The relationship.between ‘technology and equity has only.recently be-

ome -a_matter of concern to. governments and. international lending .

stity s, however, ‘and :the .complex interactions between ‘technical - . -

_ % d social benefits. .are ' but dimly. understood. Nevertheless,

‘social “ equity - must - become -an :increasingly ‘important  criterion in

pubiic ‘investments- in ‘the years ahead or the choice of technologies
ill.only widen the gulf between rich OOL. . . oo o

nergy Considerations

& abundant fossil fuels have played a central role in most of =~ =
- kev technologic velopments since the Industrial Revolution. .
ut that role has been particularly evident during the past few dec-
des. The virtual doubling of ‘global agricultural ‘production between
950 and 1975 relied heavily on the use of ‘energy-intensive chemical
izers. Projected - shortages ' of important minerals have been
d by new technologies that have harnessed increasing amounts
nergy 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 achieved with
>chanization technologies that replaced human and animal muscle
~with fossil fuels.

Aost of -these technological developments took place when a barrel "
.0il ‘cost: 15¢ at the wellhead and :less:than $2.on the interna-=:-
ional market. Cheap oil and gas consequently became’ the lifeblood "

-of “modern.. industrial society, rising from only 16 percent of the
yrld’s . commercial ‘energy - budget just 50 ‘years ago -to -about two- -
s of it today. In addition to. providing an immense subsidy for - -
icultural ‘and industrial production, cheap oil profoundly ‘shaped
g vysical and social environments during the past generation. It gave
‘birth ' 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 arnd modern technology was scant cause for concern. In-




deed; as techno glcal . dvances had overcome food and mater:als-'
ortages ‘in the past, they were being counted on' to avert energy:
shortages 'in the future. The vehicle for such hopes has long:been’
uclear power, whose. _proponents once confidently promised virtual- "
ly . unlimited energy. .at prices that would ‘undercut. even :those of oil .-
and: gas. But comp acency about ‘energy supplies has been rudely dis- -
lled .in he 1973-74 Arab oil .embargo.-and the five

} the following four years: '
b tios ' ‘2 period £ abundance to ‘a new era
nergy - costs and uncertain’ petroleum supplles Arring - ain
mbargo, the global economy is not on the verge of_.'grmdlng'
to' a halt because of oil shortages but the long term prospects for'
-théap_‘energy are not good ST e

obal oil 'and - as: productxon is expected to peak in: the nmetles and

ecline steaglly thereafter. ‘Some projections have even: lndlcated_' b
at oil shortages could develop in th)e early elghtles if ‘key ‘reserves : -
become seriously depleted.’ Nuclear- power has run into myriad ‘prob- -
lems,  among which “steeply rising costs, the lack of permanent waste

1sposa1 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

hanges in the earths climate resuitm from a. bulldup of carbon
ide'i the atmosphere a . : : o

ith -oil shortages pro;ected and large. queshon marks hangm over_
clear power and coal; there is an urgent need to develop and deploy
echnologies - that make use ‘of renewable ‘energy ‘tesources—direct
unlight, running- water,’ winds, and plant materials. Equally’ urgent
‘is the need to -pay “close attention - to ‘the efficient use of ‘ener sk
‘good: example ‘of how cheap ‘energy influenced technologlcal C ange S
-and how rising energy prices and potential scarcities of oil and gas -
ay affect future developments—can ‘be found. in the food —»roduc-f- L
-,-tmn and: dtstnbutmn systems of advanced mdustnal countnes .

CIn tradltlonal agncultural systems where human labor rovndes the
. only source of -energy for tilling, planting, weeding, ancr harvestmg, A
_-the energy contained -in the crops ‘must exceed the energy used in
their. cultivation—if not, agriculture would ‘be urable to sustain tra-
‘. :ditional :farming . communities.. Thus, slash-and-burn .cultivation “of -
©ocotn in’ parts of Latm Amenca produces about fwe kllocalorles of




00 energ for every k:]ocalone of energy spent in“the’ flelds ‘Wet' -

ice agriculture in" parts. «of : Asia offers even better ‘energy. returns: -
ach ‘unit of energy mvested in culhvatron yrelds between 10 and 15: :
nits of food energy 20 : . e g e

At the other end of the scaie the }ughly mechamzed farms of the_. :
ited: 'Sta he ‘Union, Europe, and Japan rely: on: fossil
~According:
rsity, the equivalent of 80 gallons o
: “an-acre of corn in the- United  States, and
ry.,,kilocalone .of energy used in- the cultivation produces only
about two kilocalories of food’ energy. Moreover, if the corn is then -
i to cattle in feedlots, the energy baiance is: tlpped the other way -~
“Jeast ten umts of energy are: mvested for each energy unit con—'

"n beef ‘_

e ava:iabrhty of cheap energy for the productron of Eertlhzers, _
peshcrdes ‘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
useof ‘tractors, combine ‘harvesters, electric. pumps; and. other_ agri-.
ltural machmes As a result, the proportion of the po y
ployed ‘in - agriculture -in"the- United States’ dropped by half between -
1920 and 1950, halved again by 1962, and since then has drorped =
yet'"agam by 50 percent. Only ‘about 4 percent of the Amerlcan abor L
Orce is. now- emp]oyed dlrectly in the fleids 41 e L

In‘a socrety where only a tmy fractaon of the opulatron remains on' .
- the land, vast amounts of -energy are requlredp for food ‘storage and .-
_distribution. In the United States, about fout times as much energy =
~i5 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 kilocalories of fossil fuel energy are
: _'-.‘-needed to shlp one pound of vegetables from Califurnia to. New York
:That is more energy than most vegetables contam 500 o




Such energy accountmg does not 1mpIy that the world must revert to'_" :
traditional agricultural practices because of potential fossil fuel short- -
ages. But it does suggest that Western-style food systems have be- .

po ulation. were fed an American diet, produced with U.S.-style food
echnologies, progluctmn and _ distribution alone. would .use . up - all -

known lobal oil’

_nd_..gas Teserves in just’ 3 years. Slmllarly, if India’
_ its.agr iral ‘system to American’ methods, agri-
e. alone would. require fully 70: percent of the commermal en- -
Y that is now used for all purposes in that country f6 s

e energy balance of’ Westem food systems suggests that the chief .
inefficiencies occur ‘after the food leaves the farm gate. Perhaps the
most ‘egregious.iinefficiency is the use of a two-ton automobile to_
arry a ten-pound bag ‘of .groceries from the supermarket. Excessive
processing, transporting, and packaging uses vast amounts of energy
that might be saved by less centralized food productmn and distribu-
tion. Urban gardening, solar-heated greenhouses. in urban and sub-
urban areas, and greater use of refillable containers in grocery shops
‘would all help make the food system in developed countries less
energy -intensive,

Although changes in procussmg and distribution offer the best: pros-
pects for improvements in the energy efficiency of the food systems
most countries, ‘there. is. considerable scope. for- 1mpr0vement on’
¢ 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 -
‘farm ‘machines. Chemical fertilizers have taken over almost complete-
ly from the manures and Iegummous plants that were used as fer- -
lizers just a few decades ago, a substitution'made economically at-
* tractive by cheap oil and 8as. As energy prices rise, however, the
“’economic balance may again favor more extensive use of traditional -
fertilizers.#” The use of sewage sludge could also reduce requirements
for chemical fertilizers, provided serious questions about the con- -
tamination of sludge with’ heavy metals can be resolved. In addltlon '
to saving energy, more extensive use of organic fertilizers like manure
~would help improve the condition of seriously depleted soils, while
...recycling 'sewage sludge on farmlands would reduce the capltal and
Sl energy costs of constructmg new sewage treatment plants 48

come . excessively dependent on fossil fuels, ‘and that they are not
u:table ‘models for most developing countries to follow. If the world’s




oking Wer an pen i I ‘mote nergy g _
7as Of electric stove because :about 90 percent of the heat is: wasted.
energy analyst Arjun Makhijani, the efficiency of tradi--

oking stoves e doubled an. investment: of

ve, saving a.family $10-$25 a year in firewood costs.

a mud stove has been developed in Guatemala that requires

a%,f the wood used in’ cooking over an open. fire. The stove,

costs less:than $10, also” warms the house and ‘heats water

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

eplaces the traditional practice of lighting a fire in the middle of a
hat promotes lu i

= efficiency

he chief

B enc
Flrst there have been few 1mgrovements :.j'

ploy other implements,

~Yet recent - studies’ .have' sho A t-
mmﬁle de51gn _changes ‘such ‘asmore “efficient ‘harnesses

led an substantially improve the effectiveness - -
P is - transformed useful work. ‘And .
second cattle dung ‘is often burned -for cooking Fuel, a '

& _'depnves the soil ‘of 'much needed fertilizer and reduces the efflciency B

of i the’ forage animal-crop - nergy ‘cycle. If - dungis fermented in a
; -blogas plan , en; blin y -to-be extrac ed “the" nutnents__:.'
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"gu'rms“:-the'-f_i.fti_e.s"a'n_ sixti

as calculated that the energy efficiency of aircraft dropped by nearly
‘“half between 1950 ‘and 1970, a5 jet .engines replaced more frugal
iston engines. The efficiency of automobiles declined by about 12
ercent over the same period, while that of trucks dropped marginal-

irst, ‘an eﬁéfgy- . yst from Oak Rldge : N_é_tlbh.ai ;i.ébdfafOE?}f :
o

ly."Yet the airlines’ share: of freight ‘and. passenger markets in the: Tei

nited States rose by factors of 7.and"5 respectively-in the fifties and .
‘sixties. 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
n 1970 as they were in 1950, largely because diesel engines replaced .
team_locomotives.' Yet ‘the railroads lost freight business totrucks:
nd :airplanes; ‘they accounted for:35 percent of the market in 1970
ompared - with 147 ‘percent ‘in 1950." Their. share of ‘passenger: trans-
_portation dropped: fgom? 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

uses lost passengers s -

These: '_s}iifts":?'_t_o'wafd more energy-intensive _'t_féﬁspoﬂatidﬁ j‘_tg'c'l{.-‘_'-
“'nologies have :not ‘been "accidental. -Jet aircraft offer advantagés .of -

- speed, automobiles provide convenience, and trucks are more versatile.
-~ ‘than railroad cars. But government policies have also subsidized:these -
= less efficient systems. ir'ou'gh -vast highway construction ‘programs,
. -airport: b_l_x'i}ding-_pi'bjefc_ts.:;and'_:fr_eightl'cia:geé that have favored:road"




Vhen' transportation s systems are. constructed around the automobnle
s -often difficult for other, more efficient: technologles to compete.
h is the case with the bicycle in most cities. By far the most en-

-efficient -means of . ‘transportation, the ‘bicycle plays-a key .role " -
many developing countries; but in the industrial world it has large- '~
been. ushed ‘aside by the automobile.’ ‘Many Third World cities
al 1to~ce R ly, howey th cjrcl' has

_ : umber of blcycles inuse in’ ]apan chmbed from
llllon m 1950 to 47 ‘million in 1977, and they are now being pro-
f more ‘than 6 million a. year; “and’in Britain, yearly
ose. from 467,000 in 1970 to 1.2 million in 1975. One city ‘that
made a major effort to accommodate bicyclés in urban transporta--
plans is Davis, California, where ‘an extensive network of bicycle -

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

of 11977 found that bicycles represented 40.percent of all vehicles.

n-one heavily traveled street. Urban planners in Dodoma, Tanzania

lopted a similar philosophy: the master plan for the city decrees
hat the ratio of bicycles to cars will be 70:30.5¢

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

ation of “transportation ‘planners, but as its price rises, it will

ably .assume a’ more ‘important role. For: developlng countries,
sing- energy intensity of transportation Systems built -around
utomobiles ang trucks’ should provide a warning ‘of ‘the ‘costs in-
lved ‘in: followmg in_ the’ footsteps of - the industrial world. In the .
ndustrial ‘countries,  subsidies  for- ‘enérgy-intensive - ‘transportation -
ystems - should be overhauled, and .wider use of more eff:c:ent ways -
“to move goocls and people should be encouraged '

The 'vallablhty of cheap and abundant fossal fuels has’ shaped tech- £
nological developments in “many. areas other than agriculture "and
transportation, “Advances in building - technology,’ for example, have
- produced glass- walled,  hermetically: sealed: structures .. whose . chief

concession to the. extemal env1ronment 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. staggermg
12.5 mllhon barrels of 011 a day by 1990 Thrlfty bmldmg de51gn in-"




; _ ulation, -"péssiy_e_:-__sél'aff heatmg and '__(_:"OQIir‘g'g" _:dé'éién;
m of ‘lighting, and construction. materials requiring-less_en-
thei duction, such as ‘stainless steel rather. than alumi-

ercen
United States, and most -of it ends up on the trash-
> American ‘generates_about 1,300 pounds of soli
ercent of which is recycled:% Yet the pro-
zcti “fron ap rtequires only 14 percent of the ‘energy =
needed to produce it from virgin ore; ‘the equivalent figure for copper =
is:9 " percent, and‘for aluminum, 5 perce Recycling can never -be : -
perfect, “however. “Reducing the “materials ' consumed * by - industrial
ociety requires designing products that ‘are more ‘durable ‘and- easier

to repair, and eliminating wasteful packaging.

inally, a less obvious source of inefficiency is the use of high-quality
energy sources, such as electricity, to perform tasks where energy of

wer ..quality . would- b dequa_te.“:EI_ect_ricil;y. is .a_versatile -energ
1rC pable:of ‘perfor .tasks ranging fr P

. ring’ appliances and
roughly three units: ot uelz:a'te ‘required to
of - electricity—the ‘excess energy is usually  rejected
sphere as low- erature  heat. ‘As ' physicist. Amory L _
“This electricity ‘can do _'-mbré_'.'diffiguﬁ'rg' 1 -work, than"can ‘the
original fuel, but unless this extra‘quality andversatility are used: to
advantage, this costly process of upgrading the fuel—and losing two-
.thirds of jt—is all for naught.’s® 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. .~ . . 0l

Lovins -notes,

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. - .




chnological evolutlon-;f thousands . :

y humanity to c¢ontrol nature, In..

‘modern technolog?r to manipulate -

stems_for the production -of food. and fiber, to combat
c{ to: pmvxde rotection: from. some of - the ,_‘-agar;es of:na

uggle

ew years: it has:become: evadent that "'cologlcal "rob "ms ‘may:
me technologles - S

etween the'mtroduchon ofa new. technology and the grad-
al ppearance ‘of ‘ecological problems-is not new. Some 6,000 years"

civilization flourished on" the floodplain ‘of - the Tlgns and
uphrates Rivers, in ‘what is now: Iraq; as the development of irriga-

echnologles turned the desert into. fertile land. Gradually, over -
urse of several-centuries, however, the fields became a-salty
eland. - Crop " yields slowly declined, - until production ‘was no.
ger sufficient to sustain the civilization. The .problem was caused
._';_waterloggmg of ‘the subsoil ‘and ‘by the constant evaporation of
rrigation  waters, which left behind dissolved salts. The soil has not
ot recovered, and. in.parts of southern.lIraq. the, earth still glistens
th encrusted ‘salt. These ‘particular irrigation - technologies were'not"_" :
stamable over the long . '

[ . on- the verge af: ecolog;cal collapse, but there s
ounting evidence that' many technologies being used_today. are not .-
loglcaliy sustainable’ because "of their: long-term . effects .on people

on nature. One’ troubling ' possibility, for ‘example, is that, human ..

ivities may lead to 1rrever51ble changes in the eartﬁ £ cllmate

hen' it was: flrst suggested a few years ago’ that the g obal chmate’ _
may eventually show -signs  of ‘human interference, the idea was '

rected with due skeptlc:lsm by many . scxentlsts Recently, however, .
the skepticism has %wen ‘way to’ concern. It ‘is thought that: carbon -~ -

dioxide—an inevitab
“up.in the atmosphere and acting rather like a greenhouse, preventing
‘a fraction of ‘the earth’s heat from being radiated into space. The :-ultl-_

mate result could bea rise in the average'glo bal temperature 60

by-product of burning fossil fuels—is building



The' concentration of carbon ‘dioxide -in the atmosphere is. already "
elieved .to-have risen by’ about 13:percent since’ the Industrial Rev- -
".olution, ‘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 magnitude’is difficult to
redict, but it is likely to affect agriculture in many regions. It could, -
E_c)’:&}-- example, push the ‘American corn_ belt northward onto less: fertile :
soils: But it:could also the gr - he Soviet grai
< into higher  latitue
tion. In general,
robably ‘cause

Flobal

ocal 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, inan .article published in Nature, the anticipated dou-- :
bling " of carbon dioxide concentration over the next 50 years could
raise polar temperatures by an amount sufficient to cause the West
Antarctic ice sheet to break up. Such an event would raise the aver- -
age 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 paid in order to buy enough
time for _".indzls_t;igilj: civilization to ‘make the changeover from:fossil :
els to other.sources of ‘energy.”If ¢o, major ‘dislocations in coastal .
cities, “and submergence of ‘low-lying areas ‘such ‘as much ‘of ‘Florida
nd the Netherlands,  lie: ahead.”’62" Some ‘of. Asia’s principal "rices'
lands, such as -the river floodplains “in “Bangladesh and Thailand, "
ould also be inundated with'salt water, -+ T

‘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. ““Fen years'of ‘delay
~ will ‘put us ten years closer to potentially . irreversible  changes,”

4

- Schneider warns.82. -




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 = .-
“the atmosphere -has been  easier to resolve. In 1974, researchers at -
e University of California suggested that fluorocarbon gases, which
re. widely used in ‘aerosol spray cans, may damage the earth’s pro-
ective ‘ozone layer. Because the ozone layer helps block some uﬁra-
adiation from: hing ‘the earth’s surface; it plays:a critical
shi : nimals from some of the damaging ef-".
_ ‘other things, certain kinds -of ultra- =~ & "
ave been linked with skin cancer.84 - v o

though ‘the suggested links between . fluorocarbons ‘released from . -
;pray- cans, damage  to the ozone layer, and:increased numbers of '
skin 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-
juently, the use of fluorocarbons in spray cans ‘is being phased out
hrough “government -tegulations in the United States and in some
European ' countries. Unlike coal, fluorocarbons fortunately play
only :a peripheral role in the economies of -the industrial countries,
and their potential ecological threat has been easily dealt with.ss

more difficult ecological ‘problem -linked :with the-introduction .of ... .
new technology has arisen in ‘some regions from overuse of pes-. "~
ide hen DDT was introduced into agriculture.in the late forties, ..
it seemed like a miracle cure'for :a problem that had dogged farmers ' -
for 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 amf eventually to other pesticides
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 attemnpts
“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 yearin the forties o, about 40 a year in the mid-seventies. And -




ru’s- fe 'Ie._Canete.Valley caused serious
_economic- problem: 'the flftl extra: spraymgs to control re51s-'
.p ts reduced ' ik REEat i .

* with resistant pests “for it now accounts for -'nearly half of all the
- pesticides used t

. higan a']:)ple'orchards in the past two_ decades,
use; resnstance has developed to. the other 15.

n _the future, pest control must turn to techmques that are ecologlcal- L

-more sustainable. ‘Biological ‘controls; such as’ the. introduction of .. o

watural enemies of crop ‘pests, the release of -sterile ‘male “insects ‘to

educe breeding, and the use of sex attractants to lure pests into traps .-

“are already being tned Another effective’ strategy is .crop rotation,
~which reduces losses from pests that survive in the soil during the

loped ‘with conventional _

ganized an. areaw1de control  progr.

n of ‘enemies. of the cotton ;
eties; ‘the rotation of crops, ancf the use of mmeral ‘insecticides “‘onl
_when necessary Synthetic organic pesticides were. banned.. Produc
tion rose ‘dramatically, almost doubling

. .centive for farmers ‘to.-turn to ecologically more sustainable ‘tech-:

" niques is the fact that overuse of pestlcxde has. become economi Hy'
T -unsustamable 6. L e -

s ~The popular and sc1enuf1c press abounds w1th examples of otherj "
g_technologles whose ‘use_may be_ecologically .unsustainable over. the
_long term. ! Sometlmes the problems show:. p"fazrly quickly. 'In a




hydro- electnc 'pro;ect at Am:h:caya Colomb1a for example, the '
eservoir lost four-fifths of its capacity ‘in  just 15 years because of
mentation, and sal:mty problems have appeared ‘along ‘the Colo- -
y River ‘as a. ‘growing. number of - irrigation - projects: return salty
1 to. the river. Moré often; ‘the ecologlcal effects of a new tech-
gy take decades to become apparent 69 '

the case . w1th many carcinogens ‘introduced ‘into. the environ- - . -
>a lcularly

estos and 'lung cancer, vinyl. chloride and. liver
-, and:'th "-diethylstllbestrol (DES) and: -vaginal cancer are =
few that' have een definitively established many years after the
uction’ of each new ‘compound. Each year, -about ‘1,000 ‘new
1cal-compounds are produced in the United ‘States, yet until the -
ge in 1976 of the landmark Toxic' Substances Control Act,
 was -lno legal requ:rement that they be tested for long-term toxic

hese are’ ]ust a few examples of technologies whose impact on peo-

‘or -the environment may be unacceptable over the long term. In
me cases, such as environmental pollution associated with specific
chnologles new technology may alleviate the impacts. In other
ases, such as the use of fluorocarbons in aerosol spray cans, the
' logy -itself . must-be abandoned. Unlike civilizations in the past

eats, humamty today ‘at least has the ability to predict some dan-

_owever another matter

echr oldg’ical .t:ho'ic'es*in' Context

relatlonshlp between technology and . soc1ety is a two-way
rocess. Technology: has: prov1ded ‘much of the ‘driving force behind
ocial ‘chanige for ‘thousands of . years, ‘and it underpms 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 ‘résources devoted to-research ‘and  development
" have grown rapidly, and as’ mstzzutlons for dlssemmatmg new te-"hs
,_nolog:es have prtherated S :

“the: workplace, through new ‘technologies. The

have been confronted - with' potentially: catastrophlc ecological -

des. in advance. Whether that foreSIght w1l lead to correctlve. L




This. vast infusion of technolog' into. socmty has brought 1mmense_;_:
enefits. But it ‘has not:been wit out social ‘and env1ronmental costs.
The - -four concern: discussed in - this | paper—rising’ unemployment, -
growing social inequities, ‘dwindling oil and gas reserves, and ‘po- -
tential long-term ecological problems—are all linked with" technology :
Some of  the technoIogxcal ‘trends of the past few: decades -are not
compatible with the social reeds and resource constraints -that lie
ahead. Yet chmces of technology made today by: individuals, com
' governments - will._have’ lasting - impacts
se of energy ‘and resoturces. They will: affect: emplo ment-and"
ome dxstnbuhon for many years to come. Unless consideration of .
'ch' into . judgements of ‘which technologies should
P ped ‘and employed  for. particular- tasks, some technologlcal 3
chmces will lead to more problems than they solve AT :

echnolog:cal chmces whether in 1ndu5trlal or developing Countrles,

e never made in a: pohtlcal or economic vacuum. The entire innova-.

on- process, “from ‘basic research to the introduction of a new tech-

ology, is conditioned by such factors as the profit motive, prestige, -
national defense needs, and social and economic policies. Those
fforlces must be understood in any discussion of appropriate tech-
nology.

f._.technologlcal development is to be more compatible with human
eeds, and more in harmony. with the earth’s resources; four. pringip.
ints must be recognized First, the unfettered workings of ‘the mar-
ket system cannot: be relied” upon to promote . the development and:
doption of “appropriate - technolog:es Second, - man Frtechnologxes.
-produced in the past few decades are becommg inappropriate inthe
ndustrial countries, and .they  are ‘even’less appropriate to_the needs
‘of ‘developing countries. Third, the development 'of technologies that
‘mesh’ thh 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 th at technuxogy, by 1tself cannot
' solve pohtlcai and soaal problems

U n ‘most societies, market forces are the Frmcnpal Eactor mfluencmg

the development and -adoption of technologies. But. they are -at best
.an -imperfect mechanism for ensuring-that the development and in-
-troduct:on of new technologles w1il be soc1ally and envuonmentally_-




acceptable. For one thing, the :negative impacts of ‘new: technologies -
re se.dom completely reflected in-market prices. A few years ago, for ‘-
example, ‘some Canadian - pulp and . paper .manufacturers routinely
flushed -mercury :wastes down the drain, a process that was muc
heaper”’ - than installing - pollution-control -.equipment. - The  .costs.
ere ‘borne by the people who ate contaminated fish rather than by
the manufacturers .ot the users of pulp and ‘paper ‘products. Govern-
nt. regulations have since banned such sacially irresponsible prac-

prices now better reflect the true costs of the manufacturing pro- =

arket processes .can_also work to perpetuate the use of ‘inappro-
iate” technologies. - American automobile - manufacturers. find large,
line-guzzling automobiles more profitable to market than smaller,
more energy-efficient cars, for example. In the absence of govern-
t regulation, Detroit would pay little heed to fuel efficiency, but
ral regulations ‘are forcing the automobile industry to shift its
oduction gradually toward more efficient vehicles.

Governments have always strongly influenced trends in techrological
development, either directly through research and development and
actual purchases of new technologies, or indirectly through subsidies,
tax incentives, pricing policies, and support for such sectors as ed-

ion, :road. building, ‘health: care, ‘and ‘so ‘on: Nuclear power, for

‘support; communications satellites owe their existence to a vast’

through = national “space “programs; and - transportation : -technologies -

nological 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

d. pollution-control ‘equipment has' been "installed. Market >

ample, 'would ‘not have ‘been developed without ‘immense ‘govern- . :
infrastructure of hardware and expertise that has been developed

quire ;government assistance “in‘ the form of 'roads, airports, and =
docks.  Governments therefore have great leverage /in directing tech- . .




direction. The Office of: Technology 'Assessment, established as an -
agency ‘of the U:.S. Congress in 1973, has “also published a number.
of studies highlighting potential long-term. problems linked ‘with new
technologies. Such _Irhechani.sm‘:vfﬁ¢'a_n.‘_;ielp ‘to provide early warnings of
de effects of technologies in time to take corrective action, But the
:.dgyé:lopment ‘of “appropriate . technologies, as ‘opposed ‘to the control *
of inap

In'the energy. field; for example; government subsidies, direct “pur:
s of equipment, and tax incentives could play an important role
omoting ‘the ‘development of renewable energy resources, Two -

'serions -impediments ‘to . 'the ‘widespread use.of solar.equipment are -

‘the high immediate ‘cost of ‘the hardware  to the consumer (despite -

its savings over ‘the ‘long run), and ‘the lack of -access -to long-term.

‘credit ‘facilities. Tax incentives, such “as_the recently adopted 55-per-

1t income - tax credit on all solar . equipment ‘in California, could.
play a significant role in stimulating the development of a solar heat-

% ::indu's't_r!,' while ‘a major government purchasing program could

help bring down the cost of photovoltaic cells.?2 a

‘The market system determines the price of goods and services in
relation to current supply and demamf. But it does not reflect the cost
o:-future generations: of - the .depletion - of . resources. orof -environ-
ntal degradation.. Those: costs can only be dealt with by effective:
rvation of ‘the earth’s resources through public:policy. .~ = =~
“the developing ‘countries, the market mechanism cannot ‘work to ..
timulate .the development :and ' introduction ‘of technologies  that -
meet the needs of the poor, for the simple reason that the poor, by -
efinition, 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 othérs now -outside ‘the market ‘sys-

" tem, ‘the poor may not benefit at all from technological progress.

_Until recently, it has beentacitly 'ass'ﬁmé"d':tha_t'-'_Wést'éirn—s_?le-:in_c_l_us‘_--.

- . trial development would be the appropriate model for _
" ‘countries -to follow: “Just as' similar technologies are now employed’
.- -throughout the industrial countries, it ‘was generally anticipated: that -

eveloping




- those costs cou

‘appropr:ate . ik
s a;e_ _lnk_ely____to eed exactly the same

echanisms. for mtroducmg technolog:es into developmg coun-
'ether governments corporatlons or mternatxonal agenc1es—

to- promote a one-way flow from the industrial countries to
developing world. This is not surprising in view of the fact that
virtually ail tﬁe world’s technological capacity is concentrated in the
fluent nations of the North. But one result is that many tech-
nologies do not make effective use of either the phys:cal or the hu-
' ources of developing countries. The tech ies for-making.

A i .33._'the fact that technologxes developed [in the mdustraalf
vorld may' not mesh with -the needs of the Third World—or indeed

ith 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 and
‘indirectly for imported technologies, and if present trends continue,

Icf soar to more. than $150 bi lxon by the turn of the




_century Such pro ectlons ‘assume; however that developmg countrles__'-
- will ‘continue {0’ buy: many technologles that are’ inappropriate for
their needs." Moreover, a group of. development experts: convened -
by the United ‘Nations - Conference on ' Trade and “Development
“(UNCTAD) 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
community is dependent on the other fourth for the ability to solve
its own problems - AD. p: : -%,or greater .
chnel glcals 1f M

"here i$ 'no easy formula for breaklng the technologlcal dependence;
of “the developing world on ‘the advanced ‘industrial. countries, But
an ‘important element ‘in any such, strategy is the: strengthemng of -
the capacity of deve}opmg 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
simply copy those in “the industrial countries. Rather, the need is to
determine .indigenous technologlcal requirements and remove barriers

to " the ‘development and introduction of technologies keyed to local
: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
-ld__ rder, great  potential exists for joint projects, “information-:
aring, “and ‘even transfer: of technologles within the - developing
vorld. Indian  scientists, for example, are now studying closely Chi-
ese biogas: plants to see: ‘whether they would be suitable for use in-
Indian villages. A"new type 'of cement made  from the ' ash of ric
husks, recently - developec? in India, .could be useful “as a ‘partial re-
- placement for ‘building cement in- ‘many - developlng countries. And -
'sustainable, productive,. dry-land farming “techniques that have
‘evolved in northern’ Nigeria may- be relevant to the needs of farmers.
- in.arid zones elsewhere in Africa, Asna and Latin America.”. -

.It should be emphas:zed however, that technologxcal 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 living standards
of those who are now at. sub51stence level -Charles Weiss, science




the impact of the introduction of any. particular piece of equipment—

which ‘an intervention focused purely on technology-—whether indig-
us or foreign, new; adapted, or transferred—is likely to be doomed

past decade, disenchantment -
technological . world ‘order has
ious forms. Developing countries

‘the technological dominance of the industrial ‘nations lie behind-
plans -for a United -Nations ‘Conference on Science and Tech-
ology for Development scheduled to take place. in: August 1979 in

‘movement, the emergence of the technology assessment move-
ent, and the formation of appropriate technology groups signify a
reasure of disaffection with some aspects of modern technology.

'is 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
ped and applied.. ; alize fron '

ituation . begin - to -emerge.. There “are, “however, no ‘technological
anaceas. Only hard choices, .~ . o o T

advxsertotheWoridBank,haSﬂOtedthat evidéi‘l_tz:és'i.&i‘»'. lllnsup that:

vith ‘various aspects of ‘the -
begun to: manifest - itself ‘in -
us. for ave argued strongly for a re-
icturing - of :the global -.economic ‘system, and : their. frustrations

nna;- And in the industrial countries, ‘the rise of the environmen--

It"is also difficult to gener “from-one so-.~ -
ty to another. Only by paying careful attention to the impact of “-
- technologies on ‘people, social systems,.and ‘the natural environ- .
will the picture of ‘an appropriate technology for any particular .

hether ' tractors” in ‘South - Asia.or waterless toilets in. Viet'Nam—" =
pends - heavily ‘on: the social and institutional structures .on which
is - superimposed. ' For ' this reason, there ‘are many situaticns in
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