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CHAFTER ONE

INTRODUCT ICN

1. GSUMMARY

Developing countries face the dilemma of needing more
energy for rural development, but being unable to pay rapidly
rising costs. The consump*ion of traditional types of energy
in rural areas is increasing due to higher prices of petroleum
products and larger populations, but this poses a threat to the
environment. While deforestation is on the rise, wood is
inefficiently burned, mainly in cooking. Few villages have
electricity, and most rely for about 80% of energy consumed
on non-commercial or traditional sources.

While developing countries should explore for oil, gas
and coal; efforts to reduce petroleum dependence are required.
Centralized elecirification schemes, especially nuclear power,
have not reached the majority of rural villages. Decentralized
electrification based on diesel generators and renewable energy
systems should be evaluated and installed, while grids are
extended.

Alternatives energies with great promise for rural areas

include, in order of apparent feasihility; biogas, solar, wood

and small-scale hydronower. Solar collectors for low-temperature
heat have immediate applicability. Technical answers are available,
but institutional questions of how to transfer alternative energy

technology remain.
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2. THE PROBLEN:; SECURING EN:RGY SUPPLIES

How can energy be harnessed in developing countries to do
work at prices people can afford? Given the five-fold
increase in the price of crude petroleum between 1971 and
1976, and the rising costs of other tyres of conventional
commerciall energy, it has become apparent that developing
countries require new energy sources at lower prices. This
implies a reconsideration of energy mix, energy intensiveness
and national energy policy.

The dependence of developing countries on imported energy,
especially cruae and refined petroleum, and the unequal
consumption of energy between rural and urban areas, as well
as between developed and developing countries (tablei-1'are
two major points which contemporary energy policies must address.
Dependence on imported oil has evolved since about 1950 due to
the initiation in the last three decades of industrialization on
a significant scale in developing countries, and due to the
very 1low relative cost of ail up to 1970,

Nevertheless, per capita consumption of energy in developing
countries is lagging dramatically behind that of developed
countries.2 Given the close correlation between energy use
and economic.growth, especially in the early stages of

3

industrialization,” it is apparent that developing country
consumption must rise s.gnificantly if an acceptable raie of
growth in GNP is to be achieved, and if basic needs are to be

met. "he problem current facing the developing world is one

of securing energy supplies sufficient to allow economic growth
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to proceed at the rate of 3.5% per annum or higher.LL

World prices for energy are pro jected to increase sharply
toward the 1990s, and many projections forsee a doubling of
the price of 0il in real terms by the year 2000, or before.
Simultaneously, reserve depletion and discovery rates for
hydrocarbons indicate that production will peak around the
turn of the century. Not only does this imply increased
competition among consuming countries for hydrocarbcn resources,
but also it highlights the inevitability of higher oil prices
and the need to switch to other energy sources.

Developing countries are directly affected by the current
high cost of energy imports and are suffering serious balance
of payments difficulties in many instances. Thus, they are
not well situated ito compete for ever-shrinking oil supplies,
even if new deposits are discovered in the non-0PEC developing
countries. The circumstances of individual developing countries
vary immensely due to differences in resource endowment and
levels of industrial development. But the prevailing terms of
trade make it unlikely that developing countries as a group
can pay for required energy imports by exporting traditional

commodities.

3. INTEGRATED RURAL DEVELOPMENT

The population living in rural areas of developing countries
depends on non-commercial energy for over 80% of unergy
consumption.5 Kerosene and other petroleum products have made

inroads into the non-commercial sources since the 1950s but
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with higher petroleum prices in the last five years,
concumption of kerosene appears to have declined. Consequently
reliance of a larger and growing population on noncommercial
energy has probably increased.

Among the implications of this development are, first,
the negative impact it has on the ecological balance and on
human wel fare. Second, agricultural production has been
affected for the worse, especially since high-yield crops
depend very much on energy-intensive and fertilizer-intensive
cultivation. A third serious implication of the increased
cost of energy is the necessarily slower rate of growth of
electrification programs, which had reached only some 6% of
rural inhabitants by the early 1970s. Higher capital invest-
ment is required for ncn-oil fueled generation. Yet publically
available capital is in short supply in those developing
countries with negative balance of payments situations and
poor credit-worthiness. Given these considerations, it is
evident that new strategies for energy supply to developing
countries, and especially to the rural areas, are required.

The conventional industrialization model of the developed
countries is being reconsidered. There is increasing emphasis
on a more appropriate development model featuring labor-
intensive, small-scale technologies suitable to rural areas.
In a similar way, the conventional energy supply system which

features centralized electrification is being supplanted. The

growing interest in integrated rural development is paralleled
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by greater awareness of the need for integrated, small-scale
energy supply systems in rural communities.

Rural energy demand can be considered for each of four
sectors -~ domestic, agricultural, basic amenities, and mall-
scale industries. In most developing countries, only the first
two sectors are supplied with energy, although even here the
supplies are insecure (as with scarce firewood) and inadequate.
Basic amenities are in most instances rudimentary or non-existant
and rural industries are in a state of decline or disruption.

In some instances, industries are being started as part of an
integrated rural development program. Since the interdependence
of agriculture, rural industry and energy supply is marked,

it may be useful to elaborate on the perspective suggested by
integrated planning.

In the past three decuades energy planning has been under-
developed and ad ho¢. &£nergy systems have evolved largely
in connection with the needs of foreig investcrs in developing
countries. Or they have grown in conjunction with urban-based
industrialization programs. Rural enerrgy supplies mainly for
agriculture, irrigaticn and transport have been disproportionately
available to plantation or large scale agricultural in'cex‘ests.6

Conventional energy development has failed to supply
the needs of the mass of the rural population. Even its
unsatisfactory rate of growth is unsustainable under current
high cost conditions. But it is the widespread acceptance of

the nzed for new strategies of rural development that has provoked

Flanners and researchers to consider means of securing energy




_?_

to satisfy indigenous, rural needs. Other motivations leading

to current discussior and action on alternative energy technologies

include commercial interest in securing a share of the markets
for such technology, and concern that develouping coun*ries will
not be able to afford petroleum products in the medium term

future.

L. ENER3Y NEEDS

Among the needs stemming from a program of integrated
rural development are energy for agriculture and small-scale
industry. Agriculture requires inputs such as fertilizer and
pesticides which are produced from oil and gas. It also
requires human, animal and mechanical labor. lMechanical
implements require energy which, if provided by fuel or
electricity, is immensely more efficient and productive than are
human or animal energy inputs.7 Water is another essential
agricultural input which is most efficiently used if controlled.
Water management requires energy, and the ma jor proportion of
electricity used in developing country rural areas powers
irrigation pumps. There is scope for alternative technologlies
for irrigation in rural areas. The production of adequate food

and the provision of the raw material basis of agro-industries

depend on higher levels of crop production. These in turn depend

in a major way on irrigation and thus on energy supplies.
Agricultural processing requires energy inputs, whether

for simple drying, or for more complex extraction, cooking,

refining and preserving. The milling and husking of grain

crops is a significant consumer of energy. Non-food crops and

' 9
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byproducts can be processed at least to intermediate stages,
in rural areas supplied with energy. Agricultural produce
and inputs require transportation facilities, and in many
instances, refrigeration.

Industry dispersal from urban to rural areas, and from
centralized locations to households or small villages is part
of the perspective implied by integrated rural development,
Local crafts, weaving, leather work, the production of rural
inputs for production and consumption needs, and other types of
labur-intensive but capital-non-intensive industries have some
potential in rural areas if inputs, including energy, are

available.

5. AN_INTEGRATED ENERGY SYSTEM

While the conventional industrialization model is unworkable
in part because it is extremely energy and capital intensive,
the integrated rural development approach also requires immense
increases in energy consumption. The conventional method of
energy supply through centralized electrification has not
yielded adequate power. Nor does this approach meet the
specialized demand requirements of small-scale rural industrial-
ization and the energy needs of the social infrastructure
associated with such industrialization. Energy planning needs
to be integrated into rural development Planning. It also
should take into account the mixing of a number of conventional
and alternative energy supplies in order to meet the specific

requirements of a village or larger community. It is this
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second type of integration - of various types of erergy - that
is proposed by increasing numbers of energy economists.
The integrated energy system has been defined as a concept

that encompasses8

+..all the facets of the rural energy problem - an
integrated approach which is expected to result in
optimum matching of the needs with energy availability.
The emphasis is on renewable sources which can result
in local, decentralised options which are ecologically
sound.

The proposal is for an integrated approach to alternative
sources of energy through solar, biogas and wind energy. One
step toward implementaticn is the design of a model integrated
energy center either for a village or for a far—er, combining
snlar, wind and biogas energy systems with a cost not exceeding
$3,750 to $5,000 (1977 dollars) per kilowatt. The advantages of
such an integrated system, apart from relatively low cost,
include independence from transport and fossil fuel constraints.
International energy economics and national development
processes have pored the need for new energy strategies. Energy
planning requires international, regional, national and local
dimensions. But given the severity of affordable energy
shortages in rural areas, and the preponderance of the rural
population in developing countries, new energy strategies
should emphasize the local and rural dimensions. From the
perspective of the industrialized world, this approach has the
advantage of freeing some petroleum for alternative consumption
in the future, and perhaps making available some resources from

developing countries for imports of industrialized country goods,

e
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NEW_ENERGY STRATEGIES

It is possible at this point to indicate the shape of

these roquired energy strategies. They should

reduce the dependence on energy imports,

reduce the gap between industrialized country
and developing country per capita energy
consumption,

reduce the developing country rural-urban
energy consumption difference,

rely increasingly on renewable sources of energy,

emphasize decentralized, integrated energy supply
systems,

emphasize biogas, solar, wood and small-scale
hydro systems,

feature technological adaptation and innovation
with special attention to developing country
experience and building materials and

actively foster cooperation among developing
countries for exploiting all indigenous energy
resources mainly for local use, but also for
regional and internatiomal export.

There is no doubt that petroleum products will continue to

play a vital, central role in commercial energy consumption

in developing as well as in developed countries. This fact

is sometimes lost in the current explosion of interest in

alternative sources of energy. Nevertheless, developing

countries must plan for a transition to a non-fossil fuel

future.

opportunities within developing countries can be identified and

By starting now, industrial and agro-industry

seized, and new technologies produced in and for developing

countries,

-——i g
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These policy points emerge from an assessment of the
energy needs for rural development and the various energy
sources which could meet ‘hese needs in specific circumstances.
Chapter twc describes the energy supply situation in developing
countries, with concentration on non-commercial energy, petro-
leum products and electricity in rural areas. Chapter three
surveys the technology and cost of nonrenewable energy sources,
including oil, gas, coal and uranium as well as electricity.
Chapter four surveys the technology and cost of energy that
comes directly from tle sun. Chapter five examines the
technology and costs for indirect solar energy in the form of
vegetable sources, wind, water and forests. Chapter six
examines policy choices and ena2rgy priorities for developing
countries. The seventh chapter includes a summary and

recommendations.

X
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FOCTNOTLS TO CHAPTER CORE

Commercial sources of energy are those which either involve
a technology of ener.y conversion or enter commercial
channels beyond a limited locality. Noncommercial sources
of energy are consumed airectly as fuel, without being
altered significantly through the use uf a conversion

1 chnology and without being formally marketed over a wide
area. A distinction can also be made between primary
energy - that used directly for heat or motive power, and
secondary energy - electricity.

For developed market economies the per capita consumption
of energy increased trom 2.74 tons of coal equivalent (tce)
in 1925 to 6.35 tce in 1$74. 1n contrast, developing
country consumption per capita increased from .08 tce in
1925 to .39 tce in 1974. J. Darmstadter, et. al, Energy in

the world economy, (Johns Hopkins University Press) 1971,
and United Nations, Statistical yearbook 1976, New York, 1977,

An increase of 1% in GNP is accompanied by more than an
increase of 1% in energy consumption in the early stages of
development, although this varies from country to country.
The simple 1 to 1 correlaticn between GNP and energy
consumption growth is however, not inevitable, as a recent
study illustrated. See Darmstadier, et al, How industrial
societies use energy, (Johns Hopkins Press, for Resources
for the Future) 1977.

Exxon, World energy outlook, (New York: Exxcn Inc.), 1977.
This is the annual rate of growth that Exxon has projected
for developing countries.

UNCTAD Secretariat, "Transfer and development of technology
in the energy sector," draft, TD/588/10(5), lay 23, 1978,
Geneva.,

The green revolution, which involves the combination of high-
yvield seed with capital-in.ensive irrigation, pesticide,
fertilizer and other chemical inputs to produce agricul tural
commodities, is clearly premised on the assumption of low-
cost 0il and gas. But even prior to price increases, the
energy required to make the green revolution was available
to the more wealthy and thus more credit-worthy, rural
inhabitants, or to agro-industrialists of national or foreign
origin. Other inputs were similarly available mainly to

the rich with the result that the green revolution created
greater income differentials in rural areas.

—_—1
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At U.5.31.50 per barrel of petroleum, the price at the
end of the 1960s, one dollar purchased 4 x 10Y joules (one
Joule = one watt-second or 0.239 calories) of energy. A
person requires 1.05 x 106 joules (250 kilocalories) of

dietary energy per hour of moderate activity. One dollar's

worth of petroleum was thus equivalent in energy terms to
3,800 hours of human labor. With the price rise for oil
but assuming all other costs reqmined the same, in 1978
one dollar's worth of petroleum is equivalent to 760
hours of human labor. FAO, "Energy and agriculture,"
(Rome: FAO) 1978, W/L1180, p. 1.

Nanubhai Amin, "Integrated approach to rural energy,"
Commerce Annual Number, 1977, Bombay, India, vol. 135,

no. 3475, pp. 27-37. Amin notes further that "It must
be clear to any student of the energy scene that an
accelerated pace of development of rural areas is tound
to result in increasing demands of energy and that only
an integrated approach to this problem can avert a rural
ener, v crisis which could cripple the very efforts at
rural Jevelopment." Ibid.
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CHAPTER TWO

SOURCES AND USES OF ENERGY

IN THE RURAL DEVELOPING WORLD

The energy crisis is nothing new for the population in
rural areas of developing countries. In an influencial paperl
published in 1977, Reddy and Prasad showed that extremely low
levels of energy consumption by rural people was a chronic
pattern,

Reliance on noncommercial energy has been aggravated by
increased commercial energy prices since the early 1970s. But
the endemic rural energy crisis predates the price rise. The
low level of rural energy consumpticn is a key element of
a situation in which the majority of developing country people
struggle to avoid falling below the subsistance ievel.

The much publicized energy crisis of the 1970s is that of
the urban, wealthier classes. Policies to confront the energy
crisis of the rich will not necessarily solve the chronic and
more serious energy crisis of the poor.

What are the sources of energy in rural areas? Who has
access to them and at what cost? These issues are discussed
in the present chapter. But first, mention should be made of
the importance of political economy, in addition to technology,

in both understanding and solving energy supply problems.
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Energy analysts are increasingly in agreement on the
point that there is no 'quick technological fix' to the ena2rgy
supply problen. KRather, energy is so intrinsically a pa.t of
military and economic relations among countries, that to address
the issue of changing the prevailing consumption patterms is
inevitably to address questions of power, both internationally
and on a national and local scale.

Technical solutions are necessary for harnessing enerzy at
affordable prices, but these solutions are neither appropriate
nor inappropriate in themselves. All (roups are not similarly
affected by the adoption of new energy technology. Nor is it
likely that energy solutions to rural needs, in particular,
are feasible without significant social change.

In short, the neo-classical economic conception of efficiency,
as the result of the free play of market forces to produce the
optimum service for the consumer, is not likely to be a fruitful
basis for the study of rural energy supply. While it is
unrealistic to reject this conception completely, the approach
should be modified by considerations of regional, national and
local optimization which may be at odds with an"internationally
optimal division of labor in the energy industry.

The objectives of increased per capita energy cors umption,
reduced import dependence for both energy and technology, and
reduction in national consumption differentials are accepted in
this survey as valuable in themselves, apart from their macro-

economic implications.

*.l‘
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I. JONCOIMMERCIAL ENERGY IN RURAL AREAS

Some two and one half billion people rely on wood,
dung, straw and human and animal power for enersy that is used
mainly in cooking, heating and for light. Table 2-1 shows the
dependence of develoning countries on noncommercial fuels.2
Based on a consumption estimate of 400 kilozrams of zoal
equivalent per person for rural populationsj, it can be seen
that India, for example, relies on noncommercial energy for
between 40% and 60% cf total energy use. In contrast, wexico
relies on nc.commercial energy for up to 20,6 of total enercy
use.

At the other extreme, 26 countries; among which are

Bangladesh, Tanzania and Ethiopia, rely on noncommercial energ

for between 80% and 984 of total ener:y use. ‘hile international

energy statistics on noncommercial ene: sy consumption have
yet to be gathered, available data indicate a very high

reliance on noncommercial energy in the developing world.

A. Five categories of developins countries: The energy

balances of developing countries vary immensely and make
necessary the categorization of countries according to energy-
related variables. Several different categorizations have been
established.u The one used here was developed by Brookhaven
National Laboratories in the United States for 88 developing
countries.5

Five groups based on economic and resource structures

emerze from the categorization as table 2-2 indicates.

———i g
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Table 2-1
NONCOMMERCIAL ENERGY USE
AS A PERCENTAGE OF TOTAL ENERGY USE ,
vs. POPULATION, BY CCUNTZY
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III.

Tndustrialized

Argentina
Brazil

Chile

Republic of Korea
Singapore

Svain

Other Asie

Uruguay
Yusos lavia

Oil Exporters

Angola

Bolivia

Congo

Egypt

Malaysia

Mexico

Cman

Syrian Arab Republic
Trinidad and Tobago
Tunisia

Balanced Growth Economies

Colombia
Greece
India
Pakisgtan
Panama
Peru

Phi lippines
Turkey

Primary Exporters

Botswana
Guinea
Guyana
Jamaica
Liberia
Mauritania
Morocco
Sierra Leone
Surinam
Togo

Zaire
Zanbia

Source: Brookhaven, Energy Needs,
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Table 2-2

vOUNTRY GROUPS

Agricultural Zxpor:ters

Costa Rica
Dominican Republic
Gambia

Guatemala
Honduras

Ivory Coast
Senegal

Sri Lanka

Other Agricultural

quhanistan
Bangladesh

Benin

Burma

Burundi

mited Remublic of Cameroon
Central African Empire
Chad

Cyprus

El Salvador

Eg. Guinea
Ethiopia

Fiji

Ghana

Haiti

Jordan

Kenya

Lebanon

Lesotho
Madagascar

Malawi

Mali

Mauritius
Mozambigue

Nepal

Nicacagua

Niger

Papua New Guinea
Paraqguay

Rwanda

Somalia

Swazilard

Sudan

United Republic of Tanzania
Uganda

Upper Volta

Yemen Ar-b Republic

Op.cit., P 140
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The groups indicate varying degrees of ability to pay
for energy imports and technology. The classification also
indicates the type of commodity the countries are able to
export. The exclusion of OPEC members from this classification
is a drawback. Some OPEC member countries have low levels
of energy consumption (Indonesia and Nigeria consumed less
than 200 kgce - kilograms of coal equivalent - per capita
of commercial energy in 1973). The classification does not
highlight the extent of dependence on energy imports, which is
a further drawback. Because of these shortcomings, this
classification is used only to illustrate the variability
among developing countries in energy consumption and general
socio-economic features.

The first group within these non-OPEC developing countries
includes the indwtrialized countries, or those nine in which
industrial activity accounts for a higher contribution to GDP
than does agricultural activity. Also, as table 2-3 shows,
these countries have the highest per capita energy consumption
(1206 kgce) and import more than they produce (as do all the
countries except those in the oil exporting group). Uruguay,
Brazil and Singapore import over half the energy used in 1973.

The second group includes ten oil exporters. These
countries are being viewed by 0il consuming countries as possible
alternatives to OPEC sources of oil. However, the interests of
OPEC countries and these ten coincide on price and production
control issues, in the medium and longer term. More countries

are likely to join this group (for instance, Argentina,
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Guatemala and Ivory Coast). The governments of these oil
countries must decide whether to export their oil and the rate
at which it should be produced. In addition, they must
determine the role of foreign companies in oil development,
the nature of tax policies and how the oil incoame will be used.

The third group includes eight 'balanced growth economies'
so-called because they have a large industrial sector which is
balanced by a still-dominant agricultural sector. These
countries, with significant but only partly-developed
resources bases, have begun to achieve self-sufficiency in
the heavy industrial sector. The agricultural sector absorbs
more than half the workforce (as in Turkey, Pakistan and India)
and provides employment in service and cottage industries.
Unemployment is a serious problem in balanced growth economies.

The fourth group is made up of 12 countries, primary
exporters, dependent mainly on unprocessed minerals6 for most
exports and a significant share of GDP. Per capita income
and energy consumption are lower than in the three previous
groups. In Guinea, Sierra Leone, Togo and Zaire, per capita
commercial energy consumption was below 200 kgce in 1973 when
these countries were dependent on imports for over 50% of
consumption., All import energy, and only Surinam, Zaire and
Zambia produce significant amounts. In these three countries
most local energy production is hydroelectric, and serves the
mineral industries.

The fifth group, agriculturally-oriented economies, can

be divided into two subgroups, according to whether agricultural

commodities are exported or not. All are countries without

.
!
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significant commercial mineral resources. Life expectancy
is low, most energy consumption is based on noncommercial
fuels. Over half the energy consumed commercially in 1973
was imported.

The eight agricultural exporters face price fluctuations
for their commodities such as do the primary mineral
exporting countries.

Since noncommercial energy is absolutely most important
in all groups, and especially so in rural areas, a description
of its use and generation is in order. Some discussion of

rural electrification follows.

B. Noncommercial enersy yse in rural areas: Photosynthetic

production in plants provides fuel and food in rural areas.
This in turn is used to produce more food. Heat energy from
the burning of fuels and mechanical energy, often furnished
by animal and human power, are used in agricultural production
(mechanical), agricultural prucessing (mechanical/heat),
cottage industry (heat/mechanical) and domestic cooking (heat).
Lighting, though a small user, is normally the first
purpose for which 0il products are purchased? As pressure
was applied to available wood supplies, the rural population
has turned to the burning of dung and vegetable wastes which
previously were returned to the soil. To the extent that soil
fertility declines and depleted forests contribute to runoff

and erosion, crop yields decline. The work involved in

crop production and fuel gathering thus takes incrcasing

A
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amounts of human labor.

One of the few studies of energy use in a village in Africa
(Bara, Kordofan Province, Sudan with a population of 10.050).8
indicated that kerosene consumption was 17 kg/capita/vear
or almost four times the national average in this unelectrified
village.

Second, the prices of electricity had increased eight-fold
since ten years ago. In the last two years prices doubled
(between 1974 and 1976). Among the reasons were increased
reading by a larger population and a shortage of wood and
charcoal.

Third, time gathering firewood has increased from 15-30
minutes to 1-2 hours in the last decade, with the result that
women were increasingly finding it impractical to collect
their own wood. Peasants who have lost their land to the
desert now gather firewood for sale, and because of the labor-
intensive nature of wood gathering, at harvest time the price
of wood increased by 25%4. Similarly, charcoal prices increased
at harvest time, by 66%. 1In the last decade the price of
charcoal has increased three-fold, mainly due to deforestation.

Three-fourths of the households which purchased charcoal
used it ouly in lumps while the other quarter also had primus
stoves. Charcoal is used most extensively in cooking, but
also for space heating, melting soap and ironing. The charcoal
was burned in stoves or heaters made from petrol cans.

Finally, desertification, soil erosion, and drought were
increasingly serious problems. The population of Bara, Sudan

was beginning to cut gum arabic trees for firewood rather than
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market their sap, and definite declines in the standard of
living were experienced by the poorer majority of villagers.

Another survey of energy use in developing countries'
villages was prepared on the basis of United States Peace
Corps volunteers® reports.9 Table 2-4 summarizes the tasks
and energy sources for six villages. All soil preparation was
done by animal or human energy, with the exception of one
Latin American village. All planting and harvesting was done
by hard as was initial processing, except for sugarcane in the
Dominican Republic. All cereal growing communities had a
grinding machine, whether a water wheel as in Nepal, or a
diesel-powered grinder as in Ethiopia.

Wood or charcoal were used throughout for cooking, with
some kerosene supplement. Water was available from nearby
streams and in two instances, from wells. Four villages had
electric 1lights. Homes were always built by hand while
transport was by motor vehicle except in Nepal. The energy
use profiles indicate heavy reliance on noncommercial energy
sources, especially outside Latin America. Petroleum is the
main replacement for animal or human power, and woodfuel.

The most significant findings of other studies of energy
use in rural areas are that cooking and growing of food make
the heaviest demands on energy budgets and labor time. For
an Indian village, Revelle found that cooking accounts for
60% and agriculture for 22% of total energy consumption of

7,100 kcal/capita/day (which is 380 kgce/year).lo llakhi jani
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Table 2-4 '

ENZRGY SOURCES AND APPLICATIONS IN SEVEN VILLAGES

Task Dom. Rep. Etniopia Korea Micronesia Neoal Niger
1. Soil Prep. tractors; hand hoe; oxen hand; (nuts, bulls; hand
burro; oxen; fruit, bread- haad
oxen horses fruit gather-
ed wild)
2. Planting hand hand hand hand hand hand
3. Irrigating electric occasion- none none none hand
pump aily by (with '
gravity scoops)
4. Harvesting nand hard hand hand hand hand
5. Inizial (sugar- cattle ox hand. hand hand
Processing elec, tred trod;
(thraaning) machine) hanad
6. Grinding none diesel; gas ne cereals watar nand;
hand (rice); powered diesel
hand mill
(beans)
7. Preserving rone sun dry kimchi ; copra in sun dry sun Ary

drying sun; salt or
smoke fish;

breadfruit
buried
3. Coadking wood, dung; wood, charcoal coconut husks; wood wood
char- charcoal coal, wond ;
coal rice, kerosene
straw
9. DOriaking town pipes; well; well; runoff; wells stream well
Watar water streanm hand with bucket nearby
trucks pump or pump
12. Space none cooking char - none wood rone
heating fires coal; ire
oil

Source: J. Howse, Inc., Energy for Developing Countries, op. cit.




11.

12.

13.

i4.

L.

is.

17.

13.

19.

20,

water

heating

Lignhting

Elect:icitz

Source

Coverage

Hauling

HYome Con-
struction

Distance
for wood

Travel out
of Village

Fertilizing

Fishing

om. Reo.

none

electric
or kero-
sene lamp

diesel;
hvdro

streats;
sugar

factory:
affluent

cart &

ox; °
tractor

hand

pickup

trucks

rotor-
bives;
bus; foot

nand
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Table 2-4, continued:

Zthiooia

none

kerosene;
straw; few
electric
lamps

diesel

streets;
bars; few
homes

wcmen ;
animals

hand

nearby

jitney

bus;
horse;
foot;
jitney

none

none

)

Lorea Micronesi: Nepal Niger
charcoal rone waod, -zne ‘
not
eprings
electric kerosene; pitch kerosene .
flashlight pine;
rarsly
kerusane
? none none ncne
majority none none rone
of homes;
lights,
T.V.
cart by hand; porters  hand;
ox or boat; donkey §
man cart camel
(hand)
hand hand nand ~and
illegal nearby 2 hrs. increasing
to cut driftwood many hours
wood
cus; via inver- Forters diesel
train island boac truck
(diesel) or plane
bus; via inter- foot bike; foot
train island hoat cr private
(diesel) or plane heli- vehicle
copter lines
chemicals; ? manure none
manure & cengost;
compost by chemical;
hand by tand
rcne Gas boats; none none
hand
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and Poolell

calculated that agricultural and cooking needs
absorr from ?77% to 97% of total per capita energy consumption,
which ranges from 670 kgce to 2260 kgce, as shown in table 2-5.

Reddy and Prasad12

estimate that 130 kgce is used for
cooking alone, out of a total per capita consumption of 300
kgce. An illustration of the variability of these estimates

is provided by comparing those rather low figures noted

above with the estimate of J. Parikh who suggests that 300

kgce is necessary for cooking alone.13 Energy for
cooking in a Bangladesh village were estimated to range from
500 kgce for the landless to 2000 kgce for the richest villagers.lu
Cooking is generally agreed to be the most significant use to
which energy is put in rural areas. This has important
implications for subsistence in the face of declining energy
supplies, since demand (in terms of number of meals cooked)
cannot likely be reduced significantly.

Energy consumption per capita varies tremendously among
developing country villages, both in volume and mix. Table
2-6 illustrates this complex variability by type of commercial
and noncommercial energy for 7 villages from differeni parts
of the developing world.

The possibilities of finding substitutes for wood and
dung used in cooking are limited. Kerosene is costly, has
to be transported and requires relatively expensive stoves

for use. Wood is also costly and entails travelling longer

distances for gathering. The same constraints apply to charcoal,

while both wood and charcoal use may have negative implications
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Table 2-35

COMPARISCN OF ENERGY USE IN LDC RURAL VILLAGEZS
(kilograms of coal equivalent per capita)

A village in Cooking & Agriculture Transp. Total Total
Domestic & Misc. "Useful Energy"
India 150 280 125 555 30
China 730 305 120 11ss 90
Inited Republic of 810 8S 25 920 44
Tanzania
Nigeria 550 88 32 670 i3
Mexico 620 1500 140 2260 530
Boliria 1220 245 245 1710 84

Sourcet Makhijani and Poole. Energy and agriculture in the third world,
op. cit.

(a) Useful Energy is calculated as primarv (resource) energy times the
efZiciency of use.
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for the ecosystem.

Fuel 1s used inefficiently for cooking: energy utilized
ranges from 5% to 10%. While difficulties surround the
introduction of more efficient stoves (especially their
capital costs), the advantages to be gained are attraotive.
They include reduced fuel demand, the availability of money
for other expenditures, and the release of time and labor
from wood gathering for more productive tasks or for leisure.

Energy is essential to the production of food, which is
currently insufficiently available to between 450 and 500
million people, according to the United Nations Food and
Agricultural Organization.15 The food production tasks and
the types of energy or machines commonly used to perform
these tasks can be noted:

sotl preparation: human labor, heavy machinery
plowing: human labor, hoes, bullocks,

water buffaloes, hand-guided
tractors, mechanical tractors

cultivating; hand labor

irrigation: animals or motors )
harvesting: human manual labor

prepara?ion, hand or machine grinding

processing of grain

transportation truck, animal drawn vehicles,

water for cooking
and drinking:

preservation

pack animals, humans

hand-hauled or machine pumped
from a well, and carried for

half-day's walk away in some

cas"s

salting, sun drying, smok.ng,
using wood or charcoal.




-31-

Human energy plays a vital role, but it is constrained
by the low caloric intake. The food produced is depleted
by poor storage conditions, with the result that agricul tural
production remains largely subsistence and the 'multiplier’
effects of efficient energy use are rot operative. The
experience of some rural populations, notably that of China,
indicates that this vicious cycle of insufficient food
production and subsistence can be broken.

Estimates of the amount of energy required to provide
subsistence vary with specific circumstances, and according
to assumptions on which calculations are based. Table 2-7
shows per capita levels of energy consumption, which ranges
from 11,700 kgce in North America to between 5% and 10% of
that in developing countries even when noncommercial energy
is included. Several studie516 concur that approximately
300-400 kgce per capita per year would coincide with minimum
provision of food and shelter in a rural agricultural setting.l7

Initial findings of a study the the Overseas Development
Council of the United Stateslssuggests that the standard of
living rises sharply when energy consumption increases from
its lowest values, and a threshold occurs at approximately
1200-1400 xgce per capita. The study concluded that a
tripling of the current average commercial energy consumption
in poorer developing country groups to 900-1000 kgce would be

required to attain a minimal adequacy for human life.1?

i
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Table 2-7

DISTRIBUTICN OF WCRLD CCMMERCIAL
ENERGY CONSUMPTICN

ANNUAL PER CAPITA CONSUMPTION
VS. TOTAL POPULATION
(AREA GIVES TOTAL ENERGY)
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C. Conclusiong: Four broad conclusions car be drawn

from the foregoing discussion: (1) Noncommercial energy is

the major fu:l for most of the rural population in almost all
developing countries. (2) Replacement of noncommercial fuels
implies a transition to petroleum products. (3) There is

scope for increasing use of existing fuel sources through
improving the efficiency of conversion of energy to useful
services, but this requires capital investment in items such
as stoves and machinery. (4) An improvement in living standards
is 1ikely to require increases in energy consumption per

capita.

2. COMMERCIAL ENERGY IN RURAL ARZAS

A. The prominence of oil: The converse of heavy reliance

on noncommercial fuels in rural areas is the relatively small
amount of commerclial energy consumed by agricultural populations
in the developing world.

Non-OPEC developing countries account for L1% of the
world's population but consume only 97 of its commercial energy.
Commercial energy production in non-OPEC developing countries
has been increasing rapidly, with a 250% rise between 1970
and 197%. Per capita energy consumption increased 175%
over this period but in 1974 still averaged only 400 kgce,
or less than 4% of the U.S. average per capita use, as noted
above,

The range of per capita consumption among the six non-

OFZC developing country groups is larse, with the agricultural
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non-exporters consuning 81 kgce and the industrialized develop-
ing countries consuming 1220 kgce. Individual country differences
are even more pronounced. For instance, 3pain, Singapore
and Greece have a per capita average over 2,000 kgce, while
at the other extreme, Rwanda, Burundi and Nepal had averages
of 10 kgce per capita. Clearly, reliance on noncommercial
energy is significant, given this slight use of commercial
ernergy in many countries.

Nevertheless, the combined commercial and noncommercial
energy consumption which ranges from 480 kgce for agricultural
non-exporters to 1606 kgce for industrialized developing
countries, leaves some 754 of the world's population at or
below the energy ccnsumption level which provides for basic
human needs.

Commercial energy consumed in developing countries is
overwhelmingly provided by nil products. For the developing
world as a whole in 1975, liquid fuels accounted for 61%
and natural gas for 155 of total commercial energy use.

Of the oil importing countries, 29 of 40 African developing
countries, 12 of the 20 Western Hemisphere developing
countries, 3 of the 13 liiddle Eastern developing countries
and 5 of the 11 Asian developing :ountries depended upon
liguid fuels for at least 907Z of their commercial energy.
'n only four countries do liquid fuels represent less than

50% of total commercial energy c0nsumption.20
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3. The cost of commercial enercys In 1975 the oil importing

developing countries imported an averase of 2,7 million barrels
of oil per day, worth some 12,8 billion (at $13 per barrel) or
77 of total export value from these countries, Non-0PEC develop-
ing countries have invested an average of B4.2 billion per year
(7-8% of gross fixed capital investment) over the 1960-74 period,
in developing energy resources and electricity production capacity.
Most of this investment has gone for electricity generation and
distribution systems.21 Rising costs have negatively affected
the ability of developing countries to maintain imports of com-
mercial enersy and to continue electricity production and distri-
butinon procrams at the levels of growth achieved in the past,
Recent energy price trends have contributed to large balance
of payments (current account) deficits, Terms of trade have de-
teriorated from an index of 100 in 1979 to 87 in 197% %“and debt
has increased dramatically.z3 Consequently, developing country
growth rates have slowed substantially - from 7.6% to 3.0% be-
tween 1973 and 1975. Prospects for increases in per capita in-
come in the low-income developing countries above 29% between
1975 and 1985 (from 3150 to $180) are not good, Among the impli-
catinons to be drawn from this mix of circumstances is that in-

creased growth is crucially dependent on increased energy con-

sumption, but this enersv is not likely to be supplied from com-
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mercial sources to the extent it has in the past due to capital
shortaz2s, The need for develonment ot alternative energies and
enerzy technologies is apparent, as is the need tn develop all
indigenous enersy resources in new and less costly ways.,

C. Electricitys Growth in electricity consumption in develop-
ing couatries has been at a rate higher than that for other con-
mercial fuels, but this growth is not uniform among country groups.,
Table 2-8 shows electricity growth in LDCs (less developed countries)
between 1970 and 1975 at a rate of 9% per year. The table distin-
guishes between primary electricity which is that produced di-
rectly from hydropower, nuclear or geothermal and solar energy,
and electricity produced by the burning of fossil fuels (coal, oil
and gas), It can be seen that the zrowth rate in total electricity
production is higher than that for primary electricity, indicating
an increasing reliance on fossil fuels for generation, Th: pro
portion of primary electric enerzy to total electric energy inas
decreased by some 147 between 1970 and 1975, If Brazil's huge
hydroelectric scheme were excluded, the growing dependence on
fossil fuel electricity generation would be more marked.zu

Production of nuclear energy on a commercial scale in develop-
ing countries is insignificant, with only four countries operating

nuclear reactors as shown in Table 2-9 below, Geothermal electri-

city production is limited to .5 x 103 Gwh, located in Central
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Table 2-9

LDC NUCLZAR PRCDGCTION - 1975

Electric Energy From Nuclear Power

Country Gwh x 103
Argentina 2.5
Spain 9.0
India 2.6
Pakistan .6

Total 14.7

U.N. World Energy Supplies 1971-75.
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America, Thus hydronelectric proluctior in 1975 (249 x lO3 Swh)
accounted for 7% of all develaping country primiry electrici ty
proaoduction,

The praospects for increased hydroelectric development de-
pend on site availability, taking into account uncertainties in
water levels and requirements for navigation irrization and
fishing, Given the long lead-time in dam building, stand-in
electricity zenerators may be required, Further difficulties
arise from the nften inaccessible locatiniu of dam sites and the
need for expensive distribution grids and their maintenance., An
Alternative is mini-hydro facilities which produce electricity in
sub-mezawatt range, Dependins on lncal conditions, some hydro-
power productinn is likely to be available from installation of
small low-head facilities supplying villages and small industries
and agrobusinesses, but not inteqrated into a natinnal grid,

An illustration of the variations in electricity consumption
among countries is provided by Table 2-10 which provides data on
African countries® population, GNP and energy consumption for 1974,
Electricity consumption is hichest in Swaziland (2,539 per
capita in kwh) and Liberia (515) and lowest in Burundi (6) and
Upper Volta (8). These consumption levels can be compared with an
African average of 309 kwh per capita and a world average of

1,613 kwh per capita in 1974, These country figures do not reveal
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Table 2-10

Population, Gii? acd “aerzv Consumotion for 1974

GNP Comnercial Energy Electricity
Popula- per GIP Growth Rate Consumption per Consumption
tion (mil- capita per capita capita (kg. of per capita 2
Caunrry ligoa)l (u.s.5? (19635-73) ()1 coal) equivalent?, ta kwh
|
! Angola 5.8 530 3.2 191 109
, 3enin 3.0 120 1.5 42 17
Botsvana
3urundd 3.7 80 1.4 13 6
Un. Rep.Camerogn 6.3 260 4.9 86 179
(‘apg Varde 0.3 6.0 90 27
Central
African Fmp. 1.7 200 1.0 57 30
Chad 4.0 90 -3.3 17 14
Congo 1.2 390 1.9 216 75
Squatortal
Guinea 0.3 260 -3.1 a7 56
cthiopia 27.2 90 1.6 k)Y 25
Gabon 0.5 1,560 6.1 1,070 333
Gambia 0.5 170 2.2 13 3y
Gnhana 9.6 350 0.8 184 379
Guigea 5.4 120 0.1 94 116
Guinea Bissau 5.9 41 39
Ivory Coast 6.1 420 3.0 370 179
Ranya 12.9 200 3.3 177 86
Lesatho
Liberia 1.5 330 4.7 482 515
Madarascar 8.6 170 0.9 71 [
Malawi 5.0 130 3.7 56 46
Mali 5.5 70 0.5 24 15
Mauritania 1.3 230 1.2 112 14
Mauricius 0.8 480 1.4 275 361
Mozambique 8.5 420 4.1 141 107
Niger 4.3 100 -4.6 i1 15
Nigeria 73.0 240 8.3 94 46
Reunion 4.6 484 378
Rwanda 4.1 80 3.2 13 12
Senegal 4.2 320 ¢ -2.8 184 92
Sierra Leone 2.9 180 1.5 123 81
Somalia 3.1 80 1.6 40 14
Sudan 17.5 150 ~0.6 125 19
Swaziland @600 5.0 2,754 2,539
'n. Rep.Tanzanig 14.4 140 2.6 75 37
Togo 2.2 210 2.5 70 56
Uganda 11.2 160 1.2 51 47
Cpper Volra 5.8 80 -1.1 14 3
Zaire 24,1 150 2.9 76 164
Zambia 4.8 480 -0.2 557
Africa 392 290 ‘ 359 3
world 2,059 1,613
North (
America 233 5,133 ! : 11,321 9,580

Source: James W. Howe and staff of Overseas Development Council,

Enerﬂ' for the villages of Africa, reoommendations for African Qovernments and ocutside donors,

(Washington D.C.:Overseas Development Council, mimeo) February 25, 1977, p. 126.
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Footnotes to rable 2-10

(XN}

ron ~vorld Bank Atlas, World Bank, 1975.

Iron World Energy Supplies 1950-74, United Nations, Statistical Papers,
Series J, No. 19, Tables 2 and 21.

Notes:

South African Customs Union includes Botswana, Lesotho, Namibia, and
Swaziland; population and GNP figures for those countries
have been approximately aggregated here.

- Sooe data for several countries is tentative; for several countries the
per capita GNP growth rate was based upon 1964-73., See original
sources.

- "Afrieca" includes North Africa, South Africa, and Rhodesia.

- Per capita GNP figures for Africa and North America a-e for 1973.

- Figures for the United Republic of Tanzania are mainland Tanzania only.
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the extent to which electricity consumption varies between rural
and urban areas, and amanz sectors nf the econnmy,

Reddy and Prasad described the pattern of Indian energ
development over the past 30 years and suggested that it has led
to "the growth of urban islands of energy-affluence amidst vast
oceans of rural energy-depr‘ivation."25 For instance, some 70% of
electrical energy in India was consumed by urban industry as
Table 2-11 shows. Another 15% was consumed by urban domestic
and public utilities, but only 12% was distributed for rural
use, While data on use of electricity in rural villages is scanty,
it is clear that inequities in access to power supplies are
marked both among village326and within them.27

A recent study by V, Byrappa of the Indian Rural Electri-
ciation Corporation28stated that per capita electricity consump-
tion in India increased from 18 kwh in 1951 to 38 in 1961 to a
current level of 115 (1976-77), but the disparity among the states
was hich, In 1975-76 the maximum per capita consumption among
Indian states was that of Punjab with 231 kwh, with Gujarat next
(180) and Haryana, Karnataka and Tamil Nadu randing from 140 to
150 units, All others were below 100 kwh, But the proportion of
electricity used for productive farm purposes was 60%, in India,
or three times as hicsh as the next highest amonz developinc countries--

Pakistan, with 207% of rural electricity use for productive purposes.

ig
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Table 2211

Evcaomuany Covsuvrnos Pariess o Fapia (1973-74)

Number ot Con- Ecerzy Con- Percentage
Categury sumers sumed of Total
(thousands) (aulion kwh) Consumption
Domestic 13,238 4.644.55 9.24
Commercial 2,871 2,987.52 5.95
Industrial 725 32,481 40 64.64
Public lightwe 162 522.83 1.10
Traction 04 1,530.76 3.05
Agncultural 2,391 €,310.21 1256
Public water works 19 1,116.96 222
Muscellaneous 21 €22.15 124
Vg A erd e AL Y Teeh s e cEea 0 Ll e s e
S IR B N O TS A : .'.‘:"v” T a T Lo 1}:/7'
! ~ 1o~ RIS Lol R PR J.o0 . aut enennTan,



by
Over 20% of the electricity used in rural India was consumed by
the industrial s:ector.?9

The Economic Commission for Africa estimated that only 67 of
the rural population of developing countries were connected with
electricity grids in the early 1970s, While there is need for
massive expansion in rural electrification, the prospects for
supplying even the majority of the population with electricity
by 2000 are not brignht, assuming that conventional technologies
and strategies continue to form the basis of rural electrification
programs,

In this 1light it is useful to note Reddy and Prasad's con-
clusion that, given the reliance of a typical Indian village of
some 500 population on non-commercial energy for around 70% of
total requirements, most of which is used in cookkng, it is
essential to base any scheme for enersgizing villages on improved
energy supplies for cooking, The building of large, centralized
power plants cannot meet these needs,

Furthermore it is undesirable to allocate expensive fossil
fuels or import costly nuclear technologies for electricity
generation when feasible options exist for the production of
village energy supplies from local resources, A decentralized
approach based on renewable energies includes electrification

(mini-hydro plants, bio-gas, wind) to power as a matter of priority,



45
communications, lighting and pumping equipment,

D. Conclusionst Among the conclusions to be drawn from this

discussion are the following, 1) The reliance of developing
countries on commercial energy is slight, thoush varied, and
about 90% of commercial energy is provided by oil products in
most countries, 2) Higher energy prices and the economic con-
ditions in most developing countries make the growth in reliance
on imported, commercial energy unattractive., 3) Electricity pro-
duction is based almost equally on fossil fuels and hydropower
but fossil fuels use has been increasing, 4) Major differences
exist among developing countries in per capita electricity con-
sumption, and urban areas consume perhaps as much as about 80% of
electricity, Inequities in access to electricity also exist
amonz villages and within them, 5) The prospects for rural elec-
trification by conventional centralized production ani grid
systems are not bright, but alternative, renewable energies

provide options,

e
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l. A, K. N, Reddy and £. K. Prasad, "Techanoloacical alternatives
and tho Iniian ener vy crisis,” Economic and Political Weekly,
(New Delhi), Special Numher, Auzust 1977, po. 14H5-1507,

?s Th~ table shows the total population of those countries hav._ng
a given percentage of noncommercial enersy use as compared with
total enerzy consumotion,

3. Brookhaven National Laboratory Developing Countries Energy
Pro7ram, Inergsy needs, uses and resources in developinr~ countries,
prepared for United States Agency for International Developmant

under PASA No, ERDA/TAB-995-18-76 with the U,S, Department of

Energy, (Upton, New York: Brookhaven National Labsratory), March
1978, p. 67. (Reference hereafter cited as Brookhaven, Enersy Needs,)

b, The World Bank classifies non-0PEC developing countries into
nigh, medium and low percapita income groups, UNCTAD catesorized
all developinZ countries to reflect energy consumptinn and trade
positions, resulting in 9 groups. The trade groups used by UNCTAD
show the pro;ortion of total energy consumption which is imported,
while the consumption catesories show the per capita energy con-
sumptinn of ea.h country., This is a useful method of grouping be-
cause it shows at a zlance the relation between enercy dependence
and 1ow consumption and low levels of economic rrowth (tn the
extent that energy consumption is correlated with levels of econo-
mic development)., Since the UNCTAD work is in prooress it is not used
directly in this study., (TD 588/10(5)

5. Bronkhaven, Energy needs, op, cit., p. 13,

6., For instance, Zambia exported in crude form 607% of its cobalt,
95% nf its conper, 75% of its lead and 60% of its zinc in 1974,
For a discussion of processins minerals in thess countries see,
"Transnational corporations and the processing of raw materials:
impact on developineg cnuntries,"” Report by the United Nations
Centre on Transnational Corporations, February 1973, distributed
by UNIDO (ID/8/209) 21 April 1978 id. 78-1539, for the twelfth
session of the Industrial Development Board, Vienna, 16 to 26 May
1978, acenda item 10,

7. Exxon ovened the Chinese market to petroleum products in the
late 19th century by giving small lamps to the people free of
charge and then selling kerosene to fuel them. See Michael Tanzer,
The political economy of international o0il and the underdeveloped
countries, (New York and Londont Temple oSmith) 1960,

¢, Dimernes, Turi Hammer, Wood for fuel, the eneroy situation in
ara _Sudan, Abstract of PhD dissertation, Department orf Geozraphy,
University of Bergen, Jslo, Norway, July 1977,

9, .« Howe, Inc,, Enersy for Developing Countries, Report to the
International Relations Proecram of the Rockefeller Foundation,
dctober 1977 (Rockefeller Foundation, New York, mim=o).




L7

10. R, Revelle, "Znercoy use in rural India," Science, op. 192,
969, June 4, 1975,

11. A, Makhijani and A, Poole, Energy and acriculture in the
third world, (Cambridse, Mass,: Ballinger Publishing Co.) 1975

12, A, X, N. Reddy and K, K, Prasad, "Technolo<ical alternatives
and the Indian energy crisis," Economic and Political Yeekly,

op. cit,

13, J. Parikh, private communication, quoted in Brookhaven,
Energy needs, op. cit., p. 75. For a detailed note on the problem
of noncommercial energy data and means of analysis, see Brookhaven,

po 77—?80

14, Mata Systems Workshop on Rural/Domestic Enerzy Issues,
(Washington D, C,) January, 1978, mimeod report .

15. One serious drawback in the introduction of more efficient
stoves is their initial capital cost. Denis Hayes discusses
some of the obstacles of solar cooker introduction in "Enersgy
for development, third world options," Worldwatch paper 15,
(Worldwatch Institutes Washington D, C,), December 1977,p. 22,

15. FAO, "Energy and agriculture," op. cit., W/L1180, FAO re-
ported that two-thirds of the developing countries had inadequate
food supplies in 1970. Some2,300 calories are an adequate per
capita intake per day, but half a billion peonlz in developing
countries are estimated to consume only between 1,700 and 1,800
calories each day., Food and Agricultural Orzanization, The state
of food and acriculture, (Rome: FAQ) 1974.

16, Marrijani and Poole, oo, cit,, J. Parikn, on. cit., and Mata
Systems Workshop on Rural/Domestic Energy Issues, on, cit,

——

17. Brookhaven, Energy needs, op. cit., p. 79 notes that this
subsistence energy consumption level would have to rise as popu-
lation density increased and because the amount of agricultural
productivity on fixed amounts of land can increase only with added
energy.

18, The Physical Quality of Life Index, discussed in 3rookhaven,

Enerey needs, op. cit., p. 79.

15, These are all the groups described on p, 31, excluding the
industrialized and oil-exporting developing countries,

20. India (23% o0il) and Kourea (48% 0il) have the bulk of coal
reserves found in developing countries., They have developed coal-
based energy economies in which coal accounts for 73% and 51% of
fuel use respectively, Pakistan (407% o0il) has exploited its
natural gas to provide 407 of total commercial energy while Zambia
(36% 0il) has invested heavily to develop hydropower (28%) and
coal (36% of commercial enersy). Brookhaven, Enersy needs, 0D,
M.’ p. 23.
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?l. E., Friedmann, "Financine enerey in developinzg countries,”

Do

World Bank Reorint Series no, 27, Yarch 1376

22, The value nf exports divided by the value of imports, See
“lnrld Bank, "World econnmic and social indicators," August 1977,

23. Horth-5outh Institute, The Debt Crisis and the Third World,
(Ottawas The Worth-South Institute), 1977, ror 76 non-OPEC develop-
ine countries outstanding disbursed public debt increased from
11.9% of GNP in 1974 to 1574 of GNP in 1976, while as a result

of this debt increase and the impnrtance of private lending at
hicher interest rates, debt service requirements increased from
8,47 to 10% of total annual export values, For nine countries,
1977 debt service is estimated to have risen to over 207% of

export value,

24, The largest single increase in primary electricity, 38,7 Gwh
X 103, was in Brazil, If this is excluded, the absglute increase
in primary energy would have been only 30 Gwh x 107 and the annual
growth rate in primary electricity over this period 2,%5 rather
than 6,27,

25. Reddy and Prasad, "Technological alternatives and the Indian
eneroy crisis,” ov. cit., p. 1&37.

26, For instance, it has been estimated that, .espite of notable
progress in rural electrification in India, over2,500,000 villages
will still be without electricity in 1980. Furthermore, most of
these villages are 'economically unfavourable' for electrification
and thus require very larse investments with little prospect of
return, In the State of Gujarat, out of about 18,000 villages,
only 7,000 have been electrified, Out of the remaining 11,000
villaces, 7,800 are considered econnmically unviable, See N. Amin,
"Integrated approach to rural energy,"” Commerce, Annual number,
1977, opo. cit., p. 29.

27. Even after villages in India are connected to an electricity
grid, only a small fraction of the population can purchase power
despite its being subsidized by the government, N, Amin, ibid.,
noted that "It is inconceivable that the cooking needs which rely
on fire wood, dung and agricultural waste can be met by electri-
city, At present, whatever electricity is available in the villages
is primarily used for irrigation purposes.”

28, V, Byraopy, "Appropriate technologies for rural energy supplies--
the Indian experience,” (New Delhi: Rural Electrification
Corporation Limited, mimeo) May, 1978, p. 11-12,

29, Ibid,, quoting a World Bank study.
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CHADPTER THREE

TECHNOLOGY FOR THE SUPPLY

OF NONRENEWABLE ENERGY

With the exception of solar energy, all forms of energy
require an exploration effort and investment in production.
Some types of energy can then be used directly, as in the
case of coal and high quality crude oil burned for heat or
motive power. Hydropower is used directly for electricity
generation,

Most eners;y resources must be converted through the
use of technology to another form. Each stage of energy
from exploration, production and conversion, requires specific
technologies. These are represented in table 3-1. The
present chapter surveys the technologies available for the
supply of nonrenewable energy, with an emphasis on oil and

gas, and electricity, generated from a variety of sources.

1. NONRENEWABLE ENERGY

A. 0il and pas: exploration and production notential

Developing countries are dependent on 0il, the main
source of commercial enerzy. Kerosene and diesel are the
most significant commercial fuels in rural arcas. Consequently,
discovery of local petroleum deposits could ease the energy

supply problems of many developing countries. Furthermore,
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Table 3-1

The Main Energy Technologies

Ci1l and Cas Coal Uranium Solar Hydro-
eLccC,
Sxploration Geology
ti 3
Geophysics r"a;;n‘e ic .sur/-,' Ceology Geology Ceology
gravimetric survey
smismic survey
Drilling Rig
. Equipt. Pipes
Drilling Liud
Bit
Logging
Production Rescrvoir enginecring Mining Mining Dam
Drilling Equipt. equipt. electrica
Completion product- Product- eqpt.
Field Equipment ion ion
Secondary & tertiary recovery Concentration
Fnrichment
Fuel fabric-
ation
Conversion Power Plant Pover Plant Reprocessing| Collsctors
Refinery LNG Plant Power Piant | Photovolt-
aic Cell
Biogas-
Plant




dependence on imported oil is a major drain on foreign

exchange and constitutes a strategic risk since supplies

are by no means certain during periods of shortage or disruption.

What are the possibilities for developing countries to explore

for and produce 0il?

B. Reserves:

OPEC countries account for two-thirds of the world's
proven petroleum reserves and half of production (1973), as
table 3-2 indicates. In contrast, non-OPEC developing
countries account for only 7% of reserves. About half of
these are in MNexico and Oman (see table 3-3). Less than
2% of world reserves are in the remaining seven net exporters
(Syria, Angola, Tunisia, Congo, Bolivia, Malaysia and Brunei).
The 11 net importing producers possess just over 27 of

reserves,

C. Production:

Several of these o0il importing developing countries
do produce some oil. Three developing countries are ma jor
producers (outside of OPEC) - Angola, Oman and Brunei. In
addition, six others are net exporters.l Mexico, Oman and
Egypt accounted for 41;5 of non-OPEC oil production in
developing countries in 1977. By 1985 it is estimated that
llexico, Brazil and Egypt may account for 40,5 of all non-OPEC

developing country production and that Mexico alone may

account for 25,7 of non-OPEC developing country production
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Table 3-2

DISTRIBUTICN OF PROVEN PETROLEUM RESERVES

as of January 1, 1978

Billion Barrels Percent
Non-OPEC LDCs” 44.0 7%
(011 importing LDCs) (10.2) (22)
OPEC 439.9 68X
Industrialized countries 63.9 10Z
Gentrally Planaed Economics _98.0 ) S
TOTAL 645.8 100X

*Not including China

Source: _0il and Gas Journal, December 26, 1977,(Tulsa, Oklahoma,
Petrolcum Publishing Company).

i
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by 2000.%

3y 1972 the oil-importin. developing countries were
importing 2.5 million barrels of oil per day, as shown in
table 3-4. There has been little growth in the volume since
then. However, the price paid for about one billion barrels
imported in 1977 was $12.8 billion, as noted above. Estimates
of recoverable world oil reserves vary from about 1.6
trillion barrels to nearly 3 trillion barrels. Since the
largest areas yet to be explored, but with petroleim
potential are located in non-OPEC developing countries, it
has been projected by some geologists that perhaps half of
the world's o0il will be found there.3

Drilling density in non-OPEC developing ccuntries is
less than 14 as high as the density in the United States,
as table 3-5 shows. Non-OPEC developing countries account
for just under half of the world's prospective 0il areas
and demonstrate success ratios for wildcat drilling which
are higher than the world average.5

At present, 11 of the 70 oil-importing developing
countries produce some 0il and have good prospects of
increasing production (table 3-3). The main constraint on
finding oil in the remaining countries is finance, but a
nunber of options have been opening up in recen: years which
ray enable increasing numbers of oil-importing countries to
find and produce local oil. World Bank sources indicate that
committments to large-scale expansion of exploration progzrams

in these areas have been made by petroleum corporations.
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Table 3-4

REGIONAL OIL IMPORTS OVER TIME*

millions of barrels/day

1950 1960 1970 1975
Africa 0.06 0.14 0.22 0.30
South Asia 0.07 0.16 0.26 0.34
East Asia 0.04 0.16 0.77 0.87
Middle East 0.05 0.11 0.12 0.23
Latin America 0.32 0.48 0.75 1.09
Total OIDC 0.55 0.11 2.12 2.83

*Excludes OPEC members and other net oill exporting countries.

Source: U.N. World Energy Supplies, 1971-1975.

9
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Table 3-95

WORLD DRILLING DENSITIES

as of January 1, 1978

Australia/N.Z.
Japan
Canada
Western Europe

0.S.A.

Total Develo| ed

Petroleum

prospective Total

area (millions wells drilled

square miles) (thousands)
4.5 75.0
3.6 3.9
2.0 11.5
2.8 2.2
12.9 92.6
4.0 62.7
2.4 2.5

.2 5.3

1.9 150
1.4 50
3.1 2425
9.0 2632.8

entrally Planned lconomies

U.S.5.R.

China

Total

WORLD TOTAL

3.5 530
1.1 8.5
4.6 538.5
30.5 3326.6

Wells ner
prospective X of U.S.
square mile density
.017 2
.001 0.1
.006 0.7
.001 0.1
.007 0.9
.02 2
.001 0.1
.03 0.1
.08 10
.04 5
.78 100
.29 37
.15 19
.008 1
.117 15
.109

Source: Data compiled by Gordian Associates fromBernardo Crossling, Window on Oil: A

Survey of World Petroleum Resources, (London:

The Financial

Times Ltd., 1976)
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D. Financing explorations The possible ways of financing
0il exploration include funding from international institutions,
the OPEC Special Fund and other financing agencies. As
important is the interest among independent and European
etate oil corporations in finding oil to satisfy growing
demand. Because of impending oil shortages, it is probable
that many corporations value future o0il resources at above
projected market prices. As a result, the corporations may
be more disposed toward agreements with developing country
governments for c¢il exploration, which are more favorable to
the governments, than has been the case in the past. Examples
of favorable terms are the recent Vietnam agreements with
European state companies.

Another option for o0il exploration is the 'do-it-yourself’
approach by which developing country governments establish
state oil agencies (over 80 currently have been created in the
developing countries) and contract with the increasing number
of international oil service firms, for the technical facilities
and skills required to explore for and develop oil deposits.6
In addition, co-operation among developing country state oil
corporations is increasing. Consequently, oil-importing
developing countries are able to tap a number of sources,
including OPEC member countries, for investment funds and
technology necessary for local oil exploration.

Nevertheless, this trend toward increased developing

country cooperation is new and not without difficulties posed

Rt
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by market control by major private transnational oil corporations,
a shortage of finance capital, and inexperience in o0il exploration
and production. The immense attractiveness of finding local

01l resources outweighs the many drawbacks and promises to
provide an incentive for accelerating developments in this

area.

2, TECHNOLOGY FOR OIL AND GAS EXPLORATION AND PRODUCTION

An task that is prior to supplying energy to rural areas
is securing the energy from its source. For the major commercial
form of energy now in use - oil - this involves exploration
and production, preferably in the country where consumption is
to occur. Indigenous exploration, production and conversion
requires a range of technologies, some of which are more

appropriate and more accessable than others.

A subsequent step is the more efficient transport and
use of o0il products, especially in rural areas. Technologies
for more efficient use are not assessed in this study, but do
receive some mention below.

Exploration and production of 0il and gas require knowhow
and technology for a number of specialized operations as table
3-1 above shows. Contrary to widespread belief, the technology
subsectors (which number more than 20) for exploration and
production are not monopolized. With the exception of electric
logging where a French firm, Schlumberger, controls 84% of the
market, oilfield service and equipment suppliers are available

from a small but increasingly diverse group of corporations.

In a pioneering study of technology for oil exploration
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and production, Carlos Anez described the evolution of the oil
industry from the initial stage of in-company provision of
technical services to the current multiplication of service
firms.7 Contractors to the oil companies became established
when fluctuating demand for specific ser—rices made in-house
capac.ity too costly for the oil companies. Contracting developed
as specialization made possible the economic viability of a
small number of service firms which catered to all the oil
corporations. Today most oil corporations coordinate several
contracting firms which do the actual work of finding and producing
oil. This coordination role and the presence of several

service firms in most technology subsectors, makes it possible
for state-owned oil corporations to hire contractors and
supervise their work, much as do the private foreign oil

corporations.

3. ALTERNATIVES TO OIL

While technologies for finding and producing oil and gas
are becoming more readily available through a proliferation
of o0il industry service firms (contractors, equipment manu-
facturers and construction firms), the discovery cf hydrocarbons
is not directly linked to improvements in the supply of oil
products to the rural areas of developing countries.

Technologies for planning and putting into effect an
efficient petroleum product distribution system are required.

Due to deterioration, or very limited development of rail systems in

—i gy
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many developing countries, dependence on road transport
for petroleum products is increasing. This is placing
a heavy demand on government resources for road building
programs (which are in many cases urgently required for
evacuation of rural produce and the supply of inputs).
While some more indu:trialized developing countries
manufacture haulage equipment, especially trucks, in
most cases petroleum haulage equipment constitutes a major
drain on foreign exchange. Despite efforts to invest
substantial capital in distribution networks (storage
tanks, pipelines, tankers and barges, tracks and distribution
points), petroleum products have not been made accessible
at low cost to much of the rural population.

Distribution costs are high, but petroleum products
are lhemselves increasingly expensive. These considerations
have directed attention to possible alternatives to
higher dependence on petroleun products, especially in
rural areas. In this connection, it is important to note

that o0il is most valuable as a transport fuel, and that any

realistic replacements for oil will have to facilitate
mobility. The more promising substitute is ethanol, produced
from vegetable matter. Other substitutes for petroleum in
transport include rechargeable batteries which, due to
capital and operating costs, have little applicablility

for the majority of the population in rural areas.
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A. Ethanol: Ethyl alcohol (ethanol) can be used instead

of gasoline in modified automotive engines, (minor compression

ratio chages are all that is required) as is done for some
racing cars. Unmodified engines can run on a mixture of up
20% alcohol and 80% gasoline and the performance as far as
fuel consumption and power delivered at the shaft appears
satisfactory.

Ethanol is therefore a strong candidate as a renewable
fuel that could replace gasoline in cars and eventually
diesel motors in trucks. It can be produced from a variety
of crops, especially sugar caneas the cane has a higher net
energy balance than does sweet sorghum or cassava. Typical
ethanol production rates in Brazil are 3,600 liters per

hectare of cane, per year.8

B. Costs: The price of ethyl alcohol produced in large
quantities is about $0.20 per liter, which makes it

competitive with gasoline in many cases, given that taxes

to

e
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levied on gasoline in developing countries often raise
its price to around $0.40 per liter. At such high prices,
alcohol has been considered a solution for the petroleum
shortage in Brazil. A full experiment is being conducted at
present in Sao Paulo with large numbers of cars, some
of which are using 100% alcohol.

If these experiments are successful, Brazil plans
to produce 4 billion liters of alcohol in 1980 on one
million hectares of land, or 1.5% of the country's
fertile land. While this raises questions about alternative
land uses, and social implications of agricul tural for
energy rather than for food crops, preliminary cost-
benefit analyses favor the alcohol production program. 9
The Brazilian alcohol program represents an interesting
step toward reversing the trend away from biomass energy
sources. It provides encouraging indications that
dependence on petroleum products for transportation is

not inevitable.
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A technological problem that deserves some attent ion
is the improvement of the alcohol distilleries. At present
their capital cost is rather high, reaching about
$10 million for a plant of 500 barrels capacity per day.
This compares unfavorably with an oil refinery that handles
100 times this amount but costs around $100 million. The
large capital cost for alcohol distilleries is due to the
extensive need for distillation columns. The sugar cane
syrup from which the alcohol is distilled contains 93%
water which 1is removed through complexes of columns.

One solution may be to use solar heating to concentrate
the syrup to the extent possible, and then to operate
distillation columns at low temperatures (just above
the water boiling point) to gain a higher efficiency.

The technology for using ethanol is already available
in the form of conventional motor vehicles, generators
and other petroleum using machinery. As noted above,
this equipment requires minor modification to operate
on a mixture o1 gasoline and ethanol.

Another area for concern is the generation of
electricity from petroleum products, and the cost and
insecurity (given possible shortages of fuel 0il) of this
practice. Many countries are considering a shift away

from oil-based generation to hydropower The alternative



of producing electricity in villages, using traditional
energy sources, is also being considered (as discussed below) .
A recent study by the U.3. Overseas Development Council
highlighted the need to consider alternatives to increased
petroleum dependence.ﬂ)The study examined ccmmercial energy
consumption (the overwhelming proportion of which is
based on 0il) in 25 developing countries that have come
near to achieving the 1974 Lima Declaration target of
eliminating the worst aspects of poverty. The objective
was to estimate the effects on world energy consumption is
all developing countries achieved the Lima target by 2000.
The study concluded that those nations (such as Brazil and
Mexico) that have emphasized growth alone are relatively
much higher per capita energy (especially o0il) users than
those countries (such as one south-east Asian country) that have pushed growth
with equitable distribution of incomes, or *those (such as
Sri Lanka) that have focused exclusively on equitable income
distribution and have not made such headway on growth.
Another conclusion was that even if all developing
countries follow the relatively energy efficient growth with
equity strategy, the goals of eliminating the worst aspects
of absolute poverty cannot be met without imposing a claim on
world oil resources larger than world oil production will
permit, Therefore these development goals can only be met,
in the view of the Overseas Development Council, if non-
petroleum sources of energy are made available to these rural

areas. Under these circumstances, exploring the use of
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small-scale, renewable sources of energy appears to be

an attractive path. 11

L, ELECTRICITY

The probability that developing countries will not be
in competitive positions with regard to securing petroleum
supplies in the futurézhas given rise to suggestions for

alternative strategies for electricity generation.

Coal and nuclear electricity generation provide options,
as do small and large hydroelectric projects. Another
option recently developed within the United Nations would
combine several alternative energy technologies for
electricity generation at the village level.

Coal is used in the few developing countries with
significant developed deposits, for steel producticn,
industrial processing, limited domestic purposes and
primarily for electricity gereration. It is therefore
discussed along with uranium in connection with electricity
generaticn. The technology for oil and gas production

was examined above. This section considers technology

for the production of coal and uranium, but focuses mainly
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on equipment and costs of elecctricity generation and
distribution.

Coal production is becoming increasingly automated
as open pit mining replaces deep shaft methods. This
is a trend that emphasizes capital intensive equipment
for earth moving and separation. An industry which
has traditionally been labor intensive is thus evolving
in a manner contrary to many developing country interests,
such as reducing unemployment. Incentives are being
provided by the U.S. government to encourage American
coal mining firms to venture abrcoad. As a result, capital
intensive mining technologies are likely to become more
common.

Uranium mining is a sophisticated process that
requires technologies for crushing large volume of rock
while protecting the few operators from exposure to
radiation. The mining of uranium is carried out in very
few developing countries (Namibia, Gabon, etc) by large
transnational mining corporations. The processing and
enrichment of uranium are even more technologically
sophisticated processes, carried out in the industrialized
countries, =~ mainly in the United States. There is
no medium term likelihood that developing countries where
a demand for nuclear grade uranium exists, will reduce
their dependence on industrialized countr.es for processed

uranium.
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A. Technology: Conversion of uranium and coal (as with
0il and gas) into electricity requires heavy electrical
equipment and nuclear power plants. The heavy electrical
equipment industry produces generation, transmission
and distribution technology including steam or water
turbines, generators, power and distribution transformers,
switchgears and rectifiers. This equipment is supplied
by a relatively small number of large firms, based in
industrialized countries.l3 Purchases are public utilities
which tend to buy from domestic producers or from firms
based in the countries with which they have historical

or other significant economic ties. Smaller-sized
equipment and technology using water turbines is accessible
to electrical equipment prodvcers in developing countries.
Technological leadership has been based on research
and cross-licensing among main producers. Markets have
been allocated by a formal cartel involving most European

14
producers, the International Electrical Association.

lg
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Because the heavy electrical equipment industry is
characterized by uneven demand, and an excess of capacity
due in part to industrialized countries’ preference for
national capabilities, there is considerable competition
for access to markets of developing countries. Electrical
equipment firms prefer to export, but when this proves
impossible, they seek access to developing country markets
via licenses or direct investments.

The operation of fuel and coal power plants involve
techniques that are relatively easily transferred to
developing countries. But engineering know-how is also
essential to carry out adaptation and maintenance, especially
in the case of nuclear power plants.

The technology associated with nuclear electricity
generation poses serious saftey and reliability problems.
Consequently, this option for electricity generation has
been re-evaluated. 1In the late 1950s ang 1960s nuclear
energy was viewed as the 'transition' fuel to a non-fossil
fuel period, but in the late 1970s solar energy is more
attractive,

The ma jor technical difficulty, saftey apart,
has to do with the size of nuclear generating plants which
exceed the demand of most developing countries. A basic
electrical engineering precept is that pajor power grids
should receive no more than 10% of their input from any one

generating station. Since the smallest nuclear power Plants
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presently designed and marketed are at least &0 M4 (and
the trend is toward larger stations, for economic and
technical reasons), a grid should be at least 6000 MA in
capacitcy to make use of one. This eliminates all but the
largest developing countr‘ies.15

B. Costs:in compbaring the costs of nuclear electricity
with that generated from oil or coal (and taking into
consideration the thermal unit obtained through nuclear
electricity versus the themal unit directly obtained by
fuel oil or coal) nuclear electricity is 3.3 times more
costly than electricity from fuel oil for industrial
heat and 2.7 times for household heating.léﬂowever. nuclear
electricity proved to be slightly cheaper than electricity
generated from fuel o0il and coal in France in 1977. But
for non-specific electrical energy needs, fuel o0il and coal
are cheaper: only a jump of 300% in the price of crude o0il
would render nuclear electricity competitive as far as

these needs are concerned.

e
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In developing countries nuclear power dczs not appear
competitive even when specific electricity consumption
(lighting, same industrial needs) uses are considered.
Mention has been made of the lack of sufficient peak
demand, and in addition the capital costs are much higher
in developing than in developed countries.

The initial capital costs of nuclear fission reactors
are considerable. Estimates for the end of 1977 were
$1,240 per KW, or a total base cost of nearly $750 million
for a 600 MW plant.17 Despite lower land and labor costs
in most developing countries, it seems likely that
increased transportation, technical supervision, and
training costs, and the large requirements of foreign
exchange to pay for the sizeable imported portions of those
costs may make the basic capital installation costs more
burdensome for developing countries to begin with. 18

Policy recommendations to discourage countries

from pursuing the nuclear path were made in 1976 by the
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U.5. Overseas Development Council. In view of the many

problems associated with nuclear energy, it was suggested

that

tO})

countries should revise their international positions

discontinue the subsidies they presently offer
in the form «f government financing on favorable
terms for a portion of nuclear exports,

revise the mandate of the International Atomic
Energy Agency so that the Agency would end its
advocacy of the use of atomic energy and instead
concentrate its efforts on its second main task,
that of regulating the production and handling of
radioactive and explosive nuclear materials,

discourage the developing countries from following
the nuclear path and actively help them find better
alternatives to meel Lhelr energy needs.

C A rural energy center: Rural electrification has

been a part of development plans directed towards the

rural areas of developing countries since the beginning

of the 1960s. According to the world Bank,a%ural

electrification may involve some 10% of total investment

by these countries in the electric power sector, estimated to
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to total 510 billion between 1975 and 1985.

There are two conventional approaches to rural
electrification. The first involves extending the national
power grid that links central power stations using conventional
sources of energy (hydro, nuclear, coal, or gas and oil). The
second approach involves the installation of decentralized
oil-fired (diesel is most common) generators in individual
villages. Disadvantages of these appruaches include the
capital intensity of grid-generator networks, the high
price of diesel, and the comparatively short life of 6 to
8 years of a diesel power generator. A diesel ~enerator is
difficult to operate and maintain in remote villages owing to
the non-availability of spare parts and probleas of oil
transportation.

A third approach involves the harnessing of solar, wind
and bi ogas, in a rural energy centre, in several technologies
which would feed the power into a common storage battery
bank of ordimry lead-calcium-acid accumulators. Electric
power could then be tapped at any time for supplies to the village
for lighting of homes, pumping of water and the operation of
small village industries?l

The United Nations Environment Programme has decided to

establish three rural energy centres for demonstration on an

9
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experimental basis in Sri Lanka, Senegal and Mexico.

In a typical village of 100 families, at a site where the solar
insolation is about 6 Kwh m~ 2 p:r day of 8 hours and the wind
blows at an annual average speed of 5-6 m sec. © for at least
half the day and where animal wastes from about 200 animals

can be collected for anaerobic fermentation yielding
approximately 40-45 m3 of biogas (60;5 methane) per day, it

is possible to generate about 100-150 Kih per day by installing

the following devices at the rural energy centerszx

1. A solar thermal conversion device using either
low grade heat (transferred from hot water heated to
about 80°C-85°C by solar collectors to drive a freon
turbine in a Rankine Cycle engine-generator capable
of producing about 10 K4 of power or using high
temperature steam (3000C) to drive a conventional
Rankine Cycle steam engine-generator of about 7.5
KW to 10 Kil capacity.

2. Panel of solar cells of about 2 Ki (peak) capacity
which on an average day, would yield about 8 Kih.

3. Two wind generators of 2-4 KW rated capacity,




L. Commercially available diesel generators of 25 Kw
capacity modified to operate on_piogas (607 to
65% methane) from animal wastes®? and pyrolysis
gas obtain.d as a byproduct of low tempeiature

pyrolys;%q of agricultural crop residues and other
wastes.

5. Along li1fe battery bank of lead-calcium-antimony
cells, capable of storing about 150-330 Kih per day.

The system would be capable of producing a reliable
100 - 150 K#h of electricity per day, enough to meet the

following needs of 500 persons (100 families) in a village:

-pumping drinking water from well 35 :.etres deep
providing 20 litres of water per person and 40

litres per animal per day 7.0 Kwh/day
-lignting of homes, streets, village

comnmunity centre and school 18.0 Kiwh/day
-irrigation of about 5-10 hectares per day 50.0 Kvh/day
-village ind\ stries (decortication and

milling of grains, etc.) 50.0 Klinh/day
Total 125.0 Kwh/day

It is expected that energy for cooking food will be
met by production of char by pyrolysing agricultural wastes,
taking the energy consumption for cooking to be about 750 Kwh
(t) per capita per year. Some 20-30% of agricultural crop
res.dues and such wastes as rice husks and peanut shells

converted

for low temperature pyrolytic would be / into char, oil and
combustible pyrolysis gas. The char and oil could then be
transported from the pyrolytic converter installed at the

rural energy center, and their fuels supplied to imdividual

families for burning as fuel in smokeless stoves for cooking.

g
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The suppliers of the various components for the Sri Lanka
Centre capable of generating about 100-150 Kwh/day is
estimated to cost approximately $300,000 to $350,000, of
which half would be the cost of the equipment and half the cost
of civil structures, fees of consultants/ experts and costs

of training personnel.26

Even the cost of the demonstration
centcrs, necessarily high, compare favorably per unit of
power (Kwh) generated, with that produced by diesel power
generators of equivalent capacity in countries where the
real price of cil is 20 cents per litre or more, and financing
of rural electrification is available at a rate of interest
varying from 2-5%.

This survey of technologies and costs for the
supply of oil and gas products, and of electricity to
rural areas indicates that (1) reduction in the dependence
on petroleum products is advisable, with ethanol being a
possible substitute for gasoline in transport; (2) nuclear
generation of electricity does not hold positive potential
for developing countries in most instances and (3) conventional
electrification schemes based on grids and decentralized
diesel generators should be considered in conjuntion with

rural energy centres based on renewable, alternative energy

gources.
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CHAPTER FOUR

TECHNOLOCY FOR DIRECT SOLAR ENERGY

The last chapter dealt with non-renewable sourcr 3 of energy
oil and gas, coal and uranium. This chapter discusses one
category of renewable energy: direct solar energy.l Direct solar
energy is converted through a wide range of technologies into
energies of differing levels of quality ranging from low
temperature heat to electricity. Table 4-1 illustrates with
wide range of technologies for both direct and indirect solar
energy, together with the village tasks to which each might be
applicable. Technologies for converting indirect solar eaergy
(vege table matter, wind and water power) are discussed in
chapter five.

Sunlight can be captured directly and used for a number
of different ends. Most simply, solar collectors or pannels
can collect the sun's heat for cooling, heating, drying and
related tasks. Higher temperature heat can be gathered using
parabolic merrors. Such high temperature heat is useful in
smallscale industries in the food and textile area, for instance.
Solar heat can be used for mechanical energy in heat engines,
which have been used for pumping water. Finally, direct sunlight
can generate electricity through photovoltaic cells (also

known as solar cells).2

For each major *type of direct solar technology there

follows a description of the main features, and a summary of

costs of producing the technology and energy from it.
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1. SOLAR THERMAL TECHNOLOGY

A. Solar collectors: Solar collectors are the main

conponents of solar thermal technology. In the most direct
(or 'passive') systems, the sun's heat is used to warm

water or enclosed living or work space. In a more 'active'
solar heating and cooling system, there is a heat-storing
medium (usually water, but also helium) which is warmed in the
solar collector and circulated through the building.

I. Flat plate collectors for low temperature hegt:

The collector panels are usually long, flat boxes located
on the roof or on the ground near the buildings to absorbd
the sun's radiation. A typical collector is eight feet long
and from two to four feet wide. Its design consists of a
metal plate or metal tubing to absorb heat. Below the plate
or tubing is conventional heat insulation. Black paint or
other coatings are sometimes applied to the metal plate
or tubes to increase their ability to absorb heat. A plastic or
glass cover is placed on top to prevent the escape of heat.
Another way of increasing the heat retention is to create
a vacuum between the absorber plate and the transparent
cover. Sometimes glass tubes are used instead of metal
collector tubes or plates.

During sunless periods and nights, the energy which was
stored can be utlized. Storage tanks for water-circulating
systems are similar to hot water tanks. Air-type systems

channel the heated air to large pebble bins, usually underground.

Air or water can then be circulated through the heated pebbles
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to pick up the stored heat. If the solar collectors are
being used for cooling, the energy of their heated liquid
can drive a standard absorption air conditioner directly,

or it can drive a small motor that powers a mechanical

air conditioning syztem. The remaining elements of solar
systems - pumps, valves, piping, insultation, thermostatic
controls - are the standard items of the heating and cooling
industry.

Flat plate collector technologies are tested, reliable
and can be partly built and assembled at village level in
many instances. Solar water heating is used widely in
Israel, Japan and Australia, and in some buildings in West
Africa (mostly private homes and commercial hotels). Open
air crop drying could be replaced by or suprlemented with
solar crop dryers which also have the advantage of using
no firewood.

Solar collectors can al~o be used to procuce drinking
water throuyh dictillation of brackish, muddy or polluted water
by evavoration, moisture condensation and collection. Water
distillation nnits constructed from glass, concrete and conper
can deliver clean water for a few dollars rer gallon over
a life of 20 years. Such a unit would be located near a
river or waterhole and provide clean water daily at low cost.
However, one disadvantage is that there is very little economy

of scale associated with distillation units. A solar distillation

wit could be combined with a solar pump, to lift water for

human, animal and irrigation purposes.
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Solar water pumps are a promising application for flat
plate collector technology. But before efforts are made to
install solar pumping devices, it might be advisable to assess
the potential for installing manually-operated pumps which
have been designed for maximum efficiency and for operation
by villagers.

In the solar pumps developed by the French firn,
SOFRETES, flat plate water heaters are used to vaporize
butane or another intermediary liquid which in turn operates
a reciprocating engine.

In the United States there is much debate on the relative
merits of 'active’' and 'passive' solar systems.6 The passive
systems rely on structural walls, windows and other features
of the building itself to provide heating and cooling.

There are few moving parts, and no medium such as circulating
water, which decreases capital and maintenance costs.
However, because these designs are most applicable to new
buildings rather than to technology manufacturers, they are
the concern of architechs and are not dealt with explicitly

here.?

Because passive solar systems are efficient and
currently used in one form or another in much traditional
developing country architecture.8 their potential should not
be ignored. This is all the more important, given tha

relative neglect of passive solar systems by the companies

presently engaged in commercializing alternative energy

technology. The alternative energy industry does not inc.ude
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passive systems, presimably because of the need for specific
building details for each unit, and the limited commercial
opportunities offered by such systems (due to their minimal
use of technologies).9 However, the proponents of passive
systems claim that they are in many instances more suitable
that the expensive, complicated technologies for other types

of alternative energy harnessing.

II. Concentrating collectors for high temperature

heat: More sophisticated solar collectors are required for
higher temperature heat. The solar concentrator involves
intense concentration of solar radiation by means of either
parabolic mirrors or mirror arrays (a number of anled mirrors).
These may be aimed at a boiler, which in turn produces
steam to operate engines or electric generators. Parabolic
mirror, flat mirror and other concentrator types can produce
heat with tempteratures ranging up to 3000°C. The main
technical difficulty in both simple and more sophisticated
solar collectors lies in raising the solar heat absorption
capacity of the collector in order to obtain high temperature
heat. Sun-tracking devices are a possible solution, since
a collector which tracks the sun has a higher heat absorption
performance than a fixed device. However, a tracking collector
has a much higher costs since a rotating fixture of relative
technological complexity has to be fitted.

High costs and complexity of operation make solar

concentrator technology unacceptable for use in most developing
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countries, at preseni, especially in rural areas. Concentrators
are used in solar cookers. But efforts to introduce such
cookers into village use in the form of parabolas which

focus radiation onto a flat metal burner plate or pot have

had little success. This is due apparently, to cultural
obstacles and to the fact that the cooker can only be uscd
during the daytime. In addition, the unit is costly and
clumsy. Experiments are being conducted on an acid storage
cell which could absorb solar energy, store it, and then
release the heat energy when 'mverted.lO But there are
serious technical obstacles to overcome in this cooker,
including the use of sulphuric acid, a dangerous substance,

as a base material. The United States Agency for International
Development (USAID) is experimenting with other types of

solar cookers in Haiti.

B. Imoroving solar collectors: One technological frontier

has to do with the materials for making the collector and

for coating it. Copper is the best absorber plate material
since it resists corrosion. Bu% it is more costly than
aluminum or sieel. Efforts are being made by U.S. firms,

among others, to use aluminum panels or those made of steel
(Honeywell) and inhibit corrosion through the addition of
chemicals in ciruclating water. However, this requires
constant regulation for chemical balance and is thus impractical

for smaller installations, or for those located in rural

villages.

Another cost-reducing approach is to vary the solar

collector design. Two collector-producing firms, Owens-Illinois
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and Corning, are studying the potential of making collectors
from long, narrow glass tubes, enclosing other liquid-
containing tubes in a vacuum. Northrup's design includes

a plastic lens and a wedge-shaped reflector, which tracks

the sun, to focus the light onto an absorber plate.ll Such
devices are intended for driving absorption air conditioning
units, since the 200°F or higher temperatures required are
more efficiently produced by cnncentrating than by flat plate
collectors.

General Electric. AAI and Sheldahl are developing solar
collectors that can reach higher temperatures. For one unit,
rows of mirrors rotate to focus light on a line of narrow
pipes. Little copper is used but only direct sunlight can
be tapped and complex tracking devices are necessary.

Costs can be reduced by making flat plate collectors
more efficiently with improved coatings for the plate or
the unit’s cover. If more heat were captured, fewer collectors
would be required. Some coatings absorb more heat than
simple black paint. Others 'trap’ heat, rather than allow
it to escape through re-radiation as does black paint.

A partial vacuum arourd the absorber plate also reduces heat
loss.

Heat pumps can be used to reduce the number of required
solar collectors. Such pumps raise the temperature level of
heat by means of work input, and typically deliver 2.5 kilowatts
of heat for every electrical kilowatt needed to power them.]'2

Westinghouse and Sol-R-Tech are two U.S. solar equipment

manufacturers who combine collectors with the pump. Solar-heated
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water is delivered to the heat pump which then boost3 the tem-

13

perature to the 1evel needed for heating, In 1973 Pennsylvania
Power and Light built a house that had a solar-heat-pump installa-
tion, and Sol-R-Tech equipped a small commercial building in
Vermont with a similar system., Sol-R-Tech claims its system used
65% less power than an all-electric heating system would have used.

The methods of increasing solar collector efficiency listed
above may also be means of reducing costs, Today, solar heating
and cooling systems are commercial, in that over 100 firms nro-
duce and sel? th2 collectors and related components,lu Neverthe-
less, costs remair high, comnared to alternatives,

C. Costss The minimum cost of a collector is in the range
of 5150 to 3200 per square meter (current 1978 U,S, dollars),
Yswever, commercially installed systems may cost as much as 35500
per square meter‘.15 The major barrier to massive use of solar
heating and cooling is the high cost of installations relative
to standard systems.16 Nevertheless, solar heating and cooling is
the mnost immediately available and popular type of alternative
energy techrniology. Solar domestic hot water heaters are the
simplest type of unit, and also the least coctly.l7

The initial cost of installation is two to four times that

of conventionial heatinz systems, Operatin-s costs are low, Solar-

heating systems require between 200 and 400 kwh per year tn cir-
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culate air or water, In addition to the ?igher installation
cost, a conventinnal system is usually required to back up the
solar unit during sunless perinds, A solar water heater, which
can be readily fitted to an existing house now costs between one
and two thousand U.S. dollars, installod.l8
Such a solar water heater would pay for itself in fuel savings
in five to seven years. However, an entire solar hsating system
consts from 35,000 to $10,000, installed and takes between ten
and twenty years tn pay for itself,

The costs of solar water pumps remain beyond the budgets
of individual villagers or even villages in most areas of the
developing world, Since 1948 demonstration pumps have been in-
stalled in over a dozen developing countries, mainly in Africa,
where they have operated successfully, But because of their pre-
sent cost in the range of 310,000 per installation (for a SOXKW
pump capable of raising from 14 to 25,000 cubic meters of water
per day from a depth of 25 meters) they can be established in
villages only with government or other subsidies.

The future of solar heating depends on market expansion
and cost reductions, The technology is available from a large
and growing number of sources, If installations costs could be
reduced by one-half to two-thirds, the systems would become com-

petitive with standard systems, If fuel savings over the systems’
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useful 1life are taken into account, solar heating and cooling
is already competitive in many instances, Another variable in
the economics of all solar energy is the price of conventional
fuels, which are certain to be at least double by the end of
the century,

2, SQLAR THERMAL POYER GENERATION

A, Technologvs Just as solar concentrators can be used to

intensify the sun's heat to produce steam for driving engines,
they can pe used to produce steam for driving electricity genera-
tors.19 But the cost and complexity of concentrating collectors
puts this solar technology out of the reach of most rural peoples,
Efforts are being made in both the developed and developing
countries to bring costs down, Electricity from the sun offers

an attractive alternative tn the widespread but inadequate grid
electrification prozrams of the 1960s,

The technology developed for solar thermal power generation
spans a wide range, The simplest is a 10 KW capacity plant which
combines flat plate collectors and a vapour turbine in a Rankine
Cycle motor, At the other extreme is a large-scale plant with a
capacity of up to 100 MWe consisting of some 10,000 heliostats
(moving mirrors) in a one sjuare mile area to collect heat, trans-
mit it to a high tower on which a boiler is mounted, The heat con-

verts boiler water into st2am which then drives a conventinunal

e
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turbine generator,

For solar-electric power plants, the annual sunshine hours
shoul? he as many as possible, and the humidity, which causes
absorption and scattering, should be low. Examples of areasg
suitable for large power plants include India’s Thar desert,
Iran, Namibia'®s Kalahari Desert, Mexico, Saudi Arabia and in
the industrizlized countries, the U,S. Mo jave Desert and West

and Central Australia.zo

Solar electric systems are being con-
ceived in combination with conventional systems as well as on
their own, The over all snlar electric syslem may serve as a
backuo, operating only when the sun shines, and equipved with a
small energy storage capacity (perhaps one hour) to bridge tem-
porary cloudy periods, Or the system could include a conventional
fuel system to replace snlar enercy at nizht or on cloudy days,
Finally, an indernendeat snlar-electric system could include a
storane system tn ensure continunus power-zenerating canacity,
The simple solar-thermal power systems consist of widely
distributed flat-plate or parabolic collectors. The collectors
focus sunlicht on a heat pipe carryinz the working fluid, The
heat pines are cnated to maximize absorption and minimize heat
emission, The flat plate collectors produce heated water to a

temnerature of 250-509°F (121-260°C) at the point of entry to the

turbine, Much higher temperatures are possible with the parabolic
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troush collectors (550-1000°%F or 288-538°C), The higher the
temperature, the higher the efficiency and the smaller the land
areas needed for a given power level. But high temperature
systems are more expensive due especially to the costs of the
piving and the coating,

A more complex type of solar-thermal electricity technology
relies on centralized heat reception, Solar heat is concentrated
by a large number of sun-following mirrors on a central point,
on top of a tower, The power output of such a unit depends on the

collector array area, which in turn determines the tower height.21

The total area acts as a larce parabolic mirror.

Both types of solar electricity systems require large areas,
But the simplest, distributed receivir system can be divided into
smaller modules, either on their own or together, Each would have
a small standardized electric power station, The centralized re-
ceiver system is more efficient than the distributed system be-
cause the working fluid can be heated to a higher temperature, For
instance, one square kilometer of collector area (not total area
covered by the system) in the centralized design may yield 150-
200,000 K¥e while 1,5 sq. km would be required for the same out-
put from a distributed receiver system,

To provide power during sunless hours, part of the energy

generated during sunshine hours must be stored (thus reducing the
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amount nf eneray available durine sunny periods). Amons3 the

storaze options are heat retaining, mechanical energy (pumping
water to elevated storage basins), or as chemical energy
(electrnlytic decomponsition of water to hydrocen and oxygen).
¥ind generators could be attached tn the central receiving sys-
tems, on top of the tower to take advantage of wind as well as
sun,

Solar thermal generating systems at the lower end of the
technological scale (distributed receiving systems) may have
some applicability in remote areas which have no access to
standard grid systems or supplies of conventional fuel. Five
industrialized countrieszzproduce the technolozy but require it
themselves only in exceptional circumstances due to well-developed
indigenous power grids. The Austrian Government will provide know-
how for constructing a 10¥¥ solar power system free of charge.23

B. Costss Economic competitiveness of solar thermal genera-
ting technologies is not clearly established. Technological im-
provements are required to make the option viable for dependable
power generation, Solar collectors are subject to refinement, and
tracking devices need to be made more efficient, The manufactur-
ing cost of the equipment needs to be lowered. However, an execu-
tive in an Indian engineering firm, Bharat Heavy Electricals Ltd,,

which is developing solar generating technology, predicted that
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“Within ten years, small size power packs of 20K¥ to 500KW will
become one of the economic solutions for rural energy supply in
many parts of industrializing countries where the transmission

and distribution systems are not established.zu

3. SOLAR CELLS

A. Technology: Solar cells spread over an area of varying
size can be used to produce direct current electric energy.zSVia
a process developed in the early 1950s, the photochemical cells
trangform solar radiation in the form of photons of 1ight into
electricity. The most popular and best developed are silicon
solar cells, although cadmium sulfide and others are available,
The cells are fragile and thin, and are ncrmally arranged in units
capable of generating 1 kw, They have been hitherto employed in
specialized uses ranging from power for outer space technology
to buoy lights in Japan, remote TV reception in Niger, and high-
way sisnals in the U,S,

The main advantage of the solar cell electricity generating
system compared to the solar-thermal systems is the absence of
moving parts and fluids at high temperatures, No cooling is needed
and probably no sun tracking. Another advantage is the long life
of the cells which could potentially last up to 100 years. Major
disadvantages are the comparatively low efficiency (probably 20%

even after extensive development) and the fact that thermal storage
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cannot be used. Considerable development is required before the
system can be egonomically competitive with thermal solar genera-
ting systems, or more conventional eiectricity 3Jeneration,

B, Costss The main construction materials for solar cells--
glass and silicon--are abundantly available and relatively cheap,
But the manufacturing techniques are costly. The World Energy
Conference estimated a minimum cost for solar cell systems of
$15,000 per peak kilowatt of electricity. This is from 100 to
200 times more expensive than is generation by conventional methods.26
Current costs for solar arrays are estimated to be higher by other
sources, The U.S, Overseas Development Council estimated that
costs at approximately 315,000 to $70,00 per peak KWe and $120,000
or more for an average KWe.27However, crystal ribbon growth tech-
niques currently being developed, may well result in solar arrays
bei:.y available at under 1,000 per average KWe in the next de-
cade., The cost could go as low as 3500 to $825, according to the
Overseas Development Council, Efforts are being made to reduce
fabrication costs, The U.S. government agency, ERDA, expects
that by 1986 costs will be in the range of $500 per peak kilowatt
or one-thirtieth of the present 1eVe1.28 Clearly, “he technology

for solar cells is in a state of rapid development which makes

the future commercial possibilities difficult to predict,
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The comparison between transistors and solar cells has
often been made, Technological breakthroughs in the production
of solar cells could make tham commercially competitive in much
the same way that transistors became available cheaply, and con-
sequently revolutionized the electronics industry,

Ccsts of supplying electrical power by a solar cell array
were estimated by the Tanzanian gcvernment in 1977.29 The analy-
sis was based on a solar cell cost estimate of $20 per peak
watt, which is a high estimate chosen because a more favorable
price would not likely be available for small volume purchases.30
Table L4-3 summarizes the cost calculations, They indicate that
an array with a peak power capacity of one kilowatt will produce,
on average, 5.3 kWh daily, given Tanzanian insolation (sunlight).31
Thus, for 300 kWh per day, an estimate of 60 KW was used., An
interest rate of 10% per annum was used to calculate financing
costs., The estimated cost of energy provided by solar cells, Sh
11 per kWh ($1.33/kWh), is approximately 12 times the average
current (1977) cost of grid electricity in Dar es Salaam,

But the cost of solar cells is expected to fall, perhaps
to 30.50 per peak watt by 1985 (U.S, Department of Energy).
Electricity cost is sensitive to the cost of the solar cell array,

as estimates by the Tanzanian government indicate, For an array

—i g
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lfable b-2

Cost calculations are summarized in Table 9." The size of the
array needed to supply 300 kivh daily was based on World Meteorological
Organization (WMO) insolatiosn data for Tanzania.™® These figures indi-
Cate that an array with a peak power capacity of one kilowatt will

TABLE 9 Cost of Supplying Electricity by Means

of Photovoltaic Gererators

Lifetime of silicon solar cells 20 years
Lifetime of batteries 6 years
Base Efficiency of batteries 8st
Data
Cest of silicon solar cells Sh 160/wp(a)
Cost of batteries Sh 800/kWh
Solar-cell array
60 kwp(b) @ sh 160/, Sh 9,600,000
Equipment Battery storage
Costs (300 kih @ 85% efficiercy)
353 kwh @ Sh 800/kWh Sh 280,000
Total equipment costs (approx.) Sh 10,000,000
Solar-cell array
Sh 9,600,000 @ 10% for 20 years Sh 1,190,000/yr
Financin Batteries
Costs (c Sh 280,000 @ 10% for 6 years Sh 64,000/yr
Total cost of financind (approx.) Sh 1,200,000/yr
Cost of Total energy generated 110,000 kwh/yr
Electricity
Unit cost Sh 11/kkh

(a) Wp = peak watt
(b) See text.
{c) Based on amortization of loan in equal yearly installments.

produce, on the average, 5.3 kivh daily. Thus, for 300 kWh/day, an es-
timate of 60 kW was used. An interest rate of 10 percent per annum,
currently prevailing in Tanzania, was used to calculate financing costs.
The estimated cost of energy provided by photovoltaics, Sh 11/kiwh, is

appraximately 12 times the average current cost of grid electricity in
Dar es Salaam.

% N — — . .
‘In view of the uncertainties in the cost estimates, all numbers
are given only to two significant figures.

* . . .
*orld Meteorological Organization, average of data for June 1966.
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cost of Sh 4,1 per peak watt (50,50 per peak watt), the total
system cost illustrated in Table 1-A would be Sh 528,000 (364,000),
The annual cost would then be Sh 94,000 (311,000) and the cost of
the electricity Sh 0,83 per kWh ($0,01 per k#h), This is a very
large decrease, bringing electricity costs to 10% below the cost
of conventionally-generated electricity in Tanzania (with grid
in place). The cost would drop to half the urban grid price .f
electricity was used only when generated, so there was no ‘on
demand’ capability of the system,

The break-even array cost, which would enable on-demand
electricity to be generated at the average current selling price
in Dar es Salaam would be Sh 5,28 per peak watt nr a solar cell
price of 80.64 per peak watt. On these assumptions, solar cells
for electricity generation would be economically competitive with
grid electricity in less than 1o years in Tanzania.32 For villages
which require small amounts of electricity (enoush to power a
two-way radio, for example), butare distant from the current
electricity grid, solar cells may already be cost-effective com=-
pared with conventional alternatives.33

Commercial applications for solar cells are growing, Esti-
mates by the World Bank demonstrate solar cells to actually be

cost competitive with regular dry cell storage batteries for use

in Ivory Coast for remote TV reception, As a substitute for

i g
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batteries in inaccessible locations, solar cells are particularly
attractive, This use pertains mainly to high value applications
such as radio and TV with low .oads ot between 1 to 100 watts.ju
There is considerable potential for snlar cells in providing
power for water pumps. A cell-covered surface of some 100 sq.
meters can produce 5 KW capacity which is capable of pumping
470 cubic meters of water per day from 10-meter depth or 53 cubic
meters per day from an 80 meter depth, SOFRETESjSis experimenting
with demonstration models in several developing countries, Under
certain circumstances, solar cell-powered water pumps are nearly
competitive with diesel-powered pumps, The present cost of diesel
pumping was compared with the hypothetical cost of solar cell
pumping (the cost of which was assumed to be 31 per peak watt)
in India, Table U4-4 shows that the solar cell option is about

‘ 25% more exvensive than the diesel water supply.36 If solar cells
can be produced more efficiently (and the cost-reduction projec-

tion sugzest that this will occur), and if diesel prices in-

crease as expected, solar water pumps may soon become competitive,
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Table 4-3

Comparison of diesel versus so’ ar powered irrigation pumps
in India

Capacity: 50 kllolitres/da,y at 5 to & metres head, 300 working days
Assumpt1ons: (i) Cost of solar cells ic Rs. 10 {approx. $1) per peak
watt as expected by CRDA by 1385
(i1) Cost of diesel oil is Rs. 1.50/litre

Solar water supply Diesel water supply

A. Capital cost

(i) 1 %W solar panel Rs. 10,000 (i) Diesel engine Rs. 3000
(11) Battery wiring. Rs. 4,000 (i1) Pump set, bore well, Rs. 3000
switches, etc, pumping, etc.
(ii1) 500 watt dc motor Rs. 3,500

pump set, bore well,
pumping, etc.

Total i1nvestment Rs. 17,500 Total 1nvestment Rs. 6000
B. Annual cost
(1) Depreciation of solar Rs. 500 (1) Depreciation
panel (20 years life) (10 years life) Rs. 600
(1i) Depreciation of other Rs. 750 (ii) 10 per cent interest Rs. 600
equipment (10 years (iii) Diesel % 0.5 litre/h, Re. 1125
life) 300 working days
(1ii) 10 per cent interest Rs. 1,750 (iv) Maintenance Rs. 500
(iv) Maintenance Rs. 500
Total annual cost Rs. 3,500 Total annual cost Re. 2825
Cost of water = Rs, 0.24/kilolitre Cost of water = Rs. 0.19/kilolltre

Source: Anil Agarwal, "Solar energy and the Third World", New Scientist,
9 February 1978, p. 258

The figures obtained should be looked at with much caution since the

calculation is based on approximated values and simplifying assumptions.

Lo
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FOOTNOTES TO CHAPTZR FOUR

1, Denis Hayes, "Enercy for develnpment: third world options,"
Worldwatch paper 15 (Washinoton D, C,: Worldwatch Institute),
December 1977,

2. Solar hydrozen gas productinn technology is in the initial
states of develorment and therefore is not discussed here,

3. ghe dividinz line between Ynw and high temperature heat is
220°F,

4. Herman and Cannon, op. cit., p. 16, Only two of the 25 firms
survayed by the authors produced air-type collectors, These were
Solaron and Sunwnrks,

5. National Academy of Sciences, Eneroy for rural develonnment,
(#ashineton D, C,s Nationil Academy of Sciences) 1975, . 76

6, New Times (Denver, Colorads), May 15, 19783,
7. Solar heatinz and cnoling systems can be used effectively in
cnombinatisn with measires to insure a buildinz's resistance to
external temperature changes, Insulating steps such as roof and
wall inculation, storm doors and windows, sealinz of cracks, ete.
increise the efficiency of solar technolnzy, One estimate puts
the enerscy savines resultine from careful insulation at 35%, In-
vestnent on such measures would pay itself back in eneryy savinss
within ten years,

8. For example, thick-walled buildings in Nartrern Nigeria are
traditionally desisned to maximize conlin<T in summer and heat
retention in winter,

9. Passive solar systems are described in Bruce Anderson, Solar
Fneragys: fundamentals in building desisn (New York:s !McGraw-Hill),
1977, and J. F, Kreider and F, Kreith, Solar heating and cooling,
engineering, practical design and economics (New Yorkt Mcaraw-
Hill) 1977,

19, 0DC, Energy for the Villages of Africa, op., cit., p., 17.

11, A disadvantace of the concentrating collector is that it can
only use direct sunlight, rather than light reflected from clouds,
buildings and other objects, In contrast an ordinary flat-plate
cnllector without trackines device can use indirect or reflected
light,

12y A typical heat pump includes a compressnr which takes re-
frigerant vapor from a low-pressure, low-temperature evaporator
and delivers it at a high pressure and temperature to a condenser.
Ideally for 1 kilowatt-hour of electric energy inout to the com-
pressor there will be delivered sixty thousand Btu/hr as refri-
geration or heating effect as required. This is a great improve-
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ment over the alternative use of resistance heating where 1
kilowatt hour of electricity would deliver nnly 3413 Btu, Data
from Encyglopedia of Lnercy, edited by Daniel N, Lapedes,
McGraw-Hill, New York, 1976, p. 353.

13, Electric utilities are interested in tr’" . approach, because

such systems would use mnre electricity tha. all-solar systems,

but less than standard electric "resistance” heating, Herman and
Cannon, op. cit., p. 21,

14, Ibid.,, p. 15.
15. Unctad, op. cit., p. 57, citing Vorld Energy Conference,

World Enecgy Resources 1985-2020, (New York:s IPC Science and
Technology Press) 1978, p. 142,

16, This is a comparison based on U,S, conditions which may not
be applicable to developing countries where standard heating and
cooling systems may be more expensive. In the U,S, one fourth

of all energy is used in heating and cooling buildings, which
means that solar heating-cooling systems have a potential market
that is very large,

1?7, Small companies in the U,S, S»uth manufactured thousands of
solar water heaters in the 1930s and 1940s only to be displaced
by mass-produced water heaters operating on cheap electricity,
natural gas or oil, Herman and Cannon, op. cii., p. 17,

18, Alcan Aluminum Corvoration 1lists a water heating system
using 7' x 5%’ solar panels as costing 31,300 installed.

19. Solar energy can be used to generate electricity with photo-
voltaic cells, as discussed,

20. The interest in large ’powe:r tower’ solar electric generating
systems is stimulated by the potentially vast amounts of alterna-
tive fuels which could be replaced, For instance, in the geo-,
graphical areas noted above, if solar radiation over 1,000 km

is converted to electric energy at only 20% efficiency, the out-
put is equivalent to the annual consumption of 734 million barrels
of crude oil or 161 million metric tons of coal, Energy encyclo-
pedia, op.cit., p. 630,

21, Energy encyclopedia, op. cit., p. 630, The horizontal dis-
tance of the farthest mirror from the foot of the tower is about
twice the tower height, which ay range from 250 to 500 m. One
plant can have a large number of such towers and accompanying
arrays of mirrors,

22, Isreal, U.,S,, Federal Republic of Germany, France, Austria,

23. Unctad, op. cit,, p. 59, quoting Mstrian 10 KWe Solar
Power Plant--a project of the Federal Ministry for Science and
Technology (Mstrian Federal Press Service: Vienna), 1977.
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24, Unctad,  op., cit., p. 60, citing H. N, Sharan, "Solar thermo-
electric power systems," presented at the International Solar
Enersy Conference, New Delhi, January 1978, p. 8.

25. Direct current is advantageous in long-distance transmission
since losses are lower than in the transmission of alternating
current, But for most uses, the direct current must be corverted
into alternating current,

26, World Energy Cnnference, op. cit., p. 145,

27. Energy for the Villages of Africa, op. cit., p. 17,

28, Unctad, op. cit., p. 61, Another source, Scandia Laboratories,
expects to produce solar cells capable of generating electricity
at the cost of 3250 per peak kilowatt by 1985,

29, Tanzania National Scientific Research Council, Norkshop on
solar energy for the villages of Tanzania (Dar es Salaam:
Tanzania Natlonal Scientific Research Council), August 11-19,
1977, published 1978, ;. 36-138,

30. In a recent large scale purchase,the U,S., government, the cost’
was 315 per peak watt, and in 1978 the price fell below 312 per
peak watt, Ibid., p. 35.

31. The size of the array needed to supply 300 kWh daily was based
on World Meterolocical Orzanization (#%0) insolation data for
Tanzania, June 1966,

32, Assuming a constant cost for grid electricity, which is
optimistic as fuel prices for coal and oi) will rise signifi-
cantly in the coming decade,

33. Tanzania National Scientific Research Council, op. cit., p. 83.

3%, National Academy of Science, Energy for rural development,
_Cmo Cito. po 97-1060

35. Anil Agarwal, "Solar energy and the third world," New
Scientist, 9 February 1978, p. 358,

36, SOFRETES is an affiliate of two French firms, Renault, C.Z.A.
and CFP, the French state oil company.
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CHAPTER FIVE

TECHNOLOGY FOR INDIRECT SOLAR ENERGY

In addition to direct solar energy, there is indirect
energy to be captured from the sun in the form of wind, wave,
tide and ocean thermal gradients. Plant matter can be burned
or fermented as can human and animal waste and other refuse.

Which of these various types of indirect solar energy
are most useful to developing country rural populations is
the subject of some debate. For instance, UNCTAD determined
that "wind technology, wave and tidal technology and ocean
thermal technology are generally believed to be of less
significance for the developing countries...."l 0f the
various types of biomass conversion, UNCTAD emphasized biogas,
given its proven importance in developing countries.

In contrast, the U.S. - based Overseas Development Council
reporeted that for certain countries "wind represents one
of the most promising sources of energy for water pumping,
certain agricultural tasks and cottage craft industries, and
low load, high value electrical demands such as lighting and
telecommunications."2 This debate is not surprising, given
the early stage currently reached in the search for alternative
energy sources. The following discussion focuses on biogas,

small-scale hydropower, windmills and woodfuel. The bulk of

the literature would appear to support the UNCTAD endorsation
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of biogas as the leading alternative energy option.

1. BIOGAS

A. Technology: Biogasification involves the anaerobic
(airless) fermentation of animal dung, human night soil and
organic farm and household debris and wastes in relatively
air tight tanks, to produce methane gas (with about 60%
content) for fuel. This fuel (also known as gobar gas) is
useful in agricultural, domestic and cottage craft activities.
Cooking and small-scale power geoneration can be fueled with
biogas. The remaining liquid (a nitrogen-rich slurry) is
valuable ac a fertilizer, especially in that it is partially
sterilized. The diagrams below illustrate the operation of
a biogas plant and show what a village system would look like.

Technology for the production of biogas is known and
reliable, particularly where livestock are abundant. It
has been used by large numbers of wealthier farmers in
Korea, Taiwan, China and India. Problems do arise with
regard to consistency of output during the cold season in
high latitude or high altitude countries. In addition, costs
for construction materials (steel, cement, tubing, gas
appliance fixtures, adapted equipment such as plastic or
rubber instead of steel and cement) can be an obstacle.
Nevertheless, biogas is one of the most promising of all

small scale energy technologies. It is most attractive if

installed to serve a whole village rather than one family.
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Diagram of a village biogas plant
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Biogas plants can be made in various sizes ranging from
capacities of 2 cubic meters (for a family) %to 140 cubic
met: s per day for a community. The smallest unit requires
dung from a minimum of four animals, which makes this technology
feasible for only the more well-to-do individual farmers in
developing countries.

The plant can be constructed with relatively little
specialized knowhow or equipment, which accounts in part
for its widespread use, especially in Asia. The Indian
Department of Science and Technology estimated that between
40,000 and 50,000 biogas plants were operating in India in
1977, and that most of these were for single families.3
The community-sized plants in India are installed for
demonstration purposes. Several biogas plants are also
operating throughout Africa, especially in Tanzania.
Controlled studies have been carried out in Tanzania on
the use of biogas for cooking, lighrting and pottery firing.u
As a result, a considerable amount of information has been
cystematized concerning the operation of these promising
alternative energy technologies.

B. Costs: Table 5-1 shows the costs of supplying biogas
in Tanzania for cooking, lighting, mechanical power and
electricity. Experiments show that the use of biogas should

be considered not only for village lighting and cooking, but

also for the generation of electricity or mechanical power.
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Table 5-1

Cost of Supplying Cooking Fuel, Lighting,
Mechanical Power, and Electricity by Biogas ‘

Cattle dung: 10 kg/cow/day
Biogas production: @ 0.6m3/kg dung = 0.6 m3/cow/day '
Base Energy content of biogas € 60% methme:
Jata (This means that about 4 kwh of biogas
energy is available daily from each
cow.) 6.4 kWh/m3
System lifetime: 20 years
Conversion efficiencies
Internal-combustion engine: (€) 25%
_ Electrical generutor: 90%
Plant
Cost Single-family plant (3 m3) Sh. 6,000
Single-family plant
Sh. 6,000 @ 10% for 20 years: Sh. 705/y~
Financ'tng Engine/generator to provide 1 kih/day
Costs(a Sh. 5,400(d) @ 10% (5 hr/day) Sh. §,940/yr
Engine to provide 1 kiwh/day
mechanical energy
sh. 3,200(d) e 10% (4 hr/day) Sh. 3,520/yr
Cooking and lighting directly
by gas (20 kwh/day) Sh. 0.10/kWh
Fnergy Cooking and generation of
Costs®) | electricity @ 1 kwh/day Sh. 18.2/kih
Cooking and generation of
mmechanical power @ 1 kivh/day Sh. 11.6/kih

(a) Based on amortization of loan in equal yearly installments.

(b) Cost of energy production only--does not include cost of ap-
pliances, or cost of collecting dung.

(c) Efficiency at peak loading. At lower loading rates, engine
efficiency would drop off rapidly, with consequent higher
gas requirements.

(d) Retail costs, Dar es Salaam, August 1977,

Source: Tanzania National Scientific Research
Council, Energy for Tanzanian Villages, Dar es

Salaam, 1977, p. 32.
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The use of cattle dung was assumed in the Tanzanian
case, with average production rates and methane concentrations.
As table 5-1 indicates, the gas requirements tor cooking
three times a day are about 1.4 cubic meters a aay per family,
which could be supplied from the dung of three or four cows.
In contrast, to supply the electric lighting needs of a
family (which average about 1 KWh per day) by using biogas
to operate an engine-generator set (at peak load) would
require 4-5 kWh per day of heat energy. This could be
supplied by two cows. This method of lighting therefore,
is almost four times as efficient, in energy use, as a
kerosene gas-mantle lantern, even though the biogas technology
requires much more capital investment, compared to the
purchase or home fabrication of a lantern. The gas supplied
by dung from one cow could provide methanical power at
1 kWh per day.5

Biogas can be used as a replacement for wood and charcoal
in the firing of clay pots which are used in cooking and
water storage. For smallscale pottery production, 8 cubic
me ters of methane, over some 5 hours, are required to fire
earthenware to 1,000°C in a kiln having a volume of 6 cubic
feet (0.2m3). This amount of methane is equivalent to
about 13 cubic meters of biogas, which could be supplied by
a 4-day accumulation of biogas from the dung of 5 cows.
Larger production capacities for village industries, could

be scaled up accordingly, and would represent another important

use for community biogas digesters.
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In sum, heat enervy, even from a sincle-fanily biogas plant,
can be supplied at well below the equivalent cost or electricity,
In fact, electricity is som2 nine times more costly.6 Furthermore, .
Tanzania's communal villages (Ujamaa villages) have experience
with community-wide projects and are therefore favorable contexts
for successful speration of biogas units. The economies of scale
in bingas plant construction make advantageous the installation
of community systems for use in schools, community latrines,
community cattle dunz digesters (especially where cattle are en-
closed or herded tosgether as among Tanzania's [lasal settlements).

The economics of binzas production have also been examined
in the Indian context, Four variables are relevant to determining

comnarative cost3;7 1) the amount of 1as and fertilizer slurry

produced by a volume of cow dung in a dizester compared to the
foertilizer value of the dung if used in scientific composting;

2) the value of the biozas in terms of the equivalent amount of
energy from kerosene, electricity or soft coke; 3) the value of
the manure and 4) indirect costs and benefits. Clearly these
variables differ dependins on location, alternative fuels, size

of units and other factors. 8ut the increasing prices of alterna-
tive fuels work towards making biogas more economically attractive,

One study conducted on the comparative costs of using conventional

and renewable enerzy sources for powering small irrigation pumps
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in developinz countries found the community size biozas plants
to be the least expensive reaewable source, [t was presently
comnetitive, given current fuel oil price. (assumed to be 30.1)
to $0.25 ver litre) in most countries in the study.8

Much of the work on biogas technology has been summarized
by J, Parikh and K, Parikh.gwho recommend biogas plants as ex-
amples of appropriate technology for rural environments, They
require low "avestment, do not need highly skilled labor and can
be operated with local materials and self-help in rural ar-:as,
and particularly in the one half million villages in India, In
one study the economic benefits to a family using a bio-gas plant
were evaluated, and it was found that the scope of such plants
is likely to »e limited, Even if 21 million family plants were
installed (the ?.BmBSize, costing 3250 each) and supplied the
energy needs of 90 million people, less than %20 of rural domes-
tic energy needs would be supnlied. This would yield significant
fuel savings as Table 5-2 indicates, Again, only the 12 million
families with five or more cows can install the plants, provided
they have from $290 to $250 to invest, A family would be unable
to use excess gas produced during warm periods, if the plant were
large enough to supply sufficient gas during cold periods,

Village-level plants could utilize farm waste from smaller

holdings, thus effectively using most of the collectable waste

9
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of the village, In cases of excess gas production, small in-
dustry or additional (poorer) families coild be supplied rather
than have the zas go to waste, Table 5-3 shows the impact of a
village biogas system on three different imcome groups. The
larger community plants would yield economies of scale in terms
of land utilized, investment necessary and labor time for
operating and maintenance.

Biogas plants have been successfully operating in other
countries, Recently, Rep. of Korea, Thailand and other South-Zast
Asian countries have also stepped up their efforts in introducing
biogas plants, However, by and large, the practice of burning dunz
remains quite prevalent in many developing countries, especially
in the Far East.lo

Development of biogas technology has been carried farthest
in China, despite the fact that China's climate is far from
ideal for fermentation, After initial failure, a few hundred
plants were built in Szechwan in 1970-72, and on the basis of

their success a national program was launched, including the

training of 109,000 biogas technicians by 1975. In may 1977,

The New China News Agency reported 4.3 million working units--

many of them communal plants producing up to 100 cubic meters




Table 5-2

Fuel saved by installing 12 million biogas plants of
2.8 cibic meters each to meet the fuel needs of 90
million people

Annual consumption
Annual consumption  for 90 M persons

Fuel Unit per person in million tons
Coke (7500 kcalikg) kg 2.4 0N
Coal (5000 kcal kg) kg 23 0.21
Firewood (4750 kcal/kg) kg 269.00 2420
Kerosene kg 476 043
Electricity kWh 061 0035

Source: see below.

Table 5-3

Impact of a village biogas plant on three income groups

FAMILY TYPE C VILLAGE
FAMILY TYPE A FAMILY TYPE B (COLLECTS DUNG FROM| 100
(HAS ~ 5 ANIMALS) (HAS 2 5 ANIMAL S) ROADS FOH FREE)  framILIES
pAYS PAYS PAYS
$28 45 FOR GAS $28 45 FOR GAS $21 00 FOR
$23 60 FOR N $ 8 40 FORGONE COOKING
IMPACT EARNINGS FROM
RECEIVES COMPOST RECEIVES
$22 00 FOR DUNG RECEIVES $22 00 FOR DUNG
$11 .00 FOR DUNG
CHEAPER THAN FUEL COST BETTER TO SE( L
RESULT OWN BIO-GAS LESS THAN PRESENT DUNG THAN TO
PLANT EXPENDITURE OF $25 BURAN IT

Sourcet J.K. Parikh, K.S. Parikh, "Mobilization and

impacts of biogas technologies," Energy, vol. 2, pp.
L41-455, Pergamon Press, 1977, p. Lsl.
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of gas per day, each able to meet the needs of 50 Chinese peasants,
Some 17 million people are usinz biogas for cooking and lizhting
in Szechwan province alone. In China the capital cost of a ten-
cubic meter tank to serve a 5-person family is between 315 and
$20, depending on the material used, and costs have fallen by
more than half since 1972, In Hunan province, such a biongas
plant is expected to save a typical family 40 person-days and
about 315 per year.ll

This brief survey of biogas costs leads to two conclusions,
First, the technology is attractive compared to other sources of
village energy, But second, it is within the reach of villages
but not of most individual families, Family sized units cost
about 5200 to $300 to install, an amount which exceeds the incomes
of all but the richest farmers. Thus, like electrification pro-
grams for rural areas, family-oriented biogas programs would
reach a few percent (perhaps less than 10%) and leave the problems
of energy supply unsolved, For biogas to be a realistic component
of rural energy systems, it must be community-based, Some of the
social questions this raises are discussed below,

2, SMALL-SCALE HYDRQPQWER

A, Technology: One of the oldest sources of energy is that
provided by water flowing from a higher to a lower level, used

to rotate shafts that replace manual work. In conjunction with
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dams and controlled sluices, water can be used to operate wheels
or rams for mechanical power, or water turbines for either me-
chanical or electrical power,

Waterwheels of many types have long been used mainly for
griggng grain, They are mature technologies and can be construct-
ed in villages from wood as occurs in Afghanistan and Turkey
today. Before the advent of cheap electricity from coal and oil,
waterwheels were in wide use in Europe and America,

The water turbine, with much higher revolutions per minute
and higher efficiency than water wheels, is best know for its
use in hydroelectric generation (key in the industrial revolu-

tion). The hydraulic ram is a simple device with two moving parts

which uses the power of flowing water to pump part of that water

to heights even above the original head. It has obvious potential
for irrigation pumping.

The intermittent flow of water can be compensated by the
building of dame or penstocks and sluice gates which channel part
of the flow to the turbine.12Very few small hydropower devices
(waterwheels of 1-10 «W hydroelectric units are used traditionally)
are in use in sub-Saharan Africa, which may be due to the seasonal

nature of rainfall, particularly in West Africa. Nevertheless the

watersheds of Africa contain streams which contribute to the
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world’s largest hydroelectric potential, While little is known
about small stream gauge data it would seem that a number of
villages are near streams with flow and fall sufficient to power
waterwheels, small hydroelectric units or hydraulic rams.l3 Once
the discharge and stage data are known for a particular village,
and the energy need is calculated, then it is possible to select
the appropriate hydropower device.

Estimates of the potential impact of hydropower on energy
supply vary., While the Chinese example is of great interest,
there is a serious shortage of reliable information about hydro-
power developments in China}uﬂowever it is reported that tens of
thousands of hydropower stations of less than 100 kW are in use
in China, In 1973, the operation of from 20,000 to 35,000 units,
averaging 34kW each, were reported, For the Chinese villages
involved, the use of such small-scale hydropower, which repre-
sents some 20% of total national hydropower capacity, is sigai-
ficant for irrigation, lighting, machine operation and electrical
grid equipment, The contribution of small scale hydropower to
national output is calculated at approximately 7.5 billion kwh
1n‘197h, or over 50% of rural electric power consumption.ls Other
reports on Chinese use of hydropower suggest that medium-sized

units serving about 10,000 people are also common.16
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B. Costs: Experiments wiin small scale hydroelectric power
generation in Tanzania showed that the installations were com-
petitive with present large-scale systems and were worth serious
consideration in rural areas, An added advantage was freedom
from negative environmental and social consequences of large-
scale hydroelectric projects.

The findings of the Tanzanian hydropower study can be
summarized briefly., Four cases were considered, based on known
cost figures for the technology. Two situations were considered:
one in which the needs of the village (300k¥h/day in 5 hours)
would be supplied directly by the generator during the hours of
use (that is, 60kW), and a second situation in which a smaller
generating capacity (15 kW) would be used with storage batteries
to supply the required 300kWh/day by generating over a period of
20 hours, These cases and the types of equipment considered are
summarized in Table 5-4 below, Table 5-5 (a,b and c) shows the
cost calculations for these four ways of supplying hydroelec-
tric power.17

Estimates showed the competitive economics of small scale
hydroelectric installations in Tanzania for single villages,
When these estimates were extrapolated to a region containing

500 villages where water and rainfall were sufficient. The local

9
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Table S-4

Types of Hydroelectric Power Equipment Considered

Type of Type ot  Power
Power Power Conditioning Storage Generating
Case | Generated Used Required Requi red Capacity
1 DC AC Yes No 60k
2 AC AC No No 60kW
3 DC AC Yes Yes 15kW
4 DC DC No Yes 15kW

Source: Tanzania National Scientific Research
Council, Energy for Tanzanian Villages, Dar es

Salaam, 1977, p. 28.

X ]
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Table 5-9%

Cost of Supplying Hydroelectricity with
Small-Scale Systems (a)

Power Head Flow
(kW) (m) (m3/min)
48 12
24 25
60 12 50
6 100
etc.
24 6
1S 12 12
16 24
etkc.

Base Data
Item Lifetime { Unit Cost
(yr) (Shillings)
Generator/
Turbine 30 4,000/¥kW
Power
Conditioning 30 6.00/W
Batteries
(Eff. 85%) 6 800/kWh
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continued:

b. Equipment (Fixed) Costs (Shillings)

Case 1 Case 2 Case 3 Case 4

Generator/Turbine 740,000 240,000 60,000 60,000
Power Conditioning 360,000 -0- 90,000 -0-

[ Installation 60,000 | 24,000 15,000 6,000 |

Subtotal 660,000 265,000 165,000 66,000

Battery Storage -0- -0- 280,000 280,000

Installation -0- -0- 28,000 28,000

Subtotal -0- -0- 308,000 308,000

Total (ap;)r;x.) 660,000 270,000 470,000 370,000

c. Financing Costs @ 10% Annual Interest Rate (a), (b)

Case 1 Case 2 Case 3 Case 4
Annual Cost in
Shillings () for
30-year loan 70,000 29,000 89,000 78,000
10-year loan 107,000 44,000 99,000 82,000
Cost of Electricity
in Sh/kWh (Based on
110,000 kWh/yr)
30-year loan 0.64 0.26 0.81 0.71
10-year loan 0.97 0.40 0.90 0.75

(a) Cost of dams and penstocks not included.
(b) Based on amortization of loan in equal yearly installments.
(c) In both cases, it was assumed that the cost of the battery

storage would be amortized over six years,

Source: Tanzania National Scientific Research Council,
Energy For Tanzanian Villages, Dar es Salaam, 1977, p.

29-130.

g



capital requirement for equipment in case 1 (see Table 3) was
estimated at Sh. 330 million (about $40 million).18 If a low-
interest loan could be secured to finance capital costs].'9 the
economics of small-scale hydroelectricity applied over a large
region would be very attractive,

Possible costs of electricity from small-scale hydro units
over a large region, in cases of financing with conventional
loans where the government intends to make money, are shown in
Table 5-5c, Under a 10-year conventional loan, and electricity
prices shown in the above mentioned table, the government's
annual income would be Sh,23 million ($6.4 million), while under
a 30-year cunventional loan, it would be Sh, 35 million ($4.,2
million). The governmerit would thus have between 25 and 4o million
shillings for other projects. However, if energy was sold to
villagers at the rate required to repay the 40 year cost of a
soft loan, (10 years grace, and 40-year payback period) the rate
would be Sh, 0.17/kWh which is only one-fifth the current cost of
electricity in Dar es Salaam, It is a cost which villagers in-
cluded in the scheme could probably afford.zo
Hydroelectric costs were estimated by the U.S. Overseas

Development Council, For villages with demands for 0.2 to 10 kW

of power,(and nearby access to sufficient seasonal or regular
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streams capable of generating falls of 8 to 25 feet and flows
of 70 to 1,000 cubic feet per minute) hydroelectric generating
turbines exist commercially from around $3,000 to $3,500 for the
smallest units, to $12,500 to $15,000 for the largest units,?!
Hydraulic rams for water pumpiag and irrigation are marketcd in
the U.S. These can adept to falls of from 2 to 12 feet or more.
They range in cost from 3200 to $2,600 and are capable of lift-
ing from 5 to 25% of the flowing water for irrigation purposes.22

3. WINDMILLS

A. Technologys For areas with sultable wind regimes, wind
represents one of the most promising sources of energy for water
pumpling, certain agricultural tasks and cottage craft indus-
tries, and low load, high value electrical demands such as
lighting and telecommunications, Traditionally, windmachines
have been used in China, 7Tran, Northern Europe and the
European Mediterranean (but not Africa23) for a variety of tasks,

#dost windmachines are designed for 10 mph+ winds, and their
sultability cannot be judged in the absence of wind velocity data
which has not been widely collected. Available wind data has not
been systematically analyzed. As yet there has been only marginal

efforts to adept Western conventional windmachines from other

parts of the world to be able to better utilize winds which do
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an average of only about 6-10 mph, Since doubling of the wind
speed results in the cubing of available power, it can be seen
how important it is to locate windmachines in areas of greatest
average wind velocity. Selecting a site with 10 mph average
wind over a site with 8 mph average wind may result in a power
difference of 100%.

Windmachines can be classified into the horizontal axis
and the vertical axis groups.zu The vertical windmachine may be
powered by wind coming from any direction. It is, however, capa-
ble of powering only relatively low torque loads and some designs
require supplemental starting. The horizontal design, such as
is commonly found in the U.S, and Europe, can serve for both low
and high torque loads.

Within each group of windmachines are found windmills
(mechanical power) and windgenerators (electrical power), Wind-
mills can do slow, high torque work, and are subject to potentially
damaging mechanical and heat stresses under faster activity, Wind-
generators are capable of producing high rpm’s sufficient to
satisfy the requirements of low torque electrical generators to
which the windmachine must be carefully matched, to avoid damag-
ing the generators, These are suitable for pumping shallow water,

but not deeper water,

lg
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Wind-driven generators are available commercially with
up to 15 kW rated power. Larger units up to 200 kW outputs are
in the research and development stage. European and U.S. re-
search institutes are active in developing lower cost, small
units such as those used in the Omo River Project in Ethiopia
(see Appendix 4), Electricity systems based on wind power re-
quire some sort of energy storage system if electricity is need-
ed on demand, since wind conditions may not always be sufficient,
The storage system used in Tanzania, for example, had been
lead-acid storage batteries which are available for about § 100
to $150 per kwWh, Lifetime of these batteries range from 6 to 10
years depending on the number of units and the charging cycles,
A number of windmills are being tested in Tanzania, as described
in Appendix 4, M

B, Costs: Windmachines are available from a number of
commercial sources, The U,S, National Academy of Sciences listed
sources of smaller scale windmills suitable for use by individual
farmer or village for either mechanical shaft power or electri-
city generation, These would be subject to loral modification.
In the U.,S, Dempster Inc., supplies conventional commercial wind-
pump units for irrigation for $500 to $4,500, excluding towers. 22

American models range up to 20 kW units, These units are also

produced in Argentina by Aeromotor, Inc, Conventional commer-

i g
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cial windelectric units are available for 3500 to $2,000 per &KW
in 5 to 15 KW capacities and for from $3,000 to $6,000 per KW in
up to 5KW capacities. Wincharger Inc, (US) units produce .2 KW at
a maximum windspeeds of 23 mph and cost 3450. American Energy
Alternatives, Inc, have units costing $1,500/KW up to 1.5 KW

and $600/KW up to 5 KW, while Independent Power Developers, Inc,
has 15-18 XW units for $500--600/KW, withoutl towers. Such units
may be used either in conjunction with diesel-electric generators
to cut fuel costs, as units integrated into local power grids,

or in conjunction with battery storage,

The costs of using windmill generators to supply a village's
electrical energy needs were estimated in Tanzania.26 It was
assumed that windmill generators capable of producing 10 kW at
wind speeds of 20 mph (9 meters per second) would be large enough
to provide significant amounts of power for village use, Winds
of from 18-22 mph, available 25-30% of the time are common in
the lake and coastal regions of Tanzania and would suit windmill
generators of the type under discussion, Under these velocity/
duration assumptions, some 100 kWh dally would be provided, on
average, with electricity costs of less than Sh 2/kWh, as illus-
tated in Table 5-6. To provide the proposed 300 kWh daily to a

village of 300 families, three such installations would be re-

X ]
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Table 5-6

Cost of Supplying Electricity by Means
of Windmill Generators

Useful life of windmill gererator 15 years
Base Lifetime of batteries 6 years
Data

Efficiency of batteries 85%

Windmill generator (10 kw) Sh 170,000

Wiring, controls Sh 42,000
Equipment Installation Sh 42,000
Costs

Battery storage

(100 kWh @ 85% efficiency)

118 kWh € Sh 800/kwWh Sh 94,000

Total equipment costs (approx.) Sh 350,000

Windmill generator, wiring,

installation

Sh 254,000 @ 10% for 15 years Sh 33,000/yr
Financin Batteries
Costs (a Sh 94,000 @ 10% for 6 years Sh 22,000/yr

Total cost of financing (approx.) Sh 55,000/yr
Cost of Total energy generated 36,000 kwh
Electricity

Unit cost Sh 1.5/kWh

(a) Based on amortization of loan in equal yearly installments,

NOTE: In many places, maintenance cost estimates of commercial
systems usually run about S percent of initial capital
cost per year. This would add about Sh 0.5 to the cost
of the electricity per kW. However, this can vary either
way significantly depending upon the location.

Source: Tanzania National Scientific Research Council,
Energy for Tanzanian Villages, Dar es Salaam, 1977, p. 35.

i
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quired, If the task is pumping water, serviceable wind pumpers
can be made with substantial savings by using local materials
and skills.27

4, FORESTRY

A. Technologys The technical-economic dimensions of fuel
supply from woody substances are as complex as those for other
types of renewable, solar energy. This reflects the close inter-
action between human settlements and forested or wooded areas,
Although the forest area in developing countries exceeds 1,000
million hectares, it is being consumed at such a rate for agri-
cultural settement that it cculd disappear within 60 years, un.
less some fundamental changes occur to alter the current trend,
or unless extensive reforestation programs are undertaken to

offset the losses.28

Over 90% of wood consumption in developing
countries is accounted for by fuelwood, This is the major fuels
for cooking, household uses and cottage crafts, Tables 5-7 and
5-8 show consumption of firewood and charcoal by country group,
and the share of wood energy in total energy consumption,
Uncontrolled forest exploitation could have serious nega-
tive consequences, Higher consumption of existing fuelwood re-

sources, exacerbated by higher prices for other energy sources,

and dried livestock dung to use for heating and cooking instead
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Table 5-7

World Consumption of Fusiwood and Charcoal, 1961-75

Growth rate

. 196173
Consumption (percantage
Area 1981 1963 19% 197 per yeal)
---------- {million m3 roundweed BquivBlont) ... ..

World 1023 1,04 L 1183 10
Developed 138 109 70 56 —6.2
Developing 644 715 788 862 2.1
Centrally planned 241 260 255 265 a7

Develeped 1 108 1 58 —82
North America 48 k¥ 19 17 —-7.1
Western Europe 69 58 42 33 —-51
Oceania 4 3 3 3 -21
Other 17 11 6 3 —-117

Developing .. L} _Jss _w 21
Africa 190 208 234 256 2.2
Latin America 186 207 220 226 14
Middie East 29 38 39 41 25
East Asia 234 258 291 335 26
Other 4 4 4 5 16

Centrally planned _am _ %0 __25% 285 01
USSR 98 105 86 83 —~12
Eastorn Europs 16 17 15 14 -09
Asia 127 138 154 168 20

Note: Deteils may not add to totate due te rounding.

Source: FAQ, Yearbook of Forest Products (Rame: FAD, various years)

Table 5-8
Woodfuel Consumption as Percentage
of Total Energy Consumption, 1974

Woodfuel,
Commercial LIl

energy (1 Woodfuel £2? Totat share of
{mdlion tons (mii'son tons  (miiion fons total

Feginn cH CE) 431 (percentage)

World 7084 ass 7540 5
Developed economies 5994 53 6047 1
Developing economies 1090 403 1493 27
Southeast Asia and Oreania 100 9?2 192 438
South Asia 115 88 203 43
China and resl of Asia 492 49 541 9
Mddle t. .. and North Africa 87 22 109 20
Weslern and Central Africa 12 36 43 75
Eastern and South Africa 13 39 52 15
Central America and the Caribbean 110 11 121 9
South America 16! 66 227 29

Note CF means ""coa! egquivalent ™
1) Includes energy generated from coal and hignite, crude petroleum, and natural gas, as well as hydro and
fucieyr encegy Facludes encrgy trom the Burning of wood
(21 1 m3 wondluel 15 033 tons roal equivaient
Sources  UN Seatistical Yearbook {1974) 1o (~mmercaal enetgy dala FAQ, Yearbook of Forest Prod.
vcls, 1973, lor woodfuel daty

Source: World Bank, Forestry, Sector policy paper, 1978.
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of improving soil fertility. Thus, in many areas, especially the
Sahel in West Africa and in parts of Asia the supplies of fire-
wood and woody underbrush are dwindling so rapidly that lands
are being devegatated., This causes ecological damage including
soil erosion, floods, droughts and an imbalance in the ecosystem
upon which human settlements depend. Table 5-9 illustrates
humanity’s dependence on forests.

Large-scale removal of the forest cover, if not accompanied
by reforestation for catchment protection may lead to repad
water run-off, soil erosion, silting, and flooding in the rainy
season, followed by reduced downstream flows from rivers in dry
weather, Many streams have stopped flowing in the dry season, and
agricultural production has been negatively affected.29 Since half
of humanity lives in mountain areas and adjacent lowlands, trends'
in watershed environments are clearly of great importance. Increas-
ing population pressure, and other factors to do with land tenure
and economic well-being, results in the cultivation.of steeper
mountain slopes, where crops and topsoil quickly wash away,

Forest resources, which are vital for flood control and soil

stabilization, are used for fuel and Aust bowls replace pastures,
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Table 5-9

The Role of Foresis

[ﬁﬂmmuuuu»@i}——

Controtied runef,
Cstehment weter ouppliss,
[] srotection imgetion, 16il fertibity,
osygen
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Ecolegy and nationad pashs, protection
wildlife conservation of endangered specise of

Nors and 12uns

Soil eresien
contrel

dbresha, sheiter Dnite,
dune fxatien, rectamelion
of sroded lande

-—[ Fusiwesd and chercost H Coshing. Asatig. sod J

T

Shifting cultivetion, forest

grouing, nitregen fixstien,
mulchey, fruits and auls

E

Housing, Buildwnge,
construclion, fencing,
furmiture

Pit sewing ond Joinery, furniture,
sswmithing construction, ferm buiidings

Ropse end etring,

bashete, fursitwre,

furmshings

Sericulture,
epicuiture, ericulture

Silh, honey, wer, lac l

Funmu uses

| -

Speciel woods snd
ashes

Cerving, incense,
chemicels, gisssmaking

Gums, rasing, and

Noval stores, tanmen,

turpenting, distilistes,
resin, sssentiet otle

i

Reduction sgent for steei-
mahing, chemicals, polyvingt
chiaride (PVC), dry celie

Polee

Trensmigsion poley,

pitprope

Sawlege

Lumber, joinery, furniture,
paching, shipbuitding, mining,
construction, sleepere

Veneor logs

Piyweod, venser furniture,

containers, construction

Newsprint, paperteard,
printing and writing paper,
contaners, pahaging,

Puigwood

ﬂ

dissolving pulp, hietittetes,

tostiles and cisthing

S = -l

Source: World Bank, Forestry, Sector
policy paper, 1978.
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Larger populations increase the demand for fuelwood. In
The Sahelian zone an average family requires more than one cubic
meter of stacked firewood a year, or wood equal to the average
growth from 2 hectares of natural forest, Until recently, Bamako,
the capital of Mali, with a population of 300,000 persons, could
be supplied with firewood for domestic use gathered from forests
less than 50 kilometers away from the capital; in 1975 the distance
was 100 kilometers. By 1990, Bamako will need each year, wood
produced from over 100,000 hectares of forest plantations, or an
amount well beyond the current resources of the government to
plant in the available time,

Uncontrolled commercial extraction of forestry products,
especially timber, should be noted as a major cause of serious
deforestation., Natural regeneration takes from 25 to 30 years
and reforestation programs speed up this process considerably,

But in certain countries, for instance, the Phillipines and
Brazil, cutting trees has been unplanned, resulting in extensive
loss of forest area and serious destruction of watershed environ-
ments.30

Concern for environmental deterioration among other considera-

tions has motivated various institutions to develop proposals for

alternative methods for energy supply.31 This reflects an appre-

X
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ciation of the long-term nature of ecological decline and the
serious obstacles posed by reclamation of encroaching desert,
It also reflects a growing awareness that ecological change in
one part of the world impinges on the international ecological
balance and is thus directly of concern to people in other parts
of the world. These considerations lend credence to the view
tjat new sources of energy can reduce the extent to which terrain
surrounding is stripped of vegetation as villagers gather woody
material for cooking. crop drying or other purposes. An alterna-
tive source of energy to meet such needs could stop or reduce
wood gathering, thus permitting trees, brush or other vegetation
to grow. This would reduce erosion and in some areas would stop,
slow or even reverse the spreading of the desert.32

The approaches to the issue of adequate fuelwood and forest
growth include afforestation and reforestation projects, sub-
stitution of depenlience on fuelwood with alternative fuels and
the improvement of the efficliency with which woody substances
are used for fuel,

Reforestation of certain areas and afforestation of land
currently without forest cover would both provide firewood for
future generations and help arrest soil erosion and shifting sand,

Employment of other types of solar energy for heating,

crop drying and other amenable tasks could relieve some of the
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pressure on forest consumption. More efficient indigenous cook-
ing stoves, oven facilities and charcoal production techniques
would reduce the amount of wood needed per task,

One technology for improving the use of wood has to do
with the more efficient production of charcoal. Woody celulose
matter can be burned in relatively airless enclosures to yield
charcoal and various forms of alcohol fuels, charoil and chargas.
This technique (pyrolysis) has been used in the industrialized
countries and is of interest for urban organic waste processing,
although its complexity and capital intensity make its relevance
to developing countries gquestionable, However, the U.S. Agency
for International Development has assisted with demonstration
projects in Ghana, These small scale pyrolysis units (one ton
per day continuous batch feeders) may be of use throughout the
developing world where charcoal is widely used. The feasibility
study in Ghana yielded estimates that a six-ton per day (dry
feedstock) continuous feeding pyrolitic converter produces
charcoal yield up to twice that of the indigenous charcoal pro-
duction methods (burning slowly in earth-covered chambers)., The
traditional method causes the loss of both charoil and chargas,
The BTU value of the traditional charcoal pit might produce only

25% of that in the original woody material, while that of the



134
charcoal, oil and gas in a modern plant might yield as much as
90%. Chargas can be used on site for crop drying, and charoil
may be uded in boilers, cooking stoves and lamps (but not for
combustion engines). Improved pyrolysis may have significant
potential in areas with sufficient wood.

Other focuses relating to firewood include improved cook-
ing stoves, chipping wood for more efficient burning, and tree-
planting. Foruta'tion programs on both large and small scales
are becoming standard parts of development plans,, and are
actively encouraged by international agencies including the World
Bank, Small scale forestry programs, sometimes called ‘’social
forestry® (as in India's development plan and in the World Bank)
because they are family or small village projects, have a number/
of advantages relating to fuel production, agricultural potential,
ecological balance and labor-creation, The implementation of
social or large-scale plantation forestry schemes pose a range of
problems, discussed below,

B, Costs: The cost appraisal of technology designed to use
wood more efficiently or evaluation of projects to produce more
woody material are difficult due to the large number of uses
associated with land and forests, An important trend in the last

twenty years has been the growing importance of tropical hardwoods

in world production and consumptlon.” Favorable climatic and

e
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ecological conditions of many developing countries make it possi-
ble to establish fast-growing plantations at less cost than in
countries situated in temperate regions. Thus there are important
export implications of planned forestation progranms, especially
if the capability to process tropical hardwood logs is developed
locally, Ecological costs and benefits have not received priority
attention in many developing countries to date. The reasons have
%“c do in part with the indeterminate and long-term nature of
social benefits and costs, However, environmental considerations
will increasingly affect worldwide forest development policies
and strategies, especially since awareness of these dimensions
is growing in ternational organizations,

The International Development Research Centre which
speciaiizes in forestry research and demonstration held a work-
shop in Singapore in July 1977 which identified priority areas
for forestry research in the south-east Asian area, Among these
were fast growing plantations. for industrial or fuel uses.Bu
However IDRC has expressed concern that the cost of establishing
plantations is excessive, noting that

Some of the present projects have shown the unacceptably
high cost of mechanized planting, and in Sahelian regions,
where the rainfall is both meager and unpredictable,
hand-planting of large areas is not practical in the few
days when there is a good chance of survival, 35

i
)




136

These cost considerations have led IDRC to undertake research
on techniques for natural regeneration, possibly with pelletized
seeds or by planting species at wide intervals and letting
animals who eat the seeds do the subsequent spreading, This and
other uses of nature are methods of reducing costs,

Porestry projects have hitherto been considered within the
agricultural development framework, rather than within a context
of energy planning. But forestry projects differ from agricultural
schemes, in terms of cost measurement. The benefits of forestry
projects are often environmental and thus hard to measure, Again,
thege benefits may not accrue directly to those who grow the
trees, Another difference is that many years elapse before a
forest becomes a major source of income., Poor agriculturalists
may not be able to afford to wait for forestry projects to mature
in the absence of alternative energy and income sources, In sunm,
considerations which make costing of forestry projects difficult
are gquestions of land valuation, ecological benefits, considera-
tions of equity, effects of saved time, the long payback period

and the uncertainty of forestry schemes.
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GPATTER STX

FCLICY CHOICES AND ENERGY IRTIORITIES IN

DEVELOPING COUNTRIES

1. INTRODUCTION

There is wide agreement amons planners in the energy
sector about the present availability of technology tor
rural erergy supply. The technolo¢y has been developed,
and while inprovements are required, especially in order to
reduce vroduction costs, the hardward for harnessine
alter.at.ve energies is relatively well-known and reliable,
The more fundamertal requirement concerns the 'software’
for harnessing alternative sources of energy. As the ‘orld
Bank's new ererzy policy paper stated, the issue i€ an
institutional, not a technolosrical one.l How can the broad
ranze of institutions in developing countries solve the

rrobleins associated with rura) energy supply?

Energy planning is required, and new sources of energy
as well as alternative technologies need to be financed. A
program of rural energy supply includes a number of policy
implications such as incentives to equipment producers and
subsidies for the establishment of decentralized, small
and medium scale energy supply systems. Finally, local

social institutions and groups are the varied recipients

whose acceptance of new technology is a condition for its

success. The need to involve villagers in the multi-faceted

le
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programs of integrated rural development, and particularly
in the energy supply aspect, is broadly accepted. The social
implications of introducing new energy technology thus

need to be assessed in advance and through pilot projects.
Some of the crucial questions have to do with measures to
ensure a reasonably equitable distribution of benefits from
alternative and new technologies. There is the further
concern for ensuring that relatively inexpensive energy
sources provide maximum benefit to the rural poor through
increased rural employment, decreasing the drift to the
cities and improving conditions of living in rural areas.

The recognition that improving the availability of
alternative sources of energy is primarily an institutional
problem, has focused attention on the need for comprehensive,
country-wide plans to create appropriate institutions. In
this connection the World Bank initiated a special pilot
exercise in 1977 to set up a rural energy planning unit in
Colombia with the objective of preparing a national rural
energy plan, consisting of regional subplans. The plans
will be designed by nationals working in government departments
and universities. The regional plans will include the
utilization of conventional, noncommercial and other local
sources of energy. The necessary equipment and materials
will be produced locally under a special industrial program.

If this approach proves successful it could be adapted in

other developing countries.?
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In this chapter, some policy choicr.s and energy
priorities for developing countries are discussed under four
headings. First, the need for planning should be appreciated.
There is growing recognition of the need for ener‘gjr planning
#ithin the wider plan for integrated rural development.
Second are policy choices relating to finance, its magnitude,
exparditure and sources. Third are subsidiary government
policies to encourage the implementation of energy supply
programs. These will vary considerably from country to
country, depending on the nature of the policitical economy.
Fourth are the social implications of alternative energy
systems and technologies. How caa the acceptance of energy
alternatives be encouraged, and who stands to g€ain or lose
by their introduction? The nonrenewable and renewable energy
sources introduced in previous chapters are assessed in terms
of these four considerations. Forestry receives special
attention because of the many positive functions fulfilled

by tree planting programs.

2. NON-RENEWABLE ENERGY

Of the four nor-renewable energies assessed in this
survey (oil, gas, coal, nuclear from uranium), only petroleum
products are of direct significance as fuels used in rural
areas. Kerosene and gasolene (petrol) are the most important
of the petroleum products. However, all four non-renewable
energies are important as fuels for electricity generation.

The question of policies for the supply of non-renewable

energy to rural areas can be examined at two levels. First,
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policies may be devised to obtain more oil, gas, coal and
uranium, The potential value of local exploration and production,
especially of oil, was emphasized above, Second, policies may be
devised to improve the energy delivery system to rural areas, at
prices which people and small production units can afford., The
second category of policies are of most interest here,

A. Plannings O0il and gas distribution in developing countries
has historically been carried out by international oil companies,
through a network of gas (petrol) stations serviced by road tanker
and less often, by train tankcar, More recently, with the establish-
ment of dozens of state oil corporations in oil-importing develop-
ing countries, the state has played a role in production of pe-
troleum products and their distribution, This has meani that in
addition to devising policies to regulate foreign oil companies,
the government has had to formulate socio-economic strategies for
fuel supply itself,

Developing countries, especially the rural areas,

often experience shortages of key petroleum product on which

transportation and daily production and domestic .1life depend.

"Petrol shortages' are chronic, even in oil-exporting countries
because of bottlenecks in refinery operations, and more
particularly, in distribution. Estimating supply and

demand patterns is a complex operation, storage facilities
represent major capital investments as do trucks (lorriex)

L 4

and other transport equipment.




*45
Planning for product distribution starts at the refinery, or
for countries without any or adequate refinery capacity, with im-
port schedules., It is essential to forecast the kinds of quantities
of petroleum products required.3 Organization to determine the
means of transport and storage corresponding to the least cost
in each case, is vital in distribution., Valumes for each product
on an overall and regional level have to be forecast, after which
price forecasts may be made, Oil companies normally co-operate with
each other in distribution, using computer models for optimizing
patterns, including refining activities and anv product delivery
to deports, Co-operation is marked in tanker and barge transpori,
pipeline transport, t.port sharing, and train tankwason use. Im-
provement: have been made 1n rail transport of petroieun products
by the r: 1 road authorities in India (where 50% of oil and pro-
ducts arc moved by train) by introducing a block pattern of
operation, utilizing a single train rather than a few tankwagons
on several other-purpose trains.u
Secondary petroleum products transport is mostly by

road. But this is generally economicai only over a short

range (in India it is uneconomical beyond 125 km for motor

spirit and 75 km for gas o0il, kerosene or fuel o0il). Govern-

ment policies in several developing countries have restricted

the use of road vehicles for long hauls, mainly to prevent

road congestion. Such legislation takes the form of

increased taxation on road vehicles, or higher taxes on

i
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movements beyond a certain distance from point of vehicle re-
gistration, or reserving movements beyond a point to rail. In
India, the pricing system of petroleum products is designed to
discourage uneconomical or irrational movements by any mode of
transport. Product pricing is based on distribution by the cheap-

est mode of transport--sea, rail, road, barge or

In most developing countries where the railroad system
is not as developed or well-maintained as in India, road
transport predominates, However, due to limited vehicle
manufacturing capacity and the condition of the roads in
many developing countries, it is difficult to take advantages
of sophisticated, large vehicles. The best use of available
means of transport involves efficient route planning and
scheduling of vehicles, reduction of delivery and turn-
around times, and an increase in the payload and delivery
size. Fuel costs for road tanker operation constitute as
much as 25% of operating costs. Diesel for tankers may
include as much as 25% tax in its cost. J

Distribution planning is related to product pricing
policy. Nigeria and Trinidad and Tobago are among the oil
producing countries which subsidize product prices by providing

petroleum products at cost. Among the considerations that

affect pricing policy are (1) proportion of oil produced
locally and imported, (2) relative consumption of non-

commercial fuels, and their supply, (3) conservation and
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energy efficiency schemes, and (4) physical and management
capability to deliver oil products to consumers. There is a close
connection between oil product prices and volume of consumption
as well as rate of growth in consumption.6 Internationally,
governments impose significant taxes on petroleum products. The
level must be determined in conjunction with a range of other

energy and economic considerations,

In sum, distribution is the most complex sector
of the oil industry, and perhaps the least rational. Its
organization requires the use of complex mathematical models
which contrast with the practical know-how necessary at the
level of basic sales operations, Finding the optimum or
lowest-cost method cannot depend on conventional methods of

individual judgement and trial and error. A total systems

approach and the use of operations research techniques, includ-
ing linear programing, are necessary for managing oil transport
and distribution in many developing countries. The complexity of
oil product distribution, and the high cost of imported oil to
which is added the cost of delivery to the consumer, are arguments
in favor of policies to develop alternative, decentralized energy

systems for rural areas.
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Planning rural electrification programs in the past had
been premised on simplistic views that extending distribution
lines to villages is a good thing in itself, and that electricity
is a need in itself. The result is that critical energy problems
of rural people have not been solved., While developing countries
have spent from 15 to 20% of their capital budgets on electrifi-
cation, of which a considerable proportion goes to rural electri-
fication, most villages are without electricity, while in those
that do most people cannot afford to use it.7 For instance, rural
electrification efforts India have reached only about 5% of the
rural population.8 Clearly, new directions in electricity plan-

ning are required,

One of the objectives of rural electrification schemes
should be to provide electricity via an institutional arrangement
which will reduce inequality in income distribution. It may
be advantageous to delay electrification programs and
allocate resources to development of cheaper and less
refined forms of energy. The high capital costs of large-
scale electricity generation and grid systems are reasons
for considering village-based power generation from hydro,
solar or diesel energy sources.

The World Bank has been the major international advocate
of the electrification strategy which has proved so unsuccessful
in developing countries. However, in 1978 the World Bank
revised its policy on electrification. <The emphasis is no longer on

large hydroelectric schemes and oil-fueled generating

lg
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systems with grids, "Special emphasis is now being given to
non-oil sources of generation, mainly hydro, coal/lignite and
geothermal. In line with general Bank concerns for the urban
and rural poor, a greater proportion of lending is also being
allocated to investments in distribution systems designed to
provide service to these gro: ps."9 The Bank "has re-examined
the use of rural electrification both globally and in specific

»10 14 now aims to (1) determine the proper role of

countries,
rural electrification in satisfying rural energy requirements
(1.e., end uses for which it was economically and socially
Justified) and (2) compare the costs of power supply from de-
centralized (mostly diesel) and centralized (grid) systems that
11

frequently use hydroelectric generation,

B, Pinancial implications: of improving petroleum product

supply to rural areas, and of electrification programs include the
the prospect of allocating even larger sums than the very consider-
able amounts spent before the price increases of 1973-74. 0il im-
porting countries are facing the trade off of reducing petroleum
purchases or cutting back on imports of other items, In some
instances all imports are being curtailed by growing debt and
diminishing credit-worthiness, Capital equipment for transporting
and storing petroleum products is costly to purchase and maintain,

Thus, there are strong arguments for reducing dependence on im-

i
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ported fuel, and encouraging the use of non-oil energies, es-
pecially in rural areas.,

There are equally good reasons for initiating programs for
exploration and production of oil and gas, Financing is available
from international oil companies, from state oil agencies and
from the international lending banks. A great deal of attention
is given to 'political risk' faced by oil companies in developing
countries, and the consequent need to provide guarantees of in-
vestment security in order to attract private oil exploration
capital, But in practice, private exploration investment in develop-
ing countries nas increased since 1973.12 Furthermore, the
riskiness of exploration is exaggerated, Developing countries
should attempt, if at all possible, to finance exploration and
reap all the benefits from possible discoveries, If indigenous
financing is not feasible, advantageous terms may be secured from
state-owned petroleum corporations, governments and independent
contractors to the oil industry, These parties may value access to
small deposits of new exploration areas more highly than do the
international oil companies.

Electrification programs in developing countries were pro-
jected to require about $45 billion foreign exchange financing

over the 1976-85 period.lu Loans for these electricity system ex-
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pansions are committed by the World Bank over a period with an
average lead time of about 2-3 years, Therefore, by 1977/78
annual commitments were at a level of about 34 to $4.5 billion,
or about twice the amount in real terms of the average level of
commi tments made over the period 1968-73.13

One of the contributing factors to higher electrification
costs is the price of oil. Power expenditures were expected to
increase as proportions of GNP and gross fixed capital formation
because of "the need to substitute previously planned oil-burn-
ing plants for much higher capital cost nuclear, lignite and hydro

alternatives, u16

Studie= of shifts in power generation mix for
two groups of developing countries to 1986 and 1990 indicate a
sharp decrease in the percentage of oil-burning plants and signi-
ficant increase in nuclear plants.l7 As a result of various
factors— continued faster than GNP growth of power demand, less

scope for economies of scale, larger than average price increases
in equipment and heavy construction and a particularly rapiad
shift to higher capital cost plant--the proportion of national
investment taken by power expansion in developing countries was
projected by the World Bank to increase by about one-half, from

about 7% to 8% in the past decade to about 10% to 12% in the next.

In terms of public rather than total investment, this means an in-

ig
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crease from about 17% to about 25%, indicating that "a difficult

reallocation of public investment funds will be required."18

About one-fifth of World Bank lending has gone into energy,
totalling over $9 billion as of June 1977, Of this, $8.7 billion
was allocated for some 300 loans in tne power sector, tor 69
countries.l? The program is expanding, with 106 projects for
the 1978-82 period, costing $6.9 billion (compared to 90 in the

1974-78 period costing $4,5 billion).

Latin American countries are expected to borrow an
increasing proportion of their electricity project funds
from private capital markets. World Rank lending will
concentrate on countries with less developed institutional
strengch, managerially and financially, especially in
Africi. For rural electrification, the iorld Bank intends
to erphasize decentralized diesel, centralized grid systems
(bas2d on hydropower) and small hydroplants as well as
solar cell generation for remote, economical uses. As
noted above, this interest by the Bank in decentralized
electrification marks a turning point in the lending
institution's policy. It may pave the way for loans from
bilateral and private financial sources for rural electrif-
ication based on decentralized planning.

C, Policy implications: After a government makes a committment

to energy planning, especially as part of an inte rated rural
development program, and has assessed the financial optinns
open for specific projects, policies have to be devised ard

implemented. If efforts are to be made to increase the
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supplies of oil and gas to the countryside, transport policies
are affected, in that more roads (especially feeder and
access roads) are required. However, there are cost and
availability arguments for minimizing the use of petroleunm

products. 1In the cases in which governments chose to reduce

dependence on petroleum products, or to slow the transition
from traditional to fossil fuels, policies would include
0il price variationc (such as increased taxes on petroleum
products), subsidization of alternatives to o0il such as
solar sources, and efforts to conserve petroleum consumption
through more efficient use in better equipment, and through
substitution of petroieum by such fuels as ethanol (ethyl alcohol)
from crops such as sugar cane, cassava and sweet sorghum,
Since the major use of petroleum products in developing
countries is in transportation (or motor power, to include
tractors, plows, etc), it is essential that policies to
limit the rate of growth in petroleum product consumption
include dimensions to make alterratives such as methane
available. The experience of brazil is instructive in this
regard. The government has priced ethanol in the S$ao
Paulo area at half the price of gasoline and a full experiment
is being conducted with one million cars running on a
mixture of 20% ethanol and 80% gasoline. There is some
prospect for integrating a number of alternative energy
source technologies in the production of ethanol by pre-
heating and evaporating the sugar syrup from which ethanol

is produced by solar collectors.



154

The policy implications of electrification programs
similarly depend on choice of a centralized or a decentralized
electrification strategy. Coinciding with these poles of
a policy continuum are broader development approaches which
emphasize either rapid growth and the expected spread of
of productivity and growth to rural and poorer sectors, or
distribution and social welfare objectives. Clearly there
are intermediate and combinations of approaches which
many developing countries are pursuing. However, it is
necessary for any government policy in the electrification
area to consider the evidence that subsidized grid rates
tend to favor the strata that are richer, and remain beyond
the reach of the poor. Furthermore, the slight success
which centralized electrification programs have had, have
not in turn led to rapid small-scale industrialization
in rural areas, with associated job creation. Consequently,
there may be grounds for providing incentives only to
communal, village-level electrification projects.

Decentralized electrification schemes might include
several alternative energy technologies, such as the
‘packages’ designed by tre UN Center on Natural Resources,
Energy and Transport, des:ribed above as being cost-
competitive with generators fueled with diesel, or grid
systems. Incentives for more widespread use of electricity
include specific organization work at the village level, aimed
at introducing comprehensive small industry projects which
rely on electricity, and which are assured of raw material

inputs and markets.
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There is a possibility that incentives should be
introduced to discourage use of electricity while allocating
resources to other, less expensive energy development.
Electricity, whether generated in centralised or decentralized
plants, is capital intensive. For sowe uses, it may be
cheaper to use local fuels or small hydroosower installations
to provide motive power directly to meet the energy needs
of agriculture and small industry.

Lighting is one area where electricity, despite its
capital intensity, is cheaper than other foms of energy
because it is vastly more efficient, particularly when used in
flourescent lamps. The need for light for a few waking
hours of darkness must be weighted with very pressing needs
for water, sanifation, cooking fuel and irrigation. In many
instances, considerations of equity, village organization
and cost may mean that incentives for electrification should
be negative so as to allow substantial gains to be made in
addressing prior and more pressing issues in rural areas.

If this delaying approach is adopted, the resources for
providing community lighting for streets and public buildings
can be raised in the village itself under certain circumstances.
For instance, a small 3 kilowatt generator could provide
community lighting for a village of 1,000 people at a total
capital cost of $2,000 to $3,000. The elec*tricity could be
generated in micro-hydropower plants or with internal
combustion engines using biogas,

Electricity for domescic lighting, community food storage

and small industries can alos be locally generated within
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an organization such as a small public utility, (described

below). Thus, providing household electricity could be

integrated with housing programs, yiped water supply, and
perhaps village reconstruction. Two policy implications
which follow from these considerations are (1) rural
electrification is an integral aspect of broad development
strategies for rural areas, and in many ways is dependent
upon the choices made in these wider perspectives, and (2)
decentralized electrification based on local energy sources
(rather than expensively imported diesel) should be
considered for support via incentives but even this form
of electrification should, in some instances, be subordin:tad
to more pressing demands for scarce resources.

D. Social implications: The unplanaed growth in
use of petroleum products, and the poorly-considered rural
electrification schemes (grid systems) which have been
vrominent in most developing countries in the last two
decades have had two important social implications. First,
a dependence on petroleum products and technologies using
them, has developed. This is a deep-seated dependence
based on emulation of the industrialized world consumption
patterns, habit, availability of technology to use oil
products (especially in the transport area), marketing
networks, and the individualization of communities as
consumption units. The key feature of petroleum dependence
growth was, without doubt, low product prices. wWith low
prices an experience of the past, developing countries are

left with social habits and relations formed, in part, by
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petroleum dependence which can no longer be maintained.
No systematic study has been made of the implications of
that higher o0il product prices have ¢n rural social
relatiois and activities. Even the coamon observation
that kerosene consumption has declined, and wood or

waste use has increased, is not based on cross-national
analysis, but 1s little more than an impression. But

it is likely that the unplanned growth in the use of
petroleum products has prcmoted village stratification
because most technologies for using oil products are
designed for individual consumption. Consequently, there
is considerable momentum geared towards maintaining and
extending these consumption and production patterns, despite
the changad »conomics which make them much less viable.
In short, the history of o0il dependency has produced a
contemporary situation that is not readily amenable to
re-orientation towards increased use of communal'y-based

renewable sources of energy.

Electrification through gridsystems has absorbed the very
large proportions of developing country public expenditure,
with little benefit to the rural poor whose agricultural labor
is often the main source of state income, The village level
use has been slight (with most villages outside the grid’'s

reach), Even more than with oil product use, electricity has

e
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been used by the more wealthy strata., At both state and local
levels, electrification has been pursued for the benefit of a
few, but paid for by the many. Given the deep-seated nature of
these relations which the 0il dependency and electricity pro-
grams are manifestations, the prospects for deceniralized,
community mobilization do not appear promising, Nevertheless,
such mobilization towards integrated rural development is probably
the only means of reversing the negative social implications of
past energy-use patterns, and making energy for production and
domestic use more widely available,

3. SOLAR ENERGY TECHNQOLOGY

There is considerable potential for the use of solar energy
as decentralized ~2nergy sources for developing countries, But
widespread use depends on the extent to which high capital costs
for solar devices can be reduced, costs and reliability of re-
lated equipment improved, and obstacles to introduction of new
technologies overcome,

A, Plannings for the introduction of solar energy technolo-
gieszys at an early stage in most developing countries; therefore,
pilot and demonstration projects are required, and institutions
for research and development need to be established or strengthened,

Industrial production of solar technologies has begun in both
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developed and developing countries, but the expansion of this
production to take advantage of economies of scale awaits
government action to createa mass market,

While the need to plan is widely accepted as a general pre-
cept, energy planning and more particularly, solar system pro-
Jects have yet to be incorporated into strategies of integrated
rural development in the vast majority of countries. In mid-1978
the World Bank recognized that the 1973-74 increase in oil prices
made appropriate sources of energy for rural areas more interesting.
The Bank announced "a continuing examination of a number of
potentially attractive localized technologies."211ncluding solar
heaters, solar refrigeration and solar pumps (thermal and photo-
electric). In addition to financing a number of projects (see
below), the World Bank, in response to the recommendations of
June 1977 of the (North/South) Conference on International
Economic Co-Operation, is providing assistance "especially in
the planning of the energy sector as a while."22 Given this com~
mitment, it is likely that increasing numbers of developing
countries will begin tu pian solar energy programs, especially
for the rural areas.23

Tecunical adaptation and development of direct solar
equipment is necessary, but even more important is the accumula-

tion of experience on transferring these technologies to rural
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areas, Installing potentially hundreds of thousands of decentra-
lized energy systems poses major institutional questions: how to
encourage villages and farmers to accept new energy sources, how
to transfer necessary technical, economic and systems operations
knowledge, how to assure quality on-site installation, how to
arrange for local operation and maintenance supplemented by in-
frequent outside assistance, and other issues, Furthermore, there
is the question of the impact of such systems on the structure

of the local economy and society, Studies of many newly intro-

duced technologies, such as one on Indian biogas systems, suggest

that they may have widened the gap between rural rich and poor.zu

The introduction of solar-based decentralized energy systems

presents the challenge of avoiding this pattern.

1

Jow far has »lannin;; for colar ener;y syctems proceeded
in developing;, countries?” Recommerndations have been made
ty United tations, bilateral and national agercies that
srecific planning institutions and procedures be established.
UtiIDO has indicated that the votential for solar
technolory application for water distillation, water
heatin;, drying, cookin:, refrigeration and airconditioning
is attractive. In additiorn, technolozies are available
at present for conversion of solar raditation into mechanic. 1
and electricul ener—y., UNIDY emphasized that "'he esserntial
rnced 1s for the develon:tent of a vrojramme tor applied research

ard developrnent and eventual nmanufacturing ac“ivity, with

i
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emphasis on technology trancfer from industrualized countries,
domestic promotion of research znd developre:t canabilities
and co-operation amon? developin-: countries in the firld of

25

solar technology. In order to proceed with planning for
solar ener;y, developing countries neced more information

in five arcas:

1. The criteria on which policy should be based,
particularly with rezard to erergy uvtilization

2. The approrriate governmental structure ard
machinery for development planning with respect
non-conventional sources of energy;

3. Indigenous technolo~ry relating to the application
of non-conventional sources of ener:y;

L. Local potential for engineering development and
ps 2 s
manulacture of production equipment, as well as
product denand analysic;
5. Approrriacte institutiontl facilities, worl. pro~ranmes

and technlcal manpower for develoni.n: englneering
axd procduction capacity.26

As to tne criteria on which alternative energy
policy should be based, the Jorld Bank has igsued cost-
benefit wnalysis 5uidelinesz7which consider gsolar energy
projects within th2 same fremework that is used for other
project ap reise). Reservatiors sbout this arprnach,
ecpecially from the perspective of practical ity and
equity, are sunmarized in the con-Jusion to the precent
chopter.,

“he cecond infernation reauirenent rertaing to

aprropriate governnent plarrir_ structures. he cxrerie:cc
¢” Tarzanis i of use berc. (n the bosis of experirents

avd & worlshep in 1977, the Tanzania ['atioral Scientiflie

g
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Research Councilzsdescribed institutional factors for solar
energy programs in that country.29 Broad government involvement
is envisioned, including 10 ministries, 5 parastatals (research,
electricity, petroleum, capital development, Rufigi Basin
Development and banks), academic-research institutions, and
village organizations, Given the key role of villagers, it is
useful to note some features of village organizations,

The Tanzanlan Village Act of 1975 and the Urban Ward Act of
1976 gave lezal status to all the villages and urban wards within
Tanzania as multipurpose economic entities, The Village Council
and the Village Assembly are the bodies responsible for village/
ward development, The council has five committees: planning and
finance; production and marketing; education, culture and social
welfare; security and defence; and finally, building and trans-
port, All are involved in solar energy projects,

The first step in establishing a village energy program is
the design of an init§?1 program, The objective is to gain ex-
perience at the village level to determine:

1. solar technologies that might be applicable to
various tasks of the village,

2, how these technologies compare with conventional
ones in cost and performance, and

3. how to ensure the active interest and cooperation of
villages and their capacity to make use of, maintain,
and repair such technical devices,

g



163

The design of an initial program is a natiomal function

which can be divided into several stages:

-selecting villages for the testing phase
-establishing a training unit

-enlisting village support
~-soliciting feedback

-engaging in research and liaison
-performing analysis

-ensuring program validity

Villages should be selected to represent a broad
cross-section of the country’s climatic, economic,
topographic and cultural features in order to allow for
an adequate comparison of various proven solar devices.,

A minimum number is 15 villages, to be selected according

to the following criteria: human skills, village needs,
economic viability of project, social utility of project, and
village interest in participation.

A training unit needs to be established, preferably
at the.regional level..to train a number of mechanically apt
people from each village in operation, maintenance and

repair of the solar devices. This need not be an

elaborate training unit at the testing stage, and solar
technology training could be eventually incorporated into

the program for village management technicians training.
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Enlisting village support is essential, both in
project planning and implementation. The success of
the project is directly related to the level of village
organization and the extent to which representatives
are in touch with villagers. Enlisting the support
and involvement of non-representative village authorities
will not facilitate the solar energy program since
operation of the devices requires communal canmittment.
Soliciting feedback: National authorities should
work with regional, district and village authorities to ensure
that experience of the village with the technology is
reported to, and taking into account by those doing

research on solar energy. There should be scope for
innovation by villagers and adaptations should be reported
to research centers, National authorities should undertake
continuing research on solar technology for villages, and
keep informed of similar research elsewhere in the world.
National solar authorities should analyse village ex-
perience with solar energy technology, and formulate re-
commendations on the role such technologlies should play in
meeting expanding village energy needs in the next decade,
The village experiences should be available to other villages,
and representatives of the village councils along with local
technicians who have received solar maintenance training would

benefit from regular meetings, The meetings could provide
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input for recommendations on expanding or modifying the solar
energy program. The constant involvement of technology users
will help ensure program validity. The information from such
test program is sought,not as an end in itself, but as facts

to guide village development.30

The government agencies must co-ordinate to assure
that account is taken of solar energy potential, rather
than installing diesel or gasoline engines without
considering solar alternatives. The research program
could consider worldwide developments in solar technology,
adapt relevant innovations to local needs, and generate
wholly original local ideas.

The Tanzanian program recommended that the government
establish an organization to take charge of solar energy
programs (coordination, research and implementation).31
Second, an inventory was recommended of people and institutions
involved in alternative energy in the country. Third, the

electricity parastatal should incorporate in its planning

the investigation of solar energy sources generated on-site ‘

in conjunction with electrification by diesel or gasoline engines

or from a central grid. The solar energy sources which

the electricity authority should consider are mini-hydro

generation utilizing dependable streams, wind, organic

wastes, as well as diesel and sunshine.32
Perhaps the major thrust of recommendations for

solar energy planning is data collection. The International

Energy Agency (IEA)33has developed a number of means for
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measuring performance of solar technology, and the physical
conditions under which it is to operate, These tools are to be
applied in developing and developed countries to ascertain most
appropriate technologies and siting, For instance, the IEA has
developed an insolation handbook and an instrumentation package,
and recommends that governments plan to collect data with these
aids, While such information is highly useful to developing
countries, attention should be given to indigenous needs and
capacities, which may differ from the commercial concerns that
the JEA data and standards program is exvlicitly designed to
foster.Bu The IEA also promotes the development of solar energy
information systems, the main one being that of the U,S.
Department of Energy (formerly ERDA), ERDA Energy Information
Database, These information systems include some of the estimated
ten thousand articles or reports on solar energy currently
available (in English and increasing at the rate of about 200

a month).

UNIDO has recommended that governments develop a program
of data collection action on solar technology. This may require
*allocation of a solar technology program to an existing appro-
priate institution and provision of relevant finances and tech-

nical manpower and development of a practical work plan."35 It is
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also recommended that government, through existing meteorolo-
gical institutes, " initiate the necessary steps for collection
of appropriate data, with a view towards assisting and guiding
36

a solar technology programme,

B, Financial requirements: solar energy technology vary

from relatively low in the case of simple flat plate collectors,
to high in the case of solar cells. Current capital costs per
kilowatt of installed capacity are substantially higher for solar
photovoltaic systems than for, say, hydropower, except for very
small facilities, Capital costs will decline only with volume
production, While solar thermal collectors are less expensive,
the Rankine cycle engines necessary to convert solar to mechanical
energy are both expensive and relatively unproved in field con-
ditions. They also appear to require fairly sophisticated opera-
tions and maintenance, Moreover, even ai{ lower costs, large scale
implementation of solar thermal and solar cell systems will re-
juire substantial capital.

The initial capital cost of solar technology is higher than
that for conventional energy, as noted above, But this cost is
falling and in any case, the stage reached by solar energy pro-
grams warrants modest expenditure for pilot and demonstration
projects, In addition, research and development in national

laboratories requires financing,

L
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Funds are available for solar enerty development from govern-
ments, international agencies and private corporations. Assistance
among developing countries has not yet become significant, although
several proposals for joint work to be financed jointly, have

been made (see conclusicn below).

Most active among government financing of solar energy
development is the U, S. government through the National Academy
of Sciences, USAID, the Department of Energy and other agencies.

There has been widespread acceptance within the U,S. government

37

of the 1976 recommendations from the Overseas Development Council:

-studies and pilot programs comparing the cost and
performance of gonventional and alternative approaches
in rural ereas be carried out,

-As promising village-scale technologies are identified
from these pilot programs, aid may be warranted to
install them in village experiments on a wide scale
and, if experience s. indicates to

-finance their export to developing countries on a

major scale through loans with favorable terms (as

every country that exports nuclear fission facilities

has done). This not only would help to meet an
important need for rural development but also would
provide a large market for small-scale energy technology.

-refocus a portion ot government energy research and
development programs on small-scale renewable sources
of energy.

-take the lead in creating energy research networks to
fain the benefits of international cooperation

-eventually the U.S. government should subsidize the

sale of suitable small-scale technologies to

developing countries and help those countries

develop their own energy hardware production fac .lities.

)
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The World Bank is financing alternative energy development
programs including those that focus on windmills, small hydro-
plant s (in the 0-500 KW range), solar heaters, solar refri-
geration and solar pumps (thermal and photoelectric). The Bank
has given financial support for the development of low-cost
devices appropriate to local conditionss to make practical use
of solar energy in the Bolivian Altiplano, to improve the
efficiency of earthen charcoal kilns used by Philippine small-
holders, and to improve the efficiency of cooking stoves in
geveral countries.38

Two UNIDO Expert Group recommendations pertain to solar
program financing.39 The first urged that a program be initiated
by UNIDO to "secure financial contributions from industrialized
countries for integrated solar energy projects...." The second
recommended that governments of developing countries earmark
appropriate finances for the initiation of a solar activity pro-
gram, and that UNIDO secure "appropriate contributions (financial
and in-kind--physical facilities, technology, etc.) within the
framework of co-operation among developing coun‘Cri.es."u0

While the Woi'ld Bank does not assist manufacturers of

equipment in industrial countries with export credits, it does

loan developing countries funds for imports of such equipment,
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Thus, it is of interest to note the marketing advice given by
C. Weiss, Bank advisor, to solar cell manufacturers in the U,S,
before reviewing corporate financial actfl.v:i.ties;.u1 Given that
the economic competitiveness of solar cells depends on a guaranteed
lifetime of at least six years, Weiss stated that a six-year
guarantee, backed by an enterprise of long standing and a com-
petent maintenance organization, is about the minimum for
acceptance of solar photovoltaic cells in developing countries.uz

The solar cell is capital-intensive, costing about three
times the cost of a gasocline generator. For this reason, the cost
and availability of capital will be a major concern for potential
developing country customers (which, according to Weiss will be
mainly the government ministries of education, forestry,telecommuni-
cation and defense), They will "no doubt wish to know whether
credits can be obtained, at conditions sufficiently favorable
to make solar units attractive compared with conventional sources."u3
While the Bank'’s policy is to finance solar energy along with
other sources of power and to accept it where it appears to be the
most economical and effective solution, Weiss advices the firms that
there are "agencies specifically intended to guarantee commercial
financing for U.S., exports, and it may be appropriate to approach

them for guidance on how the market for U,S, manufactured photo-~

lg
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voltaic devices in developing countries might be broadened.“uu
These points serve to underline the importance that industrialized
countries attach to being in the lead in the competition for
access to alternative energy technology markets in the developing
world,

Solar equipment manufacturers {inance some projects involv-
ing different solar technologies and equipment, as part of their
campaign to explore market potentials, Mention has been made of
SOFRETES®’ (French) experiment with solar water pumps in 25 countries,
A subsidiary of Elf, the French state-owned oil company, is
sponsoring solar water pump experiments in Senegal and Caunex‘oun.u5

Finally, developing country governnents are committing funds
to solar energy research and development programs, Table 6-1 in-
dicates the broad range of solar regearch, including solar heat-
ing, crop drying techniques, and solar thermal electric genera-~
tion. Wind technology is receiving less attention,

C. Goverrment policy implicationss Developing country
governments have only begun to formulate alternative energy
policies, as described in the planning section of the above

discussion, However, in some countries plans are advanced

for producing capital equipment (solar technology) which may

be encouraged in the private sector by conventional industrial
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Table 6 - 1

1977: Solar Energy R and D in Selected Developing Countries
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Argentina x x x x
Barbados x b ¢
Bolivia X X X
Brazil X x X
Chad X x x
Chile x X x
China x X
Costa Rica X X X
Cuba X b 4
Ecuador X
Egvpt x X X X
El Salvador x
Guatemale x x
India x X X b ¢ x
Iran x x X x
Iraq x
Ierael x x X X x X
Jamaica x x
Jordan x
Kuwait x x x
Malawi x x
Malaysia x x X x x
Mali x x
Mauritius x
Niger X X X
Nigeria x
Oman X x
Pakistan X x X b ¢ b 4
Papua New Guinea x x
Peru x b 4
Philippines x x x x
Qatar X
Saudi Arabia x X x x x
Senegal x x
Singapore x x
Sri Lanka x x X x
Sudan X
Thai land x x x
No. of countries 22 7 21 8 15 lo 12 4 - 3
engaged
% of No. o 56 18 55 2% 26 32 1 - 8§

countries lieted

Source: UN. "Research in non-conventional sources of ener Report
of the gocretary Gomrai", tE7C.b75’6!, January 19 ;E, EEI
(Summary of Nesponse sent by the Member States of the United
Nations to the Secretary-General's uote verbal concerning their

current programmes on research and developmant. )
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incentives (tax holidays, pioneer industry staius, etc.).
Government sponship of research in public institutions or on
contract to private firms is another avenue for encouraging

solar technology development,

Governments can encourage the development of alternative
energy supply systems, by providing loans to village
committees., These loans are probably most effective in programs
which integrate several different energy sources (biogas,
woodlots, more efficient cooking stoves) under the direction
of an elected village committee established to oversee
public utilities.""6 In addition, there is scope for public
works programs for tree planting, building small earth dams,
water supply, etc. These should be tied to the creation of
permanent jobs, to halting deterioriation of rural land and
water resources, and to the creation of local savings so that
further progress can be sustained by the local communities
themselves. There may be scope for directing government
loans and public works programs towards villages with the
potential of establishing small-scale local industries,
for instance in the weaving area.

Some specific country experiences will illustrate the
direction taken by governments, The Tanzanian solar energy
programn has already been described in detail and emphasizes
more than others (except the Chinese example) the importance

of village participation,

—— g
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India. The Indian Department of Science and Technology funds
and co-ordinates solar R & D nationally, with an emphasis on
rapid commercialization, Solar cells, and thermal devices are
important aspects of the program, which means that Indian manu-
facturers will play a role.u'? The Indian government is facilita-
ting research solar cell manufacture and on sophisticated power
towers (large-scale solar thermal generation), but most attention
is devoted to biogas units. The Indian Government is providing
incentives to villagers by providing about one-fifth of the

capital cost of 2.8m3

family biogas plant costs--a grant of
$50.M3 Over 20,000 small family units have been installed over
the past 15 years, under the auspices of the Khadi and Village
Industries Commission which has been in charge of the biogas
pz'ogr'am.,+9

A comparison of biogas plants and coal-fueled fertilizer
facilities will illustrate the importance of government incen-
tives to encourage the most economical and soclally-beneficial

industrial strategies.so

In India, where there is strong demand
for nitrogen fertilizer, a large coal-fueled fertilizer factory
will produce 230,000 tons per year, as would 26,000 biogas plants,
But the biogas plants would cost $15 million less to build, and

the investment would be spent in India, saving some $70 million

g
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in foreign exchange. The biogas plants would provide 130 times
as many jobs and these would be located in rural areas where
most people live and where employment is needed, Biogas plants
would also produce the fertilizer where it is needed, eliminating
the transportation requirements, Finally, the coal-fired
plant consumes enough fuel every year to meet the energy needs
of 550 Indian villages, while the biogas plants would produce
enough fuel each year to meet most of the energy needs of 26,000
Indian villages,

In the Philippines, the Energy Development Board seeks to
supply 5% of national energy consumption through solar
technologies by 1985, with a major emphasis on biogas, and
wood thermal power plants (75MWe),

Brazil is committing R & D funds to solar power generation
research in sever public-sector institutions., Likewise the
Kuwait Institute for Scientific Research is focusing on solar
R & R and has initiated work on solar cooling and heating of
buildings, solar thermal electric conversion (100KWe capacity)

and agricultural application for solar technology. 0il producing

developing countries (Mexico, Algeria, Indonesia, Iran, Nigeria,

Saudi Arabia and Venezuela) are investigating the potential

of solar energy technology.

—l
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D. Social implications: The institutional and social

dimensions of solar technology can be'illustrated by
reference to the problems faced by establishing village
level biogas plants.51 Some of the questions which arise

in considering how a biogas plant for a complete village
can be made to work include: what kind of social management
and organizational problems would be encountered? How

does one collect farm waste and how does one distribute gas
and fertilizers? Houw does one ensure cooperation from
‘rich' families who could set up their own plants while
also involving poor families who spend hours in collecting
fuel?

A desirable project would involve the top 1&% of
village families who own their own cattle by providing
incentives such that they would be no less well-off
than if they established their own plants. It also
provides for net benefits for the poor who own no cattle

but collect dung from the streets.

In the scheme dung is purchased daily for money.52
The fertilizer available is sold to the sellers of farmwaste
at a fixed price with a limit in proportion to the farmwaste
sold by them. Those who cannot afford to buy gas can come to
the plant ~ites to cook their meals at a community
kitchen that is attached to the community gas plant. They
can do so in exchange for a few hours of service per week for
the operation of the plant, such as collecting farmwaste or

bringing water to the plant, maintaining cleanliness,

e
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etc., or for a price paid to utilize the burners for a
certain time. One may even consider giving it free of
cost if the situation permits and misuse is prevented.
Cylinders and gas burners are rented out to users who
would pay a deposit for these. There may be families too
poor to be able to spare even a deposit of 320 and for
them community kitchens have to be provided. 1In fixing
prices of the various inputs and outputs, special

attention has to be given to ensure that no one is worse

off by the introduction of bio-gas plants.

Large scale adoption of biogas plants could result
in a contribution from biogas amounting to between 10% and

53

15 of total erergy use in India in 2000. It has been

proposed to set 1.p a Clusterof public latrines and
attached them to a tiogas plant in slum areas of Tndian citsier
The right to the products of the plant, rnamely gas and
fertilizer, are transferred along with the responsibility
of maintaining the cleanliness of the latrines to someone
in the slum.su
A number of social problems which could arise with
the installation of alternative energy technology can be
noted. In the case of hand pump operated tube wells,
such as those irstalled for communal water supply in
India's Deccan plateau, the failure rate is very high,
Broken pumps are comman. It 1s now recognised byat the
principal causes of failure are social, not technical .?”

Installation was usually effected without wvillager involvement

with the result that the government was expected to make




178

repairs, for which there was usually no budgetary provision.
Again, those from the lowest .castes were denied access to the
clean water, communal tensions erupted and led to damage
through deliberate wrecking of pumps and tubewells.

A village public utility was propeosed as a means of overcoming
these social difficulties.561t would be responsible

for the physical and fiscal integrity of the facilities in
its charge and ensure that all villagers have access to its
services. It would be managed by an elected committee whose
members would be individually subject to recall.

Village wide meeting which report accounts and progress
would be held every two months. The accounts would be kept by
the committee and they would be public. A supervisory committee
(also elected) would handle grievances and be responsible for
auditing. Overlapping membership between the managing and
supervisory committees would be prohibited. Funding would
come from individual villagers, existing community funds,
voluntary labor and loans from outside sources (banks,
government rural development agencies). The management

committee would prepare plans for water, fuel, cooking

stove supply, with outside assistance, and approved by the
entire village. Payment for goods and services supplied
would be through provision of labor.

The woodlot for supplying 1,000 people (200 families)
with 200 tons of fuelwood a year for (more efficient) ccoking
would require 10 hectares of lang, with a renewable yield
of 20 tons per hectare per year. As in China, a substantial

portion of this land requirement could be met by lining the

i
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village streets, approach roads, windbreak areas and commons

with trees. Management of the woodlot by villagers

themselves would considerably reduce illegal felling of 1;rees.57
Makhijani calculated the economics and loan repayment

schedule for a village public utility for an Indian village

of 1000 people.58 For an initial investment of about $12 per

capita the utility could be generating substantial funds of its

own, having paid off the starting loan, within five years.

Each family would obtain water for household use, fuelwood,
a stove, and the use of community sanitation facilities in
return for 30 to 35 days work (6 to ? per capita). This is
less than the amount of labor which the poor spend on gathering
fuelwood alone. This work would be directed towards (1)
producing one or two crops per year on the three hectares of
agricultural land acquired by the utility, (2) maintaining
and managing the facilities of the utility and (3)
extablishing and maintaining the village woodlot.

The circumstances of particular areas will determine
whether approaches to rural energy and utilities supply
such as the one described by Makhijani are practical 9 He
noted that "usually the very possibility of communal projects
depends on measures directed at reducing current inequities

(e.g., land reform). 60

i
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4, PORESTRY

A, The need for plannings Reforestation and aforestation

projects is especially important because of the long lead

times associated with maturation While the time required

to introduce more efficient technologies for using fuelwood

is not so extended, the social implications of changing
traditional cooxing and other wood uses are considerable.
Another reason for emphasizing the importance of planning

for the forests is the neglect of the area in the past, due

to its being subsumed under a:sriculture or, less often,
industry (logging). Only recently have the fuel and

ecological dimensions of forestry received planners' attention.
Finally, the fact that the majority of the world's people
depend on fTuelwood for mecst of their energy consumption,61
means that planning in this area should command serious
attention.

Planning in the forestry sector can be divided into
data and training on the one hand and rural development
projects on the other hand. At present, not enouwh is
known about the extent to which total forest resources can
contribute to a viable energy supply. A leading forestry
specialist, Vaclav Smil, stated that "the infornation
currently used is based on too few samples resulting in
inevitably misleading conclusions.:‘62 Thus, a higher priori-
ty could usefully be placed on forest inventories, and land

use and soil surveys, Information from these =valuations is










e s
e
gy

ad

2 [l e




181

essential as a foundation for programs to protect forest located
in water catchment basins, agricultural settlement projects and
sand dune stabilization in arid areas, There is a corresponding
need for institution-building projects for training, education,
and forestry research with special emphasis on pilot trials

and combined agro-forestry/crop combinations,

Forestry-related rural development projects which could
be considered within a wider planning context include the
establishment of village woodlots for fuelwood and timber pro-
duction, farm forestry, shelter belts, soil conservation
measures, planting of fruit, fodder-producing and fiber-pro-
ducing trees, and the encouragement of rural, small-scale
industries that use wood, Some industrial forest projects 63might
also form part of forestry planning.

Both the information and project dimensions of forestry
planning highlight a new direction for policy in this sector,
Forests ca:n no longer be thought of simply as a natural resource
to be harvested for export and industrial use. Rather, they can
more usefully be considered within broadly based national programs
with a wide range of components, This change in approach to
forestry development necessitates the development of new concepts,

technologies and institutional approaches, The change is based on
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the reality that the major contribution of forestry to develop-
ment will come from jts impact on the rural population, through
watershed aforestation, land rehabilitation, dune fixation, land
reclamation, shelter belts, village woodlots, intercropping
with plantations, various tree/grazing and house garden/tree-
planting combinations, fodder trees, labor-intensive plantations,
saw-milling, Joinery workshops, and rural wood-based industries,

Among the forestry policies which planners might consider
when drawing up energy programs are the determination of

environmental and ecological effects of forestry destruction,

and the definition of rural development strategies

that will assist low-income groups without, at the same

time, leading to ecologically destructive patterns of

development. Particularly attractive projects may be

those dealing with agroforestry and fuel-wood plantation

development. Fuelwood/building pole components might be

incorporated into agricultural or rural development projects

if the need is evident. Rural forestry programs might be

considered in cvnnection with employment generation

in rural areas. Planning of agricultural settlements and

special plantations could incorporate research intn <the

capability of fragile tropical forest soils to

support intensified agriculture and forest cropping.
Planning of educational and research programs could

usefully cover forestry research, especially in the areas

of agroforestry, fuelwood development and environmental

studies. There may be need for institution-building
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in the pudblic sector to strengthen agencies that deal with
fast-growing fuelwood or industrial plantation programs.
Comprehensive rural aforstation development plans could be
the outcome of preliminary data collection and experience gained
from including forestry components in wider rural development
projects, In the course of this planning and experimentation,
the key technical, organizational, managerial and personnel or
laborpower constraints that inhibit the development of forestry
can be identified,

B, Estimates of financia) requirementss Forestry projects
are difficult to specify due to the industrial bias of pre-
vious programs, and to the intangible aspects uf rural forestry
projects, One indication of the magnitude of costs is provided
by the World Bank which has committed £500 million to forestry
projects between 1979 and 1983, In addition the Bank has included
forestry components in a number of agricultural and rural develop-
ment projects. The average size of these components is small,
about $250,000 for each project, and the total volume of planned
Bank lending for such forestry activity over the 1978-82 period
(about $6 million) represents a very small proportion of planned
agricultural and rural development 1end1ng.6u However, even
small forestry components in larger agricultural projects c..a

be significant in terms of development impact,
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While the financial requirements vary immensely from one
country to another, in general, it can be said that forestry
programs are probably among the least costly solutions to energy
shortages in rural areas, Their advantages include the low re-
quirement for foreign exchange and their intensive use of labor
which may have a low opportunity cost,

Fuelwood plantations constitut: some of "the best examples
of recent official responses to forestry needs.”65 Certain
trees such as the Australian eucalyptus are fast growing and
can produce more than 20 times the annual growth of natural
forest, One hectare of this kind of plantation can support the
firewood needs of from 15 to 20 people. Eucalyptus plantings
require 1ittle technical skill, and the costs can frequently
be kept below $100 a hectare.66 Labor makes up the main economic
bost of plantation establishment, but in some instances this
may be provided free, with adequate govdrnment encouragement
through provision of incentives,

Financial requirements for forestry projects can be
assessed and justified on the basis of conventional project
appraisal techniques with certain modifications., For instance,
land to be used in forestry projects may not need to be costed
as a capital cost because it is in excess supply and is likely

to be so for the 1life of the projects, But if the land can de-
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finitely be used, either a cost must be attributed to land and
entered as a capital cost, or some estimate of the net value
of output from the iand in other likely uses should be made
and deducted from the net benefits, While forestry projects
have beneficial effects on water catchment areas and can con-
serve 80oil, such benefits are hard to measure. However, some
effort to estinate ecological benefits of a forest (such as
the cost of desilting canals or lakes) is possible with large
margins of error, Other considerations which would enter into
financial aesessments are those having to do with equity, time
savings from local wood supplies, the interaction of multiple
projects (plantation and lumber planing mill), long payback
periods, uncertainty about the end use of the wood and prediction
of contigent environmental effects.67

Funding for forestry programs is available from international
organizations, bilateral aid plans, transnational corporations
and national research institutions, The World Bank, in the period
1953 to 1976 lent $240 million for 17 forestry and forest in-

dustry projects.68

Reflecting a change in strategy, the Bank's
lending for 1979-83 is direcisd towards village rather than

industrial forestry needs, and emphasizes fuelwood and research,

In close collaboration with FAO and UNDP in the preparation of
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of forestry projects, the Bank intends to lend five times the
amount lent in the 1972-76 period, with a yearly target of $100
million.69 Twenty-five projects are under preparation in 1978
and account for half the $500 million five-year budget. The
average project size is between 310 million and $15 million,
wi“h from seven to ten forestry projects a ydar, In addition
to forestry projects, forestry components are being included in
at least five agricultural or rural development projects a year,

The Swedish International Development Authority has a
forestry funding program for developing countries as does the
International Development Research Centre (IDRC).70 A new
International Council for Research in Agroforestry (ICRAF) was
established in October 1977, to be located in a developing
country., Its program includes the study of managing and harvest-
ing of wood for fuel in all ecological zonea.71 It is funded to
date by the Netherlands, Switzerland,IDRC and UNEP (United
Nations Environment Programme), 72and will sponsor projects in
forestry in developing countries.,

ent policy im cationgs Programs of rural

energy supply can be encouraged by a number of government
policies, including incentives to manufacturers and villagers.
Given that the highest cost in establishing fuelwood plantations

is labor, it is valuable to note the experiences of India and
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the Republic of Korea, The governments provided an adequate
supply of seeds or seedlings, and extension advice, Villagers
were induced to undertake tree planting on their own land, or
collectively in village woodlots, The South Korean program is
to plant 50,000 hectares of village woodlots annually, while
India expects to establish over 500,000 hectares of fuelwood
plantations a year, Government policy in Niger was one of con=-
sultation and encouragement through provision of seeds, with
land being alloted by villages, In the Zinder district of
south-central Niger, farmers are growing trees as part of the
farming operation, Since 1974 when consultation began between
village councils and forestry extension workers, six villages
have taken land out of farming to establish village woodlots,
for community firewood, It is projected that in five years
some 70 such woodlots will be established, and will reduce the
labor and time in firewood gathering.

Pakistan's Forestry Service is experimenting with species
of trees for planting along canal banks to provide windbreaks
and fuel, as well as shelter for livestock, people and crops., The
Senegalese government is attempting to demonstrate the superior
value of trees as multiple sources of income, in order to dis-

courage cutting. At M'Bidi in northern Senegal, grazing has left
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grounds around wells bare, A scheme of reforestation that is a
model of integrated land use is now underway on a 200-hectare site,
Trees will produce wood for fuel, shelter for vegntable gardens
and gum arabic (from acacia trees), In the Philippines there is
a project to propagate fast-growing ipil-ipil for production of
fuelwood, charcoal, pitprops, animal fodder and pulp and paper
manufacture, China has developed plantations in the countryside
and cities with considerable success.

Adoption of technology that will favor the creation of
employment and result in the expansion of domestic manufacturing
can be a viable economic alternative to capital-intensive in-
dustrial forest projects in some areas, For instance, govern-
ments can adop policies to generate additional employment and
income by organizing reforestation ane cutting and extraction
through labor-intensive methods using suitable technology rather
than tree-planting machines and bulldozers, with added benefits
in terms of saving foreign exchange,

Government policies on forest extraction by foreign or
national corporations may require review, Concession arrangements,
fiscal policlies and the institutional arrangements for forest
extraction operations have hitherto promoted the development

of log, timber or plywood export industry, In some cases con-

le
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cessions have favored unduly the licensee.73 Renegotiation of
some terms may be desirable, especially the level of royalty
taxes, clauses relating to reforestation or forest management
obligations of the licensee, and arrangemen:s for cost sharing
in relation to forest road and infrastructure programs. Policy
decisions are also required in connection with private tree farm-
ing and corporate-owned or state-owned industrial plantations,
If a country’s developmental objective is to help the rural
poor, priority should clearly be given to encouraging small
farmers to grow industrial wood. But problems in doing so include
the long maturing time (about 15 years) of forests which poses
difficulties for small farmers who cannot wait that long for a
return on investment, In such situations, government subsidy of
plantation investment is essential and a component wihch will
yield returns in the medium term could be built in, Another
difficulty with the policy of encouraging forestry by small
farmers rather than large plantations is that most large, privately-
owned pulp corporations insist on controlling directly from 25 to
304 of their wood supplies,

Government policies relating to the substitution of other
fuels for wood are those mentioned in previous sections as in-

c entives for development of alternative energy technologies.,

In addition, wood used for housing can be replaced by mud bricks
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in woodsdeficient countries., Government forestry policy could
explicitly recognize the role that substitutes might play and
encourage their wider use, Pinally, incentives for the develop-
ment of more efficient cooking equipment and wood burning or
charcoal-making technology include tax holidays, direct sub-
sidies on imported items, and cempaigns to disseminate informa-
tion on efficient woodfuel use,

Arnong the many types of tools and equipment which use
energy, stoves or cooking units are perhaps the most vitally
in need of improvement to increase energy efficliency. Wood con-
servation (and savings of other vegetable and waste matter for
fertilizer) would be promoted through the use of multi-purpr:e
clay stove-overs; improving the heat retention of charcoal braziers;
or using the more efficient Norwegian two-chamber stoves which
burn both wood and gases released from initial combustion,
Government policies to make energy conservation technology
available at prices rural population can afford include efforts
to produce designs and units locally. The ekills existing personnel
such as blacksmiths, automobile mechanics and eletrical repair
people, can be enlisted to manufacture and sell energy-saving

tools and equipment, USAID is sponsoring such projects with the
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governments of Ghana, Liberia and Zaire.7u

D. Social implications of poiicies to increase the supply of
woodfuel are complex and numerous, largely due to the land
tenure patterns and the intimate dependence of villagers on wood
for a multitude of uses., The most apparent social implication Js
the possibility that fuelwood which was traditionally available
to the gatherer at no cost will become commercialized, and priced
beyond the ability of many villagers to pay. Another issue con-
cerns the means by which fuelwood and other forestry projects
can be witheld from use until maturity, or used moderately in a
context of energy shortage, If they are village cooperatives, the
institutional framework of their administration and management is
required, and over several years. As with other forms of village
fuel and energy technolongy, a premium is placed on communal
organization at the village level,

In assessing the costs and benefits of forestry projects,
several social implicatiogs demand attention, Possible alternative
uges for land must be considered before woodlots or plantations
are established, Possible increases in the income of poor people
should be weighted more heavily than the same increases in income
going to the wealthier strata, In order to determine equity con-

siderations, the destributive implications of a project must be
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identified, For instance, if planting a woodlot makes more in-
come available to the poor than does a pineapple plantation
(which generates more overall income but to different groups) ,
the first should be favored.75 A fuelwood lot has the distinct
advantage of reducing time spent walking long distances to gather
wood, a task which normally falls to children and women, The labor
saved is a benefit even when it is not used in alternative
fashion for generating productive output, measured in money,
Leisure is a social benefit, as is time spent in education or
other pursuits,

Social conditions play a role in determining the type of
forestry development that will probably be most successful., For
example, the accepted ownership pattern of forested lands may
prohibit plantation forestry but may be highly suitable for the
establishment of village woodlots., Other social factors including
population density and the major source of household fuel are
important in assessing the most attractive forestry policy. In
densely populated areas such as Bangladesh, Indonesia (Java) and
India severe fuel shortages exist. These combined with forest
management services that are often understaffed and underbudgeted
contribute to situations of confrontation between government

officials managing fixed forestry reserves and poor farmers.76

¥
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Tadizerous social features which have contributed to
deforestation and wood cdepletion reauire attention in
connection with forestry planning. Sone key features
leading to fuelwood shortage are an increase in the size of
a popul«tion with a static farming technol»gy, tenure
insecurity and exclusion of people from better land by
inequitable patterns of land ownership, and the use of
traditional technology and relatively infertile soils that
make ’slash and burn' azriculture necessary. Again, too
many cattle relative tb the grazing potential poses a
problem for forest policy makers. Dry regions where grazing
is the main forn of land use, are also faced with serious
shortanves of wonod,

Yany of the methods of dealing with social conditions
and cultvral patterns connected with wood shortages are
costl; and politically unpopular. Reduced stocking,
voluntary mi ration and resettlement in sedentary pursuits
may be impractical. Repgulatine land use through restrictions
i1s also difficult to implement. The best solution, although
it is a long-term onc is increacing agricultural production
threu th the use of improved social crganization and technology.

wsocial habits have mitigated agsainst the acceptance of solar
cociers whicih would relieve some of the pressure on woodfuel.

“he coorers require adoption of new methods of meal preparation

and restricts meal preparation to daylight hours. Lven when

they were siven away free in lexico ana India, solar cookers

le
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failed to gain acceptance.77 A simple acid storagebattery solar
cooker currently under development r equires fewer cultural ad-
justments, Other approaches such as slow reflective cookers,
baking ovens and stew pots are being developed, but as with more
efficient wood-burning coukers, these represent expenditures of
scare capital and thus are probably out of reach of most rural

people whose incomes are often less than $50 a year,

$S. CONCLUSION

Planning for the installation of systems to sunply
energy to rural areas may be premised on at least two
different approaches. On the one hand, conventional
cost-benefit analysis may be employed. Alternative
energy systems would have to appear competit.ve both
from the cost and the return sides, in comparison with
electricity from grids or diesel generators, etc. The
key point about strictly economic evaluation frameworlks
is that they depend on profitability and hence, on
consumer ability to pay. The consumer of energy, whether
a single business or a social service within a community,
or a public utility (villarse water supply) must be engaged
in commerce or exchange-oriented production,. and
profiting from this activity in order to have the income
to pay for the energy. There is 1ittle reason to expect
that the proportion of individuals or villages currently

able to purchase energy would change significantly with

the introduction of alternative energy systems. 3Slightly
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less expensive energy may provide some currently marginal
businesses with the opportunity to mechanize and increase
production. But, as with the green revolution, only the

wealthier rural strata are likely to be in a position to

benefit from energy supplies.

On the other hand, a social cost;benefit analysis could
underpin efforts to install alternative energy sources.
While many elements in such an assessment are not subject
to easy quantification (improvements in health, for instance),
the venefits of establishing communally-operated energy
supply systems which are accessible to all members of the community
are considerable. They include an improvement in the
quality of life and the experience of securing a tangible
gain through communal work. Clearly such an approach,
which has as its goals village self-reliance, would
ultimately lead to increased production. The crucial
difterence bctween a social and a conventional cost-benefit
approach is the starting point. The social perspective
would chase technologsy most appropriate to the capacities
of villagers, especially those in the poorer strata. Its
introduction and adoption would be facilitated by
the work of special 'mobilizers' working in pairs with
villagers (preferably chosen by election) who would be
responsible, probably on a part time basis, for
co-ordinating the work associated with the energy system.

When the present state of the art in solar technology

and its application is considered, the social approach

becomes more attractive. Little is known about unit
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cosling and long-term opcration, and less absut social
acccptance. Installation of pilot and demorstration plants
yield valuabdlc data, but the applicablity of this information
in subscquent village operations is questionable. The more
promising method of securin; practical information about
alternative energy systems is throush programs of installation
based, not on immediate profitability, but on social benetit.
The interests of villagers, cspecially poorer rural

residents, must be considered in comparison with

the interests of firms commercializing alternative energy
technology. Differences in design of the technology, size,

A

fabrication materials, and operatinz features are likely

to emcrge from the village as contrasted with thc manufacturer.
However, a rancc of possibilities exist f{or sovernment
sponsorship of alternative energy technolozy vproduction

which would suit villaze needs. Juch procuction units might

te deccntralized so 2s to resmond to the particular features

of a group of villares {or which equipment is produced.

~

This conception of decentralized, communal development
has much in common with plans for integrated rural
development. But it docs exclude narrow economic cost-
berefit analysis as a decision-making tool.

Government planners conccrned with solar and
alternative encrgy tcchnology arc being inundated with
information and advicc from forcign firmg, governmcnts and
international organizationz. Thc thrust is often either
linited to technical data or to pronosals for dcmoastration
rrojects. “thcse are componcents of larger, corporate

narketiny strategics and product development-testing
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experiments., The type of technology and the terms under which
i* is introduced (conventional cost-benefit) are those consistent
with corporate profitability.

It is therefore important that solar energy policy makers
consider explicitly whether the national interest is served by
this approach, or whether alternatives along the lines suggested
above are more suitable,

Co-operation among developing countries in the area of solar
energy technologies has been discussed in several international
meetings, especially under United Nations auspices, While con-
crete programs have yet to evolve, mention should be made of
recommendations in this respect, for UNIDO actiom78 They include
the strengthening of existing institutions in selected develop~
ing countries (which have technological, industrial and infra-
structural capabilities) and transform the same into specialized
solar energy centres, with the objective of developing an applied
R & D program for the benefit of other interested developing
countries,

It was recommended that UNIDO ascertain the interest of
selected developing countries in being associated in the program,
to become one of the nucleus of cooperating developing countries,

and assist th2 local institutions to develop an integrated work

lo
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program of applied R & D, assessment of technologies, and evaluation
of prototypes and products, disseminate technological information
and techniques, train personnel from other developing countries
and promote entrepreneurship development. Co-operative programs
could be developed between the various solar energy centres.

There is considerable scope for con-operation among develop-
ing countries in the solar area for two reasons. Pirst, both raw
materials for technology fabrication and markets are in the
developing countries, which avoids the issues of market access
in the industrial world, Second, the capital surpluses of some
developing countries (mainly those OPEC countries with revenue
surpluses) might be invested in developing solar technology to
the benefit of all developing countries involved, The possibili-
ties for cooperation among developing countries is being dis-
cussed in preparation for the United Nations conference on

Technical Co-operation among Developing Countries (1978) and

on Science and Technology for Development (1979).
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FOOTNOTES FOR CHAPTER SIX

1. World Bark, "The World Bank’'s energy activities,” (World Bank;
Briefing Paper, Washington D. C.) May 23, 1978, p. 4. The paper
stated that "We believe that the introduction of 'appropriate
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CHAFTER SEVEN

SUMMARY ANWD RECO«MENDATIONS

1. SUMMARY: PRIORITIES AND STRATEGIES

A great deal of attention is being focused, internationally,
on questions of energy supply to rural areas, and on technologies
linked to the supply of energy. Shortages of conventional
and traditional energy are envisaged. Therefore, new sources
are sought. Because these require different and innovative
technologies, an effort is being made in dozens of countries
to identify the more appropriate technologzies and the
parameters for most efficient use. This survey has attempted
to describe trends in the search for appropriate energy
technologies, and situate the issues of energy supply for
integrated rural development in an institutional, and also
within an international framework.

Some of the main considerations can be summarized here.

A fundamental starting point, in energy assessment, is demand
for energy, or pace of economic growth. How fast will the
developing countries grow? Is the Lima Declaration target
still feasible, or too optimistic? If the more pessimistic
growth projections of OECD are accepted as realistic, is there
need for reconsideration of basic growth strategies among

developing countries within such forums as UNCTAD?
In 1977, estimates of developing countries’ rate of energy

consumption growth, based on GNP projections, ranged between

3% and 4%. But in 1978, the World Bank and other institv :ions

ig
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(ez.., The Rockefeller Foundation) published reports that
assumed no increase in o0il imports. This assumes that developing
countries will not secure increasing proportions of total
world energy traded among countries, in the future. And yet
this issue has not been considered by developing countries
themselves. The industrialized countries in the International
Energy Azency and other fora have take.. steps to allocate
future energy production, imports, and conservation targets.
These allocations assume levels of consumption and energy
imports for developing countries. Thus, there is a need
for developing countries to address the many, interrelated
energy issues in a direct way.

If developing country oil imports are not to increase,
and if growth is to continue, then energy must be secured
from other sources. This is one basis of the interest in |
al ternative ener;y technolozies. Tied in with the focus
on rural areas is the commercial and planning interest in
agricultural schemes, especially for food production, in
developing countries. The 1inks between broad environmental
issues are being made more explicit; and include food, energy
and the noncommercial fuel consumption patterns of villagers.

The main thrust of much research, and the plethora of
consultancy reports on rural energy supply, is that villagers
are threatening the ecosystem through excessive use of
woody substances for fuel. A number of questions are raised

by this focus. First of all, do rural populations destroy

the ecological balance? It may be that other causes of
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environmental deterioration are more important than the
(unsubstantiated as yet) claim that villagers are overconsuming
fuel. Zven if wood is being used faster than forests are being
recenerated, it is shortsighted to blame rural inhabitants.

The reasons for negative changes in the ecosystem need to
be assessed in a wider framework that includes the pricing
of petroleum products, and the energy-use patterns of
developing countries. This perspective will contribute to
avoiding the restricted reaction that seems to underpin much
rural energy analysis. The reactive approach to be avoided
makes simplistic links between rural wood use, ecological
imbalance, and perscriptions for limiting wood consumption,
or increasing wood production. It implies that rural people
are passive and disorganized, a view which is contradicted
by more sensitive analysis.

A second thrust of much alternative energy analysis is
the need for govermment planniigz. Alternative energy and
commercial, conventional energy planning must be done in an
integsrated way. Historical separation and the recent status
of energy planning make necessary a deliberate effort to
unify planning for o0il and solar energy, for instance. 1In
each developing countries, and within regions or continents,
institutions might be allocated the responsibility for
devising strateries for integrated rural energy supply. The

Tanzanian, Brazilian, Chinese and Indian attempts at planning

are instructive as examples.
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Third, rural energy discussions have Dosed a distinction
between centralized supply systems, and deceiiralized systems.
At the level of strictly technical installations (a national
electricity grid versus local diesel generators) this
distinction is useful. But the assumptions that decentralized
systems automatically imply decentralized decision-making
and community control are not so obvious. For example, the
solar technologies are manufactured by large, centralized
firms (Exxon, Alcan, Westinghouse) that manage the product
in much the same way as large corporations manage other
products. The attraction of decentralization is explicitly
used by some large firms as a market development device.

Thus, the actual social gains that may be associated with
decentralized energy technology, must be demonstrated rather
than assumcd (as Denis Hayes and Amory Loving assume them).

A fourth issue has to do with energy and employment
provision. A narrow perspective might suggest that energy
technologies will increase unemployment by making mechanical
what was previously done manually or with animal power. But
because energy is so inextricably a part of domestic and other
production, and because this production can take place at
a higher level only if basic needs are supplied, energy supply
increments should be taken as valuable in themselves. Efforts
to demonstrate cost-effectiveness are not likely to be

successful. The key to ensuring increased employment 1is the
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introduction of energy supply technology under the control
of producérs.

Fifth, much debate centers around which alternative
energy technologies are most attractive for rural areas. There
is pressure from commercial manufacturers to define product
specifications as a prelude to mass production. However,
alternative energy technologies are site-specific, and
thus are not as readily evaluated outside their context
of use, as are other technologies. Nevertheless, there is
much agreement based on expériments and social acceptability,
that technologies for the production of biogas, solar,
wood and sm ~gcale hydro energy are most applicable to

0 reas.

These alternative energy priorities are consistent with
the recommendations of UNIDO identify solar technologies for
water distillation,water heating, drying, cooking, refrigeration
and the conversion of solar radiation into mechanical and
electrical energy as those with definite application at
present.

Government incentives are required to encourage research,
development, demonstration projects, manufacture and installation
of these alternative energy technologies. However, it must
be emphasized that the state of knowledge to date, points
“o the importance of institutional rather than technical
questions. Government incentives should thus be directed
towards fostering alternative technologies with practical
applicability in given social circumstances. ZEquity as
well as commercial-economic practicality and technical

feasiblity should be considered in any incentive program.

e
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The importance of emphasizing basic needs when making
decisions on which alternative energy technologies are given
priority, lies in the close connection between equity and
practicality. Unless a technology is accepted by the rural
population as a means of improving living conditions, it
will not be absorbed, maintained and used. And the process
of introducing and making functional items of alternative
energy technology may require social change in rural areas.

The institutional implications of alternative energy
technologies is the sixth focus of analysis, especially in
studies completed in 1977-78. It has been established that
there are workable alternative, renewable energy technologies.
Preliminary evidence exists that some of them may be cost
effective and tnat, in marny cases there is a ready backup
syctem that entails no capital costs. The Tanzanian experiments
are instructive here.

But there is still very little experience with installing
such technology in rural villages of developing countries
under circumstances where good cost and performance data
have becn kept. 1In fact, many of the experiments in placing
technology in villages have ended in failure. A number of
windmills and a few methane digesters have been tried in
African villages, for instance, with far from encouraging
results. Outside technicians came into villages with a
preselected technology to perform a preselected village task,
and without very much interaction with villagers they erected
and operated the energy-producing hardware. A few weeks or

months later, the visiting technicians left and shortly
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afterward the technology fell into disuse. Windmills
establ ished on the Cape Verde islands in 1977 are, with
the exception of two units, no longer operating because of
this haphazard approach.

This pattern is not unique to small-scale rcnewable
energy hardware. Whether it be farm machinery, or transport
or construction equipment, to provide such capital goods to
a village without first training a cadre of people able to
operate, maintain, and repair it, and without ensuring that
there is a local institutional infrastructure to support
it, has universally proved to be futile. The institutional
support might come from a government institution such as a
school, or a cooperative society or a private entrepreneur,
Without trained people and a responsible institution, the
chances are that energy technology will not be properly
or long used. To give such technology a realistic test,
it is necessary to enlist the cooperation of villagers.

This means villagers must be involved in selecting the
task to be mechanized, in selecting technology for enerszy
supply, and in determining what village institutions should
be responsible for its maintenance and use.

The implications of this approach to installing energy
technclogy include the need to train 'mobilizers' to actually
facilitate its introduction. The mobilizers might train
counternarts who remain in the villages, and they could also
be experienced in multi-faceted integrated rural development
program implementation. For example, energy technology
tied closely to health care and literacy programs might

have advantages, especially in mobilizing villagers.
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A seventh and final consideration has to do with
international dimensions of the energy supply issue.

Clearly oil has priority as the main fuel for the next
thirty years or so. Every effort should be made to find

and produce o0il in developing countries. Which countries
are able to secure 0il supplies, and under what price regime
is currently among the main international questions. Compettion
among industrialized countries for energy supplies, and
related to this, competition for access to developing
country markets for alternative energy technologies, is

an increasing feature of the world scene.

The costs of oil are rising, and many experts agree
that prices must go up if alternative souces of energy
are to be produced. Thus, alternative energy technology
may not be all that inexpensive, especially if it is designed,
produced and marketed by large energy or other transnational
corporations. This raises the question of which countries
will produce the alternative technology required for the
supply of renewable energy to rural areas?

Cooperation among °*southern' countries in the formulation
of policy with regard to alternative energy technology would
seem to be required. This policy formulation might best
occur within a wider, energy planning framework. There is
an unusual potential for cooperation to reduce energy
dependence and foster trade and industrial development
among developing countries in the energy sector. This
potential arises from the complementarities of OFEC finance

and major markets as well as raw material supplies within
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developing countries themselves. There is no need to petition
for market access to the industrialized countries for
manufactures, since they would be produced mainly for the
developing world. And there is a possibility that the

less sophisticated energy technologies can be mastered on

a large scale in developing countries. Such technologies
could be generalized outside the conventional commercial

patent and licensing systems.

2. RECOMMENDATIONS

Developing country governments might devise overall

energy policies that include the following objectives:

1. Reduce dependence on energy imports,

2. Reduce the gap between industrialized country
and developing country per capita energy
consumption,

3. Reduce the developing country rural-urban
energy consumption difference,

L, Rely increasingly on renewable sources of
energy,

5. Emphasize decentralized, integrated energy
supply systems as part of a wider integrated
rural development strategy,

6. Give priority to development of biogas, solar,
wood, and small-scale hydro power systems,

7. Feature technological adaptation and innovation
with special attention to developing country
experience and building materials, while ziving
priority to the institutional and social dimenszions
of installation, and

8. Actively foster cooperation anong developing
countries for exploiting all indigenous enercy
resources mainly for local use, but also for
regional and international export.
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APPENDICES

Units
United States firms producing solar energy technology

Solar cell marketing: an example from an Exxon subsidiary

Windmills

Critical factors in economic evaluation of small,
decentralized energy projects




216
APPENDIX 1
UNITS

kwh 3j cal
Unit kilowatt-hour joules (calorie) Btu
kilowatt—hour equals 1 3,60 x 106 8.60 x 105 3,410

(kwh)
joule (3) " 2,78 x 107 1 0.239 9.48 x 10°%
calorie (cal) " 1.16 x 10 | 4.18 1 3.97 x 107
British thermal -4
unit (Btu) " 2,93 x 10 1.054 252 1

Energetic content of kwh cal
1 kg of coal 8.6 7.4 x 106
1 liter of o1l 10.5 9.0 x 106
k - kilo = 10° = 1,000
M - Mega = 106 = 1,000,000
G - Giga = 109'- 1,900,000,000
T - Tera = 1012 = 1,000,000,000, 000
Q - Quad = 10 = 1,000,000,000,000,000

]
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APPENDIX 2

ITED STATES FIRMS PRODUCING SOLAR ENERGY
GYs eating and cooling, solar thermal

electric conversion, solar cells, wind generators

-Summary of R&D for selected U.S. companies
producing solar energy technology.

-from Herman and Cannon, Energy Futures,
Praeger Publishers, New York, .
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Solar Heating and Cooling

major products and objectivest

AAT*
research and develop-
ment firm

Alcoa
producer of aluminum
and aluminum products

Corning
manufacturer of
specialized glass
products

Dow Corning
manufacturer of
silicon and silicone
products

General Electric
manufacturer of
electrical equipment

Grumman
aerospace manufacturer
and defense contractor

Honevwell
manufacturer of auto-
mation and control sys-
tems; defense and aero-
space contractor

installed solar-hcating system on a Maryland
school; is developing and plans to produce high-
temperature (to 600°F) concentrating col-
lectors.

has applied selective coatings to aluminum col-
lectors produced by other firms; plans to pro-
duce plastic collector.

developing tubular glass collector (to 300°F);
marketed the device during 1975, but has cut
back its program; wants eventually to produce
glass collectors; no commercial plans at present.

tested collector design and silicone fluid for use
in collectors; markets the fluid and hopes even-
tually to mass-produce collectors; no commer-
cial plans at present.

installed solar-heating systems on laboratory,
and for three ERDA-funded projects; helped
design ERDA demonstration program; produces
aluminum collectors for demonstration projects;
no commercial plans at present.

produces solar water-heating kit using aluminum
collector; has developed larger collector to sell
to demonstration projects; wants to develop
product line.

installed solar-heating system on Minnesota
school; gathers solar data in a mobile laboratory;
will produce collectors for demonstration proj-
ects jointly with Lennox Industries; wants to
assist federal programs; no commercial plans at
present.

*Did not participate [ully in survey.

t All collectors are fNat-plate, water-type, unless otherwise noted.




InterTechnology
research and design
firm

Lockheed*

aerospace manufacturer

and defense contractor

Martin Marietta
aerospace and defense
contractor; producer
of construction mate-
rials and aluminum

Northrup

manufacturer of heating

and air-conditioning
equipnment

ocClLI
producer of optical
coatings

Ouwens-Hinois
producer of glass con-
tamers and other
packaging products

Pennsyivania Power

and | it
electrie uulity

PPG
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Solar Heating and Cooling

installed solar system on school in Virginia,
helped design ERDA demonstration program,
setting up collector-manufacturing venture,
wants to design solar installations under con-
tract.

designed solar system for community building in
California; has investigated solar heating of
greenhouses.

sells aluminum collector, with special coating,
for demonstration projects; no commercial plans
at present.

developed and sells wedge-shaped concentrating
collector (300’ F and higher).

testing various special coatings on collectors;
wants eventually to coat panels produced by
other firms; no commercial plans at present.

developed and now sells tubular-glass collector
(to 240°F), wants to mass-produce collectors.

built and tested house incorporating solar coltec-
tors and heat pump; wants to experiment fur-
ther and to encourage usc of heat pumps by
electricity customers; no commercial goals.

sells aluminum collectors; wants to  establish

producer of chemicals, product line.
glass, coatings, resins,

and fiber glass

Revere Copper + Brass sells copper collectors for demonstration and
manufacturer of copper commercial proje(‘ts.
and aluminium products

# Did not participate fully in survey.




Sheldah!

manufacturer of prod-

ucts using plastic
films

Solaron
solar venture

Solarsvstems
solar venture

Sol-R-Tech (Queechee
Construction)
solar venture

Sunworks (Asarco)
solar venture

Texas Instruments
manufacturer of elec-
tronic and military
equipment, electrical
controls, and metal
composites

Thomason Solar Homes
solar venture

TRW

producer of automotive

parts and space, elec-
tronic, energy, and

communications systems

Westinghous>
manufacturer of
electrical equipment
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developing a concentrating collector (about
350°1') that uses plastic-coated reflectors: hopes
to manufacture the device; no commercial plans
at present.

produces and sells solor systems using mass-pro-
duced air-type collectors.

produces and sells vacuum-enclosed copper coi-
lectors (to 250°F).

produces and sells aluminum collectors and solar
heat-pump system.

produces and sells copper collectors, both air-
and water-type.

experimented with potentially low-cost alumi-
num-copper composites for collectors; discontin-
ued research; no commercial plans at present.

licenses patented solar system for manufacture
by others.

studied solar heating and cooling for the govern-
ment; wants to develop expertise to advise gov-
ernment; no commercial plans at present.

fitted Atlanta schoo!l with largest solar heating
and cooling system in the U.S.

note: Many other companies are producing solar systems or components for
use in domestic water heating, space heating and cooling, and industrial process
heat. For a listing, see Catalog on Solar Energy Heating and Cooling Products,
prepared by ERDA (publication ERDA-75).
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Solar Thermal Electric Conversion

company; business

major projects and objectives

Boeing
airplane producer;
defense and aerospace
contractor

General Atomic
nuclear-power devel-
opment venture

Honeywell
manufacturer of control
and automation systems;
defense and aerospace
contractor

McDonnell Douglas
military and commer-
cial airplane manufac-
turer; defense and
aerospace contractor

Martin Marietta
defense and aerospace
contractor; producer
of construction mate-
rials and aluminum

Sheldah!
manufacturer of prod-
ucts using plastic films

designing and experimenting with heliostats for
central-tower powerplant for ERDA.

studying trough-collector powerplant concept;
may license patented ideas.

studying trough-collector and central-tower
powerplant concepts; designing 10-Mw central-
tower plant and experimenting with heliostats
for ERDA; no commercial goal at present.

Jitsigning 10-Mw central-tower powerplant and
in.1lding heliostats for ERDA: wants eventually
to engineer commercial plants and manufacture
heliostats.

designing 10-Mw central-tower powerplant and
experimenting with heliostats for ERDA; bui¢
model solar boiler; hopes eventually to produce
heliostats of its patented design.

experimenting with rotating mirror collector;
hopes to sell plastic mirror films for demonstra-
tion collectors.
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Solar Cells

major projects and objectives

Dy Baldwein Co *
bank nolding company

Bell Laboratories
research laboratory

Comsat
global communications
company

Dow Corning
manufacturer of sili-
con and silicone prod-
ucts

Exxon
oil company

General Electric
manufacturer of
electrical equipment

IBM
manufacturer of
business machines

A.D. Little, Inc.
technical consulting
firm

Mobil-Tvco (Mobil Oil

and Tvco Laboratories)
silicon solar-cell
venture

developing potentially low-cost cadmium-sulfide
cell; no commercial plans at present.

developing cells with cadmium sulfide; no com-
mercial goal at present.

developing silicon cells to maximum efficiency
for use in space; no commercial plans for using
the tect nology on earth.

developing ways to produce silicon for cejis:
hopes eventually to produce such silicon in
quantity;, no commercial plans at present.

developing potentially low-cost types of cells
using unconventional materials; hopes eventually
to produce solar cells commercially; no commer-
cial plans at present.

studying, for ERDA and EPRI, the uses and
costs of cells on buildings and in powerplants;
developing solar-cell modules and techniques to
produce large silicon sheets; experimenting with
cadmium-sulfide cells; no commercial plans at
present.

developing less expensive techniques for produc-
ing gallium-arsenide and silicon cells; will even-
tually license technology to other companies.

patented and is promoting concept of satellite
solar power station (SSPS); hopes to obtain
contracts to assist federal SSPS work.

developing teclinique to produce silicon sheets
for solar cells, hopes to mass-manufacture cells
by 1985.




Motorola
manufacturer of elec-
tronic products

ocLI
producer of optical
coatings

RCA*

manufacturer of electronic

producis

SES (Shell Qil)
manufacturer of
cadmium-;ulfide cells

Solar Power Corporation
(Exxon)
manufacturer of sili-
con cells’

Solarex
manufactarer of sili-
con cells

Spectrolab

(Hughes Aircraft)
manufacturer of sili-
con cells

Texas Instruments
manufacturer of elec-
tronic products, mili-
tary equipment, elec-
tronic controls, and
metal composites

Westinghouse
manufacturer of
electrical equipment
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leveloping technology to produce silicon cells;
hopes to mass-manufacture cells bv 1985.

markets silicon cells for space and earth use.

developing silicon-cell technology as well as cad-
mium-sulfide cells.

produces cells for earth use; developing technol-
ogy to reduce cost of cell production.

produces cells for earth use; is developing lower-
cost cell.

produces cells for earth use; is developing tech-
niques to use potentially less expensive silicon.

produces celis for space and earth use; studying,
for ERDA, the costs and uses of cells on build-
ings and in powerplants; experimenting with
sunlight concentration to reduce system costs.

developing techniques to use potentially less
expensive silicon for mass-manufacture of cells;
no commercial plans at present.

developing techniques to produce silicon and
cadmium-sulfide cells; studying, for ERD.A, the
use and cost of solar cells on buildings and in
power plants; no commerci~’ plans at present.
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Wind Generators

major projects and objectives

Boeing
airplane producer,
defense and aerospace
contractor

General Electric
manufacturer of
electrical equipment

Grumman
aerospace manufacturer

Kaman
diversified manu-
facturer

Zephyr Wind Dynamo
wind-generator
manufacturing
venture

is experimenting with one- and two-vladed wind
generators under ERDA contract; is interested
only in large devices; has no commercial goals at
present.

is studying U.S. wind resources and designing
generators under ERDA contract; hopes to build
devices to produce up to 1.5 Mw for ERDA; is
interested only in large machines; has no com-
mercial plans at present.

has tested and modified Princeton “Sailwing”
design, with output of 13 kw in 25-mph wind;
exploring advanced concepts with ERDA and
company funding; hopes to produca generators
for demonstration projects.

is designing generators and hopes to build a
device to produce up to 1.5 Mw for ERDA;
is building rotors for Sandia Labs generator;
hopes eventually to manufacture wind-generator
blades, but has no commercial plans at present.

produces devices that generate 9.5 kw in 24-mph
wind, commercially available for home use.
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ERDA AUl R&D Compaiies  or Egaged n Yours to Contribietm Negate
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I These are very tough estimates, arrived at by balanaine the expenditures of companies in the INTORS] snpte agasint the 1 R budeet Contributiwons ol
the | PRI, occasionally signiticant, were not included in the companicon

2 This column does not add up to 142

the number of companics in the INTORM study

than one technology , and are ntten involved in two sub-caicgories within a technology

because many companies were sumveyed Tor then work in more

3 The data used was gatheied with no attempt to venty the estimaies using ontside sources, or 10 analy ze the basis of the compames’ opinons Comparnons
could therelore be misleading

4 The figures in this column are highly conjectural, and repesent the more optinstic of corporate estimates Those provided for the technoligies i some
arcas a1¢ based onandustrics which do not yet exist

5 The figures in parentheses indicate the rough percentage of total national energy demand that would be provided by the technology Note that tin

pereentages provided reter to today's energy demand, not encrgy demand in the future
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8. All the conpanies surveyed that were involved with Udty” steamresources are considered 1o be cngaged incommercial ventuies

:‘_sT"I:a:Z"mdlnn covers unly research to develop advanced gas tuibines Other research o coal-tucled gas-turbine topping cycles 18 included in low-Btu coal
10. A barrcl of oil 15 equal to 42 gallons
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In a world of dwindiing resources,
harnessing the inexhaustible energy of
the sunis becoming less a dream and
mgore a vital necessity. The goal of Solar
Power Corporation is 1o meet this
pressing need, and supply solar electric
energy wherever it may be utilized.

Who is Solaf Poweér

Solar Power Corporatitn: an affliialé 6F Exxoh Eftaiprises, Ind., was
foundéd in 1969 157 tha expréss purposa ot dédlgning and manufactur-
ing economlicali high pérfstmance pRotovaltaie energy systems for
ferresttial use: After and exténdivé Fe§8arcR and developmeént program
in the laboratory aid iA thé field; praducticn facllities were opened in
Massachusetts.ifi 1973 A {Hese tacilitids: S8lar Power Corporation
uses thé most Madar d8sign: Brocessifgy aHd testing tools availablé

today. Product$ 4ré §5id 3Hd sdfviced tRrough 4 world-widé network

of repréSentatlvés afid dI3fribufse: Chrtihulfg research and
developmet; Both 3t thb S615F Powat Corporatien facilities, and at
Exxon Research and Eﬁdlﬂééflﬁa‘@ﬁdféfériéé Ii Lihder} Neéw Jersey, .
insuré that o7 Eustermiars Berbtif 1rat R 5188t advarices id the tiald
of terrédtridl solar powsF: THI3 organizaticH strtictura otters the
servic€s néce$sary to provida 1HB most-rellaBla: economilcal, and
ddvanced solaf Bhardy systamd alaliabls today. Solar Power
Corporatlon |5 happy to Help with systém§ déslgn support and to
supply the soldr électrie power §ystems t3 méet your vital energy needs.




Soiar Pc ver Corporation s generators provide economical operating power 1or unmanned Solar Power Corporation's QenNerators provide low maintgn-

cemmunications repeater stalions
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Silice . based sriniconductor solar ceits nave evolved as the major practical
product implementing the photovoitaic effect; that %, the generation of
electricity directly from suniight. The technology and these devices were first
utihized in the U.S space program, powering critical on-board flight systems
for satellites. To provide cost-effeciive, reliable energy systems for earth,
Solar Power Corporatron has developed acomplete iine of silicon-based solar
cellsoptimized for terrestrial applications. These highiy efficient celis are the
toundation for Sotar Power Corporation's solar energy systems.

SPC's solar cells provide high energy output and consistently high reliability
— key elements of a cost-effective energy system. The cells are
manufactured in a variety of sizes to offer design tHexibility. The celts are then
combined into 'modules’ using the most advanced mounting, interconnect,
and encapsulation techniques. This flexibility atiows SPC to specify and
guarantee the most economical and efficient solar energy systems for each
apphcation and environment.

Solar Power Corporation is more than just a supplier of cells and modules.
SPC identifies the optimum system parameters through a proprietary custom
computer analysis and provides this to each customer, detailing each
installation. Through this computer analysis, SPC can provide the most
economical combination and number of moduies (calied an ‘array’ or solar
electric generator) as weil as matching the storage batteries and voltage
regulator, where needed. This analysis also specifies the proper angte of tiit,
optimized tor both location and economics, and the monthty average system
performance projections. instaliation supervision is available to provide the
final element for successful implementation of these practical, iow mainten-
anceenergy systems.

Solar Power Corporation's solar enerqy systems are presently in use around
the world tn apphcations where clean, safe, quiet, reliable power is needed.
These systems are fuel-free, contain no moving parts, and require minimail
maintenance and thus, provide a practical and cost-effective power
alternative for remote applications. With the increasing costs and uncertainty
of supply ot conventicnal power systems, SPC's solar energy systems are
becoming the viable choice for all energy requirements.

ance. economical power 10f raiiroad systems — 10 operate
lights. swilches and saiety signais




Applications

Solar Power Corpc .+ion’s high effi-
ciency cells are pac .aged in a vanety ot
modutes to optimi. - performance and
costtactors for eacn application Basic
solar cells are available with 57mm
90mm 100mm diameters Half cells
quarler cells. or other smaller configur-
ations are utilized where the applhica:
tions warrant Ditferent packaging and
encapsulating maternials are used o
maximize economy and to satisty differ-
entenvironmental requirements For
many apphcations, sihicone s used to
hermetically seal and protect the cells
Polycarbondte or glass cases are
available where high impact resistance
ormaximum protectionisrequired All
modules are constructed ‘o be selt-
cleaning. minimizing on-site
maintenance The addition of batteries.
voltage regulators, and mounting
hardware. as required, completes the
system The solar generator systemis a
complete, selt-contained, reliable,
quiet, pollution-tree source ot energy
designed tor long-term, year-round use

forany prime or stand-by power require-

menl Present applications include

RADIO RELAY STATIOMNS

Microwave and VHF-UHF repeater
stations atop mountains, in deserts
and along pipelines are often relatively
inaccessible Use ot Solar Power
Corporation’s solar energy systems
allows complete treedom of site
location and eliminates the need to
transport fuel and mechanics to these
remole sites, avoirding costly mainten-
ancetrips SPC's solar generators are
powering communications,
environmental monitoring. and super-
viSory control systems in the United
States. Fiyi. Italy. Ethiopia, Australia,
New Guinea, and other countries

MAd caouheas o san 2 e

€

bivar Power Corparatior s wage selechan of moadules aliows
drs:Gr of the most etticient and eCoOnNOMICal pOwer sysiem
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MAVIGATION AIDS

Solar Power Corporation’s solar electrnc
generators are in Continuous service
powernng hghts, fog horns. and bells on
unmanned o1l ngs. buoys. and other
marine installations 1n such areas as
Boston Harbor, the Gull of Mexico,
New Zealand. and offshore Scotland
and Venezuela The rehability and
ruggedness of SPC's solar generators
serve 1o protect against this corrosive
environment, and the low maintenance
required allows tremendous savinys
over traditional primary
battery-powered systems

RAILROADS

There are approximately 175,000 unpro-
tected railway crossings in the United
States alone Solar Power Corporation’s
soiar gencrators are being installed to
rec'uce this hazard by providing rehable,
continuous energy tor ail ights, bells,
and gates required to protect these
crossings both day and might. Track
circuits and semaphore signals are also
being powered by SPC’s solar
generators. In both cases, solar
generators have replaced primary
battery systems, supplying power tor
these key satety devices

Railroad commun:cations networks,
following the nght-of-way, are another
important application. Again, the relia-
bility and economics of Solar Power
Corporation’s solar energy system
provide key benetits over traditional
thermoeiectric generator ordiesel
sources Raiiroad companies in the
United States, Canada, and Mexico are
depending on SPC solar energy
generators to power these critical
operationa! systems

CORROSION CONTEOL

Cathodic protection systems provide
essential corrosion control tor wetl-
heads. bridyes, pipelines, and trans-

Solar generators make possidie the receplion of
educdlonal TV programs for chidren in
developing couniries

mission cables and pipes. Solar Power
Corporation’s solar energy systems

provide continuous power to protect

these unattended structures ina wide

vanety of environments from 'ne plains

to the deserty Long-lived, ti,et-free,
low-maintenance, and highly reliable,

Solar Power Corporatinn’s solar power ,
systems eliminate the need to string
expensive power lines or support the

high maintenance costs ot diesel

generator units.

EDUCATIONAL TV ’
Miles trom the nearest conventional

power source, educationat TV programs

are provided to children in African

villages. using Solar Power Corporation

solar energy systems Conventional

remote receiver power systems, such as
batteries or engine generators, are too
expensive and require too much regular
maintenance to be practical and cost-
eftective SPC has been turnishing solar
systems to operational television

stationsn Niger, the Ivory Coast and

other Atrican states. |

OTHER APPLICATIONS ‘
A wide range of additional applications }
are taking advantage of the unique

charactenistics of Solar Power |
Corporation’s solar energy systems. l
These include:

* Obstruction lights for airports

* Water pumping lor drinking and
irrigation

e Facilities power for firetowers and
second homes

* Emergency location and alarm
transmitters

* Electric fences and intrusion alarms
* Battery float charge systems

* Highway signs

e Portable backpack radios

Sovar Fuwer Curporation s generators provide
econoIMic rehiabie power 1or Corrosion protection
of pipes weh-heads. briGges and other siructures.
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System Optimization

Every Solar Electric Generator i1s
subject to a wide set of varnables
aftecting its operation For instance,
the amount ot power needed. the geo-
graphic location, and the average sun-
light per year (insoiation) are three
major cunsiderations Otner
considerations are the environment,
including weather, pollution, and
surface reflectivity, and seasonal
factors

Sotar Power Corporation has found
that a specially designed computer
program s the best way to organize,
integrate, and interpret this
information This program is designed
to supply the answer to the basic
question. What i1s the most reliable
and least expensive combination of
solar moduies and storage batteries
needed to assume continuous,
year-round operation for a certain
power requirement?

The program selects the smallest array
size possible for the load and then cal- - : T
cutates the output for every day of the ) ) ‘ i
year, based on insolation. The output - ) - '¥ -

is then compared with the load : '

demand per day, and the difference is

battery selt-discharge. In addition, Forexample, a flashing light n {
multiplied by the number of days parameters such as the tax rate, the Boston Harbor has a daily 12-volt load
when the array output is below the cost of money, and the projected ot 10 ampere hours. An array of 28

load. This indicates the number of battery life may be factored in when modules with three 100 ampe ‘e hour,

days of storage needed to insure the relevant. 12 volt batteries is the optimum for
continuous operation of the load. continuous operation at this location.
Atter computation of the number of The computer also determines the The same load 1n Marseilles, France
days of storage for this array size, the  angle of tilt for the modules which would require 28 modules with two
program selects other closely rated yields the most uniform output over battenies. Tampa, Flonda calls for 21
array sizes and repeats this routine the course of ayear. This angle is modules with one battery . Fairbanks,
until 1t determines the most calculated to smooth the insolation Alaska calls for 35 modules with six
economical system configuration. versus time-of-year curve and to make batteries.

The computer program specifically the maximum contribution to the In all these cases, this computer-aided
accounts tor battery discharge rate, determination of the most economical design approach provides the most
maximum battery discharge allowed, array size and battery requirement. economical energy system availabfe
charging etficiency, and annual for the load and !ocation.

{
OUR SOLAR CELLS power, is dependent on the ceff area
Silicon-based photovoltaic semi- exposed to the sun. Available celf
conductors—solar cefls —have power varies from approximately 0.25
evolved as the most practical and watt for a 57mm cell to approximatefy
reliable appfication of the "photovol- 1 watt for a 100mm ceff, under
taic effect”. A simpfe, rugged semi- standard conditions®. By combining
conductor junction device is produced cells in series to increase the output
trom single-crystal sificon, and voltage and in parallef to increase the
contacts are added to tap the efectrical Output power, the module outputs can
energy produced when the cell is be taifored to the application load A schemaic diagram of 8 singie siieon
exposed 10 sunlight. Approximatefy requirements. solar cell shows the waler between upper
0.45 voft D.C. is generated across *Siandard conditions ars dstinad by NASA es and lower contacts The dual composition
each cell regardiess of dimensions. 100 mW fcm? solar intenedy, 28°C celi lemperature at causes eleciron flow when light strikes the
The current available, and thus the ses teve! surface. The grid contact on top and the

foil contact on the bottom allow connec-
tion to the other cells in the module.
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BVR
Battery Voltage Regulators

Solar Power Corporation’s BVR series Battery Voltage
Regulators are designed to provide exacting voltage
battery control, low quiescent power consumption and
reliable, long service life.

Available in weather resistant or nonweather-resistant
configurations, the BVR series Battery Voltage
Regulators are of shunt design. Once the reguiating
voltage is set, the BVR series regulators allows only
enough current to flow into the battery as needed to
maintain a full state of charge. AdJitional solar array
output current is then diverted th,ough power dissipation
devices in the battery voltage regulator. In cases where
the battery falis below full charge, the regulator circuit
draws only enough power to operate the terminal voltage
level detector (typically 1mA or less). The low “off" state
power drain of the BVR series Battery Voitage Regulator
prevents unnecessary waste of valuable solar generated
power 1n the reguiator circuits when the battery is below a
full charge. The battery voltage upper limit is selected to
minimize electrolysis of water in the electrolyte. In
addition to preventing unnecessary electrolyte loss, BVR
series Battery Voltage Regulators protect against
equipment or battery damage due to excess voltage.

Battery Voltage Regulator Specifications °

MODEL NUMBER 3TYPICALREGULATING {4CURRENT DIMENS.ONS [iN.] WEIGHT (LBS )
VOLTAGE (VOLTS D.C.] | |AMPS]| LENGTH WIDTH DEPTH | NET SHIPPING

2 gyR12-03 14 4 03 3 1112 1 1 NIA
BVR12-0 7 14 4 07 7 8 4 3 8
BVR12-2.0 14 4 20 6 9 4 4 9
BVR12-6.0 14 4 6.0 9 13 6 7 12
BVR12 100 14 4 100 9 13 6 8 13
BVR24-07 28 .8 07 6 8 4 3 8
BVR24-2 0 28 8 20 7 9 4 4 9
BVR24-6 0 288 60 14 13 6 13 20
BVR24-10.0 288 100 13 14 6 15 22

Notes: 1. Theregulators listed above are supphied in non-weather resistant enciosures. Optional weather resistant *

enclosures are avallable

2. BVR12— 3 regulator s designed for use with the E12—-3652 solar module. It 1s supplied in a weather resis-
tant enciosure and is mounted on the rear of the module.

3. Reguiating Volitage Range *1% tor Lead Acid Battery.

4. Maximum Value
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e

At BVR senes Battery, Voitage Requiators utilize
compietely sohid state devices Industry standard 723
voltage regulatorsina mihtary temperature ranqe,
hermetically sealed metal package are used in the heart of
the voltage regulator Precision metal film resistors are
used in voltage level detection cicuits Reverse potarity
protection and the system blocking diodes are
incorporated into the urmit. All power handling devices are
generously derated to assure long life even at constant
maximum powef dissipation levels Connections to
printed circuit boards are made via terminal blocks
capabte ot handiingup to #10 AWG wire, and provide a
solid gas tight seal. Either weather-resistant
feedthroughs. r strain rehieting cable clamps are offered

BVR series B 'tery Voitage Regulators are available in
standardve'  eranges shown in the specification table.
It other vol.. jes are required, please contact the
Customer Service Department at Solar Power
Corporation.

Installation and adjustment

Neither weather-resistant nor nonweather-resistant
models of the BVR series Battery Voltage Requlators
should be instailed in areas exposed to heavy weathering.
Weather-resistant BVR Battery Voltage Regulators may be
mounted external to an equipment cabinet or hut
However, it 1s desirable to mount weather-resistant
requlators behind the solar panel tfor protection

Norweather-resistant models must be installed within an
enclosure In bothinstances, air flow around the heat
sinks and resistor cage must not be impeded.

Connect as follows:

1) Connect the sclar array teads to the terminals
marked  “ARY opserving corfrect polarity.

21 Connect the battery to the terminats market
"BAT" observing correct polarity

3) The BVR series Battery Vcitage Regulator is now
completely installed

To adjust the regulating voltage levet:

1) Otsconnect the battery bank from the terminals.

2) Connect a suitable high impedence voltmeter across
the battery terminals

3) Ad|ust the regulating voitage via the small
potentiometer on the PC board. Clockwise to
decrease, counterclockwise to increase the voltage
tevel

4) Reconnect the battery to the regulator terminals
observing correct polarity.

Solar Power Corporation
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P-1002
Solar Electric Generators
T - T Module 1002
Each PAou modute conssting of tve 57 mm (2 24n ) siicon solar

‘ P-1002 Solar Module

0.l —

0.6

0.5

sal—  PEAKPOWER PONT |

AMPERES -
03—
02f—

0l

0’—1 1 1] l L4 l L1 |k J
0 | ! 3
VoLt

Current vs. Vioitage characteristic for
1002 module indicating peak power
point.

The P-1002 solar module 1S a sealed durable and Py
easiy arrayed photovoltaic bullding block whose pack:
age oHers the ulbmate in protection against human and
natural environments

celis wired in senies produces 2 3V a0 60A which ailows for
trouble tree matining of power output 10 the load  Each module 1s
tested for maxmum power outpul, and its hiberglass reinforced printed
circutboard desiqnedto il specificaton G110 1s dimensionally
stable 1o mimmize stiesses onthe solar cells The UV-stable case is
made of Lexan® polycarnonaie and provides protect:on trom impact,
wind. temperatuie and the most severe weather conditions in addi-
ton the UV staple encapsilant hermetic ally seals the module for
prolection friom maoisture and humidily, and cushions the solar cells
fromimpact Cadmium-plated terminals are internally threaded for
positive life-long mechanicdl electrical connections

| Electrical Specification
Quiput rated at 28C° cell tempetature and 100 MW sq cm incident
AM 1 sunight

TYPE PEAK POWER POINT PEAK POWER
vOLTS AMPS WATTS®
P-1002 23 060 14

“Heaw power s wllxn - 107, 0f cdlec vaiue

Environmental &
Mechanical Specifications

Operating Temperature 55'Cto +60°C
Humidity 010 100°
Altitude up to 25 000 feet
Wwind Loading  array built to withstand
winds in excess ot 175 mph

TYPE DIMENSIONS (INCHES) Weight [ibs)

Arrayed

LENGTH WIDTH DEPTH {approx] | Shipping

P-1002 13%s 3 5 2.5 3.5

Per moduie

Solar Insolation Effect

Voltage Operating vottage 's attained al approximately 10 mWisq cm
tdark overcast sky)

Current  Peak outputis at 100 mW sq cm Changes in output are
proportionalto solar insclanan, e g at 50 mw/sq cm. output
current would be 50°. of rated curreny
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P-Series

P-1302 Generators and Arrays

Sola Power Corporation supplics coplele solar etestnc gen
erator systems consstirng of sotar modules anayed voltage
requlators. and batteres We can supply the total system or Just
the arrays or modules

P1002 solar arrays “ansist ot P 1002 modyie, trumber of
modules s geterminad Dy voltaqe and careeint egquirementsy
mounted 0N a nqid it erglass backing whiet s o tgrn maynted
with stainiess steel b ilts cn a nQ@d atummum sgnarting stuc
ture The mounting frame s as fouqgh as the m .dule 't hoids
Heavy gqauqe iberqlass parels with qaskels fient and rear will
withstand all severe wedther cundions and (he frame of * C
channet atuyminum covered with two caats of MIL peaification
enamel 15 designed Inresist winds ot greater than 175 mph
Erther telescoping leqs with foot pads or auniversal mount 1s
supplied

Inferconnections are soldered or screwed down inside the

So00 3 gy (e
vEovolage « Loves

[iige

dmpent Temp

Yy ee—re T

28°C
Coit Tamp
0
() PP U GNP PUSS |
o s 0 5 £ vous

Computerized System Design

Model P12-071002 Solar Array with universal mounting bracket

Current vs. Voltage charactenstic for P12-071002 Array

mounting trame Al Junnections are silhicone rubber-encapsul-
ated tor cortosion resistance hardware 15 Corrosion. resistant

‘stainless steel The output cable of 540 neoprene (s resistant to

ortana water weather proot feedthrouqghs provide a titetong seal
acainst welness

Altarravs inciude a hiloching diode The diode 15 alow voltage
1r0p Shottky barner device that prevents battery discharge
dunng mght operations

The module des gnation ol P-1002 array s indicates system
veltage and number of moduies (diagram)  Arrays can be
teveloped to match most system voltage and amperage require-
ments Moduies are mounted in series to provide the required
voltage Sever are ysegto provide charqing powerfora12 v
battery fourieen in senestora 24 v battery system, angd twenty-
one n senes tor a 36V system Moduies are then added in par-
allel to provide necessary current for system aperation.

-

CODE EXPLANATION

Example P-Series

P12-071002

[ S Y

|
Module utilized

Number modules
in array

Array voltage
(nominal)

L Array type

Solar Power Corporation provides a compulenzed system design and quotation service based on customer ioad
specifications System design specihes the solar array and battery storage necessary for low-mamtenance,

year-around operation
Information necessary to provide quotation requires

1 Electrical load(AH day)
2 Location (altitude, latitude. longitude)

3 Nominal system voltage

Solar Power Corporation

Affiliate of EXXON Enterprises, Inc.
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1Y ik H .
E” Series Solar Electric Generators
r -
‘ ] [Elecmcal Specifications
FOut it rated at 28 C cell temperature and 10 V-sq cm
. Lo ) b i inc-dent AMT sunlght Charging point based on lead
! 0(.],'0"’ l,‘.'}(-','li.f NERR | acd battery near tull capacity
Ccocn agi’ o g |
| vaLi 3oy
? 0(’0'?”0 0”",‘#-", N Charging Point* | Peak Power Point | Peak Power
E (!0(:0[0 00' N Model No. | Voits | Amps**| Voits** | Amps** Watts™
| 0D ()7, o
LV
| WD 966 \).) 4105 a5 | 064 49 | 060 29
. . B ) R S { -
| l;’l("'\"t””' 0002y 6185 68 | 064 77 | 060 46
i 00}';’5’ M G S R
s 4 M -
2040 S{,‘” (I‘l‘,‘, Nhee £6-365 68 | 109 77 120 9.2
v ’ . — - . - i - _ —_—
0, 0 ’u,(;“@‘g ’ v
000 ) Yoo Padie £6 369 68 222 79 304 240
Youngg Wi B I
oo ;, - £12.3652 136 | 03 16.0 03 | . a8
1) — SEDIRUR SN SR
.-
E12-365 136 065 160 060 96
Mode! E12-04369 Solar Array with {E12369 136 162 165 152 250
} te'escoplr‘g |‘gs and too{pads © et acd battery system near full chdrge
! C MO Al dlaes at 28 G cell temperyt e and 100mW sq. cm incident AM1
L 1 snght e and  abie ae ncludes
redk power 1S within + 107 ot nonunal value
"E" Series modules provide a durabie. yet eco-
nomical approdach to solar electric power . . e
The modules and arrays are designed in valtage in- Environmental and Mechat:ucal Spe;cmcauons
crements 10 meet the nominal system requirements for Operating Temperature 55°Cto +60°C
most apphications Modular construction allows & build- Hurmidity 010 100%
up of current to meetioad and location requirements Altituge 10 25.000 ft
By adding mocules in series. or in parallet configura Wind Loading Array built 10 withstand
tions 'E Series modules can be arrayed inlarger units winds in excess of 175 mph
10 conform 1o a wide range of power requirements
E Sernes Module Construction Tefrestnaltaiored ) . . .
smcon solar cells are wired together on a fiberglass Dimensions (in.) . Weight ‘",’5'),
pase Cells and interconnections are protected from the Model No. L w D Net | Shipping
elements by encapsulation intransparent UV stable .
silicone rubber The encapsulants applied in a double E4-125 1%, 10 1516 2 4
layer 1o provide resience as well as a tough. hard, 1 T — 1
selt-cleaning surface Each module comes with 10 teet E6 185 13" 10 1516 23 4.5
of neoprene jacketed Type SJO weather-resistant ca- T
bie An energy-saving. low voltage drop Schotiky baf- £6-36 24 1 15/ 4
rer blocking diode 1s incorporated into the module 10 | > ~ _ 0 e _ 8
prevent the battery from discharging during the night s
Array Construction: The E Series module s £6-369 | 24 24 1*e 9 25
mounted with stainless steel bolts on a rigid enamel [
coated aluminum supporting structure Small arrays E12-3652 13.% 10 1946 2.3 45
have a universal mounting bracket. which aliow them 1o R e B e e R
be mounted on fiat plattorms or attached to poles large Et12 365 24 10 15/1e 4 8
arrays are provided with telescoping legs and toot pads - - e =
(a%showmp High It t ble batt F12369 24 24 e s 25
attery Storage High qualty rechargeable batteries
are usually used to allow operation at might and in in- ‘Deptholall € Seres modules inciudes 1'.16 10 depth of unction bor
clement weather All modules and systems are de-
signed 1o provide peak current at the charging point of S lar | d ti E" t
the battery Most systems are designed 1o use lead acid olar insoiation ec
or nickel cadmium batteries Voltage Operating voltage is attained at approximately 10 mwWisq. cm.
Sular Power Corporation provides a computenzed (dark overcast sky)
system design and quotauon service based on cus: Current  Peak outputis al 100 mW sq ¢m Changes in oulput are
.omer load specifications Informahon necessary 0 pro- proportional to solar insolation, e g. at 50 mW/sq. cm. output
vide quotation requires electrical load (AH.day), loca- current would be 50% of rated current
tons (altitude, lattude, longitude). and nominai system
voltage
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E SERIES

OUTPUT CHARACTERISTICS

Currentvs Voltage curves are shown for each £ Series solar generator indicating
peak power point and charging point for a lead-acid baltery system Curves are
drawn for various coll and ambient lemperamr( sar 100 mw sq cm soiar insolation

E 12-01369
NN N
[

Module utilized
Number modules

Array voltage

{nominal)
L——*—Array type

Solar Power Corporation

L Cut cell number [where applicabie]

— JE e O
Model E12-01365 Solar Array | Model E12-01369 Solar Array
with universal mount : with telescoping legs and foot-

; pads
\
I
’ | (ﬁ‘.{""' vy o
| K]
; Q/' ((f’ﬁ/‘(’ \
i i )‘(“(“ (f .,
) 7/
et . w %
"(A \ f{\{ﬁ .
Ty S
[ L ...',;‘.(
3,
mA Amps
mo[ 6
Charging Point  /
600 P4t (Lead Acid System) /
Charqing Poirt
(Leccg Aqmd(Sys!em) )2 Peak Pawer Point
50ur Peok Power Poinl
L 10 /
aco - 28°C Celi Temp /
28°C Cell Temp . Vi o8 30°C Ambient Temp
3C%C Ambient Temp” - 40°C Ambient Temp
300t 40°C Ambient Temp’
06
200 Moge! £/12 - 01765 04} Model £12 01369
Output Curves vs (el Output Curvesvs Cell

: y00}+ and Ambient Temperature ond Ambient Temperature

i o) 10O mW/sq cm Solor 027 41100 mw/sq cm Sotar

l insolation insolotbon

L Co TR T TR T 20 vens ! % 5 G 15 20vans

. — P L
Multiple unit E Series Solar Array
CODE EXPLANATION

e SN
ilnle) 00 )

O 0O
tf,’ [ :’;‘.‘..’jl—_:)i 52"

O oo

E') o
—

 ——; _

Affiiiate of EXXON Enterprises, Inc.

SEXECUTIVE PARK DHIVE. NORTH BILLERICA, MASSACHUSETTS 01862, TELEPHONE (617) 667-8376 TWX 710-347-6792

Branch Offices Solar Power Limited 110-111 Strand London WC2R OAA England Tel #01-836-8918 Telex 24973
Solar Power Corporation One Kingwood Place Suite 200 Kingwood. Texas 77339 Tei #713-358-3126
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OUTPUT CHARACTERISTICS

Current vs_ Voltage curves are shown for each 1 Series s¢ lar generator incicating
peak power point and charging point for a lead-acid battery system Curves are
drawn for various ce. | and ambient temperatures at 100 mW/sq cm. solar insotation.

Charging pont

AMPS 1.5 1 (lead acid batt)

v
peak power point

20° Charging point )
» (lead-acid batty

! Peak power point i
1 5: ! 1.0
* Output Curves vs Cell éiHCTem On.npn' Curves vs Cell éB'HCY
Temperature s i 80°C e | Temperature 4(:'6 emp
P M12-361 051 miz.38
05+
i
0 0 et A
0 5 10 1% 2 B 0 S 10 15 2 -}
VOLTS VOLTS
ORDERING CODE EXPLANATION MULTIPLE UNIT M-SERIES ARRAY
M 12- 01 369 [Model M12-06361/ 8]
4 - e A‘T‘Wr
§ s 8§
e L
Module Utilized q o
Number of Modulesin Array s e
System Voltage L S
Product Type
T__ . ——————
NOTE: 8V and 4V “M" Series modules are also available.
Please consult factory for specitications. ! ek

Solar Power Corporation  Atfiliate of EXXON Enterprises, Inc.

20 CABOT ROAD, WOBURN, MASSACHUSETTS 01801, TELEPHONE (617) 935-4600 TWX 710-348-0602

Branch Oftices: Solar Pawer Limited 110-111 Sirand London WC2R OAA Engiland Tel #01-836-8918 Telex 24973

Solar Power Corporation One Kingwood Place Suile 200 Kingwood, Texas 77339 Tel.#713-358-3126
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M SERIES

“M” Series Solar Electric Generators

“M"” Series Solar Modules

The new M-Series Solar Modules feature a unique
construction that affords a practical and econom-
ical solution for a wide range of power require-
ments. Utihizing Solar Power Corporation’s larger
diameter silicon solar cells (90mm or 100mm) and
unigue reinforced mounting surface. the M-Series
Solar Modules feature two layers of silicone encap-
sulant, a blocking diode, and ten feet of cutput
cable

Thirty-six interconnected celts are arranged in
recessed wells on arugged, mo!ded base made of
glassreinfo.ced polyester. A 40 cell version s also
available. 17V, 6V, and 4V outputs may be ordered
ineither version

The 90mm solar cells use a "daqger" electrode and
the 100mm solar celis use a "forked" electrode grid
pattern with redundant interconnects. Both are
designed to maximize the M-Sernies solar cell
current coltection efficiency and collection area of
the solar cell. while minimizing voltage drop in the
etectrode M-Series solar cells are protected by two
tayers of sihicone encapsulant The lower layer s a
highly transparent, UV-stabie silicone rubber that
seals and protects the cells. The outer encapsu-
lantis a highly transparent, UV-stable silicone
varnish selected for low friction to shed dirt, dust,
and precipitation Allinterconnections in the solar
module are either soldered or screwed down to the
mounting base The connections are also
encapsulated for corrosion resistance

A tow voltage drop blocking diode 1s butlt into the
M-Series solar units to prevent storage battery
discharge through the solar module at night or
during tow illumination perniods. Ten feet of
neoprene-jacketed, two conductor output cable 1s
also provided. This Type SJO cable is resistant to
oil, grease, water, acids, and ozone.

Arraying

The design of M-Series base ‘ncorporates a molded rib
structure that provides sutficient stiffness to allow held
Installation without extensive external bracing. Arrays requiring
maore than one module are bolted together and stitfeners are
added to each side A layout for six (6) M-Series modules
arrayed in this tashion 1s shown on reverse side of spec sheet.

Solar Power Corporation will supply compiete solar arrays with
stiffeners, telescoping support legs and footpads. The
construction of the M-Series module also allows the user 10
easily fabrncate hys own structure using commonly availabte
matenals

Solar Electric Generator Systems

SPC can supply compiete solar electric generator systems
including seil-arraying modules, voltage requlators, and
batteries You may order atotal system . orindividual arrays
and modules

High quality rechargeable batteries are used to allow operation
atmght and in periods of inclement weather. Ali modules and
systems are designed to provide peak current at the charging
point of the battery

Computerized System Design

Solar Power Corporation provides a computerized system
design and quotation service based on customer load
specifications Information necessary to provide a quotation
includes electrical load (AH/day). location (altitude, latitude,
longitude). and nominal system voitage

Electrical Specilications

Exceeds JPL Environmental Performance Requirement No.
5-342-1 Output rated at 28°C cell temperature and
100mW/sg. cm

Charging Point* |Peak Power Point [Peak Power
Model No. | Voits Amps Voits Amps Watts
M12.369 136} 162:10% 16.5 | 1 52:10%]| 2 U+10%
M12-361 136 20-10% 165 1 190110%|31 0+10%

‘Lead acid battery at or near full charge

Environmental and Mechanical Specifications

Operating Temperature: -55°Cto + 60°C

Humidity 0to 100%

Altitude- to 25,000 It (7620 m)

Wind Loading Module with supporting structure
builtto withstand winds in excess of
175mph (280kph)

Dimensions Waight*
L w D Not Ship
Modei No. in.fcm.jin. |cm. lin.)cm. | ib. [kg.|Ib. | kg.
M12-369 46 (1171533892151 118(82|30[136
M12-361 4€ 1 7N53389(2151118(82|30[136

*Excluding suppor® tegs. stifteners, and footpads
Solar Insotation flect

Voltage: Opera ing voltage attained at approximately
10mV  sq cm. {dark overcast sky).
Currenl.  Propor.aonal to solar insolation, e.g. at 50mW/sq.

cm. output current would be 50% of rated current.
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APPENDIX 4

WINDMILLS

A. Types of windmills being tested in Tanzania.
B. Basic windmachine designs.

C. Windmills in use in the Omo River Project,
The Gelebs of Ethiopia.
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Types of windmills bein

tested in Tanzania

Location:

Type:

Diameter of Rotor:
Height Above Ground:
Transmission System:

Starting Speed:
R.P.M.:

Pumping Height:
Supporting Structures:

Purpose of Construction:

Location:

Type:

Diameter:

Height Above Ground:
Transmission System:

Supporting Structure:

Purpose of Construction:

Prototype Costs:

Location:

Type:

Diameter:

Height Above Ground
Transmission System:

Kurasin, Dar es Salaam (Maji godown)
Fan mill, water pumper

6 m--18 blades

15m

Through 10-ton Bedford truck near
axle through a vertical rotary shaft
step-up in transmission 1:7

2.5 m/sec.

10 of the fan mill

1S5 m

4-pole steel truss

Prototype for testing

Department of Electrical Engineering,
University of Dar es Salaam
Savonius Rotor (made up of 3 drums)
Im

4m

Pullys connected to a 12-volt dynamo
with rubber belt

Wooden pole-frame

Research and student demonstration
for generating electricity

Sh. 500 to 600 without the gener-
ator

Tandale, Dar es Salaam

Tanzania Food § Mutrition Center
Fan mill, water pumper

3.6 m--6 blades

10m

A shaft system operating a piston
pump. Thirty-eight cm stroke

Tanzania National Scientific Research Council,

Dar es Salaam, 1977,

Source:
Energy for Tanzanian Villages,
pPP. 33-3L.
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Types of windmills being tested in Tanzania,

continued:

Starting Speed:
Pumping Height:
Supporting Structure:
Pumping Capacity

Purpose of Construction:

Prototype Cost:

Location:

Type:

Diameter:
Height Above Ground:
Transmission System:

Supporting Structure:
Purpose of Construction:

Ougput:
?étotype Cost:

r

2 to 3 m/sec.

10 m

S-polg steel truss

100 m°/day at average wind speed of
5.6 m/sec. (predicted output)

Water pumping for a small irrigation
project

Sh. 4,000 for material and 100 hours
of labor--approximately Sh. 3,500:
Total cost Sh. 7,500.

University of Dar es Salaam

Wind charger type (propeller blades,
not yet installed)

3.6 diameter; 2 blades, wooden

8m

Pully connected to a 12-volt dynamo
with a rubber belt. A brake system
installed together

A single wooden pole

Research and student demonstration
1/2 kW or 1 h.p. at 400 r.p.m.

Sh. 10,000, includine generator.
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Basic windmachine designs:

Horizontal Axis

Sailmill - typical of the windpumpers used in the Greek isles, these
windmachines may have up to eight large triangular or jib sails
capture the wind. 1In order to captura more energy at lower wind
speeds, more sails are left on, while as the wind increases, fewer
salls are needed to produce the necessary torque such that at high
speeds, only one or two sails may remain on the head of the machine.

Muleiblade "fad' windmachine - Typically up to 16 metal blades are
shaped such that the appearance of the head i{s similar to that of a
fan. The famous American windpumper of the 1800's and 1900's is
characteristic of this variety.

Propeller vindgenerator ~ Typically two or three propeller shaped
blades of metal on wood, for generating electricity. The famous
Jacobs "windplant” of the 1930's - 1950's falls within this category.

Hybrids — A number of hybrid designs have been developed or are in
the prototype stage. Among them are the "bicycle wheel'' turbine, so
naned because it is shaped like a bicycle wheel, with thin scrip
blades like spokes connecting a hub to a rim. A belt is attached to
the rim, which drives a shaft, alleviating the need for gears.
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Basic windmachines designs, continued:

Vertical Axis

Savonius-rotor (S~-rotor) - Descendant of a windmachine developed and
used in ancient times by the Persians, this S-rotor is so named be-
cause of the shape of its S-shaped or hour-glass shaped twisted wind
capturing surface. It is capable of carrying out light to moderate
machanical loads.

Darrieus ~ Commonly described as the "egg~beater," this new wind-
generator design consists of two or three thin metal counvex blades
counected at the top and bottom. It is used strictly for electrical
generation and is one of the newest windgenerators to become commer-
cialized.

Other Designs

There existed a great deal of ongoing research and development on
vindmachine design. Suffice it to say at this point that the aim
of this research is largely to accomplish the following:

a) Tove the efficiency of the design so as to approach the
theoretical 59.3% figure. The bicycle wheel turbine is a result
of this kind of work.

b:) Augment the power available from a given wind regime by arci-
ficially creating stronger wind, either by shrouds, channels,
or tornado/cyclone cylinders.

¢} Enlarge the cross—section area intersecting the wind, e.g. .
by means of using lift-augmentors such as the "continuous ve-
netian blind belt" design of the D.J. Schneider Lift Augmentor
Company, which is currently investigating the technology in
Texas.

Source: Overseas Development Council, Energy
For the Villages of Africa, (ODC: Washington DC)
1977, pp. 24-5.

le
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Windpills in use in the Omo River Project,

The Gelebs of Ethiopiga

-from Overseas Development Council, Ener
ica, (ODC: Washington DC)
1977, pp. 91-93.

The experience of the American Presbyterian Mission at the Omo
River Mission Station with the Geleb pPeople near Lake Rudolf in south-
vestern Ethicpia provides an excellent case study of use of village
source energy to improve the quality of life of the villagers.l The
missionaries, using windmills of ancient Crete design but modern materials,
succeeded in introducing the Gelebs to windpumped irrigation which has
now permitted year-round cultivation that was otherwise impossible.

The Omo River area of the Gelebs near Lake Rudolf is a semi-desert
arid area which is inaccessible except by 4-wheel venicle or planme. It
receives less than 10 inches of rain 4 year, most of which falls in
April, flooding the Omo River banks. The temperature ranges between
70°F - 104°F. The Geleb people are semi-nomads, living in small villages
or clusters. Stock raising is the major economic activity, but enough
vegetables, grains and tobacco are grown for one harvest a year after the
floodwaters have receded. Food is always in short supply during the six
months prior to harvest. During 1973-74, the Gelebs received emergency
air drops of food in order to avoid mass starvation during the disastrous
drought and famine that hit Ethiopia.

The idea to bring windpumps into the area originated in early 1974
with the missionaries who wished to import standard American made Dempster
windpumps to replace a diesel-electric pump used for the mission's vegetable
and fruit garden that was too difficult and expensive to maintain and
fuel. When the windpumps arrived, they found there were too many for
their own needs: these were sold on a subsidized basis to a couple of
farmers who had expressed interest and curiosity in the ones already
operating at the mission. By April, 1974, one of the Dempsters was
successfully installed, with missionary assistance, and irrigating 1-1/4

acres of land cultivated by several families. Peter Fraenkel of ITDG
relates the outcome:

"The windmills were an immediate success with the
Gelebs, which is perhaps surprising when it is considered
that these people are almost completely without any formal
education and have had very little contact with outside
influences or with machinery of any kind. However, the
wvind and the machines are relatively reliable and the people
very quickly recognized that this could help provide food
all the year around and thereby remove their chronic anaual
food shortage which had caused them great misery in the past."z

1 Peter Fraenkel, Food from Windmills , (London:
Publications, Ltd., 1'°s),

Intermediate Technology

2
Ibid.




246

'HoweVer, the Dempsters, even with the discounts the missionaries
managed to receive, cost $1,000 each, much too expensive for wide scale
use by the Gelebes. Instead of continuing a seirch for a cheaper, equally
powerful unit in the U.S., which they felt would prove fruitless, the
missionaries instead went to the island of Crete. There they found an
indigenous windmill design and power capacity using sails instead of
blades which could be appropriately modified for the Gelebs. Upon
returning to Echiopia, the missionaries first attempted to build the
Cretan design using local driftwood, woven mats, and whatever meager
timber was available in the semi-arid region, but the construction, partly
affected by termites, proved fragile and unreliable in operation. So
steel parcts were imported as well as a diesel-powered welding set, drills,
a lathe, and other tools which were the only capital investments for the
windmills construction operation. Within a couple of months, the first
sailmill was erected, and almost one a month has been built since then.
During this time other designs were also being investigated on site,
among them, the modern vertical Savonius Rotors (S Rotors), but they
were not as efficient as the Cretan design because they intersected
smaller cros. section of wind and needed higher wind speeds to self-
start pumping. Furthermore, the Cretan sailmills, costing around
$375 each, pumped twice as much water in the same wind and were cheaper
to build than the Savonius Rotors. As it turned out, the sailmills
also lifted as much or more water than the $1000 American-made Dempster,
which required imported spare parts and regular lubrication. One of the
Gelebs was taught by the missionaries how to maintain, assemble and install
the windmills. Each farmer receiviag a windmill also received a package
of hand tools and seeds. The missionaries planned the proper loction
of the windmill and the layout of the irrigation networks, using simple
meteorological equipment on loan from the Ethiopian Government.

Omo is located at 5°N, well within the tropical equatorial belt
in which the global wind pattern is considered to be mild and marked
by low average annual wind velocities not amenable to the use of windmills.
There is only marginal change in climate with the seasouns of the year.
The primary wind regime is diurnal—a ''sea breeze'" from Lake Rudolph a few
kilometers away during the day which carries 10-15 mph mean wind
velocities in the morning that taper off to nothing in the evening, at
which time a night "land breeze" arises, tapering off until the morning
"sea breeze" the next day. Because the sailmills require careful super-
vision of the sails to add sails when wind decreases and remove sails
as wind increases (in order to avoid damage), all irrigation is done
daily in the morning from 7 a.m. to noon while the wind is at its peak.
Almost all of the Cretan windmills have 10-11 ft. diameter wind wheels
and can pump up to 800 imperial gallons of water per hour in 13 mph
winds. The sail mill consists of the following parts:

1) Suction line pipe and foot valve starter pump——both parts
made fn Ethiopia—represent about 25% of the cost or about
$95.

2) Dempster design piston pump and connecting rod--made in
Echiopia at about 507 discount-—represents about 10X of
the cost or $40.
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3) Head assembly and tail unit--made in Ethiopia--for about
5% of the cost or $20.

4) 12 ft. tower, wind wheel, and sails represent remainder of
cost, about $120. The tower and wheel are made of metal
piping; the sails were made of donated yacht sail material
which is impervious to heat and ultra violet damage and
are known to minimize material runs, tears, and flapping
in gusty winds.

Other costs averaged out over the thirty sailmills add another $125 to
eacn, thus total costs are around $375 for each sailmill. Whereas the
missionaries have been charging the Dempster owners $5/year for 20 years
for the $1000 machines, the sailmill owners are paying $2.50/year for
20 years for the $375 machines. Such subsidized charges seemed to be
enough to establish sincere interest on the part of the Gelebs, who are
nevertheless very low on currency, being so isolated from cash markets.
Any efforts to reduce capital costs must not sacrifice the simplicity,
longevity, or the low cost per gallon water lifted which are what make
the sailmills practical and affordable to the Gelebes. Such cost re-
ductions might involve wider diameter windwheels of 16-20 ft. variety
with double pumps (and consequently higher towers), which would pump

up to twice the water of the 10-ll ft. diameter windwheels.

Approximately twenty such sailmills were in use by Geleb families
by August of 1975. Although there were some Gelebes who had difficuley
adjusting culturally to the need for more time spent in cultivating the
newly irrigated land instead of watching the stock animals, sufficient
aijustments were made within the family in most cases to settle such
:ime conflicts. The new opportunity for cultivation not only enabled
the well-to—do, land-owning, cattle-owning villager to prosper, but
also the landless, cattle~less villager to benefit from the newly arable
land and abundant water supplies which the sailmill operators rented out
to them. Not only did production of traditional grains like millec and
maize increase, but new nitrogen-fixing protein crops like soybean and
groundnuts were introduced with success. Surplus grains and beans,
as well as new vegetables and fruit like cabbage and papaya were sold
for cash at a nearby policy station which enabled some villagers to buy
more cattle. The farmers using the sailmills attest to not having been
hungry since the introduction of the windmills-—one has even succeeded
in growing five harvests between April 1974 and August 1975.

The Geleb experience, of course, cannot be duplicated everywhere.
It does indicate that in some cases small scale technologies can be
successfully transferred and modified to meet local needs, using modern
materials if necessary. It shows that such adaptive technology can compete
favorably with the best of the tried-and-true or modern designs of the U.S.
It is not inconceivable that i{f such windmills were produced on a mass
scale, the fixed capital cost per unit would decline sufficiently, and
economies of scale in production would arise, perhaps dropping the cost
Per unit to as iow as $240 or even less. Over a 20 year period, such
windmills used five hours a day, 5 days a week, 50 Weeks a year would
have operating costs around l¢ an hour or $12 per year, which certainly
would put the sailaill within the affordable range, particularly for
faraers living within closer proximity to markets and a cash economy.
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APPENDIX 5

CRITICAL FACTORS IN ECONOMIC EVALUATION
OF SMALL DECENTRALIZED ENERGY PROJECTS

-paper by S. J. Pak and C.R.H. Taylor,
(World Bank: Washington D.C.) November
1976, not representing the views of the

Bank Group)
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CRITICAL FACTORS IN FCONOMIC EVALUATION OF SMALL

DECENTRAL1ZED ENERCY PROJECTS

Introduction

1. In the rural areas of most developing countries the traditional
sources of energy have been animal and human effort and crudely utilized
forms of animal and vegetable matter. To a limited extent, water and wind
power have also been important. In the last 20 or 30 years, rural electri-
fication schemes have begun to play a part, providing energy for a number

of uses including lighting, pumping for irrigation, and rural industry.
Petroleum-based technologies have also grown in importance: kerosene has
appeared as a major lighting fuel; diesel pumpsets have been introduced

by more prosperous farmers; and diescl generators have started to provide
electricity in those areas not rcached by rural electrification. At the
same time, work has been going on to develop new, decentralized technologies
and to refine the use of traditional energy sources. This research and
development effort, and the programs to disseminate the rew technologies,
were greatly intensif{ed when oil prices increased sharply in 1973. Biogas,
solar energy, wind energy and mini-hydro plants have suddenly become more
competitive and have come to be seen as alternative new energy sources.

2. Much of the work which has been done to date has rightly concentrated
on the technical aspects of these alternative energy sources (AES). Much
remaing to be done to improve their cffectiveness. But at the same time, there
is a proper concern to evaluate thelr asgcciated economic costs and benefits

in order to ensure that the most appropriate technologies are adopted, before
substantial public and private investments are made. The present literature

on the economic analysis of AES leaves something to be desired, partly on
account of the approach adopted and partly because of the constraints imposed
by availability of data and funds.

3. This paper addresses some of the critical factors concerning the
economic evaluation of AES projects with particular reference to the biogas
technology. It is not intended for professional economists but for decision
makers and technologists involved in placing AES projects. Nor does it dis-
cuss a method for evaluating the scientific merit of research and development
efforts, but rather for judging the cconomic worth, of a single investment,
or a major investment program in the field. A more complete discussion of
the appropriate methodology for the cconomic and financial appraisal of ALS
projects is under preparation. The present paper represents some of our pre-
liminary observations, based on a review of the literature, on the economic
evaluation of AES projects. We hope that these observations about data re-
quircments and methodology will be useful to the engineers and scientists
expe "imenting with AES projects and to those in government and aid agencies
likely to finance AES projects.
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General Characterlstics of the AES Technologles

4. Several aspects of AES technologles make them partlcularly Interest-

Ing .ind potentlally Important In developing countrles, Flrst of all, the .
economics of the AFES technologles are locatlon speclflc. Local factors such

as cllmate and cropplng patterns will Influence not only technlical deslgn

but also costs and benciits Ln a signlflcant way. Secondly, AES projec:ts

tend to requlre proportlonately larger inltlal Investments and smaller operat-

Ing and malntenance costs than conventlonal energy projects uslng coal or oil.

Thlrdly, at least some of the AES technologles are characterized by limlted

economles of scale; hence, the competitiveness of small decentrallized Installa-

tlons, especlally where distances are large or physical [nfrastructure is poor.

S. Choosing among alternatives. AES projects are not an end in them-
selves, but are [ntroduced to provide encrgy which Ln general could be pro-
vided by other means. For this reason, the costs and beneflts assoclated
wvith different AES projects and with dlesel and rural electriflcatlon alter-
natlves must be compared. The criterla for cholce In the private sectcr ls
profitabllity; that ls, the Investor wlshes to earn as much as possible from
hls avallable flnanclal resources. Simllarly, where we are comparlng AES
projects, we should be Interested In achleving the best use of resources
wvallable to the economy: we should choose the alternatlve that we expect

to generate the greatest net beneflt L/ to the economy. Thus, the difference
vetween thls economlc evaluation of AES projects and the private flnanclal
declalon process ls that we estimate costs and benefits to the economy rather
han the lndlividual Immediately concerned.

", Conslder as an example a proposal to Install a blogas plant In a
remote village. We may suppose that 907 of the gas 18 to be used for cooklng
and 10Z for lighting, and that the sludge will be used for fertliizer and soli
tonditloner. The flrst aliernative to consider Is to do nothing at all, in
vhich case, we may assume, the tradltional use of firewood and dried dunyg for
cooking, and some remalning untreated dung for fertilizer, would persist and

the village would do without lighting. A Becond alternative might be to
clectrify the village for lightling and cooking and contlnue to use the untreated
cung as fertillzer. A third might be to use flrewood for cookling, but to estab-
Jish a plantation to malntaln the local stock of wood.

1 Net benefits can be compared by summarizing the costs and beneflits of
alternatives as the net present value or the economlc rate of return.
Where two alternatlves lead to the same beneflits, It Is sufflclent to
compare the costs (Sce Annex).
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7. In evaluatlng and comparing these alternatives we stressed the need
to look at the costs and beneflts to the economy. Thls lmplies It Is neces-
sary to trace through as far as posslble the secondary effects of AES projects,
and of the varlous alternatlves which are to be compared with them, 1In the
above example, flrewood may well be costless to the Individual who collects

Ie, but deforestation is not costless to the country at large. Estimating

and Including that cost In the flrst alternacive will, relatively speaklng,
improve the return on the blogas plant. Similarly, !f rural electrification
should be considered.

8. This example also serves to {llustrate a second lmportant general
point, namely, that all costs and benefits should be considered. RLsk of
accldent should also be estlmated. Among the costs of the blogas proposal
should be Included the cost of raw materlal collectlon, of gas dlstributlion
and the cost of appllances. The secondary benefits would probably Include
{mproving the health of the villagers, and there will no doubt be effects

on the lncome and wealth distrlbutfon In the village. It may be dlfflcult

to estimate and quantlfy these costs and beneflts, but even 80, they shou.d
be noted and taken Into account as far as possible In evaluating AES projects,
Some of the maln costs and beneflts to be conaldered are reviewed in the next
two sectlons,

Estimatlng Beneflts

9. The beneflts expected from decentralized AES are frequently over-
estlmated In phys{cal quantity. Thls Is sometimes the result of using the
plant capacity as the cstimated output, regardless of anticlpated periods of
slack demand, when energy which cannot be stored wlll elther not be generated
or will be wasted.

10. For exawple, conslder the casc of a small blogas plant which con-
verts animal and vegetable waste into blogas and a resldue of sludge. Be-
cause the blochemlcal changes are more effective at higher temperatures,

the dally output of gas may In the summer be as much as four tlmes as high

as ln the winter. Unless the demand for gas matches, or contlnuously exceeds,
the changlng dally output, a signlflcant portlon of the gas produced durlng
the warm scason may be wasted and should not be consldered as a beneflet.
Slmilarly, not all the sludge from a blogas plant should be valued as a bere-
flt as fertllizer and soll conditioner unless all the sludge produced can be
used. If the sludge has to be stored In the open alr In certaln agricultural
reagons, there wlll be nitrogen losses to take Into account Ln reducing the
cstilmated value of the sludge.

1. In theory, it may be possible to achieve high utllizatlon rates,
«f both equlpment and output for many types of energy technology, but In
I ractlce It has proved dlfficult. For example, the load factor for most
1ural electrlfication schemes remalins very low. Unless concrete ways of
vtllizing the surplus energy outputs and of malntalnlng hlgh rates of
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capaclty utllizatlon are clearly ldentlfied ard incorporated Into a project,
average energy output effectively utllized wiil be less than capacity, and
the perlodlically generated surplus energy should not be counted as a bene-
fit In a project analysls.

12. Once the physical quantlties of usatle outputs from an AES project
are estlmated, an economic unit value must be estimated. If these outputs zre
readlly traded, the estimate can be based upon the market price adjusted for
any signlficant prlce distortions caused by subsidles and taxes.

13. When the output [s not traded, the replacement value can be used
Instead. For example, supposc that blogas Is to be Introduced f{n a village
for cooklng purposes where previously kerosene was used. Then the unit value
of the gas may be estimated as the value of kerosene replaced. Note, however,
that If firewood was a cheaper alternatlve than kerosene (taking all the
economlic costs Into account), It may be more appropriate to estimate the

gas value from the value of flrewood replaced.

14. When it 1s difficult to value the replaced fuel, it may be more
appropriate to value output by estimatlng Lits Impact on the production of
other goods. For example, sludge from a biogas plant should Increase crop
yleld when used as a fertillzer, and the value of the increase in yield can
be taken as the value of the sludge (provided account has been taken of any
changes In other Inputs into the farming).

Estimating Costs

15. Estimatlng costs requires that a llst of Inputs In physlcal terms
be drawn up, and then values be assligned to each Input. These values may or
may not be the market values. For example, It may be possible to employ

laborers on the project only If the going wage Ls pald, and yet, the alter-

‘ native for these men may be unemployment: since the alternatlive has no value
for the natlonal economy, their employment Involves no cost (no foregone oppor-
tunitles) to the economy. Thus, we might value labor at zero for the purposes
of the cconomic evaluaclon. This Is an example of a "shadow price" - the
shadow wage rating belng zero In this case. 1/

16. A comprehenslive llst of Inputs for an AES project would include
the following items:

(1) expert service - as the AES technologles are locatlion
specific, ecach project may require expert services
for 1ts own design and slting;

(11) land - the market value of 'and required for the
project may be zero, but lts real economic resource
cost may not;

L/ Thlis may not be true If increasing employment is felt to be so soclally
deslrable, that "uscless" employment is soclally useful.
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(111) labor for constructlon, malntenance and operatlon -
shadow wage rates may not always be zero and may
change from season to season;

(lv) equlpment ~ transportatlon and Installatlon costs
of equipment should also be inciuded:

(v) spare parts and malntenance loputs;

(vl) all raw materlal Inputs - for example, the two major
lnputs for blogas projects, water and cow-dung, may
both have positive value;

(vil) appllances needed to utlllze the outputs from the AES
project - when blogas Is to be used for cookling and
lighting, cooklng stoves and lamps should be included
as cost ltems; and

(vill) provision for any tradltlonal functlion displaced by
the project.

17. As In the case of beneflits, once physical quantitles are well estl-
mated, unlt values must be assigned, which will usually be elther on the
basis of market value or replacement value. It 1s useful to distinguish
between lnputs that are traded Internationally and those whlch are not. 1/
This will be Important for such AES technologles as solar-voltalc cells, but
less so for blogas plants. The reason for making this dlstinctlon Ls that
forelgn currencles may be scarce, the offlicial exchange rate in a developling
country may be such that Imports are generally undervalued (and exports over-
valued) by thelr price In the domestlic currency. If this degree of under-
(and over-) evaluatlon can be estimated as a ratlo (this Is a job for an
economlst!) thls ratlo can be applled to the valuc (In domestic currency)

of all traded Inputs, to more accurately reflect the cost to the economy

of using these In the AES projects concerned.

18. We observed above that physical beneflits are often overestimated.
In a different sense, costs can sometimes be serlously underestimated too.
We have noted a number of studles that glve equipment (and civil works)
lives that are much longer than we would expect. The effect, of course,

18 to reduce the annual cost corresponding to the caplital costs (or Increase
the number of years over whilch operat Ing beneflits accrue) and lmprove the
appearance of the project. Equlpment lIife must be estlmated with care, and,
1f Lt appears likely that the economic evaluatlon will depend cruclally on

1/ Apart from petrolcum products, fuels and energy Itself are not
usually traded Internationally so that this polnt [s generally
less [mportant for AES beneflits than costs.
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this estimate, two or three alternatlve estimates should be used to estimate
economic viability to bring out this point.

19. The implications for data collection. The first and most basic
need Is to collect comparable data from outside the AES project areas. A
"base line" is needed, a history of what happened over the same perlod in .

comparable villages where, say, rural electriflication took place, and where
no energy Iinvestments at all were made. It (s not a valud argument In favor
of AES projects to say that, for example, foodgraln production increased

by so many percent over the project Implementatlon period, If it cannot be
contrasted with less Impressive growth elsewhere. Thls type of dsta helps
rule out the influence of pervasive changes In westher, the soclal and
economlc sltuatlon, and 8o on. 1/

20. The second point s that within the village concerned, data from
outside the AES project’s Immediate viclnity Is needed. For example, the
costs which need to be recorded in considering a blogas Iinvestment Include
the labor costs of collectlng animal dung. The costs of using kerosene as a
cooklng fuel should Include the costs of a suitable appliance. On the bene-
fits slde, any attempt for example, to show agricultural output Increases
when sludge from a biogas plant replaces untreated dung will requlre exten-
slve observation of crop ylelds. It (s worth noting too, that establishing
reliable data on utilization rates will require observations over time of
sufficient frequency to trace out seasonal variations.

21, Finally, we might note physical quantities should be recorded in
the first place; then unit values eatimated and finallv values of cost and
benef Lt atreams can be derived. Apart from the advantage of making valuation
assumpt fons clearer {n this manner, the data on physical quantlties will in
many inatances be more useful internatlonally, thsn the aggregated summary

! data. For example, {f an economist from one country were Interested in the
labor input to the clvll works assoclated with a biogas plant in another
country, It is no usc to be told that the labor input was ignored because the
shadow wage rate was zero.

22. Through standardizatlon of the type of data collected, and by
rigorously applying economlc analysls techniques our hope {s that, over tine,
2 uscful body of Internatlional knowledge on the economlcs of AES projects
will develop.

1/ This type of comparative analysis mlight be very useful In judging the
health impact of biogas plants.
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THE EVALUATION OF ALES PROJECTS

1. This Annex briefly explains and summarizes the economics of cost-

benefit analysis. This 18 a set of techniques for making consistent compari-

sons between alternative investments with a view to choosing the investment

which uses available national resources best. ¢

2. For the purpcses of this discussion, we assume that only two alter-
natives are being considered. We can characterize each alternative g 2

series of yearly costs and benefits. We represent the cost in the { (first
or second, alternative in the j year of the project as C,,. C, will almost
certainly include all the capital costs unless some capitaijcostsoare incurred
over a year after the project begins, in which case C will also include
capital costs. The costs in each year, C1 , are of course the sum of the costs
we ideptified above. Simjlarly, we can sy*bolize the expected benefit from

the 1 project in the j  year by B1 We can represent the life of the

first alternative by n and the secona by n,.

3. Concentrating on the first alternative, we can summarize the stream
costs and benefits in two ways. The internal rate of return (IRR) is the rate
of "profit" from the project, and is given by the value of i in the formula:

n
0 -z‘ B -c ) (+1)7 ()
R EIRT

If all the capital costs are concentrated in the first year, and {f no benefits
are derived 1n the first year, (1) can be rewritten as:

c -'i‘(a -C )(1+1)73 (2)

o 75 MU

vhich, in words, is:
{capital costs] ~ {net benefits over time discounted

at the rate of "profit"].

If we were able to calculate the IRR satisfactorily for the two alternatives,
we should normally choose the alternative for which the IRR is highest.
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4. The second way to summarize the stream of costs and benefits {is
uaing the accounting rate of interest (r) to derive the net present value
(NPV) of the alternative being considered:

nl 'J

NPV =33 (B, -C .) (1+r) (3
10 13713

If the same calculation is made for the second alternative, we would normaily
choose the project with the highest NPV. This criterion and the IRR criterion
are equivalent in the sense that we would usually make the same choice which-
ever was used.

5. The accounting rate of interest may be loosely defined as the lowest
IRR that most government projects are expected to earn. In most developing
countries it will fall somewhere between 10 and 15%. A very few (poorly
Justified) public sector projects may earn only 2 or 3%, but these should not
be taken as a standard. The accounting rate of interest is difficult to
estimate accurately, and estimation usually requires considerable judgment.
The bank rate 1s not directly relevant, since the rate is affected by infla-

tion and short-term economic phenomena such as the stage of the business cycle.

6. We have been considering the choice between alternatives, but there
is also the question of whether either alternative should be undertaken. If
the NPVs are negative, or the IRRs are less than the accounting rate of
interest, this indicates national resources would be wasted if investment
was made in either alternative: neither should then be undertaken.

7. It may be possible to avoid estimating the benefits of two alter-
native AES projects in order to choose between them, 1f the benefit streams
are expected to be virtually the same. We can then choose the least cost
alternative, using the accounting rate of interest in each project to add
together cost in different years:

n
pvC, = L ¢ (e
1=0
4)
n
PvC, - 2 (s
1=-0

If the present value of costs (PVC) is less for alternative 1, clearly that
ia the alternative wvhich ahould be chosen.









