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Wh~ther t~ey arise out of long, intensive research and 

developmer.~ by large corporations or th~ serer.dipity of single 

genius, ne• scientific and technological developments and their 

commercial exploitation usually require considerable risk 

capital if they are to be successful. This paper attel!lpts to 

explore some of the issues which aTise in the financing of such 

d~velopments a pd suggests possible approaches to their 

f~nancing in the context of a small, resource-poor economy like 

Trinidad and Tobago. s·ection 1 considers, in broad outlin>!, 

the question of appropriate science and technology policy, 

strategy and t.actics in developing economies like Trinidad ar.d 

Tobago. Section 2 analyses the nature of the risks associated 

with scientific and technological devel~pmeuts. Section 3 

examines the financing strategies used in various developed 

countries in respect of the commercialization of technology aud 

out)..ines approaches that Trinidad and Tobago and other 

Caribbean countries might usefully take. 

and concludes the discussicn. 

Section 4 summarises 
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1. Science and :echnologv Policy 

Technological progress has usually been the l'lasis of 

increases in productivi:y and output in industry. It is 

ho1o1ever, also the case that the bas:c technologies utilised in 

• 
the industries which have dominated economies in this century 

-- motor cars, iron and steel, chemicals we re developed i r. 

the 19th century and early 20th century. Such inn ov a t i on a s 

has taken place has been largely in the direction· of process 

innovations based on more sophisticated engineering. 

,. In the post-war ~eriod however, basic: scientific 

research began to spawn the seeds of ne-w industriPs. The 

integrated circuit replaced the transistor a pre-\Jorld-War 

I I d ev elopmen t and has led to the development of the 

micro-electronics industry which in turn has caused the 

development of microprocessors and the modern third and fourth 

generation computers. Micro-processors have in turn stimulated 

the transformation of medical electronics and 

telecommunications, and their applications in business and 

industry hav1:: altered the way in which production is carried 

out in several industries from garments to assembly. Robotics 

for example, is a direct outgrowth of the micro-electronics 

'revolution in minaiture'. 
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Quietly .rnd almost unobtrusively, the science 

biology '"as also undergoing significant change as a result c: 

baisic scientific research. Combined with the engineer:r.g ar.c 

chemical sciences, biology evolved into biotechnology anc 

gene ti c engineering techniques , which i nv o 1 v e es sent i a 11 y the 

manirulatio;:i of existing micro-organisms to create ne'I.' or 

modified organisms which are capable of perforu::ing 2. different 

or enhanced of functions. These technologies have 

implications 

range 

for div er se fields including agriculture, 

petrocheMic2.ls, petroleum production and certain manufacturing 

processes. 

Although the existing mix of industries in the modern 

world still largely reflects earlier scientific and 

technological de,•elopments, this is beginning to change and the 

process of economic transformation is quite rapid since ne_. 

discove_ries and innovations operate synergistically leading to 

exponential growth of new processes, new products and ne"'· 

economic activities. Indeed it has been suggested, not without 

found a ti on , that the series of recess ions which the · 'Wes tern 

industrial countries have been experiencing over the last 

decadE: reflect as much structural transformation towards a ne·J 

scienfific and technological basis of industrial activity, as 

any of the other monetary, fiscal or exogenous f11ctors 

action - usually cited to explain the experience. 

OPEC 
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Given the pace of these nev developments, it seems 

c e r t a i n th a t u n 1 e s s t b e d ev e 1 o p i n g c o u n t r i e s m ov e a c t iv e 1 y t o 

kt.ep up vith these developments, the 21st century vill find 

theit in the backvash of change and transformation. The gap 

between the ricb and the poor countries vill be even vider than 

at present and the pattern of ~conomic, social, cultural and 

• 
even polit.ical dependency will be reinforced. In short, the 

implications ot these new developments and developing countries 

responses to them, are wide and serious. Scieuce and 

technology policy is t:berefore not a catch-phrase or 

shibboleth, but an absolute imperative in the planning and 

p"olicy-making of the developing countries, as much as it nov is 

in the industrialised countries. 

The e 1 em en ts o f a s c i enc e and tech no 1 o g y po l i c y a r e 

no1o1 reasonably well understood. They are (i) the education 

system primary, s~condary and tertiary (ii) research and 

develcpment institutions involved in basic and applied 

research, testing and experimental development - pilot plants, 

etc; (iii). specialised facilities for main.tenance, mrdification 

and adaptation of 

1 nv 0 1 v i n g p r 0 j e c t 

hardware; (i~) consultancy and design, 

identification and design, plant de,sign and 

systems; (v) information on scientific and technological 

developments world-wide and the potential usefulness and/or 

applicaticn locally; dissemination of inforaation to users of 
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technology; (vi) financing, planning and management cf a 11 

scientific and technology-related activities. A great deal cat: 

be said about each of these areas, but the critical focus is 

the development of an indigeno"us technological capability. 

Small, open economies face serious problems i r. 

implementing a science and. technology policy one of which is 

the problem of scale or numbers. Tb e y w i 11 no t h av e t b e 

critical mass of scientists, engineers, technicians, 

information specialists and educators to compete across a broad 

range of activities at or near tl'e leading edge of scientific 
/ 

and technological developments. In this regard therefore, the 

strategic response may well be to develop one cadre of 

non-specialised scientists and engineers to service the 

information function across a broad spectrum of activities and 

then identifying out a few activities which will become the 

focus of a second cadre of specialists to engage in adaptation, 

design and development. Other areas which the specialist cadre 

-cannot .address must be tackled by selective and controlled 

11 c·e n s 1 n g , foreign investaent, etc., which constitute the 

traditional mo~es of technology transfer. 
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Initially, at least, the focus of specialised R and D 

m8y be not b2sic and appliei research leading to invention, but 

problere-oriented basic and applied research le~ding to 

fnnov2tions which could seek to carry out knovn processes more 

cheaply and efficiently, exploit some particular marketing 

advantage perceived by market research (e.g. energy-saving 

techniques, down-sizing, user-friendly products, user-safety, 

packaging, e:c.), or find new applications for existing 

technologies or new uses for existing resources or products. 

2. Risk 

There are basically two kinds of risk to which science 

and technology development '!Ctivities are exposed. Firstly, 

where research is open-inded i.e. is not goal-directed, a great 

deal of scientific and financial resources may be committed fer 

extended periods of time to projects which may bear no fruit or 

where gestation may be too long for a small economy. Secondly, 

where research is goal-directed and/or market-oriented, there 

is ~he possibility that the new process or product may not find 

market accepta.nce or ay be .,vertaken by new :ecbnological 

developments or new products. 
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The first problem really is one of scale. In a large 

country ~1th coPsiderable ~uman and financial resources a 

significant proportion of research can afford to be 

open-er,ded. Wh e r e h um a n a n d f i n a n c 1 a 1 r e s o u r c e s a r e s c a r c e , 

this is not feasible or desirable, hence the suggestion 

advanced earlier that R and D in small economies should, or 

rather must be selective and goal-directed. The issue can be 

-cast in terms familiar to economists. The return (net present 

value) on investment in open-ended research and devel11pment is 

the discounted value of 

i nv es t men t . 

the net ·i"lcome stream from such 

R - C 

(l+r)t 

where C is the initi.al investment cost of the project, 
0 

Ct are the operating costs and Rt are the annual returns on 

investmant. ln an open-ended project, Rt is likely, under 

normal circum;tances to be zero for a long time, though it may 

become quite large eventually if the research effort is 

su~cessful. Moreover, T is likely to be extremely long and r -

the appropriate social discount rate will be high since 

capital resources are scarce. This means that th~ ret.urn, V, 

on the investment could be low when rankee relative other 

i n•1 es t men ts in R and D or e 1 s e vb ere in the economy , ev en i f the 

ev en tu a 1 returns are high • In developed eco:-.omies, the social 

discount rate is much lower and the horizon, T, is likely to be 

shorter because of the adequacy, if not surplus of human end 

technical re1oure~s which may be committed to th~ project. 
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The second class of risk, which may be ter111ed 'market 

risk' has three relate~ aspects. The f1 rs t is the risk 

associated with bridgi:i.g the gap between knowledge and the 

deve.lopment of a marketable produC't i.e. the risks associated 

with commercialisation. The second is the risks associated 

with competition from other firms which have developed similar 

net.• products or processes • Tb e third i s t be risk o f rap i d 

obsolescence due to tech no lo gi cal innovations which over take 

the marketed product. 

The experience of firms in the developed countries 

i-11 u s t r a t e v iv i d l y a 11 th e s e a s p e c t s o f r i s k , p a r t i c u l a r l y i n 

the area of microprocessors 

commercialisation is succec;sful, 

and 

there 

computers. 

may follol< 

If 

the 

development of a host of similar products produced by a large 

number of new small firms who have made margin~l alterations to 

the product or process by engineering around the patent or by 

reverse engineering and subsequent modificat!on. lnitiall~, 

all the firms oay be highly profitable and growth can be quite 

r a pi a . U 1 t i ma t e 1 y how ev er , the pro c:I u c t or pro c es s be comes 

standardized and a 'shake-out' begins in which large firms take 

advantage of their size and ccale and swallow the smaller firms 

or simply put them out of business through fierce price 

competit::..on. The recent experience of a number of small 

personal computer manufacturers and the rapid ascendency of IBM 
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in the personel computer market (vi thin t 'WO years) is 

instructive. 

manufacturers 

Even established medium-sized personal ::cmputer 

like Apple Computers and Osbourne now face 

ultimate e~tinction or absorption. 

3. Fin~ncing Strategies and Options 

In some of the developed countries, the financing of R 

and D expenditure is undertaken mainly by large corporations, 

"' i th gov er nm en t supp or t in the form o f ta :x con c es s i on s for R 

and D e:cpenditu·re. 1 n o th e r s , t h e g ov e r nm en t i t s e 1 f d o e s a 

great deal of the funding. In France, for example, the 

gov er nm en t proposes to increase R and D spending by 1 7 • 8 per 

cent per annum over the 1982-1985 period, such that government 

R and D spending will reach 2.5 per cent of GNP by 1985. 

Given the nature of R and D activity -- high capital 

cllsts in some instances, long gestation and uncertain outcomes 

-·· it seems that the government must be heavily involved in· the 

!inancing of this aspec': of technology de.v e. lopme.nt. But 

f; 011 er n 111 en ts in developing countries simply cannot afford to 

commit a large proportion of th~ir expenditures to the R and D 

effort vhere there nre urgent competing claims such as the 

prov is ion o f bas i c n e e d s and we 1 fare s e rv 1 c es , inf r a;; tr u ct u re 
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development and some industrial development. 'it is for this 

reason the R and D programme must be highly selective so 2~ to 

avoid funding open-ended projects tlere the risks are 

inherently high. 

Market r is k po s es a di f fer en t f in an c in g prob 1 e tr. • In 

the U.S.A., venture capi!al firms have 

the commercialisation of new products 

developed to assist in 

and processes. These 

venture capital firms, some of which are subsidiaries of large 

corporations and banks, some cf which are public and pr iv ate 

small business investment companies and the others private 

partnerships,- source funds from wealthy ind iv iduc:.ls, 

e o do wm en t s , ins ti tut i ~ o al j_ nv es tors a o d pension f u n d s , inter 

alia. (Recent changes in U.S. legislaticn allows pension funds 

to fund venture capital firms). Of the total investment made 

by venture capital firms in the U.S.A. in 1980, US $118 million 

come from corporations, US $112 million from individuals, t:S 

$99 ~illicn from endowments, US $85 million froc insurauce 

companies and US $53 million from foreign investors. The total 

futids sourced by venture capital firms in 1980 in the U.S.A. is 

estimated at between US $700 million and US Sl billion. ln 

1980, there Yere an estimated 500 venture capital firms in the 

U.S.A., with a cepital estimated at US $4.8 billion. In 1980 

145 new companies were seeded. In 1981, the venture c11pital 

pool was estimated at US $6 billion. 
• 
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The r a pi d growth of the v en tu re cap i t .a 1 i ,., ~us try ha s 

given some commentators cause f o r con c e r n . Returns on venrure 

capital have been extremely high and this has naturally 

at tr a c i: e d in" est ors . The high returns are made des p: t e the 

fact th.at 20 per cent of seeded companies fail and 40 per cent 

do moderately well through upward mergers. Another 20 per cent 

remain as small, private businesses. However, the 20 per cent 

of new firms which are successful are spectacularly successful, 

and the returns made on i nv e s t men t in these more than 

compensate for the modest returns made on the others. An 

important factor in this regard is that once a ne~· seeded 

enterprise takes off, large corporations are t.'illing to buy it 

and ~·ill pay a premium for the shares. Inv e s t o r s s u ch as th e 

venture capitalists who have got in on the ground floor 

theref0re sometimes make exceptionally large capital gains. 

Some of the companies .. ·l-tich were originally funded by 

venture capital firms are now virtually nousehold uames in the 

U.S.A. Genentech, Apple, Cetus, Federal Expre:;s, Applicon, 

Zyrog and Intel. 

Venture 

provide finance. 

capital firms in the U.S.A. do not only 

They have recognised that, particularly in 

high technology areas, the scientists a~d engineers who wish to 

develop and market as new product ~iten do not have managerial 
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and marketing skills. The v.:?nture capit11l firms, some of vhich 

have at their disposal scientists and engineers vho can 

e~al~atc the feasibility cif the project, provide or assess the 

busiu~ss plan of the new enterpris~, supply or fiud the 

managerial and marketing expertise and make technical inputs as 

well. There is a period during which the venture capital firms 

nurse the new enterprises untJl they are technically and 

managerially viable. 

The v en tu re capita 1 ind us try in the U • S • A . has been 

the envy of other countries. In the U.K. for example, there 

are a large number of financial intermediaries which aid small 

businesses and provide development capital. However, v en tu re 

capital firms per se were estimated to number about two dozen 

(24) in 1982, compared to the almost 600 veuture capital firms 

in the U.S.A. Some of these U.K. firms have links with 

Amitrican venture vapital firms. 

But the U.K. bas taken other i11itiatives. In 19 81, 

the Loan Guarantee Scheme was started. Its objective is to 

help provide capital for start-ups and expansion where lack of 

security would deter the commercial banks from lending. The 

banks take 2b per cent of the risk and the government 

guara.ntees 80 per cent for an insurance premium of 3 per cent 

paid quarterly in advance by the borrowers. The borrowing 
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limit is L75,000 or about TT $300,000. Interest rates charged 

vary but are generally p e r c en t ab ov e b as e r a t e w i th an 

a_rrangement fee of l per cent to a maximum of L500 (TT $2000). 

The total cost of funds to borrowers has been esti~ated at 4.5 

per cent ab ov e base rate , so th a t the 1o2 n s prov id e d a re in 

fact expensive. 

Japan does not appear to have a venture capital 

indu.;try along the lines of the U.S.A. Bo-wever, there is 

considerable state support for and financing of new 

enterprises. The Japan Development Bank is app2rently a key 

institution in this area, providing funds at below market 

rates, in contrast to the UK Lean Guarantee Scheme. Technology 

Aevelopment accounted for 7 .8 per cent of c..utstanding loan:> of 

th' JDB at the end of FY 1980. Energy projects including 

alternative energy, conservation and di.,rersification 

--accounted for another 8.8 per cent of outstanding loans. 

For a small resource-poor economy like Tric' '1:1d and 

T..ibago, the 'Japanese' app;.:oacb of state-agency funding of new 

enterprises seems more appropriate. This is so for t-wo basic 

reasons. Firstly, venture capital firms in_ the U.S.A. have the 

considerable advantage of being able to spread risk across a 

number of companies and perhaps over r. number of industries or 

sector£. In fact, of the enterprises selected by a venture 
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capit3l fir~. it may have sift~d through many ti2es more 

proposals from prospectiv~ entrepreneurs. ln a tiny economy, 

such diversification is simply not possible. The a r ea s f o r 

risk irrvestmen: are n~cessarily more narrowly-defined. 

Secondly, the venture capital firm a pprc- ach 

expertise presupposes an abundance of financial and managerial 

which is needed to evaluate the new enterprise's busines~ ~lan 

and to 'hold the hands' of the entrepreneur until the venture 

matures and can stand on its own. Fiunncial and managerial 

expertise is scarce in small economies and these resources have 

to be ccncentrated rather than diluted if they are to be 

effective. 

For these reasons the finan~ing of new tiechnological 

deve!opments at the commercialisation stage must be done by a 

state- or para-statal agency which can tap ref!ources from the 

private sector a; well as the public sector, and which can 

concentrate withln it a cadre of financial experts, scientists 

and managers. However, such an agency cannot operate along the 

lines of the traditional development bank since in the final 

analysis, it 

risky that 

traditional 

for such an 

is supposed to be funding ventures which are so 

they would not have attracted financing from 

sources. In other words, the operating guidelines 

institution must be auch more flexible and the 

• 

• 
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1 ev e 1 of expertise considerably higher than exists in 

traditional development banks. It should be reiterated that 

t_he activities of such an institution will take place "'ithin 

the context of selective ll and D as the foundation of the 

country's science and technology policy. 

lf such an institution is to attract funds on the 

scale required, then fiscal concessions must be made for 

1 nv e st men t 1 n th t: 1 n st it u t 1 on . ln the U.S.A. and the UK, 

fiscal concec;sions have greatly stimulated the flow of 

financial resources into neY enterprises. These concessions 

include low capital gains taxes and capital transfer taxes anc 

in the UK, the facility of applying re lief on losses in ;;u ch 

investments at the marginal tax bracket. Legislative and other 

~estrictions which may now preveut potential sources of funds 

from investing must be re~ov ed. In this regard, the 

ins t i tu t i on a 1 i nv e s t ors insurance companies, pension funds, 

n a t i on a 1 ins u ran c e s ch em e - - are the o bv i o us s our c es o f f u n d s 

for such an institution. 



- !~ -

4. CONCLUS!O?\ 

ln the context of a selective Rand D stra:egy as the 

suggested appropriate technology policy in economieos like 

Trinidad anrl Tobago, the various aspects of risk confronting 

commercialisation were examined. The financing strategies of 

the U.S.A., UK and Japan were discussed. The 'venture capital 

industry' approach in the U.S.A. fellows logically fro1t the 

huge size of that economy, its richness in technical, financial 

and managerial r•sources and its free-wheeling, but not 

n e c e s sari 1 y u n structured approach to i nv est men t in hi g b r 1 s k 

areas. Tne Japanese approach relies on the close relations 

between governm~nt and industry and the para-statal approach to 

financing also follows logically from that relationship. 

The parastatal approach was seen as appropriate for 

Trinidad and Tobago, not because of a close relationship 

between 

because 

government and industry, though this 

strategy, 

is desirable, but 

and the technology policy small scale 

·scLrcity of technical managerial and financial resources 

dictate a concentration of effcrt and organisation. 

' 

• 
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As \.le move towa:-d the definition of our science and 

technology policy, hopefully in the context of a development 

p_lan, the organisation of the financing of information 

services, R and D activity and cou:mercialisation will need to 

be carefully studied and elaborated. Th e 2 1 s t c en t c :- ~- i s n o t 

around the corner, it is t.'i th us here today, and the issue of 

science and technology policy and tb'e financing of ne\.· 

technological d ev elopmen ts is a matter of urgency. The cost of 

failure to seize the time when the situation is stiil 

r e 1 a t iv e 1 y f l u i d i s t o be 1 o s t f o r ev e r in th e b a ck w a sh o f t h e 

contempnrary world. 
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