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I~~~ODUCT!ON

Until recently, little international attention has been gi7en to the

conserration of non-renevable energy or the enhanced use of renevable

energy sources in developing countries. ~ovever, increas~s in oil prices

have prompted ~ch greater interest and activity in this area. This paper

describes a selection of postharvest technologies, examining typical and

potential renevable energy pOwer source alternatives, and (~~es recommen-

dations to) promotes the use of renewable power sources in the postharvest

food system. The primary focus of this paper is on postharve3t power

sources adapted to on-farm and rural needs and resources in developing

countries; however, there is overlap with other sectors inasOllch as some

potential postharvest technology pOwer sources can be adapted to a number of

other mechanical processes.

The subject catter c~vered in this paper is ~road. On one hand, it

attempts to ~riefly span a plethora of postharvest technologies used in

different cultures, and climates, and for different food products. It also

briefly assesses a diverse variet,r of renewable energy technologies which

ha7e widely divergent applic~tions and ~tations, resource and skill

requirements, and for which documentation on actual performance in developing

countries is, with few exceptions, far from idea for a thorough analysis.

For the purpose of this analysis, the diversion of postharvest techni-

ques contains seven categories: (1) harvest; (2) drying; (3) threshing and

winn~ng, (4) shelling, hulling and grinding, (5) storage and refrigera-

tion, (6) canning and related processing. and (7) cooking. The heaviest
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~phasis i~ this pape~ is on technologies ~elated to grain~ bot~ because

g~ai~ ~s the princi;al food staple in developing cOlli~tries, and as such~ it

has historically received the most develop~ent sup~ort~ with consequently

l~ted experience and data available on pulses and ccmmon perishables.

Co~on tec~~ologies in each categorf are examined in te~ of their func-

tien, constrain~s~ and actual and alternative pover sources.

Ren~N.able energy pover sources are examined in te~ of their func-

tion~ relative costs, potential constraints in their adaption to the rural

econo~c and cultural envi~onment, and their potential postha~est applica-

tions. In so~e cases, recc=mendations are ~de ~ere further research or

~ield experience is needed to bridge existing information gaps or to ~odity

ell

the technologr for ~roved adaptation to the rural socio-economic environ-

ment of developing countries.

BACKGROUND

In most developing countries, the traditional sources of energy used

in rural areas have been animal and human effort and various forms of

vegetable matter. Firewood, charcoal, agricultural residues and dung are

the fuels used qy the majority of rural ~ellers for their principal energy

needs--cooking and heating. In some places, ~nd and vater pover have

also been used in agricultural activities.

During the last t~enty years hc~ever, a gr~ing acceptance of

petroleum-based pover sources has occurred in urban and rural sectors of

developing countries. Kerosene is becoming a major !~el for the lighting,

cooking, and heating needs of urban populations. Electricity, usually

I
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suppl~ed by !uel oil or diesel powered generators, has become a common

urban ~eature. Diesel powered cills and pumps have been introduced in

rural areas by prospercus far.=ers, merchants and governnent agencies.

Traditional development strategies and foreign assistance supporting

them have often e~hasized adoption of technological practices si~~lar to

these of advanced industrial societies. This mind-set has led to an ~hasis

on capital and energy intensive heavy industrf and high yielding crops ~hich

require hea~f fertilization and energy intensive irrigatio~ and precessing

techniques. Earlier energy development assistance emphazized capital inten-

sive electricity production facilities--large hydro-electric installations,

coal, nuclear and oil-fired electric generation stations and grid systems.
4·

Such technologies assume the availabili~J of cheap energy sources, a

situation that characterized the economic histor,y of most industrialized

countries, but ~hich is no longer the case.

Impoverished economies of the Third World presently consume a small

percentage of the world's oil. Nonetheles, they will run up a fuel bill

this year of more than $50 billion, much of which must be paid for with

borrowed funds. Practical alternatives to oil in poor countries are not

readily apparent. Moreover, there presently appear ~o be few easy vays

to reduce oil consumption ·~thout also reducing economic output.

For most develop~~g nations the result of oil price increases has been

a devastating explosion of national indebtedness. Net oil import costs to

the Horld Bank's developing member nations rose ten-fold in real terms in

the past decade and ~ill ~~re than dcuble again by 1990 (World Bank, 1979).

1
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I~ Ke~ya the e~ergy minist~J claims t~at nearlY 30 percent of that co~~t~JIS

~oreign exchange earnings are now spent on oil imports, co~pared ~ith about

8 percent in ~973. In 1973, it took seven-tenths of a bushel of ~heat to

buy one barrel of oil. In 1980 ~re than seven bushels ~re needed. Other

agric~ltural cocmodities and rav r:aterials have experienced tl1e SaI:le ~eaken-

~ng price relationship to oil.

In spite of their relatively Iv~ commercial energy consumption, it is

critical to note that the grovth rate of commercial energy consumption in

developing countries is even greater than in industrialized countries. From

1960 to 1974 , the a~l'erage annual cOmItercial energy consumption grovth rate

~~ lew income countries w~s 5.7 percent; for middle income countries; 7.6

percent; and for industrialized countries, 4.9 percent. From 1974 to 1976,

the consumption growth rate for l~ income countries was 4.6 percent; for

middle income countries, 5.2 percent; and for industrialized countries,

only 1.3 percent (World Ba~~, 1979).

By the year 2000, w~rld population is expected to reach 6 to 6.5

billion compared to a present level of 4.3 billion. This JIlcans that by

the turn of the centurJ, barring :r.aj or population-reducing catastrophes,

t~e ·~rld ~ill have to produce greater than 50 percent more food than it

new does to maintain the present level of inadequate nutrition. Much greater

increases vill be required if famine and massive malnutrition are to be
~

averted. The l~-energr production and processing techniques presently

used in developing countries will not produce the increases required to

feed the rapidly growing population.

I
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~hus, two things are clear regarding future energy demands and

resources in developing countries: enersr demands "Nill increase oarkedly.

and new sources for su~~11ir$ this energy ~st be ~ound.

Traditional sectors of most developing countries make extensive "\se of

noncoomercial, nonconventional energy sources. Firewood, charcoal, plant

and anical residues, human and animal power, and direct and indirect solar

energy are used in the household and for a varie~f of agricultural and rural

industrial tasks. It is estimated that although these fo~ of energy

supply on~ about 5 percent of world energy consumption, th~ represent

between 60 and 80 percent of the total energy production of developing

countries (World Bank, 1979). While renewable energy sources alone probab~

cannot provide enough energy to foster development in most countries, th~J

~st increasingly substitute for imported fuels if developing cOU4~tries are

to avoid crippling fuel import debts. Because no single alternative energy

source or technology offers a complete solution to the energy requirements

of national development, the broadest possible range of available energy

sources must be used and international efforts must be devoted to identi-

~fing, developing and exploiting these reSOUrces.

Finite supply and escalating price of the world's oil dictate that n~~

and enhanced use of ren~~ble energy technologies must occur on a broad

scale even though the present cost of many of these tec=nologies is b~Jond
~

the reach of most rural populations. Capital costs of renewable energy

technologies are often prohibitive even though the amortized cost of energy

is or may soon be competitive with fossil fuel prices. In such cases,

,
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~enevable energy technology subsidization and credit programs may be

justified and required.

~e often high start-up costs of new energy technologies licit

t=eir applications in developing countries as do the sometimes a~familiar,

culturally con~licting, or impractical ber~vior patterns associated ~ith new

tec~~ologies. Overcoming these social constraints in the design and intra

duct~~n of new technologies often proves to be a greater problem than in the

design o~ technologies ~ich are technically and economically viable.

Moreover, the introduction of labor saving technologies can have major

impacts on rural empl~~ent and income redistribution, causing unforseen

hards~ips, often among the poorest sectors of socie~f.

COST FACTORS

In the final analysis, if new technologies are to be adopted on a

broad scale, energy users must see a change of technology to be in their

own best interests, both economic and social. Economic costs of new tech

nologies must be offset by increased output or efficienty, reduced crop

losses, lover energy costs or greater convenience. These benefits must be

verf clear if people who are struggling for their daily subsistence are going

to t~~e the time to test a new technology. Unlike the large investor, the

perspec~ive of the poor is not often one which accepts the advantages of

economies of sc~le. Rxperience has repeatedly shown them that innovations

involving r:latively large, long-term individual investments are simply too

risky when any losses in financial investments directly jeopardize their

health and ve~ existence.

I
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From the ~ers~ective of the ~olicymaker or ~roject ~lanner, it ~uld be

invaluable to have access to data which accurately detail the breakdown of

ca~ita~ and operating costs of alternative tec~~ologies. In ~rinci~le, as

the ~'ailable data become more extensive and accurate, planning ~ll be

greatly :'acilitated. Unfortunately, the extremely li=li"':ed cost and output

data currently available for most technologies has typically been repo~ed

by field technicians whose appreciation of policymakers' infor:ation needs

is understandably limited.

Costs are often summarized as a simple figure, ·~thout breakdown for

the value of imported and local materials or the amount and value of labor.

As such, it is misleading to refer to seemingly straightfor~rd statements

of cost and output which exist for some technologies, vithout an apprecia-

t ion of the large number of variables that need to be accounted for when

comparing cost and output of even relatively similar technologies from

different regions_ To cCtIpare the feasibility and economics of ;;ind and

diesel powered grain mills for example, accurate documentation should

include: potential and actual mill output for both power sources; min~

power requirements of the grinder; the real and actual milling charges; the

expected depreciation time of the ;;indmill and diesel engine; the local and

imported ~arts costs of both power sources; the amount and value of skilled

and unskilled labor for construction, operation and maintenance; the average

daily windspeed; and the real and actual cost of diesel fuel. For accurate

comparison, all costs should ~e stated in constant dollars and adjusted to

account for taxes or subsidization.

I
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:n the follcwing sect:'ons, cost figures are cited for the va:-ious

postharvest processes and pover sources discussed, as the data is available.

novever, this can only give a general idea of relative costs and should only

be referred to in light of the above-mentioned variables.

Even in the limited cases vhere local technology costs are detailed

accurately, their applicability to other regions and countries will al·~ys

depend on a host of economic and cultu:-aJ. variable" -mich can only be k:lown

after actual site-specific experience. Hhen dealing vith subsi~tence fa~-

lng incomes, ev~n small cost variations can be crucial to acceptance of a

nev technology. These include variation in depreciation time, cost and

availability of local transportation, imported and local materials and

skilled labor, ~ong others.

Initially, it is possible to make general comparisons of technology

costs from other countries or regions in order to determine the general

feasibility of applying those technologies in a given situation. Hovever,

field trials viII always be necessar,r for accurate local documentation of

costs and cost cocpetitiveness, in addition to the equally important assess-

ment of cultural acceptance. This local testing must necessarily preceed

any commitment to promote nev postharvest or renewable er.ergy technologies.

Before examining specific postharvest technologies and their potential

paver sources, it is useful to examine postharrest food system energy,.

consuoption in te~ of overall energy use in both industrialized, energy
,

intensive food systems and in carginally mechanized syst~ of developing

countries•.

i
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~rERGY cmrsm.1P!'IOU Dr '1'E:E U. S. :mOD SECTOR

According to various est~tes, total energy consumption in the proauc-

tion and postharve~t food system is be~~een 12 and 20 percent of all commer-

cial energy consumed in the U.S. The higher est~tes incl~de indirect

energy consumption in the ~ood s,rstem, such as the energy used in construc-

t~on of related bu~ldings, machines, materials, transport from food store

to heme, disposal of home food ~stes, etc.

U.S. production agriculture uses 3 to 3.5 percent of the nation's

total commercial energy consumption. By contrast, at least three times as

much ene~gy is used to process, transport, market and prepare food than is

..

I

in freezing of fruits and vegetables is significantly greater than for

Food processing uses about the

canning, averaging 1815 kcal per kg of frozen ~ood compared to 575 kcal

~ough }1opular due to enhanced flavor and color, the energy consumed

staples vhich entail more ti=le and effort to prepare once in the home •

convenience foods consume much more energy for processing than do simple

ready to eat or require min~ preparation efforts. Increasingly popular

exception being hydro-electricity.

Unlike developing countries vhere most food processing occurs in the

home as part of the food preparation process, many U.S. foods enter the home

harvest food system is derived from. fossil fuels, with the onJ,y significant

pf~rcent more energy than fe/od productic.1n.

same amount of energy as food production, and marketing on~ slightly less

used ~o produce it. Preparati~n of :ood appears to require as much as 50

(Stout, 1979). Moreover, virtualJ,y all energy consumed in the U.S. post-



- 10 -

per kg for canned food (?i~entel, 1979). The higher energy consumption of

frczen foods is because canning requires only heating ~hile freezing

involves energy for brief heating, cooli~ and then freezing. Canned foods

can be stored at room te!:lperat'UI"e, but frozen food :mst be kept cold, con-

s'--'; ng about 265 kcal per kg per ~onth.

Manufactu:ing food packaging containers often requires more energy

than ~s used in processing the food contained ·;ithin. A half-gallon

plastic milk container cons~es 2160 kca: for canufacture yhile processing

the milk requires only about 700 kcal. A 355 ml steel can for soft drin.l;:s

requires about 570 kcal of energy to canufacture; the sa=e size alw::.inium

can requires 1643 kcal. Processing the soft driri consumes only about 450

kcal (P~entel, 19(9).

The highly centralized, mechanized and energy intensive U.S. food

system clearly cannot be expected to be duplicated on a broad scale in

developing countries, hoyever it can be expected that in developing coun-

tries the food system rill become more mechanized and that increased energy

demands rill result.

~GY CONSUMPTION IN D~TELOPING COUIrrRIZS' ?OSTHARVEST FOOD SYSTEM

The postharvest food syste!:l in developing count~les' is characterized

by a n~ber of activities involYing each food product, varying among cul-

tures, countries and regions. For example, grain may be eaten fresh before

maturi~f, grilled or boiled, fer.ne~ted and/or dried. Grain flour may be

baked, fried, made into gruel or dumplings. Cassava, yams and putatoes

may be dried, ground, pounded and/or fer.men~ed and cons~ed in a -;ide

I
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variety of preparations. ?resh fruits and vegetables, due to lack of

adequate practical preserration techniques are general~ consumed as quickly

as possible after ha~rest. The extent and type of postharrest processes

depend on a nU!:lber of environmental and cultural factors but the type of

food or commodi~f and the intent to market or cons~e it in the home are

usually the ~ost important dete~ning ~actors.

Revelle (1976) cautions that international statistics on energy use are

generally based only on consumption of "commercial" energy and hence ~erious-

1y underest~te total energy consumption in poor countries. In rural India,

he estimates real per capita energy consumption at 490 kg coal equivalent,

contrasted vith official figures of 150 to 190 kg. This is so, he asserts,

inasmuch as in r~al areas of poor countries fuel gathered by the people

themselves is 5 to 10 times that obtained from commerciaJ. sources.

In the r~ral areas of developing countries, energy accounting can be

misleading if not broken down into various categories of activities. .4s

yell, non-commercial energy such as human and animal labor, crop residues,

dung and firevood are very important in these settings, though their consump-

tion is not easily monitored or ac~ately measured. Energy consumption is

particularly difficult to analyze in rural set~ings where it is part of

complex and highly interdependent agricultural, labor and marketing systems.

Further, data on the postharrest food system is limited due to the
.'-

historically lev prioritity and status postharvest activities have until

recently been accorded in development policy.

1
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A thoroug~ policy-oriented analysis of developing count~ energy con

sumption would ideal~ require reliable data on the amount and type of each

energy form, the tasks per~orced ~ each, and the efficiency with which

that task is performed. Available data on r~ral energy consllmption, espe

cially in the postharvest food system, falls well short of this ideal in

all three respects. \~at little evidence exists nocumenting energy use in

~~ral sectors of developing countries, and che even more scan~J data concern-

. ing postharvest food systems, is often in the form of roughly estimated

percentages of total energy use. Rard.y does such documentation include

the specific t,rpe, amount or value of energy con~UDed. Energy consumption

is sometimes estimated for an aggregate of activities. For example,

"transportation and processing" rm::r be assessed as a single categoI""J ::aking

it vi=tuall;'{ impossible to separate how much is consUI:led by each activi~.r.

No~~thstanding the above, existing estimates of rural energy use

prOVide useful indications of the relative amou.,ts and types of energy

consumed. Pimentel (draft 1977) estimated developing country fcod production

as requiring 31 percent and food preparation about 62 percent of total rural

"energy consucption. Revelle (1976) estimated that more than 50 percent of

all hours worked in rural India are spent directly in agriculture, while food

pl'e't'a.ration and other domestic activities take up another 39 percent of all

hours worked. He estimated that 82 percent of total rural energy use is for

the food sector. Of this energy, approximately 10 percent is provided by

fossil fuels, the remaining 90 per~ent furnished b.r human, animal or biocass

energy including wood, crop residue and dung.
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Walton (1978) esticated that in a typical village in Senegal, nearly

So percent of the total rural energy demand is for cooking. All reports

appear to agr~e that throughout developing countries, in-ho~e ~ood pre:ara-

tion and cooking require the largest portion of energy u~ed in the posthar-

vest food s,rst~ and at least 60 percent of the energy in the entire food

syst~.

Makhijani (1971) estimates that the ar~ual use of ·~od or any of the

other photosynthetic fuels for cooking in India is about 5 to 7 million BTU

per day per person or about the equivalent of 2 pounds of dry ;.rood per

capita per day, ;.rhich is considerably larger than the 3 million B'I'U per

capita used in ~ore efficient U.S. gas stoves and ovens (not accounting for

fuel burned Cy the pilot light).

MYles and Singh (1979) est~te that Indian farmers burn in cooking

fires 300 to 400 million tons of vet cattle dung yearly" vh.ich they calculate

is equivciole.nt to about 35 percent of total fertilizer used in that countr.r.

They esti:na.te that fifty million additional tons of grain could be produced

if this mnure vere returned to the soil. If converted to methane and

fertilizer, this dung fuel could meet the daily fuel needs of 375 million

people.

The actual use of fossil fuels in developing countries' rural postharvest

""food s,rstems has been largely undocumented, in part due to their apparently

limited use. Very few postharvest processes are mechanized or povered by

fossil fuels, and heat, as ~entioned is generally" provided by burning

firewood, crop refuse and dung. H~ever, the proliferation of small diesel

I



- 14 -

and gasoli~e e~gine powered hulling and grinding cills represents a major

use of fossil fuels in the postharvest food system. If alternative renewable

energy power sources are not developed and made available, slowly increasing

~echanization in developir.g countries ~~ll also incre~se demand for oil

based fuels.

The Brookhaven ~ational Laboratories, under contract ~th USAID, has

produced one of the most exhaustive efforts to document food system energy

consumption in a developing country, the Dominican Republic. Exhaustive as

it is, this effort does not ansver significant questions concerning the

actual amounts and types of enersy consumed by various processes in the food

~Jstem although it does have ~ortant ~lications for future energy-related

policies in the Dominican Republic.

Even in the somewhat mechanized farming econo~ of the Dominican Republic,

food production is not keeping up with population growth and food demands.

Dependence on imported staple grains increased 14 percent to a total of 48

percent during 1968-78. The Brookhaven report concludes that, "the environ-

ment for bringing about energy improvements will also be influenced by

government policies on fuel prices, regulation, subsidies, ~~c. So long as

electrici~ and oil are subsidized and the current gasoline price••• is

still subsidized, enterprises -will be discouraged from prOViding solar heaters,

ga~ohol, or other substitutes for the traditional sources of energy." How
~

ever, the study suggests that such a pricir~ policy change is expected to

have political impact in the Dominican Republic, such as the taxi driver

strike, ~hen the price of gasoline ~~nt up there recently.



Of the eight most economically L~portant food crops produced in the

::lominican Republic-sugar, rice, cocoa, plc!.r.ta.in, :n,.lcca, beans, corn and

sweet potatoes--the ~jority are produced on fa~ ~th little or no

~echani=ation or fertilizer, in spite of the fact that more than 45 percent

of fa~ng land ~s in units of 100 hectares or larger. ProcessL~g of major

food staples produced in ~~e Dominican Republic consumes about 20 percent of

the total energy required to produce, process, market and distribute these

food products to the consumer. Export crops, however, consume more than

half their total energy in processing.

Though the study recognizes that data is weak., it appears that market-

ing, transportation and storage consume approxL~tely 47 percent of the
1\1

total fossil energy in the food system. Primar-.r transport consumes 4.5

percent of the marketing, transportation and storage energy for ma.J or staples

and about 9 percent for minor crops.

Observations of general relationships bet~en rural energy cons'umption

and productiVity may be useful in spite of the limiteq. nature of energy

consumption data, in initially justifying and planning ~ral (postharvest

food syste~) energy development policies and programs. For example,

(Revelle, 1976) the people of rural India are tied to poverty and miser-f

because they use too little energy and use it inefficiently, and nearly all

they use is secured by their own physical efforts. Increasing the quantity

-and improving the technology of energy 'W'Ould bring ~bout a transformation of

rural Indian socie~.r. ~ew sources of energy must be developed to bring about

this transformation as developing economies and individuals in these economies

find petroleum products too expensive and traditional fuels no longer suffice

for their burgeoning populations.
1
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POSTF~BVEST AC~rrrTrES I~ D~TELOPI~G COln~RIES

From one region to another~ the is a '~de Yarie~f of postharvest

actiyities and processes for each of the ·r.arious grain and perishable crops

moving fro~ ha~Test to ~inal preparation and cooking. ~or ~he ~~rpose of

this analysis, the postharvest food system is divided .~to seven categories:

1. harvest

2. drJing

3. threshing and vinn~ing

4. shelling~ hulling and grinding

5. storage and refrigeration

6. canning and related processing

•7. cooking

Eyen if there ~ere reasonab~ complete and reliable data on the broad

spect~ of these food processes~ it ~uld be ~ell beyond the scope of this

paper to address more than a selection of the most common postharvest tech-

nologies. The processes dealt ~th here are discussed in terms of traditional

and improved technologies in use~ energy sources and renewable energy tech-

nologies which might be adapted as alternatives.

Harvest

In ~ost developing countries~ harvesting is done ~~ost exclusiYely by

hand labor, using small knives~ machetes or scythes. In Java~ Cain (Evans~

1979) reports that the use of such simple improvements as scythes instead of

knives for harvesting reduces labor from 200 or more person days per hectare

to 75 person days per hectare~ a labor savings of 65 percent.

I
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On those la~ge private or public land holdings ~he~e ~echani=ed ha~rest-

ing is introduced~ harvesters are typicaly povered by diesel or gasoline

tractors. Fuel consumption of tractors can be reduced significantly through

proper ~inte~znce. Alcohol or gasohol fuels might be used as ~ell to

replace or reduce gasoline consumption. Ani=.a.l draft could be used to pover

s~ll mechanical harvesting equipment~ although no detailed reports of this

application of aniI:lal draft vere found in the a...ailable literature.

Drlin~

The drying of grain is a critical process in its safe preservation

during storage. Unless reduced to sufficiently lOW' moisture content~

generally about 12 percent~ storage losses due to :cold and insects are

difficult to avoid. Reducing grain m~isture content is particularly ~por-

tam:: for storage in sealed~ non-aerated bins whe~e the heat and moisture

resulting from moist grain respiration can not dissipate and consequently

foster mold and in~ect infestations. Some perishables such as casava~ yams~

peppers and some legumes may be dried for storage~ depending on the climate

and the availablity of other foods throughout the year.

Where possible~ the simplest and most economical grain drying techniq,ue

is to harvest during the drf season~ after full maturity and on-stalk field

d~fing have occurred. Losses caused by insects~ birds and other anima:

pests feeding in the fields can necessitate har~est before adequate drying

has oCC"..lrred~ as can the threat of oncoming rains or winds and the need to

clear the fields for the next planting. The introduction of n~ grain

varieties •...ith shorter graving seasons wien m.ke possible double eropping~

:ay also place harrest dates durir.g the rai~ season e=eating the need for

I
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n~ grain drfing techni~ues_ In such cases, unless practical drfing techno-

logy alternatives are availabl~ to local fa~ers, the new grain varieties

are nct likely to be widely accepted.

For perishables, and ~here pre-harvest grain drfing is inadequate, the

most commonly practiced technique is si.::::ple open a';'" sun drfing after :=-ar'l'est.

This involves the use of much tedious hand labor to spread; turn; gather; and

containerize the produce; guard it from thieves, ;ianderir.g 'birds or other-

animals; and bring it under shelter to protect it from inclemf~nt weather.

For lack of more suitable drying surfaces, farmers may sprea.d drying grain

or other produce on the hard-packed roadside where passing vehicles can

crush or bl~~ it avay, causing significant, through undocumented losses.

I~roved drying techniques involve the use of additional heat sources

such as burning firewood, crop residues, or petroleum products and/or

increased air flC'lr through the drying chamber achieved by' dr'Jer designs to

augment natural convection, or by' the addition of motor-driven fans. In

developing cou.~tries throughout the vorld, farmers drf and store grain in

the rafters or in special shelters built above the home cooking fire to take

advantage of this reguli:.r heat source. The smoke and heat passing through

the grain stored above the cooking fire has the added benefit of retarding

insect infestation. However, the insecticidal function of this technique

has not been sufficiently researched to determine actual ~erformance and
'>

advantages-

Various fores of fire heated batch dr'Jers havs been developed for use

in developing countries. In Benin and Nigeria, a firewood-burning, adobe

I
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~G:led d~Jer ~~th three used oil barrels for the f~re chamber has been

popularized through extension programs beginning in 1967. This ~del can

be used for drying up to 500 kgs per jay of copra or grains, except rice

which requires more sophisticated heat control to avoid heat-caused cra~~ing.

Heated air passes through the dI"'Jing produc= by natura.l convection, as the

dr-Jer is not equipped ',.;itl1 a :'an. !Ton-local .caterial cos<:s are about $50

plus labor to build the dr-Jer and the protective shelter over it.

The International Rice Research Institute (IRRI) has developed a forced

air batch grain drJer heated by a combination kerosene/rice hull burner and

pOwered by a three hp gasoline engine or tvo hp electric motor to drive

~l1e fan which forces heated air through the drying pad~ rice. Fuel

consumption is reported by !RR! to be 0.75 liters gasoline per hour, tvo

liters kerosene per hour and three to four kgs rice hulls per hour. DrJing

capacity is one tonne in four to six hours. Tb.e IEP.! model dr'.rer costs about

$1000 (1980) though documentation on the number of dr.rers in use is not

available.

The relatively high capital and operating cost of fuel burning dr,yers

have prompted widespread experimentation with solar crop dryers, adaptable

to grains and perisr4bles. The solar collector is made of transparent

material (glass or plastic) which increases the temperature inside the dr-.ring

chamber =.r the greenhouse effect. A 25 to 50 kg crop dr,yer developed by the

mTrCEF-sponsored Appropriate Technology' Center in ~rairobi costs about $3.00

plus local :::aterials and labor but its li:nited capacit".r makes it rather

~ractical for dr.ring ver.r large quantities of grain. Amor~ others, the

Brace Research Institute in Canada has done some of the ~ost extensive

I
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doc~ent~tion and ~esearch :n th~s are~~ h~~ever there appear to be no

countries or areas in which solar crop d~fers are as yet extensively used.

The demand for new drying technologies ·~ll increase~ especially with

the further popularization of shorte~ grc~ing season grain varieties and as

more farmers adopt closed-~fstem grain storage tec~ologies which~ for

reasons explained above~ require lOwer grain moisture content than tradi-

tional unsealed or aerated storage bins. To permit widespread use by average

small landholders~ dryer designs ·~ll require low capital and operating costs

and ease of maintenance and operation.

~eshing and Winnowing

•Threshing and winnoYi~g processes are usually performed ~f tedious hand

labor. T:le·most simple method of threshing--the process of removing grain

from the plant stalk--is accomplished by spreading the heads or plant

stalks on a hard packed surface and either beating them with sticks or having

draft animals repeatedly tr~ple them. Draft an~ls may pull hea~f rollers

or logs behind them to speed the process.

The most basic method of winnowing grains to remove pieces of stalk~

leaves and other inedible caterial ~fPically involves the use of baskets

or forked sticks to throw the unseparated~ threshed grain into the air vhez-e

even a light breeze separates the grain from the lighter straw. This method

is not successful in ~~ving small stones and other hea~f foreign particles~

which cust be picked out bf hand.

Pedal powered~ portable ~ice threshers have been developed in Tai~Cln

and Japan which average 600 to 800 kgs output per day. A team of four to

J
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five individuals is required to operate the thresher for an output 50 to 100

percent greater than non-mechanized threshing. The team of w~rkers takes

turns pedaling because the physical exertion demanded by the pedaling can

only be sustained by one individual for 20 minutes or less. An addi-

tional advantage in the use of this device is that threshing can take place

in or near the field minimizing shattering losses duri~ transport from the

fie:d~ esti=ated to be be~~een 5 and 10 percent of the harvest (Wu and Es~y)

1975).

IRRI reports June 1980 prices of approximately $2~;00 for a 16 hp gaso-

line engine driven rice thresher~ an eight hp model for $1~080, and a five

hp model for $700, although output and fuel consumption are not available.

Hand powered ~nnoyers rated at 600 to 1000 kg~ per hour are available from

manufacturers in India~ Japan, the United Kingdom and the ~nited States,

w~th prices ranging from $250 to $1~000. The,r can be adapted to be driven

by s.mall engines or pedal poyer. The cost of importing such canufactured

devices --auld probab~ be prohibitive except for when used as demonstration

=odels for local research and r .rfo~nce trials. Where these devices prove

to be practical and well-received, local manufacture generally would be

required to reduce costs ·~thin reach of average far=ers or fa~ cooperatives.

Shelling, Hulling and Grinding

The shelling process~ ~rpical~ identified with caize, is usual~ done
•

after storage~ though the restricted volume and higher cost of closed-bin

storage and the use of insecticide in storage makes it more practical and

economical to shell before ~tor.age to reduce the bul-~. Shelling may be

I
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removed by hand.

50

1000

1000

2'100

200-500

"Oer day

not documented

Outtlut!kg

7-12

30-40

15-20

180-190

'Per hour

270-300

190-203

~1ethod

engine driven
(t....t) persons)

petitive ;.;ith hand held shellers ·~en 10-11 tonnes are shelled per year.

An FAa-sponsored storage research and extension project at the Inter-

The FAa project report calculates that th~ pedal or hand po..ered rotat-

T~e engine powered sheller becomes more economical than the hand or pedal

iog disk sheller (>J'it~ tw~n intake for tvo cobs at once) becomes cost com-

pedal operated
('t"..o persons)

operated version if at least 20 tonnes are shelled per year. Capital costs

rotating disk sheller hand cranked
(t;ro persons)

s~~le hand shellin~

(;I:\e r."'''''sC',~,1

bea~:' ~s in sack
(t,,:., ,:l;;..·sons)

han~~eld hardwood sheller (TPI)
(one person)

done oy hand, one cob at a time, or as in parts of west Africa, harvested

varie~f of hand and motorized shelling devices to compare out~~t and labor

national Ins-citute of Tropical Agriculture (IITA) in ~Tigeria has assessed a

grain. Kernels rem?ining on the cobs after the beating process are then

costs. Bosnoff (1976) reports the following:

corn cobs are placed in burlap bags and beaten ·Nith sticks to shell the
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are ~ot evaluated, though labor costs are reported to be in the order of

$13.00 per tonne for the han~~eld shellers, and $5.00 per tonne for the

engine driven sheller at e ~n~ of 30 tonnes per year (costs from 1976).

The handheld hardwood sheller, developed by the ~ropical Products

Institute in the United Kingdom is suited for local ~nufacture, though the

extent of its use by local farmers is not documented. It is a small ~~o to

three c~ thick, paddle-like tool with a ribbed hole in the center the size

of a corn cob. The ribs strip off the kernels of corn as the cob is pushed

and t·;isted through the hole in the paddle.

Hulling of rice, ..meat, mille'G and sorghum is most siI:lply, though

tediously, accomplished by hand pounding in a wooden pestle and mortar.

Mechanical rice hullers, hOwever, powered by small engines, have become

popular in Asia. Evans and Adler (1979) report Indonesian hand pounded rice

hulling output of 40 kg per laborer per day with labor costs $1.45 per 100

kgs. By contrast, they report a mechanized $3,100 rice hulling center rated

at 580 kgs per hour which performs the same task for a fee of $.54 per 100

kgs. Rice hulling machines could be adapted to be powered by pedal power,

hand cranking, wind or water power.

Most on-farm grinding is perfo~ed qy women using wooden cortar and

pestle, laboring to supply the cooking needs for each day or two at a time.

The ~ne of grain and -the flour quality desired dete~ne the rate of output.

Wealthier families often hire out this tedioius task to poorer, vidowed

or landl~3s women.

I
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S;:all hand c::-anked or ::lotor povered grain mlls are r::a.nufactured -..-ith

capacities ranging from t-..-o to fi-re ~s per hour. United States :::al~ufactured

::lodels range f::-om $50 to $250. Small diesel or gasoline engine powered

g::-inding ~l:s ft~th capacities ::-anging f::-cm 200-600 kgs pe::- hour are becomin6

inc::-easingly common in rural areas of Africa, though documentation is not

available on the extent of thei::- use. r.uni.II:u=l. capital costs in the ::"a."'lge of

$1,000 to $1,500 plus diesel or gasoline engine, restrict ovnership to estab-

lished ::lerchants, -..-ealthy far:::ler-entrepreneurs or cooperatives.

A prototype photovoltaic povered grain mill (and water pump) has been

installed by a USAID-financed proj ect in Upper VoUa. The mill has a capacity

of 1.36 kgs per hour and uses a 1 hp d.c. !:lotor powe::-ed by the array of

photovoltaic cells. Its pe~~ paver production is reported to be 2.4 hp

(Rosenblum, 1980). The capital costs of the install~tion were about $57,000,

though as a prototype it is more costly than if a number of units were to be

installed in the same area. Weiss (1976) calculates that start up costs for

solar cells and storage batteries generally are three to six times that of

diesel Qr gasoline povered units, vith costs varying by' location, available

solar insolation and pover storage requirements.

Wendroff (undated) evaluat.ed a water ",,'heel povered !laue grinding mill

in 1-llcwe, Malawi, which io/3.S constructed in 1974. The proj ect received a

great deal of technical assistance from VITA, among other organizations and
·10

was veri' costly due to a Il'1.m.ber of factors including poor initial planning

and the crisis circuestances during vhich it io/3.S conceived and constructed.

Due also in part to its protot"j'pe nature, capital costs escalated from an

initial $17,500 projected cost to $30,000 final cost.

1
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~he Universitiy of Dar es Salaam i~ Tanzania is preseatlj worki~g to

develop hand, animal and tractor po~ered grinders as ·~ll as a ·;ind po~ered

model but details on these endeavors are not available. YITA reports mini-

hydro and ~ater ~heels are adapted to po~er grai~ grinders in Nepal, and

locally made H~oden ·~ter wheel po~er~d grain grinders in Afghanistan,

though costs and output are not documented.

Storage and Refrigeration

In developing countries, the storage of grain and dried pulses is a

ouch more practical and far less demanding technological undertaking than

the storage of perishables, due principally to ~he resources required for

the cooling, dlying or canning of perishabl~s. O~-fa~ storage of grain and

dried pulses in developing countries is a low energy user. Filling and

emptying storage bins is typically done by band, using small baskets or

sacks. Grain storage bins are commonlj~ made of adobe, thatch or woven

branches, though small, locally constructed 1000-1500 kg capaci~f steel bins

are becoming more popular in some countries such as El Salvador and Costa

Rica. Cement and ferrocement bins have been tested in a number of African

and Asian countries, though fa~er acceptance is not w"idespread. This is i~

large part due to the high cost and low availability of cement 1."1 I"'.lral areas.

As chemical insecticides are used more extensively for on-fa~ grain

storage, the indirect energy use for insecticide ~nufacture and transporta-
...

tion rill become more significant on country-wide bases. The U.S. manufac-

ture, packaging, transportation and application of insecticide consumes

about 40,000 kcal per pound or the equivalent of about 1.3 gallons of

gasoline. Just the production of the simplest and cheapest pesticides such

I
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as DDT requires 11,000 kcal per pound. For more complex pesticides, energy

inputs for production range as high as 12,500 kcal per pound or the equivalent

of about 0.4 gallcns of gasoline (Pimentel, 1976).

In some countries, especially in areas Nhich have had little contact

~ith industrial technology, there is still common use of indigenous organic

insect control met=ods (e.g., roots, bark, leaves, etc.). Hovever, extremely

little sophisticated research has been undertaken to study the performance

and effect of the various products used. The Tropical Products Institute

in the U.K. has recently begun a vorld-wide survey of indigenous organic

insecticidal agents used in developing countries, although much additional

research is needed to determine the viabilit".r of such pr!ducts •

.~ noted above, the storage of perishables (roots, tubers, fruits and

vegetables) presents ver,r dif'f~rent technological and resource probl~~ than

cereal grain and grain legumes. Because perishables have a high moisture

content-from 50 percent up..,ards-.they are expensive and difficult to dr,r

and store as dr.r product. Moreover, the dried product has a ver.r different

taste and texture than the fresh product and it often is less preferred in

the local diet.

Perishables bruise easily in handling and transport ..,hich makes them

much more vulnerable to degradation and loss during storage, even over a feY

days. Although ver,r ~~.., reliable figures are available for losses of

perishables, and those that do exist are limited to a specific commodity

in one location for a specific set of conditions, the National Academy of

Sciences (1978) cites the following figures as being typical of normal

ranges of loss experienced under usual conditions:

I
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Yams in nigeria and Ghana

~mite potatoes in Chile~ Peru and Venezuela

Cassava in Venezuela~ Colombia~ Ecuador,
Dominican Republic and Central America

Tomatoes ~or fresh market in nost developing
countries

facilities (Exell, 1978). Even at reduced costs~ the refrigerator would be

Although the refrigerator uses no other power source, it requir~s a great

adjust insulation of the refrigerator during daily temperature variations.
"

T~e prototype cost w~s $730 for materials alone~ including such non-local

In mos~ developing countries~ there has been little interest in trfing

~ren if relatively lev-cost refrigeration technologies can be developed,

electricity produced by ~nd and hydro-povered generators. The Asian Insti-

capable of cooling 3.5 kg of fruit below 150 C in ambient temperature of 370 C.

plates and solar cells are potential rene~ble energy sources as well as

:na.terials as a.I:lonia~ steel pipe~ sheet metal~ val·res and welding supplies and

tute of Technology has developed a small prototype solar povered refrigerator

assuring a reliable p~er source ~ll be a key problem area. Methane, solar

high for lev unit cost fresh produce.

level, capital~ pover, and maintenance costs of refrigerat~d storage are too

losses in developing count~f settings. H~ever, particularly at the farm-

of most perishable produce but has serious limitations for reducing food

to reduce these significant perishable losses because of abundant~ cheap

supplies of the fresh produce. Refrigeration can prolong the storage life
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:::lOst economically v:'able for production and sale of ice in areas where supply

is limited~ or for the storage of medicine in remote areas.

Carr (1978) describes a l~ cost~ eight cubic foot evaporation refrige-

rator ',;hich has been demonstrated in a nu::lber of appropriate technology

centers in Africa. It requires tw~ cubic feet of c~arcoal, renewed everJ

three months, and other local materials, and can be constructed by one

person in t·,;o days. Water drips sl~17 through a tray on top of the refrige-

rator and moistens a three inch layer of charcoal pieces which surrounds the

cooling chamber. As the water evaporates, it removes heat fr~ its surround-

ings, reducing the te~erature inside the cooling chamber. No reports are

available on its cooling perfor.mance or acceptance at the village-level.

In the a~sence of economi.r.al~ viable refrigeration technologies, farmers

are obliged ~o store produce such as onions, potatoes and yams, which can be

kept for 1:p to several months, in shaded structures or covered piles. Losses

can be reduced by assuring good insulation and shading from the sun's heat,

aeration and regular culling to remove bruised, diseased or rotting produce.

~annin~ and Related Processing

Efforts to develop rural cottage canning industries in developing

countries have met -with little success, due to a variety of technical and

economic problems, even though this is often suggested as a suitable ~ethod

~

for prese~.ing seasonal surpluses of fruits and vegetables that occur in

r~ral areas. In brief, canning is a sophisticated, energy intensive, high

cost operation and local markets are difficult to assure for the consequently

higher cost canned products.

I
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Canning requires a supply of suitable containers ~~ich can be ef~ec

tively steril~=ed and sealed ~th a s~le apparatus. Canning jars are

breakable and costly, and metal cans, though less costly per unit, require

rather sophisticated seaming equipment to seal the cans. Without scrupulocs

attention to cleanliness throughout the stages of preparation and processing,

there is danger of ~ood poisoning or food spoilage.

Worgan (1977), ~rom the Universi~J of Reading, in the U.K., stresses

the need for close supervision b.1 qualified personnel in rural canning

efforts to avoid food contamination a~d food poisoning. Low acid foods,

including meat, fish, vegetables and some fruits are particularly suscep

tible to contamination b.1 botulism., wose consequences, unlike other tones

of food poisoning, are often fatal.

Heat processing to avoid such contamination requires at least six hours

at 1000 C. Above sea level, the boiling point of w.ater is less than 1000 C,

meaning that at higher altitudes, well over six hours hea-cing in boiling

w-ater is required to ensure that the bottled food is safe from contamination.

F.eating time can be reduced vith the use of pressure cookers, but conse

quently adds to the ~ost and limits feasibility for village-level application.

Foods of high acidity, such as citrus fruits and tomatoes, prevent the

growth of botulis~ and are safer for canning, though inadequate heat pro

cessing or unsuccessf1h sealing can cause spoilage, and only high quality

produce can be used.
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The Serowe Food LaboratorJ in Eot~~na concluded that cannL~g at the

r~ral level is not recocmended for either l~ or high acid foods due to high

capital costs, technical supervision required for quality control, high

energy consumption and high packaging costs (Evans, 1980). If canning is to

be promoted, it should be preceded by ve~ thorough research and accurate

projections established fer processing and product costs, market and techni

cal feasibility.

Apparently, no major efforts have been made to encourage other processes

such as pickling and fermentation in areas ~here they have not developed

indigenously. Hovever, in Thailand, China and Korea a varie~f of vegetables

are pickled on a small scale. Cucumbers and carrots are pickled in limited

quantities, principally for use as condiments, and cabbage is preserved for

use during vinter months as sauerkraut or kimchi. In India, many fruits and

vegetables are preserved as chutney. The National Academy of Sciences 1978

report on postharvest losses notes that expanded application of pickling and

fermentation methods for preservation of tropical vegetables is potentially

i~portant as an area for research.

Cooking

In developing countries w~rldwide, the most important cooking fuel is

firewood although in areas where it is in limited supply, animal dung and

crop residues are relied upon as fuel sources. Charcoal is used for cooking

principal~ in urban areas ~here transport costs to bring fuel in from the

countrJside make charcoal ~ore economical than firewood. .~ trees are ~ut

down near villages, firewood gathering becomes a ~jor demand on labor, and

in extreme cases requires one !~l-time fuel ga~herer for each family. Wide-

1
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(1) insulating the fire box thus reducing heat dissipation
•

is achiev~d ~f:

heat~ but not so close as to reduce the heat of the fire ~hich reduces com-

(2) placing the pot so that max~ pot surface is exposed to the fire's

through the stove ~~lls and reflecting it back to the fire and cooking p~ts;

bustion efficien~J; (3) controlling the fl~ of cold air to the fire through

should direct the maximum amount of heat to the cooking pot(s) ·~th the

the skill vith wnich the stove fire is tended. Basically, stove design

variables: the design of the stove~ the ~JPe and ~uality of fuel used~ and

Impro~ements in cookstove fuel burning efficiency depend on three basic

logies.

smallest fire possible to get the cooking done. Improving heating efficien~J

production w~ll be discussed later in the section on renew~ble energy techno-

of alternate cooking fuel sources such as methane. Reforestation and methane

The cooking fuel problem is being addressed from several directions

•including the reforestation of fuel-scarce regions~ the development and

promotion of cookstoves ~th impraved fuel burning efficiency, and the use

~orld~ especiallJ in sub-Saharan Africa. In Niamey~ for example~ families

already spend 10 percent of their income on fuel for cooking (Walton~ 1978).

population gr~h a.~d pr~rJ reliance on fuel~ood for cooki=g. Firevood is

already a scarce and expensive fuel source throughout much of the developing

cons~ticn levels are further increased by the combination of conti~ued

s;read deforestation i~ developing countries results from such practices and

tion are problems ~hich viII become even more severe if present firegood

erosion and loss of crop la~d~ changes in rainfall patterns and desertifica-

has dire conse~ue~ces both in ecological and economic te~. Resultant
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d~~ers, ba~fles and ch~eys; (4) bu~~ing soall pieces of d~J wood;

(5) removing and extinguishing the fire after cooking is finished and;

(6) covering the cooking pot(s).

If the stove is used several times throughout the day, the ideal stove

is one that has thick ~~lls ~~ich ~ll retain hea~ and t~~e less time to

reach cooking tempera~ures. If food is typical~ cooked for a short time or

if cooking is done just once c~ ~~ce a day, stove v.alls should be thin or

of a ma~erial that does not abs~rb much heat.

In the last several years, there has been a ~roliferation of articles

and pilot research efforts attempting to docucent the fuel burning efficiency

of various ~roved cook stove designs. However, the efficiency r~tings vary

widely due to a number of factors. Foremost is that testing the stove use

under controlled laborato~J conditions ~ical17 produces very different

ratings than stoves tested during actual heme use. In addition, va~ing

methodologies are used in stove testing. Unfortunately, it is much more

difficult if not impossible to apply accurate, scientific monitoring techni

ques to in-heme cooking without creating a mini-laboratory in the user's

kitchen area, which will unpredictably ske~ the attitudes and behaviors of

the user, as well as the efficien~J test results. For this reason, in-home

stove efficien~J ratings are less precise or simply rough est;-ates.

The Technical University of Eindhoven in the Netherlands has collected

a number of reports on stove burning efficien~J in an attempt to veri~r

re~orted data and to dete~ne guidelines and standar~ for cook stove

designs (P~asad, 1980). Exempla~ of varying efficiency ratings, the CILSS

Report (1978) ~de field observations of 5 to 8 percent efficiency

I



- 33 -

~or ~he ~hree-s~one open ~ire. Van Daelen (1973) reports open cooki=g ~ires

yielding e~~iciencies rar~ing from 2.5 to 17 percent. Singer (1959j reports

a traditional t~o-hole ~ood stove used in Indonesia to have an ef~iciencJ of

6.1 to 7.3 percent and a three-hole model, 6.4 to 7.3 percent. Salariya

(1978) reported a traditional Indian stove to have 12.3 percent ef~iciencJ.

T~e university of Eindhoven study found that ef~iciencies ~easured under

laborato~f conditions ·~re consistently higher than those quoted above,

apparently due to the care 'Irith which the ..-ood ':o1aS prepared and sized before

burning, and the control which -was exercised in stoking the fires.

The attraction and acceptability of a~ particular cook stove model to

be used in the~ome is influenced by practical and cultural factors, in

addition to fuel-burning efficiency-factors which have often been over

leoked in the design and promotion of improved cook stoves. Common practical

considerations include: the preferred height of the stove, depending on

whether cooking is done in a standing, squatting or sitting position; the

size, shape and number of pots heated at one time and the variet'f used

throughout the day; firebox adaptabilitiy for various types and sizes of

fuel (if wood must be chopped into small pieces, the additional labor

required cay be impractical for the cook); the preference for heat and smoke

venting inside the cooking building to d.-I grain stored in the rafters or to

keep thatched roofs d~J and insect-free; the use of the cooking fire for

space heating or lighting; and the cost of the stove.

The simplest and cheapest cooking technology is the open fire ~ith three

or ~ore rocks placed around it to hold the cooking pot. The advantages of
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tbis technology i~clude its portability, cost, adaptability to pot size and

stape and to "ra~ji~g sizes and ~jpes of fir~~ood or re~~se. Its disac"rantages

are that the pot loses large amounts of heat ~j convection, especially if

tbere is a breeze, which additionally dissipates the fire's ~~~t before it

reaches the pot, and the danger of accide~tal burni~g.

There is a bread range of cookstove designs, though all are essentially

variations of the basic Chula stove and Kamodo cooker. The Chula cook-

stove NaS developed Oy the Eyderbad Engineering Research LaboratorJ in India,

~here some of the earliest development work on ~roved cookstoves began.

Adapted from traditional Indian fireplaces, the Chula is made from a block

of clay -.."ith a tu....mel running horizontally through it. Holes to fit the

cooki~g vessels are cut through the top of the block through to the tunnel.

A chimn~ of clay or sheet metal is installed at one end and the cooking fire

is built at the other end of the tunnel beneath the first cooking pot. Hot

gases and flames from the fire flow through the tunnel, under the pots and

out the chimney. The Chula is equipped .nth a damper which provides draft

control to regulate the fire. The number of pot holes and the size and

height of the stove can be built to the user's preference. If the Chula is

used skillfully, it can reduce w~od ccnsumption by as much as 40 percent

over open fires (VITA, 1980).

The Lorena stove, developed in Guatemala, is essentially a more sophis-
"

ticated I:lOdel of the Chula, incorporating a longer baff:ed fire tunnel -..hich

wi~ds through a more ~ssive stove. In principle, these modifications provide

for higher t~eratures, more complete fuel combustion and retention of heat

for cooki~g and baking after the fire ~s died out. VITA (1980) claios it can

I
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~educe ~ood consucption by 25 to ;0 percent over open ~ire cooki~g i~ used

p~operly. ~e Lo~ena stove is =ade a1~ost entirely of local ~terials,

principal~- clay, although assuri~ the correct clay mixture is critical to

avoid heat cra~~ing and to inc~ease durability. Scrap sheet ~etal is used

to ~~e the dampers. ~e enti~e construction takes f~om six hours to several

days depending on the size of the stove, drJing tice and the skill of the

builder.

A basic modification to i~crease the durability of cookstoves is the

use of s~~ dried or fi~ed bricks for construction. The use of fired brick

is more expensive but the stove ~~ll last much longer than the molded clay

models ~hich last about a year. In Asia, portable and stationa~f stove

variations have also been developed to burn saYdust, straY and rice hulls.

The traditional portable Japanese Kamodo earthen~re cooker is made

~ith an air space separating the fire box from the outer shell of the stove,

reducing heat loss the same Yay as a thermos bottle. It is made of a rounded,

insulating ceramic shell that holds a removable ceramic firebox. A metal

grate, the only non-ceramic part, holds the P9t above the fire. ·A hinged

ceracic lid all~s the stove to be used open or closed for baking, boiling,

fr,ring or broiling. Variations on the Ramodo cooker have been demonstrated

using a five gallon bucket or sheet metal cylinder as the outer shell, although

the extent to ~hich this variation has been adopted in home use is not
~

doc~ented.

More varieties of cookstoves could be detailed here to indicate the

range of possibilities currently being proposed as fuel efficient altena-
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tives to the open cooking fire. Hovever, that might obscur the more impor

tant point that fuel efficient stoves ~hich are developed ~st pass one over

riding evaluation--user acceptance. It is only ttrough in-home trials

that new stove models '~ll receive the ultimate test to determine whether

users believe there are actual fuel savings and whether the stove design is

practical, affordable, or ~orth getting used to if it requires new skills or

procedures to operate effectively.

An effective cookstove ~romotion program requires careful design adapta

tion to produce a stove which can be easily constructed from locally available

materials and which confo~ to the users' requirements including cooking

habits and cooking fuels. Well-organized extension efforts are required to

train users or local artisans in stove building techniques and to demonstrate

to the general population the actual fuel savings benefits in the adoption of

an L~proved stove.

I
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REnET..TAELE ENERGY SOURCES ADAPTABLE TO THE POSTHARVEST ?OOD SYST""-1

Renewable energy, whatever the form, may be transfo~ed into useable

power in a variet-j' of wys. The ulti:cate design of a :-ene'.rn.ble ene:-gy

technology depends on many factors, including:

-- the use and amount of ~owe:- needed;

whether the machine to be powered is portable;

the enviror..mental, economic, material and human resources :-eq,ui:-ed;

the availability of suitable maintenance facilities.

In this ~ection, renewable energy tec~,ologies potentiallJ adaptable to

p~;er postharrest food syst~ processes are assessed with a brief description

of the ~~ction and possible applications of each energy technology. Discus-

sian includes potential social and economic limitations and constraints for

application in d~veloping .:ountry situations. Cost and po.....er output data

are included as available.

Obvious and generallJ applicable constraints of aD1 renewable energy

technology include the adequate local availability of bioma.s, sun, '.nnd or

water power potential, and the capital and operation costs which are required

to convert these energy sources into useable po.....er. Where surveys of renew-

able energj sources have not been conducted, this must be a first priority.

At the same t~e that the surrey is conducted, it is essential to assess the

potential uszs for available power, and to at least roughly est~te the
.~

costs and practicality of developing specific technologies_ UnfortunatelJ,

many renevable energy technologies have had limited application in develop-

ing countries (or little well-documented application) from which to extra-

polate potential viability in other situations.
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~his lack of documented applications makes it dif~icult to arrive at

policy decisions to ~eigh technology promotion ef~orts in ~avor of one

technology or group of technologies. More critically, in-f~eld development

workers are obliged to rely heavily on expensive trial and error procedures

without benefit of referring to a range of specific guidelines or experiences

from applications in other areas. Consequently, the data base graYs verJ

slaYly.

~o improve t~is situation as quickly as possible, further renew~ble

energy technology projects and project evaluation efforts should be encouraged

to do~~ent project activities thoroughly, including as a min~ of infor-

~tion, the follOMing categories:
e:t

basic description of the technology and its application,

materials req~\red,

cost of purchased materials,

labor and various specialized skills required,

~fPes and ccsts of special equipment needed to construct and maintain,

paver output of technology and manner of power utilization,

cost and output of powered i!lIplements,

ow~ership and i~agement,

cultural or social constraints encountered,

mechanical and technical problems yet to be resolved.

It is est~ted that 1.5 billion people nov depend on firewood and

charcoal to meet their daily cooking and heating needs. In the absence of

practical and affordable alternatives, this dependence on ~el'W'ood in addition

I
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to indust~ia1 uses such as brick firing, is lL~ely to continue for some time

to come. ~ovever, at current fuelwood consucption rates, it is estimated

that tropical forests in d~veloping countries, ·Khich cover half of their

aggregate land areas, ~~ll disappear in 60 years (World Bank, 1979).

The ~orld Bar~ (1980) estimates that the forests of developing countries

are being consuced at an annual rate of 1.3 percent of the total forest area,

or about 10 to 15 million hectares per year and that in order to meet the

projected fuelwood demands for domestic cooking and heating, about 50

million hectares of fuelwood need to be planted in ~eveloping countries by

tne ye.r 2000. This represents a five-fold increase over average planting

rates worl&r.Lde and much grea~er in some areas. For Africa, this represents

a 15-fold increase.

To put fuelvood demands in a village-level perspective, a village of

1,000 people would need about 200 tons of fuelwood each year, even assuming

current cooking ~~el use were cut in half by efficient stoves and cooking

t:.ethods. To supply this a.I:lCuot of fuel·..ood, a village voocUot of about 10

hectares ~-ould be req,uired, if cut at a sustainable yield of about four tons

per hectare per year (Makhij(~i, 1976). Complete cutting of an existing

forest, yielding about 40 tons per hectare. would req,uire 2.; hectares per

year (Golderaberg and 3rown, undated). Under favorable conditions, a sustained

fuelwood plant~tion would cost about $200 per hectare and begin yielding 10

tons of :uel.·..ood per hectare per year after 5 to 10 years (·"orld Bank, 1979).

~~ny early reforestation programs in which the government forest ser.ice

planted, ~~aged and controlled firevood plantations in fuelwood scarce areas
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~ve had liwited success. The ~ost co~n proble~ is tha~ ~ir~Nood is

typically cons~dered a free, publ~c good wh~ch cakes uncon~rolled and pre-

cature c~tting hard to avoid. In ~el~ood scarce areas, gover~ent or

cc~r~ial fir~Nood plantations do little to i=prove the situat:on ~or poor

~acilies ~ho cannot a~~ord to buy ~ir~Nood ~r~ the plantation, and must

still travel long distances to find wood which is freely available, or

pilfer from the governoent plantation.

Even a fast growing tree varie~f requires 5 to 10 years to reach the

size at which it should be harvested. Knowing that someone else will cut

a small tree if slhe doesn't, the individual is not inclined to plant and

care ~or his or her own trees or to refrain from chopping down a scalI tree

before it reaches its ideal harvest size. As such, local attitudes and

customs concerning the ownership and cutting of firewood must be adapted

to (or changed) in each local context to develop reforestation and woodlot

management strategies which w~ll not be threatened by uncontrolled, pre-

=ature cutting and i~adequate care and management of tree seedlings.

Recently, community fuel~ood programs have been att~ted, based on

the conclusion that it is essential to involve concerted, cooperative

invQlvement on the part of the local communities. The objective is to

develop and sustain a collectively agreed and enforced comr~t~ent to plant,

protect, and cooperatively manage village-ow~ed woodlots. A key issue in
~

attracting co~nal participation is in developing agreed upon plans for

the distribution of ~uel;;ood harvested ~rom community plots both as an

inducement to participate in the labor required, and as a guarantee tha~

each indiVidual's efforts w~ll be equitably r~Nar~ed. Participation ~f

1



I

- 41 -

By 1975, the annual planting rate was 40,000 hectares

cOmmL~ity-level extension work make it difficult for these departments to

Shortages of quali~ied personnel and an absence of forester training in
~

local com.n:unity participation in fuel~ood programs on an extensive scale.

national ~orest~ departments are incapable of attracting and coordinating

Fuelwood Use in Small Rura.L Com.n:unities, observes tha"i: ''Unfortunately, most

identii'"j' and address the socio-economic priorities of rural villages."

programs demands resources that few developing count:"'j' goverr.J:ler..ts are able

To develop solid community involvement requires active and on-going

One of the !'Jost reportedJ.;'! successful ....illage •...oodlot scheln.es began

hire and train the' :lumber of agents required to organize ....'"idespread woodlot

or co~~ity organizers ~ho preferably live and work in the villages. To

to provide. A 1980 AID-financed study, The Social-Economic Context of

participation (and loca~ acceptance and trust) of forestr,y extension agents

~orest~ institutions provided technical assistance, seedlings, fertilizers

grated development program, set local priorities and Yillagers collectively

supplied labor.

~ocal cc~~nity ~e~bers includes active involve~ent in project planni~g,

and owned ~el~ood plantations throughout the count~. State and national

in Korea in 1973, a~ed at establishing self-sustaining, village-~naged

(Cecelski, et al, 1979).

and equipment ~hile locally-elected committees, as part of a larger inte-

land cleari~g, tree planting, ~eeding, ~~tering, group regulation of animal

grazing, as ~ell as tree harvesting and :llel~ood distribution.
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Such research efforts as the study quoted above have proposed broad,

general guidelines· for the process of planning and developing community

fuel~ood programs, at the same time stressing that the actual nature and

structure of a program mst be 'WOrked out in the context of each particular

community because of the highly location-specific, socio-economic aspects

of :u.el""'ood use in :'ndividual. r..lral conm:unities. As a result no set of

guidelines or list of issues to be addressed can be universal~ applicable-

The only "for::1Ula" for cOmJ::'llI1ity fuel",.,ood program success appears to be in

genuinely and attentively involving local community members and leaders in

the identification of and agreement on programs goals; in the deter=ination

of the t:,,?e and extent of comn:unity participation and labor; and in deVising,

complying ~ith and enforcing agreements and regulations designed to protect

and sustain the w~odlots.

Charcoal

Charcoal is produced pri::la.rily for sale in urban areas, and although

charcoal production tends to take place at greater distances from r..lral

villages than does fir~ood gathering, it depletes future fuel~ood sources

for use in r..lral areas. Charcoal is produced by carbonizing, or partially

burning, "..;ood or other fibrous products such as coconut shells, using verj

intense heat in an enclosed environment ~th restricted air f1~.

Traditional1-Y, charcoal is made in hand dug pits ".mich are stacked ".rith
.",-

~ood, ignited and covered with earth to retard air fl~. This method has

verj l~ capital costs, requiring only labor to dig the pit, fill it ~th

~ood, and to cover and empty it after the carbonization process is completed

several days or ;,-eeks later, depending on the quantity of ;,"Ood b the pit.
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.~ additional advantage of this method is teat the pit can be dug to what-

ever size is needed, and located adjacent to the ~~od supply- Hovever,

this method is inef~icient compared to improved methods, producing 8 to 12

percent charcoal from the ·~ight of the ~~od burned compared to 20 to 25

per~ent in improved kilns (Wood, et al, 1980).

'!he amount of charcoal produced per ton of ...~od depends pr':1"'arily upon

the degree to which the combustion process in the kiln is controlled and

the type and moisture content of the wood used. I.t:Iproved types of more

efficient charcoal kilns have been developed which have L~proved control

of air fl~ and heating during the carbonization process. Most models are

stationarJ, considerablJ mor~ ~.~ensive, and suitable primarily ~or large

scale charcoal production. The Tropical Products Institute in the U.K. has

developed a portable 10 m3 capacity, steel kiln vhich has a production output

of 20 to 22 percent charcoal b:f veight. The esti:!:ated cost of the portable

kiln is $1,000 to $2,500 depending on the ~uality and importation costs of the

steel used (Wood, et al, 1980).

Stationary masonrJ kilns cost about $1,000 to $2,000, depending on the

kiL"l size and ty-pe, and the cost of local ::aterials. The Katugo kiln, for

ex~le, is made of masonrJ -Nith a metal roof, costs about $1,000 ~"ld handles

about 25 :i3 of -.rood, yielding about 20 percent charcoal by 'W"?ight (i,Tood, et

al, 1980).

The advantage of portable kilns, either hand dug pits or the J=L

~etal kiln, is that they can be moved to the source of ~od as cut~~~~

deplete~ the local wood supply. StationarJ kilns re~uire addition~l costs

I
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to t~ansport wood to the kiln as local sources are inc~easing1y depleted~

::a..'l.:.i:1g "':heo i::Ipractical for the s~ll entrepreneu~. Given the wood savings

achieved by improved kiln technology, governoent-sponsored c~edi"': programs

or price su.bsidization of i1:lproved portCi.1Jle kilns =ay be desirable,

especially whe~e small ent~epreneurs produce the ~ority of charcoal and

a~e unable to afford ~roved kilns.

Solar Cookers and Ovens

One of the most thorcugh research projects to sUZ-Tey and assess various

types of solar cookers w~S financed by the Al Di:'Iyyah Institute in Geneva,

Sw-itzerland. Undertaken by the Georgia Institute of Technology 2ngineering

~xper~ent St~tion in Atlanta~ Georgia, thei~ finding~ a:e included in the

project's final technical report entitled A State of the Art S~'Tey of Solar

P~ered ~rrigation Pumns, Solar Cookers, and Wood Burning Stoves For Use in

Sub-Sahara Africa, (Walton, et al~ 1978). The report sucmarizes the principal

requirements for success:Ully using solar-powered cooking units in developing

countries as follcw~:

the ~~it must cook effectively, providing energy at a sufficient

rate and t~erat~e to properly prepare desired quantities and

t'JPes of food;

it must be st1.l!"dy" enough to ~thstand ~ough handling, wind and

other hazards;

it ~st be sociologically acceptable and fit in ~-ith local cooking

and eating habits;

it ::IUst be r:Ja.de of readily av~ilable r::aterial by local labor;

it ::IUst be possi~le for the user to obtain a cooking unit at a

SUfficiently lc~ cost to realize financial savings ~J its use.

1
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In principle~ solar po~ered cookers are a ve~J attractive energy techno-

:cgy alternative~ particularly in fUel~ood scarce areas. One of the

simplest solar cookers uses a parabolic or spherical dish-type of concen

trator ~ith the cooking pot placed at the focal point of the concen

trator. Although a number of laboratories and appropriate tec~,ology

demonstration centers arcund the ~~rld have exper~ented ~~th variations of

this type of solar cooker~ it has apparently never found '~despread acceptance

at the "nllage level. The most common problems cited for la~~ of user

receptivity are the cost of the solar cooker and that cooking can be done

only when the sun is shining and while standing in the hot~ midday sun; an

unco~ortable requirement. which is additionally impractical if field vork

is normally done at that time and cooking done early in the morning or in

the evening.

One other simple solar cooker design variation is the solar oven or

food ·~~er. The oven or va~ng chamber is an insulated box ·~th a glass

cover vhich traps heat in the oven by the greenhouse effect. The temperature

of the oven can be increased by attaching flat, metalic reflectors ~~ich

concentrate additional rays on the glass concentrator. The advantages of the

solar oven compared to the parabolic concentrator cooker include:

capability for baking or roastip~;

fever re~uired adjustments to repeatedly focus and orient the

collector; ~

cooking vessels are protected from the ~nd;

several pots or pans can be used at the same tL~e;

heat can be stored~ pe~tting the preparation of food in partly

cloudy veather;

I



- 46 -

~ood can be ~ept wa~ after sunset.

zro docu=entatien is ava~:able on the extent to ~hich solar ovens ~~ve been

adopted for home use.

To overcome the lir.litations of the relati~Te.ly si=l.ple solar cookers

~h~ch require midday cooki=g, solar cookers r~ve been proposed ~hich have

heat storage ~stems. All ~roposed heat storage ~st~~ however, involve

considerable expense and complexi~f. One of the most practical hea~

storage ~stems proposed requires about 140 liters of vegetable oil as the

heat transfer medium, circulating in pipes from the stove and through an

insulated tank filled -;ith ro~~s--the heat storage medium. No prototype

or demonstration models have reportedly been built, although the ~stem

cost (including the 140 liters of oil, the insulated tank and metal pipes

to connect the cooker with the heat storage tank) would certainly be out

of reach C': tbe average family.

For most parabolic cookers, maximum cooking capacity is tva to four

~gs. Depending on the design of the solar cooker, the required heating time

to bring one liter of water from room temperature to the boiling point varies

f::(.',~ 15 ci.nutes in rigid paraboloid cookers to 30 minutes in a solar oven.

3y centrast, the normal heating time on a simple ~ood fire is about five to

ten ~nutes (~alton, et al, 1978).

~

:-1a.nufacturing costs va':Y from $16 to $30 for parabolic cookers and

about $35 for a focusing-oven cooker (Walton, et al, 1978). By contrast, an

ft~D-financed report, Renewable Enersz in Egypt, Analysis of Ontions (1980),

estimates that locally ~nufactured solar cookers (of unspecif:ed design)

I
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'..;ould cost f:-cm $84 to $196 per unit, including imported ::Jate:-ials. Solar

ccoke:-s ~~th heat storage capacity are still in prototJ~e stage, and

although prices are not knovn, they will al;nost certainly be too expensive

and complex for -;~illage use.

~o solar cooker design appears to be ideal~· suited for local =anufac-

t~e. All ~fPes requi:-e at least some components or ~terials either

::"r.rportec :':-om indu.strialized cou....tries or z::anufactured internally. '!'he

focusing types involve metallized plastic films, molded plastic reflector

shells and shaped ~tal ~omponents. Ovens require glass or plastic films,

polished aluminum and desirably, sheet metal for the oven box. H~ever,

solar cooking units could be assembled in small industrial establisncents,

using some imported parts, local labor and various local materials.

Solar Cro"O Dr'[ers

Simple open air dr-.riog is the oldest and IllOst Cr.:lmI:lOn for:n of crop dry

ing in the ..-arId. Thin layers of harvested crop are spread. on the ground,

exposed to the sun and breeze. When drying produce is placed in racks or

trays, affording better controlled exposure to solar radiation and wind,

the r~sult is reduced handling and increased product quality.

In recent years, "solar drying lf has also come to refer to a process

in ~hich the crop is placed in solar-heated, enclosed containers. The

collector is a clear ~eet of glass or plastic, although the dr-.ring chamber

can be made of a variet".r of local mterials such as -..rood or adobe.

Thin poJ.,yethelene sheeting is most ofteu used as the collector in solar

crop dr.rers for use in developir~ countries. Glass could be used but it is

I



- 48 -

::.ore ex:;:en~ive and o:-eakage proble!:ls ::lake it even more impractical. Eov-

ever, polyethelene also has disadvantages. Thin polyethelene is easily

punctured or torn and even heavy gauge polyethelene oecomes brittle and

more s14sceptable to puncturing and tearing after several :I:.Onths r exposure

to the sun's heat and ult:-a-violet rays. A UNICEF-financed appropriate

technology da~onstration center in Nairobi ~ound that 250 gauge polyethelene

lasted about six ~nths before brittleness occur~ed (personal communications).

The cost of sheeting for s~ll solar drJers vill '/arJ according to location

and availability, although it should fall in the range of $2 to $5. Wnere

sola:- drJers are promoted, the supply of polyethelene sheeting vould likely

have to be assured by the project, as fev ~~ral areas have regular supplies

available.

~e effectiveness of solar drJers depends primarily on prevailing

veather conditions and the quantit,r and moisture content of the crop to be

dried. The UnICEF :nodel dryer can handle about 25 to 50 kgs per batch

depending on the moisture of the produce. In Nairobi, six to eight hours

of strong sunshine is reportedly sufficient to dry most products to 12

percent moisture, although high moisture products are dried in smaller

batches (personal communications).

Because of seasonal, short-term use, crop drJers are best designed so

that a variety of cr~~, maturing at different times, can be dried in

sequence over a long period of time. Even so, the l~~~ed 'nnual use of a

solar drfer vill require it to be lOW' in cost so that the in"r, ,>tI:lent can be

:-ecuperated in a relatively short time.



- 49 -

?uture ~ork in developi~g and promoti~g solar drJers should emphasi=e

the use of local co~str~ction materials and include detailed documenta~ion

of drJer costs and performance in actual on-farm use. DrJer performance

should be contrasted ·~th that of simple open air drJing (or the prevailing

techn~logy) ~ith particular attention given to user reactions to the

convenience (or lack of) i~ using the n~~ d=yers.

?hotovoltaics

~jor advances in ultra-modern technology ~y in the next five to ten

years make photovoltaic (PV) cells, wnich convert sola~ energy into electri-

city, economical~ feasible for powering some mechanical processes in r~al

areas of developi~g countries. PV cell cost has declined considerably

since the first ~or use in space exploration technology due to ~rove=ents

in design, manufacturing technology and mass production. EarlJ Mariner space-

craft PV arr~s cost several million dollars per kilmr~tt (NAS, 1976) compared

to today' s cost of about $2,000 per kilow.tt (World Bank, 1980).

PV power system costs are commonly divided into costs associated ·~th

the actual photovoltaic module and ·~hat is ter::led BOS (balance-of-system,).

BOS costs include the I:lodule frame and support structure, electrical ioTiring

and control circ~its, storage batteries, system design and inspection.

Depart~ent of Energy module cost projections in 1978 dollars are as follows:

$9.00 per Wp in 1979, $5.00 per ~p in 1980, $2.45 per Wp in 1981, and $.61

per ~{p in 1986. (Wp or peak -..re.tt is the rna.ximim power produced during full

solar exposure). Optimistic projections for cost reductions in PV cells mus-:

be tempered ~ith the fact that BOS costs, vhich are not expected to drop
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significantly, are a large part of sett~ng up a PV system. Rosenblum, et

al (1979) assess 30S costs in a ~~rie~J of developing country applications

to be in the range of 46 to 47 percent of total installed system costs.

Even though the long range costs of PV systems may be competitive ·~th

diesel or gasoline poyer sources due to l~ PV maintenance costs and zero

fuel costs~ the initial start up ccsts for small scale applicators are

est~~ted to be three to six times greater than for gasoline generators.

(r,.Teiss and Pa.k~ 1976). An "UD·-financed prototype PY poyer proj ect in the

village of Tangaye~ Upper Volta required soce $57,000 in capital cost for a

1.8 k~ip PV system to poyer a SIll2.ll grain grinder and ·,.;ater pump. 'The

Project Paper initially est~ted that a diesel poyered mill vould have

cost less than $5~000.

Smith (1979) cal~~ated a breakeven cost of $1.49 per Wp (the 1983

price projection) for installed PV arr~s inclUding BOS costs~ compared to

the installation, fuel ($.50 per liter) and maintenance costs of a five hp

diesel engine suitable to run a typical village rice huller or grain grinder.

In his calculations, the PV system is projected to have a life of 10 to 12

years and the diesel engine 8 years. HoYever~ the actual poyer output

and breakeven costs of PV and diesel syst~ is variable~ depending on the

cost of the diesel fuel, maintenance requirements and on the number of hours

either system is used each year. As veIl, the cost of electricity from PV
.0{,

systems is complicated to estimate in advance for any specific location due

to regional and seasonal 'rariations in solar insolati~n~ differences in

storage requirements and uncertainties in the actual lifetice of PV cells and

of storage batteries.
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?V power sources, ~~ic~ have been used to power ~ ~arie~J of devices,

suc~ ~s educational television units and telecomrr.unications relays, could

be adapted to power vi:~ual~ any postharvest device which can be driven by

an electric motor. However, gi7en the high capital costs, t~eir application

will be ~estricted to heavily donor-supported projects. r~en these are

undertaken, site specific cost analyses over the life of the PV syst~ ~~ll

be ~erJ useful to establish cost data in different settings and to more

c:.J..1:arly deter:::ine cost cozuparisons vith other sources such as diesel,

gasoline, -;ind or hydro-powered generators.

Animal Draft

'I'he use • a..'1imal draft has to date received li::lited support i;~ develop-

ment programs worldwide. ~JPicallj, the use of s~ll tractors has been

encourased instead, often -with little success, due largely to the high

capital costs and problems of inadequate spare parts supply and inadequate

maintenance.

The use of draft animals is generally restricted to a~eas w~ere there

is a year round supply of forage for the animals and where animal disease

is not a ma.j or probl~. Where year round supply of forage is a proble.'ll, the

use of ensilage pit storage may be effective. nowever, alleviating tick and

tse-tse-borne diseases has been particularly problecatic in tropical and

subtropical Africa. A major AID-supported research effort is under...ay at
...

the International LaboratorJ in Animal Diseases (ILP~) in Kenya.

wnere animal draft has been successfully introduced, in 3enin, Togo and

Senegal for ex~ple, a major initial application has been in local tr~nsPOrt'

I
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both for the ovner's field-to-home and home-to-market trans~ort as ~ell as

rental to neigtboring farmers for the same purpose. There is no detailed

~eporting of projects to adapt or promote an~l dra~ to po~er postharvest

processes such as threshers or grinders (as was commonlj done in pre-indus-

trial U.S.) although VITA reports that the University of Dar el Sa~aam in

Tanzania is beginning a research program to develop ani~al po~ered grain

mills and threshers. The Peace Corps is presently preparing a manual on the

introduction and use of an~~al draft which ·~ll address issues of cultivation

and transport implement design and construction, in addition to animal

health, feeding and training. wbere animal traction promotion programs are

undertaken, project plans should include feasibili~J studies for the design

and adaptation of such ~~imal draft powered implements as t~eshers, grinders

and hullers.

Pedal P~~er

Pedal power is widely used as a power source f~r small transport

throughout the ~rld. However, little research has been done to harness its

potential as a direct source of energy to po~er stationa~ mechanical devices

such as grinders or hullers which require more po~er over a longer duration

than is practical for hand-cranking.

~cCullough (1977) estimates a 300 percent increase in the output of a

s=all pedal po~ered grinder compared to the same hand-cranked model, finding
~

that a pedal po~ered grinder could process five pounds of ~eat in 20 minutes

~hile hand grinding the same amount took one hour. Weir (1979) found that a

man can produce four times more po~er by pedaling than by hand-cr~~ing,

however the duration is limited due to the strenuousness of the exertion
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required. For example, a man can pedal for ten minutes producing 1/4 hp

~here only 1/8 hp can be rwaintained pedaling for an hour.

Weir has developed designs (available through ~~TA) for a portable, one

or t~o person pedal pover unit vhich is suitable for local manufacture using

a bicycle sprocket vheel, chain and seat mo~~ted on a ·~oden frame. He

estimates a cost of about $40 for local :IB.nufacture. .4J.though no dOCl.4menta-

tion is available on the extem; of its use at the village level, it is

purported to be ~daptable to a varie~ of small mechanical devices such as

ioI'innowers, cassava graters, coffee pulpers, grain threshers and hullers.

Wu and Esmay (1975) report that locally made Taiiol'anese pedal powered threshers

process 600 to 800 kg per day! which is 50 to lOU percent more than the hand

threshing output of the four or five people required to operate the pedal

thresher. The Tai·~nese model costs about $24 (1972) and in 1966 there

vere nearly 200,000 in use.

Pedal power units which can be adapted to a variety" of mechanical

devices have the advantage of being able to recuperr-.te capital costs more

quickly than units vhich are built as part of a single device such as a

thresher, vhich is used only seasonally. Hovever, each kind of equipment

may have different r. p. m. ratings -.mich necessitates a variable transmission

system for an acaptable po~er unit, adding to the expertise needed to

design, build and operate the unit. Research on a local basis to dete~ne...
the feasibility of pedal pover adaptation to (potentially) available mechani-

cal in:.plements could include design modifications to make the paver unit

adaptable to the most common and economically viable paver needs in order to

retain but limit unit adaptability and reduce construction cost.
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~'Tind Power

The '~nd has been recognized for thousands of years as a verJ useful

en.::··gy source. In early' Persia, ·.;indmills were used to grind grain, •...hile

the Chinese employed vertical axis mills to pump brine. The Cr~saders

returning to Europe i.:l the 13th centurj, brought '.;i th them. knowledge of

Middle Eastern windmills which had been used extensively there for ~re

than 200 years (Lucsdaine, 1980). More recently, windci~ls were used to

generate electricity in rural areas of the U.S.; prior to the grid-based

Rural Electrification Program. Some 500,000 wind-electric systems are

kna-.m to ha~.re been built, but most fell into disuse as fossil fuel derived

electricity became cheaper (Battelle, 1977). During the years be~_een 1950
cs

and 1970, industriali=ed countries largely abandoned '~nd power as an economi-

cally competitive form of energy.

Today, with increased petroleum prices, windmills are becoming more

economically attractive. Windmills for mechanical applications are, though

still scarce, becoming more widespread in developing countries, while

industrialized countries have begun to return to windmills for generating

electri.city-a more adaptable and transportable energy state, although

more cOI:lplex and expensive to produce.

T,.J'yatt (1981) has sUI:lIIlarized the developments in windpower in Afl'"ican

countries noting a number of on-going projects, primarily wind-mechanical
."-

pumping systems. Among these countries, Cape Verde, Kenya, ~anzania, ana

South Africa manufacture windmills-with South African production the

highest. A varie~j of designs are being experim~nted ·~th, such as the

Creta:l sailmill, the Dempster-like :nu.lti-bl3.de fan ::lill, and the VITA Arusha.

I
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Asia has long used low-head ~~te~ pumpe~s utilizing a lifting chai~

connected to canvas covered blades (or impelle~) by a va~iety of possi~le

drives and usual~ oriented on a vertical axis. In Asia at prese~t, China,

India ~~d ~~ailand appear to be the greatest users of technol~gically simple

-.;indmills.

In Latin Ame~ica, documented "windmill use is sketchy. Costa Rica has

conducted a mmbe~ of activities such as holding a 'Sun Day' and solar "'iork-

shops ~here "wi~d po~er ~~s given some attention. A good surv~ bJ~ Lumsdaine

(1980) of existing vindmill systems, and future rindmill and component

developments ~s presented at a vorkshop sponsored qy ~he Costa Rican

1Tational Council for Research and Technology and the U.S. Academy of Sciences.

'\olyatt also is reported to have begun a surv~ of rind po~er developments in

Latin Ame~ica.

The amount of energy which can be tral'ls:'ormed from wind into useable

energy depends essentially on the efficien~f and size of the ~~ndmill and on

vind speed. The a=ount of energy that can be theoretically captured or

extracted f~om the rind qy the wost efficient ",.;indmill imaginable is 59.3

percent (Lumsdaine, 1980). This, in effect, means that no additional ene~gy

can be extracted without causing the air to lose its motion, ~he~eupon the

windmill blades would stop turning. Ho~ever this is the theoretical maximum

energy extractable in a frictionless environwent. The actual amount a mill...
car. extract is considerably less. The rindmill desigr.s which come closest

to this maximum are modern, high speed propellors rith mini."lla.l drag, and even

these only ca:f)ture 46 percent of the 'total energy. More commonly expected
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~ounts are bet~een 10 and 40 percent (Hackleman, 1974 and Lumsdaine, (1980).

~i~d~~ll efficiencies may also be expressed as a percentage of the theo

retical :r..a.xi!lIUm energy available. That is to say, a mill capturing 30

percent of the total -Nind energy blowing across its blades is ~pproximately

52 percent efficient ·Nith respect to the amount of ~nergy that is theoretically

possible to extract.

The size (or area s~ept by the rotor or blades) of a windmill is another

factor dete~ning the potential energy Vhich can be extracted from the wind.

An increase in the ~c~gth of a rotor is expressed as an area of units s~uared

(A=fj'r2). This ::leans that if for example, the radius '::'f a propellor is

doubled, its svept area ~uadruples. Logically though, str~ses imposed b.r the

greater ~ss of the lengthened rotor and the costs of strengthening support

structures l~t the caxirnum feasible size of the propellor for most small

yind poyer applica~ior.s.

The velocity of the wind is the single most important factor to deter

mine hoy much poyer can be product:!d by a windmill. It is particularly impor

tant to note that the poyer produced by a rindmill, expressed in vatts or

horsepo~er, is proportional to the cube of the velocity of the wind

(Lumsdaine, 1980). This means that a 20mph "'Nind can produce eight ti.:nes

:::.or~ energ:r than a 10~h ...-ind.

High energy w~nds~(12-25=ph), While less frequent than prevalent winds

(5-12~h) can provide 75 percent of the available Yind energy even though

bl~wing only 25 percent of the time (Hackle~n, 1974). This is so because

Yind energy is arrived at by taking the cubes of all the various rind speeds
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~hich have occurred during the day: (A3+B3+C3) =V3. It is not correctly

expressed as the cube of the average daily velocity: V3* (A+:S+C)3. ':'his seem-

ingly minor point can result in a difference of 150 percent more available

•...ind energy i:' the ::.easure!:l.ents intervals are shortened to, for example, hours

rather tr~n given as a daily average (Hackleman, 1914). This underscores the

need for rather sophisticated measurement of the daily distribution of ·,;ind

speeds, especially high energy vinds, in dete~ning the feasibility of

vindmills at any given site. Hovever, data on average daily vind speeds,

·..hich may be more readily available, can be usei".l1 in initially identi:ying

potential ~nd pover sites which have the ~n~ pOwer requirements for a

specific application.

Average vind speed data may be roughly deter=i.ned ....dth inexpensive equip-

::lent such as the hand held w.rer vind meter ($1 to $30). Hovever, freq,uenC"j'

distribution requires more elaborate equipment, and if automatica.J.ly recorded

data is needed, a complete metering station can cost $750 or more (VITA staff).

~xisting meteorological summaries such as the N-summar,r and the World Wide

Airfield Survey, compiled qy the National Oceanic and Atmospceric Administra-

tion (NOAA) could be used to provide baseline data for the initial identifi-

cation of countries vith the greatest wind pover potential.

The relationship beteen these three important factors--mill efficienC"j',

vind velocity a~d svept area--to the pover output can be summarized in the
.~

following equation as:
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,P "'A'T 3
• .c:;. • •

J =

=

air density of 1.21 kg/m3 -- assumed to be
constant for simplicity.

the calculated percentage of the theoretical
:IJaximw:1.

A = the svept area in m2.

v = the "rind vel~city in o/sec or mph.

P = power in >1atts or horsepower, at the blades
(Soderholm, 1974 and Hackleman, 1974).

This 'P' is the gross power produced by a "~ndmill athough the net available

to run motors or mechanical devices may be substantially less due to conver-

sion and transmission losses.

Windmills may be divided into two broad classes based on the orientation

of the axis, either vertical or horizontal, about which the rotor spins.

These tvo classes are generally subdivided, in turD., by the application to

-..hich they are put, i.e., the generation of mechanical or electrical lJOwer.

Vertical axis windmills are generally lower in cost and relatively simple

to construct -..hen compared to horizonta.1ly oriented mills. The disadvantages

of the vertical axis types (such as the Savonius mill, made from. a split oil

drum) are low efficiencies and lack of effective s~eed governo~s for protec-

tion in high winds. The low efficiencies of the Savoni~s are due to the ~act

~

that its blades revolve ::-elatively slowly in relation to the speed of the wind

and the heavy blades of this vertical axis mill produce large amounts of drag

when facing edge-on or ::-ear~rd in relation to wind di::-ection.
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~~e S~vonius or a s~lar design oay be suitable ~here light to =oderate

~:~ds are prevalent and the po~er applications are, for example, l~ head

pu.:::.pi:lg. Areas of directionally variable ~i:lds could benefit f:::-om a vertical

design as it can be poYered by ·;i:ld f:::-om any direction and need not turn to

face the ~ind as is the case for horizontal axis mills.

S:orizontal axis mills generally produce greater amounts of poyer than

equivalent sized vertical machines because the horizontal mill points tte

entire frontal area of the rotor into the Yind, in contrast to the vertical

~ll ~hich alYays has part of the rotor producing drag rather than poyer

(Park, 1975). The varieties of this t'ne of mill being experimented .;ith are

:lumerous but the main characteristics can be summarized in three examples:

the Cretan sail, th~ crulti-blade fan and the modern t'~o-and three- bladed

propellor.

The Cretan sail is a rather simple, low cost mill, which can be locally

constructed of wod or bamboo and sail cloth. It produces the high torque

at low speeds suitable for mechanical applic~t~ons. P~though no cost infor-

mation is available, one such application is being tested for grinding

grain by the Faculty of the Agricult~a.l College of Morogoro, Tanzania

(·Hyatt, 1981). A disadvantage of tr.e Cretan sail is that due to its large

nass, it is not ~ell suited to respond ~uickly to changing Yind di:::-ections

and so should be considered for areas where Yinds bl~ generally from the
'"

same direction. Controls are relatively s:il:Iple but not automatic-hand

reefing of the ca~vas sails is called for in sale Yinds.
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T~e ~idely used ~lti-blade fan design ·~s developed in t~e USA in

1854 and has been mass p~oduced, exported, and copied around the world.

Although it may not be as efficient as the propellor driven mill, the rnulti

blade fan is rugged and ·.:~l.l designed ::or wate~ pm:l'ping. Any such tills

used in developing countries should incorporate an autocatic governing

system ~bat causes the blades to ::ace edge-on into gale ~inds and prevent

overspeeding.

The common fan mill ~~lqys a c~a~~ or eccentric ~heel to transfer

pover from the horizontal axis towards the ground. Unless this crank or

eccentric ~heel is ~eplaced ~th a core 'even' pover transfer, it is not

~eco~nded that ~echanical devices be poyered other than the water pumps

for ~hich it was designed. Such devices as ~rinders can apply stresses on

the sr.a:'t" rotor a~d crank causing mill failure (YITA recommendation).

Except for water pumping, little recent work bas been done to adapt

mills to the 'Wide variet".r of tasks encountered in the postharvest food

system •..hich require smple mechanical pover. A technological~ simple,

multi-pur:;:ose mill needs to be developed that ·.rould effectively combine

·~ter pumping with grain grinding and threshing or any activity not neces

sarily requiring constant speed regulation.

Wind-electric systems ·.rith aerOQ~amic high-speed propellors have

received attention mo~tly in industrialized countries. Develcping countries

have had little reported experience inth this technology, in large part

because •.."ind electric systems are considerably more costly and complex than

~echanical mills. In the future hovever, many ~raJ. tasks could be p ....ered

1
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by TNi~d generated electricity. TNhere feasible and economically viable,

~ind-electric systems could provide necessarJ po~er to remote hospitals,

drive electric motors attached to refrigeration units or grain grinders, or

provide light to villages.

Storage of sufficient amounts of electrical energy for periods of

little or no ~nds can add significantly to the cost of wind-electric

systems. Lead-acid batteries are still the ~st commonly used storage

medium, ho~ever research is progressing on a number of alternative systems,

such as hydrogen fuel cells, fly T,;heels, and pumpe", ~~"t ~r storage. At the

present time, no reasonable alternative exists to the lead acid batter,r for

tne small ~nd-electric system. The most practical batteries are 6 volt,

3 celled tr~ck or electric industrial vehicle batteries ~hich are better

than regular automobile batteries as the"J are less likely to be damaged if

completely drained during l~ wind or calm periods.

Accurate local data on wind s~eed distribution, including the frequen~J

of calm periods ~hi~h determines the needed power storage capacity, is

particularly important to match windmill to generator and storage capacity.

The expected load (in kilowatt hOt~s) is caculated fran the number of appli-

ances or motors that are intended to be employed. Then by matching the

manufacturers' suggested operational ~~nd speed and power output to actual

....ind speed, the appropriate size windl:lill, generator and storage capacity...
can be determined.

It is difficult to ~e general statements about the economic

feasibility of either mechanical or electrical TNind power sytems. T..rind
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data, installed equipment cost, maintenance requirements and ~over require

~ent~ as well as the cost of purchase, operation and maintenance of alter

native equipment (such as a diesel powered grain grinder) must be considered,

and var,y according to location. Such existing cost data on ~~nd power

systems are limited to comparisons of diesel and '~ndrnill systecs ~or water

p~ping and electrical generation, ~~th no knoYn reports documenting '~nd

mi~l-mechanical and alternatively powered grain grinders, for example.

The World Bank (1980) cites capital costs of commercial '~nd-electric

generators at $5,000 to $15,000 per kilowatt installed, including storage

batteries, compared to $800 per kilowatt for small diesel povered generators.

T~e higher cap~tal costs of wind ~Jstems may be offset in the long run,

however, because fuel costs are zero.

Pak (1974) presents an interesting comparison of various wind-electric

and diesel generator systems. Although somewhat dated, the study indicates

that where there is adequate wind speed, wind-electric generators begin to

be competitive vith diesel generators at investment interest rates of

8 percent or less and delivered diesel fuel costs of more than $.60 per

gallon. With delivered fuel prices of w~ll over $2.00 per gallon increas

ingly comcon in remote inland locations, wind generators may be competitive

~ith diesel generators, even a~ interest rates as high as 15 percent.

It is important to note that p~~IS cost projections are based on ~-n

ass~ea 15 year life of the w~ndcill and 10 years for the storage batteries.

However, in several African countries, for example, the useful life of

i~orted windmills has been verJ poor due largely to problems in the supply
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of spare parts and inade~uate maintenance skills. If imported commercial

~ind-electric generators are to be encouraged, everJ effort should be made

to assure ade~uate maintenance training and spare parts supply.

Windmill costs rill ~rar:r considerably if they are imported models

or constructed locally, and costs of locally !Ila.de ...-indmills rill depend on

the design and the availabili~J of local materials. V!~A, for example,

offers plans for a '~nd-electric mill which is ~de from scrap automobile

parts, including a rear axle, voltage regulator and generator or alternator.

Depending on modifications and ~ndspeed, the unit ...-ill produce from 50~

·.mtts to 3kW.

Although the cost of most wind-mechanical and wind-electric systems are

likely to be beyond the means of individual farmers or small farmer-coopera

tives, there may be a variety of promising postharvest applications for rind

mills, particularly in supplying the power needs of such activities as grain

grinding and refrigeration. Given high capital costs, appropriate credit

programs ~ll need to be developed to encourage windmill use.

In ma~ cases the collection of reliable vind speed data, on a national

level, ~y be a critical first step in initiating wind power programs. In

some cases, this will re~uire the installation of new meteorological e~uip

ment and the training of personnel in data collection and assessment. Where

feasible wind power sftes are identified, rindmill trial and demonstration

units adapted to local power demands should be installed to assess economic

and practical viability, rith particular emphasis placed on designs suited

to local manufacture.

I
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Rydro Pover

Hydro pover in the Third World has been ~arge~ uncer utilized, both

for the generation of mechanical pover and electrici~f. In fact, develop-

ing countries have ~ore than 70 percent of the vorld's =ajar hydro-electric

potential although they have only 24 percent of the installed generating

capacity (Hove, 1980). Long re=ognized in industrialized countries as an

economical and reliable pover source, hydro pover application has lagged

in developing countries, due in part to the eno~us capital costs demanded

for large dams and civil •..orks for :::.aJ or hydro-electric installations and

to limited donor organization support for small scale applications such as

vater vheels and mini-hydro (turbines).

Pover generation by the use of moving vater is by no means a nev tech-

nology. Extracting pover from a certain <luantity of ;water (flov), falling

a certain vertical distance (head), by stri.'dng and moving a vheel is a

techni~ue that has been knovn for centuries. The vertical vater wheel

dates back. to 1st centur:r B.C. Rome, 'With ·.ra.riations which slowly evolved

over the centuries into three commonly known water wheel designs: the

undershot, breast and overshot wheels.

The overshot -..heel is probably the :nest commonlj" used ;water wheel design

due to its typically higher efficienC"f and pover output. Falling vater,

'With a head usually of 6 to 8 feet or more is supplied to the vheel via a
o-s.

shute or flume. .A.s the water wheel's buckets are filled 'With ;water, they

are pushed downward, turning the ·.;heel and producing pover through the

-..heel's axle.

1
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Sturdy and reliable, 'Jater ~heels ~ere one of the ~eans of grinding

grain and ~ni~g so~e of the ~irst =achinerJ of the Industrial Revolution.

~he ~~ter ~heel ~ith its sl~ rotational speed (5 to 30 ~m) ~~s suitable

~or powering s~ple cachines and mills which did not require strict speed

regulation. Although the pover '..hich can be deri'Ted f':'CI:l a 'Water ·...heel

depe~ds on site-specific factors such as fl~, head and wheel size and

ef~icien~J, ~or illustrative purposes, an ~verage si=e overshot wheel -~th

a 16 ft. (4.8I:l) diameter, vith an average efficiency of 60 percent should

produce at least 10 hI' under ~oderate flew- and head conditions (VITA, 1980

and Ovens, 1975).

~odern use of the ~ter wheel in developing countries has been limited

and poorly dOCUI:lented, with no known, ~ or development efforts to encourage

its use. One documented water 'wheel development project in Ml~e, ~-1a.la.wi

~et ~ith mixed results. Initiated in 1974 by a missio=arJ doctor, the water

wheel project was a response to villagers' needs for grain grinding when

maize was newly introduced into the area as a replacement for thp disease

devastated cassava crop. .~though original~ projected to cost $17,500,

due to the crisis circumstances and initial poor planning,the Yheel project

~inal~ totalled $30,000 (Wendrof~, undated). Generous technical assistance

-...-a.s provided b'J the Canadian University Service Overseas (CUSO), Oxf'am of

:::ngland, and by VI'!'A. Under more favorable circumstances, ~~ter -..heel costs

should be considerabJ;(" 10".Ter. '!'here are reports of local~ made, ',;ooden

vater ~heels ~plqyed for grain grinding in Nepal and Afgh~~istan, although

costs <:1.re not dOCUZlented (VITA staff). ,~advantage of -water wheels is that

they can be constructed local~ using wood as the pr~-arJ construction
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~terial. Depending on the site, necessa~ water diversion structures may

be relatively simple and lOW' cost, particularly if constructed '..rith self-

help labor and local materials such as earth, stone, or vood. Ovens (1975)

offers a basic guide to water vheel design and construction.

\';ater -..heels, •..hile relatively si.::rple to contruct and operate, are

lL~ted to the production of mechanical powe~ vhich is transmitted over

verJ short distances. The powering of machinerJ can be accomplished

relatively easily by employing used automobile drive shafts and the attached

universal joints for power transmission. Various postharvest devices such

as hullers, shellers, or grain grinders may be powered qy a water vheel

(Ovens, 1975).

As a practical measure, elec~rical generators, OW'ing to the high

speed requirements (1500 rpm) cannot be powered qy water wheels since the

step-up gea:-ing that -.."'Ould be necessa::y is costly and cumbe:-so:me. It was

this slOW' speed limitation and the demand for electricity which, in indus··

t:-ializing countries, prompted the design evolution of the water turbine

-from the water vheel.

The cross-flOW' turbine, commonly known as the r-1ichell/Banki turbine,

is one of the most promising turbine designs for use in developing countries.

The cross-flOW' turbine's moving part is a spinning cylindrical drum of

'vt:ut:i;ian blind' blades moved once by' the water rushing in, and then again
.~

by the water's exit The Michell/Banki turbine, by design, accepts a ride

variation in flOW' and is simple to manufacture (McPhee, 1981 and Haimerl,

1960). Because of its simplicity, the cross-flew turbine is most applicable

to manufacture in developing countries. Simple variations in the '..ridth of
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the ~Jli~drical drum and the nozzel through ~hich ·~ter enters~ de~ercine

the oU'c!lut of the t:.u-bine. ~ro other turbine design can be ::a.nufactured

so readily for a variety of possible vater flows. S~nce little else needs

to be changed for differing ~ter discharge rates~ considerable costs can

be saved Oy sto~~i~~ identical !larts for different sized turbines (Breslin~

1 °70 and ~Io~e~ 1078).. ,. ., ./J_ .... , _,. •

Recently~ mini-hydro bas been the subject of reneved interest in

industrialized countries where this rene~ble energy source has again

become competitive vith fossil fuel derived electricity. In the United

States, this has come about due to the ~ombination of fuel price increases~

and the recently passed National Energy Act of 1978 vhich mandated that

utilities :IIllst accept pover from private dams and pa;r fair pr-ices. These

developments Jed to a veritable rush to renev and repair old sites that

had fallen into neglect~ particularl7 in the Northeast (McPhee, 1981).

Increased interest in mini-bJdro in industrialized countries ba~ helped

spur interest in its application in developing countries. To date, hovever,

~th the '~xceptioa of China~ the actual. const~ction and installation of

large numbers of units has not yet taken place. China is reported to have

bui~t 60,OCO mini-hydro units of 50kY or less siI:ce 1958 (ITDG, 1979).

A small program has gotten under~y in Nepal vith assistance from

develop~ent groups suoh as the Sv1ss Association for Technical Assistance

(SAT.:.) and the Inter:nediate Technology' Group (ITDG). More than 30 turbines

generating 10 to 15 kW each are mechanicall7 povering ~lling operations there,

and three smal.l Nepalese co~a.nies ha"le begun producing a version of the

---:::..,;
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:1ichell/Ea.r.ki c::.·css flow turbine for low power tasks. Six village electri

fication plants~ having capacities of 20 to 50kW~ are presently in various

stages of construction and are also believed to ~loy c~oss flow turbines

(ITDG~ 1979).

Tanzania is reported to have 14 small scale p1ants~ either in opera

t.ion or under construction~ ~th generating capacities of 5 to 18okW.

The~e plants~ built primarily to serrice the needs of varicus church

missions~ have estimated life expectancies of 30 to 40 years (Kadete and

Re.lchel~ 1978). If these mini-hydro plants can actually be z::a.intained for

that long~ the~e should be strong economic competitiveness of s::::a.J.l scale

hydro in co~arison to electrici~ produced by burning fossil fuels.

From. the variety of commercially availa:ble turbine designs for small

power applications~ axial flow propellor turbines are generally best suited

to l~ heads (1-3m). Francis and Michell/Banki tu~bines are suggested for

medium heads (3-20m), and the Pelton impulse types are better adapted to

high heads (20m and above). The Michell/Banki appears to be best suited

for its adaptability to large nuctuation in now; the Pelton to low flow

a.nd high pressure; and the propelor turbine to low hea.ds and low to moderate

flows (VITA~ 1980; Breslin, 1979; and McPhee~ 1981).

Properly evaluating and selecting a plant site is extremely i.:nportant

to the success of any~hydro power project. This involves assessment of a

number of factors. The potential power that can be derived froI:1 the stream.

or river, dependent upon the minimum and maximum flow throughout the year

and the a~railab1e head, w~ll dete~ne the proper size of the wate~~heel or
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~~rbine and generator. The flc~ and the geology and topograp~~ of the

stream banks define the required civil vorks~ including ~he necessity and

~i~e of the dam and the pensto~~ length. Soil and vater conditions are

i~portant factors in potential maintenance problems (e.g., a high silt content

in the v.ater can vear turbine blades.)

Perfor:ning site selection does not necessarily re~uire highly trained

specialists. ITDG (1979) points out tnat teems of lvcal technicians

could be ·~rained in evaluation and siting~ thus avoiding the dependence on

foreign experts. This London-based~ technical a.ssistance development group

has had extensive involvement in mini-hy'dro technology for developing

countries and~ffers training and technical assista.~ce capabilities for

site surveys~ plant design and installation, vith the principal objective

being to establizh local manufacturing and installation capacity.

Toe projected costs of mini-hydro plants are difficult to axpress~

except vithin a fairly vide range~ due to a variety of factors encountered.

Some of this is due to the pauci~.r of ciata provided concerning the various

assumptions used by different authors in detercining and reporting costs.

Other uncertainties are present simply because an average system is vel7

difficult to portr~ ·~th factors such as individual site topography, neces

sar,r civil vorks~ local labor costs~ and flow history of a stream or river

all highly variable. ..

World Bank (1980) estimates installed costs of low head~ mini-hydro

to be $3~500 per installed kilowatt at a paver cost of 12.7i per kilc.~tt

hour, cocpared ~o small inland diesel generator installed costs of $800 per

I
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kilcwatt at a pover cost of 13.2i per ki2~~~tt-hour. Reports of ITDG (1979)

and Meier (1978) indicate that installation costs may be somevhat lower,

based on mini-hydro plants operating and under construction in Nepal.
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Other
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!TDG (1979) estimates that at a lead factor of 30 percent, ~epalese

~ni-hjdro kilcwatt-coUl" production costs are equal to the fuel costs of

equi~r.alent sized diese!~generators, even excluding diesel generator :ainte

nance cost. Tee ~~DG study concludes that even though the data cited is

specific to ~repal, it is reasonable to expect that similar r.esults ·~ll be

Meier (1978) cites the total cost of 10 to 15kW mini-hydro plants

supplying direct mechanical pover for three grain milling machines (includ

iug h=a~ "u.~s,-yuw~r house and milling machine~J) at S4CO ~o $1,000 per

kilowatt. Also cited are costs for 20 to 50 kW electrical generation plants

at $1,000 to $2,000 per kilcwatt including the cost of all equipment and

constructicn '~rks, although excluding transmission costs. ITDG (1979)

estimates a cost of $66,000 for a 40kW electrical generation plant, or $1,650

per kil~tt including tr~nsmission cos~s, based on reported costs at six

existing or planned ~repalese mini-hydro sites Cost breakdavns are as

~ll~:
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:'ound at si-:es in othel" countzoies "..;here the choice of technology for !"Ul"al

elec~zoification is to oe ~de be~~een ~ni-hjdro and diesel-elec~ric

syste!:lS.

':'0 encourage hydro powel" exp1.oitation on a na.tional le'rel, most

countl"ies need first to conduct su.~reys to identi~j potential hydro power

sites, both to locate sites "ihere thel"e is feasible hy~ro power potential

and where ~here is present or future potential demand :'or mechanical or

electrical power. The ~ership of land in potential hydropower sites and

any projected displacement of cultivated land or habitations d~e to construc-

tiontion or damming are verj important local issues which must be thoroughlY

investigated to assure local support for any hydro-power iniatives.

Due to high capital costs of mini-hydro, the provision of credit "rill

be necessal""j a.nd the terms of' financing schemes rill be crucial to the

success of any hydro power proj ect. Emphasis should be placed on trainir.g

local technicians in identification and eva.l.ua.tion of potential byliro

power sites, plant design, construction and maintenance. Wherever possible,

local :c::anufac1:ure of turbines should be encouraged, although imported

turbines and eq,ui:;;mlent "OZ'j be necesarj at the outset of' national programs.

3i05as

The production of ::lethane (commonly referred to a biogas) by the

anaerobic fer.nentation of animal dung, crop residues and htman ~ste is a
...

ren~ble energy tecr~ologr which has been used extensive17 in China, India,

Tai·;.an and Kor~a, ·rith l~ted experiences in ~ny other developing countries.

Methane can be used as a fuel source for cooking, lighting, or heating.

can also be used as a fuel for s~ationarj internal combustion er~ines to

I
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power grain grinders~ hul~ers~ electrical generators~ etc. ~e use of ~thapr.

to ~uel transportation vehicles r~uires gas pressurizing equi~ent whicL

generally too cost~ and complex an undertaking for small biogas plants in

rural areas of developing countries.

In addition to the production of methane fuel, the ~~aerobic fe~enta-

~ion process produces a residue that retains its near-original nitrcge~

content which can be used as an excellent fertilizer. ?urther. the heat

produced ~~ring anaerobic fer.:entation of an~l and human ·~stes destr~fS

or ~reat~ reduces pathogens in the digested ~terial~ effective17 ~n~~~zing

public health hazards associated with handling and disposal of animal and

h~n ~~stes. Although anaerobic fer.nentation is not unifo~ effective in

destrqying pathogens in ~ste, it is one of the ~st practical =ethods known

to reduce fecal-berne disease in ~eveloping countries (~AS, 1977).

There is considerable variation in the ~st~ted quanti~ of different

fe~entable feeestocks needed to produce a given volume of ~thane. Varia-

tions depend on the digester s,rstem efficien~f, environmental conditions and

on the type and quality of manure er plant material used as fer.nentation

feedstock. For example, the number of cows or pigs needed to supp~ sufficient

d~~g for a given digester to produce a ~;ecific :ethane output varies ·r.ith the

diet and health of the ani:als, as this ir.fluences the quality and quanti~J of

dung pro~~ced. General~ h~ever, the ~~e supplied daily from four to

six c~s ·r.ill produce sufficient methane for the cooki~ needs of a four or

five ~~ber family, or about 0.34 to O.42~ of gas daily per person (RAS, 1977).

~ere are ~~o basic ~es of~ scale d:gesters practical for use in

r~r?~ areas of developing countries. One, the conti~ous feeding type
r
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de!::and fa r arduous labcr to ~~J' andperiodica high,

used in developing countries. T!::.e Indian design has floating n:etal dome

There are essentialJ;{ three designs for gas collection frc::1 digesters

I

rural areas, reduces construction costs and extends the useful lif'e of the

covering the digester. The methane collects under the dame ~hich rises and

digesters using corrosion resistant materials such as stone, brick, ferrace-

falls ·~th the production and use of methane, keeping the gas at a constant

pressure. ~e Chinese model. has a staticna~J' dcme cover ~hich collects the

biogas as it is produced. Care ~st be exercised to assure tha~ internal

ment or concrete -..hich are much cheaper and more available than ::etal in

digester.

Sizple continuous feeding digesters t-,n:lically have three parts: the

assure that the fer:.entation tank is airtight. The construction of'
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and methane is an explosive lllixture it ignited, extreme care is required to

slur:"'J' evacuation chamber. Digester design CD,', be adapted to locally avail-

able construction materials. nowever, because the combination of o~gen

slur~J' mixing chamber, -~ich feeds into the enclosed digester, and the

generally ~ot as practical as the canti=uous feeding digester.

because

fill the digester each time the fe~entation process is c_c~leted7 it is

refilled to oegin the process again. The batch ~~e digester is adapted

the principal =aterials available ar~ seasonal crop resid~es. ~~ever,

digester, requires the addition of f.:ed. :tock ",t.d the r~.!!loval of an equal

to areas ~h~re fe~entation feedstock supplies are periodic, such as -Jhere

~hich is filled ~th feedstock and sealed ~~til the methane production has

leveled off, at ~hich time it ~st be completely e~tied of residue ~~d

amount of residue on a daily basis. The second ~e is the batch diges~er



J

pressu=e :~ t~e digeste~ 10es not oeccme so g~eat t~at t~e digeste~ -~lls

Alter:latively', an inflatable butyl or !"'..lbber

i~ the ::::ixture of the ~.eec.sto~~, 1~ '"'e 4:J2.y be ac.c.ed to bring the pH back to

the c.esi:-ed level. Anaerobic fer:nentation requires :-elatively' consta.nt inter

nal digeste!" ~em;eratures 1..'1 the !"ange of 95 0 and 1400F. Insulating the

the~e ar~ no othe~ sus~ec~ed ~easons such as temperature changes or a char~e

digeste!" t~~ .cr,r cove~ing it 4~th e~rth or compost helps to !"educe t~e~ature

~e anaerobic fe~entation process operates ·~thin a pH tolerance level

of 6.6 to 7.6 (NAS, 1977). Even though. rural digester operators rarely' have

the means to acC'..trately' :::.cnitor pH levels, -..~en :nethane production drops and
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Achieving the opti.I:la. '. mixture of fer:nentation feedstocks requi~es a

certain aJ:IOunt of skiJ.:' and experience since each digester responds slightly

di~ferent1J. The best feedstocks are ~et biomass such as fresh animal ~nure,

human -;.aste, aquatic plants or vet food processing -wastes. Crop residues

such as st~av, plant stubble or vines ~~ich are used as feedsto~~ need to be

chopped or shredded into small pieces to increase gas product:~n and to

facilita.te their flov through the digeste~. It should be noted that

:ate~ials for fer:nentation must be mixed vith an equal volu=e of ~ater, ~~ich

27 tax ayailable ...-a;:e~ suppl:'es in some a~eas. Additionall;j, biogas

production r=2.'j be difficult to introduce in a~eas ;.rhe~e there a~e st~ong

cultural taboos against the handling of human or animal -waste.

balloon ':Ay be cannect~'d to the digeste~ by a pipeline, ser-ring as the gas

collect~an and low-pressure storage :echani~.

placement in the U-barcmeter.

0:- dcme a~e da::::a.ged. A si::l.ple U-barCI:leter can be attached to the gas pipe

line frcm the digeste~ to ~onitor gas pressure by the level of ~ater dis-
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:luc~ua~i~n :n t~era~e areas. ~eating of the diges~er to maintain optimal

~emperatures durir~ cold periods is gener~l~ ~rac~ical for ~l scale

The ~petus to begin bioga3 projects may be as ~ch prompted by the

desire for fertilizer from the digester residue as by the desire for methane

fuel. In rndia~ concern over the loss of fertilizer caused ~f the ~~despread

bur~ing of c~ dung as a cooking fuel prompted research to develop a si=ple

and 1~ cost biogas plant. Since research began in 1939, some 50,000 to

100, 000 plants ha.ve been built in India.~ most of the-on in rural areas provid-

ing cooking fuel for one or severaJ. fa.mi~ies. SU!lporting i::1frastructure

has been es-tablished including the industl"'ial l!3nufac~ure of ::lethane-acapted

stove burners and lamps, a.nd the provision of credit and technical super7ision

for the construc~io~ of the digesters (Warpeha ~~d Goldman~ 1980).

French (1980) cites installa~ion cos~s for small single-f~17 sized

plants :n India at about $375 plus the c..:.iJ.y' labor to ccllect and feed in

175 pounds of cow dung and an equa.l volume of ".later and to remove some 315

pounds of slurr.r from. the tank, as well as maintenance costs. The single

family' Indian digester requires three to four cattle to supply the manure

feeds~oCk~ which limits its use to about five percent of Indian far=ers ·iho

OVIl teat ::l2.tr;[ cattle.

In spite of the large number of digesters which have been built in India,
~

several. problems have limited the progra:n's success. P:-oportionatel:f fev

of India's fa~ers can afford the capital costs of the digester and poor people,

whose cooking fuel is supplied by scavenging c~ dung, lose their source of
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~ue1 ~hen i~ is retained ~or me~hane production. Also, the design of ~he

digeste::- is prob1ema~ic inasz::uch as the me'tal ¢a.s collectic.n dcme is in

constant cont~ct ~~h the liquified manure and ~thane ~hich contain cor::-o-

sive hydrogen sulfide. To avoid cor::-osion and eventual gas leakage, the

me'tal dome must be coated ·~th a cor::-osion-resistant paint abcu.t once a

yea::-, although this ~intenance is often neglected (Wa.::-pena. and Gold=an,

1980) •

~e Chinese biogas program has been ~dely prcmoted since 1970 when a

fey hundred digesters were built in ~,.;o counties in the Szechwan pr~vince.

By 1974, the::-e ·.tere 30,000 small scale digesters in that provi.nce alone

(NAS, 1977) and Ru-chen (1978) ::-eports that seven million digesters have

been constructed throughout China. Chinese diges~ers are :pri1I:a::-iJ.:r one-

f~lJ devices. Although a varie~J of designs bave been' tried, all models

a.::-e :oelatively simple and :r.a.de of local mate::-ia.:ls such as stone or brick.

The capita..: cost of a Chinese, single-family digester is be't"..een $15 and $20,

depending on the co~st::-uction materials used (Hayes, 1977). If non~loca.l

:r.a.terials a .....,. used, costs go up markedly. For exa.I:IPle, in Ecuador a COI:lI:l1-

nity digester for eleven families •...as built of ferroceent, follovir.g the

~inese design, costing $1,200 (Wa~eha. and Goldcan, 1980).

~"''''k'''ija.ni (1976) estil::lates that biogas from. a cCIIlImlllity sized Indian

model digester (400m3 biogas per day) 'iOuld cost a.bout $4.50 per million

BTU '.taich is compara.ble to electricity at about $.06 :per kilOlo-att-hour.

Hovever, large community digeste::-s require significantly larger su~plies of

~eeds~ock and wa.~e::-, and a.n effective management and labor system to collect

a.nd transport feedstocks to the digeste::- and to transport the ::-esidue tv the
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~~elds. Communal penning of animals near the digeste~ and the installation

of communal lat~ines 4~ich ~eed directly into the diges~errs ~xing chambe~

could si:pli~ this organizational and labor ~equi~e:ent although the

fea,sibili"t".r of such ar~nge!:lents ·..rould be subj ect to local customs and

social organization. Additionally, the design of an effective, equitable

and af~ordable !:leans of gas ~~d ~ertilize~ dist~ibution for cccmunity

digesters requi~es careful planning and organization or all partic~pati~

community meobers.

Programs to promote biogas plants in areas ~ere there is no previous

experience vith this technology ~~ll need to experi=ent ·~th different

digester designs, emphasizing the use of locally available ~onstr~ction

materials in order to develop low cost digester models. If the capital

cost or the digester requires multi-f~ly units, partic~ar attention

should be given to user ~eceptivity to such considerations as cooperative

pen."ling of anil::la.ls for ease in feedstock collection, and communal \. ooking

areas to reduce gas distribution costs.

Alcohol Fuels

Ethanol production fram biomass feedstocks represents a maJor liquid

f'lel alternative ~o petroleu.t:l based fuels. Ethanol can be used a.s an auto

!:lobile fuel either as gasohol Oy mixing up to 10 percent anhydrous (99.8%)

eth~ol ·~th gasoline, or as a substitute for gasoli~e, in ~hich case

:J;jdrated ethanol (94% pUrity) is used. No er-.gine modi~ications are neces

sarj for use of gasohol although the use of straight lever proef ethanol

(~hich is more practical for production in seall scale plants) does require

et'~ine ~odi~ications. Straig~t ethanol is not suitable for use in diesel

,
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~ngi~es, although -~th di~sel engine modifications it can be mixed ~ith

diesel ~el.

Ethanol can be produced from three main ~~es of bio~ss ~aw =aterials:

(1) sugar bea.ring !:2.terials such as sugar cane, molasses and s-.reet sorgh't.:::l,

~hich contain carbohydrates in sugar for.:; (2) starches such as cassava,

grains and potatoe~, -~ich contai~ c~~boh1drates in starch for.:; and

(3) celluloses such as -.rood and agricultural residues for which the carbof.Jy-

drate molecular for:n is more coc:plex. Etr-..anol production frem cellulosic

materials involves a more cost17 and complex production process than the

sugar or starch bearing ~terials and there are no demonstrated processes

yet available for commercial scale plants in o..?1:eloping count:ies (World

Bank, 1980).

The basic process for ethanol production through fer.nentation consists

(1) first the feedstock is treated to produce a sugar

solution; (2) the suga: is then converted to ~thanol and c~rbon dioxide c.r
yeast or bacteria fer.nentation; (3) the ethanol is removed frem the fer=ented

solution by' di:5tillation ...hich )"'ields a. ~·.::).t:tion of ethanol and w.ter (~,;hich

c~nnot exceed 95.6 percent ethanol ~t no~ pressures, due to the physical

properties of th~ ~thanol-.ater mixture) and; (4) for the production of pure

ethanol, the ~ter is removed c.r distilling aga.in in the presence of che!:licals

(OTA, 1980).

The four creps ".rhich are :nest economically viable for developing

counr',{ ethano.'. production are sugar cane (and \molasses), sweet sorghum,

corn and cassava (~orld Bank, 1980). However, sweet sorghum is a ne... crop

J
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for ~ost developing countries, and considerable agricultural researc~ and

e~ension is ~equired before this c~op can be considered as a =aJar source

for et:lanol product ion.

In addition to the cost of feedstock used for fe~entation, the cost

of alcohol ~rcduction is si~ificantlJ influenced bj the source of energy

cons~ed in distillation. ifuen sugar juice is e~racted fran sugar cane

and ~~eet sorgh~, the bagasse (plant residue) can be burned as a fuel to

provide steam and electricitj required for ethanol production. Although

corn and cassava staL~s and leaves could be burned as a distillation fuel

source, the collection, transport and cL.'7ing costs are prohibitive at

present (World Bank, 1980). The use of conventional fuel sources such as

coal or fuel oil instead of bagasse to provide heat enerm" for the :;'oduc

tion of ethanol increases the cost of the e·~hanol produced and also increases

the demand tor non-renewable resources. l~hermore, the use of food

staples such as corn or cassava for alcohol production in food shortage

areas ·..rould be undesirable.

Most existing· alcohol plants are in the range of 60,000 to 120,000

lite!"S produced per day. Capital costs for plant construction var'j signi

ficant~, depending on location, plant design and size. There is little

cer:aint"j i;1 the cost of plants based on raw materials other than sugar

cane because th~re is practically no industrial scale e~erience ..nth such

plants. .~ a rough indicator of pla;lt costs based on Bra:ilian experience,

the World Bank (1980) estimates that sugar cane based alcohol plants produc

ing 20,000 liters per day have 1979 capital costs of ~bout $2,000,000.

?lants producing :20,000 liters per day are est~ted to cost $7,600,000 and
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plants producing 240,000 liters per day, about 512,500,000. There are no

re~iaole cost data ~or plants producing less than 20,000 liters per day.

~olasses based ~cohol plants constructed adjacent to sugar mi~ls to

take advantage of existing steam and pover generation facilities, and vhich

do not r~quire additional capital costs to c~sh the cane to separate the

sugar jui~es, are est;~ated to cost at least 20 percent less th~~ sugar

cane based ~cohol plants. Cassava and other star~h based pl~nts require

additional equipment to convert the starches into sugar, increasing plant

costs about 10 to 20 pcrcen~ more than similar sugar cane based plants

(World Bank, 1980).

It is important to note that the overall econcr..ic viabiliy of alcohol

production indicates that plant capital costs are relatively less critical

than rav material cost, plant fuel consumption, and operating days per year

(World Bank, 1980). .0.::. ...-ell, the economic viability of alcohol fuels

production vill depend on the future price of petroleum-based fuels.

With present distillation technolog; and the scale of production

required to offset high capital and operating costs of alcohol plants,

alcohol fuel production is not viable in developing countries for on-far::1

s~l scale production. wnere sufficient quantities of feedstocks are

potentially available for co~r~ial scale alcohol production, the

economics of alcohol production vill depend on country-specific circum-

sta~ces in the agricultural, industr,r, energy and transportation sectors.

To dete~ne economic viability, detailed review of each candidate country

vill be reqUired.

J



.Uthoug::'for oil imports.

Fue~~ood ga~hering is a pr~~arJ cause of deforestatio~,

ft~ such, t~e extent of tecbnoloSj adoption will depend on

of ~oreign exchange earni~~s

coun,,;ries.

~~r~ of the :-enewable energ; technologies considered in this :.:-eport

of a =axi=um of local~ available ~xe:-ials, and on pronotion efforts ·inich

include c:-edit provisions and/or subsidies to ~ce ~he technologies a.va~-

a:-e b~Jond the financial =eans of =os~ fa2~ng ~~lies in developing

~or cooking fuel, sericr~slJ affecting soil fertili~ and decreasing agricul-

As a :::a.J or example, serious z'epercussions are already evident in areas

success of local :-esea:-ch efforts to develop viable l~ cost models made
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f:cation, loss of arable land and the reduction of agricul~ural productitity.

popula.tion gr~.tth and a~~9.~t~d d~nds for ~ood supplies.

reliance on traditional energy sources such :~~ ~:J~ss ~6ls and huean and

expenditu.re

tior.s are a:..rea~ priced cr~t of the petrol~J~ ~uels market, the continued

·...htjSe ecological efZects :.:-e:::ult in inc:-eased flooding, soil erosion, deserti-

pr:'co;! o~ the ·..;crld's oil. and bJ' the continued ·...eakenin.g of national

c~r.s~ption o~ ~ossil fuels in the ,~ral post::'a~/est food sector of develap-

·...here f:'rewood shortages ferce popul...t.:.ons to burn dung and crop residues

:'~g countries is presen~lJ l~ted, in large part because Za~ng papula-

!?concm:.es i.~ non-oil producing developi::lg coun"tries due to their increasing
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able to ~~e ~roadest possi~le population.

sC'~le tec~~olog: ?ro~otion ef~ort, ~l~e~tation trials need to be und~r-

t~~e~ to ~eter:0.r.e economic 'riabili~J at t~e user :evel and to ga~ge user

:,ecepti"rity--·in particular to assess the practicality of t~e technology

in te~ of 10cal cultaral beliefs, attitudes and be~viors.

?os~ha:""rest ·~echnologj· de'relopr;;,ent a:.d prCI:lotion personnel need to be

',~~nlj a~~re of the ~act t~at in ~st cases ~omen traditionallj ~ave the

:-:-..s.,;()r, if not exclu~ive responsibility for 110str.a......rest acti"rities.

Ji~~or~cally :ale staffed and cale-oriented research and extension programs

'..ill need to be especially a;.;are and culturally' sensitive to dp.velop a.nd

introduce innovations "~ich do not unfavorab17 disr~pt womens' social role
~

and t'~nction in the postha.:--rest fooe. sector, especially as "i:prove:ents" :ray

i..nvolve the erosion of '..;oc.ens' incomes and their ability to provide for

their familial financial responsibilities.

No one :r;:rograJ::l of action can be recommended that ;;ill be unifo~

appropriate ~or all developing c.ountries inasmuch as each program must be

adapted to specific loc~ needs, priorities and resourcesw As cuch, local

sur.~ys need to be undertaken to document local energy use priorities and

attitudes, as ~~ll as unexploited and inefficiently exploited energy

resources, as an initial step in establishing national ~enew~ble energy

development poli~j and progracs.

The establis~en~ ~d pr~r.ision of sustained, technically' competent

expertise requir~j for the deve:opment of renew~ble e~ergy technology

promotion efforts =ay best be assured through t~e ~o~tion of nation~\l

level renewable energy rese~rch ~~d developc.ent cente~. The ~nction of
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a r:at:'onal ce~'Ce:- :::lig~t include :oesponsibili"':".r :'0:0 t~e design and :-=pl,e:::en-

ta'Cicn of energr s~reys, :oesearc~ to develop ~~d :':'eld test locally-

adapted tec~~olcgies, tra:'~i~ of extens:'on personnel and artisans in

const~c~ion and cainte~ance skills, tee prepara~ion of exte~sion materials

s~c~ as local la=o-uage =anuals :'0:- const~ction and =ainten~~ce, and the

provision of technical assistance in the design and ~l~en'Cation of

tec=nologj promotion efforts.

:~is report has exacined energy d~nds in the :os~~a~rest :'ood sector

and potential renevable energy technologies .~ic~ could meet these d~nds.

~~.ever, so~e of the ren~~ble energy technologies conside:-ed here have a

·rariet'.r of pote!ltial applications in other sectors. Given t1:.e present

state-of-the-art of most re!lewable energy technologies adaptable to the

econo~c and cultural enviror~ent of developing countries ~~d the Bene~-l

lack of experience and dOC'.J.mentation in their actual use, there is a pr:ima.rJ

need at this point to e!lccurage ~her use of these technologies in

practical, ...ell-documenteri. aIJPlications. Practical allplications in the

?ostha~rest sector as ..ell as in other sectors are to be encouraged, ;;ith

positive cross-sectoral :-ipr~e effects to be expected in areas such as

inc:-eased local familiarit'j .-1th the t~chnologies, the establishI:ent of

local capabilities for ~~nufacture and ~intenance, and the increased avail-

ability of construction =ate:-ials and spar~ par'Cs supp~ies.

~ith the underst~ding t1:.at renewable ene:-gy technology pronotion

ef:'orts must be adapted to local needs, resources and priorities, the foll~

~g areas appear to have the broadest potential application in the immediate

or near-ter.:l.:

I
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i~c~easing ~uel~ood production

pr~:otion c~ ef~icie~t c~okstoves

exploitation of s~ll scale ~dro resour~es

eX?loita~~,n of ~i~d ~esources

?uel',;ood -oroauc"': ion is a deYelcp:e!lt priorit'"J -.;hicb. cannot be over

emphasized. Increased popula~ion pressures create a demand ~or ~ire_ood

,..hicn r:alls for z:assb·e tr~e-9la:lting efforts -,;ell oe'fond present levels

in order to a'roid ever.. more st:vere fuel·..ood shortages, widespread deforesta

tior. and consequent ecological effects. Although large-seale plantations

~ill pl~ a~ ~ortant role in meeting national ruelvood demands, long-range

demands. favor the establishIl:.en·::; of ccmmmi'tJ-based e:f'forts to plant and

manage io7Oodlots ..hich will serve as continua.J..1y rene..ed sources of fuel and

other products such as local construction materials. Training of foresters

~nd extension personnel in communi~ organization and e~ension techniques

should oe emphasized to develop the large cadre needed to provide organiza

tional and technical support of iol'idespread comm.mi'tJ io7Oodlot programs.

Programs to increase the efficiency of cookstoves can produce signi:f'i

Ca.:lt, 1m:' cost reductions i:J. demand for f'uel'W'ood, dung a.nd crop residues

for use as cooking fuels. Cookstove pra:otion programs require careful

design adaptation to develop stove designs .~ich can be easily constructed

:"rc:n lcca.J.~ available ;::a.1;erials and -..hicn are practical and confor: to the

users' requir~ents. rr stove designs are to be developed 'W'hich 'W'ill be

accepted on a ..n.de scale, f'rcm the outset of local des~::l ei'forts, it is

critical to involve local stove users L~ the design process in order to

develop a thorough understanding and sensitivity to their cooking practices

I
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'Nhere hydro resources exist, and i1' the system

~ost applications in developing countries have been

•• • • ~ .' .; • •• • .... • .,.: I ....,

developing countries.

industr:"d1ized nations.

-..._..

mainte!'.ance. THhere appropriate, local ca.nuf'ac't;'Ure of turbines should b~

potential bydro sites and to supervise plant design, cons'truction and

resources exist, local tecb.nicians should be t:-ained to surrey and evaluate

energr resource surreys indicate that significant unexploited hydro power

'tive -.ritb. small diesel-electric systems. In countries iOhere preli::ninar.r

is wll-maintained, mini-hy'dro e.lectricit:r proe::uction costs can be competi-

costs, financing arrange=ents are e~sen'tial for the prcmotion 01' ~ni-h7dro.

~~loitation of -.tind resourc~s. Windmill designs exist ~ich are suit-

~x~loitation of s~ll scale STdro resources. Wate~~heels designed

encouraged, ·..-ith emphasis on the Mi-:-.ltell/Ea.nki design. Due to high cap tal

able ~or local construct ion or ;:anu1'acturing in developing countries, as •.."ell

as ve~f sophis'ticated designs available from commercial ma~facturers in

l~ted ~o ;;i~dmills used for ·-.ater p~ping ~though other ·...:.nd-~cha~ical

are cOI:lIllercially available and some designs are suitable for ca.nu1'ac't'U.re

~f a lC"... r. p. m. pover source. More sophisticated I:1i.ni-hy'dro pover syste!IlS

~nd cons~ructed ~f local artisa~s are presently ~sed in several develcpi=s

of some relativeq lC"..-inccme cOImllWlities ·..here hydro resources exist and

countries. Wate~~heels appear to be an enerOj tec~~ologc.1 -.;ithin tne reach

;;here there is uee':' ~or such tasks as grain g:-inding -..hicn can be per:'or::led

::..:nproved sto're.

tb.rcug~ acti.:.a.l in-aome use the :""J.el sa'rings ·.."hich are possible ..;itb. an

use~~ or lc~al artisans in stove-ouildi~Z tec~niques and to d~onstrate

and l'r:"ori-:.::'es. ·""ell-organ:..zed extension e:'~orts are r-equired to t:-ain

_ _ ". - • Pl..' " X1
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~~:d-elec~=ic applications are possible.

stration of practical applications of ~nd-cec~anical and "~=d-electric

efforts should be pursued ~th a strong ~r~sis on field testing and demon-

I

syste--, and t~e trainir~ of local a.-tisa~s in caintenance skills. ~ational

efforts s~ould be suppo~ed to encourage local proCuction of appropriate

finacci=g at favorable interest rates.

sa~j ~eteorological equipcent and the training of local technicia~s in

~e coastal areas in many develo_ ~:~ count:ies appear to have enough

surveys of ~nd energy should be encouraged through the provision of neces-

collection and assessment of ~nd speed data. tocal resenrch ;Uld development

pover potential appears to be prcmisir~, in-depth, on-going multi-site

Oceanic and Atmospheric Administration (~OAA). In countrie~ -ihere ~nd

sour~es such as the World Meteorological Organization and the U.S. National

cocpi:ation and assess:ent of all.relevant existing ~nd speed data from

to target '~nd energy exploitation p:ograms could be developed through the

sites are not limited to coastal areas. A ve~j use:~ infor:ation resource

~ind energr to pe~t ~~n~ll installations, although feasible "Nind ;o~er

syst~, subject to interest rates, t~e adequate =ai~tenance of the '~nd

syst~, and high diesel fuel costs in remote areas.

receive resea:~~ Q~hasis, develcpi~~ desig~s re~i~g cn t~e use of local

from ~de~~ '~nd-generating systems may ~e competitive 'Nith diesel-~lectric

construction ~terials as ~c~ as possible.
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~~e above :is~ of sugg~sted e~e~gy ~ee=nolegJ ;rc=otien prog~~s

3~ould. :let l.i.::lit other technology' developme~t ef.:'oI""ts. :ratior.al and inte~-

national ~en~~ble energy ~esearch and development prcg~ams should continue

to pursue research and wel:-doc~e~ted field trials ~o develop and promote

other promising re~e~~b:e energy technologies~ s~ch as solar c~op d~Je~s,

an~~l pove~ and pedal pover units and l~~-cost biegas diges~e~s. .~ well.

i;,..tena~iona.l ef:'o~s should be strongly encouraged to l'~seat'ci, and docUJI:.en~

the ef:'ica~J ef traditional crganic insect control. ~ethods used for cent~ies

in rural ar~as of developing countries. Urgen~J is necessarJ to document

those organic methods still in use before the modernization of ~al

agricultural systems and the death of village elders elim~nates even the

=e=o~J of their use.
~

In stu::!:2.~.r, the combined short-ter:J. effect of a ca.ssive internatiooal

promotion effort including all e,f th~ reneW'able energy technologies revieved

ill this re"port~ would probab1;{ not be ver.r significant in ter::lS of' rapid1.y

increasing ~~al energy supplies. The acceptance of new technologies will

take time~ particularly as farmers are skeptical of innovations~ and for

good reason when they live so close to the margin th~~ any unexpected

losses can put them at great riSK. nowever, renewable energy technologies

~ -a~e signi:'icant long-te~ ~act on inc~easing rural energj supplies,

increasing ~~al productivi~J and inccme and ~roving the ~uali~.r of life.

T,·ihat is ~e,;ui~ed is a serious long-te~ ccmmit:::le~t on t~e part of individuals
'..

L~ national and international deve.lop~ent policy =akir~ branches, development

assistance organizations~ resea~ch institutions and ~~ension ne~~orks.

I
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~~s cc~~~ent =US~ be to continue the ef~o~ to ~ork ·~~h and ~or t~e

~~dividuals ~ho =ake up ~~al ~a==i~g po~ulations i~ order to develop and

pro=ote tec~nolcgies ~hic:~ a:e adapted to their needs, resour~es and

I
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