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echnology and Equity




t aid programs. were. consfr cted around large h;g 1-tech-
ar projects in_the expectation that ‘economic development would’
y follow. But by the early seventies, some of the bnght hopes

vested in' the technologu:al revolution began to dim.

for example,
___at least half . a:

events . of “singul _
ing and ‘the 1973 : tg
he pinnacle of - a‘long; spectacular ef Ons|
Just four years later --h




embargo underlined the fragility of the ‘industrial world’s- petroleum-
‘based ‘economies, and provided a forceful demonstration of .the close .
bonds between modern technology and a finite, shrinking resource..

‘The persistence -of -deep-rooted 'social, economid, and ‘environmental -
problems in rich -and .poor countries.alike has provided fertile ground -
questioning - the:-nature and di n of technological devel

-A few have rejected the values of modern technological society,
ave espoused. the ‘small is beautiful’’: philosophy.
Schumacher:? In:general, the prevailing attitude has
-confidence’ that "technology. wil Z-P‘a_'\'_{e‘:.i.t%ie ‘way t0 a-
ter Future, to uncertainty, suimmed up in the query “If we can put
man on the moon, why can’t we, . 2100 5 0n ot e
“he uncertainty is. understandable, for the world faces an uncertain
ure. :Economists ‘are “unable” to” diagnose,. let alone cure, .the" eco
nomic ‘ills, that have. afflicted most countries in the seventies. Unem
ployment has reached epidemic proportions in much of the develop
‘ing world, ‘and it shows every sign of rising in"the next few decades..
In the industrial countries as well, joblessness ‘is "at unacceptable .
‘levels. Income gaps -between Tich and] poor ‘countries, "and . between
‘rich” and poor within many countries, have ‘been widening in recent - :
‘years, -a trend. that is  raisingjustified demands  for‘ greater: globa
quity. The longevity of the world’s oil and gas reserves’is in doubt,
nd' rich "and poor countries:alike fa Cess A

d: : face; the neces: IIOfSWItChl 18
\ew sources of energy supply in the next few decades. ‘And there ar
igns that pressures on many ‘of the ‘world’s ecosystems are reaching
msustainable levels. * i T

- Those -four concerns—employment, ‘equity, energy, and ecology-—are.
‘likely " to" remain_ high on the international agenda for ‘the remainder:
‘the ‘twentieth century and beyond: They: must be taken intoac
ount-in-the’choice of ‘technologies within countries and-in the trans-
er of - technologies ‘between countries. These criteria have not played:
~prominent role in: technological ‘development “diiring ‘most ‘of: the
' postwar era, however, . . . e Tl

“.During’ the :fifties ' and sixtiés,” unemployment ‘was relatively low. in

. the industrial countries, capital was abundant, energy -was cheap and
. seemingly. boundless, and : raw.:materials: were. available :in‘ copious
. quantities, Technological :development: therefore géncrally led to the
-substitution - of ‘capital and energy. for: labor in the production: o




,’ods and servu:es' Tech: 'olo,gzes have become more complex, energ y— L
ntensive, labor-savmg, d - larger-in- “scale, ‘and industrial 'society

acquired a_voracious. appetite Yor'raw ‘materials. Those  trends must'.'__-:."_.;' :
_examined in - the 11g t of th t.hangmg global env:ronmental and_;-'. L

vever appropriate:
lopment, : introducticn; ;
. _constellation of governmenl'\
p 11t1ca1 and ‘economic - trade-offs." .Hose factors “all: ‘constrain the -
\oice of technologies. Moreover,” an'aﬁtack on problems of poverty, .
lmrtntron “disease, and land’ degradﬁtron réquires . political - w1ﬁ'

- well ‘a5 'material - resources, " to. overhaul" credit- facrhtles, mount i
quate: publxc health programs and mst:t te Jand: reforms 3. '

Nevertheless the chmce of. mappropnate gurechnologies can’ only exac-

ate social, - economic, ‘and - environmental problems: It :is clearly

me to shed the notion that the biggest, gastest most modern tech-.

nologles are always the best, andto seek ielternatives that are more -
t'bIe w;th the ch _global dr’tlons of the fmal quarter

; ment Impacts

nployment on: an unprecedented scale ha emerged as one of the' :
‘most . pressing political ‘and’ social problems £ the seventies, Whi]e

rnments - in - ‘industrial - countries” have been* grapphng with 7a

nicious ‘combination of ‘inflation and unem; loyment rates-of - job- -

Ssness throughout ‘the - Third World have’ reached -extraordinary

! vels Two ominous: features of the global employment picture stand
out: ‘the job shortage will’ probably worsen-before it improves, and it
is: unhke y that conventronal econormc remedles wnll offer sufhcrent_; 9

Economlc development theones that held sway durmg the flftles and =

sixties are beginning to lose their credibility in the' ight of mounting .

‘unemployment-and . underemployment throughout ‘the Third Wor]cF
nd: as this occurs, it is becoming ‘evident ‘that a:massive ‘transfer. of -

‘modern - ‘technology from rich to ‘poor countries will. not provide ‘the " -

:key to prosperlty in the developmg world"Meanwhlle, in’ the "‘ndus-'_-_ '




al'countnes the k"between technology and ;obs-——partxcularly m
' licy—is being re- -examined'in the face of unem- -
tched since. the Great Depressron s

Tn part a result of P pulahon growth durm ‘the. past Few decades :
massive -unempl t-in . the World  has

e s
the number who have jobs in the'l
oyed or- severely underemployed ekmg out a:
orers; street peddlers shoe-c'une bo

More '_t_han 30. rmlhon jobs mist be created each year -over the next -

20 years merely to keep pace. with expansion in the Third World's

abor force. Anything less is likely to aggravate inequities and lead to -

ing levels of poverty. If at ‘the same time ‘productive employment
d—a critical

are no cheaper to It requires only:

nd the ‘back ¢ ‘envelope to demonstrate ‘the difficulty ‘of estab-

shing a billion jobs atthose prices, to say. nothmg o e energy d
matenals that such a task woul' e -

o Ind1scrlmmate transfer of modern technology ffrom mdustnal coun
" tries to the Third World can cause more problems than it solves. Tech
‘- nological development since. the Industri Revolutlon hasled.
) -substitutlon of capital ‘and energy for human 1 nﬂthe produchon
stitut etlect




achnologies make lavish use of the very resources that are scarce
nd: expensive in the Third World, while failing to utilize much of =~
Third World's most abundant asset—people. - w000

general techncloglesare : éédﬁdmfg’ally’: Eff icient if the factors of - -

apital,” energy, ‘and "raw materials—are blended

he :availability “and ‘cost ‘of -

twe h and poor countries; ‘it follows' that different co
quire different technologies—or at least different mixes of tech-
ology—to make ‘the best use of their resources.’ There ‘can therefore
no universal blueprint for an appropriate .technology. for ‘any par-
ARl B e T R T ORI

ttheless, for the developing world in"general, technologies :that -
se locall '-.avail_éab_l_e_s_'l_iaw:_-,ma;_erials,-'_servé}%océl'_fneeds'; “and .can ‘be
aintained without sophisticated repair and maintenance services will -
1ally ‘be' cheaper to develop and ‘operate :than imported. technol- - -
gies. “Moreover, by stimulating local innovation:and. reinforcing .
ther development efforts, simple technologies can lead to self-sus- -
ining development.” Although increasing attention is being paid to-
‘use ‘of siich’ technologies:in: some developing: countries, .a recent .
Wi ld-fBahdk:"-ieport-ic'ariéii' ly notes that ‘‘this potential remains largely -
Foreg s i

nments do not deliberately ‘plan to have a large portionof their
force unemployed or undéremployed, but often that'is precisely -
yutcome when a'poor country. invests most of its national savings :
mported ‘capital-intensive technology. Such inyestments do raise
he productivity ‘of ‘a few 'workers, and ‘the gross national product:
onsequently increases. But- this approach’ leaves little capital to aid -
mall farmers, Jlandless  laborers, and: small-scale - manufacturers— - .
sroducers who now constitute. the majority of ‘the:labor force in most -
‘developing countries; 0 e

Ids by subsidizing imports of heavy machinery and

: Many : d.evelc')'p mfg .c'_o'.ut\.'tn_e:'s : have ‘sou ght '1_;'0:_:_ im léﬁt,‘: US s tyle :: :’éé’f _i'-"'. :
tie : 3

‘culture iin their .
“labor-saving techniques, " often  with - assistance. from’ international -
lending institutions. Pakistan, for example, received a loan from the -
World Bankin the late sixties to buy some 18,000 large tractors.. A

ubsequent Bank study, ‘which has generated  considerable contro




versy, provides ‘a sobering .warning of the danger in assumingthat
echnologies appropriate in one country will confer. the same ‘benefits.
in another setting.: Farmers ... bought ‘tractors found it easier to.
work: larger ‘farms: so ‘they increased their holdings (by. displacing
tenants and by buying extra land. On the average, farm sizes kﬂmbied: S
sction of tractors, while labor use per acre dropped by

r¢ Yet yields per acre showed little change. The Bank
wcluded . that “the . widespread ' introduction ‘of  tractors in
tan agriculture inthe future, if it followed the course that was
anifested in the past, would belittle short of -a-disaster ‘to .the ‘eco-
omic and social Fabric of the rural sector.s . oo
uch an experience should not:lead tothe blanket conclusion that
1} capital-intensive - Liodern . technologies ‘are. inappropriate . in the -
eveloping world. Far from it.:Often, there may be no feasible -alter-
ative to sophisticated ‘technologies developed in'the industrial world.
mported ‘modern” technologies ‘may -offer significant . advantages ‘in
he production ‘of -certain goods, such as chemical fertilizers, that are
ssential -for development.. And a country ‘that seeks to earn foreign
exchange by ‘exporting ‘mantfactured goods to: the industrial world .
may ‘be forced to use capital-intensive “technologies 1o bulk-produce -
‘hir” quality’ merchandise that can compete on ' the international |

market.: Nevertheless, ‘faced - with' chronic. shortages of capital -and-
pidly swelling ‘labor forces, most poor countries need tofind pro-

ductive employment for large numbers of people with small exper

As most of .the population :in"developing countries now lives in the
“countryside, “most . of :the  increase -in" the :labor force ‘will' also ‘come
from the tural zreas. If the crushing urban migration ‘that has’taken
~place during the past few decades is to be halted; productive employ-
“ment must be created in the fields, villages, :and ‘small towns. All -the "
“‘above - considerations ‘point  to the ‘need for technologies that: will
" create 'employment for landless laborers, lead ‘to. more -productive us
" of labor -in “public . works  programs, and "establish - labor-intensive .

i -industries.

Sk Dé:fnar}d 'l':_of. -_tﬁr_'ai ‘labor:in developmg --'Cduﬁti'_ié:s :_ fluctuates _ accordmg
“to_the season. During planting, --'weeding; and harvesting, every-avail

~able person is usually busy.in the fields from dawn to dusk, but at
_other times of :the year jobs are scarce: ‘A:shift to.more intensive cul
tivation can'greatly ‘increase agricultural employment, but in ‘regions




shere the growing season is. _
o allow more than one crop to be grown each year. Selective mech-

ization, for example, may be needed to speed up planting and
arvesting -to squeeze ‘additional ‘crops into the growing: season. A

is short; new_technologies ‘mai/ be required
e

ariety of inexpensive pedal-operated machines, designed to ease and
horten some. operations, have been developed in recent years. The .

national Rice Research Institute (IRRI) in the Philippines has "

loped 'a range. -relatively  inexpensive ‘power. tillers, threshers, .

cuitivation, ‘And a project financed by the World - 2

has ‘introduced draft oxen into cotton-growing areas of the -

oast, a teéhﬁﬁl"?vi‘-t.ra_nsfér..'tha't._ has provided ‘significant im- -

provement over hand cultivation at a fraction of the cost of tractors.®

ation ‘alone can increase lator dernand per acre by up to 80 per-
by ‘extending ‘the ‘growing season ‘to permit multiple cropping.

t the construction and ‘operation of irrigation systems is often a
stly business and ‘wealthy farmers with ﬁa e _hcs)?:lings are usually
irst to benefit from irrigation. There are, however, cheaper alter-
ves. The use of locally-available bamboo or baked clay as filters,
tead of ‘metal screens, can cut the cost of a single well to about
5. and a reliable and easily maintained hand pump has been de-
loped for about $100. Windmills constructed with local materials

iding low-cost irrigation in the Omo Valley in Ethiopia. The

1 Bank is -also experimenting with a scheme ‘in India. that.in-

renting portable diesel pumps to farmers for short periods, a -

that spreads the capital - cost. and “brings : them - within ‘the
fomall farmers 0. = 0 . o0 D

High-yielding varieties of rice can also greatly increase labor require- -

ments, largely because. they need additions! .apﬁlicatiqn's' of fertilizers |

and pesticides. A study in Bangladesh found that labor requirements
on unmechanized farms: (farms that used oxen. rather than tractors

for draft ‘-i'}'_)'dWét) were increased by between 30 and 50 percent when o
di

high-yielding ~varieties' were . used." When ~mechanization  was . in-
troduced “along with the new 'seeds, “however, labor - requirements
_dropped. There was little difference in yields between the mechanized .
_and 'unmechanized farms, which implies - that capital invested .in"

" 'mechanization does not necessarily generate more output per acre.™

‘Public works programs, such as the construction of dams, irrigation
‘canals, roads, and buildings; consume a large portion of the budgets .




of developm countnes Such pro;ects ate of two types Some employ
~‘the same. tec%molo ies ‘that are used in the’ industrial countries—bull- -
“dozers, mechanic % diggers, ‘tar spreaders, and ‘so on—and: they are :
- consequently hlghly capital-intensive. Others employ armies of peo--:
ple ‘to ‘mové earth with head . baskets  and ‘shovels. These pro;ects
create ]obs, but the mvolve heavy to:i and take a long time .

‘tudles by the World" Bank'and the Internatlonai Labour Offlce have :
indicated, however, that there is' considerable scope for using ‘more :
;-eff:cuant ‘labor-intensive methods: -Improved wheelbarrows, ox
‘carts; ‘and hand-operated rail carts tc. haul matetials, ox-drawn plows'f
‘to ‘break ‘up the ground, and block-and-tackle systems to help ‘move"
eavy loads. can all reduce’ back—breakmg toil. and raise productivity
“to the ‘point. ‘where labor-intensive construction ‘is cheaper than cap-.
tal-intensive ‘methods. Moreover, if ‘the improved ‘tools are fashioned
“locally” with widely available materials, employment is ‘also created
: 'ndlrectly This may require that local mdustnes be upgraded 12 )

The Chinese have made extensive use of such pubhc works - pro-
“grams. The most famous example is Tachai, where small rocky fields
‘that were frequently washed out by heavy rains have been trans-
rmed by hand into -productive . units -through the construction of -
drai nage ‘tunnels, terracing, and the. replacement of lost topsoil ‘with
arth carried ‘down. the mountainside. Similarly, in :Lin ‘County, a
kilometer canal network was dug’ ‘with manual:labor during ‘the .
ixties to irrigate ‘arid ‘and relatively. unproductive fields. ‘Such ‘proj-
ects have not only.absorbed slack agncultural labor, but also: great[ly
increased the productlwty of theland, raising demand for agncultural_
workers. In" a 'sense,: the Chinese ‘have’ _h_a_rnessed reserves of idle
labor ‘and used them for capltal formation=a manlfestatlon of Marx s
_-descnptmn of. cap1tal as congealed Iabor time, B3 : -

""“The use of labor: mtenswe construction technologles can. be hmxted
“however, by shortages of organizational -skills. Since a few machines

are easier to organize than.a large number of workers, there is often
~-a strong incentive to use. capltal—mtenswe technolog:es in ‘place of

L people

o :.:_Manufactunng technologles developed lin 1ndustna1 countnes llke'
agncultural and. constructlon technologxes-are often :lll-sulted to the




Not onl , do they. requsre large: amounts_: e

QS ] 8 L
_ pltal and Prr\wde few jobs, but they often use materials that are """

ailable 15

cally, produce large volumes. of goods for “remote - -

i and “need: soph cated :repair an intenance rv1ce5 It

has been . assumed. that.

“'the ‘supply

: stribution :of Emfxshed products “but in many, de-:""::: :

untmg ev1dence of such probiems has begun to. Eocus attentlon
‘role of labor-intensive, small-scale industries' in providing
ent and promoting development. In many developing coun-, )
mall-scale .enterprises, ranging from village artisans to textile
ducers, constitute - the bulk o manufacturmg employment. Such
enterprises are often shoestrmg operations, however, lacking access
to capital and established markets.

; agricultural- machmery, tex- -

‘and ‘processed ‘food. They.rely for. the most part on local mate- -

rials ‘and supply ‘local - needs. Like ‘China’s rural public works pro- .- .

grams, the rur industries ‘are geared toward improving agncultural s

productivity, ‘a ‘process that creates. employment d1rectly in the fac— R

s and md:rectly in th e. _1elds e

_ jAlthough thete has been’ consulerable debate about the effmency of .
‘China’s small-scale ;industries, a team of American experts who vis-.' -
“jted "China in 1975 under the auspices of ‘the National Academy of -
; generally found them to be effective instimulating rural
'-f’fall_ure “of many “backyard” iron-and steel plants -
‘Great. Leap. Forward” m he date: flftlesf. ‘




and early's;xhes however shows there are: hrmts to the extent that_
sothe plants can.be'scaled down and remain econormcally vmble 15

abor mtensw ,~.small-scale x*fdustrles play a key role in the develo

ment policies’ of .South Korea and: Taiwan -as well: They form links - -

between agncultu and manufacturmg and rov1de ‘some inputs mto
modern,’] -ale E establlshed-- :

Indja has: also expenmented extensnvely wnth small-scale labor mten-.
ve manufacturing.. When Gandhi led, the Indian people to mdepen-
nce from Britain, his vision—summed: up by the ‘choice of the: spin-

ning: wheel - as ‘the symbol of the mdependence movement—was of

decentralized ! ‘production” by the ‘masses;”’ " During the fifties and "
sixties, however, the ‘Indian. government’ mvested ‘heavily: in ‘large
urban-based industries, and Gandhi’s concept of village and cottage
dustries took a back 'seat:¥? But rising unemployment and under-"
mployment in India; coupled ‘with widespread flight from the land,
has: refocused attention on-the potertlal for decentralized industries.
to prov:de productive, low-cost jobs in the countryside. The ruling
' AP 5} P d in - November 1977 to . dismantle

_research and’ development can sometimes - produce a more
“appropriate alternative ' to. imported manufacturmg technologles A
‘good example is the development of small-scale sugar- plants in:Indi
In. the fifties: and sixties, several modern factories were established
in'India to produce whlte sugar from locally-grown cane, but farmers

remote areas were not able to sell ‘their sugar to the: plants and. the
ycessing capacntyf.-.proved insufficient to use all the ‘cane that was
ailable. - The - ‘Planning - ‘Research ‘and - Action Institute in. Uttar
Pradesh developed an- alternative. technology suitable for small plants
‘serving local markets. The comparison between the ‘two. technologies
is_striking: an iinvestment of 28 million' Rupees can_ establi :

'lar e plant ‘capable: of ‘producing: about 12,000, tons of  sugar. a yea
lJoyees, ‘the same investment can build 47 small plants

about 30,0 ; % i :




' “Small producers who lack" o
H ma.lcml res :

As . these examples md:cate low cost technologles de51gned to m-_:_'_-

‘crease employment are fmdm ‘growing use -in some ‘countries. ‘But
the difficulties in taking -an alternative to the lugh technology route
to. deveiopment should not be underestlmated : :

_All techncgogles requ1re 'extenSWe devel pment and testmg before e

‘people. ! :
sition ts exper ment W1th unpro' €

p: est:g cal ;nfluence g0 S )
iodern ‘technology when ' more appropriate ones_are avallable Many_
eveloplng countries Jack -domestic. research “and development pro-.

have little capacity to ‘innovate.. Moreover, -when_ capital - -

underpriced by such ‘factors ‘as government-subsndlzed credit “ar-
angements, tax ‘breaks, and overvalued exchange rates—while labor
sts are elevated by powerful unions operating in the modern in-
ustrial sector—tiere is a strong incentive to choose capital-intensive,
or-saving technologies.?®.

,Most important, without social and political changes that redistribute
overhaul - inequitable ‘land ownership patterns, reform_ credit:
and provide support for small farmers and manufacturers, -

ppropriate techinologies: will “be. difficult. to - introduce.: Powerful-;:-l
sted: interests ‘support large-scale- manufacturmg, mechamzed farm-_.._'
, and other symb ls of modermty o - :

hile’ developmg countrtes are_facmg the certamty of nsmg ‘unem- .. -
loyment in “the coming decades unless’ ‘present -trends are reversed,

‘the ‘outlook for the industrial world is more difficult to gauge. What-
ever the future holds, present. unemploy'nent Tevels in ‘the industrial =~ ..
world ‘allow no basis for ‘complacency. Seventeen ‘miillion ‘workers. -

~were idle in Northern’ ‘Europe; North *America;” and Japan in 1975.

‘Unemployment reached 8.5 percent in Canada in.December 1977;

“in November, the number of unemployed in the nine ‘countries of the
..____;-European ‘Economic . .Community - reached ‘six “million . for 'the . first

“time in- history.2t ‘Inthe United States, though ‘total unemployment . o

ropped ‘slightly “in early 1978, it still stocd -at ‘a level that would,
‘have been considered intolerable just a-few yeais prior, ‘with inner- -
lty joblessn $s among black: youths ata numbmg 40. percent 227050




gy 'problems’ loom:large -in - the unemployment pictiire ‘in ‘these

itries, ‘and “they :will continue ‘to ‘be: _é’:cﬂ)'minaht. factor. Shortages

f matural gas during ‘the 1976/77 winter were directly ‘responsible -

ot idling some 1.8 million-U.S. workers, and ‘the economic malaise

hat -has led ‘to “current high unemployment rates throughout the

Western ‘world can’ be traced in' part to rising energy prices. The

f ener ies has both direct and indirect impacts on’
mployment. St e s

An energy strategy featuring large-scale ‘coal and ‘nuclear generating -

plants_'-::j\'r_i?{ ‘require vast.amounts of capital ‘expenditure,  but will pro-
vide few jobs ditectly. The energy policy along these lines outlined by

the 'Ford * Administration. in. the United States in 1975, for example,
vas expected ‘to .require about: $1 ‘trillion in capital expenditure by

985, an:amount that would soak ‘up about 75 percent of all net pri-
te domestic investment, compared .with ‘about 25 percent ‘in recent
ears. :Such “a’ program would divert ‘spending ‘from other, more
abor-intensive sectors of the economy. . Conservation programs, on
the other ‘hand; generally provide large numbers of jobs for relatively
-'small ‘monetary outlays, and several studies have shown that solar

‘energy technologies are particularly labor-intensive.

\: projectionof- the .employment impact -of an ‘aggressive solar en-
ergy - program in California indicated  that some 377,000 jobs ‘a ‘year
ould be created: in- the eighties: That level of job creation would be’
sufficient ‘to halve California’s present unemployment total: Another -
udy ‘found ' that while -construction * and  operation .-of ‘California’s
ntroversial Sundesert nuclear - plant wculfﬁp'révidéf ~about: 36,300.
obs directly and indirectly, a solar program producing .an ‘equivalent
amount’ of “energy -could "create ‘about 241,000 jobs.: Selar technol- -
ogies, moreover,  create jobs .in the areas where people’live, while
- construction of ‘giant power. plants requires work crews to be gather~d -
in one location, disrupting the life of local communities.zs "~~~ =

~With unemployment rates at their present levels and prospects. for
‘a_return to the surging economic growth rates of: the -fifties and
sixties . Temote, ‘-g_qv.ern_m_ents -in: industrial -countries—like their. coun-:

erpars in the developing world—must pay increased.attention to the
ink between employment and the choice of technologies. - FEN




In the quarter-century-followmg Worid War lI productlon of\goods"
ervices tripled in value, and' the global ‘economy seemed set on ' °
pward . path. In  those heady days; government leaders every- -
2 were  able to. promise.. then‘ oorest citizens . that ‘economic

: ofif llp If t e economic’ (ieicontmued

) uid

hose: promises ‘have been fulfilled for very. few.: The gap between -

chz d poor. countriés has widened into a gulf; and in’ ‘many nations - -
the wealthy have prospered while the impoverished majority: have
become ‘relatively: worse off. More than a billion people are now

ught to be living inconditions of ‘extreme poverty, ‘at least half of -
em unable to meet their basic food; health care, 'shelter, and educa- =
on needs: The coexistence of rising ‘wealth with widespread. povergr-_ T

is ‘not found in every country, nor is it limited to the Third Worl
But it is clear that rapid economic growth, measured in terms of gross
nattonai product, is not sufficient to guarantee a better life for all.

- too long, planners have been preoccupted with growth itself
ther than with ‘the nature of growth and the distribution .of benefits.

Pressure - _for the redistribution’ of global: ‘wealth,” both within: emd'..'!:'= o

‘countries;- s,been Tising durmg the. ast ten years.-Moreover, -

ce the global econom ran out ‘of 'steam in"the ‘mid-seventies- and."
‘economic: growth “is. un xkely to resume its earlier ‘pace,: the ‘world -
faces the chfflcult task of dwldmg a: p1e that is expandmg more slowly .

The reasons for the concentratlon of wealth ina few hands are mam-’ o
fold -and - complex But . one contribution ‘to_the forces that preserve -
‘and . aggravate inequities is the nature .of the technologies -adopted in® .~
1many countries. Investments in technology for agricu ?ture industry,

~health care, transportation; and ‘energy often benefit only a fraction - -

“iof the populatlon raising the living standards of a few and stretch-
.- ing the gap between rich and poor.. S

The -unequal 1mpact ‘of technologlcal change ‘stems from a simple
. relationship. -Goods -and services are developed. largely .in .Tesponse
" to_demand, and ‘demand ‘comes from  those who have power ‘in the
:_'marketplace and in the halls of government Skewed income. dlstrlbu-'




a ‘seemmgly beneficial " tec

ment: and adop_t'on of 'technologles that meet__

e privileged; and ‘those technologies in turn exacer:

bate mequmes ':b hey lie beyond the reach ‘of -the poor. A multi-
national ‘corporation in the United States claims in its adverhsmg that
‘technology ‘is."a, ‘continuing response: to “the needs of  life’’; -unfor-
: t'un'ately, the needs of:the poor ‘and the demands of the ellte-are ften -

distribution of “technological: upply .and’ demand'i

_ ' More than 95 ‘percent: :

elopment budget and most.of the world’s tech- -

logical - capacity is - concentrated 'in ‘the 'industrial countries, and
sequently the: bulk of ‘the .world’s technological ‘effort is. devoted
olving problems of the. affluent world. For example, the United "

tates alone spends ‘more than $1 ‘billion every ‘year:on research into
cancer ‘and heart. disease—the major_ killers ‘in ‘the industrial world— -

hile : only a-tiny fraction of ‘that ‘amount is spent worldwide on re-
ch' to control schistosomiasis, a debllltatmg parasitic disease ‘that

afflicts 'some 200 ‘million rural ‘poor in the’ Third World. There.is a

vast “collection of : pubhshed research on ‘sewage disposal, but ‘more
han 98 percent of it is ‘irrelevant to .the needs of poor countries, ac-
“cording to a survey conducted for the World Bank.2” Most agricul-
tural -research . is geared . toward : «raising- the . ‘productivity -of -large:
working temperate. zone ‘soils; mparatively. little ‘attempt
to develop: technologies for small farmers in the tropics. . L

reductlon of 1nequ1t1es most goor countries -requlres not. only

Y

the icreation of large ‘numbers ‘of jobs but also ‘an attempt to raise .
the productl\nty of people who have so. far been left out of-the de-".
~velopment process—small ‘farmers, small-scale manufacturers; -land- .
ss ;peasants, ‘and others-now- barely making énds meet. This should:
nclude ‘the' development oE low-cost production technologies that do -

not ‘depend upon: large-scale ‘enterprises, and the: overhaul of credit -
and land tenure systems ‘to_allow 'small producers ‘to take advantagef

._=of new. technologles Technologies alone, ‘whatever their. scale, cannot
. _'ehmmate inequities; socxai and mstltutmnal changes are also Tequired.

" 'The Green Revolutlon rovndes a closely studled example of - how'.‘ '
f: ologies ‘can worsen  the lot of small. pro-"
" ducers when the system is biased: ‘against-them Although’ hlgh_ yleld-"
' ._'-'.1ng seeds work as well ‘on. small farms.as. on. large holtfmgs th' y Te-




uire irrigation ‘and increased use of fertilizers ‘and pesticides—all of . -
which - raises “the costs” of production. In ‘countries:such as Taiwan. .

nd  Japan; where ‘egalitarian”‘credit systems: allow small farmers to -
purchase ‘the necessary - inputs, -high-yielding . dwarf - rice has not -
exacerbated inequities. But in-parts of  such' countries -as ‘India and "
Pakistan, small farmers. often have difficulty raising credit, and they T
ess able to take risks with new agricultural techniques. Benefits

‘have therefore accrued mostly to the

dustry, ‘as in’agriculture, investments in'capital-intensive tech-." .
ogies benefit a narrow section of the population while other ‘parts
the economy are starved of ¢apital. 'And’ concentrating ‘investment = ..
v urban-based : industries ~can also aggravate disparities -between
rban wage earners and rural peasants.” A study of employment and
come distribution in Colombia in 1970, for. example, found that the
ving standards of about one-third of the total ‘population had prob-
bly declined in absolute terms since the thirties, although incomes
f workers in modern industries had advanced: considerably. Similar-
y, the soaring economic growth rates achieved by Brazil in the sixties
nd early seventies benefited primarily the top 20 percent of the pop-
lation; the remainder, mostly rural peasants, were left relatively

rse off by Brazil's “economic miracle.’’2% - "
Ithough raising the productivity and incomes of those who are now -
rossly underemployed will be a major key to securing greater distri- -
ution of wealth, ‘the link between technology: and social. equity is "
ot limited to production technologies. Striking examples of how the "
choice of technology can determine whether the benetits are available -
“to all sections of the population can be found in health policies. ..~

‘The most severe health problems of the Third World are malnutrition, -
- and “infectious and " parasitic : diseases—illnesses associated “with -
poverty and poor sanitation:” Yet the health budgets of :most poor =
countries are heavily ‘weighted ' toward :modern’ hospitals -that -cater .- -
to the urban elite. Typically, 80 percent of the expenditure on health
" in developing countries is - devoted to hospital care, and less than
.. 20.percent is spent on preventive medicine accessible to the rural and -
-urban poor.. According to a ‘World Bankestimate, ‘'some ‘800 million -

--people have no access to even minimal health.care®® . =




¢ _ health care pnontles T
t provid ed curative’ medicine “for ex- . 7.
ucation systems" that are. carbon coples--' B
| d hospital services that respond to the
~-the ‘powerful  and’ affluent m'.-:developmg countnes As - .
st Ch Elliott notes:

] -the world ~In the Ivory" RRSE
tr 3'Hosp1 al "Unive rs:ta' as’ facilities # 0.

““tha itals ‘in France can rival. . Such facilities -

~’are usedat half capacity, but preempt the ‘lion’s “share -

- of the recurrent budget of ‘the xmmstry of health (over .

150 percent in both cases) sl T . '

T those. examples mxght be added the three o en-heart surgery units
in:Bogota, the running costs of ‘which are sufficient to provide a pmt -
Ik a day to one-quarter of the city’s children.22

Expenditures on expensive medical technologies that soak up the
bulk of health budgets in poor countries reflect a choice of prov1d1ng
igh-quality :medical . care for -a f ther - than meeti
£ many. During the Aan ;e

ntries have. begun to ‘efocu their_health ':pohcnes train-
] g medical fac1 ties

in"the villages and ‘poor nelghborhoods. Chma s 1.3 '
tors, “Sri Lanka's ‘paramedics, ‘' Tanzania's Ujan llage  h i
centers, and Cuba’s " nelghborhood health  clinics vide ‘routine
: _ed_lcal services at low cost per beneficiary. They also provide pre-~ -
entive services. The results can be dramatic. In 5ri Lanka, a.country - -
“with ‘an annual income of only $130 per person, hfe expectaﬁcy at: -
_ '-blrth is now approachmg that in the United States 33 T

The chmce of transportatlon technologles can also result in skewed
. distribution of benefits.. During the past few decades, ‘many :Third
" World governments have. tneg to  entice foreign aitomobile com-
panies into building factories in their countries in an effort to estab-
.. lish modern_transportation - systems. Yet only.a small portion of their - :
. citizens can afforg to buy cars. And ‘the huge investments on roads,
- repaxr and serv:cmg fac:lxtles and fuel statxons that would be needed R




“support such:a system often’involve heavy:foreign exchange.costs. ...
‘World :Bank economist Mahbub ul Haq notes of his native:coun--
‘During the decade 1958-1968, Pakistan imparted or domestical- =~
\ illion " while it could ‘spend . .

try,
ly. assembled private cars: worth $300 'm
only $20 million for public buses,”>

“governments in developing countries were instead -to invest trans-...
ortation funds in'bus ‘and rail services, augmented by private b
and ‘mopeds; foreign ‘exchange costs' would be reduced, dome
manufacture. and servicing w

, would.‘be  possible;” and some . air’
lution would be avoided: As Lester Brown points out, "If an index -
mobility ‘were constructed for a national population, it would un-
oubtedly show that a system designed along {these] lines . . . would: =
ive far more people greater ‘mobility than ‘an automobile-dominated . .
ystem can provide 3.~ - . oo o or e oo

1e ‘industrial countries are not immune to distorted investments in
ansportation. . The $4.2 billion spent to build the Concorde repre-
ents ‘a’ subsidy -by British and ‘French taxpayers. for international
ravel by a tiny, affluent minority. And since the aircraft are being
perated at a loss by state-run airlines, the subsidy is continuing.

vestments .in .energy systems ca:: have a profound impact on social
uity. The construction of large urban-based ‘electrical generating: -
ants has brought much-needed power. to the major cities and ‘in-. "
ustrial ‘centers in’ developing ‘countries, :but it “has ‘also: aggravated
differences between urban elites ‘and ‘the bulk of :the ‘population in "
-the hinterlands. Professor A. K. N. Reddy has calculated that about : -
0. percent of 'the electrical energy consumed in India goes to urban =
ndustries, 15 percent goes to other ‘urban consumers, and 'only
‘about 12 percent-is consumed in ‘the -villages. Yet about 80 :percent
* of “India’s population lives in rural areas. Moreover, according to "
Reddy, electricity is inequitably distributed within the villages them-
s_e'l;ies: on average, only 15 percent of the households are ‘elec-
trified.37 '

Such unequal distribution of electrical supply is not surprising in
view of the immense cost of consiructing centralized facilities and
_ building transmission lines to deliver the power. Thus, if energy sys-
L tems -are ‘founded entirely ‘on . large-scale, centralized  power: plants,

‘social inequities -will “inevitably.increase ‘because - few :developing -




Dase
“ators, -firewood I
for :remote villages mote ¢
“national grids can.2®

gas, fire-:
0 ydroelectric “pawer. rding ‘to - official -
“hinese reports, some 4.3 million biogas units have been constructed
v China during the ‘past three years; and in 1975, there were re-
ortedly: 60,000 rural, small-scale hydroelectric plants :in - operation,

an eightfold increase over the 1965 total.» .-

but even seemingly ‘appropriate” technologies can ‘worsen social
“inequities in some settings. In the energy field, biogas plants are a
case in point. The plants produce methane through the fermentation
of a mixture of livestock dung and water (sometimes with the addi-
-tion of human excrement and crop residues), providing gas for cook-
i ighti idues. that .constitute an excellent fe
dly-naeds e. an .excell 3

o
_ sutficient gas for 2 single family, a requireme
_their use to relatively wealthy families: And second, i countries

2 dun ow collected, drie 1d ‘used “as fuel by all villagers; ..~
it is essentially a free good.  The introduction of biogas plants places =
- a premium on dung, hewever,  which ‘can -eliminate -the poorest =
" -villagers” chief source of fuel. ‘Larger plants serving an entire com-.

- munity “could ‘get - around ‘such: problems, but - their ‘introduction

- “would “require t%l at

The point is not. that biogas: plants are inherently bad—indeed, t:=y

- are one of the most promising solutions to ,Tﬁirdl'World_-ener y.
" ‘problems—but that they cannot be introduced thoughtlessly, with-
out new forms of social organization. =~ o o

‘. "Technologies for housing, ‘water supply, :'e'.dﬁc'a_t'_i'oh,' ‘and’a ‘host of =
- other areas can similarly result in'skewed distribution of - benefits.

e ‘establishment .of ‘new cooperative arrangements 40 - :



countrres can’ afford to. extend services: to :the rural.- areas. Several re-' :
nt studies * have ' indicated; however, . that  decentralized “energy. '
rces—based on  solar - collectors, ‘small-scale - hydroelectric gerer- .-
ators, firewood plantanons “and “biogas plants—can. provide energy -
for remote v1llages more cheaply than centrahzed ‘power ‘stations and__

“national gnds can.3 -

yet. ttempted 1o bulld s ch an energy_'
_ _ as i ‘China; Although ‘China’s major cities
powered mostlyiby'coal" lredj'generatlng plants; the’ vnllages derwe_'
much of their -energy . from renewable sources, chlefly biogas; fire-.
wood,  ‘and " small:scale . hydroelectric - power; Accordmg to official = -
inese reports, ‘some 4.3 million biogas units have been constructed.. .
China during “the past three years; and -in 1975, there were re- - .
ortedly 60,000 rural, small-scale hydroelectnc plants in. operatlon, L
elghtfolu increase over the. 1965 total.29-

but even seemmgly approprlate technologles can worsen social =~ 7
"equities in some settings. In ‘the energy field, biogas plants are a
case in point. The plants produce methane through the termentation
of a mixture of livestock dung and water (sometimes with the addi-
tion of human excrement and crop residues), providing gas for cook-
ing.-and lighting, -and :solid residues that constitute an excellent fer- .
tilizer. "The production ‘of these badly-needed commodmes from waste".
products ‘seems like a: good bargam but there are two major draw-.
backs. First, ‘the plants Tequire manure from ‘at least three cows to.”:
produce suff:r:lent gas for a single family, a requlrement that restricts
their use. to. relatlvely wealthy famllles And second; in some countries
-attle dung is now collected, dried, and used as fuel by all villagers; .
/it is essentially a- free .good. The introduction of . biogas plants -places -
- a’ premium on-dung, however, ‘which “can “eliminate " the poorest = .-
b vﬂlagers chief ‘source of fuel. Larger plants serving an ‘entire com-
“‘munity  could "get around such problems, ‘but ‘their introduction
- - would require tie ‘establishment of new cooperative arrangements.4 - -
. Thé point is not that blogas plants are inherently bad—indeed, they -
~ _are one of the most promising solutions to T¥lll‘d ‘World ener y .
-problems—but that they cannot be ‘introduced thoughtlessly, w1t :
out new forms of social organization.

" " Technologies for housing,” water : supply, education, ‘and ‘a "host -of
other . -areas. can snmllarly result in- skewed dlstrxbutxon of beneflts




he relationship between technOIOgyand equity has only recently be-
come -a’ matter ‘of ‘concern to governments ‘and ‘international. lendin

nstitutions, however, and ‘the complex interactions between ‘technical - -

hange ‘and social benefits. ‘are ‘but dimly understood.” Nevertheless, °
cial “equity - must become an increasingly important criterion in
ublic ‘investments in the years ahead or the choice of technologies
ill. only widen the gulf between rich and:poor.. . . -

. _particularly evident during the past few dec- -
des. The virtual doubling of global agricultural production between
50 and 1975 relied heavily on the use of energy-intensive chemical
ers. ' Projected - shortages " of important minerals have been
d by new technologies that -have harnessed increasing amounts
f energy to mine and process low-grade ores. And spectacular in-
reases - in labor productivity--the basis for unprecedented global
conomic growth in the postwar era—have largely been achievec% with
chanization technologies that replaced human and animal muscle
vith fossil fuels.

t of these: technological developments ‘took . place” when a barrel

il cost 15¢ " at the -wellhead and less ‘than $2 on the interna-

ional ‘market.” Cheap oil ‘and gas consequently became the lifeblood
- modern -industrial :society, - rising -from ‘only 16 percent of the

ds. of it today. In addition to providing an immense .subsidy for
ific_ulttital and industrial ‘production, ‘cheap oil profoundly. shaped
ysical -and social environments during the past generation. It gave
irth  to - the ‘concept of ‘planned. obsolescence; provided. inexpensive
- transportation that changed the face of cities, towns, and the coun-
“-tryside; and helped ‘fuel rising expectations of material wealth. With
little incentive to husband energy resources, energy-intensive tech-
‘nologies proliferated, and economic planners paid little attention to
the efficiency with which energy was used.

. When oil and gas were cheap and plentiful, the marriage between

petroleum and modern technology was scant cause for concern. In-

ssil fuels have played a central role in most of
velopments ‘since .the Industrial Revolution. '

‘s commercial  energy. budget ;just 50 years ago to about: two- . ‘




deed,: as technologlcal advances had~ overcome food and_; aterlals';
ortages in the  past, they were being counted ‘on'‘to-avert energy
shortages “in- the future. The: vehicle’ fgor such “hopes-has. long  been
“nuclear power, whose. _proponents once, ‘confidently promlsed virtual--
ly ‘unlimited energy at prices that. would ‘undercut even those.of oil -
and gas.. But complacency: ‘about energy supplle_s has been rudely dis-
pelled in_the seventies.. The 1973-74 Arab.oil embargo and:the five
fold i rices. durin, -‘the" ='foHow N ark__._ :

and. uncertam pe roleum supphes ﬁBarrmg an-

‘globa 1y is not. on ‘the verge ‘of grinding

halt: because .of oil’ shortages but the long term prospects for_-
ap energy are not good U :

Giobal 011 and ias productxon is expected to peak in the nmetles and -
ily .thereafter; Some l;l)rc'.njectlons have even lndlcated o
that: 011 shortages could develop in the early eightles if key reserves

become seriously depleted. Nuclear power has run into myriad prob- : -

lems, among which steeply rising costs, the ‘lack of permanent waste
chsposal facilities, and fears of weapons proliferation loom large.
‘And ‘a massive switch to coal could have unacceptable health and
environmental costs, including the alarming possibility of irreversible
changes in the earths climate. resultmg from a .bmldup .of . carbon
dioxide in the atmosphere AL G

uclear ‘power and ‘coal; there is ‘an urgent need to develop and
technologlea that. make ‘use ‘of . renewable e ergy ‘resources—direct.

nlight, running water," winds, and plant ‘materials. Equally urgent
is the need to_pay close attention to the efficient use of ‘ener '
good: exarnple of how. cheap energy influenced. technologlcal C ange_ _

and how rising energy prices and potential scarcities of oil and gas
may ‘affect future developments—can ‘be ‘found in the food oroduc-
tlon and d:stnbutmn systems of advanced mdustnal countnes

il shortages pro;ected and large-.questlon marks hangm§ over__
eploy

-In tradltlonal agncultural 9ystems where human labor rovndes the

; -only source of energy . for tilling, planting, - weeding, - ancr

. the energy contained ' in"the crops must exceed the energy used in
" their ‘cultivation—if . not, agriculture would be urable to sustain tra-

L _-dltlonal farming - communities.. Thus, - slash-and-burn cultivation -of -

‘corn’ in ‘parts of Latm Amenca produces about flve kllocalorles of

harvesting,



od ene__g . for every ‘kilocalorie of energy spent in: the frelds Wet: .

ice “agriculture’ in"parts of Asia offers ‘even -better energy returns: ...

ach unit of energy. nwested in cultwatlon yrelds between 10 and 15
uruts of food energy 42 e : A

gy '_ Accordrng
i rsrtyg, the 1qurvalent of 80 gallons ‘of gaso
W . to 'raise, v in the ‘United ‘States;: a
every ilocalorie ‘of energy used in- ‘the - cultivation produces only.
ibout two kilocalories of food energy. Moreover, if: the corn is then -

cattle in feedlots, the energy baiance is- tlpped ‘the ‘other ‘way'

it ten umts of energy are: mvested for each energy umt con—
eq ﬂ:-bEEf‘3 S : RERRIE ‘

e avarlabihty of cheap energy for the productlon of Eertlllzers,
pestrcrdes ‘and “herbicides’ meant that yields could be raised without
greatly increasing the land "in cultivation. Corn yields in the United
States have in fact. more than doubled over the past 30 years, largely
because of a 16-fold increase in fertilizer use. Cheap fossil fuels re-
placed human and animal power in industrial countries through the

. of ‘tractors, ‘combine harvesters;  electric. pumps, and other agri-.-

ural_‘machmes -As-a’ result ‘the proportion of. the population em

loyed ‘in - agriculture in" the ‘United States dropped by half between
1920 and 1950, ‘halved ‘again by 1962, and since then has dropped: "

ef again by 50 percent. Only. agout 4 percent of -the Amencan abor-"'--.
force'is. now. emp]oyed dlrectly in the f1elds 440 : -

Ina socrety where only a tmy fractron of the cFopulatlon remains s on

the land, “vast amounts of energy ‘are require
~distribution. In the United States, about. four times as much energy
IS used to transport, ‘process, store, sell, and cook food as to-produce -

~:it.” Production ‘of ‘some" foods has become concentrated ‘in. ‘specific

. regions. Commercial vegetable ‘production, for example; is now con-
centrated in California and - Florida, although only a ‘few years ago
" New Jersey supplied a substantial portion of ‘the vegetables marketed
" on the East Coast. About 1,150 krﬁ’ocalones of fossil fuel energy are
:.\-needed to ship ‘one’ pound of ‘vegetables from- Calrrurma to New York

.'.:That is more energy than most vegetables contam 45 :

for food storage and



‘Such energy accountmg does not 1rany that the world must revert to %
traditional ‘agricultural practices because of potential fossil fuel short-
ages. ‘But it does suggest that Western-sty e food ‘systems have . be-

_'po ulatlon were fed an: Amerlcan iet,"produced with U.S.-style food
ll?l ibution alone  would .use up :all
and g ‘just'13 years: Similarly,’ if India
gncultural ‘system " to “American’ methods, .agri-
ne would tequire Fully70: percent ‘of - the. commerc1al en-
gy that;is 'now used for all. purposes in that; ountry 4 SR

: nergy balance of Westem food systems suggests that the chief

nefficiencies occur after:the food leaves the farm gate. Perhaps the
mostegregious.inefficiency -is the use of a two-ton automobile to
carry aten-pound bag ‘of groceries from the supermarket. Excessive
rocessing, transporting, and. packaging uses vast-amounts of energy
hat might be saved by less centralized food productlon and distribu-
ion. Urban gardening, solar-heated greenhouses in urban and sub-
‘urban areas, and greater use of refillable containers in grocery shops

vould all help make the food system in developed countries less .
‘energy-intensive,

Although changes in processing and distribution offer the best pros-"
ects for:improvements ' in ‘the energy efficiency of the food systems

‘most countries, ‘there is considerable . scope for- lmprovement on’
e farm ‘as well. Energy used to produce chemical fertilizers is now
he chief ‘energy input ‘into *American agriculture, . accounting_ for -
more fossil fuel than ‘the gasoline used: to power tractors -and other -

ly from the manures and: leguminous -plants that . were-used as fer-
tilizers ‘just a few decades ‘ago, a substitution made ‘economically at-
‘tractive by cheap oil ‘and gas.’ As_eneigy prices rise, however, the
- economic balance may -again favor more extensive use of traditional
-1 fertilizers.#” The use of sewage sludge could also reduce requirements -
for chemical fertilizers, provided serious questions aboit the con-
tamination of sludge w1th heavy metals can be resolved. In addition
to saving energy, more extensive use of organic fertilizers like manure
-would help improve ‘the condition of seriously depleted soils, while -
- recycling ‘sewage sludge onfarmlands would reduce the capltal and
i -energy costs of constructmg new 5ewage treatment plants 48 - '

ome: excessively dependent on' fossil fuels, ‘and- that they are not
suitable models for most developing countries to follow. If the world’s

_farm ‘machines. Chemical fertilizers have ‘taken over almost. complete-




ripped bare- of |
. millions

' cookmg over
he heat is wasted

o energy ahalyst At]un"Makhuam

1dian ' cooking stoves could be doub or_an -investment of ...

) tove, saving a family" $10-%$ ar in firewood costs. -

ilarly, a mud stove has been developed in' Guatemala that requires -

¥f the ‘wood used in cooking ‘over an open fire. The stove,

h costs less than $10, also' warms the house ‘and - heats ‘water

waste heat. It produces a significant health benefit as well: it

eplaces the traditional practice of lighting a fire in the middle of a
himneyless.room, a practice that promotes lung.and eye diseases.

“often 'mpalre -on’: two
7 in ‘the ‘design .o
.l_ements or in the; hvestoc

vely "sim cl esign changes "such as .more. eff;cxent hamesses_-*-
d rubber-wheeled carts, can substantially improve the effectiveness .
withwWhiCh. -anis ower s .-transtormr seful 4

srives the soil ‘of much needed fertilizer-and reduces efhcmncy
+of the “forage- ammal-crop energy cycle. 1If dung -is ermented in‘a
'bmgas plant “enabling ‘the energy to b__ xtracted and the nutnents_-:.




And the enery ficiency ‘of airplanes, auto-
-and trucks actually declined during the fifties ‘and sixties.

s

¢ Hirst, an energy. analyst from:Qak: Ridge ‘National -Laboratory,
1as calculated that the energy efficiency of aircraft dropped by. -ri'éarra‘r :
If “between 1950 .and: 1970, as " jet .engines replaced: more. frugal
piston engines. The  efficiency: of automobilés declined by about 12
percent over the same period, while that of trucks dropped marginal-
y. Yet the airlines’share of freight and passenger markets in: the: -
Jnited States rose by factors of 7-and 5 "fres_péctivefy' in the fifties and
ixties, The number of 'automobiles ‘climbed from 40 million to: 92"
million, ‘and trucks increased ‘their share- of freight transportation
-from 13 to 19 percent.52 ' '

Aeanwhile, railroads were more than: five times as:energy-efficient.
in 1070 as they were in 1950, largely because diesel engines replaced
team locomotives.  Yet the railroads lost ‘freight business ‘to trucks:
d -airplanes; ‘they: accounted for 35 percent of the market in 1970
mpared with :47 ‘percent in 1950. Their share of passenger trans:’
portation. dzopped from 7. percent to 1 percent over the same period,
Similar:trends’ took ‘place in urban transportation as automobiles, ‘the
east energy-efficient means  of “transportation, proliferated -and as -
ses lost passengers.s2 U e T T :

“These  shifts'toward - .more ‘energy-intensive - transportation . ‘tech--

" nologies have not been accidental. Jet aircraft offer advantages of

-, /speed, automobiles provide convenience, and trucks are more versatile:

. than railroad cars. But-government policies have also subsidized ‘these -

.- less efficient ‘systems through:vast highway  construction: programs,
-airport ‘building- projects, and :jf_reigh’t_-.cia'rges -that have 'f.av_or_eﬁ -road -
aRepUTIbver R AR R T




1en transportation systems are constructed around the automobile,
s often’ difficult-for .other, more- efficient technologies to compete.

is. the case with. the bicycle in most cities. By far the most en- ..
rgy-efficient’ means: of | transportation, ‘the "bicycle plays a key role ..~
n many developing -countries; but in the industrial world it has large- =

‘been ‘pushed aside by the automobile::Many Third World .«
! ﬁ_ oming auto-centered.. Recently, however, the bicycle has

Ilion in 1950.to 47 million in 1977, and they are now being pro-

Cities

‘the ‘rate .of more than 6 million a year; and.in Britain, yearly: -

rose from 467,000 in 1970 to 1.2 million in 1975. One city that .-

made a major effort to accommodate bicycles in urban transporta-- i

plans is'Davis, California, where anextensive network of bicycle

ths has been constructed.’ A survey of traffic 'in Davis.in the sum-. -

er.of :1977 found that bicycles represented 40 percent of all vehicles
i one heavily traveled street..Urban planners in Dodoma, Tanzania
adopted ‘a similar philosophy: the master plan for the city decrees
that the ratio of bicycles to cars will be 70:30.5¢

hen oil cost $2 a barrel, energy efficiency was not a major pre-

pation of transportation :planners;: but. as -its:price ‘rises, it ‘will ©:"

inevitably - assume a more ‘important role. For ‘developing ‘countries,

the' rising ‘energy intensity. of " transportation systems built around
tomobiles ‘and_ trucks should provide a waming of the costs in-~

volved in following . in the footsteps ‘of ‘the industrial world. In ‘the -
dustrial countries, - subsidies " for energy-intensive - transportation '

ystems should be overhauled,”and wider use of more efficient ways -

to move goads and people should be encouraged. -

The availability of ‘cheap and abundant fossil fuels has shaped tech-
nological *developments - in _mahfr -areas other  than . agriculture . and
f ! . an

transportation.  Advances in building " technology, for example, have .
produced glass-walled, - hermetically’ sealed ‘structures .”whose . chief
concession .to the external environment is found 'in.the ‘size ‘of their -~
heating -and: cooling systems. A study by the American Institute ‘of
Architects ‘has indicated “that-improvements in the design of new
buildings’and ‘modifications to existing ones:could save a.staggering
12.5 million barrels of ‘oil a day by 1990. Thrifty building designin-".




cludes ;;’édet_iﬁ_até “insulation, pé$Sivg':}§_ola'1f" h_e_atiﬁg_. aqd'__qdqliigg'::;deSigh;
‘minimum of lighting, and construction materials requiring less en- -
in'-their _'pxodu'cti_c_m_;__ such as stainless steel ‘rather: than' alumi-

anned ‘obsolescence also matured in an era of cheap =
massive one-way -flow. of : materials -through most.:in-
. e 1S 1 Tt vt

out: 25 percent:

ends up on thi _

_general _ ;300: pounds of 'solid

a year, less than'7 percent of ‘which is recycled:% Yet the pro- .-
uction” of . steel: from" scrap ‘requires only ‘14 ‘percent of the energy =
ded ‘to produce it from virgin ore; the equivalent figure for copper -
9 percent, ‘and for aluminum, 5 percent.5” Recycling can never'be: ' -
perfect, however. ‘Reducing the materials consumed - by - industrial *

society- requires designing products-‘that are more ‘durable and easier

repair, and eliminating wasteful pa_ckagin_g_. :

inally, a less obvious source of inefficiency is the use of high-quality
energy sources, such as electricity, to perform tasks where energy of
a-lower. quality .would " be . adequate __Iilect_n_:i;i_t}y is .a.versatile -energ
I o g tasks ranging from the pro

' ‘subway. systems. B
“generate .one unit
uall ted ' into. the atmo-
sphere as 1 erature - heat. ‘As physicist. Amory ‘Lovins notes,
This electricity can_do more difficult kinds: of wotk than can the
ginal fuel, but unless this extra quality and. versatility are used to
dvantage, this costly process of upgrading the fuel—and losing two- "
hirds of it—is all for naught.”’% Using electricity to heat homes and -
offices to 68°F is precisely ‘the kind of application tha: does not
- ~make use of its quality and versatility. ~ .0 L e

‘As the world moves from an ‘era ‘of low-cost, :abundant energy to an =
era.when energy costs are bound to rise and oil:and gas ‘are expected
to ‘become scarce, the technological developments of the past provide -
.+ neither sound models  for ‘the future nor.a sound basis for .the choice -

- of energy technologies in developing countries. -~ .




ological eve
< humanity to. control nature, In'

idable ‘power. of modern technology /o manipulate - 4

tems :for the prod iction of food: and ber, ‘to.¢ mbat 5
i om som .Of..‘_.,.: agaties o

1a "appearance of ecologlcal ‘roblems is ot new. Some 6,000 years__'
g0, A c1v1lizatlon =_f_10unshe -on_ the floodplam of  the Tlgrls and
sphrates Rivers; in what iis now Iraq, ‘as the development of irriga-

echniologies turned the. desert into, fertile: land. Gradually, over -

ourse of several centuries, however, the ‘fields became a salty -
__steland Crop. yields slowly declined, until = production ‘was . no
onger sufficient to sustain the civilization. The problem was caused
by waterloggmg of ‘the subsoil and ‘by the constant evaporation of
rrigation waters, which left behind dissolved salts. The soil has not
recovered, and..in parts. of southern. Iraq .the, earth still. gllstens__ -

th encrusted _salt" These"parhcular irrigation: technologie: i

|

The world is not on: the verge: of ecologncal ‘collapse, “bat. there is
nounting evidence ‘that many technologies ‘being used today are ‘not -
cologically sustainable because of - their: long-term: effects on people

or-on nature. One: troubling possibility, for ‘exam ﬁle ‘is ‘that- human'-r.' o

act1v1t1es may lead to 1rrever51b1e changes m the eart s cllmate

When it ‘was- flrst suggested a few years. ago that the global chmate e
may . eventually . show signs -of ‘human interference, .the ;idea ‘was =
greeted with due. skept1c1sm ‘by- many scientists.’ ‘Recently, however, ==
"_-the skepticism has’ fwen way to concern. It is thought that carbon '

'd10x1de—-an inevitab

by-product of burning. fossil Fuels—is building

up. in the atmosphere and acting rather like a greenhouse, preventing -
a fraction of the earth’s heat from being radlated into space. The: ultl-"_ -




he' concentration  of carbon.dioxide in’‘the ‘atmosphere is. already -
elieved fo have risen by about 13 percent since the Industrial Rev-
lution, and it may double over the next 50 years. Such'a change
could ‘increase ‘average temperatures on the earth’s surface by 2-3°C.
‘The impact: of a temperature shift of that magnitudeis -difficult to-
predict, but-it is likely to affect agriculture in many regions.:It could,
.ifo'r ‘example; push- the American-corn ‘belt northward ‘onto less fertile
soils:‘But it:could also extend:the growing sea the Soviet g
oon' rains ‘into higher ‘latitudes;:
cultivation. In general; global warm-

uld bring i

| bring increased rainfall,-and probably cause local weather

more .worrying possibility.is that global warming ‘could: have an:
adverse .impact-on the stability ‘of the polar ‘ice caps. According to . :
“H. Mercer, in “anarticle published in" Nature, the ‘anticipated. dou--
ling of .carbon dioxide’ concentration ‘over the next 50 ‘years could
aise_polar - temperatures by an amount sufficient. to cause'the West "
‘Antarctic ice sheet to break up, Such an event would raise the aver-~ -
ge sea leve! by about five meters, which would be catastrophic for
many low-lying areas. As Mercer puts it: “If the present highly sim-
plified climatic models -are even approximately correct, this deglacia-
tion may be part of the price that must be aicr in order to buy enough
e for ‘industrial “'ci_i'v_i_{)_iz_a_t_idn;. to.make the changeover' from fossil
uels to other sources:of ‘energy. If so, major: dislocations ‘in coastal
ities, and submergence of low-lying areas such as much of Florida
nd . the  Netherlands, “lie *ahead.’#2 " Some -of Asia’s principal "rice-
ds, 'such as.the river floodplains in Bangladesh and ‘Thailand,

uld also be inundated with salt water. -

“Although many uncertainties surround the predicted links between
-carbon dioxide in the atmosphere “and ‘global warming, the potential .
‘for - serious "and irreversible climate change  provides an . additional-
incentive to push ahead’ with ‘a major program of energy conserva- '
. tion .and "development of . renewable energy resources. Climatologist
" Stephen Schneider notes that if we ‘wait until the carbon: dioxide.
-.greenhouse "theory ‘has been proven -correct by a ‘warming of the -
- atmosphere, it -will be ‘too.late to take action. “'Ten years:of delay
- will ‘put us ten’ years closer to: potentially  irreversible -changes,”

- Schneider warns.83 " "




While ‘the carbon”dioxide: greenhouse effect: may require. major ad- = -
ustments_ in.‘energy. policies and. in long-term planning /in> many - :
ountries, another predicted link between  technology and changes *
n the ‘atmosphere has been easier to resolve. In 1974, researchers at . -
the University of California $uggested: that fluorocarbon gases, which -~ ..
are widely used.in aerosol spray cans, may damage the earth’s pro- |
ective ozone layer. Because the ozone layer helps block some ultra- -
diation from reaching the earth’s surface; it plays:a critical
n shielding plants: and animals from some of the damagingef-".
of ‘the:sun’s rays.: Among other  things; certain kinds -of ‘ultra
olet radiation have been linked with skin cancer#4 - 0. o

though 'the ‘suggested ‘links ‘between flugrocarbons; released ‘from
ray. cans, damage to the ozone layer, and increased numbers of
in’ cancer victims are not accepted by all scientists; a string of com-"

ees; including one convened by the National Academy of Sci-.
ces, have reported that the matter warrants serious.-concern.. Con-
quently, the use of fluorocarbons in spray cans is being phased out
through “government :regulations in the United States and in some
European countries. Unlike coal, fluorocarbons fortunately play

ily a peripheral role in the economies of -the industrial countries,
and their potential ecological threat has been easily dealt with.¢s

miore difficult ecological problem linked ‘with the introduction of . . ...
ew technology has arisen in some rtegions from overuse of pes-. "

‘When DDT: was introduced into agriculture in the late forties,
eemed like a miracle cure for -a-problem that had dogged farmers -
r-centuries. The bollworm, ‘which had ‘decimated U.S. cotton -fields,
as brought under ‘control in dramatic fashion; for example. But by -
the mid-fifties, worrisome problems began to emerge. . -~~~ "

The budworm, an insect that had not previously been a major cotton
pest,-developed ‘resistance to DDT _ancs_) -eventually to other pésticides
‘as “well. It subsequently assumed a leading role in the destruction of
- cotton crops in many regions. By the late sixties, farmers in the Rio - '
~Grande Valley were desperately spraying 35 times a year in attempts
“to control the budworm. Many cotton producers eventually went out |
of ‘business. Similar problems . developed in other countries” where
.. American techniques. were adopted. Cotton farmers in'Guatemala and
Nicaragua, for .example, have increased .pesticide applications from
8 a year.in the forties io about 40 a year in the mid-seventies. And




'--overuse of pestlmdes in’ Peru 5 fertnle Canete-._f alley caused serious
_economic- problems “in. the fifties as extra spraylngs to: control Tesis-
nt pests reduced the farmers mcomes 66 ol

.Cotton is. perhaps the most 1mportant U S crop to develop probIEms._a- -
" with resistant pests, for it now ‘accounts for- nearly half of all the: .
- pesticides used there. But it is by no means: the only one. “The- onion . -

is left o the market Soybean ;
y an insect. that is begmnmg to: acqu:re resistance tothe only effec:
ive pesticide now ‘in. production. And out of ‘20 pesticides’ recom-
mended: for-use in ‘Michigan apple orchards in ‘the past two_ decades
‘nly 5 are stxll in, use resxstance has developed to the other 15 67 .

In; the future pest control must turn to techmques that are- ecologlcal—_.-
‘more_sustainable. Biological ‘controls, such-as the.introduction of .."

atural enemies of crop ‘pests, the release of sterile male insects to .

educe breeding, and ‘the ‘use of sex attractants to lure pests into traps.’ o

-are already being" tned Another effective strategy ‘is crop rotation, -

~which reduces losses from pests that survive in the soil during the

. winter.

Although some farmers are skeptical:that :such technologies: will .pre-
vent -major infestations,  these methods ‘are already widely- ‘usec
-‘countries. and - their “use 'is growing " in _the United "States.
particularly str1k1ng” example ‘of ‘ecologically -sound ‘pest ' manage-
“ment_occurred in'the Peruvian: Caiiete Valley after - problems d
veloped ‘with conventional pestnc:des In 1957, farmers. in_the valley
organized -an areawide control program - that 1nc1uded the introduc:
“tion ‘of ‘enemies of ‘the cotton pests ‘and more. resistant cotton vari-
eties, the rotation of ‘crops, and ‘the use of ‘mineral insecticides only '
_when necessary.. Synthetic organic’ pesticides were banned. Produc-:
tion rose ‘dramatically, almost ~doubling :inseven_ years. ‘A ‘major ‘in-
" centive for farmers to turn to ecologically more sustainable -tech- .-
. niques is the fact that overuse of pestlczdes has become economlcally3
'-_1'3un51.1.~5tamable*’"s SRR o L S

1)

. The popular and sc1enhf1c press abounds wuth examples of otherj.
.- technologies .whose ‘ise. may be ecologically. .unsustainable . over. the
:__;'_Iong term_ Sometlmes the '.-problems show_up a:rly___ L‘uckly In a




hydro. electnc pro;ect at Anchncaya Colombla for example, the :
reservoir : lost. four-fifths of its ‘capacity in" just 15 _years: because  of
entation, and' salinity problems. have appeared along the Colo-
rad ‘River -as a’: growmg number - of “irrigation ‘projects return salty -
er’ ‘to ‘the river. More often, the ecologlcal effects of a new ‘tech-

ase': w1th ‘many. carcmogens mtroduced into the environ- - ...

larly in the. ‘workplace, - through new technologies. The -
sbestos and lung ‘cancer, “vinyl. chloride and ‘liver
and ‘the drug diethylstilbestrol (DES) and vaginal cancer are =
w that have %een definitively established many years after the
duction” of ‘each - new " compound ‘Each year, -about ‘1,000 new
mlcal-compounds are produced in the United States, yet until the
assage ‘in 1976 of ‘the landmark Toxic Substances Control Act,
re Was no legal requ:rement that they be tested for long-term toxic

ese are just a few examples of technologies whose impact on peo-
r the environment may be unacceptable over the long term. In
ome cases, such as environmental pollution associated with specific
hnologles, new technology may alleviate the impacts. In other
ses, such as the use of fluorocarbons in aerosol spray cans, the
echnology itself -must be abardoned. Unlike civilizations .in the past

ve. .been confronted with potentially: catastrophu: ecologmal':_'-'f .
manity: today at least has the abi lty to-predict some’dan--
decadés. in ‘advance. Whether that foresnght wxl lead to correctlve L

however another matter

ol'o'gieal cndice;e;:in' coﬁt'ex't o

he - relatlonshlp between technology and soc1ety is a two-way

rocess. Technology ‘has provnded ‘much of the driving force behind
ocial . ‘change " for ‘thousands 'of . ‘years, ‘and it ‘underpins current
“economic - and - social -systems. But. social ‘values, institutions, "and
“political - structures - shape ‘both the . development and “adoption of
.technologies.. The | pace of. social change has ‘quickened in the “past
few decades ‘as' the resources devoted to research and .development
-have grown rapidly, and . as xnstzzuhons for dlssemmatmg new tech-
;-nolog1es have prtherated S e s .




=Th15 vast’ mfusmn of: technolog into. sot:lety has brought immense
‘benefits. Bu it has not been wit hout social and ‘environmental ‘costs.
The four “concetns: discussed in this ‘paper—rising unemployment,
growing ‘social inequities, ‘dwindling ‘oil ‘and: gas reserves, ‘and -po-
tential long-term ecclogical problems-are- all linked with- technology
Some_ of the ‘technological ‘trénds of the ‘past - few ‘decades are not .’
‘compatible ‘with the social rieeds and resource  constraints ‘that lie -
ahead Yet choices. 0 techr_lology ‘made. today by‘mdlwduals com-
orpora “and' govi rnments will_have: lasting -impacts.
the use of energy'}and resources: They will affect employment and
distribution for many ‘years to-come. Unless consideration. of
mpacts  enters  into ‘judgements of ‘which technologles should
e developed and employed  for particular tasks, ‘some: technologlcal
'chmces w'l)l lead to more problerns than they soive e S

' echnolog;cal chmces whether in, 1ndustr1a1 or developmg countrles,_
re never made ina: pohtlcal or ‘economic vacuum. The entire innova-
on process, from ‘basic research to the introduction of a new tech-’

nology, is conditioned by such factors as the proht motive, prestige,

‘national defense needs, and social and economic pohc:1es Those

.fforlces must be understood in any discussion of appropriate tech-

‘nology.

-If technological development is to be more compatible with human
ds, and more in ‘harmony. with the earth’s resources. four.] princip
‘points must be recognized. First, the unfettered workings of the ‘mar-
et system cannot - be: relied upon ‘to. promote ‘the development and
doption " of “appropriate - technolog:_ 5. Second,’- many :_technologtes.-'
roduced ‘inthe past few decades ‘are- becommg mapproprlate in the
ndustrial ‘countries, and ‘they ‘are ‘even less ‘appropriate ‘to ‘the needs -
f developing countries. Third, the development of. technologles that
mesh’ wath local needs and resources requires that developing coun-
‘tries be able to ‘generate and apply new technologles -and it may also

require ‘new arrangements for sharing technologies within"the Third *

'World. Fourth, it must be accepted ‘that technuxogy, by itself, cannot.
solve pohtlcal and socnal pmblems ' '

- In ‘most societies, market forces are the Frmc:pal factor mfluencmg '

the ‘development and -adoption of technologies. But. they are -at best
‘an - imperfect mechanism ‘for ensuring.that the -development and in-
-;-troductlon of new technologles wﬂl be socnally and env1ronmentally :




-acceptable. For one thing, the negative impacts of new: technologies -
re ‘seidom completely reflected in-market prices. A few years ago, for - -
xample, ‘'some Canadian: pulp and ‘paper manufacturers routinely
lushed - mercury -wastes down the ‘drain, -a:process that was muCK '

heaper” - than “installing _pollution-control - equipment. - The ¢osts .. = =
re borne by the people who ate contaminated fish rather than by = 37
he manufacturers or the users of pulp and ‘paper products. Govern- i
nent. reguiations have since banned such socially irresponsible prac- .
nd . pollution-control: equipment *has "been " installed. Market . "
ow: better reflect the true costs of : the manufacturing pro- =

arket  processes .can also work to perpetuate the use of inappro-:
ate technologies.: American automobile manufacturers. find large,

soline-guzzling ‘automobiles more profitable to market than'smaller,

energy-efficient -cars, for example. In the absence of govern-

regulation, Detroit would pay.litile heed to fuel efficiency, but

ederal : regulations “are ‘forcing . the automobile industry to shift its

uction gradually toward more efficient vehicles.

yvernments have always strongly influenced trends in techrological
evelopment, either directly through research and development and
ctual purchases of new technologies, or indirectly through subsidies,
ax ‘incentives, pricing policies, and support for such sectors as ed-
ion, road building, health care, and ‘so ‘on:"Nuclear -power, for:: -
‘would ' not: have ‘been 'developed without immense ‘govern-
ment support; communications satellites .owe their ‘existence ‘to a vast -
nfrastructure "of “hardware “and -expertise that has been: developed ="~

rough - national “space programs; and - transportation ‘technologies .
‘equire . government assistance in the ‘form of ‘roads, airports, ‘and .
~docks.  Governments therefore have great leverage in directing ‘tech- .
logical development along appropriate—or inappropriate—paths.

‘Most governments now accept some responsibility for ensuring that
costs “such ‘as pollution” and health hazards associated with some
technologies are borne by the manufacturers and users of those tech-
- nologies rather than by society at large. There is, however, need for
- more systematic ‘methods for . anticipating potential* side effects of
- new_technologies.. The recent ‘passage in the United States of the
.. Toxic Substances Control ‘Act, which requires preliminary testing of
. :new chemical compounds for long-term toxicity, is a.step in -this




direction.  The Office of Technology '‘Assessment, established as an
agency of the U.S. Congress in 1973, has also published a number:
studies highlighting potential long-term problems linked with new
chnologies.:Such ‘mechanisms :can 'ﬁe'lp ‘to provide early ‘warnings ‘of
side effects of -technologies in time to take corrective action,: But.the
‘ “development of appropriate .technologies, as opposed ‘to the control =
of '._inapgt_o'pria_té_ -technologies,” requires. more direct iintervention in =

market deman

the energy: field; for example, g , “direct pu

chases of equipment, and tax incent : ortant role
romoting “the ‘development of renewable ‘energy resources, -Two
serious impediments to the ‘widespread - use ‘of solar -equipment “are -
the ' high ‘immediate “cost ‘of ‘the ‘hardware 'to ‘the consumer (despite
ts savings ‘over ‘the ‘long’ run), and the Jack of .access ‘to long-term -
‘credit facilities. Tax incentives, such “as:the recently adopted 55-per-

cent income tax credit on all :solar equipment in California,“could
play ‘a significant role in stimulating the development of a solar heat- "
i while ‘a major government purchasing program could

m§ {.ind.ust_rgv. : : '
e p_bring down the cost of photovoltaic cells.”2. :

The market system determines the price of goods and services in
relation to current supply and clemamf. But it does not reflect the cost
to: future generations.of . the: depletion : of .resources: or. of -environ.. -
tal ‘degradation: Those costs ‘can_only be ‘dealt with by “effective"

nservation of the earth’s resources through public policy. ~

In: the developing ‘countries, the market mechanism cannot ‘work to -
'stimulate - the - development ' and - introduction * of : technologies ' that
meet the needs of the poor, for the simple reason that the poor, by
‘definition, are -often outside the market system. Unless governments,
foreign "aid . agencies, -and community. . organizations: assume ..respon-
. sibility for bringing appropriate technologies to subsistence farmers,
-small-scale manufacturers, ‘and others ‘now “outside the ‘market sys-
.7 tem, the poor may not benefit at all from technological progress. - . -
‘Until recently, it has been - tacitly assumed that Western-style indus--
- trial ‘development would: be -the -appropriate - model for ﬁ_._@zevelopin
countries to follow: "Just as similar technologies are now employed -
-throughout the .industrial .countries, ‘it -was generally anticipated-that -




ems, transportation .
an ilding: techmques used
otions were never valid. - 4 : .

nergy- 1nten51t d - materials requiren
echnologies ‘make ‘their use questlonable not: only in the evelopmg
strlal world ‘a well Moreover the*costs—

e mechanisms’ for mtroducmg technolog:es mto developmg coun-
hether govemments .corporations, or international agenc1es—
tend -to- promote a one- way flow from the industrial countries to
the develo mﬁ world. This is not surprising in view of the fact that

virtually all the world’s technological capacity is concentrated in the
affluent nations of the North. But one result is that many tech-
nologies do not make effective use of either the physical or the hu-

resources  of develo ing countries. The :technole jies for:making

‘ . Similarly
echnologies  suitable for .
orld received ‘scant’ suppo
m th ehtes ir :

Aside frorn the fact that technologles developed in the mdustrzal
~ world may ‘not mesh ‘with_the needs of the Third World—or indeed

h'the: changmg social ‘and “environmental conditions in the indus- . ::

trial ‘countries - themselves—the transfer of technology from rich to
poor . countries : imposes. a: ‘heavy - financial : burden.- “The developing
‘countries are now paying about $10-20 billion-a year directly anc
indirectly for imported technologies, ‘and  if present trends continue,
;jthose costs couldp soar to.more, than $150 bi hon by the turn of the




century uch:pro _tlons ‘assume; however that developmg countrles :
~will continue to buy many technologies. that “are inappropriate ‘for..
“their ‘needs. ‘Moreover, -a group: of - development ‘experts: convened
by the United " Nations Conference on Trade and Development
(UNCT AD) recently pomted ‘out that ‘it will ‘never be possible to.
build a world community. based on genuine interdependence ‘and ca-
pable of tackling -global - problems -as* long ‘as. three-fourths of that.
commumty is. dependent on: the other fourth for the abnllt to solve
: wn ms : ‘AD. group went on %Ior greate g
eliance in the Third World 73

here is : no-easy formula for. breakmg the technologlcal dependence_._-
the. developing world ‘on_the advanced: industrial countries. :But
an ‘important element ‘in any such strategy 'is the strengthening. of
the capacity of developing countries to meet some of their own tech-
-nologlcal needs.: This -does- not ‘mean that the Third World.should
invest scarce -resources.in research and development institutes that.
imply ‘copy those ‘in the industrial countries. Rather, the need ‘is to -
determine indigenous technological requirements .and remove barriers
‘to ‘the development and mtros
'_needs and resources.

_There is also scope for strengthening the technological links among
‘developing countries. Because many countries face common problems
that are not-being:dealt with adequately by the current technological .
'"rder 'potentlal existsfor joint 'projects, “informa
“and ‘ever transfer of technologles ‘within - ‘the " developing
: ndlan scientists, for example, are now studying closely Chi-
‘nese: biogas' plants to ‘'see whether ‘they. would  be suitable for use ‘in-
Indian “villages: A new pe -of cement: ‘made from the ash.of rice
husks, " recently - developecr in Incha could be useful “as a partial re-
‘placement for ‘building cement in: many - developing ‘countries. And -
ustamable productive; - dry-land "farming techniques that: have
‘evolved in northern Nigeria may be relevant to the needs of farmers
ain arld zones elsewhere in Africa, Asna, and Latin America.7 - '

It should be emphasnzed however that technolog:cal changes are_..-.

only ‘one influence’ on ‘poverty, unemployment and . other pressing -,
problems in the developing countries. Political, social, and economic
transformations are also required to help raise the: llvmg standards
of those who are now at sub51stence level -Charles Weiss, science

uction of technologies keyed to local




it “evidence is piling up that. "

mpact of the introduction of ‘any:particular ‘piece of equipment— '
shether: tractors in South' Asia or ‘waterless toilets .inViet ‘Nam—"
nds  heavily on the 'sgcial ‘and institutional structures on which =~ .
is -superimposed. For 'this .reason, there ‘are many situations in ' 2.
shich an intervention focused :purely on technology—whether indig- 4]

ous or foreign, new, adapted, or transferred—is likely to be doomed -

iser to the World Bank, has noted that

decade; disenchantment with various ‘aspects of the -~
e logical: world “order ‘has begun .to: manifest itself in -
forms. Developing: countries have argued strongly for a re-"
icturing of - the ‘global ‘economic 'system, . and their - frustrations. . -
1 the technological dominance ‘of the ‘industrial nations lie behind =
plans for ‘a. United ‘Nations Conference on -Science ‘and - Tech-
ogy. for. Development scheduled to take place in' August 1979 in
na. And in the industrial countries, the rise of the environmen-
ovement, the emergence of the technology assessment move-
ent, and the formation of appropriate technology groups signify a
neasure of disaffection with some aspects of modern technology.

s relatively easy to identify some of the key criteria for determining
whether a technoYogy is appropriate, but far more difficult to devise
e social .mechanisms . to ensure that appropriate technologies are _
loped and applied. It is also difficult to generalize from one so- . <
iety to another, Only by paying careful attention to the impact of -
ew technologies on ‘people, social ‘systems, and ‘the natural environ- -
nt will the picture of ‘an appropriate:technology for any particular
ituation : begin -to..emerge. There -are, “however, no ‘technological
anacess. Only hard choices. e NOWeVEL:; o ecinolpeic
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