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Promoting International Transfer of Environmentally Sound Technologies:
The Case for National Incentive Schemes

Calestous Juma

Introduction

There is a popular view that technologicd devdopment is a mgor
source of environmentd degradation and thet African countries nesd
to be cautious of indudtridization. This view hes fed on the anti-
technadlogy sentiments of the 1960s and has found refuge among
environmentd groups in Africa Those who romanticize the mythica
hliss of the African pessant or pagtordist persstently argue againgt
technologicd devdopment. We argue that this partisen view ignores
twoimportant agpectsof technologica devdopment.

Frd, implementing sudtaineble-devd opment objectives will require
mgar improvements in economic productivity, which can only be
secured through the wise use of technology. Indeed, Our Conmon
Future underscored this point when it Stressed thet technology wasa
‘maingring of economic gromttit Secondly, technology  is
increesingly seen asamgor agent of environmenta managemeant and
improvement. It is agang such a background tha the use of
environmentaly sound technologies was recognized by the United
Nations Conference on Ervironment and Devdopment (UNCED) as
audd inachieving sudtainebledeve opment. Chapter 34 of Agenda 21
which deds with environmentally sound technology Sresses the
‘nead for favouradle access to and trandfer of environmentally sound
technologies, in particular to developing countries, through supportive
meesures that promote technology co-operation and that should
endble trandfer of necessary technologicd  knowhow as wel as
building up of economic, technicd, and manegerid capablitiesfor the
fident use and further devdlopment of trandferred technology’. This
peper aseses the incantive regimes for the devdopment of
tednologicd capadty in Africa with gedfic reference to
environmentdly sound technologies. It argues that much emphasis
has been put on the internationd obstades to the trander of
environmentaly sound technologies, but that the role of gopropriate
incentive regimes in African ocountries to fadlitate technology
acquisition and deve opment hasbeen played down.

The pgper dreses that intendtiond co-operdion in the
trander of ewironmetdly sound technologies will  not
achieve much unless incentives are introduced & the nationd
levd to promote the adoption and devdopment of such
techndlogies It is reforms in  technology-policy  indruments

a the nationd levd and complementary international co-operation thet
will leed to the genuinetrandfer of environmentally sound technologies
tothedeveloping countries.

Technology and Sustainable Development
The New Technological Awakening
Theewvironmentd actividsof the 1960spercdved large-scaeindustrid
devdopment as the main source of environmenta degradation. Asa
result, technologica deve opment was sometimes seen asakey culprit
and an ‘antitechnology’ attitude developed among environmenta
adivigs The wok of E F. Schumecher in the 1970s promating
‘goproprigte  technology’ provided the adivigs with dtendive
perceptions on techndlogicd change. The nation of technologica
gopropristeness is now being used widdy when discussng the
relaionship between technology and environmeant. There is a new
awvakening to the fact thet indugtrid devdopment is nat only vitd in
improving economic performancein deve oping countries, but thet the
trangtion away from the current dependence on besic agriculturd
production (with the related destruction of the ecologicd bese) will
require a shift towards indudtridization and the rdated service-sector
adtivities

Mogt developing countries rdy on a narrow range of economic
adtivities and there is widespread recognition thet they are unlikely to
achieve any sgnificant economic growth unless they diversfy ther
economies. It has been argued that the adaptive policies reguired by
the developing countries to ded with the longtem dfedts of dimetic
changearethesame asthosenesded toimprove economic gability.

Indudrid  production, therefore,  if  undetsken in a
udandble manner, could lessn the pressure on  bio-
productive resources by  offeing  dtemdive  employment?
The besc technicd posshiliies for meking this trangtion
dready exid. Whether these options are adopted will depend
lagdy on the policdes and practices as wdl as the range of
incetives avaladde in  thee oouties to  promote
techndogicd devdopmeat. In the 1990s and paticdaly
with impeus from Our Common Future as well as the reslits
of UNCED, the wold community hes recognized the
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importanceof technologicd innovationinregponding to environmental
problems Thishas medeit possiblefor the private sector, mainly inthe
indudridized world, to engage in the promoation of the susaingble-
development agenda®

Technological innovation, which used to be seen largdly asathreet
to the environment, now offers new opportunities for reducing
environmenta degradation and promoting sustainable development?
This fadtor hes changed the teems of rdations between the
indudtridized and devdloping countries In the 1970s techndlogy
trandfer was seen as a potentid threst to the environment, thereby
requiring regulation and contral. In the 1990s technology trandfer is
being seen as a source of opportunities for promoating sudainable
devdopmet. The chdlenge, therefore, is how to move from the
traditiond contrdl of technological flow to new agpproaches of
technology assessment that teke environmentd concerns into
consdaation’ The transtion towards greter gpplication of
environmentally sound technologiesisbeing mediated mainly through
ressarch-and-development (R& D) edtivities

Research and Devel opment
Probably the most important environmentd devdopmatt in the
indugtridlized countries in the 1990s is the changing character of
environmentd research. Inthe 1970sand 1980senvironmentd research
was largdy disdplinary and piecamed in charadter. More recently,
resarch ediivities have become increesingly multir-disciplinary and
sygemic in goproach. Therole of sodaksdenceresearchisincressing.
Despite these changes, offidd environmenta R&D funding in the
OECD countriesremained low intheearly 1990s, often nat morethen 3
per cent of total government expenditure® Thisfigure, however, covers
only expliat enviroormentd R&D. Because of the interdistiplinary
nature of environmental R& D, funding continuesto go to projectsthat
indredly rdae to environment. Such impliat environmentd R&D,
though difficult to quantify, will continueto risein view of thefact thet
more research projeds ae dating to incorporae environmental
concansintothar activities

Onthewhde evironmentd R&D expenditure has remained lowin
relation to the degree of concern over environmenta issues Support
haes tended to be nationd, yet mogt of the mgor problems reqire
intemationd research efforts Part of thismay be explained by the fact
tha mogt of the ressarch pdides formulated in the industridized
oountries in the 1980s treated research &s a tod for internationd
oompet7ition and therefore focused on aress with obvious nationd
benefit.

The shae of privaessctor funding for  environmentd
R&D in the OECD oourtries is estimated & 80 per oat,
compared to 50-60 per ot for tod OECD R&D. This is
explaned by the qift  towads  product-oriented

evironmentd R&D as wdl as the impadt of two decades of
environmentd reguldion. The rise of the ‘erwvironment indudry’
devoted to deartup operdionsison therise, with aglobd turnover of
USH00 hillion. This market is expected to resch US$300 hillion by the
year 2000. At thisrate, the environment industry is comparable to the
pharmeceutica and aerospeceindudtries, but with higher prospectsfor
growth.

One of the mogt sgnificant devel opmentsin reseerch has been the
dhift from ‘deanrup’ gpproaches towards more comprehensve
prevertive technological innovations This reshgping of technology
hes led to more research investent in lonsemission and lowswade
technologies—a category thet is increesingly being referred to as
‘deaner technologies'. Pdlitica considerations, regulatory meeaures, as
wdl as public avareness are being brought to bear on the direction of
technologicd innovation.

The intendficstion of besc ewironmentd ressarch is d
accompanied by meeaures to promate the commerddization of such
technologies New inditutions are being edtablished, epedidly in
OECD countries to promateinnovaioninenvironmentd technalogies
In eddition, support for callaborative programmes is dso incressing,
expedidly in the EEC countries, whose annud  expenditure on
environmentd R&D averaged USH43 million over the 1981-88 periad
(or 7.6 per cent of itstotdl R& D budgey).

Regiond programmes, such as the EEC's Sdence and Technology
for Environmentd Pratetion (STEP), the Eurapeen Programme on
Climatdogy and Neturd Hazards (EPOCH), and the Joint Opportunity
for Unconventiond or Longem Energy Supply (JOULE) are teking
root. These changes, however, should not conced the fact thet in
many countriesfunding for research has nat expanded enough to mest
economic chalenges. In mogt aress there has been a shift from besic
reszarch towards gpplied research. It has dso been argued thet the
dadire in pudic-sector R&D may undermine support for besic
ressarch in aress which do not show obvious and short-tem
commedd gpplication.

It isexpected thet technologica co-operation will beextended to the
Eastern European courtries through hilaterd programmes However,
co-operation with the developing countriesis likdy to ocour largdly in
the fidd of the management of naturd resources and the trandfer of
spedific environmentaly sound technologies No mgior techndlogiical-
co-operdion programmes are envisaged, exogpt in arees covered by
internationd conventions on issues rdating to dimatic change. It is
notable thet it hes been very difficult to reach vigble arrangements on
issues rdaing to technology trander during the biodiversty
convention negatiations.

In the more advanced devdoping ocountries emphess
sams to be placed & two man leves the devdopment of
ewvironmentd ressrch and traning indtitutions and  support
for incementd techndlogicd innovations & firm levd. It is
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expectad that traning in key aress of environmentd reseerch will
continue to be a mgor theme in the developing countries® Thisis
mainly because the besic sdentific knowledge required to embark on
sgnificant programmes in technologicd devdlopment or netura-
resourceconsarvationisdtill lacking.

But where such capacity exids, the countriesfacemgior chdlengesin
providing the inditutiond bed's for the utilization of such capedity.
Inditutiond devdopmet e wdl a the providon of bedc
infregtructure for techndlogicd innovation will remain amgor concan
for mogt developing countries in the next decede But with wdl-
organized intemationd  co-operation programmes it is possible to
promote the adoption of environmentally sound technalogiesin some
countries, espedly wherethereisrequisitecapedity inrdevant fidds

But internationa co-operation is often seen in the traditiond context
of ad. Thereisageneard view that anincreesein theflow of oversess-
devdopment assgance would necessrily promote technologica
devdopment inthe developing countries Thisview emanatesfromthe
assumption that development assistance could be used to cover the
roydtiesthat would otherwise be paid to suppliersof technology. Frg,
it should be noted that development assistanceisnat amgor carier of
technology to the devdoping courtries. Even in spedific aress of
technica co-operation, it is doubtful thet ad programmes do make
important contributionsto technologica devd opmert.

Secondly, mogt devdopment-assstance programmes focus on
agriculturd production, which hes less potentid for techndlogicd
devdopment then indudtrid production. An increese in development
assigance without the corresponding shiftinfocuswould smply meke
available more funds that the devdoping countries cannat utilize
dfectivdy. Increasss in ad flow cannat necessarily contribute to
technologicd development.

The generd perception of technology in most deve oping countries
is the eguipment, <kills manegarid competence, and the technica
spedifications assodated with the production of goods. Technology
trander thereforerefersmainly to theflow of such production capedity.
This limited perception of technology hes led to the fdse view thet
technologicd devdopmernt isinherently an expensive process which
must rdy onexternd inputsand finendia resources.

It would bewisefor deve oping countriesto abandon the use of this
term and focus on accumulating technological capacity, whichisthe
ability to generate and manege technicd change (induding the related
ills knowledge, and experience aswell asinditutiond Sructuresand
networks). In this regpect, technologica devdlopment is a purposve
and dynamic process that builds on peiod gains and is aticulated
through spedific indtitutiond arangementsor firns It takes concerted
and guided efforts and does nat Smply emerge from the mere act of
invesinginnew production fadilities

Devdopmentt often dats with the use of publidy avalable
technologies Themore advanced deve oping countriessuch as Brexl,
South Koreg, India, and other nemly indudtridized countries are more
likdy than the poorer countries to utilize the environmentaly sound
technologies availablein the public domain. In most African countries
80-90 pe cat of the totd recurent budgets of nationd R&D
inditutions is devoted to personnd emoluments Technologica
trangtion towards sudanable devdopmert is therefore likely to be
uneven and will be largdy influenced by the existing technologicd
capadity inthesecountries’

As ressarch and stience advance the frontiers of knowledge it is
important to beer in mind thet such efforts must not lose ight of the
guiding principles of sudainabledevd opment. Indesd, ‘[ dence—like
at—is a ligeningpogt a the outer edges of humean perception. But
sdence cannat work inisolation. For sdenceto make maximum impect
on the sodeties of tomarrow, it mud interact with palitics, with
damocratic debate, andit must begeered towards defined godls”

The current effortsto integrate environmenta condderationsinto dl
gheres of human endeavour will dso influence the character of
environmenta ressarch. It is likely to fade away as an expliat sectord
adivity as other reserch programmes incorporate environmenta
ohjetivesintotheir work. Other fid ds such as science-andHtechnology
policy will dso have to take on the chdlenges of sudtaindble
devdopment™ So far this fidd has been dow to respond to the
challenges asgn of thedow ratea whichinditutionshaveresponded
to the issue™ In addtion to technological innovation, the
pervadveness of informeation technology isfadlitating the diffusion of
knowledge on environmenta manegement. Thegroamthininformeation
networksand databassswill assist greetly inthe promation of idesson
sudtaneble deve opment. Countries that do not have essy accessto
auch fadlities are likely to be ‘isolated’ from the deve opment and to
fecedfficuitiesinimplementing Sudtaineble-devel opment policies

Ecotechnology Assessment

In a recent dudy, Venon daes that devdoping countries
‘that devdop a drong intend capecity to search out and
evduae foreign technologies are usudly able to acquire the
technologies they need on sdidactory tems Those thet fall
to serch ad evduae however, can meke codly erors™
Technology asessment has emeged & an  importat
disdpline whose @m is to evduate the progpects and risks
assodaed with paticular technologies” This is one of the
aess that Africen countries have pad the leest atention to.
The tendency has been to rdy on technologicd information
from those supplying the technology. In many ceses the
ality of the African countries to assess technologies is
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prgudiced by tied ad ad linkages between the suppliers of
technology and those providing finance (dther as grants, equity
cgoitd, orloans).

Technology assessment asageneric conoept has now become part
of the adminigrativelanguage of many ingtitutionsin theindudridized
naions and a few devdoping countries The resurgence of the
environmentd agenda in the 1980s and the growth of andyticd
techniques for technology assesament hes led to renewed emphadis
on what is now cdled ‘environmentaly sound technology
asessment’ or ‘ecotechnology assessment’. Our Conmon Future
recognizes the dud nature of radicd techndlogicd change
‘“Technalogy will continueto changethe sodid, culturd, and economic
falric of netionsand the world community. With careful menagamert,
new and emerging technalogies offer enormous opportunities for
raising produdtivity and living sandards, for improving hedth, and for
congarving the naturd resource bese Many will dso bring new
hezards requiring animproved capedity for risk manegement ™

Thefirg reason for technology assessment isto provide abadsfor
longrterm deve opment policy. A seocond reeson liesin the complexity
of modem sodo-economic systems. Sorapid end unprediictablearethe
gructurd  shifts that merdy sressng economic palicy may be
mideading. Much of the modern theoreticd literature concentrates on
the details of gatic assumptions about costs and prices, and tendsto
ignore dynamic espedts of ecologicd change  innovation,
devdopment, and linkages in the wider sodo-culturd stting. Here,
technology assessmernt isbeginning to play amoreimportant role.

The idea of technology assessment wes fird put forward in the
United Satesin the late 1960s. It resuited from agrowing avarenessof
the adverse effects of technologica development and was*devised to
guide and contrd the devdlopment of new, largescde, complex and
extramdy expansive technology in conformity with sodid godls’ ® The
focus then was based on the view that technologicd chengewasthe
mansourceof ecologicd problems

The case for the trandfer and acouisition of environmentally sound
technology hesthusbecomeamgor themeininternetiond reations, as
illustrated by the caseof negatiationsover theconventionsondimatic
change and hidlogicd diversty as wdl as Agenda 21. Given the
difficulties of assessing the hility of the developing countriesto utilize
the avalable technologies it is necessary to set up mechanismsat the
internationd and nationd leve s to undertake technology assessment
withafocusonenvironmenta ariteria

Incremental Technical Innovation

Much of the discusson on technology trensfer hes focused
on the importation of new technologies This hes led to
aguments that place excessve emphass on issues such as

intdllectua-property protection and finences While we recognize the
importance of theseissues it isvitd to Sressthe vaue of incremental
techndlogicd innovations, epedidly &t firm levd. Sudies on indudry
in the nemy industridized countries show dearly that much of what
conditutes indugtrid dynamiam is a resut of the cumuldive
techndlogical  innovations introduced & the firm levd. Such
innovations are citicd in the fidd of energy consarvation, where
retrofitting and adjusmentsin energy use areimportant and can have
more immediate savings then the ingdlation of new eguipment. The
vaidionsintheintendty of energy useindicateswhereposshilitiesfor
incrementd technicd innovaionstoimprove energy dfidency may lie
Over the 1970-90 peariod, energy intensity (or energy use per unit of
GDP) hasdedined by 29 per cant intheindudtridized countries whileit
roseby 30 per certinthedeveloping countries.

Such innovations nead to be diginguished from ‘redicd’ or ‘mgor
innovations which are often assodated with the introduction of new
cgpitd goods. Incrementd technica innovations areintroduced during
the regular operations of plants and their cumulative effect over time
may be more important then introdudng new equipment. The
innovations could play animportant role, not only inimproving energy
fidency, but dso in redesgning plants o that they use dternative
rav maeids or reduce emissons of hamful gesss Incrementa
technicd innovationsareoften assodiated with cgpacity-buildinga firm
levd and emerge from training programmes as wel as orgenizationd
change On the whole, incrementd technicd change results from
consdouspdlicy efortsto enhancethecapedity of workers toimprove
their paformanceaswal astheefficiency and output of equipment.

Environmentally Sound Technologies
I nternational iderations
The roe of technology in environmentad management fas been
gaining in currency over the last two decades” Such recogrition is
a0 reflected in intemationd conventions such as the 1979 Long
Range Transboundary Air Pollution Converttion dedling with acid
precipitation in Europe, the 1987 Montred Pratocol on substancesthat
depletetheazonelayer (egpedidly the 1990 London Amendment tothe
Protocol), the 1989 Basd Convertion on the trandooundary
movements of hezardous wagtes and their digposd, and more recently
the 1992 Framewark Convertion on Climate Change es well asthe
Converttion on Bidlogicd Diversty. Technological-change concerns
have now become a gandard fegture in internationd environment
agreemeants

Chepter 34 of Agenda 21 ses ewironmentdly  sound
techndogies in the context of polluion as process and
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product technologies'‘thet generatelow or nowagte, for the prevention
of pallution. They adso cover “end of the pipe’ techndlogies for
trestment of pollution after it hasbeen generaied. They

ae not just individud techndlogies but btd systems which indude knoahow,
procedures goods and savicss and equipmat as wel as orgenizatiod and
meanaggid procedures Thisimpliesthat when discussing trandfer of techndlogies the
human resource devdopment and locd cgpedity-huilding apects of technology
chaices induding gendar-rdlevant agpects should dso be addressed. Ervironmentadly
ound technalogies should be comptiblewith nationelly determined socio-economic,
cuturd, and environmentd priorities

Environmentaly sound technologies could fdl into three man
functiond categories Thefirgt would indude processes and materids
whicharedevd oped for neutrdizing or reducing the harmful effectsof a
given operaion on the environment without necessarily introducing
fundamentd changes in the origind process The second category
covers process modifications induding the use of nove monitoring
and contral techniques, and changes in the raw or intermediate
materiads which may be incorporated into existing technologies to
diminate or reduce their negative evironmentd impects The third
category indudes novd and traditiond technologies which are
inherently sound fromtheenvironmenta point of view.

Technology isthe link between people and the resource base. The
use of environmentaly sound technalogies, therefore, implies anew
evauation of thisrdationship by reessessng the methods used for the
trandformation of neturdl resources into useful products. From the
1970s there has been a maked regponse from indudry. New
technologies and processes designed to reduce pollution and other
environmenta impactshave been deve oped.

Advances in hiotechnology, sound energy technologies, and
dternativesto chlorofluorocarbons (CFCs) arenatable examples of the
rejpoonse. However, these techndlogies are largdy available in the
indugtridized countries which have the cgpedity to invest in ther
production, the inditutional means to utilize them effectivdy, and the
means to monitor and mitigete environmenta damege. In addition,
these countries have long-gtanding treditions in formulating polides
thet promoate the application of new technologiesin the econony. Itis
through the existence of such palices and the enabling programmes
thet the countries are able to put new productsonthemarketsat afest
rate It should be noted that these policies are aimed a promating
privalesector initiatives, and not to bring dl new adtivities under
governmentd agendes.

The levd of techndlogicd devdopmet in the Africen
countries is low; they ae oconsquertly more prone to
technologicd dependence The low rae of technologicd
change may imply a duggish trandtion towards the use of

environmentaly sound technologies. Further problems are created by
the dedining import capedity which began during the 1980s due to
economic aigs The dedine of foraign direct invesment during the
same paiod has dso weekened the ability of African countries to
acouireimported technologies

Environmentally Sound Technology Development and
Trandfer
Snce environmentaly sound technologies are an integrd part of
poides for sudaneble devdopment and the dimendon of
environmentd issues is globd, there is nead for conoerted action by
naions The intemnationd community is faced with the chdlenge of
devdoping legd and trading regimes which promote the trandfer of
environmentally sound technol ogiesto the devel oping countries

The categories of trandferable technologies indude capitd goods,
svices ad desgn edficaions skills and knowledge for
production; knowmedge and expatise for generaing and maneging
technicd change Technology trandfer is not only the introduction of
technology, but dso involves the imparting of the necessary
knowedge and <ills for the continud manegement of uch
technology. It is a two-pronged process, and for it to be effective a
drategy amed a deding smultaneoudy on inflows of foragn
technology and on the development of locd technologicd capecity is
imperdtive. The process darts with developing the capedity to make
goproprigte choices basad on technology assessment. Apart from
finendd condrants, internationd trade regulaions, patent laws, and
licendng regulaions have been identified as some of the barrierstothe
transfer of environmentally sound technologies. However, it hasbeen
argued thet ‘rdaxation of intdlectud property and licenang redrictions
will not necessxily leed to greater technology trandfer. The failure of
devdoping countries to use fully technologicd information in the
public domain eg. patents thet expired illustrates the prablem. The
ability to asdmilae technology—not bariers to trande—is the
primary impediment to technological devdopment in devdoping
ocountries’ ™ The ahility to assmilate technology can be enhanced by
capedity building which embraces ‘the devdopment of individud,
group and indiitutiond capedity of sdlf-audaned leamning, generaion
of technology and implementation of devdopmentd or sdietific
adtivities of adefined range of problems’  This definition implies thet
the ability to assmilate techndlogy is nat only dynamic, but dso
cumuldive. It isin this respect that those countries with some besic
cgpadity in oartain technologicdl fiddsareadleto achievefedter ratesof
technologicd assmilation then those which do not have ay
technologicd foundationinthosefidds

The concept of endogenous capecity in sdience and techr
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nology hes been destribed as the decidve prerequiste in the
manegemat  of techndlogicd change towards sudtainable
deveopment. The potentia of environmentaly sound techndlogiesis
sad to be limited in effectiveness unless thet cgpedity is hilt. The
primary functions of endogenous cgpahility are enadling the effidient
use of imported technology and the credtion of technology with
goproprite characteridics. Capadity therefore encompesses the ability
to: (@) makeinformed judgements on Stience-andHtechnology matters;
(b) select and utilize techndlogiies, (€) adapt and generatetechnologies;
and (d) areste new techndlogies The prevailing policy environment
and incentive regimes play animportant rolein technologica capedity-
buildingand utilizetion.

Technology and Climate-Change Abatement: An Exanmple

The buming of fosdl fuds loss of forests through logging, and
ayicuturd devdopment coupled with rgoid population growth
increese the anthropogenic emissions of greenhouse geses into the
amosphere Carbon dioxide (CO,) and other gases, induding methane
and CFCs play amgor rde in the ‘greenhouse effect’. Neatly 56 per
cent of these emissons come from energy generation through the
buming of fossl fuds about 21 per cant from agriculturd adtivities
(peddies and cattle breeding)), and nearly 15 per cent from CFCs The
concertration of CO, in the amogphere is do influenced by water
pollution and deforestation which causes a decrease in the neturd

cydedf CO, absorption.

Naions have a leest two options the fird option is to teke
preventivemeesuresnow in order to dow downtherateof greenhouse
waming; the second isto undertake adaptive mesaureslater to reduce
theimpacts of dimate change. Since predictions on the megnitude of
impects are nat spedific, it makes sense to gpply the precautionary
principle and adopt the firgt option. This goproach is reflected in the
Framework Convention on Climate Change which recognizesthe nesd
for ocountries to teke immedigte adtion &s a fird dep towads
comprehensvedraegiesondimatechange

Artide 2 dates the objectives of the Framewark Convertion on
Climate Change as Sabilization of greenhousegas concentrationsin
theatmosphereat aleve that would prevent dangerousanthropogenic
interference with the dimate sysem. Such alevd should be achieved
within atime-frame aufficient to dlow ecosysemsto adapt neturdly to
dimatechange, toensurethat food productionisnat thregtened, and to
enableeconomic devd opment to procead inasugtainablemanner.

Advances in  techndogy show that dimatechange
dotement can be redized by the ue of ewironmentdly
sound technologies The technicd potentid to cut emissons
of greenhoue gesss expecdly in the enargy sedtor s

sonificant. By usng exiding cogeffective technology, globd
emissons could be cut by 20 per cent by the year 2020. Such
technologies can be used to increese the effidency of energy
production and use; toswitch from carbonto hydrogentbased fuds; to
use carbornHree energy sources to reduce CFC emissons, and
genegrdly toreducedeforestation (whichwill inturmn leed toexpansion of
carbon gnks). Therae of technology in dimete-change abatement is
dresed in Artide 4(c) of the Framework Convertion on Climete
Change whereby parties undertake to ‘promote and cooperatein the
devdopment, goplicstion and diffuson, induding trander of
technologies, practices and processes thet contral, reduce or prevent
anthropogenic emissons of greenhouse gasss not controlled by the
Montred Protocdl in dl rdevant ssctors induding the energy,
trangport, indudtry, agriculture foresry and waste management
sectors'. Artide4(€) srongly emphasizestheimportanceof technology
indimate change abatement and urgesthe devel oped countriesto

teke dl pradticable geps to promote, fadlitate and finance, as gppropriate, the
trandfer of, or accessto, evironmentally sound technologiesand know-how to other
Paties paticulaly developing country Paties to enable them to implement the
provisons of the Convention. In this process; the developed country Partiesshll
support the devdopment and enhancament of  endogenous  cgpadities and
technologies of deveoping country Paties Other Paties and organizations in a
podtiontodo somay essg infedlitating thetrandfer of such technologies

The success of any progranmes amed a drengthening the
technologica cgpadity of the developing countries will depend to a
large messure on exiging polides and incative sysems for
technologica development in particular, and on innovation in generdl.
There is dreedy evidence tha some of the economicdly dynamic
Adan countries have made entrepreneuria responsesto the Montredl
Protocol and areexporting productsthat reduce CFCs.

Technology Policy and Incentive Systems
Technology Policy and Sugtainable Development
Developing countries have generdly rdied on the exports of primary
goods and |abourintensve manufactures based on natura-resource
endowment and availability of labour. It is now acoepted thet these
countries need to enhance growth; they need to increaseexportswith
higher technology vaue added by diversfying ther products and
makets. To achieve this the technologicd base of the production
Sructure neads to be strengthened. A sound technological base is
indigpensable in expanding the produdtive capatilities of developing
countries. Further, technologica innovations offer them opportunities
tofulfil their obligationsinthesearchfor sustainebledevd opmernt.
Indtitutiond and government pdlicy can hamper or acoderae
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efforts to acquire and diffuse technologies There is a need for
government-adopted polidesto inducergpid improvement in thisarea
inview of therdleof technalogy in devdopment. The role of nationd
technology policies should be to enaure that the objectives of
sustainable devdopment and environmentd pratection are given
sedid dtettion. To be efective, such pdicdes must be made
comprehendve by addressing dl functiond sectors in sodiety. They
must dso take into account sodo-economic and culturd fectors
Nationd commitment to the objectives of such apalicy isanecessary
prerequiste

Further, ided sdence-and-technology palidesarethosewhich affect
technologica devdopment diretly by simulating R&D, stting up a
sdentific infrasgructure and giving preference to the output of
indigenoustechnology. Regulaion of accesstoforeign technologiesis
dso important. Spadfic pdicy messures may indude fird, a larger
dlocation of netiond resources to R&D inditutions. This can be
fortified by other finandd incentivesfor R& D adtivities Secondly, they
should entail the establishment of a suitable infrastructure to cater for
important maters such as traning, joint ressarch programmes
information avallahility and exchange, and gpproprite legd mechingry
for enforcement. Thirdly, the encouragement of the acquisition and
diffuson of environmentaly sound technol ogieswhich aregppropriate
to locd conditions and resources should be akey agpect of nationd
technology palicy.

Over theled threedecadesthere hesbeen amarked dedlineinreturns
from the export of rav maaids of which bidogicd resources
conditute a mgor pat. Increeses in - production-and-utilization
fidency have continued to undermine the market for rav materids
Biatechnology itsdf isthrestening awide range of raw materids from
the developing countries. Some of these countries have placed
emphasison downgtream processing asaway of adding vauetothar
exports

Such programmes have led to extengve importation of mechinery
and contributed to locd industrid produdtion and employment. Very
few countries, however, have placed the locd processing of raw
meaterids in the broader context of technologica innovation. Where
plants have been inddled, they have added lIttle to the nationd
technologica capadity. It was often assumed thet the mere ingtdlation
of mechiney would leed to the accumulation of technologicd
competence. Indeed, much of the technologicd devdopment in
African countries has been assodated with the acquistion of
eouipment and mechinary for theextredtion of raw materids

Although the palicy indruments goplied in vaious countries
to promote techndogicad innovation may look dike it is
importat to recognize the undelying differences  espeddly
in conogptions  @bout  internationd  trade which is  dosdly
rdated to progpecting. The wide aray of pdicy ingruments
usd to promote technologicd innovaion have received

littleattentionin most devel oping countries.

IntheWestern world technology policy hesoften been concaivedin
the context of causd rdaionships This is evidenced by the US
goproach whereby focus is placed on besic science, hedth, energy,
agriculture, and defence. Thestrategy adopted by Jgpan and thenewly
indugridizing

Table 1. Government innovation policy measures

Mesaure Examples

Procurement Centrd and locd-government purcheses and contradts,

public corpordtions R&D  contracts,  prototype
purcheses sting of design and paformance aiteria
choiceof priority technologies

Trade agreamants, technology -aoquisiion agreamats
taiffs  fordgn- exchenge reguldions  export
compensation, import subsidies licensing, infant industry
protection, negotiation.

Innovation by publidy owned indudtries, setting up of
new indudries pioneing use of new tedhniques by
public corporations, partidipeting in priveteentaprises
Research laboratories, support of ressarch assoddtions
leamed soddlies professond and technical assodidions,
ressarch grants, seiting up sdenceparks

Gaad educdion, univasties tednicd  education,
refraning, vocationd education.

Information networksand centres libraries advisory and
conaUitancy sarvices, databieses, technology monitoring,
liasonsavices pudlicavarenes

Grants loans subddes finendd shaing arangements
venture capitd, provison of equipment, buildings or
vioss loan guarantess taiff ramissons export credits
Company, persond, indirect, and payrall taxation, tax
dlowances, deprediation dlowances, tax exemption for
privatefoundations

Paents, utlity modds —plant-bresdes  rights
ewvironmetd and hedth regulaions  contractud
arangements, conventions, ingpectorates, monopaly
reguaions

Faming, regond polides honours or awads for
innovation, encouregement of mergers or consortia,
public consuitation, cregtion of new inditutions, setting
up of resserch funds initidting legd rfoms

Purcheses, maintenance, suparvison, and innovation in
hedth savice public bulding, construdtion, trangport,
tdecommunicetions,  infregruciure adminigrative
quidance

Exterd dd, technicd assistance, training, informeation
provison.

Ses oganizations trade and diplometic missons
(sdience atachés), technicd co-operaion, research
representatives, intemnationd negatiations

Intermationdl trade

Rbliceteprise

Sdentific and technice

Education

Information

Finendid

Taxaion

Legd andregulaory

Politicel

Rblicsavicss

Extand assdance

Internationd relations

Source: African Centrefor Technology Sudies, Nairobi.
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countries (NICs) of the Padfic Rim, on the ather hend, has tended to
teke asysems gpproach, with agrong biasfor indudrid R&D. Inthe
latter category of dates reseerch and commerdd adtivities are dosdy
focused on locd and regiond makes Thee ae importat
consderations when examining the trandferability and rdevance of
someof thesepolicy meesures.

Nationd palides on technology have often been influenced by
differencesin stientific and technologicd capatility, indudtrid potentid,
& wdl as politicd and economic ideology. Technology-palicy
mesaures darted recaving incressed emphess in the indudriaized
marke-economy countriesin the 1960s. This followed the recognition
that science and technology hed played akey roleinthegrowthof the
US econony over the previousfifty years It wasfdt a thetime inthe
spirit of the Keynesan tradition, thet government intervention wes
necessary tofadilitatetherole of sdenceand technology insudtaineble
devdopmert.

It wasd0 fdt at the time thet mearket and inditutiond imperfections
afected the rate and diretion of invesment in R&D, and that
government intervention was necessaty. Researchers showed thet
fimns were failing to meke full use of thar own reseerch realits This
festuremainly arisesin draumdanceswheresdentificknowledgeisnat
properly integrated into the operations of the organization, probably
due to a falure to embody the ressarch findings into goplicable
technology.

In addition, risk, uncartainty, and the high costs of R& D investment
reduced the rate of investment in R&D. This Stution, it was argued,
would reduce the sodd bendfits of R& D and shift research towards
shortterm godls. Pdlicy intervention wastherefore requiredtomaximize
thesodd gansof R&D.

Thereareat leest four broad technol ogy-palicy gpproaches adopted
by the indugtridized countries. A number of these have integrated
technology palicy into broad netiond-deve opment Srategies Such
countries indude Japan, France, and Itdy. In countries such as
Gamany, Denmark, and the Netherlands, technology pdlicy isone of
those palicy indruments amed at cregting a suitable environment for
economic change and intemationd competitiveness: Technology
policiesin these countries are not formulated in the context of nationd
plans.

This, however, may change as countries such as the Netherlands
dat to review the role of stence and technology in sudtaineble
devdopment. In these countries technology palicy is used to shape
the direction of economic change They have st up awide range of
conaultative and co-ordinaing proceduresaswael asingitutionswithin
government and industry. In addition, other indiitutiond meesures

lacking, however, istheissue of meking theindudtrid palidessendtive
totheecosystem.

The Japanese modd isthefirg category. Therdeof the Minigry of
Internationd Trade and Industry (MITI) in Jgpan has been a mgor
subject of study ® Whet issignificant isthat MI Tl wasconceived asan
indrument for promoting technologicd innovation as a tod for
internationd competitiveness and nat Smply to promote trade in the
context of comparative advantage. The gpproach has been systemic
from the beginning. The people who shaped MITI had no sympethy
for conventiond economic theory. Their am wasto promote the most
advanced technol ogieswith thewidest possibleworld maket.

The Unted States has dso introduced a wide range of meesures
amed a enhending itsintermationa competitiveness Policy meeaures
inthe pest have been sdective, dthough government funding for new
technol ogieshasbeen along-gtanding practice.

The second category indudes a set of meesures that dlow the
government to procure technologies at the earlly dages of their
devdopment. This gpproach wasextendvey usad in the devel opment
of the dectronics indudtry. In the United Sates for example, public
procurement has been used to dimulate military technology. Other
countries, egpedidly in Europe, used public procurement to promate
innovaioninrenewable-energy technology inthe 1980s

The third category of technalogy policy meesures covers finendd
upport for innovation. Tax credits have been used in countries such
& Japan, Canada, and the United States to dimulate and promote
innovation. Other wdl-established mesaures, such as grarnts, ride
sharinginvesment, andloansare used in mogt indudtridized countries
In addition, new finendd support schemes are currently being
introduced in theindustridized countriesto support amal and medium
gzefims

These three mgor categories are currently being supplemented by
meeares which focus on spedific sectors and are implemented
through intemationd  collaborative programmes The  Europeen
Reszarch Co-ordingtion Agancy (EUREKA), launched in 1985, was
designed to bring together indudry, universty, and government
ressarchers in marke-oriented informetion technologies in a bid to
compete againg the United Sates and Jgpen. Other odllaborative
ressarch meeares indude the Programme for Basc Research in
Indugtrid Technologiesfor Europe (BRI TE) and the Europeen Srategic
Poganme o Resach and Devdopment in  Information
Techndogies (ESPRIT). In 1985 the EEC Coundl of Miniders
goproved aplanfor aEuropesn Technologicd Community.

Unlike their indudrid counterparts, the developing countries
technology palides have emphasized technology acquisition. These

have been introduced to fadlitate the linkages between industry daes hae tied the trander and  acquistion
ad government. What remans congpicuously
GREEN GLOBE YEARBOOK 1994 144



of technology to negatiaions regarding exploration of and accessto
biodiversty. A few deveoping countries, however, have introduced
fiscd incentives and finandd assgance Countries such as South
Koreg, Snggpore, Mdaysa, Mexioo, and Peru have tax incantives
Fnandd assigtance, however, is more widespreed in the developing
countries Singapore, for example, has exparimented with a number of
R&D and product-development schemesin the last ten years. Mogt
devdoping courntries are yet to come up with effective polides for
techndogicd devdopmet. Where such pdides exig, ther
adminidration and manegement havebeen poor.

Palicy and Incentivesin Africac Policy Environment

Given the current date of the African countries there is a need to
identify afew systemictechnology-policy messureswhich canbeused
to simulate and promote the sudtainable development of indigenous
techndlogical  cgpability. Such meesures are defined as palicy
interventions which have the capedity to achieve sysemic gains by
reorganizing the economic sysem as wel as the inditutiond terain
with minmd  invesment, adminigraive reguirements d&ff, and
infrastructure. The main factors behind any goproach areinformation
flow, technicd contertt, and indtitutional networking. The gpproach
dffers from other palicy-formulation srategies in the sense that it
utilizes the synergidtic links between sectors. It is a systems gpproach
ingteed of rdlying onlineer causd relationships

Technology-palicy formulaionisdosdly linked to preveent trendsin
internationd trade and the rdaed inditutiond arangements The
current emphads on techndlogy as a tod for intemaiond
compditiveness makes it increedngly difficult for mogt African
courtries to acouire emerging technologies: Although some of the
expaiencesof other countriesmay berdevant for Africa, itisimportant
to placetheseinthe context of emerging design trendsand indtitutional
arangemeants reding to access to techndogy and the rdated
information. Technology-palicy formulaion has in the past been
charadterized by the enactment or publication of didtinct lavs or palicy
papers. Thestuationischanging and technology-policy formulaionis
becoming adynamic process which is guided by continuous review,
andysis and research conducted by awide range of inditutions The
process requiires continuous reseerch and monitoring of both internd
andinternationd trendsininnovetion.

It has been dressad thet achieving sudtaineble deveopment
will require mgor policy changes in the African countries
Such daements are often not backed by an goped for dudies
which indicate the kinds of changes that nead to be introduced.
The tendency hes been for the indugridized countries to
uggest the extenson of thar policy mesaures to the African
countries. This has often been possble because the discipline

of palicy researchisill nascent in developing countries and virtudly
absentin Africa Pronouncementsof afew peoplewho arefamiliar with
the policy needs for gpedific changes have often been confused with
palicy research, which isadisdplinein its own right. This problem is
compounded by the fact that scientigts have often bdieved thet they
should peek to power directly and thet their reseerch resuitsform the
raiond besis for palicy-meking. This view, however, ignores the fact
thet interaction between decisorsmeking and redlity is not dways
rational and depends on awiderange of factorswhich arethe subject-
meatter for policy andyds The area of palicy research offers new
possibilitiesfor partnership between theindudtridized countriesand the
African countries These partnerships will essatidly be ressarchr
oriented, dthough they will dso take on the rde of information
disssminaion. The partnerships thet are developed for research and
informetion-sharingwill dso servethe purposesof policy reseerch.

Oneof themogt important agpects of longterm sodd transformetion
istheriseof and retention of inditutions. Indtitution-ouildingandreform
isagood indicator of the rate a which any sodety is changing. The
uccess or failure of fadlitating sudtaingble devdlopment in Africawill
depend to a lage extat on the ability of exiding inditutions to
implement an agendafor change Sofar, theview of Africaninditutions
by donor agencies has bean limited to date inditutions. While it is
important to strengthen gateinditutions, it isnecessary to broadenthe
soopeof support to other inditutions.

In the pedt, inditution-building has been assodiated with providing
infrastructure, finencg, and training. These three have often been
trested separatdy and donorshave tended to emphiasize one d atime
It has become obvious in recat years thet the provison of
infrastructure and funding to indtitutions does not necessarily leed to
an incressed cgpahility to ded with development problems. [n many
casesthefunding haseither beenwasted or misused. Thereistherefore
a nead to rethink the neture of inditutionHouilding rdevart for the
Africangtuetion.

Inditutionsarearrangementsthrough which peoplemanage change
Thisimpliesthat inditutions are essentialy about people Theahility of
the people to manage change will depend largdy on thelevd of ther
competence. Alternative ways of supporting inditutionHouilding in
Africashould therefore be basad on competence enhancement. This
view, which departs from the narrow gpproach of providing fundsand
infragtructure, opens up a wide range of opportunities for designing
new partnerships in inditutionHbuilding. It dso widens the range of
inditutionsthat can beinvolvedintheprocess.

S far, traning programmes have been too redrictive and often
desgned inthe context of academic gpedification. Theremay beaneed
to rehnk the oietaion o the  acadamic
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Table 2. Government science and technology policy institutions in Africa, 1973-1986

1973 1979 After 1979 Totd 1986
Inoreese Tota

Minisry of Sdenceor Minigerid

SdencePdlicy Courdl 5 +4 9 +18* 27
Sdenceplaing body

ingenerd 12 +16 18 +2 20
Multissctor body for

co-ordinating sdentific research 18 +6 24 +4 28
Neturd sdenceresearch 2 +14* 16 +9 25
Agricuturd resserch 15 +15* 30 +2 32
Medicd ressarch 6 +14 20 +1 21
Nudear ressarch 3 +1 4 — 4
Indudtrid research 7 +15* 22 +3 25
Environmentd ressarch 2 +13 15 1 16
TOTAL 70 158
INCREASE 83 40
GRAND TOTAL 158 40 198

Nate * Indicatesbodieswithrepidincreese

Source J Forje (1987), Trendsin the Devdopment of Sienceand Technology in Africa snce CASTAFRICA | (UNESCO, Patis).

spedifications S0 as to provide a itable environment for developing
competence in environmental manegement. The conventiond view
hasbeento think of training in the context of whereit tekesplace. Asa
reslt, the ariteriafor training programmestendsto restrict the choice of
dther locd or fordgn indituions While it is important to build
competence in gpedfic African countriesor regions itisasoimportart
to cregte conditions under which training can be used as a means of
trandferring competencefromtheindustridized countriesto Africa
Africais marked by awide range of indtitutiond arangementsamed
a formulaing sdenceandtechnology policies. These arangements
indude minigtries or minigterid committees, sdence planning bodiies
multi-sector co-ordinating bodies, and stientific-reseerch co-ordinating
bodies Somedf theseindtitutionshave satutory authority whileothers
do not. Over the years, sdence-ancHtechnology policy-meking hes
been moving from councils and committees to miniderid organs
Many of these inditutions were established after the United Nations
Conference on Scence and Technology for Devdopment (UNCSTD)
hdd in 1979 in Viema which recommended thet every oountry

should formulate a nationd science-andHtechndlogy palicy. Teble 2
showsthedausof theevolution of theseindtitutiond arrangementsin
Africa

Policy and Incentivesin Africa: Incentive Schemes

In mogt African countries, incentives for technologicd development
have often been implicit and mediated through invesment incentives
for indusry. Where explict incantives have been provided for
technologica development, they have often remained on the books or
only articulated in policy documents Whet so far emergesisthet the
man incentives for industrid devdopment have favoured the
importaion of largescde, capitakintensve invesments with litile
consideration for technological development? In many cases the
incentives expliatly provided for indudry have tended impliatly to
underminetheprogpectsfor technologica deve opment.

For exarple inoatives provided in may oountries to
fadlitate the inddlaion of industrid plants have often worked
againgd locd technologicd devdopmet. Thee  incentives
often provide for lower impot duties and taiffs on whoe
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plantsand impose higher import dutiesand tariffson raw maeridsthat
could be usad to fabricate such equipment locelly. Theeffect hasoften
been that eguipment that could befabricated locally hasbeenimported.
Many African countries havethe potentia to menufacturemost of the
components necessary for assembling solar pands But thehightariffs
imposad on the necessary rav materids mekes it eeser for firms to
import complete stsof pands. But because of the high labour cogtsin
the indudridized countries, such products are usudly expensive and
only a few inditutions and a amdl section of the populaion are
therefore ableto saoure solar pands Rdaxation of tariffswould makeit
possible for chegper olaenergy pandsto be manufactured in some
African countries

In mary casss taiff regulaions ae Smply ingengtive to the
imperatives of technological devdopment. For example, despite the
growingimportanceof computer equipment in sdentific resserch, meny
countrieslill place high tariffs on such eguipment. Part of the problem
liesin the misoconception propegated in the 1970sthet computerization
wes likdy to diplace jobs Those countries which had srong job-
cregtion palidesimposaed hightariffson computer equipment.

Commeadd organizationsand individuds may nat find it worthwhile
to take into account environmentd factors in the technologies which
they develop or use. Entrepreneurswill be mativated by the existence
of a qlitable market before devedloping technologies. Incentives are
therefore importart, in thet they creste conditions which encourage
involvement in a new area Incentives cannat be established unless
thereisadear government palicy ontechnology and devel opmentt.

After indgpendence mogt African countries etablished taiffs and
impatdicendng sysems to encourage invesmeat in import-
subgtitution industries. The industries depended heavily on imported
meachingry and inputs. Some of these countries dso liberdized foreign-
invesment polides by teking messures to protect foreign investors
aEing nationdization, redudng linitations on share ownership,
increeding the fidd of adtivities and the Sze of profit remittances and
acoapting arbitration as ameans of settling digputes Theseincantives
proved useful in guiding adtivities of investorsinto aress which were
deamed to be priorities However, these incatives had ther own
limitations

Expaience has shown that the mogt effedtive and eficient
inducemets ae those aisng from finendd dability, policy
trangoerency, avalability of skilled menpower, ad large, growing
domedtic markets More incantives are nesded for those invesments
which encourage indigenous cgpedity-building. Incertives are do
nesded in aress that provide inputs which firms and individuds are
unable or unwilling to provide themsdves, or whichhdptoreducethe
risk of uncertainty assodiated with certain types of invesment in the
accumulation of knowledgeand <ills

Manufacturers in mogt African countries receive no income-tax
concessions tariff reductions or other incentivesfor their R& D efforts
Also, mod research adtivities are not wel co-ordinated, depite the
egtablishment of nationd indtitutionsfor the purpase Mogt intdlectua-
property lawsin Africado not encourage the use of knowledgewhich
is dready in the public domain. These laws are dso deficient in that
thereisno roomfor gopropriatetechnol ogiesdevel oped by indigenous
people.

The bariers encountered by transnationd  corporations in the
trander of environmentaly sound technologies indude: @) reduced
expedations of profits from sdes of such technologies dueto lack of
markes complex legd requirements and lack of market informetion; (b)
lack of adeguete technicd and sodd infrestructure and €) unfair
comptition dueto lack of environmenta regulaions and standardsin
devdoping countries. During the 1980s many developing countries
relaxed regulations governing technology and foreign investment in
thair countries. Policy chenges eesing controls over patents, licensng,
and trade-marks were introduced. These efforts were arecognition of
the importance of technology and dso theimportance of intermationd
cdllaboration in thisarea. However, more direct incentives need to be
provided to support technologica devdopment in generd, ad
environmentaly sound technologiesin particular.

Conclusion

In the light of the above assessment, it appears that the success of
international co-operation programmeswill depend largdy ontheextent
towhich governmentsinthedeve oping countriesintroducereforms at
the nationd levd to fadlitate the adoption and development of
environmentaly sound technologies Theissue hereisnot Smply the
introduction of minor reforms to accommodate cartain types of ‘deen
technologies’. The chdlenge invalves integrating environment and
devdopmat a the palicy, planning, and management levds as
outlined in chepter 8 of Agenda 21. Asthat chapter stresses, the shift
towards environmentdly sound devdopmet may require an
‘adjusment or evenafundamenta reshgping of decisorHmeking, inthe
light of the country-gpedific conditions . . . if environment and
devdopment is to be put a the centre of economic and politica
dedsommeking. Daing this done will require intemationd co-
operaion in managing economicpdicy reforms which take into
account the imperatives of sustainable devdopment. Without such
refoms the cdl for intemationd co-operation in the trandfer of
environmentaly sound technologies to the developing countries will
not amount tomuch.

Indeed, those oountries tha introduce incantives which
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promote the devd opment of environmentally sound technologies will
drengthen exiding locd technological efforts which in tun will put
them in a better position to bendfit from intemationd co-operation. In
thisregard, the pragpectsfor thetransfer of technol ogy inthe context of
the Convertion on Bidogica Diversity or the Framework Convention
on Climate Change arelimited for most countries, exoept thosethet put
in place effective nationd technol ogy-policy meesuresto promote the
devdopment of rdlevant technologies. Thesuccess of internationd co-

operdtion arangements; therefore, depends to alarge extent on whet
countriesdoto promoteloca technologicd initictives

Notes and References
| would like to acknowledge the research assigance provided by Ms Edith Mneney
during the preparation of thispaper.

1. World Commisson on Environment and Devdopment (WCED) (1987), Our
Cormmon Future (Oxford University Press, Oxford), 4.

2. This however, should tekeinto account therisks associated with urbenization
and populaion migration.

3. Thisisexemplified by theendorsement of the Intemational Chember of
CommacesBusnessChatter for Sitaineble Developmant (BCSD) by over
600 private corporations The adoption of such acodeof behaviowr, if
extended to their subocontractors could significantly contributetothe
promoation of sugtaineble deve opmerntt.

4.  Foraddaled odlettion of casedudiesonthistheme 52 S Schmidhany
(1992), Changing Course: A Global Business Perspective on Devdopment
and the Environment (MIT Press London).

5. Theemeging trendssuggest that for maost deve oping countries, themost
sitabledarting point isthe goplication of environmentally sound technology
to smdll- and medum-scdeenterprises which ared o themain sources of
employment and dso posewidesoreed environmentd risks

6. M.Brown (1992), ‘ Sdence, Technology and the Environment’, OECD
Obsnve (Feb/Mar), 12.

7. Whilegovermentscontinued to fomulate palidesbesed on netiondl
competition, firmsincressad their degree of co-operation, epedidly inthefidd
of technology trandfer. For details of such arangements sseeCdestous imaand
Mark Sagoff (1992), ‘ Polidesfor Technology’,in J C. Doogeet al. (eds), An
Agendaof Siencefor Emvironment and Devd opment into the 21t Century,
(Camtridge University Press Camtridge).

8. Theedablishment of Thalands Environmentd Reseerch and Training Center
with support from the Japanese government il lugtrates the point.

10.

14.

b &

21

Thecdhdlengefor theintemationd community isthereforeto identify waysof
enhanding the capecity of thedevd oping countriesto utilizetheemerging and
avalableeviroomentaly sound techndlogies

GroHalem Brundtland (1991), Environmantal Challengesaf the1990's Our
Responsihility Towards Future Generations(The Tanner Lectureon Human
Veues ClaenceHall, Cambidge) (14 Feb), 9.

. UNCTAD (1990), Trandfer and Devel opment of Technalogy in Devdloping

Countries A Conpendiumof Pdlicy Issues(New Y ork).

. J-E. Aubat (1992), ‘Wha Evdutionfor Sdenceand Technology Policies?

OECD Obsnve (Feb/Ma), 5.

. R Vemnon (1989), Techndogical Development: TheHidorical Bxperience,

Economic Deve opment I ngtitute Seminar Peper no. 39 (World Bank).

For amore detailed gpplication of technology assessment to biotechnology, see
Normen Clark and Cdestous Juma(1991), Biotechnology for Sudainable
Devdopment: Pdlicy Optionsfor Developing Countries(Ads Press Africen
Centrefor Technology Sudies Nairohi).

. WCED, Our Common Future, 217.
16.
17.

Normen and Juma, Biotechnology for Sudtainable Devd opmart, 28.
Cdestous maand Jackton B. Qjwang (1992), Technology Trandfer and
Sgtainable Devdopmant (Ads Press African Centrefor Technology Sudies
Nairohi).

Jumaand S, * Polidiesfor Technology”’, 272.

. Danid A. Bekoeand L. Prage(1992), ‘ Capedity Building,, inJ C. Doogeet al.

(eds), An Agenda of Sdencefor Environment and Devdopmant intothe 21t
Ceantury (Cambridge University Press Cambricoe).

. Seeeg. C. Johnson (1982), MITI and the JapaneseMirade: The Growth of

Industrial Pdlicy, 1925-1975, (Sanford University Press Sarford, Cif.).
Seeeg A. M. Gokaet al. (1990), Parformance Raview of Indiitutionsfor
Techndlogy Pdlicy in Ghana, Nigeriaand Tanzania, IDRC Manuscript Report
241e (Intemationd Deve opment Research Centre, Ottawa, Canada).

. ‘Thedifferant typesaof incentives. . . can be categorized genardlly aspadid

concessonsmedeavalable under invesment and tax codes; protection through
tredeandindustrid licenang polides aredit and equity perticipetion fedilities
through devd opment finance corporations, and favourableinterest rates
Provison of edequateinfrasrudiureand savicesand cregtion of adeble
evironment weredso seen asimportant meansof atracting investment.
Invesment codestended initidly to be oriented towerd large-scdeforagn
enterprises with subseouent effortstoindude domedticinvestors epeadly in
gsrdl-cdeetapriss Thebendfitsgenerdly depended heavily ontheamount
of capital invested or mede cepitdl availebleat low cogt (both finendd cepite
andimported capitd goods). Thished, however, theeffect of biasng the
druduredf incentivesin favor of large, capitd-intendveinvesments’ W. F.
Sted and J W. Evans(1984), Industrialization in Sub-Saharan Africa:
Srategiesand Performance, World Bank Technica Peper no. 25. (World
Bark).

GREEN GLOBE YEARBOOK 1994

148



