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) Focusing onwthe need for energy to sustain economic
development on a 1ong-terl basi the document exalines energy
options of the post-petroleul era in developing nations. Nuclear -
power and solar power are the most important amcng proposed ’
alternative energy sources. Limited applicability of nuclear
technology to the Third World is discussed. Problems include the need
of most developing nations to seek foreign fuel to power nuclear °
» plants, the difficulty of. designing nucl2ir facilities that work -

. equally well in different ‘énvironments, and the problem of
decommissioning-radiocactive facilities at the end of their y
usefulness. Energy-related research and experiments indicate that the
most likely sources for new! energy are sclat (sunlight, wind,
hydropower, and biomass). Pactors which should encourage the Third -
World to harness solar energy sources include: a genéeral abundance of
sunlight, a dispersed and predominately rural population (which '
encourages decentralized.energy resources), prohibitiye cost of

.conventional energy, customary dependence on indirect solar seources

> sucl as firewood, and insignificant capital investaent. in
petroleum-powered. energy. Various objections and reservations .
cqoncerned with the transition to dolar‘energy are evaluated. The «
tonclusion is that solar enetgy. the -most viable energy source in the
post-petroleun age, can contribute positively to economic development
in both developinq and 1ndustr1alized nations. (Author/ﬁf)
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h‘;‘ Third World may enter the solar era before the indus-

trifd world does Severalfeatures common to developing

. cuntnes make such a prospect seem likely Developing na-

' tons, by and large, tend fo be more nchly endowed thary

their industrial counterparts with sunlight. Their populations tend

to be dispersed enough to facilitate the exploitation of decentrahized

energy resources: about half the peoplé in Latin America, 70 percent

in South Asia, and 85 percent in Africa still live in rural areas. In the

Third World, the current high cost of conventional energy. especial-
ly electricity, has already made solar options ecor;omicaf

2000, many solar . devices jhave already r_ovenfhemselve’s simple
and practical. ‘Finally, since the Third'Worﬁi already obtains much of
its energy from indirect solar sources (mostly firewood), the ihitial
steps toward a solar economy i1nvolve no more than an increase in the
efficiency of usage! -

At A ,

A Third World decision to take a leadership role in harnessing.sus- /

tainable enérgy sources would be wise. Although the world is not.
running out of energy, it is .running out of oil. The, oil-consumin

counthies of the world have been living on capital, not income. Worl

oil production is expected to turn downward within#0 to 18 years,
and severe regional shortages are likely to develop well before then.?
Eighty percent of.the world’s oil supply will have been consumed
during ﬁ\e lifetime of the current generation. Consequently, it is crit-

.ically important and morally obligatory for all countries, rich and

poos, to invest a large fraction ‘of the'remaining oil in building an
energy System that can be sustained in the post-petroleum era.

The industrial world is. de’sig"n‘ed to run on oil. Missive road building
rograms dwarf all other public works;. atitomobile production has
ecome central to the écongmic well-being of whole nations. If the
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developing countries invesf vast sums of scarce capitdl copying to-
day’s industrial powers, the petroleum era will have ‘passed befqre
their investments bear fruit If, instead, developing countries fore-
sightfully assess the human prospect and make their investments ace
cordingly, they may be spared making major commitments' to the
petroleum era in its dying pﬁase, .- - - :

- , y

Rather than using tax breaks as incentives to encourage foreign in-,

terests to set up automobile plants on their soil, Third World coun-
tries might, for example, accept only those factories that produce ve-
‘hicles that run on fuels other than oil: Rather than devote large por-
tions of their budgets to investments in highways, they might better
invest in communication systtms and railroads. Rather than laying
out Muge new cities to agcohmodate migrants fleeing the countryside,
they might do well to spend .the same money making rural villages
more livable.* - . SN :

’

v,

+

Tomorrow, both the industrial world and the agrarian world are fikely
to be turgjing to solar resources—sunlight, wind, hydropower; and

"biomass—for their commercial energy. The Thirde World, however,
has an” advantage in that it can take a shortcut past the fossil fuel .

cul-de-sac. While the industrial worldekas 90 percent of its capital
stock invested in buildings and equipment that are ill-suited to a solar
transition, the Third World can undergo rapid economic growth with
a clearer vision of its ultimate goal. ) - .

Until receritly, the strongest impediment to the development of solar
power in the Third World has probably been the industridl wotld’s
pursuit of a'iiifferem course. Most-Third World policymakers looked
to the advapced industnal states as' models and tﬁ(e)y {owd no solar-
powered societies to ermulate. .Moreover, because the research and
déveloprpent capacities of the Third World have been limited and the
industrial' ‘research "community has neglected solar energy, little
innovative work Has been done. Even today, much of the Third World
appears reluctant to play a leadership role in developing energy tech-:
noldgies. An internationally récdgnized ethanol-from-biomass program
in Brazil is hampered by Xor’nestic skepticism—by critics who wonder
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' "The Third World can‘take a shortcut past the o
. . ) . . fossil fuel cul-de\sac.”.

’

7 ~why the United States isn't developing ethanol if 1it's so great. Fortu- *
nately, such skepticism 1s less pervasive now than in years past. ,* 7
Development theory has undergone profound changes in the last,

. decade, and few Third World countries still seek to imitate the United o

2 States or the Soviet Union It is ndbw commonly recognized that de-

velopméht xan be approached on. many roads—that mofe than one

. path ‘leads from “underdeveloped” to ‘"developing” to “'developed." 4

The most successful -Third World leaders have been those, such as

Mao, Ghandi, and Nyerere, able to map out a unique development .
strategy based u their nations’ yndigenous cyltures and resources.

That tlZe §Vest es got use biogas as an energy source has not, for
example, deterred China from building an estimated 4.3 million bio-

gas plants in the last three years. &
. . ' . .
As the end of the petroleum era approaches; all nations—rich and
poor—ﬁce some hard chqices. Energy, “the capacity to ‘do work,”

- _obvioudly influences economi¢ *well-being.? Moreover, the kind of '-

“new energy sources developed may ultimately be of more importance

to human well-being than th‘e‘quan‘tity of energy those sources make
available. To a gréater gxtent than most people realize, history has
been shaped by %\umankind’s_choi&e of energy technologies. The use®
of draft animals, sailing ships, and waterwﬁeels -presented. new qQp-
portunities to qur ancestors, and for a time each technology became
crucial to the “quality of life.”” The introduction of the coal-fired,

" steam engine was a preconditign af the industrial revolution. Fired y

by oil-based fuels, internal combustion ehgines and: turbiries shaped

A ]

‘the transportation systems of the dodern indystrial world, which in
turn determined settlement wpattérns® The energy technologies we, -
choose foday will have far-reaching effects tomorrow.
The earth hds never faced, and, does not today face, a shortage of’
energy. Every day the sun'delivers.thousands of times more energy '
» than humankind ‘employs from all conventional sources. The trick is .
¥ * to harfess that energy, to do work at a ﬁe eople can afford. Winds, )
rivers, coal, and oil were available long be ore people began to use,

them. Many watersheds in human history have occurred when tech-

ERIC .:- 'V‘J 7 , . ,
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nologxes capable of turnng:revxously untapped energy to good pur-
pose were introduced. To solar energy displays just such a
technological opportunity

’

Solar technolo‘g:es hold many attractions for developing countiies. A,
pamcularly important social advantage is their potential for promot-
ing development In, previously ignored rural areas where it is most
needed. Without strong rural development programs based on decen-
tralized energy sources, urban migration will become torrential, ex-
acerbating the already dire urban problems brought into “focus at the
United Nations Conference on Human Settlements,kn 1976.4

Many solar technologxes will make economic sense fof the Third
World before they do for the industrial world. Electrigity produced
from solar energy is a good case in point. In rural areas of poor coun-
tries where no transmission 'arld °distribution infrastructure ex,Lsts
power from centralized plants is not available. The World Bank esti-
mates that rural electrifieation programs had “'reached” about 12 per-
cent of the‘people in the rural Third World by 1971. Only half of
these people—a mere & percent of rural residents—could afford to buy
power.> , . Y

i(n August 1977, aeam from the United States National Academy of
Sciences conducted *a joint workshop on solar power with the Tan-
zanian -National Saentific Research Council At this workshop, the
cost of, electncxt for Tanzanian villages' from diesel geperators ard

|

fram the natlon fower grid was compared‘wnh the cost of rower r

from five decentralized, rene able sources: wind power, small-scale
hydropower, biegas, solar refngerah(m and photovoltaics. Com-

- parative costs were found,to ‘depend heavily upon how much energy

was needed, how remote the village needing) the energy was, and
under what financial terms the equiprhent wa purchase For some
purposes, each of the five renewable technolo ies had an economic
advantage over both the national grid and diesel generation. Three, of
the five were "economically competitive under %cxrcumstances for
uses in which the bjogas could be burned directly rather than con-
. verted first into electritity, four out of fivé were competitive. Even the
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| least competitive technology—photovoltaics—will hold an economic
| - advantage over conventional sources of electricity by the early 1980s, O
‘ if the costs drop in accordan;p with most récent forecasts.s
-
)

For some specialized applications in isolated areas needing relatively
small amounts of ‘electricity, photovoltaics already look e¢onomical
sound. In 1975, Charles Weiss and Simon Pak ofythe World"Ban
studied the cost of using diesel generators, primary batteries, and
<photovoltaic cells to provide elettricity for educational television in
| some of the Ivory Coast’s villages. At*the timg=of the study, photo-
voltaics already had an econonfic edge.-Since fhen, the cost of photo-
- voltaic arrays has fallen by almost one-half/"Douglas Smith- of _the
Maessachusetts Institute of Technology had determined that, at to-
day’s prices, solar cells would be an econotnically competitive power
source for shallow irrigation pumps in Chad.” . , .
| - »
The conclusions of the studies jn Tanzania, the Ivory Coast, and
Chad dre based upon the assumption that the renewablg technologies
will' be financed with conventional loans.If, instead, they are fi-™
nanced over long periods of time at low rates of interest, with so-called
“soft” logns, the economic advantages of the renewable energy
sources are‘even more striking.® ‘ ’ . - ‘
One of the major functions served by development must be h.e cre-
ation of new jobs. At present, energy is often substituted for labor.
9( current U.S. prices; 2.5¢ worth of gasoline can perform as much
ork as a healthy adult laboring from dawn to dusk. One liter of
gasoline burned in a one-horsepower engine will provide as much
work as a human being can produce in seven days of hard physical
labor. Gasoline-derived power 'is notyonly cheaper, but also faster
and more reliable than muscle power. Hence, the point is sometimes | .
“made that major increases in Third Werld energy use may contribute
to mounting unemploymer,\t. - . ]

. ‘ A

It needn’t. The alternative’is to view full employment as a central goal
of development, rather than as just one of the variables considered in
the pursuit of some other, more important goal (like a growing GNP).
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" If full employmeht is pursued inteligently, energy growth can in-
() crease, rather than restriet, total employment. ’ .
. . \

largest _source of empfoyment, somefimes accountirtg for 70 to 80
percent of all jobs. But agricultursl labor requirements tend to peak
sharply dutipg plowing, planting, and harvesting. During the ré-
. mainder of the year, most laborersdare idle. Hence, annual labor pro~
ductivity and wages are low. As, Arjun Makhijani and ‘Alan Poole
have suggested, the careful mechanization of plawing, planting, and
harvesting could reduce the duration,of these bottlenecks sufficiently

" to allow multiple cropping. Demandi{or labor would be everied out,
agncultural production would be greally increased, and jobs-could be
created to handle this increased production, as well as the fertilizer
and irrigation it would require Without_ an increase in the available
energy at times of peak demand-for work, multiple cropping would
not be possible %y : o L

For example, -in most-develoRing countries ;inculture is by far the

. In an era when the gulf dividing richiand ‘poor appears Yobe widen:
~ ing, technologies for harnessing reneéwable sources of energy could
smooth’ out some diffesences. In developing: gendle, sustginaﬂle ener-
gy sources, the Third World and the industyial world can be of mu-
tual assistance, even as each irtdepeadently pursues its own self-
‘interest. Because most assistance efforts that ﬁave depended on al-
truism have had lackluster-retords, opportunities for nations to help
one another while pursuing separate interests should be especially
welcome. - o
. . a 4 ‘ 4
Widespread use of solar equipment®in the Third. World, where it is
already cost-effective, would have positive effects in the mdustrial
nations. The principal. handicap facéd by many producers of solar
equipment is the lack of a market largesenough to justify investments
in mechanized mass production. With the rapid #eductions in cost
. that assembly lines codld bring, decentralized solar devices -would
find eyer.more applications in rich lands and poor alike. Such 2 state
. of economic affairs’is so manitesily in tlie interesk,of the industrial
world that 1t warrants grapting Third World customers subsidies-on -
&) N b
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early orders France, aware of this fact and eager to attract large or-

ders, 1s now marketing a subsidized solar irrigation pump through-

out the Third World.

. The international research,and development community- has finally

ergy use Annual expendstures on solar ene.r%y research by the US.
*Government ‘have shot up from about $5 millien to mote than.$300

million 1n, five years, and almost all other industrial lands have boost--

ed ‘their solar programs af well. Moreover, Third ‘World research and
developmgnt in this area have been improving steadily, and excellent
programs now exist in Brazil, Mexico, India, angd other countries. Fhe
United Nations Environmient Program is also promoting ,the use of

renéwable energy resources in poor courtries by funding mode] vil-.

lages that employ several differefit sustainable energy sources.!

*-begun to apply its genius to the problems and ‘potentials of solar en: -

All this g not to imply that the Third World's transition; to ’solér ;

. technplogies will be trouble-free.” Mahy attempts ,have been made in
{ the last half cenfury to intrpduce solar technologies in the “Third

. World: typically; the technology has worked, and the technology

transfer has not. At times,, the technology has been perceived as ir-
relevant, if ndt antitHetical, to people’s real needs (as in the cae of

solar powered pumps that replaced water carriers for whom no al-

ternative employment existed). In ofher cases, maintenance personnel
have been inadequately- trained or crucial replacement parts have not
beeryprovided, Sometimes the.recipients of the technology have sim-
ply not liked the solar gadgets or E

activities to take advantage of the availability 'of sunlight. And in sti
ather- cases, the technologies have. heen used and have workéed per-
fectly, but-their use has concentrated additional wedlth in the hands
"of the'elite or otherwise led to undesirable social consequences.!!.

A successful solar transition will require detailed knowledge about
energy availability and needs in the Third World—information that
does not now exist. Comprehensive studies are needed to detertine
how much energy of each kind is used for what purposes, and -how
any additional energy would be spenf. And the availagg)lity of renew-

O . . .
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" ablet energy resources at various sntes must be surveyed, wind Speeds
T2 levels of sunlight, ind-biological productivity alt must be gauged:
Local residents must be provided with information about each of tke
‘energy options open to'them so that they may détermine which best-
suit their needs ahd aspirations Finally, pohtical will*and technical
| competenc_g must be mustergd to buxld or acquire the necessary!®
equipment ahd to keep st running. e .
’
Fhe challenge of a solar transition is (’orrmdable But the rewards of s
success' make it a goal worth pursumg Ult‘imatel,y only a solar civ-
ilization 1s. sustamable . ’ . ) .

. A . . v -
! Current Supplies . v . i
\ FP / ) '

The energy .cnisis plaguing the Third World dwarfs ‘the industrtal
world’s energy problems. TYaditional energy sources—principally fire-
wood, ckarcoal, and farage for deaft*animals—are’ growing scarce and
expensive. Where ecological carrying capacities have been exceeded,
forests ate receding and .grasslands. are becoming- deserts. Traditional
fuels and petroleum fuels have both grown so expensive that few
poor countries have been able to adjust comfortably to the in-
8 creases.2

. / A=
Trees, of course, are a renewable energy resource, but they can-grow
only so fast. When population growth outstrips iree grc)wtb‘Y pro-
gressive forest déterioration ensues. Each year, the harvested, crop
grow® younger, even though harvesting immature trefs/' n-
ishes the ultimate energy yxelﬁ of the land. When people are cold and
hungry, t here is-no humane way to protect )u-vemle trees.

B :
L

Twenty-nine percent of the earth’s land area was forested in 1963, .
* when the last global forest survey was completed.’* Subseguent _
regional swrveys have been _of uneven quality, but all signs are tha
Third World deforestation 1 advancing rapidly Half of thegwood cut
in the world, and_the overwhelming preponderance of wood cut in the
. Third World is used for fugl. In all but a handful of countries, the..
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.. Tesqurce is .being}harve&ted more rgpidly than it is being propa- -#

.+ gated. 14 . .13

A crucial -consequente of deforestation is the erosiort of fopspil. -
Erdsion can greatly retdrd the rate at which reforestation projeets
take root. With every passing year -that the land rerhains denuded,
4 ‘the problem intensifies Moreover, all lost ‘topsoil has to go some- -
where—and all too often that “somewhere” is a reservoir that is vital
to the local or even national economy. Engineers who have not antici- -
A pated the rate of upstream deforestation have often been uppleasantly ,
.« surprised to see reservoirs thtey designed fi]l with dilt in a fractich of
s+ .- the time théy had expected. So, erosion can lead to a double energy ' . °
loss: the tree-growing potential of the land is diminished, while tie :

-

energy-storage capacity. of theglownstream dam suffers commensur-

. ately. In addition, even ‘as it c{¥ses-losses in energy suppliés, defores-
tation can result in increasedfenergy demand. When land loses ground

cover, its capacity to retain rain declines, and the water table beneath
sych land can fall dramatically:-Wells must then be sunk lower, and

" water' pumped a longer distance to the surface.1>- s

’w z

Few. cauntries have conducted sudcessfl refebstation programs, ’
»  even though this is probably their most potentially Ipcrative’energy-
" production investment. Reforestation is_labor-intensive, requires little
capital, and produces a high net-energfy yield (especially. witht fast-
. . 4 . oy
growing speciesesuch as eusplyptus). If coupled with ambitious pro-
. grams to provide every rural villager with- a mere efficient wood .
. ..stove, reforestation efforts could reyerse the dreadful, spiral of en- o

b 1

o virortmental deterioration. . - . .

. ~

' Ay s ; " 4 - ..*--
‘Firewood is not the: only source of Third World energy if -shoft
. supply. Oil use had been expanding rapidly inhe Third World until :
tht 1973-74 .embargo. Then, many developing’ countries discovered .
« that reliance 'on imported oil creates vulnerabifities. By one estimate,
“a“shortage of fuel for irrigation pumps jn 1974 réduced the. wheat
. .harvest in Indid by a million toas. » T ey

?

.The dramatic, recent inereases in’ the cost of oil on the ,w'o;'ld market
“have had disproportionate effects en the Third World. Po b# sure,
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the' cost of oil has increassd by the same amount everywhere, but the

industrial -ndtions have beén in a Beiter ‘position to offset the adverse
‘ - ) -’ ,' ’
-+ At the same time that the Third World has been forced to adjust to

economic impacts of thess price increases.
2

' esca‘latmg oil, prices, it has also had to pay higher prices for the man-
ufactured goods it imports from the industrial world—prices that re-

.. flect not just the hiih'gr costs of the oil needed to manufacture these

products, but also the higher wages and profits that mitigate the ef-
fects of oil-induced inflation in. the industrial countries. Third World
exports, on ‘the other hand, are-generally sold in buyer’s markets, so
the prices “for these products have often failed to sise as fast as the
prites-of impotts:» According to figures compiled by the.Overseas' De-

velopment Council, about 50 developing countries have recently seen

their “terms of trade”—the relative value of exports versus imports—

Tnvest 1 capital; although many industrial nations have, Conse-
quentlYany Third World countries have been increasing their debt
.at a rafe that often oytpaces their rate of rdal economic growth.1s

The bane of Third World importers, oil is a boon ¥ Third World pro-’

ducers Many geologists believe that new petroleum deposits remamn
to be discovered within the boundaries or off the shores of poor
countries that are not now oil -producers. Some authorities believe
that these areas may contain half the world’s remaining undiscov-
ered oil Such estimites are necessarily ‘speculative, and much more
intensive exploration is clearly warranted. But even the discovery of
relatively cheap il is no cause to postpone developing sustainable

2

- energy resourcés. . -

- .

World oil prices today *are in the range of $13.00 per barrel, even
for oil that dosts. oty 50¢ a barrel to extract. Third World nations
that discover g8ik foday must—in the course of designing their
domestic " epeldy gtrategies—consider not just the prodmction
cost of oil, ;)hq’ﬁ'so' its. world market value. Rather tﬁan burn-
ing this ol td fuel their economies while oil remains “cheaper”’
than solar"tec',hnologieg they might be wiser to sell much of their

. P -

deterioraie. Muoreover, few developing countries have ‘attracted OPEC-

+
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oil at high prices to countries that have acquired a nearly para-
lyzing dependence on”it. (China, which contains about, 20 per-
cent of the world's population and produces lesssthan 3 percent’of
the world’s oil, manages nonetheless to export about 30 million bar-
rels net per annum.) The new Third: Workr,?)il producers would then
be-Free to inyest the revenues in.renewable energy techhologies that,

compared with those built to use oil at.international prices, make."".

sense for them. What's more, such developments would allow many

z‘.,
'
t

e TN
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African, Asian, and "Latin American nations to begin building an’

energy base that will last as long as the sun.1”

- .

4 . ’ . N ¢ .
A handful of Third World coyntries have coal reserves, apd coal will

doubtless be tapped as a transitional energy source by some. But“coal”

is distributed even less equitably than oil, few developjng -countries
have coal deposits - Latin America and Africa combiﬂﬁn

than 1 percgnt of the world’s coal. In contrast, the Soviet Union has
56 percent of the world’s coal supply, while the United States cop-
tains 19 percent, and Europe has about 6 percent.i®

¢ . :
In the industrial world, commercial interests with large, coal holdings
are exerting considerable pressure on tReir overnments .t cemmit
public resources to coal development. At the samae’time, enwiron-
mentalists and public health agencies are demfanding that siffus;
heavy metals, 1’carcmogenic-hy«:ﬁ'ocarbons, and other harmful air-
borne pollutants emitted during coal ‘combustion be controlled,»Some
parts of the industnal world now appear likely to commit largeFrac-
tions of their discretionary .capital to coal-conversion technologies,
and in the process to refashion much of the physical stock of their
economies to acommodate the characteristics of coal as an energy
.source. They will become increasinily electrified and centralized, and
the eventual solar transition will*be just that ‘much more difficult
to achieve. .

Yét, coal is a temporary savior at best. It is ruindus ta the land to
mine, difficult to transport, bulky to store, and dirty to handle and
burn. Emissions, of carbon’ dioxide~*an unavoidable consequence o
coal combustion—produce a* “‘greenhouse effect,”” warming the

possess less
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earth’s atmosphere. The consequences, which arey cumulative and

.16 long-lasting, will likely bring a halt to coal combuttion long befpre: o
) the world’s supply of coal has been cansumed.®® They ill force soa”
cieties that have geared themselves for a coal-based econotny to entér
another pdinful period of adjistment, another “energy grisis,” ds
they redesign their phy€ical way of life to rely upon renewable ener-
gy sources. Thus, ironically, the Third World’s lack of coal may-work
to its advantage. While resourcé scarcities of any sort are not to be
‘envied, developing countries with little or no coal pgt;Ln'fhl/may at

least be spared costly inVestments in technologies built to eXploit a -

fuel that can play a transitional role at be&t, - v
1] b L . . i b h

. aking judicious decisions toddy, «the countried of the Third
/ Worl& can aVoid the detour~through 3 new cdal age and proceed di-

rectly into the solar era. YWhey can create tBe'kmgs “of decentralized ,
societies that must become the worldwide norm if civilization is to be

sustained in a humane fashion. s '

»

3

”~_
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7 . O
~ The Nuclear Jrap  * , f e :

Some analysts expect nuclear power to_play a major role in the Third
/ World. The International Atomic Energy Agency (I.A.E A.), for éx-
ample, forecasts that at least 293,000 megawatts, and possibly as
much as 437,000 megawatts, of. nuclear .capacity will exist in the
developing wor%y the year 2000 Such estimates -are greeted, with
fervent enthusiasm by the companies that manufacture nutléar re-
actors-dnd fuels Maving watched their .markets in the industrial .
world disappear in recent years, wibh deferrals and cancedlations
greatly outnumbering new reactor otders and with’ many ipdustrial
o countries cutting their official” forecasts for nuclear growth ‘by two-
’ thirds, the nuclear industry has eagerly turned to,Third World mar-

e ¢ * -

> - ’etsbto hawk its wares.20 o

But the 1 A.E.As rosy forecast and the enthusiasm of nuclear ven- ..
dors notwithstandinf, the éntire Third World now -has only, 2,000
megawatts of installed nuglear capacity. For rmany reaspns, the

e o 18T
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o LAEA's predict‘on of -a 200-fold-ingrease in nuclear capacity over
the next two decades seems ouf of line. A central reason is that nu-
clear- power, like oil, would be an energy “ifport” for most coun-*
‘tries and an expensive one at that. The largest costs associated with
the development of nu¢lear power are for capital equipment, and for
fuel, and ‘almost all this money would be spent in- the ihdustrial
s world. In many developing countries, ‘the cost*of a single :small
nuclear reactor exceeds the value of7all annyal exports. Naturally,
the purchase of such a reactor would pose extraqgdinary balance-
of-payments problems. U .
, ‘ K
» The adoption of muclear power wauld also strengthen rather than*
diminish the'q‘:hnolo ical dependence of poor countries upon rich
ones. Since few developing countries are lhkeély to develop a do-
mestic nuclear manufacturing capaet € fo able future,
most would be forced to rely upon the goodwill of the nuclear ven-
dors when parts wear out or suffer damage 'and new equipment is

. needed. . - P

« Most Third World countries would al$o have to turn abroad for fuel,

- ~because. uranium is no more évenly distributed than oil or coal. Just
four nations—the United States, Canada, Australia, and South Afri-
ca—possess 85 percent of the entire non-communist uranium-base.

"¢ " Australia h3s -stopped exporting uranium, while Canada arid the
United States have " limited their uranium, exports for political

’ reasons.?! v/ N :

- relignce upon the industrial world. Uranium ore cannot simply be
shoveled into a power plant like coal. To be used‘in most reactors,
ore myst he first enriched and then fabricated into fuel rods. Unless

- they irfvest in costly and elaborate equipment to perform these steps,

« even nations with domestt uranium supplies cannot develop nuclear
power as-a meéns of meeting their own energy needs. Whilk heavy-
water reactors Ye.g., the' Canadian CANDW»reactor) do nd®require .

" enriched wuranium, they can lead to energy independence only

for countries with domestic uranium supplies, fuel fabrication ca-
- ° Fs

- .

(' Even if uranium were léss scarce and costly, its use would still entail

.
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Z . pacity,. the ability to*manufacturé spare reactor paris, and facilities
18 . for producing heavy water. ,

B
. .

Nucleay eqliipment tepresénts v¥st amdunts of embodied energy as

well as materials. Energy use 1s concentrated Primarily at the begin- .
..ming of the-nuclear power cycle when the facility is built“and wien :
* ., the fuel-is enriched. The old saw about the need to spend money to
.. i make money”has a parallel herg: to produce Jarge amounts of energy,
" large ainounts of enérgy must be.invested in production, If the raté
of growth.projected by-t-A.E.A fdr nuclear power 1n the Third World
—holds, building and fueling. nuclear reactors could consume more
“energy through the year 2000 then the reactors would produce, yield*

* _ ing a two-decade. net energy drain, Moreover, virtually sl the energy =
* used would besconsumed in -the industrial world, which would Fe-
ceivespone of the energy produced. As conventional enesgy sources
fow more scarce and expertsive, the industrial nations will nd doubt .
think twice abqut encouraging the ekport of goods that have hjgh

1

-

energy costs. 2t '
.’ «' iE’f'.‘? o

b
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* ‘~alhe inextricapté linke'tbetWeeh commercial nuclea? powef and the
spread of nueledt weappns poses still another @bstacle to the use of
the ,“peaceful atom.”” *A_standard 1,000-megawatt teactor 'o@eratin .
* at ‘fuﬁ power will produce .about 375 pounds of plufonium eacﬁ
.year. A crude atolbomb requires less than 20 peunds of, plutoniym.

. eapons development may procéed whether P not nuclear poweflis—
‘.. commercialized, but .commertialization certainly makes acquiring the” . -
» equipment,-fissile 1sotopes, and trained scientists needed for bomb - °

building easier than- it would otherwise be The threat of ferrorism.’ |

would be compounded by the'4dvent of commercial breeder reactors.
that produce more plutoniuxp or other figsionable, material than con-
ional reactors do. ’ ’ .

- The prestigious ‘British Royal Commussion report an nuclear power
¢« Wncluded that “’the sprea! of nuglear power"will ineyitably facili-«
tate ‘the spread¥of the ilfty to mgke nuclear weapons” and that ,
- with respect to the constriction of these weapens, there ts"no reagon ', -
to trusg. t!\e _stahility 05 any mation ,Q:fwany. political persuasion for
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» cénturies alead “2*The growing understanding of this link between =
nuclear power and nuclear weapons his been reinforced by recent
confroversies over whether nucfezr arsenals already exist 1n Israel
.and South Afnca’ L P : o e T e

» '
LI o, U

Mechanical breakdowns, cconstruction fgalts, operatbr'.erro}s, or.acts
of sabotage could also create extraordinfary Yangers. That catastioph-'
ic events are possible is Beyond doubt. How: probable they are i,
" - subject to debate. Data'are scapce and bpigiohs yary widely. Virsyally ~ «
+ all\detailed studigs' of nucleag dangers have covered only developed
couritries, and ‘most have folused<on the United States. Dan erd . .
unique to the Third, World thus, remain largely unexplored. Su'&ice"
"1t to remark that nuclear safety demands a degree of carefhul*c‘qy\pe— v
tence and, perhaps, sheer luck that are inusual in any culture. . * * " ‘

[
»

-

. o PR REY L
One infportant limit on the apPlicability, of nuclear technol to the
Third World—or. anywhere, for that matter—is, iipp'osecgb\xa e need
for sensible over ystem design-g Intercorinected electrical giids:
.must. be ‘capable of continyed operation eved if- their -Jargest, single -,
" power source fails. This is a particularly acute concerp whert nuclear’s » «
reactors are employed since they have proven’ chrénically -unre. . - *
liable. From 1968 through 1975, large U.S. reactors (800 ‘megawatts
" and more) achieved average’ capacity factors-of only’ 51 percents
versus the 70 to 80 percent predicted by’ the nuclear jnduspry . «
. At least 6,000, and pre&rably 10,000»megawatts bf Installed,capacity”, .+ J
are needed to accommodate a single 60D-megawatt reactoggsf .powet .
is to be maintained in all parts of the system whenever tha} reactfr-is-*
shut down. By this criterion, only five Third ‘World .countrted atv in. "_2 ,

. ‘

% a position to accommodate secutely even one small reactor2? +, .., FPRRA
) . LR

, 1 - N ‘4
It is technically possible to build commercial teadtors of very smalk
size, and 150-megawatt or even 50-fnegawatt units are often, djscussed. ; .
But such small-scale reactors’ are ‘not'now on the siarket, angd :m- " ,
pottant economic factors ‘(e.g., large and, growing: fixed costs that* -
are not proportional to reactor size) make thﬁrngévelopment .most .,
unlikely. Morgover, since small reactors would find applicatior only - -
in, poor countries, their' development' is of little” interest "to “the
countries that currently have nuclear mahufacfur‘igxg’x‘apg'bllih'és.zb .
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.Experience in the United States hglds particular rg\evance for devel-
oping cquntries that ate consideripg ‘making nucleas investments. Al-
though endowed with engrmous financial and technological re-
sources, the U.S. nuclear pfogram shows signs of coming apart at the
“seams. Nuclear ‘opponent: ﬁave repeated%' pointed out esrors in
reactor gPsign, constsuction, and placement. The problem of.radio-
active waste disposal also,\remains unsolved Taking these factors
into account, President Carter has urged the world to halt the de-
velopmenf of the Liguid Metal Fast Breeder Reactor and has also ex- °
pressed opposition fo the commercial reprocessing of pluténium.
Westinghouse, a <targe American firm, recently unsettled the nu-
cleat market by refusing to honor fuel-supply contracts with utiki-
ties because the world price of uranium had risen unexpectedly.
. g

Reactor sales in the.United States plummeted from 35 1h*1973 to 27
the foljowing year, to 4 in 1975, to just 2 in 1976. The uncertainties
plaguing the Jevelop nt of nuclear power iri the United States and,
increasingly, in Emo%i and Japhn suggest that countries .thinking
. about importing nuclear technologies would be wise to hesitate -

iese uhcertainties have beensgclgared up. Over and
above the questions of high costs? plant safets, fuel avalability, and
“waste’, disposal, developing countries must consider the likelihood
that fears of , weepons proliferation will lead the nuclear exporting
countries to -exercise strichom?l’sﬁﬁ the futdre over the'use of nu-
cle exports—confrols that.will necessarily intrude upon the sov-
ereignty of states-that buy nuclear facilities.?” v
The beleaguered puclear industry continues to maintain that its:’
problems.are those that beset developers of any young technology
rand that the wrink]es will be gradually ironed out. Yet new d_nf?i-'
culties hdVa Ween emerging with noteworthy, regularity, and the

. trend sho#s$ no sign of abating. The most recent problems are those

related to decomfussioning radioattive facilifies—mills, enrichment
plants, fuel fabrication facilties, reactors, and reprocessing plants— -
at the end, of their usefulness. These cosgp will surely be large. The
U.S. government is paying about’ $85 million to clean up residues’
from inoperative uranium mills. The cost of decommissioning a

\)‘ '(. ¥ 4 0'.'. - L)
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commercial fuel-r%processinmn Néw York .has been estimated
‘to be as high as $600 mullion. Dismanthng a-single reacto?*could 2
cos§ as much as $4p mllion. And estimates Sf the cost of decom-

- missjoning the Hanf_qrd facilities in the ’state. of Washington (not
incldding the disposal of 71 million gallons of highly radioactive
waste) run to $4 glhon 2 | - S
"As th&_evidence ‘mounts, commercial nuclear 'power looks more afid
mote like’a costly mistake. {t is a mistake that the financially strapped .

i

Third World would do well to avoid. fo \
i - . - '
Sustainable Soprces of Energy T ©Ae J

’

Every home is 3 $olar home. People think they heat th@r homes with

" +fifewlbd, -ail, or other fuels, but ‘95 percent of their wargnth comes

from sunlight. In a-sunless world, each dwelling would be 240°Cbe-

—low zero before the furnacg was turned on. The domiciles of ““solat

¥ pioneers” simply use the sun’s heat a littl\more_ efficiently than do
thefdonvtgjidnal’homes of their neighbors.’ ' ..

' * . . A

. ®If the sunlight’ that grows our food and fiber crops, the wind that

blo%s swollen rain clouds to. the mountains, and the firewood that
- provides half the world’s pgpulation with mdst of its energy were
measured-by our energy accountants, conventional fuel *yse would
appear.-insignificant. Every' day the sun delivers to the earth thou-
sands of times as much energy as we currently derive.from all other
sources.” ¢ L L . LT

. . v , . .

The neglect of the sun by statisticians is not the result of an elaborate
conspiracy of gilence. People ignore the sun for the same reaspns
that fish ggnore#vater: it is abundent, free, and’ dépendable. With
. some minof fluctuations, the sun has bestowed its bounty on the
. earth for Your billion years, and this genergsity is expected to extend

* for several billion more. Even the sun’s inconsistency is regional and
¢seasonal, not arbitrary.or political,.and it can therefore be anticipated
* and planned for. iy s o
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This solar influx can be harnessed directly as sunlight and indirectly
as Yalling water and green plants. Every essential technological in-
gredient for a commercial solar system Kas existed for more than a
decade, although many have not yet benefited. from economies of «
mass production.

- ‘ .
.

*
The issue today-4s whether we will adopt the necessary policies to
develop these resources, or_wiether vested interests wiﬁ, coerce our
continued reliance on sgufCes that are dangerous, vulnerable to dts-
ruption, and ultimately'unsustainable.

Solar %nergy sources produce no bomb-grade materials or radioactive
wastes They do not pollute, explode, or cause cancer. Dispersed

negr the points of end use, they are not easily disrupted by acts of
God ¢r man. Had industrial civilization been guilt upon such forms
of erfergy “income” instead of on the energy stored in conventional
fuels; any propasal to turn to coal or uranium Yor the world’s future
enenfy would doubtless be viewed ‘with incre ylity and horror. The
current prospect, however, is the reverse—a t from trouble-ridden
sources to safe, sustainable ones. o ‘

Many decentralized solar technologies already ‘exist for both urban .
and rural application. These can provide ‘energy as heat, liquid or
gaseous fuer mechanical work, or electricity. The quality of ene;gy“”‘
sought from the sun and the costs of collecting, converting, and®,
storing that energy usually correlate directly: the higher the desired
uality, the higher the cost. Sources and uses must therefore be care-
ully matched, so that expensive, high-quality energy (e.g., electricity) , - -
is not wasted on jobs that do not require it.2°

¢

The simplest task to accomplish with sunlight is to .provide heat. !
Sunshine can warm homes and workplaces, dry grain,or provide in-
dustrial process heat. Solar heating is often disparaged as a tech-
nology of little conseguence, but tEe relevant data prove otherwise:
most of the fuel buri around the world provides heat at tempera-
tures that solar collectd®s could easily achieve. —_

2
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Solar water heaters can begmanufactured rather easily using ma-
terials ‘that are either indigegus to the Third World or else recycled. 2
Collectors made of old window panes, sctap mefal, wood, and bam-

- boo have worked effectively in some places. More sophisticated col-
lectors can be mags produced fairly inexpensively. Japan, Israel,
Australia, and the United States all have large and growing manu-

-* facturing cap*jties. About ‘20 _percent of Israel’'s homes now, employ

‘ solar ‘water heaters. In Australia, the use of tﬁ?s technology is now

~ Qreﬂuired by la# on-new bulldings in the Northern-Tetritory. Japan -
" ‘today has abofit two million units installed; and annual sales ‘equal

. several hIndred thousand. Niger makes commercial solar water heat-

ers, but-flficause they are costly, the devices are used mainly to meet
the need®f tourists.» . .

’

-

* ' e
The United States has the world’s most expensivé solar water heating
- systems (with costs ranging from $10 to more than $30 per square
foot of commercial coltector) and “comparatively inexpensive elec--
tricity. Yet recent U.S. studies have found solar water heaters to have- '
an economic edge over electric, water heaters.’! If water temperatures
no higher than 50°C (about 120°F) are required, much dheaper sys-
. tems will suffice. .
. . A , . |
Washing dishes, utensils, and hands with hot water leads to a higher
- level of personal hygiene and a lower incidence of disease. Wasﬁh(g
clothes ‘with soap in warm water diminishes the amount of agtation:
needed to get tﬁem clean, thereby extendirig the _garments’ ,useful
lives. While temperatures above tKe boiling point of water be
produced using focusing collectors, such. collectors are -diffic¥it to
manufacture from local materials. So where extremely hot water is
needed, it may make more sense today first t§"pteheat the water with
a simple solar collector and then to use combustible fuel to provide
the additional heat. Lo SN

:Sunshine can also be used.to-heat. buildings. ‘Although thé Third
World is thought by many to consist only of hot equatorial coun-
tries, buildings in the Antles, the Himalayas, Northern China, and
most areas to the south of the Tropic of Capricorn have significant

(S B , 23 ' Coe
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space-heating requirements., Thgse, can be met using any of several
solar options. "' Passive” solar heating systems store energy right
where sunligh® impinges on the building’s walls and floors; such
systems are designed to shield the structure from unwanted summer
heat while capturing and retaining the sun’s warmth during: the
colder winter months, Such “designs, with windows facing the
equator, carefully placed overhangs, and features that rely upon pre-‘
vailing winds, are part of the architectural heritage of many develop-
ing countries. This heritage underscores the fact that it generally costs
no nn}ere to build a home intelligently than fo build it foolishly. Fuel
saviigs of 50 percent and increased comfort ae common where such
designs are used. ""Active’ systems, in' contrdst, use solar collectors
to capture sunlight and then transport it (using air or water 4s the
medium) to a storage area, where it is’ later tapped as needed. Active -
systems are currently comparatively expensive,-and most Third
World residents will find it chedper to fylfill their remaining heating
needs (after employing passive solar designs) with firewood or, other
combustible fueE. : .

Solar cookers, most of which are parabolic mirrors that reflect and
concentrate sunlight onto a grid or a pot,. are simple and relatively
cheap to build Aimed toward the unobstructed sun, they cannot fail

. to-work, Yet, for several reasoms, they have pever been successfully

employed in the Third World. The use ok solar cookers_requires the
adoption ‘of new methods -ef ‘meal preparation, and restficts cooking
times to daylight hours. So it is not enzirely surprising that in pro-
grams in Mexico and India, the cookers tailed to win acceptance even
when they were given away, — ) . .

N

Slightly more sophisticated approaches that require fewer sacrifices
-or adjustments on the part of the users are now under development,,
Volunteers in-T_echnicarAssistance. U.S. group interested in devel-
oping and promotirig appropriate technology’, is working on an un-
complicated acid storag‘e-gattery. When heated with a simple Fresnel
lens, water evaporates from the acid to a separate compartment. At
meal-preparation time, the device is turned upside down, the water is
gradually recombined with the acid, and great amounts of heat are

- 24,
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. . ”Sunlighi can be used to cool things as!

L] N 4 ~ .

given off. Other appsoaches receiving attention are slow refléctive
cookers, baking ovens, and stew pots K

Sunlight can be used to cool slsmEs as well as to warm thein. Evapo-
rative cooling for food storage and for personal comfort costs. rela-
tively little. It is particularly practical in hot, dry climates., Mote
sophisticated technologies that produce lower temperatures are sold
commercially in the .United States and Japan. These solar absorption
cooling systems are being employed in many new solar houses in
industrial- countries, and small versions could provide cost-effecti

v

stufts and medicines is as djfficult as it is important. Such systems
have-the advantage of worfing most effectively, when the™sun is
brightest and cooling needs are greatest. (Large solar absorption air
conditioners ase now being plannéd for use in a hotel in Khartoum
and at the U.S. embassy in %uagadougou,'Upper Volta.)

V

well as to warm them.”

1

Lo
>

refrifgeration in developing .lands, where keeping perishable ‘food= .

Poor water quality is a common prq}lerh in the Third World, and -
j

.-

finding fresh water is perennially a' m
ert regions. The technology oz, solar stills is elementary: supii
is used to evaporate water and then the condensate is golfected.
Such a still operated successfully in Chile from 1892 for abot three
decades. Although® maihtenance costs are low and fuel gigts are zero,

or problem in the world’s des -

he ‘initial capital investment is very high. The stills démonstrate no -

economies of scale, and show only limited promis 46t economies of.
-mass production until new designs and materiﬁs are introduced.
Distilled water from solar stills with 30-year lifegines still costs about

© $4.50 per thousand gallons—three times the jc@ét of water distilled at
a large fossil-fueled fatility. However, for smaf-s¢ale applications, solar
stills are already competitive. The University of the Philippines is
conducting innovative research on low- stills; and several industris
al countries ate experimenting witR*more-advanced designs. 32

r * . S,
For thousands of years, people have beeh using the sun to dry grain,
fruit, and timber. But traditional, open-air methods are slow, and
the food sometimes décays befor® it dries. Simple solar collectors
\wpeeg up the dryin Erocess and allow it to take place in confined
‘structures where'theft by rodents is minimized and rain is kept out.

El{llC} .o . . 252,
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All of°"these heating and cooling technologies capture sun%‘ut in the

temperatuges.’ Concentrating ?lleetors, which track the san along one
axis, can, pro¥e heat in_th€ range of 100° to 300°C—temperatures

‘sufficient to meet any need ofthg food, textile, chemical, and other

industries. Such systems are ri\ow ‘commercially - available in -the
United States and are being applied in a' soup-canning plant in Cal-
ifornia, a fabric-drying facility in Alabama, and 4 concrete-block fac-

. tory in Pennsy]vania. Such "equipment could meet mamy of the energy

needs of the various industries in the sunlight-rich Third World- A
study -commissioned by the Ford Foundation contends’ t%a:,!lsolar col-
lectors will first see widespread use in India in industrial applica-

Id

" tions.33 . s .

Y . »

Solar collectors and solar ponds can provide a power source for
various heat effgines 'that can, in-turn, convert this energy into dseful
work—such as. pumping water or generating electricity. A 37-kilowatt
(50-horsepower) irrigation pump was built and operated in Egypt in
1912. & French company is now marketing one-to-three-kilowatt solar
water pumps for $15,000 per kilowatt. Battelle Memarial Institute -
recéntly built a 38-kilowatt solar pump prototype for about $7,000,
er kilowatt and calculates it couldpbe mass‘-prmfuced for $2,000 ‘per
flowatt. An_American company now sells 10-kilowatt pumps for
$4,000 per ‘kilowatt, and expects .the price to fall to $1,250 -per
kilowatt with mass production.* g ’ .
Decentralized solar-thermal ‘devices can be used to gererate electricity, .
but conversiok efficiencies are necessarily low. This technology ap-
pears to be most promising in applications where the unuged heat °
collected can be productively employed, as it can for space heatihg: or
industrial purposes.?> - o e T

~The most exciting solar-electric deévice is the 'photovoltaic (ar solaf)j

cell-now the principal power source of orbiting space satellites  that
carry much of the worldds international télecommunication traffic.
Such cells, generate electricity directly when struck™by sunlight. They"
have no moving parts, consume no fuel, produce np'pollu'sion,oop-

> 26° .
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** 7 erate at ambient temperatures, last a long time, require Ittle’ miaigge-
nance, and usually consist of silicon, the second- most abundant ‘ele- y

ment in the earth’s crust.?

. .
— - .

Solar cells are generally rated in ®rms of peak power—how much
electrieal wattage they produce in direct sunlight. The energy can be
. stored in batteries and used-as needed. If_the power is required evenly
* around the clock, aM®ut 5 peak watts of capacity will bes required for
~  every average watt desired. Fortunately, few activities use energy
.evenly around the clock, most enerfy demand is concentrated in day-
— ljght Kours when the sun is directly available. -
* " Solar cells are economical todaqy only for remote applications, such
. as pipelings, drilling rigs, signal buoys, forestry stations, and Third *
’ World villages. They have been successfully employed to power edu-
cational television receivers 1n India and Niger, radio transmittérs in
the Andes, water’ pumps-in Upper Vglta, an refrigerati)ss for storing
medical supplies on an |ndian reservation - Arizona. -
’ . . ' . .
Photovoltaic cells are ‘modular by nature, and little is to be gaifted
i by grouping large masses of cells at a single collection site. On the” .
... contrary, the technology is mdst sensibly applied.in a decentralized
- fashion—perhaps incorporated in the roofs of buildings—so,. that
- transmission and Yorage problems can be Mfhimized. With decentral-
jzed use, the four-fifths or more ©f the sunlight hitting them that such.
« . cells currently cantnot convert intor electricity can be harhessed for -
space heating and cooling, water heating, and refrigeration. -

The manufacture of photovoltaic cells, is a low volume business, and

“ .. the products are consequently rather expensive. But costs fell from an -
astronomical $50Q per peak watt a few years ‘ago to as low as $13.50
"per peak watt in 1977, aé volume grew to its current modest level.?

®  The U.S, Department+of Ener Yy expects price reductions to $1-2 per
eak watt by ™80, 50¢ by 1986, and 10-30¢ by 1990.2¢ At today’s -
ﬁces, solar cell#=can be economically applied Jo, specialized Third
ogd needs; at the expected I%Q;price, they sﬁ ) .

ould see. wide

»
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application in developing countrie; and at the 1990 price they <Could
28 capture the lion’s Share of the international electrical enerating mas-
N ket. As the prospect: for solar cells has 'brightened, some of the
“smart money’’ in American industry has seen the light.»

- T

Solar energy can also be harvested indirectly* in falling water, the
wind, 2nd plants grown as fuel. Water wheels have been used for mil-
lennia for such purposes as grinding grain, and locally built mills are
still in use in sonf®®ountries, including parts of Afghanistan and
Turkey, where they are rather common.. Water turbines spin much
faster than water wheels and are used mostly to generate electricity.

" Units, smaller tha kilowatts may account for.-one-third of all
hydroélectricity in Chiha."Qne report ¢laims that the number of such
facilities has grown from a tal of 15,000 in 1968'td 35,000 by 1972 .
to more than 50,000 by 19%4. he dams for virtually all these plants.
have beert locally built, usually of earthfill.« * .

. ’
. . .

‘ L] v
The potential of small-scale hydropower “technologies has never -+
®een thoroughly studied."Most research has focused strictly on iden-
"tifying optimal sites for huge dams and storage reservoirs. But now
that these large facilities are running up’against major problems—~thetgy
flooding of good agricultural lands, the‘(fisplacelhent of vast num-
bers of people, and the spread of schistosomiasis—new attention is
being paid to alternatives of less elephantine dimensions. A recent
report byl U.S. Army Corps of*Engineers found that ip the United
States 547000 .megawatts of génerating capacity: could be installed at
more &hﬁ% 50,000 existing dams 25 feet or 'hi%her (built for agricul-

,

ural pu¥poses or flood control rather than for power).4! Installed ¢
U.S. nutlear generating capacity, by comparison,” is only 48,000
megawatts” *

- A\ ]
Especially in the mounteinous ttibutary regions of the Thitd Werld,

N small-scale hydropewer technologies appear to’ hold great promise.
The units, available from China, West Germany, Britain, or "the
United States, ‘are relatively inexpensive, and local labdr can build
the needed dams and divert.selected streams. . .

»

© - - .. ‘W'./ . -
28 . A




° . 1 .
[N . EE

”Smaller windmills produce power in
much slower winds, and thus can operate
. . ) a higher percentage of the time.”

P 4 . 3 .
L]
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appears to have worked quite well, and success stories have a
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Machines to tap the energy in the wind, like those that harness ‘water
power, are of two basic types: mills and turbines. Windmills turn
slowly and are used for high-torque work like pumping water. Wind-
turbines turn'much more rapidly and are ordinarily used to generate

electricity. Wind power production increases with the square of #

propeller’s size, so large wind machines produce far more energy than
dd small ones, Moreover, wind power increases with the cube of
velocitys thusha 10-meter-per-second wind produces eight tirtes as

29
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much power-as a 5-meter-per-secdbnd breeze does. Some-wind power

enthusiasts therefore think extlusively in terms of huge turbines on
very windy sites. A recent survey of large U.S. ‘corporations conduct-
ing wind power research disclosed that only one of them had any in-
terest in small or intermediate sized turbines.*2 But the "think big”
approach™is not necessarily appropriate for either the'agrarian or the
indystrial world. The crucial question is how much energy is har-
nessed per dollar of investment. Increases® output are desirable
only if the value of the additional energy extracted exceeds the extra
cost, and economic optimization need not mean giant turbines. Small-
er windmills would lend themselves more easily than large ones to
mass production or to local construction from available materials.
They also produce powémim much slower winds, and thus can op-
erate a higher percentage of the time. ‘ -
. .

Wind machines have had “a distinctly mixed history in “the Third
World. Because of poor maintenance and shortages of parts, wind-
mills have been abandoned in Mali and Uganda. In-Tanzania, the
selection of windmill$ unsuited for local wind conditions led to
chronic problems, and most of those in Isolated regions appear -to
have broken down. On the other hand, another, Tanzanian fro ram

so been
reported out of Zambia and Argentina. Of particular interest is the
occasiona? smooth transfer of a successful low technology from one

region to another. For example, the Geleb people in the Omo River
region of Ethiopia have begun building a sail-wing windmill to"pump
water, adopting a design that has béen in use for hundreds of years on
Crete. The Ethiopian wind-pumpers are constructed of local materials
and appear to be performing admirably.+? K. ".
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Small-scale wind turbines to produce electricity cost as little at $500
per kilowatt for” 15-kilowatt generators. When coupled with hydro-
power as a back-up, iqten*njecfiate-sized wind machines are today an
economical source of electricity, even in the indystnal world. Future
economies—perhaps of scalemand certainly of mass production—
_should lower costs.» . . "

A final option is to harness sunlight indirectly by ta;;ping the solar’
energy stored in the chemical bonds of green ‘plantg, One swch ener-
gy source is firewood,  which already contributes about T'5 percent as
much commercial energy each year as do'the fossil fuels. Ambitious.
“plant power” plans abound. Brazil, for example, hopes to grow
sugar cane and cassava for their energy content andrto convert them -
into ethanol. By the year 2000, it hopes to substitute the ‘resulting
alcohol for all its imported gasoline. The Philippines plans to use
coconut husks as fuemor electiicak power plants.  The annual crop
could digplace two million tons of imported diesel fuel. o

Biogas gchnologies emplo‘anaerobic bacteria to digest animal dung,
humangfexcreta, and other organic wastes td prodgce methane, the
chemical equivalent of natural gas. The residue of the process is a
.high quiity fertilizer, free of many of the pathogens and ‘weed seeds
originally among its ingredients.+* Ty

>

Development of biogas technology has been ca;neﬁ;rthe;st in China,
despite the fact that China’s climate j far from ideal for this technolo-
gy- The fifst attefipt to propote the technology i 1958 failed, but in
1970-72, a few hundred biogas plants were buif; in Szechwan. So suc-
cessful were they that a natipnal program was begun in earnest. By
mid-1975, 100,000 biogas technicians %ad been trained. In May 1977,
the New China News Agency reported 4.3.million working units—
many ‘of them communal plants preducing up to 100 cubic meters of
gas per day, each able to meet the needs of 50 Chinese peasants. Re-
cent reports indicate that 17 million people use biogas for cooking
and lighting in Szechwan province alope. The capi st of a ten-
cubic-meter tank to serve a S-person family is betweefll§15 and $20,
depending upon the materials used. Costs have fallen y txgre‘than

v
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half in the last five years In Hunan province, such a biogas plant.is

expected to save a typical family 40 person-days and about $35 per 3]
year®s, '

H
1
-

Biogas technologies are well undersiood, and they are reliable within -
certajn temperature ranges if appropriate mixtures of ingredients are
fed into the system and toxic contaminants are kept out. But social
‘obstacles, including an unwillingness in some cultures to handle
dung, impede their use. The dung from at least three head of cattle (or
equi%'alent erganic matter from another source) is needed for the
smallest economical digester, and the technology makes most sense -
where cattle are, kept in, enclosed areas. Poor people.cannot, make
profitable use of an individual digester; and even in village collectives,
agreemeflts..regarding the collection of dung, the use of equipment,
and the distribution of the resulting fuel and fertilizer must be ham-

mered out ’ , .- ,

.

-Direct sunlight, ‘wind, water, and biological sources all hgld/great '
promise as Third World energy sources. All that is needed to ay is the
political and economic commitment to build a sustainable energy
system. -

.
{ o

"

Energy Priorities for the Third World ‘ -

. .

"The Third World faces difficutt energy choices. With little capital,
few trained technicians, scanty infragtructure, inadequate reserves of
conventional fuels,.and a large and rapidly growing population, it has

little arfin for error. Any commitment of resources to one energy
optio'n[gi I necessarily deny them to another.

.

Energy is the means to an end; it is not valued in itself, but pnly for

. the work it‘can gerform. To construct an intelligent ener y policy for

any society, planndis must first ask what work needs to be done; and

then determine how much energy in what Form will be required to

perform it. These requirements tzen can be matched against the .en-

ergy sources avgilable, and reasonable choices can be made.
-
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% 7 The basic human. needs are for fodd, clean water, shelter, and Kealth”
32 Once these have been satisfied, societies can choose from a wariety of
’ other possible gnergy uses on which fo gpénd.remaining energy

supplies. Since societies have different human and physical resoyrces, |

some will pursue different goals thar others. Some will emphasize ag-

'as banking or

{iculture, others industry, still .others’ser'viCes‘_(sygh
ouriém). .- 4~ : ‘. .

' e * v -

Satisfying, .basfc needs requires very littl 'i/Moreover,. these
needs can be easily met in the Third Wor judici
sustainable energy sources with.. which it s antly endowed.
Most of these resources are rather diffyse and af§ comparatively dif-
.. . ficult to harness to provide the energy needs of large cities.' But, for-
* . tuitously,- the overwhelming majority .of the populations.of most
" Third Wqtld courtries inhabitsmall villages in r al areas.
. ' I
Yet, Tost Third World capital gxpenﬁutes for énetgy are now being
. sunKinto centralized facilities'designed to serve large urban-conglom-
erations. Bdth these biases toward assignin? topsprjority to the needs
»  of urban areas. shduld be reversed, although the task'will be difficult.
“"Those in ‘power always want big accomplishments—scientific ac- -
complishments and politically visible facilities,” ‘explains M.C. Gupta,
Director of ,the Thermadynamic Laboragory at the Indian’ Institute of
Technology. Cities are more *visible” than - villages and “urbanites
> _also tend to be better educated and better organized pr litically than
" the inhabitants of the,surrounding countryside. (On tﬁz othej hand,.
successful modern revolutions—as opposed to 'niots or ¢oups d’etat—"
have mare frequently been carried.out by a disenchanted peasantry
than by a rebellious urban proletariat.) If the greatest gdod for the .
greatest number is to be the aim, highest priority among investments
/ in new energy sources should be given to decentraltzed facilities de-
"« signed to provide oR-site power to remote rural villages where most
. AL

4

~ i7" peoplé livg.se : v . .
? ..
. In the past, mést capital dedicated to energy has been’spent on con-

- ventional epergy sources, even in countries that were 90 percent
« dependent upon renewable sources. Resources desperately needed for

~ .
'

) o . . .
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. reforestation prigecis amd small-scale_hydroelectric facilities and vil- -
"lage wind ttrbines have been squandered on technologies iy 3
matched to the real needs of. most people in the Third World. Officials
have not wanted to settle for-"'second-rate’” renewable energy sources
while the,industrial world flourished on oil and nuclear power. |

[

Many attitudinal impediments to the use of solar. technologies may
now be vanishing as the global south begins developing its own re- -
search and: deveﬁ')pment capacity, and as the risks of dependence -
on oil and nuclear power become cléar. The resulting indigenou
technologies may prove to be more compatible than borrowed ma-\\
chines and methods with Third World needs and goals. Brazil's large
éthanol program, India® gobar gas plants, and Saudi Arabia’s grow-
ing fascination with solar electric technologies can be all read as signs
of an interest in renewable energy resources that bodes well for the
future. In addition, the simultaneous shortages of ‘firewood and petro-+
leum further encourage Third World interest in solar solutions. Final-
ly, many Third Worfd leaders may be.recognizing that it would be
foolkiardy to base their energy-development plans upon an energy
source with no future. - N

e

It is as important for the Third World as {t is fer the industrial world
to view energy conservation as a legitim }ie object of massive public
support. Becayse energy must be invested in order to deliver energy:-
if a useful form—firewood requires long walks with heavy bundles;
—coal must be ‘mined and ‘transported—a unit of energy saved in, end.
use will additionally save the energy ‘othetwise lost in the production
process. In the case ,of .firewood, conservation reduces a burden that
in most cultures falls disproportioiately'upo:’\ women and children
who do the gathering. Investments in conservation, such as pressure
cookers and more efficient stoves, will almost invariably save more
energy than similar investments to increase supplies would produce.4”

Sqlarfenergy and epergy‘conservation present the Third World ‘with
new opportunities, but technological innovations prayide benefits
only to those who can afford them. The agricultural geen Revolu-
tion, for example, vastly increased food production in many areas of .
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the world, but the’ incremental wealth often served solely to make

34 the rich richer. » »

So *too, the intrpduction of renewable energy teéchnologies can

bring disproportionate benefits to the rich. In"fact, it can easily

leaver the poor worse off, in both relative and absolute terms. Con-

/ sider, for example, biogas plants—a perfect textbook case of an appro-

priately-scaled renewable .energy technology. “Gobar”’ gas plants,

experiffiented with in India since the 1940s, use anaerobic bacteria to

convert cow dung into combustible gas and rieh fertilizer. The gas is

. a more useful fuel than is dried dung when burned directly, and the

fertilizer produced is more valuable than dung would be if it were

returned directly to the fields. But, especially in the early years, this

technology was adopted and used to advantage only by relatively rich

farmers (Even today, individual plants are limited to families who

*own at least three cgws.) Meanwhile, dung, which was formerly

worthless to ¢he rich, acquired a value, and the poor were no longer

able to find it along the Tdside. A partial answer has been for the
. government to provide higher, subsidies to the poor than to the rich, +

thus allowing a larger fraction of the rural populace to take advantige
. “of .the techng}og . The highest subsidies are reserved for communities
that elect to build cooperative plants (although the truly destitute are -
“often excluded even from these). But where measures to ensure a
reasonably equitable distribution of the benefits. from the technology-
are not taken when it is introduced, this exceptionally attractive and
relatively inexpensive energy source can work td the genuine dis-
*advantage of muchof the rural popula’tion.“" . :

Sales of the French sqlar pump marketed by SOFRETES have had

similar consequences. Sales are now being siibsidized in order to build

allarge market, and mass production is &xpected to lower the pump’s

chst from the present $40,000 to less than $8,000. But even $8,000

an almost incqgpétivable sum’'of money to most of the world’s rural

. poor. Indeed, most large: villiges would have trouble raising this
amount. <In the Mauritanian viﬁage where the first such commercial”

pump was installed, water used to be free, and children were respon-
sible for carrying it to their homes from the well. But the two richest

34 -
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- v . New energy sources do not constitute a .
o simple technical fix to the world’s most |
R ’ difficult social and e¢onomic problem: the
’ uneven distribution of wealth.”.
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inhabitants of the village have now takerf control of the pipeline, and '
they are selling their neighbdrs water and denying childrei the chance 35
to contribute to the well-being of the community.+
/

Objections gnd reservations can, of course, be raiséd against any new
source of energy, whether a nuglear reactor or a simple solar water
heater. Capital must be invested to reap the advantages any tech- -
ndlogy can bestow, and people who earn less than 50¢ a day will -
have trouble savingagny money for ‘investment. But to recoghize
the obstacles, is not to argue against the development of new energy.
50 . It is, rather, to acknowledge that new energy sougces do not~
,co?titute a simple technical fix to the world’s most difficult social
and ec6nomic problem’.the uneven distribution of wealth. Conse-
quently, if profound social change does not acsompany the intrfuc-
tion 02, biogas plants, windmills, or photovoltaics, only the ricK will -
have energy. Tﬁe wedge driven into the income gap as‘a result may
‘lead to a more painful readjustment later. ~ * i

’

Howéver, it must berecognized that solag energy resources are in-
herently ‘more egalitarian than their alternatives. *hey are abundant
throughout the Third World and require no expensive transmissioh
grid or pipeline system to distribute. They are, by nature, anti-
monopolistic. Moreover, the greatest division :between rich and poor
is that whi¢h separates urban dwellers from rural inhabitants; and
renewable resources are, in general, most easily tapped te meet fural

needs. \ “

Perhaps the-most&ifficult problem is that of distributing capitak to

those whoaemost it. Central gdvernments car* much, more easily’
+ spend their reven n a handful of gigantic projetts than on mil-
lions 'of ‘smaller Gnes—whatever the relative payoffs of the two,strate
sies. This problem, however, is not intractable, aswhe success of
ecentralized technologies in China demonstrates.

-

If means can be found to give everyone*access to%solar technologies
and energy-saving equipment, a constructive process Bf self-multipli-
cation will begin. Once installed, such technologies will begin tp save

o -~ s .
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the purchaser money. These savings, in turn, can be invested in still
more equipment, thus multiplying the savings. The end result could
provide a meaningful contribution to the solar transitiog. _
. "

Since investment funds tend to become available where energy is
available, a transition to gentle; siistainable energy sources could
bring with it vast developmental benefits for the Thirg’World. Where-
- as complex nuclear and coal-based technologies would divert a mafor
stream of scarce capital to the industrial world, the develapment of
safe and sustainable indigenous sources could cause investment dol-

» lars to flow in the other direction. Many primary indystriés now

compete vigorously for the right to build plants in the Middle East,
less to penetrate the region’s small markets than to be assured of a
supply ,of fuel. As renewable sources attract more adherents, hard
currencies can be expected to flow to the world’s richest sources of
sunlight, winhd, water, and biomass, and many of thes& are located in
the Tiird World. . -

E . . » .
The end of the oil age is within vie_‘j and the Third World, amply
endowed with the energy sources that are likely to dominate the next
.major energy era, need not fear that end. Tge critically important
problem is to begin the solar transition. e enough and pursue it
vigorously ehough to have a viable syste place by the time it is
needed. No higher use coyld be made f the world's remaining petro-
leum than to mine, refine, and fabricate. the materials the world will
need to build a sustdinable energy system. . ‘ ’
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1, While dreadfully low, energy use in the word’s poorer countries is higher
than official statistics suggest.- Data are usually co?ﬂiled -fonl?' for tuels 3’/'
d cou

. commonly used in the industrial world, and in many Third Wor ntries

+ such conventional sources count for only a small.fraction of total energy use.
According to the standard U.N. reference volume, World Enerzy Supplies:
1950-1974, the typical American uses 164 times as much energy as the average
Tanzaman and 957 times as much as the average Népalese. However, aa

. eording to D.F. Earl," Forest Energy and Ecomomic Development (Oxford:
Clarendon Press, 1975), firewood accounts for an estimated 96 percent of
all the fuel used in both Tanzama and Nepal, and firewpod is not even
‘mentioned 1in the U.N. tables. When all eneggy is \(}mm.ted, the average
American uses about 40 times as much energy as tﬁ)e' average Nepalese.

- . . »-

For sub-national geographical *areas, the comparisons ‘are more’ dramatic.
In northern Nigeria, non-commercial energy is thought to outweigh con-
ventional forms of energy by nearly 160 to one. In parts of rural Bolivia, .
unconventional sources provide d:e energy‘ equivalent of 1,236 kilo-
grams of coal per capita each year. But because they consume no oil, gas, or

+-coal, these Bolivians are assumed for statistical purposes to use no energy
at all. See Roger Revelle,,/’Requirements for Energy in the Rural Areas of De-
velpping Courttries,” in Norman L. Brawn, ed., ﬁnewable Energy Resources
and Rural Applications in the Developifg World (Washington, D.C : Ameri-
can Association for the Advancement of Science, 1976). The most currens,
comprehensive, and balanced asseSsment of . Third World energy prospects
I have read*is an October 31, 1977, draft repért to the Rockefeller Founda-
tion by James Howe, James Beaver, William Knowland, and James Tarrant of
the Overseas Development Council. Entitled Energy for Developing Coun-
tries, the 330-page manuscript is scheduled for publication in 1978.

2. In several independent studies of global energy prospects, similar, conclu-

. sions_about oil depletioh rates are drawn. See, particularly, the comprehen-
sive report of the Workshop on Alternative Energy Strategies, Energy: Global .
Prospects 1985-2000 (New York. McGraw-Hill, 1977).

’ -~
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3. The energy/GNP ratio of a country varies with climate, economid strucs -
ture, choice of technology, lifestyle, and other variables. The confusion is

compounded in the Third World, where much of the national product is bar-

tered (and hence not counted in GNP) and wltere official exchange rates often |
do not reflect true values See Irving B. Kravis et al., A System of Interna-.
tional Gomparisons of Gross National Product and Purchasing . Power
(Baltimore: John Hopkins Press for the World®Bank, 1975). Statistical conver-
sions of conventional and traditional energy sources. are particularly confus-
ing. In much of East Africa, for example, people who cooked with kerosene
five years ago have now reverted to using charcoal. This swit¢h has caused .
some inconvenience, but not serious ‘hardship. But because charcoal con:
sumptien is not, r&orded ‘in official statistics, energy use a?pears to hive de-
clined dramatically. :

+

4. Barbara Ward, The Home of Man (New York:W. . Norjn 1976).
arbara War e Home of Man ( ew Yor ww'or‘{\ ).

= .
uth:’Korea, and

5~ Just six countries—~India, Brazil, Mexico, Argentinﬂ,' <
g hations. The

Taiwan—use half of all electricity consumed by 110 devel )
World Bani estimates that, as of 1971, rural electrificati rograms had
reached about 12 pere®nt of the people in the rural Third World: 23 percent
in Latin America, 15 percent in Asia, 15 percent in the Middl¢ East and North
Africa, and 4 percent in sub-Saharan Africa. (Only half df those “within
reach” can afford to buy power.) If ice spreads as-expected at about

- 1 .ﬁ’ercent per year: three-fourths of the rural residénts of the Third World
wi

Q

still be without electricity at the centubrz? end. See Rurg| Elegtrificatio ¥
(Washington, D.C.: World Bank, Octo 1975). Nonetheless, invest-
ments in electric-power vapacity -~typically constitute 60280 - percent of
all national energy investments in developing countries, even' thbse in which
the vast majority of people have no electrical outlets. See imir Baum,
“Energy 1n Developing Countries: Prospects a'nd-l’-’roblems, resented to
the International Conference on Nuclear Power and lts Fuel Cche, Salzburg,
ustria, May 2-13,1977. ) e : .

, :
James Howe and Norman Brown, “Solar Energy for African Village De- -

velopment,” Science, in press, for photovoltaic cost forecast, see E.R.D.A.

Annowncements, September 30, 1977. - b

-

7. Charles Weiss and Simon Pak, "“Developing Country Applicgions of
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