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THE IDENTIFICATION OF A PPROPRIA TE 
TECHNOLOGIES FOR RURAL 

DEVEL OPMENT 

Eric L. Hyman" 

THE DEFINITION OF APPROPRIATE TECHNOLOGY' 

There are two alternativ,, views on the definition of an appropriate
technolog: the social welfare approach ;knd tire technology specii.-at ions 
approach. In the sOci;d welfare view, a mix of technologies should he Cho
sen that lilaxiialzes achievcrilent of the objectives of a society. Although
this concept has appeal, it is diflicult to operationalize because social ol,
jectives are not clearly specified aud are often ill conflict, and it call be 
difficult to quantify the expected effects of a technology h priori. There 
is no nrosulbjective itiLthod of (Itermining the value weights placed oil 
various objectives and th, shadow prices needed to correct for the market
 
distortoions in arn ccontti 
 (Stewart 1987a). 

Under the t.cht tology specifications appro .ch, the ex pected outcoies
4 a technology are corml)ared to a list of characteristics generally associ
ated witl ' appropriate ess." T'!hise characteristics are defined in terms
of the expected socio-ec, ouoric impacts ott the poor in rural aiwd/or ur
ban areas ari the civiiro I letital ilnipacts. Technoloa~ specifications lists 
are also stivLctiye and often confuse short-termt altd long-t er'u irimpacts.
A technology' m:i , satisfy a particular criterion to varviug degrees andfew tcchnologies are IIkely tt, itcet all of tire specifications of aptpropriate
ness. llowever, tlie tcchnolgy spec fications view does offer "signpo.ss 
for ;ictioni ." (!hid.) 

*Evaluation E:onomist, Appr,)riate Tchn.,ogy Ilternati(,nal, 1331 St.,It N.W .,XiisLMmton, DC 20005, lUSA

l contentsCI le this e riot
,f urti Cdo iicc -sSu-ily reflect the vi ws of Appropriate 
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Consequently, it may be best to combine these two approaches. A
list of criteria for appropriateness may be developed and refined from theexperience gained in assessing the impacts of technologies in use. The
criteria can then be useA to screen tech nolo ies, narrowing down the can-di(l,LteS for in-dihpti1 appraisal using beriefit-cost analysis and other tech-
niquec for social and environmental impact analysis. The appropriateness
of a technology depends on how it. is used, what it is used to produce,andI who gains anl loses as a resuIt of the production and consuiption 
decisions. Appropriate technology projects typically differ from conventional technlhogy projects in their reliance on small-scah.e equipnent and 
processes (often locally made), and different amounts, kinds, and sourcesof raw mat erials. (Compare'd to conventioial technologies, appropriatt-tech nologies typically are less capital intensive; more labor iiitensive; less
(heliende t on scarce foreign exchange for imported goods; and easier to 
operate, mnain air, a' repai r. \et, appropriate technologies are labor 
savirr; in comparison to traditional methods of production. 

Atppropriat, (echnolo' projects can be most cost-effective and wvil!hayve the fe'west unintended, ne:gative inparts when low-income peopleown and (qprat, protitable enterprises that match their skills and re-sources. 'l's,, Iprojects nay be designed to increase their access to goodsand servic,, raw matrials, financing, technical information, and/or mar-kts. This stran ,.gy also rnicre:Lss the participation of the poor in ,(levelo ir'nl,t,1iSijis (hat affeCt thl.i Such opl)ortuinities are neghectl
by coii rc, i )ircfs of capital because they are relatively risky, Siiiat
scale, arid 'qi irit. 

The f0 low rig c assification of tech nologies is risefuI ini testinrig assimup-
tions aboti t t ihnoogy t rarrsf,r-

Traditiounal teclitmu;o)gies are those that have been used iin produc-

loll or conlsl)im m f,,rben int roluce frOm aniotatl l,r :25 yars. IIn so - ra-ses, they havelss ,'veloped country (LIDI)) rather 
than th a nyinr nditrnos (origin. "Iraition;d techn, l.gisusuallyrely on i urian or ;.nimal p w,-r, or re,'iewablh, erergy sources. 


SlJpgradedl traditioinal 
 tehinologis incorporate key -lcit'nts ofof
i l ireplicationt r , tl i agd , ' h (l , hill hs.a-\ , h eenim pl rov ,d t o ta ke ad v an~t a "',

of rhr' lt,.rit i~ for hirer iril,.r,.n" ,tticircics (eg. thiernniodhynrari,orer i or ,.xt r 1t-s),rt m ra niis o0f scal,0corr( 

*( )f-the.-slhd f rnrob(rni t(elrn(ohogies have h),'eirIin ,s for a r,'-la-

Identification of Appropriate Technologies 

tively short time, generally less than 25 years. They are often larger
in scale than traditional technologies. 

e Dow"-scaled nio(ern are versions of tech
ntCo:lologies erscale of modern 

nologies that have been a(l;,pted for 
mr or 

a smaller scale of production or
consumption, or to match the avilable resources.
 

0 Innovative repjaceie(,iit teclologies 
are generated by applica
tion of new scientific and engineering knowledge (James 1984I). 

Each of these .ypes may be appiopriate for particular situations in
DC's, but upgrading traditional technologies is often the most costeffective way of reaching the rural and per-urban poor. Upgraded traditional technologies ofte. retain the accumulated environmental knowledge

of local people and .are more compatible with cultural values, local skills 
for oper.tioji as well as repa:r, and resources than are down-scaled modern
tech .oloies (Ihid.). This ,nvironrnrtal knowledgeI incorporates physical 
factors such as climate, hydroiog', and soils; ecological factors; the degreeof devel,l)nienit of economuic infrastructure; and relative factor prices.

In ,!wn-scaling modern te'chnologies, many of the economies of scalethat nake the technology elicient may be lost. Moreover, tieproducts of down-scaled ruodern technologies fiav be less suited to the:;;conies and preferences of low-income or rural cornsunmers. Most off-tIeshelf modern technologies and iiliovative replacement technologies tend to
be less appropriate for small farms and firms in l I)Cs because Jhe research
that produced these technologies was carried out in developed countries, 
where the relative factor proportioins are very different. However, some of 
the older modern technologies may be appropiate, especially for mediumscale, urban enterprises (Pack 1981). 

Since an appropriate technology niu:t be matched to the needs and 
resources

docureritingof a particular application, a c.se st,,dies approach is importantin tlie imnpacts of technohlgy choice and the disse1inatioi 
ofstratgy. Cho ice ofestrate gy.la ofdMt hough this information can provide useful lessons on whatha-s or has not worked, it iiiist he evaluated in light of the specific features 

the case. Neverthieless, rany a lropriate technologies have a high
r poteital iii i elarge aras,; of the Third World. Multi)le factors;need to be consi(ered in the choice off technologies by private enterprisesor designers of a developtment project (Tabie I). llowever, it is sonletiuespossi He to identify the key fact ors in t - ecision and tile case studiesdiscissed below are categorized ini this way. 
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T.able 1: Key Factors in the Appropriateness of a Technology 

1. 	Scale of equipment and processes 

2. 	 Cost savings 

(a) Capita! 

(b) Operating, maintenance and replacement 

(c) Foreign exchange 

3. 	 Generation of profits 

(a) Increased production 

(b) Iligher price- for products 

(c) V.'alue added locally" thirough procssing 

4. 	 Socioeconomic imp~acts and distribution of benefits 

(a) Directly incr, ases employment. f(,- rural and low-income people 

i. Creatian of new jobs 

ii. ligier watges due to better labor produc ti vi ty or skills 

in. Reduced labor displacement 

(b) lncreases net nircornes of ot.her nit erlprises 
i 	 (;reater ,t#.nand for locally prodluced raw materials 

I'The po 
ii. 	 II iglier Itro)fits in soltst',,-nt use or ,rocessing of the pr, dl-

uct 

iii. letucet share for iniddlem.n 

(c) P'rovides benefits to rural or low-incnime consumers 
i. e epment 

ii. 	 Improved quality of products 

iii. Greater availability of products 

5. 	 Enviro~mental Impacts 

(a) Natural resources consuimttion 

(b) Amenities 

(c) lealth 

Identification of Appropriate Technologies 

SCALE OF EQUIPMENT AND PROCESSES 

Generally, a range of technologies exists for different scales of produc
tion. Small scale is not an end in itself, but is often associated with other 

characteristics of appropriateness. A case in point is the medium-scale 
"open pan" (0 1') process for sugar manufactring, which can be a %iable 
alternative to the large-scale, "vacuum pan' (VP) process (Kaplinsky 

1987). The typical capacity of a VP sugar mili is 1,250 tonnes of cane per 
day (tcd) in India and 7,000 tcd in Kenya, compared to 100-200 tcd for 
an OP plant. 

Until 1982, the 0) pro,:ss had a serious disadvantage which made it 

uncompetitive a low crystal sugar recovery rate. As result of P. &a 
I) work in India, t lie reco;'ery rate has been improved and the labor andfuel reqpiireniets have be,'n reduced. For a new plant, the production 

costs per unit of output for a 200 tcd OfP plant are 16% lower than those 
of the typical V1I' nill in India and 31% lower than those of a typical VP 
in 	 Kenya. If the donmestic sugar detrand were met by 200 trd OP plants 

ratner tlha VIP plants, employment iII the industry would increase nearly 
200% in India and 500% in Kenya. An OP plant can also be placed on line 
much faster and can serve smaller, cane producers. The disadvantages of 
the 01' process are that the output is only suitable for domestic markets 
and mnore land wmld be required for cane production (ibid). 

chioice ani incorrc t scale can ake a tecuIenology in appropriat 
for a particular st ting. Al! hough large n urnbers of ferrocemnent boats art 
in use in less developed countri,.s, particularly in tie Asia-Pacific region 
ferrocement sail b oats with engines for su pplemen tary use did not prov 

apprar., iate in a project of the NIalawi Fisheries Department. Ferroce
is a mortar of cenriit., sand, and water that is densely reinforcedirothroghout with steel msh wire anid formed into a thin shell. The mailjustitcatiof, for tIis in aterial 	in boat building is the scarcity of suitabl, 

tiniwr in some countries atd 	the potential longer life of a ferrocemient 

boat due to its rsistance to fire, Itrimites, and borers. Construction of 
ferrocenientIboat is lahor-iutensive, but demands less skilled labor that 
for a wootden b)at. Othr dternativt's such as steel or fiitrglass are mucl 

more expensive and require more imported material. 

An innovativ,' conistruictin nmethod allowed ferrocenient boats as sinai 
as 5.6 in i leinghII to have a sufficiently low weight in proportion to th, 
length. Neverthheless, this boat size is still too big for fishermen on tlt 



northern shore of Lake Malawi. About ,,% of the fishermen there are 
now using simple dugout canoes with oz.-s 'nd only 1%)7are rinriig wooden 
plank boats with paddl,.s or an ,o ,,-motor.d A ferroceroeit boat. 
would allow these fish,rnrn to go farther from the shore of the lake to 
exploit resourcu- and to fish more days per year when weather conditions 

are too hazardous for canoes. 
 Although financing was available for a 
ferrocemi ent boat and a commercial analysis showed that it could be prof-
itable, sticcssful operation would require a high level of fishing effort aid 
nlatager:lent ability that is lacking in the area. Government price controlson fish also reduced the demand for iore intensive fishing technologies

Most fishinig entrelureneurs lr'frred to buy another canoe or iore gear

instead of a larger boat. Moreover, there is also little tradition of sailing

in Malawi, although it exists inI the Mozambique-controlled portions of 

the Lake (Ilynan 1987a, forthcoming). 


COST SAVINGS 

Capital Costs: Many tech ruologi-:s are appropriate because they require
less capital than alternativcs of comparable productivity. Ed il ,I 'i ex-

traction is a basic industry iii rdral areas and ,ies Ie-powere explhrs areexpensive to purcase and operate. o seu ntly, TI prcvi deltpurca at(o chrs icalas p 'sin e tno -sin i eea te C onum rov. e Tanz nicas eq ly, atw id

assistance anid financing to a iiiediuni-scale, p)rivt 
 wokso Ii auaIIa(tthe 'Illheili Farm Implt,,ents and Engineering (o.) for proultiou of two 
types of manually operated oil presses for sunflow,.r sees to fill dtiff,.rnt
narket segrnents. Tei first is a rneriuis-ac..,-rss ( i' S. l.-()()) II 19st;) 

d nsigroudat Iit Univrasity, of Dar s Saai. 'hien t ,.rsha centrif ai mact s i". isl n i.fr del2ller arid a s,,. crnusl.r 60 lit,'rs f l , ca,' ,. 

th t o etidayfothte mn20r i . r ,,nfl Wllr ' S m arll ,,ty r .persellnoiecturert e i srl uiuqutut hrrly from 

TIhe second press was ,ceig. iby'an r. inl> 
less expeuNsie (T.S. 15,000 11 

AlIl ,rgir, It much srallr, 
19 t6), ald Iss sljt war, ,ecausc 

the extraction pressure is applied by a rcciprocat rg rati ratlh.r tulln a 
rotaling screw. This press can ipreduc, (;s liters ,foil front 200 kg of 
sunflower seed, but at a slower rat,: of ab lit 2.1hitrs 1-r day. 'Ilhis ircss 
is being sold to village grouips with financing through a rev"olving loan 
fund. 

Operating, Main tenance, and l- plavjriiet (osts: ()thr uchih, 'lo-gies can iireduce operating costs exchaull,,t f*,r highir caplitad cis, uftl,'i 

because they rely on free sources of renewable energy. Approximately
60,000 water pumping windlills are in use in Argentina, mostly to pro
vide water for high-mlued beef livestock. About 1,500-2,000 windmills 
are now being produced in Argentina each year by over 20 manufactur
ers. The design modeled after the U.S. multiblade fan type does not have 
as efficient a mass-to-output ratio .assome of the newer U.S. models, but 
it is a proven design which requires less precision in manufacture and is 
less expensive and easier to maintain (Fricke 198.4). 

Some technologies offer savings in both capital and operating costs 
over conventional alternatives and can operate where traditional alterna
tives are ineffective or relatively unproductive. Traditional, hand-operated
irrigation devices (based on leveraged bucket lifting, a swing basket, or a 
wo)den trough and fulcrum) have been used by small farmers in Bangla
desh, but are only suitable for surface water or very shallow wells of lessthan 1.2 me.ters. A manual punup can serve an area of 0.5 acres while a 
shallow tubeweNl with a diesel pump can serve acres.I0 If the full 10 acres 
is served, investlnitnt costs per acre are s glitly lower for a mechanized 
punp than for a handpurip (S18.50 compared to S21.00), but this advan
tage evaporates if only 9 or fewer acres are served. Since most farmers '.nBangladesh only have 0.5 acres of dry season rice to irrigate, theynot afford the high capital cost of the rnech aniz,,d canp uln ps, and irrigatio n 
nI afor th Iiatiorshicapta cotoftlecooperativs iii Banglade.sh oftenii 

cl a zedp ipad rgaitend to break down (Biggs and Gritith 
1987). 

The fuel arid tnuajiterance costs of a mneclianized punip serving 

acres are -S3.50 per acre per SeLason,However, compared to 81.75 for a iandpunip.the lnechanized punip only requires 8 days of unskilled labor 
acre per season, com pared to 160 for the m ost corimmon haidpulnIpdesign (I1id.) If this labor is priced at the market wage for casual agricul

tural workers, the operating costs per acre are also higher for handpunups
than for iechanized pumls. Yet, iost of this labor is provided within 
the household :and may have a low opportunity cost hecause there are 
few opportunities for outside erlloynuent during the dry segison. More
over, handptiups are not subject to fuel availal,ility problems are e;Lsier 
to Ilairtain and repair locally, and are nore compatille witl prevailing
hydrochiratohical characteristics. larndlmps are also easier to remrove 
arid resell if c;Lh is need.d 

Foreign Exchange Costs: rawImported materials or spare parts formmachinery can b, especially costly fur siiall industri-s arid farmers, wlen 
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they are available. In some countries, overvalued exchange rates for do-
mestic currency lead to import controlsCertain national or foreign currency rationing.planning agencies place a premium (shadow price)the social costs on

of using foreign exchange above and beyond the actual 
expenditure, 

Aii ,-xamolDe of the short-terrm importance of an irported raw material 
an(I the difficulty of relying on it in the !o g-run is ti ein tile Donli nicari ca se of sw ine eed .Republic. Following the slaughter of the entire nationalherd re A w 
 eof 


hedas a result of Africanl Swilic Fever, farmetr-S who obtainled [flew poigsthrough government programs were required to buy balanced imported
fetds. During the initial period, farnirers earntd high prices for the pig.sthey raised or bred due to tire scarcity of the alimals. As pig repopulationecevedbv f~rler. |lve
has rogess dthepries 
 alln. t te srnerenting
has progressed,tinmie, the pirices receivedtire r~:.al (ost ofiportedI soy andbyraizebaedfar ner~- feeds increased greatly

have fallen. At the sarrie
 
with dev~dtnations of the lo, al currncy 
 This squeeze front both costs andproduct prices has forced Farrers to look for alternative feeds. Although

traditional feeds such as caszsava leaves and surplus tubers, sweet potato 

do not provide a 
leaves arid stein arn( palin nuts are low cost, they
balanced 111-t by themusiselves and can result in slow growth. 

AT artd ('I M A, air N(.O involved in livestock developrrlnt, are enrl-couraging IS, of mIola ssso., rarie (a green chop), arid a commercial 
protein source wit I added vitamirs and rIminerals to supleniirt tire tradi-
tional feeds iol;Lsses, a byproduct 
of the doriestic sugar industry, is ai 

rnexpertsv. -,,trrc,,of energ i
 . Mola;sses mak,-s will piant forage palat;hl 

to pig3 aid -riabls a larger prtoportior
For a breeding of thr diet to b, green material.pig, forage cart stihstitute fIOr .15' f tile caloris pro-vid d bv imported conrntercia' fe,.ds and it, ;i llasprovid,, allothirr15V7L. 'Il," noLis,.s arid pror, .n suultii.nts ae s dd througha itierworkof existing, local coot,raiv-. st,,rs Th" rmnie ,arl et,grown ,vthe pigfarrers onimargirial larnir tt-uttnts rUNvibi v ir prj,.t. 

TIlE GENERATION OF PROFITS 

Approlriat,- I't-chrrologi,-s cii ircr,.;L ,,- revenit s l, ir;rua sirig the (I warl-tity or value p,roduction on farms anid illrural inrustri,-s This Cart takeplace throuidh the .xlansi nr i oirr inrt.r -ica ) f exist ing activities or thr. 
estahlish ri,.rrti f ew ons Ir -XaiilFo ,- l h,n rrr Ierirerrrll-e. 
and Engiut,,rrng (Co rnentiond arlier wa;s started !i 198 2 withanl t:chrrr,-al asistaru- froirm loallsAll) "lti i Ir-gan iv concentrating onl 
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products: wooden oxcarts in coraplete or kit form and metal toolbar-plow 
sets. Themi also produced plow attachments such as cultivators, harrows,ridgers, ano planters. Befort' beginning production, Therni carried out amarket survey for the region. As the market for oxcarts became satu
rated later, The|ni changed its production mix. Due to efficiency gains ill 
production, Them| has been able to reduce its prices.
 

Tiis e p t is appropriate in Tanzania liecause
agricultural of tire shortagelabor during tie IfMUted planting and harvesting periods.Salfrrsteeotnhv i sdaa~ ad- nraigtrr-Smll farns there oftn hae unused arable land. By increasing the pro
d uctivity of this labor, the equipment allows -in expansion of the land
 aren tiner in tesve cnltivati, Sone farmers also
oxcatrts to their neighbors. earn extra incomeTh~ie project took place at by'a time when
 
agricuIltural policies becarie 
more favorable to smrall farmers, stimulatingnrvfstrrent. Most farr rs ir tei region already had a tradition of usinglraft airius ard the gov rn8-n1t extension ser vice offered free training 
on their rse (lFricke 1 r-). 

Anorlher way of /ihivrng art efrective increa.e in production is toreduce wa.ste losses. Large (Itilititis ..fgrain can be lost to spoilage ald 
vermin during storaig,,. Yet, If small farrers do riot. store grain, they areforced lot sell it at harves.t when tire price is lowest, rather than ,ollingit for s:le or suhsistence iftstlj,s,,uetrrt years whi.n it ight be inshortersupply. Siriple, fallily-sizted rtirtd bins have been ised for storing Ira.iz, 
sorghiII, arid hearts inl(',l,- Arirruca since e early 1900}s anrt are 
rmade by individual artisaris. 'I ;..:,mts keep grainItoreduce spoilage. ''ly reduce clean, dry, aid cooliosss froni birds, rodents, insects. ard
rrircro--,rguur.,rst l
15 ,0(0 (fd"hieSeirirs ar, currently irl Ise iin ElSalvador a 10010d ) in (;tiaterirala. During lhe lkstI 0J few years, a fewthousanld [,III- have. I;ulr introduced in lbIurtirLs and two doztli or so inCosta Rica. l;ir .rs ini(Iostt Hia hav lss ,,fan irCt,-ni ive to store grain
b,-'ause a r;iti(ral grain .,
mrg- ;ugrty tiraritarris -toal, price.s fur grains
(lFricke tind (;rtitvskv I
 

'lie hill is m it f g:dvarrzit >,l ,' intol!at Ibtlton d i t d r,-d a t-.linr,,r w ithand crticol )p.'Ire riosr crIrtnlr siz-, is p r-tg dai 
a 

l liLa :,ror a .,-, .- . - I irrie; it ,'iIs$shou rr ('Ceritral :\r irica. A Irin. - 15 vr-., ud, r typical , on S .Ill C,.,uht I,st 25-10 .'ars If
 
wll hiilr tn1t tr inr;lt,.,tiProp r grain rriaN-rr1l,iirt t,.chnirlt,-s stlh ;s 

sortil, ir virig,lnd,,Ifu t , frur..igatir.r..,d.
are to tarke frill v,.ta.ge
 
f 0 1'.e mcr i l i, t -n1 I f v r ,--rk, . , . r r . - 
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years, but most farmers only store it for 9-12 months. 

One reason for the uniequal distribution of income between rural and 
urban areas is that common marketing systems for agricultural, silvicul-
tural, or mineral products do not allow small producers to participate 
directly in the transport, resale, and processing of their products. In 
many I.)Cs, governrent policy has favored urban interests over rural 
ones by keeping food prices low for consumers or establishing para.statals 
as sole buyers or processors of export commodities. Policies have also 
favored the location of processing industries in urban enclaves. Where 
income distribution has been a policy objective, governments frequently 
have emphasized land reform or large-scale investments in irrigation or 
transport and have paid little attention to commercial relationships in 
marketing and pu rchasing rural commodities (Shoemaker 1981). 

Yet, sonei rurai id ustries hiae ihiere t e cienc ad vantages over 
urban enterprises tary processing That teiii prio produ cts. is casenthe processing of lie seeds of the achiiute tree (Bixa )rellana) into an-

natto (a redd ish-orarnge food coloring used in cheddar cheese, cereals, and 

snack foods-) Peru i-, the largest source of anriatto, with more than 50,"
of worhld uc tio. Iefore the early 19605, Peru nainlly exporteo aw 

seeds for proces:;ing indtlveloped countries. Since then, a domestic iII-

dustry for the iliitial stages of proJcessing developed in Lima as a result 

of the higher t rr.q,.rt coss for sli;pping unprocessed beeds (t h colorant 

only coImprises S'" (,fthe weighit of the seeds-) and highlir labor costs in 
importinig countries. Although doitestic processing i,,cr,.;Lsrd th, value 
added in the country, it largely bypztsscd the rural producers. Achiote 
was a low-valued crop for farmners because most of tlie lrofits were ob-
tained in processing and by s-vi.ral lai,.rs of iniiltrn-n irivolvl in tLhe 
transport and resale of tle seed:i. AlII su Ilort,.d tht establishient of 
the first processing plant owniid and o,.rated by a coqprative of rurt; 

producers. T[lie location of the plant ,h,ser t,,the source of tl,' s,,:,s r
duces transport costs, aiid losses 1intratnport and -t,,ragc frori exposur. 
to beat, lnoisture, and friction in lh tnllig 'li. ;ric,- paidt tli,- farrnir.s 
are also expected to, incrceiL5 aLSco ruli'itiori reducei lit,lrgopuly upoer 
of middlemen (Ilyian submitted). 

SOCIOECONOMIC IMPACTS 

Provision of Etu)lnyn-mcnt: Sonie of the pioneers of appropriate tech-
nology urged imore support of traditional technologies such as the .irple 

spinning wheels Gandhi spoke about in India. it) this view, labor intensity 
and being small-scale was inherently good (Schumacher 1973). Although
partly a reaction to the money spent on large-scale, modern technologies 
that did not trickle down tc tile rural masses, ths view was also moti
vated by the need t ,provide income to large numbers of unskilled workers 
through simple, productive erployment opportunities. Taken to the x
tremes, it led to the inefficiencies motivated by tire desire to maintain 
employrient in local industries. For example, to support a small, local 
pottery, a gove-rnment nursery in Karuataka, India used inconvenient, 
heavy clay pots in translport rng tree seedlings to planting sites instead of 
cheaper plastic bags which ivere readily available. 

Sometimes, labor-intensive techniques can also be the leIst costly. For 
example, in the nid-1970s, K,.nya began a program of constructing ru
ral access roads with the use of simple hand tools such as hoes, shovels,
picks, machetes, and r-kes. 'Ilie total construct'ion costs per kilorieter 
of road were $7,200 by the labor-intensive nwthod, e.,rsus $8,300 by theconventional riethiod. lly miinimuizingr the use of expensive eqluip~niente

c0
pconv ent a s eato d BYf r adiin al u -if ns ive equipme nt. (- i

ployneit was created For an additional 200-3U0 unskilled laborers. This 
program was successful dtc, itrali i and closeIt gatsupervi-heredsion of workers th rough bicause of teclhicalzed ass;istancea an age! i.nt system. 
nch political support w,,rkrs hired th e ofth.rough, we re from vicinity 

the roads (liricke 198.i. 

I.abor-i,:_. lisiv product ion d()s riot always revolve aiound a "hard 
technology." The key feature may Ie-the way in which iroduction or 
distribution is organized. '[lie- Lijjat Pappad cooperative is a significant 
example because it provided remiunerative labor for a particularly ne
glected group, woien'. The coperative began in 1959 with 7 members 
and gr,.w to over 6,000 iieibers producing gross sales of $3.4 iillion 
by 1980. lhe coop produces an unleavened, Indian flat bread inade of 

lentils and flour through a combination of light industrial and homue pro
,_4.ssing. [lhe ingredients arc bought in bulk and ground at the coop's 
mill in lombay. From there, they are tranisported to 21 lcal cenlers to 
be cornined using hald ,nixers, formed into large balks of dmgh, aid 
weighed. The dough balls are distributed daily to coo) iiweribers who roll 
thin into fiat, round sheets an dry thei in the sun. The next morning, 
the finished liappads are brought to the cool) centers for quality control 
inspection, packaging, and ditri lition to private mark-eting agents paid 
on coinnisshi , for domestic and export sales. The production and mar
keting sysimn ininirizes working capital requireierts aind avoids regular 
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government marketing outlets for coops (bid.) 

New employment can be generated by the manufacturing of additioT, 

products by using raw materials more efficiently. This is the approac!: 

a joint venture 
 between ATI and tire Filipinas Foundationoil extraction. Tile conventioral technology uses an expeller 

for coco:,-. 
to renic.

oil from copra. An alternative wet process extracts tile milk from fre-
-A: 

coconuts, separates tile skim and cream portions of tile nijlk and bcI-

the cream to break 
 tile oil-water emulsion. T,he wc:, process allowb p:

duction of other produmcts such as laundry soap 
and food itemns such 
nata de coco, coconut skim milk beverages amid a flour substitute fro:
the byproduct cake without a direct tradeoff in oil production ilvn;:
1987c). 

Large-scaie import substitution, particularly for heavy industry L,.been discredited as a development strategy because of tie net loss ill jobti
from diverting production out of areas of cmtparative advantage. how-.
 
ever, import substitution call create 
new jobs in a country where domest 1.-r 
production can match or surpass tile efficiency of production thein exporting country. For exar.:',!:, a nmlushroori venture thein Philippines

supported by ATI achieves efficieitt ilport substitution by combining

centralized biotechnology tecllniques 
 with simple, low-skilled househol
production ini a two-stage operation. This nlethoi takes 108 days per
batch: compared to 165 days for the traditional method of growing oys 

ter mushrooms on logs. 
 The bagged spawn wi!l be sold to househol-,near the central facility under a contract growing scheme. Tending th

mushrooms is easy; maintenance of the proper temperature atd huidity,

control of pests, and harvesting can he a part-tille ta-Sk worm-n
for ail
children. The verituie establishes a guarainte.d market for the harvest z. 
a fair price. It resells tile lshroonms to s:llhrnilarkets and restaurarlts litlle
Manila that previollsly obtained lnllmsllroorlis :inported from tlong Kong
or China. 

Som e skeptics have criticized tile idea that tile most labor-inltelsivetechnology is necessarily tiie ost appropriat, arid have suggested that 
such technologies are backward or illefficienlt (Eckams 1986). Actually, an
appropriate technology may displace some lalbr or animal draft powe.r dh
low productivity. HIowever, there bewill usually less displacement than
would occur witil a llore capital-intensive technology. 1I1tile shor, ruln, all
upgraded traditional technology iiiay redlice elmmi;loyinclnt per unit of out-put. However, by increasing tile quantity of outliut to ilet% an expanding 

1denltllLC;A.lOii ot Appro:riate cCt:'lo)jo,.,.. 

market, the total employment ii the industry may increase ill tile long
run. Where tile traditiona! Industry is dccliniug due to foreign coupetltioni or substitution of other d .'Ilestic products, productivity increases 
may be necessary just to prcserve existing jobs. 

example of this is in Costa Itica where ATI is working to upgrade
tie traditional process of ilaking lime to increa.e tile quantity and qual
ity of production, while using less l,br for loading anid unloading thecharge of lir,. The charnges reduce- varia'.. costs ;-swell as occ lpational
lhealtl, arid safety problems from ).posurc,t,,llgih te-niperatures anil lime
dust. The iniproved wood 

output by 15-2(1c. Modification 


kiln also redIce. fu,.i c,sliiption per unit of 
,fthc ki ailnd ttt,issociated processes

of hydrating, Illilling, and ;oackaeilig tlie lime will hoost tile demliland le
cause tile prhdUCt qI(tlit ..lueconis suiltalle for hlimisiIg i.nd road sub-]base'o.: t-iC lOll L,.LSlihslill[eI1"O itI'll "is litlev., villd al.so leel tiles-ec:ca.on r t.:s:z :ilitg an, h1iail.r tar,.iing ilill.-Aries whi,:h
I.. .-. impoll!yhad t,, lil!( ll,:caca.: of t ii pour quality 4f,he d, llti IC 

t.iuct. 

There call be a tradeoff ill snrt-trithei bet wcen tile n1 iiber of jobs
and wage rates ill thiat occupation, As th,' skills of the, w,rkers or tire
allOult of capitl worker!,,'r illcreLse, wa%,.s cal be raiis :d above tie
sIhbsstecrlce hevl Ixpic.dly rece.ivld b'' 11115kilie.d ltbor tlie above ca.seill 

tle wvag,:iof lit,w i,,,.krs cal be,cxt,,ct,.d I rise.
 

Often, lot,-,i. fari ,,-h, i>i. v., rli: ,,rirl.i lc;:t,tileln who.1 

d1) ,iI( r,-cev,, lir.ct r':lltltrot,, 1 f Iit. Sitle sl: ll-:,,Nol. 
 lciI .i, lgiCs

c.:ll r',!uc, !lie ,rud,,erv : !('if ired ,r e!dkrI
1 ,rI iip.-.i
11111'. could 41!,, 

the. 
be d, to l,.re powm llme ses. Ill X"-eit Africa, rural 

ce.:iui l 'I-. iio:rs 8 l;,.iII 0'. st r:rl l,lu ,hId,:-lig
ali lliiili::l gra; I11'.Mtdtd 1:; o llli Call !W d(hl .1d per lioutwith a irtar and ,ut ti epstle, rl',,rv rate is lo,', aplr xiilalt.ly 
70% . "'He lplided imillt 1iiust Le 1,1,1 sl.a;i. d.vtripi l du to its high r, , I t ,.r lstit1:1)ilslloi-L . .t u It4.sa r,s urh:. ,1 
.: , l h1t:% :,',iO. ,.i.,,-s t ig to ij:, t lw eat ,)r
rNce prodi-ts F.-quir ptl.Irati,)I Ilill, 'it,[.nv-en ,"o;% ' 

that tiet!, 
of the 81ilh1 CIIlIlll ill uilrghs vet, .1 10i prucls.-tillg illa l8g'-scle
i:ng le'rg 'lillr f,,r service '1i,, Fugle,,rg 

1ie a fee ',icr las high
cap -. l cists ;1lld fuel costs, anild itsii resllls it, a sillrt sit,rag,, life for the
grain. Aln alterittiVe Ilii-deliullhr which uses a dry procz.s., bios b,-endesigned lby the I lternitiungtl l)evelpl-nt .cearch amd(enter (l)l{(?) 
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is being disseminated in Mall and the Cameroon by ATI.The degree of labor displacement resulting from a technology can dif-

fer substantially across countries and even regions within a country. The
traditional means of threshing and winrowing rice by hand, foot,imal power are slow and waste grain. or an-Tile International Rice Researchinstitute (IRRI) developed some threshing and winnowing machines that
are less expensive than the large-scale equipment produced 
in developedcountries. These threshers can handle wet grain and have a high sepa-ration efficiency. They can 

in de-
be easily manufactured by workshops
veloping countries because they do not require aay special materials an !
have no complex parts. The inedium-scale IRRI thresher has a capacit 5
of one tonne per hour. After field tests indicated a demand for a lighter,more mobile unit in the Philippines, a portable version was developed1976. By contrast, the larger 

i1model is more popular in Thailand.portable machine sells for about 
Tht 

$1,000 while the larger versions sell for up to $2,500. iBy 198,4, at least 79 small firms in the Philippines30 larger firms in Thailand had produced 
and 

1987). about 55,000 threshers (Duf 

The impacts of the thresher on farm labor have differed in the twocountries. Farm sizes tend to be larger in Thailand than in the Philip-pines. Fle thresher increases the incomes of small amid nilediurn-scalefarmers and reduces labor supervision probhlems Farmers who do notown ai l ll thresher can hire the services of one from larger faruirsamdnonfarming contractors. Over 70"'t, of the purchi.srs ,Iid so without f,r-
rnal credit; 45% did not own land and bought the t hr,silers towork. The mechanical thresher ho contractreuces ostarvstarebworkby .,',20-25. l.uhor for peak agricultural pri,,,s is ill ,xcss supply iIthe Philippimie., but", is in relatively short supply in 'lh andu" l it-re ti 

culivae,!til ara~c andisavi lf~l- fn I k~'l'iaiari, te PnI ppieslooklhas a. large and growing landless p,,,latiio in rural ar as. 'lh ts,m ostof the iimpact of postharvst mechanizaion has l,,-m on lfirsd labor inthe Philippines. Hlalf of the displac-nileit in 'I hail ui has fb-n absorbedby unpai ihousehold lab,.r, hIiicli sees ti s aS a rdmctr1iom inr drudgery.Some of the displaceren t is ,lfs,-t by ,the extra liaor ne-eded for pro-Othrwise,ce-sing the increased 
reduces rice waste 

net yi,'ld of rice b,-cais.. the tiechanical thiresh,rby 1 A3%. of ,'1niiloyllmint is generattedA siall aillolill 
in iamanufacturing the thre.h,.r. Accountii;:4 f,r all of thfse effects, thechanical hiresher .e-has reduced agricultur,-relat,d mnplovmient by about7-{,. Since real wages in all sectors, iricli ding agric ulture, ha--- fallte iiI 

the Philippines and generally risen in Thailand, it is difficult to attributeany changes in farm wages to introduction of the thresher. The landless 
poor who previouly had the right to glean grain left after hand harvestinghave been the major losers (Ibid.). 

The social impacts of displacing hired labor ca be serious becausethey fall on the unskilied or the landless poor. However, traditional systems of distributing shares of the rice crop have been breaking down inmany areas due to the monetization of rural economies and social changesapart from mechanization. Increasingly, labor is paid through daily cashwages rather than a fixed share of the crop and gleaners have lost theirtraditional rights. Most economists believe that some labor displacementshould be accepted where the total gains to society exceed the lossesthe displaced toindividuas. Neverthele.ss, the adverse distributional impacts should be mitigated through efforts to develop more productivesources of low-skilled emnployiment in rural areas and to provide training
so that displaced workers can fill these jobs.
1aclwarI and Forward Linkages:1 c wl~ id Linkages or secondary benefitsare changes in 

F r~ ! L n a e : L n a e r s c n ay b n ftlet incomes or employment that are indirectan economic activity. Backward outcomes oflinkages pertain to industries supplyinginptts for the activity, while forward linkages derive from indutries thatprocess or sell the outputs of the activity. One example of a backwardlinkage woul,' be intensification of sunflower seed prodtuction following theestaldlislimn t of an oil extraction enterprise in the vicinity. The use ofthe oil in the tortilla industry would be a forward linkage. 

excluded fr econoic analysis of te activit fromlieir, anaagesph rxecluded fr rsandcive to oe counie anasitho vitof fioalse avoid don counting with thetheae ofnalgoods and servicesexpellse and because the profitsof another firm in the of or! firm ar- oftei at theeconomy. Linkages becall relevant imn 
regioimug at impac ts onl Itilegeneral,distributionis only valad counta such im pactsnof the country. it of income within focal area or
 
whire there is excess capacit i n
existing prodction uits or whenor other resourct that would otherwise have bee 

lacr 
une tsplo.ed are apenl.Otherris a n t ilId ot ise hae be ri oporui arety t in an expansion of olit oueill Ise haS an opportuit cost, intermis of withdrawing resources from otther usesThe types and extent of linkages to tlit rural 'conoiy vary with theItevelopmiiit strategy chos,mn. Many ;LSicts of the ecoiomii.i-s of Taiwanand the Philippines were siimiilar in 19t60, but since th, per capita inlcone rose at 6.9% per year in Tai wani arid only 2.8%' per year ill the 

http:tsplo.ed
http:Neverthele.ss


Philippines. Both countries experienced comparable growth in agricul-

tural production. However, agricultural !anor productivity, industrial em-
ployment, and nonagricultural rural employment rose at a faster rate in 

Taiwan. Consumption linkages (including public services) accounted for 

two-thirds of the increase in rural nonagricultural employment in Taiwan 

and four-fifths in the Philippines. However, as agricultu-al production in-
creased, the largest percentage increase was in forward linkages. Although 
forward linkages created more rural employment than backward linkages 
in both countries, backward linkages were -elatively more important in 

Taiwan than in he Philippines. In addition, more rural industries that 
were not linked to agriculture developed in Taiwan (Ranis and Stewart 
1987). 

Consurmer Benefits: Production by the masses is not the only way in 

which low-income people can benefit from appropriate technologies. Pro-

duction for the masses of goods that meet basic needs can be equally 
important. Consumers can benefit from lower prices and the improve(i 
availability or quality of products. For example, use of a simple, hand-
operated brick press and an iml)roved kiln can produce a larger quantity 

of nricks that are also cheapr and more duirable than those made through 
slop molding and firing iii a field clanp. lowever, the upgraded tech riol-

ogy does [iot eniploy as much unskilled labor (Kaplinsky 1986). 

A lowe.r quality p rIuc t th at is less cxten:,iye can also b' appro, iate 
for low-incomeI comnsurriers, especially where the prodlct specifications re-
flect the tust,:cs and prefreices of riidtle-iicmr" c Isulers in developed 
countries. For ir:starce the rural pour might ch o,. to ltuy a lower grade 
latundry soap than ilh I vp, prirch;L'-ad by urban oir Iiglier-ircorie rural 
corisurinrs. Yet, the cheait,-r piroducts are riot always nianufactured for 
this rtiarkt, 

The total costs of a clalr, le,,s durable prodruct can lie less than those 

of a higlir gradc product even after consitlering a, hitionad iraitlteniance 

and rplact-tit costs hr exaripe, tisrtirin inighit save mtoir,v with 
a cheiaper .ail lade froti heCal drill chilh i iirad of itnortel iririil. 
even if the local ,ioth ths rio last , Ing lf,,vv. certain pr >ii't5 
with l,wer initial costs can nd up costing co nistilu ,rs itiore ill the ong-
run. Sorietimns, ihe trade-off is apl)rq)riat,, ,.caris, cr)trni:rs ctitiOt 
afford the( higher initiad co.sts, but tiarny products ar, :nsuiccessfril ilt the 

market place liecause they are riot beneficial for cornsurrers. 

One such failure is the liber-reinforced roolitig sheets pror,,iotl by thre 

Intermediate Technology Building Materials Workshop. This material 

consists of sisal or coconut husk fiber (ccir) mixed into portland cemen.', 
water, and well-graded sand. The mixture is molded over a corrugated 

former and cured for several weeks. Up to 50% of the fiber cement sheets 

produced in Colombia had visible cracks within 1 year be auae workers 

found it difficult to produce a mix with the correct proportions by hand, 
arid to follow adequate procedures for casting and cnring. Attempts to 

repair ,le cracks proved unsuccessful. With careful production and in
stallation, experience in Sri Lanka Jlows that the cracking rate for smaller 
and thicker sheets can be reduced to 10%. Nevertheless, the production of 

fiber cerrient roofing sheets requires more worker skill and quality control 
than is common in villages in most less developed countries, and poor
installation practices increase the cracking. 

Moreover, filer-reiiforced cement sheets Iecome brittle ,,!lder the 
weather cotiulitions of tile humid tropics due to decomposition uf th:e tibsers 
and bend ing of the sheets from their own weight. The fiLer-reinforced ce
iilent sheets only last 2 to .1 years, compared to 12 or more years for
galvanized iron. The higher material and labor costs for replacement of 

cement sheets outweigh the initial cost savings of 30-50% over galvanized 
iron (Lola 1985)_ 

Certain products allow cotaiis riers to satve ltlolcey Onl fuel or water. 
Efforts at pro toting fuel-elticiti charcoal stoves to replace traditional 
charcold stoves iii Kenya hay,: been |inich iore successful than most of the 
inipro%,ul woodstoves projects throughout the world. Since charcoal is a 
rmarketed fuel, users have a financial incent ive to conserve it, unlike wood 
whicli is ofte-n colcted for free. By inmd-l )Mf, 15(0,0i(0 of Ose stoves 
had b(en tpurchiLsed by coisriliners (Ilyr'an I97b). 'lIe colicept of the 
stove corbines Tlhai ceranic-liMed stov.c s with ile traditional Keriva all
rrtal stove which carre front Irdia. The iorigirrai design was sub~stantially 
irtil te i etest Ind 

Disseriiratioll iegai Illa:ril ii t the Nairoi :rea with suipport from 
U.S. All) and ti Ministry of Ln irgy ibi, (,, w;as produce.d and sold 
by small-scale artisans through re'gular htiarke i outlets onl air inllUl)si
,ized Ijasis. m cosIs aihut .i t raditionalTh, itriprovd stoe W[,whil lt, 
sieve costs $2:0. 'flie irtiirivl stove car lasti 2 yea,rs, ice as iit. 

Accrunitiig for yettiacthe trititiml t11. ,.s211,eperiodtic r;-lartirt-g M 

of the liner for the. imprveid stove arid tile grate of the tradiitional stove, 

replacement of the nieral claddiliri aild the charcoal savings, ;i average 



Nairobi household would save $31 over a two-year period by replacing a 
traditional stove with an improved stove (Hyman 1986). 

Consumption benefits can also accrue to other 	 theIIIIban Ccdre to n he 
product is an intermediate good. Consider an enterprise producing rhizo-
bium inoculant for farmers of leguminous crops. Rhizobia are nitrogen-
fixing ,acteria that have a symbiotic relationship with the root nodules of 
such plants as soybeans, peanuts, and mung beans. Rhizobia exist natu-
rally in some soils where legumes have been grown, but their effectiveness 

rosuti mn alsermediatoo otherpiproducersproduc when 

can be augmented by inoculating the seeds before planting. By con-
verting atnosphieric nitrogen into a form that nlants can use, rhizobium 

innoculant can reduce the need for nitrogen fertilizer while increasing the 
productivity of legumes by 20-50%. Chemical sources of nitrogen are of-
ten imported into developing countries, but are expensive and constitute 

a large share of the cash costs of small-scale farmers. 

ENVIRONMENTAL IMPACTS 

impacts onMany of the technologies discussed' above hve favorable 

environmental quality or natural resource consumption or less negative
impacts than those associated with other alternatives. For example, am 

improvedI lime kiln decreases luelwood use and more elicient charcoal 
stoves reduce charcoal consumption. Uidike commercial fertilizers, rhizo

ium inoculant does not contam~inat.e rive:rs with nonpol mt source rumof. 

tland-operated pumps, oil extraction eq.uiipment, and grain nills (10 not 

release air pollutants from combustionof diesel oil. Animlial-drawn agricultural machine:ry is less likely to cJimI[)act thle soils. Si milarly, sniall-scale 

wells are less likely to drawn down the water tabi s tharn large wells and 


soriasis associated dtans.increa-sescomparing rates nialaria [impactsschistoare not as are largewith Inl ii, dise;tsethe enviromiueutalfor or of 

a small-scale technology and a largescale one, the a.ss-ssuuenit has to be 

are
based on the same total level of pr)(luction. A variety of techniques 

available for assessing environim i,'tal inpcts (Ilyian, Stiftel, Moreau, 
and Nichols 1987). 

CONCLUSIONS 

The transfer of new technologies across countries or withill a country 

often fails bec,.u.se th equipment or processes are not compatible with
 
the econoinic, s)cial, or iatiral envirmument. Frjuetly, such failures 

can be predictel if a thorough ex allte a-sSessilielit of the likely Impacts 

is done. Field testing of the technology before widespread replication 
can lead to important design modifications. The dissemination strategy 
can be as important as the appropriateness of the technology itself and 
government policies can also be a barrier to adoption of the mst appro
priate technologies (Ilyman, forthcoming b; Stewart 1987b). Although 
external assistance in the development or adaptation of the technologies 
and in early promotional efforts is often necessary, the technologies with 
tihe largest replication potential can spread on their own if market incen
tives are satisfactory. Ex post analysis of impacts amd documentation 

of the lessons learned from successful and unsuccessful cases can provide
critical iiformation for decisions about replication of the teenology by 

private firnis and farmers, government agencies, bilateral and multilateral 
aid age:zcies, and commercial sources of financing. 
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