  Based on typical casts o f  refrigeration reported by 

WHO/UNICEF and representative kerosene/battled-gas 
2 .  Vaccine lasses with a PV refrigerator-5% 

W POWER USED IN NICHTllME BABY DELIVERIES 
The "Eabylight" Maternity Lamp shown here at  the 
\ , ~ , ? ~ a r ~ m u o  1: mr ,I Arnu~ure  r urzl fa o ghrr rnz 000, 
JC, .en, .l l 5 A p  Aaaa .,art moo.uccnorger me 121 4L-An 
olrren oo 2 ro,l.na rnounr anct-" r n e n ~ l o . ~ ~ , ~  0 I j-.1 111101e(- 
cent t ibe lamp. T& Zimbabwe government inverted $400,000 
to supply 80% of the clinicr in the country wrth there lamps. 

power needs o f  these applications. 



Ahhouglrphotovoltaic refngeratorr are more expensive, on a capital cost 

bask, than kerosmeand bottkd-gas refngeratms their cost per dose of 

delivered vaccine is comparable or less expensive in many mes. 7he high 

reliability and hoperatingcosts ofthese system mean more @emmve 

vaccine can be delivned andadministered at lower cost. 

Figure4 shows thatphotwoltaic refngerators are more economic than 

kerosene or bonkdgas refngerators when vaccine loss is 15% or more and 

annual vaccine requirements aregreater than 130 literrper year. At higher 

vaccine-loss rate, PVbecomes competitive at wen smaller demand hels.  

For m m p k  ifyearly vaccine requirements are 80 liters and vaccine loses 

usingkerosene refrigeration are more than 20%, then aphotovoltaic 

refrigerator is theprefmedoprion. 

Anotherfactor to consider is that the v a t h e  10s notedabove does 

not rejkct the lost health ben@ts to those who would have received the 

inoculation. If these ben@ts were accounted for, photwoltaicsystems would 

beshown to be much more cost effective than the alternatives. 

Photovoltaics and wind are aka competitive inprovidingekchicity ro 

rural health clinics, which typically have e m  requirements of less than 2 

kWhper day Fipre 5 compares the equivalent cost of electricity for these 

smallpower applications usinga variety ofalternativesourcrr. As shown, 

photovoltaicand wind-elemicgenerators can be the least-cost alternativefor 

lightingneeds when compared to kerosene lanterns and dry-cell or lead-acid 

ban&. Moreover, the renewable energ system do not require a reliable 

h o m e  or dry-cell bamysupply system ora battery-cha@ngstation. 

FIGURE 5 
Cost of Electricity for Relnote Lighting and 
Other Small Power Applications 

Lead-Acid 
Battery 

Dry-Cell 
Battery 

Alternative Power Source 

Assumptions 
I .  Energy demand less than 2 kWh/day 
2. Kerosene costs $0.50-1 .00I l i ter  at s t e .  
3 .  PV and wind electric generator costs based on costs of 

currently available small systems. 
4. Windspeed-5 m/rec 

w PROVIDES POWER FOR RURAL CLINIC IN MEXICO W.POWER PROVIDES REFRlCERATlON FOR MEDICINE 
Lighting and power for vaccine refrigeratron for rhis rurol health In many pons of the world, high infant monaliry rarer can be 
: , I <  n hlerl~oir pro. aea o/phordi~llrr~c, Toe P.  po.ie,el I ,~W.I  u,,ecr!, 10 trw o ~ . ~  , f . J.. n<> . d m ~ e  r?/,<g?rx,,> 
I ,  stern olnl p,odxier a ralmnone on0 raao romrnuo wr,oo$ p 3 n e r e l  0, vnur,. 2 r~ r , ,lu.e 1 one2 , P I ~ J I C J  n r c  ~e r!? 
s ,  rt?,~? u,rJ o ,  a.xrars /,r conr~nrar 09, rnrn ~urorr  ana neo ro OOP o iona..,~r r . r  \rorr me 2 r r w r  ru, . , l a ~ , , r .  n r . w o c ~  ireo, 
provider staff; in hospit'ah in the larger cirie~. 

- 



Grinding, Milling, and Drying 

The majority of people in the developing world earn their 
living on the land, primarily through growing and processing 
(grinding and milling) cereal crops such as rice, wheat, corn, 
sorghurn, and millet. Even in more advanced economies, key 
crops (e.g., coffee, cocoa, tea and cassava) need substantial 
drying and processing before they can be sold. 

Traditionally, grains are harvested, dried, and separated from 
the stalks and chaff bv the farmer, then hand- or machine- 
milled. Traditional methods of agricultural processing are 
often wasteful, measured bv lost qrain and lost farm labor. 
Open-a~r dry~ng nv tes losses from blrds. Insects. and rooents. 
~ n h e  Jneven dwnq can drast cally reaxe tne safe balue of 
the product.  and-milled grain kernels are often broken, low- 
ering their sale and food value. Human- and animal-powered 
grinding is typically inefficient, requiring large inputs of food 
and fodder per unit of flour and meal produced. 

Grain grinding is one of the most energy-intensive aspects of 
the traditional agricultural production cycle and one of the first 
to be mechanized. Animal- and human-powered mills have 
been used in South Asia for centuries. Small diesel mills are 
found in mountain villages in the Himalayas and in market 
towns in sub-Saharan Africa. The alternative, however, has 
been large diesel-powered units which require costly fuel. 
maintenance, and support networks. 

Renewable energy technologies, including solar, biomass, and 
micro-hydro, offer efficient and cost-effective techniques for 
dryinq and processinq aqricultural commodities. For example. 
compares wltn tradatbnal dn,~ng tecnn qJes, solar ano 
b~omass-fired dlyers can s~qn~ficantly red~ce crop osses 
from uneven drying and/o;scaveng/ng by animals. This has 
been demonstrated in the successful use of US-designed 
commercial rice dryers in the Philippines which have reduced 
losses and greatly lengthened storage life. 

Micro-hydro-powered grinding units have been used in Nepal 
for hundreds of years, and now new modern metal turbines 
are being installed throughout the country on a commercial 
basis. Micro-hydro units are less costly than diesel-powered 
mills because they use a free fuel, need less servicing, and 
are more reliable. They also require less farm labor input, are 
better scaled to typical processing volumes than hand 
grinding, and do not cause any damage to the grain product. 

MICROHYDRO GRAIN.MILLING OPERATION 
.1 J,.I,,I "1 . . I  exm ler uno r ie 8,. lef ape o , ~ + r ~ t ? ~  mruam rr rrrr 
w ~ i l f r o o * ~ r  /,an r r 2  rnl,rJ " , o m  r ~ r , ? , ? ~ '  ,I 

GRAIN GRINDING WITH MICROHYDRO 
Even traditional grain-gnndig merhodr can be 
improved wrth the use of modern micro~hydro 
technoiog,es, as demonstrated in this Kenyan 
gnndmg operation that uses dlrect shaft 
power  



RenewabIeenergymiUs haveproven to be highlyproftable c o m m e ~ a l  

replacements for dlesel units, particularly for remote installationr There 

mi& *Uy repay capital investments in 2-3 yearsfrom wrvingsprwiously 

spent on dimelfuel In Nepal seven-year loans at 12% for micro-hydro milk 

are ofen repaid in 3-4 years bewure ofthe high stream ofincomegenerated 

through thegrindingand milling of rice and whent with these units. 

As dismedabwe,  the renavable energy technology most suitable for 

grindingand milling applications is mino-hydro. A miuo-hydro plant is 

higher in initialcost but k a superior alternative $reasonable commercial 

lending and an adequate, year-round stream flow are available. 

Figure 6 demonstrater the cost-effectiveness of renewable energy systems 

forproviding5 kilowatts of mechanicalshaftpower for remotepin  milk. 

The costs are basedon 24-hour mill operation for six months of the year, a 

tvpl'ml n'tuaiion in agn'cultural areas with multiple mopping. 

As show, the high operating corn of the diesel unit more than offset the 

higher initial capital cost of the micro-hydro plant. In addition, the micro- 

hydro unit ir more reliable (dieselfuel is often in shortsupply in rural areas), 

requires less maintenance, and hos vwylow operatingcosts. Higk-yuality 

US. mino-hydmekr i  units also typically last for ZOyears, while diesel 

engines routinely h m  to be r e p W  wq3-5 y e a  

FIGURE 6 
Annual Costs of Providing Power to a 

Assumpti~ns 
1 .  4380 operating hours/year for each system. 
2. Delivered dlerel fuel costs of US 90.50-1 .OO/llter. 
3 .  Lifetimer-micra~hydro unit-20 years. diesel 

engine-5 years. 
4. Micro-hydro turb~ne costs-US $5,00O/kW lnrtalied 

SOLAR RICE DRYER 
Sewing a commercial rice miN in Chidibarum, thrs solar vice dryer can 
handle 75 ions of rice per day It ha5 been operaong since 1984. 



Aq ro-Industrial Processinq 

Agricultural processing is a key economic activity in most 
developing countries. Processed agricultural commodities are a 
major source o f  foreign exchange, employment, and industrial 
development. Agricultural-processing industries, however, are 
also a major consumer of imported fuels. As energy costs begin 
to dominate production costs, these industries are turning to 
previously unused or under-utilized agricultural residues to 
replace traditional fuels. 

Agricultural residues such as baqasse, qroundnut shells, cotton 
Itnr, coconut nusns, and pa,m o-res adis are a ready bsed for 
cena n app catlons. h o n ~ ~ e r  grear quantltles remaln for enerqy . . 
utilization and the efficiency o f  current energy production 
methods can be greatly increased. Other residues, including rice 
hulls, olive pits, coffee husks, cocoa caboose, and oil-palm ears, 
currently remain virtually unused. These residues, which often 
constitute a major disposal problem, can produce energy through 
technologies such as direct combustion, anaerobic digestion, 
gasification, briqueting, pelletizing, and charring. These 
techniques produce fuels that can be used in homes, commercial 
establishments, and industries; they can also be exponed. 

Sugar factories, distilleries, oil expelling and processing plants, 
cotton mills, and food processors, among others, are all evaluat- 
inq the use of biomass combustion boilers to aenerate heat 
analor e ecrr~cal poner and onomass gas ficat6n un ts ana $04dr 
rherma co .ectors for neat. A of [he hear and mucn of the electr 
cal power are generally used directly in the business' processing 
activities. However, where excess electric power is generated, it 
can be sold to utilities or other firms. Such systems can help the 
sponsoring firms to generate revenue, expand off-season employ- 
ment, d spose of accimulareo res d,es or muranted proa.rr\. 
and ncrease tne s-pp y and re aoil~ty of loca poner. 

U.S. firms have already installed over 400,000 kW of  agricultural^ 
based electric power generating capacity that includes: 

A 900-kW electric generator at a daily fueled by cow 
manure biogas. 

A 5,500-kW electric generator fueled by walnut and almond 

A number ofenergy conversion systems are commerciaUy availablefrom 

LI.S. manufacturers which useagricultural residues asfeeditocks. Available 

technologies include dired combwtion, anaerobic digestion, and biomasr 

gasi@tion. T h e  units are n o m l l y  inexpensive sources of thermal energy 

and/or elemiciiyon a lifi-cycle basis. As Figure 7demonstrates, agro-fied 

cogeneration systems boilers, andpowerplants a n  produce both eledcity 

andforprocesr heat at a cost h e r  than conventional-firedplants uingfuels 

such as reriduefuel oil The initial cost of the agro-residue-firedplants is 

slightly higher than conventionalplants However, they generally produce 

lower cost pro^ heat than fod-fuel-fired boilers even ifthe biomussfuel 

stock has to be dried orpre-treated before beingured us afuel unleri the 

price offossilfueL is he&lysubsidized, One impoltant consideration that 

affects the economic viability of an agro-residue-fired installation is whether 

the f d t o c k  isproducedyear-round or whether it will have to be stored dur- 

ingcertainperiods oftheyear to provide a constantfuel supply. 

A 50,000-kW process steam and electricity generator fueled ELECTRICITY AND BATrERYEHARGlNG 

by sugar sorghum waste. PROVIDED BY WIND/DIESEL HYBRID 
A wind/dlesel hybrid system provdes electotv and battery-charging 
capabilrty to a remote farm m the Folkland Islands. 

A 10,600-kW electricity generator fueled by rice residues. 

In addition, U.S. firms produce over 1.5 million liters of ethanol per 
year for blending with gasoline. Currently, over 700 million liters 
of ethanol capacity is either planned or under construction. These 
technologies can be used in developing countries to reduce energy 
costs and increase the competitiveness of agricultural processors. 
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Tne hung la! Sugar Fmory .n eosrzrn Tno luno rtoru, rugorcone ~ . P I O  

rrorn n base5 1.nrs1 11 .r  needea for fuel. .Ahen m.xuu ~ s l h  noqorrp 
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GASIFIER mu AGRICULTURAL PROCESSING 
This large~scale gasifier burns several different tvmr of aorirulturoi 

FIGURE 7 
Total Capital and Operating Cost 
of Producing Process Heat 

0 6 12 18 24 30 

$/Metric ton of steam at 100 psi 

Total Capital and Operating Cost 
of On-Site Electricity Generation 

Conventional 
Cogenerator 

. .  . ~ -  ~ . - -  
.lurrer .ncrud!ng ,!re nuns, ' ~ c o o  nurkr. o n ~  bogo,he. fh r  do r 
O I O * ~ ~  er 4 to I i m,l.!on Blu Prr  n o d  Jepenl.nd on rhu feeosrotx 
~ ' 6  n cr.70 dry,ny, faxi oroceY,mg ano orhrr oqnc.!r,r~ prorprr " 4  

Agro.Reridue- 
Fired 
Cogenerator 

 assumption^ 
1 .  Plant s i z e  250  kW to 4 0  MW 
2. Capital costs-US PI ,000~3.000/kW 
3. No cost for feedstock. 



Village Power ~ ~ 

12 

Rural communities require power for lighting, water 
s u ~ ~ l i e s ,  health care, education, communication, entertain 
menr, ayr cu t ~ r a l  processing, an0 cotrage InoJstrlrs 
rlonever, the hlgh cost of ur I ty g r ~ d  exrenslons dnd rne o n  
nlrlal p w e r  aemand In comm~nlr1e5 proh~b~rs economlra 
del very of electr~c poner ro many rJral pop~lar  ons 
stand-alone diesel generation provides an energy option but 
these systems require a complex service network to provide 
reliable fuel supplies, spare parts, and maintenance services. 
Many countries are now realizing that the social need to pro- 
vide electric Dower to rural areas must be balanced aaainst the 
reality of lim/ted resources. Renewable energy techdogies 
offer a feasible and decentralized alternative for economicallv 
meeting these social commitments and development needs. 

Renewable energy technologies such as micro-hydro power 
plants, wind electric generators, and photovoltaics can supply 
electric power to many rural communities more reliably and 
economically than conventional alternatives. These technolo- 
gies can also be used in a"hybr id  configuration where two 
or more technologies are combined to take advantage of the 
most suitable characteristics of each power system. 
Renewable energy rural electric grids can be easily scaled to 
serve the needs of one farm, several hospitals and schools, 
or even a whole group of villages. There are thousands of 
communities in isolated regions of the world that are being 
supplied with reliable electric power using renewable 
energy technologies. 

Renewable energy power systems for rural electric applica~ 
tions offer key advantages: 

w Fuel, if required, comes from local sources, such as a 
stream (micro-hydro), agricultural or wood residues 
(biomass), sunlight (photovoltaics), or wind. 

Only local distribution is required. 

w System reliability is high and maintenance needs are 
minimal. Local villagers can be easily trained to do 
system servicing. 

w Resources are retained within the community since 
payments are not made to outside orqanizations for fuel . 
or specialized maintenance services. 

w Power can be economically matched to local load condi- 
tions. 

The modular nature o f  these power systems allows them 
to be expanded over time, reducing planning time and 
initial capital costs. 

MICROHYDRO FOR VILLAGE ELECIRICTTY 
The village of Khun Khony, Thailand, receives eiecfrrcify from this 
micro-hydro insfallation. 

W INSTALLATION IN RURAL W E  
Photovoltaic module being installed on the roof of a rural home 
in Santa Barbara, Honduras, dunng an Enerrol  associate^ lnc. 
twining workshop 



Dependingon t h e a m m m t o f e l e ~ t y  required photwoltaic, wind, and 

micro-hydrwlemic technologies can be economical sources ofpower where 

the renewable resource base exists. Figure 8 shows the costs ofproviding 

elechiciy to remotecommunities usingrenewable energysystmu, diesel 

generatom andgnd~~ensionforconrumption levels of2,10, and 50 

kWh/day. l l ~ h e s e  levels represent the approximate needs of1,5, and25 

mral families, rerpeaively. 

Asshown, wind photowltaic, and miero-hydro syrtems are cheaper 

than diesels when energy demand is low (7es than 50 k W d a y ) .  This is 

because the renewable *em can be more easilysized to meetsmaNelechica1 

loadr than can dieselgeneraton. In pamcular, photwoltaic and wind 

systems are the least-costaltematives at conrumption levels of2 kWWday. 

At higher consumption lwels (up to 50 kWWday), mbo-hydroelectric 

s y s t m  are the kt-costsolution Photowltaicand nind technologies 

have e k m c i y  com comparable to diexlgeneration and ekmicgnd 

afmibn at thir wk. 

WIND AND SOLAR USE IN VILLAGE ELEClRlUTY 
Six wind turbiner ond a roior array provide power for 150 homes in 
the village-eiect?'ifrcation rysrem for Xcalac in Quinrana Roo, Mexico. 

FIGURE 8 
Cost o f  Electricity for Multiple Uses 

Micro.Hydr0 

pv 

Wind 

*1 Diesel 

Grid 
Extension 
(10 km) 

2 k w h  per daj 

Electricity Consumption 

Asrvmptions 
1. Solar ~nsolation: 4-6 kwh/m2/day~ 
2. Fuel castr: US $0.50~1.00/liter. 
3. Micra~hydro ar~alys~s assumes that the flow rate is 

adequate ear round and the diesel analysis 
arrumes txat fuel and maintenance services are 
supplied reliably year-round. 

4. Discount rate-10% 
5. Windspeed-5 rn/sec 
6. '*Grid extension not considered at 2 kWh per day. 

The costs shown in th is  Figure are only approxi- 
mate indicators of what could be realized i n  an 
actual system. Actual costs wi l l  vary, depending 
on  site-s ecific resource characteristics, local 
labor ..$material costs, fuel costs, financing 
costs, shipping costs and other factors. 



Water Heating 
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As nations develop, demand for hot water increases dramati- 
cally. In part, this is due to greater awareness o f  personal 
hygiene and sanitation, along with higher levels of disposable 
income. Hot water usage reduces diseases spread by contami- 
nated food and water. Hosoitals, clinics. schools. and hotels 
need hot water for cleantng, sterlllzatlon, food preparation, 
laundrv, and bathlna. lndustr~al~zat~on also Increases hot water 
demad. ~rocessin~industries such as dyeworks, spinning and 
weaving factories, and canning and food-processing plants 
need large quantities o f  hot water to produce finished goods. 

In most rural areas, domestic and commercial hot water is 
produced by burning firewood or dung, which adds to 
deforestation and land-depletion problems. In industrial and 
tourist facilities, the typical fuels used for water heating are 
electricity, an expensive option, or liquefied propane gas (LPG) 
and fuel oil, which are costly and often imported. 

Proven and cost-effective renewable energy technologies can 
be used for water heatina. Thev have little or no ooeratina 
costs and use free, locall; available fuels. Having i o  movlng 
oans. thermo-svohon flat-olate solar water heaters use natural 
convection to i b v e  the hiated water to the storage tank. Solar 
water heaters are ideally matched to businesses such as 
laundries that have substantial daytime hot water needs, but 
little or no demand in the evening. Solar collectors operating 
in the 75-1 50 'C  range are commercially available, reliable, 
and cost-effective for larae installations or for industrial 
applications requiring low-pressure steam. 

Biogas produced by anaerobic digestion can also be used to 
fuel water heaters desianed to run on natural aas. LPG, or 
propane In da rles, o G a s  s Jseo for paste~r;ln~ mlln 
and neatlnq wasn water n aqrlc~ltdral processlnq plants, 

W/WIND/SOIAR HYBRID 
PROVIDES ELECTRKITY, TELEPHONE, AND HOT WATER 
A photovoltarc/w!nd/solar thermal hybnd system prov,de: electrrcrty, 
a telephone system, and hot water to a remote villogage in Afrrca 

SOLAR HOT WATER FOR HOTEL 
Alouovlronu note ,1 l nound  I"., ar4e , c . r  ,, , ~ u r  f ldt  o ~ t e  rJ e:. 
ror dm. J P $  ,!.,I duu!r  f ~ r  i ~ r x r  dna "ole lee. ~ e s .  <>:r? d .  d..,l.tr. , d~~~ 

lis;al&d in 1979, it provides thousands of liters of hot water per hob? 
surpluses o f  agricultural resiches are used to fire boilers or 
gasifiers to produce hot water. 

FIGURE 9 
Cost o f  Hot Water (6UCtSo la r  vs. Liquid Fuels 

Figure9shmn the lifecycleofproducing hot water (60"C)from aflat- 

plate solar collector versus LPG or oil b u r w s .  As shown, solar syrtems are 

more economiralwen in moderate solar regima if the cost ofliquid fossil 

fuel isgreater than US. $ 0 . 4 0 ~ ~  liter. In areas ofexcellent sohr iasohhon, 

where more than 4-6 hours ofsunlight are avaihble, solar hot water heaters 

aregood investments wen ifthecost ofconventional liquidfuek is as low as 

US. 50.20-0.40per liter. In urban areas, solar systems are normally a 

low-cost solution when compared to inefjcient elem% water heaters unkss 

subsidhd utility ratesgive ek& water heatingan advantage 
Fuel Cost (US $/liter) 

Arrurnptionr 
1. Solar Collector Costs: US $100~200/m2 
2. Solar Insalarion: 4-6 kWh/m2/day of collector surfat 



Additional Andications 

In agriculture and health, renewable energy sources have 
the greatest impact on the six application areas previously 
discussed. Many other applications for renewables can also 
contribute positively to agriculture or health, or help rural 
development efforts in other ways. Some o f  these are listed 
in Figure 10. 

In agriculture, wind and photovoltaics (PV) are useful for 
applications such as electric fences for livestock and crop 
protection. In the US., PV is now the technology of choice for 
electric fences, when conventional power sources are lacking, 
as it eliminates the frequent replacement of relatively 
expensive batteries and increases reliabilitv. In health. 
water purification and desalination system; are impohant for 
providinq potable drinkina water where existina sources are 
contam~natea or conta n 60 mucn sat Wnere c t ~  ity gr a 
poner s not ava~~able, w nd. W, and mlcro-hvdro are often 
viable alternatives. 

Telecommunications is vital for both the formal and the 
informal education of rural families. Radio and television CTV) 
sysrems broadcast ed~cat~ona programs and IntrooJce 
commJn tles to ebents ana cnanqes nappenma o ~ t s  de the r 
region. W, wind, and micro-hydro sources canpower 
microwave repeater stations and satellite ground stations 
which broadcast to even the most remoteareas. The 
modularity of these sources makes them suitable for TVs and 
radios in communitv centers and even individual homes. Where 
batteries are the primary source of power for TVs and radios, 
PV-powered battew charaers can eliminate the need to buv 
replacement banehes o r i o  pay to have automobile batteries 
recharged at a service station. 

Data monitorina is a specialized application for renewable 
energy technologies that requires'trained technicians. 
However, the information it can provide often directlv benefits 
rural populations. For agriculture, monitoring instruments 
provide data on precipitation levels and intensitv, river levels. 
humidity, soil moisture, leaf wetness, and many other factors. 
These data help farmers properly plan for planting, harvesting, 
and irrigating crops. Monitoring is also key to determining a 
country's renewable energy resources. Instruments can moni- 
tor wind speeds and directions, solar insolation, and river flow 
to identify the best resources for a particular region. As 
monitoring equipment must often be located in inaccessible 
or remote areas, technologies such as wind and PV are 
valuable power options. since year-round data collection is 
common, these technologies can reduce or eliminate the need 
for regular battery replacement. 

WIND/PV.POWERED RADIO SITE 
A mobile rodio site is powered by a 
wind/photovoiraic hybnd system. 

PV POWER PROVIDES VILLAGE SCHOOL 
WrrH TELEVISION. REFRIGERATION. LIGHTING AND WATER 
in the rrate of ~ e a r a  In noaheast ~razl i  the village of Cardeiros has 
been the slte of several PV insraliations. This photo show the village 
school with mdividuai PVpower systems for iighring and TI/, 
ref?iggerarion, street iighring, and water pumpmng. 

FIGURE 10 
Additional Applications 

Renewables are directly contributing to the commercialization 
of many more agricultural and health applications. As aware- 
ness of renewable energy increases, additional applications 
will no doubt be developed. 



Biomass i s  a term tnat oroaoly encompasses pant matter 
u e d  for energy prooJcrion. B omass ma). be ~ s e d  in a 
nJmoer of naks to p rod~ce  energy, tne most common of 
*hich are comb~stion, qas ficat on, fermentat on, ano 
anaerobic digestion, as illustrated in Figure 1 1 

Biomass combustion is the direct burning o f  any plant matter 
It can produce direct heat for cooking, crop drying, forges. 
kilns. and heatino water. or raise steam in a boiler for electric 
power or industrial 
process heat. Biomass combus 
tion can displace fossil fuels 
directly. It also burns existing 
biomass resources (wood, 
charcoal, and agricultural 
residues) more efficiently than 
traditional methods. The U.S. 
biomass industry builds and 
exports high-quality biomass 
direct-combustion systems to 
generate hot water, steam or 
electricity for the forest prod- 
ucts industry, food-processing 
pants, e ectr c ~t I t  es, an0 
specia izeo markets sJcn as 
sugar and rice mills, 

Biomass feedstocks can also be converted into valuable 
energy products through fermentation. Starch and sugar 
feedstocks are treated to produce a sugar solution, which is 
then exposed to yeast or bacteria which convert the sugar into 
ethanol (ethyl alcohol) and carbon dioxide. The ethanol is 
generally removed from the fermented liquid by a distillation 
process. Ethanol can be used as a fuel for modified internal 
combustion engines, as an octane enhancer, or as a displace- 
ment for 10.20% of gasoline in existing vehicle engines. 

SUGARCANE WASTE PROVIDES ELECTRICITY 
AND HEAT FOR MILUNG OPERATION 

? - - , ~ ~ ~ ~ ~ ~  ~ 

o s t ,  environmentaii~ benign source ofenergy for rural cc&tmunities. 

In gasification, biomass prod- 
ucts are heated in an  oxygen^ 
starved environment and decompose without burning, while 
producing a volatile gas, called producer gas. This gas may be 
used in a furnace (direct-heat gasification) or in an internal 
combustion engine. Biomass direct-heat gasification may be 
added to an existing fossil fuel boiler. Thousands of such 
systems have already been installed at sites ranging from pulp 
and paper mills to community colleges and post offices. 

FKURE 11 
Biomass Power 

A fourth biomass energy-conver- 
sion system is anaerobic diges- 
tion. In this process, manures, 
agricultural residues, or specially 
grown crops are fed into a sealed 
container called an anaerobic 
digester or biogas plant, where 
thev are broken down by special 
bacieria, producing a gas that is 
50.60% methane. 

Because of their specialized 
expenise in the technology devel- 
opment and design of all types of 
biomass systems, U.S. firms have 
been called upon to supply such 
svstems throuohout the world. 
k e r s  include ihe food-processing 
industry, large dairies and feedlots, 

and the forest products industry, as well as a number of other 
facilities requiring industrial or commercial heat, hot water, or 
steam. U.S. hardware and engines can be provided as a part of 
an overall plant construction or system upgrading. These tech- 
nologies are well proven, economical, and reliable. The U.S. 
biomass industry, a worldwide leader, can provide a complete 
range of biomass products and services for direct use and/or 
local manufacturing and sale. 



Photovoltaics 
-~~~ ~ ~ 

Photovoltaics (PV), a form of solar energy, uses semicon- 
d ~ c t o r  solar cel s to generate o rect cJrrent ~ C I  etectr clry 
d rectly from sJn ~qh t  Tnls can oe ~ s e d  to \upply pov\er for 
any electrical application. Photovoltaics were firsi used in 
space in the 1960s to provide power for satellites. Since 1970, 
the U.S. photovoltaics industry has further developed the 
technology, and today is providing commercial systems and 
components for a variety of applications worldwide. 

Photovoltaics has numerous 

number of modules can be combined to form a PV array. 
Through this grouping technique, systems can easily be 
tailored to the exact needs o f  any application. PV output is 
measured in terms of watts peak (Wp), which is the electrical 
output of the system at approximately noontime, or when the 
sun's intensity reaches its peak. System outputs can range 
from a few milli (one thousandth) Wp, such as used in a solar 
watch, to several mega (million) Wp, as used in a large 
electric utility power plant. 

ty enables end-users to operate MILITARY COMMUNICATIONS POWERED BY PV acknowledged woridwide leader 
small systems for individual The building ofa  remote miiitavcommunications site in Egypt that in both technology development 
applications (e.g., lights, vaccine wli ibe~we*dby~hofovol tarc modules. and products. In 1990, the U.S. 
refrigerators, and water pumps) or shipped 14.8 MWp of PV 
to add on additional systems as equipment, which represents 
demand increases (e.g., hospitals nearly 33% of total worldwide 
and village power systems). Thousands of these systems have shipments. Components, subsystems, complete systems, 
been installed from Botswana and Mali to the Caribbean and design services, installation, and service support are all 
South Pacific. Figure 12 shows how PV systems operate in available from a large number of experienced U.S. suppliers. 
various development sector applications. The U.S. industry has also supported many licensing and 

joint-venture arrangements worldwide to serve any 
PV is based on the use o f  solar cells that are connected application or product requirements that may arise. 
together to form a module. Depending on the application, a 

flGURE 12 
Photovoltaic Power 



Man has been using wind energy for tho~sanos of years tlldr pluoJte a f e ~  h~ndreo NaKS, most often Lsea in bane* 
The first recorded Lse of wino mach nes was in Pers a n 200 charq ny. drqer s.zeo t~rblnes of LP to 50 &I onarts are LSCO 

B.C. where simple windmills were used 
first half of this century, over 6 
million small wind turbines were 
pumping water and generating 
electricity in the midwestern United 
States alone. Com~ared to these 
ear y machines, the tecnnoiogy nas 
.mproveo tremendodsly. C~rrent  
wind system prOdJct5 are more 
ourable, efficient, cost-effective. 
and reliable. Thev have been used 
around the world in a wide 
variety of operating conditions and 
environments. 

The main wind energy conversion 
device is the wind turbine. This 
converts the energy in the wind to 
rotaw motion, which in turn Dowers 
a generator to directly produce 
electricity or a drive shaft to 
mechanically pump water or grind 
arain. The two maior Noes o f  wind 
turbines are vertical and horizontal 
axis. The kev subsvstem compo- 
nents inclt.de a blaae or ro toruh ch 
conkens the enerqv ,n the w~nd, a 
drive train which a gear 
box or generator, a tower, and other 
Supporting equipment. 

Wind enerov orovides an excellent 

to grind grain. In the as stand-alone, alternating current generators for agricultural 
and remote residence needs. 
Figure 13  shows atypical stand-alone 
configuration. 

The advantages of wind turbines are 
many: they do not need fuel, their 
maintenance needs are minimal, their 
operation is simple, and they are 
rugged and reliable with adequate local 
maintenance. Their modularity allows 

WIND ENERGY PROVIDES LIGHTING 

them to be sized to match the energy 
needs of the application and then 
expanded as the energy requirements 
of an application grow. In addition, the 
power available from wind, and 
therefore the economic attractiveness 
of a project, increases dramatically as 
average wind speeds increase. 

The U.S. wind industry is ideally suited 
to suppon agricultural and health 
needs in regions ofthe world where 
proper wind resources are available. 
The industry manufactures and 
supplies system and subsystem 
components, complete systems, and 
can also provide design, installation, 
and service support. Joint ventures 
and licensing agreements have been 
established by the industry in many 
countries. Overall, thousands of suc- -. , ,~ ~ 

power source for non-grid-connected thaFthevcan achreve very high rel~abrlrr~le~e~s-99 m' IW cessful systems in a large number of 
where a wind resource exists, mrcent availability with little maintenance requirement. countries demonstrate that the U.S. 

Wind turbines are produced in a wind industry and its technology are 
variety of sizes to meet remote viable, economic, and reliable 
energy needs. Very small direct solutions to the energy needs of 
current systems are available in sizes developing countries. 

MGURE 13 
Wind Power 



Micro - ~ - ~ ~ - ~ ~ ~ ~ ~  and ~ - ~ - ~  Small-Scale .... ~ . ~ . ~  .~ Hydro 

In a hydropower system, falling water is directed against 
a turbine, which is rotated by the force of the water. The 
spinning turbine is then either coupled directly to a load such 
as a grinding mill or, more commonly, connected to an 
electrical generator set to supply electricity. A micro-hydro 
system is illustrated in Figure 14. 

Through the 1970s, hydro systems in the developing world 
were primarily large dams used for the production of power 
for the national grid. Smaller sites were not developed. In the 
past two decades however, increased attention has been 
given to micro- and small-scale hydroelectric plants to selve 
rural communities. This has proven to be cheaper than 
spending large amounts of money to extend existing grids to 
small towns and villages. U.S. firms have been key to the 
design, development, installation, operation, and financing of 
micro (less than 50 kilowatts) and small-scale (50 kilowatts to 
10 megawatts) systems and components (turbines, governors, 
generators) worldwide. 

Micro and small-scale hydro systems provide a number of 
major benefits. They are reliable and proven in thousands of 
installations. They have no fuel costs, are non-polluting, and 
typically have little or no harmful environmental impacts. 
O~eration and maintenance can be Derformed bv local 
maintenance staff. f proper y ma nt'a ned, tney have a ~fet~me 
of more than 20 vears. Thev orob~de cont nLoLs 24-no~r  
power as long as'the waterresource is sufficient and can be 
used for either shaft power or electricity production. 

Hydroelectric systems desianed and built bv U.S. contractors 
n a ~ e  been major contr o~tors  to the elertr c.al povrer mlx of 
both deve opea ana aevelo~ na coJntrles. L.S. firms offer 
complete mlcro ano smal~.sca e services. rang,ng from S I ~ P  

ana ysts to deslgn to construction sJperbtslon, and L S 
turbines are among the world's technology and reliability 
leaders. Today, US.-designed and constructed micro and 
small-scale hydro systems are helping to provide reliable, low- MICROHYDRO ELECTRICAL GENERATOR 
cost power for remote mountainous sites in locations ranging A villager adjurtr the rnhlke valve for the rurbrne on thrr 
from Malaysia and the Philippines to Nepal and Ecuador. mncro~hydro genset in Papun, New Guinea. 

FIGURE 14 
Small-Scale Hydro 



Solar ......- ~~ Thermal ~ .. 
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Solar thermal energy systems capture the sun's free solar collector. In hot, arid locations, the building can be 
energy and convert it into heat. The most common designed to minimize interior temperatures and maximize 
applications in developing countries are heating water, food natural convective cooling. 
processing, crop drying, and space heating in colder climates. 

Passive-solar desian has been develo~ed and Oerfected bv a 
Tnere are [ n o  major types of soar tnerrna energy s) stems: generat on of ~ . ~ . l b a s e d  ~rchttecrs ano solar i n g  neers. 
act ve and pass ve. Act~ve systems ~ s e  a D J ~ D  or bloner to r l~noreos of d~fferenr oes ans ano OJI d na mater,als na\e . . 
circulate water, air, or a heat-exchange fluid in a collector, been tested and evaluatedyand the resultchave been incorpo- 
where it is heated by the sun's rays. rated into standard buildina ~ractices. It 
Active systems are broadly divided into 
flat-plate systems, generally used for 
heating water or air, and concentrating 
systems, used for producing higher 
temperature fluids or steam for industrial 
processing applications. Figure 15  is a 
diagram of active solar systems, both 
flat-plate and concentrator, and several 
common applications. Many small 
systems are used in individual homes, 
as in Barbados where 30.40% of homes 
have solar hot water heating. Besides 
individual heaters for single-family 
homes, active solar systems are often 
used with laraer arrays and a central 
btorage rank to prov de hor vcater for 
m ~ l t  -fam v res~dent al or commerc a, 
buildings, schools and hospitals, and 
other public buildings. 

The term passive-solar systems is com- 
monly used to describe climate-sensitive 
architectural designs, in which the build- 
ing itself is used to buffer the interior 
space from outside climactic swings. In 
cold climates, the building is specially 
designed to collect incoming solar 
enerav durina the dav. store it in massive 

SOLAR REFRIGERATOR 
The mlni-ISAAC is a solar refrigerator capable of 
producing 12 pounds of ice on a runny day, 
enough to fill the needs of a smali health clinic or a 
large family residence. This rolar refrigerator in a 

is a sign o f  the maturity of'ir.'~. passive- 
solar design that in fast-growing sections 
of the US., such as New Mexico and 
Colorado. 20% of all new homes are 
~Onbt r~c ted  L S  ny pdss~\e solar nearlny 
and coollng des~gn pr nc p es These 
DJI a ngs are aes gnea ro be cornfonao) 
narm n tne nlnter Jslnq I tt e aJx [Ian/ 
heat. vet thev remain cool in the summer. 
Tnese prlnc ples are non oe ng sJccesb 
fu lr aoo ~ e o  ov , 5 enolneers ano 
architiits in cduntries i s  diverse as 
Botswana and Nepal for space heating, 
and a number of North African countries 
for natural passive cooling o f  buildings. 
Passive-solar design expertise and prod- 
ucts are being supplied to or licensed to 
local partners throughout the world. 

U.S. firms are eager to collaborate with 
local oanners to modifv their desians to 
local c mares. preferences. OL a ig prac- 
tices, ano marer a s. A\a laole ootions for 
active systems range from importing 
complete U.S.-built systems to turnkey 
oeslqn an0 consrrJctlon of a pant n n  ch 
the local panner onns and operares For 
oassive svstems. U.S. architectural and ,~~ ~ ~~ 

near;bsorb~n~ str~ctural components. 1 . I J 0 J . I  Lng "y f ,,, prov de sen ces rany 
and release it s owlv a ~ r l n a  the n ah1 In "" "e""d.xny'' "" no from conceorual aeslan ro comolete 
this case, the building itset sewecas the 

FIGURE 15 
Solar Thermal Power 

Hot Water 

Steam or 
Heated Fluid 

d&ign and co&truction ;upewision 

Boiler Instrument Sterilizer 



The U.S. Renewable Energy Industry 

Renewable energy in the U.S. is a large and well-developed 
business with proven products in use worldwide. The U.S. 
government and renewable energy industry have invested 
over $3.5 billion in both technology research and product 
commercialization. To date, thousands of practical and 
economic applications have been installed in the U.S. and 
around the world, either directly by U.S. companies or 
through their many joint ventures or licensing agreements. 

The U.S. renewable energy industry is the worldwide leader in 
renewable energy technology and products. Industrial firms 
are active in all phases of the market, from basic raw materials 
and components to subsystems and fully operational turnkey ~ ~ ~ ~ v ~ e ~ P , , " ~ ~ ~ g ~ ~ , " , " e ~ , 4 ~ d ~ ~ ~ n d  integrated manufacrur- systems. U.S. service companies also support basic needs mg rechnologrer and procexrer. These proven manufacturiflg systems 
from energy resource development and monitoring to System 01, in U, in domestic 08. planrr andm a large nurnberofjoiflr~ven~ 
design, product testing, and even system operation and main cure operarionsaroundrhe world. 
tenance. The U.S. industry has sold, installed, and serviced 
renewable energy products in over 150 countries and the list 
of active areas increases daily as new systems are delivered. 
The list of installation sites is shown in Figure 16. Figure 17 
lists representative renewable energy products and services 
available from U.S. firms. 

History of the U.S. Renewable 
Energy Industry 

Renewable energy has played a meaningful role in the energy 
economy of the United States for over 50 years. Many renew- 
able energy systems were actually first used in the U.S. in the 
1920s. During the early years, residential and commercial 
solar thermalheatina and hot water svstems were installed 
throughout the u .s . -w I~~  systems wire used for electricity 
and water pumplng In the farmlng Industry and small scale 
hydro systems supplled both rnechanlcal and electrical energy 
for homes and commerce. 

When the maior "oil shock in the earlv 1970s led to increased 
rosts and ra.;ed serlobs secLrlry concerns relat~ny to s ~ p p  les 
of trad~r~onal f ~ e l  soJrces, both rne Ln~rea States qovernment 
and tne L.S. InddStry lmp~ementea s~bstantlal reiihablc 
cnergk aovancetnent proqrarns djrected at LS nq ex stlnq 
renewable energy technoTogies as well as developing an> 
demonstrating new options. The government, through the 
Department of Energy (DOE), has supported extensive private 
sector development efforts in wind, solar thermal, photo- 
voltaics. biomass. small-scale hvdro. and other renewable 

~~~ ~ 

energy technologies and produkts. since 1975, DOE has 
supported annual renewable enerav budaets of $200 million 
ormore each year, and this numb:; is growing. The U.S. 
renewable energy industry has invested even higher levels 
of funding annually. 

FIGURE 16 
Worldwide Locations 
Usina U.S. Renewable Enerav E a u i ~ n  
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The U.S. Renewable Energy In 

As a result of these investments, the U.S. industry is fully 
prepared to support renewable energy needs for any applica- 
tion in anv location worldwide. Commercial products are 
ava~lable which are cJstomizeo for rhe speckc needs of each 
apul cation and location ana wnicn have oeen proven n 
operation for over I 0  years. The J.S. renewable energy 
nd~sr rv  sLppon nq these prooucrs s a diverse and compre 
hensive group of companies including at least 900 biomass 
firms, 125 W firms, 80 hydropower firms, I 0 0  wind 
companies, and 80 solar thermal companies. Geothermal. 
energy conservation, and cogeneration technologies are 
similarly well represented by other U.S. companies. In total, 
the U.S. renewable energy industry includes several thousand 
companies, employs more than 15,000 individuals, and 
accounts for sales in excess o f  U.S. $ 5  billion. 

Renewable energy resources promise new forms of energy for 
all countries around the world. To utilize these resources, they 
must first be identified, qualified, and measured. Renewable 
enerav products and svstems mav then be purchased or 
manifact~red, ~nstal ed, an0 seniced to take advantage of 
these ocal soJrces of pober. The u.S renewable energy 
nd~s t r y  can ass sr in a I steps of th s process-from identify- 
ng resoJrces to s ~ p p l y  nq the prod~cts  and sew ces ro ~ s e  

them. In addition, the  industry is committed to working 
with the private sector to establish local ventures to facilitate 
development and jobs wherever possible. 

The advantages o f  renewable energy are clear--environment- 
ally sound and sustainable domestic energy supplies for any 
countrv cou~ led  with reduced de~endence on international 
energy so~rces and red~ced foreign excnange requirements. 
Workina b i th  tne J.S. renebable enerav indusrrv, lhe worlo- 
wide leader, provides direct access toihe most advanced 
renewable enerav technoloaies and products available todav. 
Tnis assoc arioncan a so b i n g  the advantage of increased oca 
pan c pation in enerqv development, anotner r an ficant rtep 

dustry 

FIGURE 17 
Reoresentative Products and Services" 

on the road to sustained industrial and nationa~bevelopment. 



For Additional Information . . . ~ 

Mr. lames Sullivan. Director 
informat!on on exmrienre with renewohlo 

~~ ~ - - -  - .. ~. 
0 t h ~ ~  of F n e r g ~  an0 n f r a s t r ~ c t ~ r ~  energy in de<eiopnng country uppbcaliofls, and  
..\ Agency for nternal ondl DPIP npn ier~ l  aua,iab,hty of L.S. foreign assrrtance programs 
Washington, DC 20523 and  services in renewable energy. 

Telephone: 703~875.4203 

Mr. Ronald W. Bowes, Director 
Office of Technical Arsisrance 

Committee on  Renewable Energy Commerce information on federal programs provrd,ng 
and Trade foreign buyer assistance. 

U.S. De~ar tmen t  o f  Enerav 

Telephone: 202-586-551 7 

Ms. Judy Siegel, President 

U.S. Export Council for Renewable Energy U.S. trade association consotiium which 
122 C Street, NW provides information on  U.S. renewable 
4th Floor 
Washington, DC 2OOOl 

Telephone: 202.383~2500 
Fax: 202-382-2555 

energy a n d  energy efficiency industry 
products, services, a n d  points of contact. 

Mr. Paul Klimas, Manager 

Renewable Energy Program Development Technical assistance services for project 
Sandia National Laboratories feasibility, design and procurement; training; 
De~ar tmen t  06201 /MS-0704 comaetitive assessments: aeneral technical ~~, 
POBOX 5800 information transfer; and application 
Albuquerque, NM 87185-0704 identification. 

Telephone: 505~844.81 59 
Fax: 505-844-7786 

AID reprerentativer and commercial anacher at U.S. embarroes can provide additional general information 
and foreign buyer assistance. 

Page Photo Carom 

5 Vliiagr Eieri~iciiy with Wind Power B n c r ~  Wtnorovra 
6 PV Power Ured in Nighttime Baby Deiiwnei MARK H~unwr 
7 PVProvider Power for Rvrol ciinic in MPxiro SrNolr ,,*ra*.r L..oRrrol,rr 

PVPower Provider RefrJgProiiOn for Medione Froaor s o u l  ENERGY CENTER 
10 El0~11ici~y ond Battery Charging Prowded by Wind/Dierri Hybrrd Brlcrr W ~ Y D P O W ~ R  

12 PVinrfalialion in RuraiHomr LvrRwrr Arwrorrrs. IK. 
I 3  Wrnd and Solor Use m Viliage Eiennofy AMERICAN Wovo Ewr~cr ArwKnnaN 
14 PV,Wnd/Soicir Hybnd Provider Eiecmcrry. Teiephono. and Hot Water Slrrrwr Iaul INournrr 

THE U.S. 
RENEWABLE ENERGY 
INDUSTRY 

American Wind Energy Association (AWEA) 
Randy Swisher, Evecutive Director 
122 C Street, NW. 4th Floor 
Washington. DC 20001 
202~383-2500 

National Asrociation of Energy Service 
Companies (NAFXO)  
Terry Singer, Execut~ve Dit'ector 
1440 New York Avenue. NW. 1 I th Floor 
Washington, DC 20005 
202-347-0419 

National Geothermal Association (NGA) 
Dave Anderson. Executive Director 
PO Box 1350 
Davis, CA 95617 
916~758~2360 

National Hydropower Association (NHA) 
Linda Church~Ciocr~. Executive Director 
I22 C Street, NW, 4th Floor 
Washington, DC 20001 
202-383-2530 

National Wwd Energy Association (NwEA) 
George Sterzinger, Director of Technology 
I22 C Street. NW. 4th Floor 
Washington, DC 20001 
202-383~2600 

Renewable Fuels Association (RFA) 
Eric Vaughn. President 
I Mas~achusens Avenue. NW. Suite 820 
Warhlngton. DC 20001 
202.289-3835 

Solar Energy Industries Asrociation (SEIA) 
Scott Sklar, Executive Director 
122 C Street, NW. 4th Floor 
Washington, DC 20001 
202.383~2600 

The organlzatlons lhrted above are all members 
of the U.S. Expolf Council for Renewable Energy 
(USIECRE) 
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