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Vhether they arise out of long, intensive research and
developmern. by large corporations or the serendipity of single
genius, newv scientific and technological developments and their
commercial exploitation usually require considerable risk
capital if they are to be successful. This paper attempts to
explore some of the issues which arise inm the financing of such
developments and suggests possible approaches to their
finencing in the context of a small, resource-poor economy like
Trinidad and Tobago. Section 1 cgnsiders, in broad outline,
the question of appropriate science and technology policy,
str#tegy and tactics in developing economies like Trinidad aud
Tobago. Section 2 an#lyses the nature of the risks associated
with scientific and technological developuments. Section 3
examines the finagcing strategies used im various developed
countries in respect of the commercialization of technology aud
out}ings approaches that Trinidad and Tobago and other
Caribbean countries might usefully take. Section &4 summarises

.

and concludes the discussicn.
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1. Science and Technologyv Policy
Technological progress has usually been the bhasis of
increases in productivicy and output in dindustry. It 1is

however, also the case that the bas ¢ technologies utilised inm
the indus;ries wvhich have dominated economies iIin this century
-~ motor cars, iron and steel, chemicals =-- were developed ir
the 19th century and early 20th century. Such inmovation as
has taken place has been largely in the directionm of process

innovations based on more sophisticated engineering.

, In the post-war period however, basic scientific
research began to spawn the seeds of new industries. The
integrated circuit replaced the tramsistor -- a pre-wWorld-War

11 deveiopment =-- and has led to the development of the
micro-electronics industry whieh in turm 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
télec;mmunications, and their applications 4in business and
industry have altered the way in which production is carried
out in several industries from garments to assewbly. 'Robotics
for example, is e direct outgrowth of the wmicro-electronics

'revolution in minaiture'.




Quietly and almost unobtrusively, the science of
biology was also undergoing significant change as a result ¢:
basic scientific research, Combined with the engineering and
chemicel sciences, biology evolved into biotechnology anc
genetic engineering techniques, which involve esseptially the
manipulation of existing micro-organisms to create mnewv OT
modified organisms which are capable of performing 2 differe=nt
or enhanced range of functions. These technologies have
implicetions for diverse fields including agriculture,
petrochenicals, petroleun production and certain wanufacturing

processes.

Although the existing mix of induséries ino thé wodern
world still largely reflects earlier scientific and
technological developments, this 1is beginning to change and the
process of economic transformation is quite rapid since new
discoveries and innovations operate synergistically leading to
exponential growth of new processes, newv prodvcts and new
economic activities, Indeed it has been suggested, not without
foundation, that the series of recessions which the Western
industrial <countries have been experiencing over the last
decade reflec{ as much structural transformation towards a unev
scienfific and technological basis of {ndustrial activity, as
sny of the other wmonetary, fiscal or exogenous factors =~ OPEC

action - usually cited to explainm the experience.
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Civen the pace of these nev developments, it seems
certain that unless the developing countries wmove actively to
keep up with these developments, the 2lst century will fipd
ther in the backwash of change and transformation. The gap
between the rich and the poor countries will be even wider than
at present and the pattern of economic, social, cultural and
even politlcal. dependency will be reinforced, In short, the
implications ot these new devélopments and developing countries
responses to them, are wide and serious. Science and
technology policy is rherefore not a catch-phrase or
shibboleth, but an absolute imperative im the planning and
policy-making of ‘the developing countries, as much as it nowv is

in the industrialised countries.

The elements of a science and technology policy are
now reasonably well understood. They are (i) the education
system - primary, s2condary &and tertia;y ({i) research and
develcpment institutions involved in basic and applied
research, testing and experimental development - pilot plants,
etc; (iii) specialised facilities for maintenance, mrdification
and' adaptation of hardware; (4iv) consultancy and design,
involving proiéct identification ana design, plant design and
systeuws, (v) infermation on scientific and technological

developments world-wide and the potential wusefulness and/or

applicaticn locally; dissemination of information to users of




technolegy; (vi) financing, planning and management cf all
scientific and technology-related activities. A great deal carm
be said about each of these areas, but the critical focus {is

the development of an indigenous technological capability.

Small, open economies face serious problews in
iwplementing a science and technology policy one of which {s
the problem of vscale or pumbers. They will not have the
critical mass of scientists, engineers, technicians,
information specialists and educators to compete across a broad
ignge of activities at or mnear tte leading edge of scienmtific
and technological developmentg. In this regard therefore, the
strategic response wmay well be to develop one cadre of
non-sﬁecialised scientists and eggineers to service the
information function across a broad spectrum of activities and
then identifying out a few activities which will become the
focus of a2 second cadre of specialisfs to engage in adaptation,

design and development. Other areas which the specialist cadre

.cannot .address wust be tackled by selective and controlled

licensing, foreign investment, etc., which constitute the

traditional wmodes of technology transfer,




Initially, at least, the focus of specialised R and D
may be nct basic and appliec research leadimg to invention, but
probler-oriented basic and applied resesrch leading - to
innovations which could seek to carry out known processes moTe
cheaply and efficiently, exploit sowme particuler wmarketing
advantage perceived by mwmarket 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 activities are exposed. irstly,
wher; research is open-ended i.e. 3s not goal-directed, a great
deal of scienrific and financial resources may be committed feor
extended periods of time to érojects vhich may bear no fruit or
where gestation may be too long for a small economy. Secondly,
vhere research 4s goal-directed and/or market-oriented, there
is the possibility that the nev process or product may not find
market acceptance oOT ay be 2vertaken by rnew cechnological

developments or new products.




The first problem really is one of scale. In a large

country with considerable h™uman and financial resources a

significant proportion of research can afford to be
open~ended. Where human and financial resources are scarce,
this is not feasible or desirable, hence the suggestion

advanced earlier that R and D in small economies should, or
rather wmust be selective and goal-directed. The issue can be
cast in terms familiar to economists. The return (net present
value) on investwment in open-ended research and develupment is
the discounted value of the net .income stream frow such

investment.

vV = T R - C

f=o (1+r)°*
- where Co is the ipitial investment cost of the project,
Ct are the operating costs and Rt are the annual returms on
1nvesfment. In an open-ended project, Rt is likely, wunder
normal circumstances to be zero for a long time, though it umay
become quite large eventually if the research effort 1is
successful. Moreover, T is likely co be extremely long and r -
the appropriate social discount rate - will be high since
capital resou;ces are scarce. This wmeans that the return, V,
on the investument could be low when ranked rTelative other
investments in R and D or elsewvhere in the economy, even Zf the
eventual returns are high. In developed eccnomies, the social
discount rate is much lower and the horizon, T, is likely to be
shorter because of the adequacy, 1f not surplus of ﬂuman end

technical resources which may be committed to the project.




The second class of risk, which may be termed ‘'market
risk' has three related aspects. The first is the risk
associated with bridgiang the gap berween knowledge and “the
d;vglopment of a marketable product i.e. the risks associated
with commercialisation. The second is the risks associated
with competition from other firms which have developed similar
nev products or processes, The third is the risk of rapid
obsolescence due to technological innovationms which overtake

the marketed product.

The experience of firms in the developed countries
{1lustrate vividly all these aspects of risk, particularly in
the aresa of microprocessors and computers. 1f
commercialisation is successful, there ma§ follow the
development of a host of similar products produced by a large
number of new small firms who have made marginal alteratioms to
the product or process by engineering around the patent or by
reverse engineering and subsequent wmodification. Initially,
a1l the firms wmay be highly profitable and growth canm be quite
rapid. Ultimately however, the product or process becomes
standardized and a 'shake-out' begins in which large firms take
sdvantage of their size and scale and swallow the smaller firms
or simply put them out of business through fierce price
competition. 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 (within two years) is
instructive. Even established medium-sized personal :cuputer
mapufacturers 1like Apple Computers and Osbourne mnow face

ultimate extinction or absorption.

3. Financing Strategies and Options

In some of the developed countries, the finmancing of R
and D expenditure is undertaken wmainly by large corporations,
with government suppoert in the form of tax concessions for R
and D expenditure. In others, the government itself does a
great deal of the funding. In France, for example, the
government proposes to increase R and D spending by 17.8 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
costs in soume instances, long gestation and uncertain outcomes
-+~ it seems that the governoment wmust be heavily involved in- the
financing of this aspect of technology development. But
fovernuents in developing countries simply cannot afford to
commit a large proportion of their expenditures to the R and D
effort where there are urgent competing claims such as the

provision of basic needs and welfare services, infrastructure
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development and some industrial developmert. it is for this
reason the R and D programme must be highly selective so 2= to
avoid funding open-ended projects here the tisks are

inherently high.

Market risk poses a different timancing protlewm. In
the U.S.A., venture capiral firms have developed to assist in
the commercialisation of new products and processes. These
venture capital firms, some of which are subsidiaries of large
corporations and banks, some cf which are public and private
small business investment companies and the others private
partnerships, source funds from vealthy individuels.,
endowments, instituticomal 4investors and pension funds, inter
glia. (Recent changes in U.S. legislaticn allows pension funds
to fund venture capital firms). 0f the total ipnvestment wmade
by venture capital firms in the U.S.A. io 1980, US $118 million
comé from corporations, US $112 willion from individuals, TUS
$99 pillion from endowments, US $85 million frou insurance
companies and US $53 million from foreign inmvestors. The total
funds sourced by venture capital firms in 1980 in the U.5.A. 1is
estimated at between US $700 wmillion and US $1 billion. In
1980, there vere an estimated 500 venture capital firms in the
U.S.A., with a capital estimated at US $4.8 billion. In 1980
145 new companies were seeded. In 1981, the venture capitel

pool was estimated at US $6 billion.




The rapid growth of the venture capital ir-dustry has
given some commentators cause for concern. Returns on venrure
capital have been extremely high =2nd this has naturally
attracied investors. The high returns are made despite the
fact that 20 per cent of seeded coumupanies 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 investment in these more than
compensate for the modest returns made omn the others, An
important factor in this regard is that once a new seeded
enterprise takes off, large corporations are willing to buy it
and will pay a premium for the shares,. Investors such as the
venture capitalists who have got im on the ground floor

therefuore sometimes make exceptionally large capital gains,.

Some of the companies which were originally funded by
venture capital firms are now virtually nousehold unames in the
U.S.A. -- Genentech, Apple, Cetus, Federal Exprezcs, Applicon,

2ylog and Intel.

Venture capital firms in the U.S.A. do not only
provide finance. They have recognised that, particularly in
high technology areas, the scientists aud engineers who wish to

develop and market as new product niten do not have managerial
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and warketing skills, The vanture capitz2l firms, some of which

have at their disposal scientists and engineers who can
evaluate the feasibility of the project, provide or assess the
§usin*ss plan of the new &enterprise, supply or find the
managerial and marketing expertise and make technical inputs as
vell., There is a period during which the venture capital firms
nurse the new enterprises until they are technically and

managerially viable.

The venture capital industry in the U.S.A. has been
the envy of other countries. In the U.KR. for example, there
are o large number of fimancial intermediaries which 2id smell
businesses and provide development capital. However, venture
capital firms per se were estimated to number about two dozen
(24) in 1982, compared to the zlmost 600 veuture capital firms
in the U.S.A. Some of these U.K, firms have 1links with

American venture vapital firms.

But the U.K. bas taken other initiatives. In 1981,
the Loan Guarantee Scheme was started. Its objective 1s to
help provide capitel for start-ups and expansion where lack of
security would deter the commercial banks from lending. The
banks take 20 per cent of the risk and the government
guarantees 80 per cent for an insurance preajum 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. 1Interest rates charged
vary but are generally per cent 2bove base rate with an
arrangement fee of 1 per cent to a wmaxiwuwm of L5300 (TT $2000).
The total cost of funds to borrowers has been estiwmated at 4.5
per cent above base rate, so thet the loans provided are in

fact expensive.

Japan does not appear to have a venture capital
indusxtry along the 1lines of the U.S5.A. Hovever, there 1is
considerable state support for and financing of new
enterprises. The Japan Developwent Bank 4is apparently a key
institution inm this areaz, providing funds at below wmarket
rates, in contrast to the UK Lean Guarantee Scheme, Technology
Aevelopment accounted for 7.8 per cent of cutstanding loans of
the JDB at the end of FY 1980, Energy projects == including
alternative energy, conservation and diversification

~-accounted for anmother 8.8 per cent of outstanding loars.

For a small resource-poor economy like Trir’'ad and
Tobago, the 'Japanese' approach of state-agency funding of new
enterprises seems wore appropriate. This 4is so for two 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 n number of industries or

sectorsg. In fact, of the enterprises selected by a venture




capital fire. it wmay have sifted through wmany tizes more

proposals frow prospective entrepreneurs. In 2 tiny economy,
such diversification is simply not possibdle. The areas for

risk inmvestmen: are necessarily more narrowvly-defined.

Secondly, the venture capital firm apprcach
presupposes an abundaznce of financial and wmanagerial expertise
vhich is needed to evaluate the new enterprise’s busines: plan
and to 'hold the hands' of the entreprenesur until the venture
matures and can stand on its own, Fianapnciel and managerial
expertise is scarce in small economies and these resources have
to be c¢cncentrated rather than diluted if they are to be

effective.

For these reasons the financirg of new technological
developments at the commercialisation stage wmust be done by a
state- or para-statal agency which can tap resources from the
private sector a3 well as the public sector, and which can
concentrate within 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 is supposed to be funding ventures which are so
risky that they would not have attracted financing from
traditional sources. In other words, the operating guidelines

for such an 4institution wust be wuch more flexible and the




level of expertise considerably Thigher than exists in
traditional development banks. It should be reiterated that
the activities of such an institution will take place within
the context of selective R and D e&s the foundation of the

country's science and technology policy.

If such an {institution is to attract funds on the
scale required, then fisczl concessions must be made for
investment in the institution. In the U.S.A. and the UK,
fiscal concessions have greatly stimulated the flow of
financial resources into new enterprises. These concessions
include low capital gains taxes and capital tremsfer taxes and
in the UK, the facility of applying relief on losses inm such
iovestwents at the marginal tax bracket. Legisletive and other
sestrictions which wmay now preveut potential sources of funds
frow investing  must be revoved. In this Tegard, the
institutional investors =-- insurance companies, pension funds,
national insurance scheme -- are the obvious sources of funds

for such an {nstitution.




4. CONCLUSION

In the context of & selective R and D strategy 25 the
suggested appropriate technology policy in economies like
Trinidad and Tobago, the various =zaspects of risk confronting
compnercialisation were examined. The financing strategies of
the U.S5.A., UK and Japen were discussed. The 'venture capital
industry' approach inm the U.S.A., fcllows 1logically frozc the
buge size of that economy, its Tichness in technicazl, financiel
and wmanagerial resources &nd its free-wheeling, but not
necessarily unstructured eapproach to investment inm high risk
areas. Tne Japanese approach relies on the close rTelatiouns
betwveen government and industry and the para-statal approach to

financing also follows logically from that relationship.

The parastatal approach was seen &s appropriate for
Trinidad and Tobago, not because of a <close relationship
between govermment and industry, though this is desirable, bdut
becsuse the techﬁology policy strategy, small scele and
‘scercity of technical managerial and financial Tresources

dictate a concentration of effcrt and organisation.




As wve move toward the definition of our science and
technoclogy policy, hopefully in the context of a development
plan, the orgenisation of the financing of information
services, R and D activity and commercialisation will need to
be carefully studied and elaborated. The 21lst century is not
around the cormer, it is with us here today, and the issue of
science and technology policy and the financing of new
technological developments is a matter of urgency. The cost of
failure to seize the time when the situation 1is stiyl
trelatively fluid is to be lost foreverAin the backwash of the

contemponrary world,
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