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BIOTECHNOLOGY - R Guide To The Implications Of This Set 0f Technologies
For Industrial Policy-Makers In Beveloping Countries

(Masbi.  Feainsin aw)

I Introduction: The Major Themes Of The Present Paper

It is worth at the outset summarising the major themes that are
presented in the present paper. These are the following:

1. Bictechnology is best thought of as a set of old and new
technologies which together are having pervasive effects in and on
both developed and developing countries. These effects are likely
to accelerate as new biotechnologies and their applications are
perfected. {In U.S. Congress Office of Technology Assessrant
(1984) a summary is presented of the main new biotechnologies.)

2. It is a mistake, however., to draw too clese sn analogy between
biotechnology and information technology since there are

significant differences between ther with consequent important
implications for policy-mekers in developing countries. In Section 5
these differences are analysed.

3. Although the potential of biotechnology has been considersbly
erhianced by the development of the so-called new biotechniologies,
it is likely to taske & long time before biotechnogy makez s
substantial impact.

4. At the present time, entry barriers into biotechnology
production are relatively low. lMany developing cour:itries are able,
with relative ease, to acquire the necessary 'upstream’ scientific
biocapabilities. However, the bottleneck in most developing
countries lies in the 'downstream’ bioprocessing side, including
weaknesses in the infrastructure necezsary for effective
biotechnology production. Distribution and marketing networks
constitute a further constraint. It is to these areas, therefore,
that policy-makers in developing countries will have to pay
eignificant attention. This is one of the more important current
differences with information technology where the entry barriers
are significantly greater and where, with the important exception
of software engineering. most developing countries have not managed
to make & successful entry.

5. In the rfuture, however, as the product and related technology
cycle advances, it is likely, at least in a significant number of
application areas, that economies of scale, and other advantages of
size, will incresze and thsat barriers to entry will accordingly be
more significant. MNevertheless, at tle present time, for reasons
that are considered in more detail in this paper, economies of
scale are not yet very important in many areses of biotechnology.
Evidence for this proposition comes from the large number of
start-up for venture capital new biotechnology firme to be found in

the Unitzd Stsates and several European countries.
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6. One of the great potentials of biotechnology lies in the
ability to exploit substantial economies of scope. In other words,
by acquiring & set of biccapabilities (including capebilitiss in
the areas of recombinant DNA, cell fusion., celi culture, protein
engineering, and bioprocessing) a developing country is able to
apply these capabilities to a significant number of industries and
products and processes within these industries. The successful
reaping of economies of scope may substantially increase the
returns derived from investment in these biocapabilities. This
point will be illustrated later in connection with the case study
on Cuba.

7. However, while the biotechnelogy revolution will provide new
opportunities for developing countries, it will at the same time
produce nev constraints as developed country corporations,
goverrments, and universities advence biotechnologies in ways which
at times will have negative, even if sometimes unintended, effects
for developing countries.

I1 The Technologies, Their 6eneration And Diffusion

In U.S. Congress Office of Technology Assessment (1964) a more
detailed account is given of the main technologies involved in
biotechnology. Here a brief summary is provided in order to go on
to discuss the generation and diffusion of the hiotechnologies.

fi Biotechnology, 0id And New

Biotechnology, defined as the use of biological organisms or their
constitutents such as cells and DNA for the transformation of
inputs into commercial cutputs, is as old as human society as is
evident from activities such &3 the fermentation of wine or 2ova
ard the brewing of beer. Eioprocessirg, therefore, has a very long
history. Similarly, before the advent of so-called new
biotechnoloyy, sophisticated methods had been developed for the
manipulation of biological organisms in order to serve human
purposes. Examples incliie screening end cross-breeding in order
to enhance desired characteristics in biological organisas The
Green Revolution and the new plant varieties thet it introduced, it
is worth recalling, were made on the basis of ‘old' biotechnology.

From arowd tle mid-1970s, however, the potential of biotechnology
wvas considerably enhanced by the introduction of a number of new
poverful tools. These included the breakthroughs of Bover and
Cohen in 1973 in recombinant DNA and Milstein and Kohler in 197% in
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cell fusion. These techniques enabled new combinations of genes to
be created in order to produce and subsequently separate and purify
proteins that were ctherwise difficult or expensive to obtain, or
to modify the functions of biological organisms. At the same time,
the sophistication of bioprocessing was increasing greatly &s a
result of improvements in automation and control facilitated in
part by the application of information technology. Technologies
such as these, referred to generically as 'new' biotechnology.
greatly increased the potential powver of biotechnology.

B The Stock Of Capabilities And Assets Necessary To Appropriate
Economic Rent From Biotechnology

In order to take economic advantage of biotechnologies. it is
necessary that a firm or country develop a stock of necessary amnd
complementary biotechnology capebilities and assets. This stock
includes the following:

a. Core scientific capabilities.
b. Complementary capabilities 1.
c. Complementary capabilities 2.
d. Complementary assets.

The contents of these capasbilities and assets will now be
elaborated upon.

C Core Scientific Capabilities

Biotechnology. and new biotechnology in particular, is
science-based in the sense that it dravs closely on & nuaber of
scientific disciplines. For example, in setting up its
International Centre for Genetic Engineering and Biotechnology.
UNIDO (1986) identifies a number of basic scientific capabilities
that underlie the research programme to be undertaken in this
Centre. These include molecular biology. chemistry, biocherical
engineering. microbiology, cell biology. and informatics
(information processing) (p15)

Expertise in these areas may be referred to as the core scientific
capabilities which underlie biotechnology. These capabilities are
drawn upon in the research and developaent of biotechnology-related
products and processes. The source of these scientific
capabilities is to be found in the universities. In building up
these capabilities a developing country may drav on universities in
developed countries. on universities in other developing countries,




as well as on local universities. 3ne c¢f the difficuitics that
most developing countries face i developing core scientifac
capabilities is the wesxnéss 0f locul] umiversities in some of the
scientific disciplines needci in biotecihnology. For erample, in
searching for a develeping countiy hase fcr its Intermaticnal
Centre For Genetic Engincering and Biotechnology. UNIDC carried out
detailed investigations in ths countries thast were competing tyo
become the location for this Ceutre. In a report on these
investigations it was concliuded that unlike "ssy applied
microbiology or applied botuny which are parts ot biotechnology for
vhich the basic sciences exist in many developing countries, the
basic science underlying genetic engincering is essentially
absent.* [UNIDO (1986). p27] It was concluded that "In general,
the genetic engineering and biotechnolcyy ressarch base,
particularly in molecular genetics, at instiluves and universities
in each developing country visited by tie Selected Committee [of
UNIDO], was observed to be weak. In effect none of these
countries presented substantial evidence of genctic engineering and
biotechnology research being conducted at 2 compeiitive
international level. " (pi5)

D Complementary Capabilities 1

However, even if a developing country has solved the probicas
involved in building the necessary core scientific ~apabilities,
vhether through the use of local or foreign universities. this will
not be sufficient to begin appropriating economic rent from
biotechnology. It will be necessary for the country alsc to
develop other complementary capabilities which will enable it to
apply the core scientific capabilities in producing new or modified
products and processes. For example, it will be necessary to
scale-up the production of products and processes and ensure
efficient bioprocessing if the enterprise is to become comwercially
viable. The additional capabilities that are required willin the
fira to transform the fruits of the core scientific work into
commercially viable output may be referred to generically as
complementary capabilities 1. In general, these latter
capabilities will be developed within firms rather than in the
universities.

t Complementary Capabilities 2

However, it is still insufficient for the country to posseas the
necessary core scientific capabilities and compleaentary
capabilities 1. It is also necessary for the country to be able to
provide a conducive 'environment' surrourding the activities of the
firm which will facilitate its transformation of corec scientific




capebiiities and complementary capabilities 1 intc commercially
viable output. These ‘environmental' conditions may be referred to
as complementary capabilities 2. They include infrastructure such
as transportation facilities, electrical power supplies, repair
tacilities, availability of laboratory technicians, foreign
exchange in order to import necessary inputs unavailable locally.
etc.

A ccacrete exaxple will make this clesrer. As noted in UNIDO
(1986),

"lost enzyre ard relai.:: materials are unstable at
ordinary texpzratures and are generally shipped in dry
ice. The standard size cartons cannot take more than a
few kilogrenmes of dry ice that normally lasts for 24-48
hours. However, the journey time to many cities in Asia
and Latin America is usually more than 48 hours.
Increasing the quantity of dry ice makes air
transpo.tation charges prohibitively expensive. Further,
there are usually no facilities for cold storage a* the
receiving airports in developing countries. Therefore,
goods collection by the customer has to be extremely
efficient, which is nct always the case.” (p52/3)

This gives a flavour of some of the problems that scientists and
biotechnologists in develcping countries will have to grapple with,
problems that their rich country colleagues can simply assume away.
The importance of complementary capabilities 2 is dramatically
indicated by the fact that Japanese companies, despite massive
direct foreign investment in East and South-East Asia, have refused
to locate fermentation-based biotechnology activities in these
countries. The reason is not the absence of core scientific
capabilities, complementary assets 1, and complementary assets (to
be discussed in the following section) since the Japanese companies
already possess these capabilities and assets and would bring them
as part of their direct foreign investment package. Rather, it is
the absence of complementary assets 2, the necessary infrastructure
for the production and distribution of fermentation-based products,
in these countries vhich has inhibited Japanese investment in these
areas.

F Complementary Assets

In order to reap value from biotechnological capabilities there are
& mmber of further conditions that must be met. These include
access to distribution and financial 'assets’. It is insufficient
to be able to efficiently produce biotechnology-related products
and processes. these products and processes must also be
distributed. Furthermore, access is often required to external
sources of finance. The truth of this assertion is vividly
demonstrated by the experience of the so-called new biotechnology
firms, or start-up or venture capital firms in the developed




countries. These firms, which often begin as spin-offs from
university research, usually have excellence in the area of core
scientific capabilities. Often, however, they are much weaker in
the areas of complementary capabilities 1 and complementary assets.
Accordingly, the large majority of new biotechnology firms have had
to establish alliances of one form or another with large companies
that possess the necessary 'dovnstream’ processing capabilities
(complementary capabilities 1), the distribution networks, and
perbaps the financial capabilities. Altermatively, finmance has
been obtained from financial institutions or venture capital
markets.

6 The Biotechnology-Creating System

The present discussion of the stock of necessary capabilities and
assets has a number of extremely important implications for the
policy-oriented analysis of the generation and diffusion of
biotechnology in developing countries. The main point here is that
the capabilities and assets frequently exist in dJdifferent
organisations. Tais point has already been made in connection with
the discussion of new biotechnology firms. To take this discussion
further. the necessary core scientific capabilities usually exist
in universities (it was stressed earlier that biotechnology is
science-based) and somstimes in relatively small newv biotechnology
firms. Complementary capabilities 1, however. often exist in
different firms vith expertise and experience in 'downstrean’
processing. Complementary capabilities 2, on the other hand, exist
in and are influenced by a large number of other organisations.
such as the transportation and the electrical power authorities
etc. Complementary assets, such as distribution and financial
assets, are frequently available in still other organisations such
as banks, whether in the private or public sector, and enterprises
specialising in distribution.

Since it is necessary to bring these necessary capabilities and
assets together in order to reap economic rent from biotechnology,
1t is illuminating to develop a conceptualisation of &

5 biotechnology-creating sysiem of interdependent organisations and

Institutions which together influence the generation. application
and diffusion of biotechnology. 1t is the functioning of this
System which should be the focus of attention for policy-makers
interested in deriving economic benefits from biotechnology. This
concept will be further developed and applied in the rest of this
paper.




# The Diffusion Of Biotechnology

A further implication of the present discussion is thet it is
necessary to take care in defining ‘diffusion’. To begin with,
diffusion may be defined in the couventional way to refer to the
adoption of biotechnology-related products and their associated
processes. Exsmples which will be unalysed in more detail shortly
include the diffusion of ixmobilised enzyame technology and
microbial technology in order to vroduce sugar substituting
sweetners, the diffusion of tissue culture technologies to produce
productivity enhancing oil palm clones which lower the costs of
producing vegeiable oils, the diffusion of genetic engincering
technology to preduce bovine growth hormones which significantly
increase nilk productivity, and the diffusion of tissue culture
techniques to produce more economically in developed countries
econonically useful plant varieties previously grown in developing
countries. All of these examples of diffusicn have had significant
consequences in developing and developed countries.

However, in analysing the diffusion of biotechnology it is slso
valid to be concerred with broader aspects. To the extent that our
concern is with the Zdirffusion of the abiliiy to put
biotechnolaogiccl knowledge to econcmic use. then, as the concept
of a biotechnology-creating systeas emphasises, 17 is necessary to
examine the diffusion of & complexelyv related set of capabilities
and assets. This makes the analysis of diffusion more complex than
is usually acknowledged. This point will be further elaborated
upon in this peper.

1. The Diffusion Of Biotechnology-Related Products And Their
Assocjated Processes

In a number of cases biotechnology-based products have begqun to
penetrate markets with important consequences for both developing
and developed countries. The folloving serve as examples:

a. Jugar-Jupstituting Sveetners

lHore than 50 million people are employed in the sugar industry in
developing countries. Their income from this source is curreitly
udergoing significant change as a result of the introductisn of
sugar-substituting sweetners. For example, high-fructose corn
syrup (HFCS) which substitutes for sugar has been produced with the
use of immobilised enzymes, & technique that has been developed in
the biotechnology industry. Similarly, aspartame. a microbially
produced sweetner, has also been substituted for suger.

A substantial rise in the consumption of non-sugar sveetners
relative to sugar in the sain industrialised countries has resulted
in a major decrease in the vorld price of sugsr Since 1982 this
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price has been belov the cost of production. The decrease in the
price of sugar has had a major negative impact in Third ¥World sugar
exporting countries. For example. in the Philippines revenues from
sugar exports decreased from $624 million in 1980 to $246 million
in 19684, and reaulted in the relocation of some 500,000 field
labourers. (Fransman (1986). Ruivenkamp (1986), Bijman et al
(1986), and Joffe and Greeley (1987).)

b. cr i tivit Yege e 0il Sources

The two most important sources of vegetable oils and fats are soya
and oil paln. The productivity of the latter has been increased by
30 percent (o0il yield per tree) as a result of the cloning of o0il
paln plants. The greater profitability of oil palm production
relative to rubber production in Malaysia has meant that
plantations previously producing rubber have switched to oil palm.
Since rubber production is more labour-intensive, the jobs of
Halaysian and migrant Indonesian workers on rubber plantations are
threatened. Furthermore, in the future the greater productivity of
0il palms could lead to a reduction in the world market price of
vegetable 0il prices generally which would reduce the incomes of
other producers of vegetable 0ils such as coconut farmers, many of
vhom are small and lack the resources to switch to oil palm
production. In addition, less efficient oil palm producers, such
as a number of African countries, may see their share of world
markets dwindle. (Fransman (1986), Bijsan (1986),)

¢. Producing New Productivity-Increasing Inputs - The Case of
Bovine Growth Hormones (bGH)

Hilk productivity (output of milk per cow) has been rising since
the 1960s as & result of traditional techniques. These include
improved management and feeding practices together with
conventional methods of improving the quality of herds such as
selection. These techniques have in the United States resulted in
"an average annmual compounded increase in milk production of more
than one percent per cov since the 1960s*. (Kalter et al (1985).
Fransman (1986).)

Biotechnology, hovever, promises to substantially raise the rate of
increase of productivity by providing a method based on genetic
engineering of producing in a cost-effective way bovine growth
hormone (bGH). The "daily injection of bGH beginning about the
90th day of lactation has been found to increase output by up tc 40
percent. That level corresponds to & 25 percenbt increase over the
entire lactation cycle.... While the capacity...to stimulate milk
production was recognized in the 1930s, it has been only since the
advent of biotechnology that the compound [that is, the bGH] could

be produced at a level and cost making it economical for farms use.”
(ibid p71)
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In the etudy by Kslter et al a calculatior of the cost and berefit
nt adopting bGH wss made. The cost of adoption incluiled the price
of bGH. the adzinistration costs associatieG with the use of bGH.
and the cnst of the sdditional consumption of feed by coe:s
receiviny the hcrmone. On the other hand, the b2nef:it to the
farxer was calculated takimng accoun® of the praductivity incre-sing
effect of the bGH together with assump.ions about milk prices The
increase in the farmer's rste of return as a result of adopting the
bGH was then computed. The resulting informaticn was then given to
farmers irn the form of a questionnaire survey in order to calcuiate
diffusion rates. “Farmers expressed an acute awireness of the
pot<ntial of increased milk output to further depress milk prices.

Some. . farmers questiored the desirability of bGH being madc
available given market cornditions [that is, the lov price of ailkj
one farmer writing, ‘it should be outlawed'  Others noted that if
other farmers used bGH they would., practically., have no option but
to adopt as well.” (ibid, p81)

Kalter et al therefnre concluded that bGH wiil be widely adopted
vhen introduced (with the diffusion peth tollonng the usual
signoid pattern but witn a high rate of early adoption). that
adoptiox will lead to & =ignificant increase in milk output 1a the
United States; that in the sbsence of government price support, the
price of milk will fall  and that this will lead to s substantial
reduction in both the number of dairy farms and dairy cattle (the
precise mumbers depenting on the various assumpticns made).

(Ealter et al (1985), Fransman (1986}.)

d Producing In Developed Countries Plants That Were Produced In
Develuping Countriez

One area of application of biotechnology involves the production in
developed countries of plants that werc growm in developing
countries, thus undermining the natural comparative advantage of
the latter. One example is the plant skikonin vhich has medicinal
properties and sells for abvut $4.500 per kilo. This plant, which
takes a long time and is extremely difficult to grow, was produced
mainly in China and Korea. It is nov being produced in bulk with
the use of tissue culture techniques in Japan by Mitsui
Petrochemical.

Other examples include the growth in developed countries by means
of tissue culture of other plants with pharmaceutical uses such as
pyrethin, codeine, and quinine. Since tissue culture involves the
use of industrial processes, land, soil quality, and climate are no
longer i.ccesaary conditions for the growth of plants. The
comparative economics of industry-based and land-based preduction,
however, is the major determinent of which production method will
be chosen. Accordingly. it is high value industrially produced in
developed countries.

However, genetic engineering is also being used to develop nev
plant varieties that are nore suited to the temperate climates of
the developed countries. One wvell-known example is the development
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of so-called ice-minus organisms. These orgenisas in their natural
state populate tomatoes and produce crystals in cold westher which
spoil the tomatoes. By altering the genetic structure of these
organisms, however., it is possible to circumvent the productien of
crystals thus possibly facilitating the productioa of tomatoes in
temperate climates. To the extent that plants hitherto grown in
developing countries can viably be grown in developed countries as
a result of developments such as these, and to the extent that
developed countries enjoy circumstances which give thea a
comparative advantage vis-a-vis deveioping countries (such as
superior distribution systems, lower costs as a result of proximity
to large markets, etc) the competitiveness of developing countries
will tend to be undermined.

Furthermore. it is difficult for developing countries to derive
significant benefit frox one of their main sources of coaparative
advantage, namely their possession of varieties of germplasa vhich
contain genes that can be used to improve the yield performance of
other plants. For example. the germplasm from a wild Turkish wheat
plant has been used to significantly improve the yield of a
commercial variety of wheat by giving it resistance to particuiar
diseases. Geraplasa from developing countries is important because
most of the world's major crops had their origin in these areas.
However, despite the additional wvslne added to commercial seeds and
crops as a result of the use of germplasa from developing countries
it is difficult for developing countries to ensure that they
receive a share of this extra value. Ideally developing countries
wvould be able to control the supply of germplass and by so deing
ensure that, as with any commodity in inelastic supply, they earn
an economic rent from its sale. The price paid for germplasa by
seed compenies and other buyers would then reflect the added value
that these purchasers expect to receive from the sale of the final
improved varieties. In practice, however., it has been difficult
for developing countries to control the supply of geraplasa. One
reason is that once bought a plant from a developing country can be
infinitely reproduced through the use of tissue culture. This
undernines the ability of developing countries to control the
supply of germplasa in order to earn an economic rent.

Iila Constraints On The Diffusion Of Biotechnology

As the examples in the previous section make clear, biotechnology.
both old and new, has begun to diffuse and have effects on both
developed ard developing countries. However, as pointed out in
section II H. if we are concerned with the diffusion of the ability
to put biotechnological knowledge to econoric use, then it is
necessary to examine the diffusion of the complexly related set of
capabilities and assets contained in the biotechnology-creating
system. This issue will be analysed in the present section, paying
particular attention to the diffusion of the biotechnology-creating
system in developing countries.

/11




~ov—

11

Constrasnts on the Diifusion of Biotechnology to Enterprises

a. Firk Size

At the preseat time sconom’es of sceie in production *end not to
creave scbatantial berriers to the entry of firms into
biotechnology The main reason is that the scaling-up of
bioprocessss does not slvays guarantee scale-related coat
advantages a3 a resul: of the complex interactions of the
biological e¢ystems existing in bioreactors. Further imdirect
evidence in supi;ort of Lhe contention that zconomies of scale tend
net at the 2oment to be important constraints comes from the large
nvaber of s<all nev biotechnology firrs that have emerged
i~rticularl: in the United States and Europe.

Sup;.crting this point Kemney and Buttel (1985) note that

“vindechnology is more knowledge-intensive than it is
capital-intensive. For exampie, Nelson Schneider...a

: vive-president of E.F. Hutton, has estimated that the critical mass

of scientists needed to start & biotechnology firm would be at
least. 25 PhDs ard approximately 10 - 12 million dollar: would be
needed in iritic! iavestment capital.” (p77/8) However,
down-strzam processing, involving scale-up, is more expensive.
Nevertheless, "even Eli Lilly's recombinant DNA insulin plants cost
only $40 uillion each" and a "monoclonal antibody research
endeavour would probably cost fromx $3.5 million dollars to $4
million nver three years. If the objective was eventually to
produce usable monoclonal antibody based products, the total cost
wculd ke from $20 to 40 million over three years.” (p78) Kenmney
and Buttel note that "these coets, of course, may seem large, vet
vhen compared to the outlays and subsidies committed to the
building of luxury car assembly plants or importation of weapons,
the costs...are not unreasonable.” (p78)

Accordingly, they conclude that "biotechnology still provides a
aufficiently open and fluid structure such that succeszaful entry
need not be limited to a mere handful of multinational
corporations. * {p79/60) This stands in strong contrast to the
microelect.onics and information technology field where few Third
Vorld countries, apart from the largest and sophisticated
industrially like South Korea, are able to produce products like
seaiconductors, computers and digital telecommunic:tions switches,
although more are able to provide simpler peripherai equipment and
still more are able to use these technologies imaginatively.

However, although economies of scale in production may not be
particularly important as a barrier to entry at the present tiume,
there are a number of other advantages of size. In this connection
particular mention may be made of economies - 3cale in mark<ting
and distridution. Marketing end distribution were included earlier
in the complementary assels that are a necessary part of the
package of capabilities and assets necessary to f:x:-lorm
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biotechnological knowledge into value. Having producel
biotechnolgy-related products, it is necessary to sell them and in
so doing it is possible that there are advantages of scale. It is
for this reason that new biotechnology tiras frequently enter into
agreements with larger companies for the marketing and distribution
of their biotechnology-based products. To the extent that
economies of scsle in marketing and distribution exist, this will
tend to be a barrier from the point of view of the ability of an
entrant to reap value from biotechnological knowledge.

b Technological and Skill Capabilities

It was seen above that according to one estimate a minimum of 25
PhDs are necessary to create a new biotechnology firm. Insofar as
core scientitic capabilities are concerned, there are no
significant barriers to the acquisition of these capabilities. In
general it is relatively easy for developing countries, if their
owvn universities do not provide the necessary training in the
required disciplines, %o send trainees to developed countries for
further study. In this way. for exampi>, China has managed in a
very short space of time to catch-up rapidly in terms of core
scientific c.pabilities in the biotechnology area. The same is
true for Cuta, as will be seen in the casc study below, despite the
severe political constraints that have limited its biotechnologists

from studying in several Western countries, particularly the United
States.

However, the constraints imposed by the necessity for complepentary
capebilities 1 are far more serious. The main reason is that it is
pore difficult to acquire the knowledge needed for the effective
implementation of bioreactor and bioprocessing technologies. In
the case of core scientific capabilities access to the public
knowledge available in universities is relatively easy and the cost
is not particularly high. However, bioreactor and bioprocessing
technologies are usually developed in private companies. On the
one hand these companies frequently tend for commercial reasons to
keep tliis knowledge private; on the other hand there is often &
significant degree of Zaciiness inherent in this knowledge with the
result that it cannot readily and at rcasonable cost be made
explicit and conveyed to outsiders. Accordingly. the acquicsition
of complementary capabilities 1 may constitute an important barrier
to the entry of developing country enterprises into the
biotechnology area.

¢. Financisal Requirements

Start-up bictechnology enterprises will require access to external
sources of finance. This is usually particularly important in the
early stages after start-up until the enterprise begins generating
sufficient revenue to cover its costs. Government has &
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potentially important role to play in the provision of finance.
The reason is that maket-bhased transactions »ight face inherent
difficulties which prevent the enterprise receiving sufficient
finance. These difficulties are likely to be particularly severe
in develcping countries where the absence or newness of venture
capital companies imply the lack of experience in dealing with new
technology ventures.

The difficulties referred to result from what Williamson (1985)
refers to as information impactedness and the potential under these
conditions for gpportunism. Hore specifically. the new
biotechnology enterprise might have more information abkout the
biotechnologies that it will use, and about the market prospects
for the products that it will be selling than the provider of
capital. In this sense information is 'impacted’ or unequally
distributed between the parties to the transaction. Under these
conditions it is possible that the enterprise might behave
opportunistically. in this case, for example, exaggerate the
potential returns that might be earned from its activities.

¥ithout the necessary information, private venture capital
companies might be unable to assess the likely rates of return.
¥hile in developed countries venture capital comparies have built
up their own expertise in order to make assessments of returns, for
example by employing their own technical and marketing persomnel or
by using outside consultants, such possibilities may be morec
constrained in developing countries. Under such conditions the
costs of making a market transaction. in this case concluding &
contract for the supply of capital and reaching agreement for the
associated terms, might be high. It is therefore possible that the
market might ‘fail' to allocate sufficient capital to such new
biotechnology enterprises.

Under these circumstances, the government in developing countries
night have an important role to play. To begin with, the
government may (but not necessarily) be in a better position to
reduce the degree of information impactedness by drawing on
government expertise (for example, the scientific ard technical
expertise in government laboratories and universities). (It is
likely, however, that the government will find it more difficult to
assess the market potential of the bintechnology-related products
to be developed by the enterprise. ) Ilore importantly, however.
since government has the power to tax to finance its operations,
and since industrial development including the development of new
technology enterprises is usually one of the objectives of
government, it is likely that government will be in a better
position to ensure adequate access to complementary financial
ass#ts than profit-motivated venture capital companies.

d. Requlation

The aim of oificial regulation is the control of action. The
regine of regulation 13 therefore an important constraint on the

.. /14




1%

activities not only of bictechnology enterprises hut alse of
biotechnology research laboratories, whether in universities or
government laboratories.

The issue of regulation is probably more important in the area of
biotechnology than in most other industrial areas. The reason is
that biological organisms. which lie at the heart of biotechnology.
interact in complex ways vith the biological ecosystems of which
they fora part. Accordingly. care must be taken to ensure that
biotechnology-related activities do not have negative external
effects. This is an important consideration vhen, for example,
there is a risk that genetically-engineered organisas might
accidentally be released into the wider environment or when there
is deliberate release of such organisms. As a result of such
dangers a complex web of regulations has evolved in developsd
countries, both domestically and through the activities of
international organisations such as the OECD and the Furopean
Commission. In order to avoid the impact of negative externmalities
nationally and internationally it is extremely important that
developing countries take the issue of regulation seriously and
interface effectively with the cngoing attempts to coordinate
internationally the regulation of biotechnology. This also raises
the issue of risi assessaent which must be undertaken in developing
countries in order to make the decision regarding the boundary line
between activities that are acceptable and those which are not.

For a useful introduction to the issues involved in risk
assessment, see Alexander (1985).

It is worth pointing out. however, that since regulation imposes
important constraints, as it is intended to do. and since sectional
interests are differentially affected by such constraints, there is
usually significant conflict of interest surrounding the issues for
the form that regulation should tske. Typically. therefore.
private enterprises argue that they are being unnecessarily
over-regulated and that this will have negative effects on the
econonic benefits generated by biotechnology enterprises including
their competitiveness (although there are sometimes exceptions). A
 similar stance is sometimes taken by researchers seeking minimal

"~ externally-imposed constraints on their activities. At the other
erd of the argument are to be found environmentalists and others
vho have a different view of the risks involved and a different
weighting of the importance of the likcly effects. This issue is
exceedingly complex particularly since government, which is not
above the political process but rather part of it, is unable to
take a neutral or impartial stand on the regulation question. For
this reason it is important thst a wide section of interests be
involved in the development of regulations for biotechnology.

e. Intellectual Property Rights
Intellectual property rights also provide a constraint on the
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activities of biotechnology enterprises in developing countries. A
particularly important issue here is the extension of patentability
through measures such as the Plant Yariety Protection Act 1970,
Dismond v Chekrsbarty 1980, and Ex parte Hibberd 1985, in the
United States, to newly-created plants and other biological
organisas (See Fransman (1986) for a more detailed discussion and
amalysis. )

On the one hand, the extension of patentability in this way is
intended to secure inteilectual property rights and in so doing
increase the appropriability of returns from investment in the
creation of such orgunisas, therefore increasing the total amount
of investment in th's kind of immovation. It is not yet clear.
howvever, whether the legislation is having this desired effect.
After hearings on amendments to the Plant Yariety Protection Act
(PYPA) in 1980 the Agriculture Committee of the US Senate requested
the US Departaent of Agriculture to amalyse the econoric impacts of
the FYPA. In the study that wes done, Butler and Marion (1985)
conclude that there "is no evidence that PYPA has triggered massive
investaents in R&D" (pi-3) However, they also concluded that
"there is little evidence of substantial public costs from PYPA
Increases in prices, market concentration and advertising, and
declines in information exchange and public plant breeding - the
feared costs of PYPA - have either been nil or modest in nature”.
Accordingly, they concluded that "at the present time" the Act “has
resulted in modest private and public benefits at modest public and
private costs. * (p1-3)

¥hile this conclusion regarding the state of affairs in the United
States is encouraging, it is by no means clear that it summarises
accurately the situation confronting developing countries.
Frequently lacking the range of alternatives of their counterparts
in the developed countries, it is possible that developing country
users of nev and improved seeds and other biological organisms may
have to pay the cost. which could be substantial, of creating

. incentives for innovation in this area. To the extent that patents
; over seeds and biological organisms limits competition, and this is
. the inherent aim of patent legislation, and to the extent that
developing countries lack viable altermatives, they and their
enterpriz2s may be significantly constrainted by this extension of
property rights.

f. omplementar biliti

As was noted earlier, the lack of -omplentary capabilities Z can
significantly constrain the abil: ' of enterprises to develop
biotechnology-related skills and to apply them effectively The
interdependencies of the transportation system., refriger_iion
facilities, and the delivery of enzymes such as the important
restriction enzymes used in recombinant DNA were noted as one
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example. This s2rves to emphasise again the importance of
conceiving of a socio-iechnical system which extends far beyond
the boundaries of the individual enterprise and which has &
significant bearing on the ability of the enterprise to benefit
from the diffusion of biotechnology and its ability to transform
biotechnology knovledge into value.

t11b Impact 0f Biotechnology At The Company Level

Having examined the constraints on the diffusion of biotechnology
to enterprises, attention will now be focussed on the impact of
biotechnology on enterprises. Since biotechnology will also have
significant effects on the agricultural sector, for present
purposes both faras and firas will be treated as enterprises.

a. Inputs and Outputs

The application of biotechnology might in some cases affect both
the inputs and outputs of enterprises. Here it is worth
distinguishing a) new ways of producing existing products with the
use of nev inputs from b) nev ways of producing new products.
Examples of the former include the production of gasoline from
ethanol which in turn is produced from sugar. the production of
insulin using recombinant DNA technology. the production of the
Hepatitis B vaccine using recombinant DNA technology, and the
extraction of copper using mineral leaching bacteria. The
alternative inputs are oil for gasoline, porcine pancreases for
insulin, human blood (with some risk of AIDS infection) for the
Hepatitis vaccine. and convention&al aining techniques for copper.
Examples of the latter include possible medicinal substances which
are produced in minute quantity in the human body and which cannot
be synthesised such as insulin, interleukin, or tissue plasmonigen
activator (TPA).

In the former case the biotechnology-based inputs may be analysed
as competing with the other alternative techniques and as in the
case of any choice of technique it is ultimately the economics of
the different options that will determine the optimal choice. It
is by no means clear that the biotechnology-based option will
always or usually be preferable. For example, although the oil
crises of 1973/4 and 1979/30 induced a good deal of interest in
biotechnology-based methods, the subsequent drop in the price of
0il meant oli-based alteriatives often continued to be preferable.

In the latter case it is the demand for the new product that will
be the decisive factor in determining the derived demand and use ot
the biotechnology-based inputs. In this connection it is
significant that public expectation about the future demand for
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biotechnology-based products. as reflected for example in the price
of the shares of major biotechnology compenies, often diverges
significantly from realised demand. V¥hen Genentech shares were
first sold on ¥all Street in 1980 they set the record feor the
fastest price increase, rising from 35 to 89 dollars in 20 ainutes.
In 1986, however., Genentech was beginning to benefit from its first
major biotechnology product., namely tissue plasmonigen activator
(TPA), used for the dissolving of blood clots. Even then sales,
although substantial and rapidly rising. were below forecast as a
result of the high selling price of TPA.

b. Economies of Scope

In some cases biotechnelogy has increased the possibilities of
deriving benefits from economies of scope. Examples are the move by
egrochemical companies into the area of seeds, or the move of
fermentation-based companies in areas such as food and alcoholic
beverages into nev biotechnology-based products such as
pharmaceuticals. The possibility of producing new plant varieties
that are herbicide-resistant creates nev commercial possibilities
for herbicide-seed packages. In an attempt to reap the returns
from tkis new potential. large agrochemical companies have been
involved in acquiring or setting up seed companies, previously a
vertically disintegrated activity. Similarly. the possibility of
developing pest-resistent plants has significant implications for
the development of pesticides thus providing another rationale for
the merging of agrochemical and seed research. production, ard
sales activities.

These economies of scope increase the returns to investment in the
underlying capabilities and assets. At the same time. industry
boundaries, wvhen looked at from the point of view of the activities
of the compsnies involved in the industry or the technologies which
underly the industry, are being re-defined. From this point of
view, for example. the food. alcoholic beverages, and
pharsaceutical industries, previously largely comprising distinct
companies and technologies, are merging. In Japan, for instance,
companies from these three industries, such as Ajinomoto from the
food industry, Suntory and Kyows Hakko from the alcoholic beverages
industry. and Takeda from the pharmaceutical industry have all
developed capabilities in new biotechnology and begun developing
and producing pharsaceutical products.

In turn this raises the issue of appropriate industrial
classification. In contrast to the conventional ISIC
categorisation, to the extent that the objective is to trace the
effects of emerging and merging technologies on cospanies and
industrial structure, it may be more appropriste to re-classify
industries according to the underlying technologies.




C. Research and Development

As a result of the adven: and widespread applicability of nevw
biotechnology. many companies have msde the strategic decision to
enter this area. In general, the nev entrants are of two types.
The first are compenies whose product markets are likely to be
affected by nev biotechnology. The second type are companies vhose
existing technologies are closely related to new biotechnology. An
excample of the second type are companies which already have a
basis in fermentation technology and wish to exiend their
bioprocessing capabilities into the area of new biotechnology.

Some companies fall simuitaneously into both categories.

The decision to enter new bioctechnology has meant that new research
capabilities have had to be developed. A rnumber of different modes
of acquiring these research capebilities have been used. First,
nev researchers vith the necessary core scientific capabilities
have been recruited. Secondly. existing researchers have been sent
for training. Thirdly, some cf the larger companies have resorted
to take-over or merger in order to acquire the necessary
capabilities in the company. Fourthly. some companies have entered
into joint venture agreements. with complementary companies.
competing companies. universities, or other research institutions.
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U The Case of Cuba (1)

The Cuban case illustrates dramatically wvhat can be achieved when a
firm commitment is made to the development of biotechnology
capabilities and their application to a wide range of areas in
accordance with the country's economic priorities. In this section
wve shall examine the Cuhan case in greater detail. paying
particular attention to the way in vhich this country entered the
field of newv biotechnology, the areas in which new biotechnology
has been applied. and the institutional changes that have been
brought about in order to facilitate the development of
biotechnology. Fimally. based on this case stuly. conclusions will
be drawn regarding the lessons for other developing countries.

R Cuban Eatry inte New Biotechnology

In terms of Cube's scientific and technological development the
crucial watershed occurred with the success of the Cuban Revolution
in 1959. Until this time Cuba depended primarily on its
agricultural activities, which excluded sophisticated processing
and research and development, and on tourisa. In this way the
foreign exchange was earned vhich financed imports of manufactured
products. largely from the United States. With the success of the
Cuban Revoiution a nev set of priorities was established. lost
important from the point of viev of the development of thLe
biological sciences in general, and biotechnology in particulsar,
was the emphasis that was given to the importance of science and to
the development of the national health service. Frequent reference
is made by Cuban scientists to the conviction of Fidel Castro that
the future development of Cuba was inextricably bound up with the
tuture developaent of science in the coun‘ry. Castro's slogan.
vhich hangs in many Cuban laboratories, was that "The future of our
country must of necessity be the future of men of science®. It was
this conviction that inspired a rapid growth in the school and
higher education systea. At the same time, an important result of
the revolution was the expansion and extended delivery of medical
services to all sections of the population. This meant that within
a short period of time Cuba was able to develop a relatively
sophisticated medical systea which included training and research
facilities in universities and other national institutions. It was
this medical system vhich was later responsible for Cuba's rapid
and successful entry into new biotechnology.

However, new areas of science and research do not emerge
sutomatically. their emergence depends on nev groups of scientists
and researchers., committed to the nev fields of study and devoted
to the institutional changes that are required to realise the new
scientific research. From this point of view it is significant to
observe that the new institutions which evolved in Cuba to develop
the biological sciences and biotechology emerged in & pluralistic
rather than a linear way.
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At the apex of Cudba's =cientific planning establishment is the
Cuban Aceadeay of Sciences whi-h vas originally established in 1861
but vhich was substantially restructured after the revolution. The
Academy contains the Superior Scientific Council whichk consists of
about 77 distinguished scientists elected froa the Academay's
various institutes, from the Ministry of Higher Education. and from
industry. The Academy alsc —~onteins & number of other smsller but
influential advisory groups. However. it is significant that the
Acadeny does not totally dcminate or control the scientific
establishment. For example, only about 10 percent of the total
mmber of Cuban scientists and engineers work in Academy
institutes.

The Hinistry of Higher Education. with some degree of autonoay from
the Academy. has also played an important role in the establishment
of scientific institutions. From the point of view of the
development ot Cuban biotechnology. an important example is the
establishaent of the NMational Centre for Scientific Research
(CENIC) which was the major biomedical and chemical research centre
and was set up in 1965 in order to stimulate research in nev areas.
CENIC has & staff of approximately 2,000 and is divided into four
»ain divisions: biomedicine, chemistry, bioengineering. and
electronics. CENIC has played a significant role in research and
in training scientists who subsequently have become involved in
other spin-off institutes.

An important example is the Centre for Biological Research (CIB)
vhich was established in January 1982. The establishment of CIB is
of particular interest as a result of its innovative and
unbureaucratic origins. In 1981 a 'Biological Front' was
established essentially outside the existing bureaucratic
framevork. The Front consists of scientists and policy makers with
an interest in extending and developing biological research in
various directions. The Front. wader the leadership of Dr Rosa
Simeon, President of the Academy of Sciences, served to coordinate
and articulate the interests of those in the different ministries
and institutes who wished to strengthen Cuban involveaent in
biotechnology. While the leaders of the existing scientific
establishment were closely involved with the activities of the
Biological Front., as is indicated by the role played by Dr Simeon.
the Front was set up as a high-level policy-making body with
relative autonoay from the Academy and the various Ministries
involved in the biological sciences and their areas of application.
From this position the Front supervised the establishment of CIE
and later the Centre for Genetic Engineering and Biotechnology.
CIGB. By helping to give birth to CIB and CIGE the Biological
Front served to increase pluralisa in the Cuban scientific systea.
¥hile biotechnology could be developed in existing institutions,
such as those under the control of the Academy of Sciences and in
CENIC, this nev set of technologies could also be advanced through
nev institutions such as CIB and CIGB.

CIB began with a staff of six researchers in a small laboratory
vith Dr Manuel Limonta as its Director. 1Its major initial aission
was the production of interferon for use as an anti-viral agent.
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In part the interest in interferon resulted from the cutbreak in
late 1980 of dengue hemorrhagic fever which affected approximately
300,000 people and resvited in 158 desaths  However as ve shall
shortly see. in addition to this przgmatic goal. CIE also aimed to
use interferor as a ‘model' fcr the developrent of the wider range
of capabilities amd assete analysed in Section II above. In other
words. interferon would be used as a springboard for the
development of a Biotechnology-Creating Systea with expertise in
the areas of genctic engineering and bioprocessing. CIB grev
rapidly and by 1986 wes divided into four laboratories: gemnetic
engineering. immunology. chemistry, and fermentation. In addition
to the production of intexferon., CIB produces its own restriction
enzymes and its research alsc involves the synthesis of
oligonmucleotides, the cloning and expression of a number Jf other
genes. and the production of monoclonal antibodies for diagnostic
purposes. Although recombinant DNA research was also done in a
number of other institutes, notably CENIC and to & lesser extent
the Cuban Institute for Research on Sugarcane Derivatives (ICIDCA)
vhich was established in 1963, CIB became in the early 1980s the
major location in Cuba for the development of capabilities in new
biotechnology.

Vhen CIB opened in January 1982 it began to produce human leukscyte
alpha interferom using a method (which did not involve genetic
engineering) developed by Kari Cantell of the Central Public Health
Laboratory in Helsinki. Cantell gave assistance by transferring
his method to CIB and was surprised at the speed with which the
Cubans mastered the method. Having mastered this conventional
method for producing interferon. CIB embarked on recombinant
DNA-based techniques for producing various kinds of interferon In
this latter task =2 central role was played by scientists such as Dr
Luis Herrera vho was Vice-Director of CIB. Herrera's background is
particularly interesting because it illustrates personally the way
in vhich Cuba was able to enter the field of new biotechnology. In
1969 Herrera studied molecular genetics (working on yeast) at Orsy
University in Paris. The following year he took up a post as
researcher at CENIC vhere he started a laboratory dealing with the
genetics of yeast. Yeast was of interest in Cuba because it was
used in order to convert sugarcane derivatives into single cell
proteins which vere used as animal feed. thus substituting for
imported soya feeds, the Cuban climate not being suiteble for the
groving of soya. Research on yeast was partly aimed at improving
yeast strains in order to increase the nutritional value of the
single cell proteins by eliminating some of the undesirable nucleic
acids. Under the auspices of ICIDCA there were in total 10 plants
each producing 12,000 tons per annum of single cell protein for
animal consumption. In developing their work researchers in this
laboratory became interested in new biotechnolngy. In 1979 Herrera
returned to France to study molecular biology und genetic
engineering. With the formation of the Biological Front ard the
establishment of CIB in 1982 he joined this institute as its
Vice-Director. In 1983 he once again went to France where he spent
tine at the Pasteur Institute. Representing a new breed of young,
post-revolution scientists vho were quickly able to master the
latest international research techniques, Herrera was awarded
Cube’s highest honour. Hero of Labour. He has since established an
international reputation for his research in new biotechnology.
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Although in the case of Pr Herrera entry into nev biotechnolegy
involved access to Eurcpean institutes. Cuban biotechnology ami CIB
in particular have als> benefitted from Soviet science. A notable
example is the group of chemists working in CIB and mostly trained
in the USSR. With a strong background in organic chemistry some of
Lhese scientists moved on to the synthesis on oligonucleotides and
the aynthesis of DNA. Theae 3kills and the self-reliance they
aftorded have been important in viev of the difficulties that Cuba
has faced in acquiring automated DNA synthesising machines as s
result of the boycott imposed by the United States. JOther groups
in CIE are involved in imaunology. including immunochemistry and
protein purification. and fermentation.

There is widespread agreement that the Cuban mastery of new
biotechnology has been impressive. One example is the conclusion
arrived at by a team of UNIDO experts appointed to find & Thicd
World location for the nev Intermational Centre for Genetic
Engineering and Biotechnology. This team visited the major Third
Vorld countries involved in biotechnology and concluded that the
Cubsn biotechnology programme was one of the best they had seen.
Another example are the assessments made by distinguished foreign
visitors to Cubs. While acknowledging that the Cubans are not
attempting to dc world frontier basic research. many of these
visitors have been impressed with the level of achievement of Cuban
biotechnologists. An example is Roald Hoffmann of Cormell
University and a 1981 Nobel Laureate in chemistry who visited Cuba
in early 1985 and attended the second congress of the Cuban
Chemnical Society. “"Overall”, he concluded. "I came away with a
mixed but optimistic impression of the cheaistry being done in
Cuba. " (Chemical and Engineering News, May 12. 1986. p32)

A further example is the result of iz riilro gene manipulation work
done in CIB laboratories. Some of these results were reported st
the Jecond Cuban Seminar on Interfeion and the First Cuban Seminar
on Biotechnology held in Cuba in February 1986. The folloving
extract is a report from the journal ZFis-Technology.

H. Quintana (CIB) ha&s already clomed the interleukin-2 gene.
and is engineering it for expression in £ coli. Other in
vitro gene manipulation projects are equaily impreasive.
Herrera and Quintana's group have cloned alpha-Z. Leta, and
gamma interferons for expression in £ coli arnd yeast cells.
Clinical trisls with the bacterially exprezcsed gamaa
interferon are about to begin, and the production levels of
alpha-2 interferon are formidable Yeast constructions
containing the alpha-factor signal peptide, and driven by a
glyceraldehyde 3-phosphate promoter, process and secrete 10
I.U./1liter of 98-percent pure interferon. lore recent
clones are able to secrete upwards of 10 I.U./liter in an
immobilised-cell reactor. The latter product is still only
80-percent pure, says Herrera, although they expect to have
material of sufficient purity for toxicity studies within a
month or two. As Patrick Gray (vho reported Genentech's
recent results (at the Cuban conference] showing synergy
between tumor necrosis factor and gamma interferon)
remarked: “These are considerably higher secretion levels
than we have been able to obtain * (Bio-/Technelogy. Vol 4.
April, p265.)
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B Interferon os a ‘Model'

Further comment is necessary on the use by the CIb of interferon as
3 ‘'model’ for the development of new biotechnology capabilities.

The first point to be made is that the development of core
scientific capabilities in the area of new biotechnology in CIB
drev on the already well-developed science base that existed in
Cuba by the time ‘he CIB was set up in 1982. Hention was made in
the last section., for example, of the earlier research done in
CENIC on the molecular genetics of yeast. In entering new
biotechnology. therefore Cuba was not starting &2 in:fio In this
i way, Cuban entry into nev biotechnology was facilitated by a

- pre-=xisting stock of substantial scientific capabilities.
Clearly. many developing countries are not in as fortunate a
position.

The second point is that interferon was an sppropriate choice for
Cuba largely as a result of the country's well-developed heaith
sector. This meant that the development of interferon with the use
of genetic engineering techniques was not simply a 'pure' research
activity. but =as an example 0f scientific work being closely
lizked to the production of useful output, namely the delivery of
medical services. a high priority in post-revolutionary Cube. his
1ink established & unily beilween ’'science pusl’ and 'desand pull’
deterainsnts of technical change, which in turn ensured that this
part of the science system was nol 'aliemaled’ rfrom the needs of
the rest of the socioecornomr. Interestingly. interferon has also
been used as a 'model’ by many Japanese companies entering the
field of nev biotechnology. In their case, however, the need
deternined from the corporation's point of view was for a way oi
acquiring newv biotechnology capabilities at the same time as
producing a commelcialisable product. Interferon. it was believed,
provided an example of one of the first new biotechnology-based
comaercicl products. For other developing countries, however, &
Rore appropriate ‘road’ for the development of new biotechnology
may exist, depending on the circumstances and priorities of the
country. For Brazil., for example, the ethanol from sugar project
»ey have provided an appropriate road. In other Latin American
countries the developrent of mineral-leaching bacteria for the
purposes of mineral ex‘raction may provide an appropriate way of
entering new biotechnology.

Thirdly. the possibility of using interferon as a ‘model’ for the
development of other applications and products illustrates the
pervasiveness of new biotechnology. This point is further
supported in the Cuban case by the history of the Centre for
Genetic Engineering and Biostechnology (CIGB).
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C Realising Economies of Scope: The CI68 and the Pervasive
Applicability of New Biotechnology

Encouraged by the success of CIB in developing nev biotechnology
capabilities and impressed with the potential of this set of
technologies, the Biological Front recommended the establishment of
a8 new and larger institute which would carry on and extend the work
of CIB. Accordingly, on June 1., 1986 the Centre for Genetic
Engineering and Biotechnology (CIGB) was established on a new site
near CIB with Drs Limonta and Herrera, formerly from CIB, as its
Director and Vice-Director.

CIGB was structured in terms of the following five groups., each
dealing with a specific problem area:

1. Proteins and hormones. The aim of this group is the production
of proteins using recombinant DNA techniques for applicatione in
the areas of human aedicine and veternary science. This group
continues the work done in CIB on the chemical synthesis of
oligonucleotides and DNA.

2. Yaccines and medical diagnosis. The sim of this group is to
develop vaccines against diseases prevalent in Cuba and other
tropical and subtropical areas through the cloning of the surface
proteins of viruses, parasites, or bacteria. The group also works
on developing monoclonal and polyclonal antibodies and DRA probes
for the purpose of detecting and diagnosing various illnesses.

3. Energy and biomass. The research of this group involves the
transformation of various kindes of biomass via the use of chemical
methods and enzymes. For exsmple, research is done an veasts snd
fungi vhich transform the sugar by-products moliasses and bagasse
into proteins for animal consumption. A new strain of the 7east
candida has been developed which increases the production of an
amino acid important for both human and animal nutrition. In thiz
way CIGE will extend research in this area done in ICIDCA and
CENIC.

4. Plantbreeding and engineering. This group does research on
inproved plant varieties using genetic engineering and other
biotechnologies such as cell culture. Nitrogen fixation is one
area singled out for study.

5. The genetics of mammalian eukaryotic cells. This group uses
the cells ol higher organisms for the cloning of genes and the
production of proteins.

Thus by using interferon a3 a 'model’ first CIB and then CIGB have
been able to develop core scientific capabilities in the area of
nev biotechnology and apply them to 2 wide range of sreas
consistent with Cuban developuent p-iorities. However, the

| research of CIGB has also been defined to include an emphasis on
complementary capabilities I, namely downstream bioprocessing.
This has been done by making provizion f.r a pilot bioprocessing
plant in CIGB.
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0 The Importance of Dowastream Bivprocessing

As noted eailier in this paper. the development of an effective
biotechnology-creating system invelves more than the mastery of the
core scientific capabilities. One feature of such a sysiem 13 the
possession of the necessary downstream bioprocessing capab:ilities.
In order to develop the latter kinds of capabilities CIGE has
established a pilot plant. Two groups work with tzis plant, the
one specialising in the fermentation process and doing r=sezrch on
the optimisation of productivity and the other working on questious
of purification. Both of these grcups are involved with the
difficulties that are confronted in scaling-up the biopreces:zing
with the use of larger bioreactors. A major problem confronted by
both groups is that there is little experience in Cuba regarding
bioprocessing and scale-up. Ffurthermcre, unlike in the case of
»any of the core scientific capapili!ies where rcsearch is done in
universities and where the results sre usually made public. a good
deal of research on bioprocessing is done in private companies with
the findings kept commercially secret. Bioprocessing. requiring
sophisticated engineering skills and specialised inputs. frequently
constituies more of a constraint in developing ccuntries than the
mastery of the core scientific capabilities. The ssme point wes
made to the present euthor by senior officials involved in the
planning of biotechnology in the Peoples Republic of China during s
visit in 1987. 1In the Coinese case, in strong cohtrast to the
Cuban example, the core scientific capabilities were rapidly
acquired largely as a result of cciemtific interchanges with the
Dnited States. However, major constrairts exist in China on the
downstrean bioprocessing side which Jdepends on the capabilities of
Chinese industrial and engineering enterprises.
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U Interpationa: Ditiensicns

& Is Biotechnology as Pervasise i1 its {ffucis as Intormation sad
Communication Technoegy?

A nuiler of poiits msy de made in auswer.ry thns ..omplex and
conlrovers:al guestion

1. Therz is po doadt the: pic.z2camringy, as 2u interreicted <ot of
technologies. 1s heviag, s«ad oill contince to fmve, peErvasis -
effects on a la-ge nusb2r cr indusiriel s:otyra Tt ie Rerhaps
best to =naiyss biotechnciogy as a seb of proces: technologies with
appiication %o a lnrgs ~onbev s product sreas. The process
techn2logice includs classical methods 87 seiect:~a, recuhuinant
DNA techniques, c-11 fusisn, tiszue oultuve. pritein engineering,
and bioprocezsiug. Coshinations of these tecizwloniss mav he
applied to the research and develonament of & larce nember of
products  Exampics riferred to in tne present paver include
Fharmaceutical: (such as insulin, :ntertercn, snd Taccines ),
industrial cheaicals (such as en:tymss aud cther proteins, etusroi
etc), and new plant varietiocs.

<. One implicatica of the nervasive efiscis of biotecharlogy iz
that iuportant econoxies 5i scope 23y be reszed. In cther sords,
investment in the capabilities and suaets pat ave necsz33ry for
the creetion of ah =ifective bioteclnolnyy-crexting eysiem mov bhs
revardad with high ratess Of returm as o result of te widesrread
applicasility of biotesmcloyy. This possibility ererjed c(leatly
irom tue Cuban case 2iudy whete the capatilities and sssets malt
up in CIB and later CIGH werc bzing applied ecross = wid: ramce ~f
areas. all of vhick cen'ribited directly to Cubsan devsicpmen: Joal:
ardl prioiities.

3. For the reazcn menticned i ths last paragraph, there wauld
appear to be emple juitiiication isr establdshing bistecnnolegy
programmes in developing cowitriss. (Care however, will have to
be paid to the particnlar circumstence of =sch cointry in order *o
wderstard the limitation: and zonstrainta confronting any su.h
programme, & point that is examined in more detail in Sectirn ¥I.)

4. There are a number of importan: differences notween
biotechnology (BT) and information and communiostion tacting’ ogy
(ICT). For example. the liank betwesn Process technology. sroduct
technology, and product characteristics is much closer it the ceze
of ICT than in the case of BT. Furthermnrs, thers are uuch
stronger integrative temdencies in the case of ICT. Fcr instance,
thie convergence of computing ard communicatinrn technolcgies 22 a
result of the digital 'common currency’ has meant thet ICT producta
tend relatively easily to become part of broader integrsted
systems. An sxample is the integretion of personal computers,
Rinicomputers, mainframes, robots, computer controlled wachinery,
and local and even national communicaticn systems into a broader
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technolocical system. The =2¢ .2 integrative tendencies are not
apparent in the case of BT.

§. At the same time there is an important process of comvergence
hetween BT and ICT. w©:n the one hand ICT is having a csignificant
impact on the development of biotechnology process and product
technologies. Examples are the use of microprocessors and
comprters in automated controls for bicreactors and DNA
synthesizers, and in other areas such as sequencing. On the other
hand, BT is beginning to have an effect on ICT although this effect
is not yet as great as the other way round. For instance, one area
of application for protein engineering is in the field of
biosensors and biochips where integrated circuit technology is
fused with protein engineering technology.

6. It is worth stressing that the entry barriers into BT are at
the present time significantly lower than those into ICT, & point
that has been stressed earlier in the present paper. Very few
developing countries will be able to become significant producers
of ICT products such as sericonductors. smaller computers. and
commmnication-related products such as optical fibre or PEX=,
although these kinds of products are being produced by countries
such as Kores, India, and Brazil Host developing countries will
be users rather than producers of ICTs. However, many more
developing countries will be able to make a successful entry into
the field of biotechnclogy. The qualifications surrounding the
possibility for successful entry are exsmined in more detail in
Section VI telow. From a policy point of view, therefors, little
significance attaches to whether the pervasiveness of ICT is
greater than that of ET. The policy question ultimately boils down
to an analysis of the socisl returns that may be derived from
investing in generating & biotcchnology-creating system, given the
circumstances and constraints of the country concerned.

B The Effects of Industrial Applications of Biotechnology in Global
Perspective

Production, Trade and Investuent

Two major points must be made. The first is that biotechnology is
already hLaving an importasnt impact on global production, trade and
investment. One example, that was discussed earlier on page 7, is
the production of sugar-substituting sweetners. These sweeners
have had an important impact on the price of sugar and therefore
have had significant implications for those developing countries
involved in investment, production, and internationsl trade in
sugar. Similarly, biotechnology is influencing the productivity of
0il palx and other developing country sgricultural exportse. :

However, the second point to be made is that up to the present time
discussions of the impact of biotechnology on economic variables
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such as output, incomes., production, trade, and investment have
remained anscdotal and pertial, relyinj on the documentation of
particular inztances of the effects of biotechnology. Attempts
have sometimes then been made to 'add up' these effects in order to
arrive at more general conclusions regarding the iapact of
biotechnology. These attempts are inherently unsatisfactory
because they ignore the interdependencies that exist in the global
socioeconomic system in which biotechnology evolves and has its
effecta.

In order to illustrate this important point let us take the case of
0il palm which was discussed earlier in this paper. 4s a result of
advances made in the cloning of o0il palm plants, the productivity
of oil palm trees (0il yield per tree) has increased by some 30
percent. In the shorter run, with the world price of oil palm, a
major source of vegetable oil, holding up. this has increased the
profitability of oil palm production and has therefore tended to
increase investment in such production. This has happened in the
case of Halaysia, for example, where many plantations which have
produced rubber have switched investment to oil palm thereby
decreasing their investment in rubber trees. In turn. this has had
important effects on employment and incomes since rubber production
is more lshour-intensive than oil palm production with the rubber
tapped from the tree being collected by hand. The result is that
the jobs and incomes of lMalaysian and migrant Indonesian rubber
workers have been threatened.

However. this account of the effect of biote hnology (in this case
the cloning of oil palm plants) on investment, production, trade.
enployment, and incomes has not dealt sufficiently rigorously with
many of the interdependencies involved. For exsmple, there are
‘Keynesian effects’' that should be considered. As & result of the
increase in profitability of oil palm production, it is possible
that total investment increases. This in turn results in a
multiplied increase in incomes az those vhose incomes rise as a
result of the increase in investment spend these incomes. This may
mean that expenditure on consumption goods increases which
consequently leads to an increase in the production of consumption
goods and therefore to increased employment in the consumption
goods industries. In this way the employment of former rubber
workers may be increased. These Keynesian effects deal with the
consequences of changes in investment on changes in expersditure and
the '‘knock-on’ effects on other economic variables. But account
should also be taken of 'Leontief effects’', namely the
intersectoral input-output effects. For example, as the output of
oil pala increases, so the demand for inputs into the oil palm
industry increases, such as the demand for agricultural ixplements,
fertilizers etc. In turn, as the demand for these items increases,
80 the demand for the inputs which they require will increase.

This will have implications for production. investkent, employment,
and incomes in these industries. However,K the analysis of
Keynesian and Leontief effects has ignored the 'General Equilibrium
effects’ on prices and the consequence of changing relative prices.
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For example. as the output of oil palm increases as a result of the
biotechnology innovation. there may be a fall in the price of oil
pala depending on the demand and supply curves for this commodity.
In turn, a reduction in the price of oil palm might reduce the
profitability of o0il palm production with further conseguences for
the inter-sectoral distribution of investment, etc.

However. the ‘general equilibrium' price effects discussed so far
are not nearly general enough. In a truly general approach account
nust also be taken of other biotechnology-induced effects occurring
elsevhere in the global socioceconomic system. For exasple, soya
together with o0il palm are the two most important sources of
vegetable oils and fats. The productivity of soya production and
the conditions under which soya besans can he produced are also
being influenced by biotechnology with important implications for
the substitutability of soya and oil palm in vegetable o0il and fat
production. Account must therefore also be taken of the soya
market in a general equilibrium approach.

An important limitation of the approaches that have been considered
sc far is that they treat tecinicel change as an exagencusly
detlernined phenomenon that then has effects on the economic sSystem.
However. a more satisfactory general approach that goes beyond a
concern with the interdependence of markets based on price effects
vould take account of the determimants vhich shape the evolution of
biotechnologies themselves. In other words, rather than taking
biotechnologies and their applications as givez and proceeding to
exanine the effects, it is important to understamnd how these
teciinologies themselves are shapea. From this point of view,
technical change is an inherent part of the socioceconomic system
and not something external to it and 'given’. an understanding of
the interrelationship between the sociceconomic system and the
process of biotechnological change would enable us to appreciate
more clearly the priorities and resources that are influencing the
evolution of biotechnologies and their applications.

Furthermore, a general approach should alsc take account of the
environmental effects and feedbacks. For example, while the
developaent of high-productivity plants through the use of tissue
culture may raise productivity in the short run, it also may
increase the vulnerebility of the piants to particular diseases ard
pests. The greater degree of genetic diversity in a ‘conventional’
set of plants might serve naturally t{o limit such vulnerability.
Environmental effects such as these should also be inclided in any
attempt to model the general effects of biotechnology.

To conclude, the main sim of the present discussion is to draw
attention to the inherent complexity in any attempt to rigorously
examine the effects of biotechnology. This difficulty follows from
the complex nature of the system, both social and natural, in which
biotechnology develops ard has effects. However, despite the
complexity it is essential that rigorous attempts be made to
understard the system as a whole since such an understanding is
needed to inform policy-makirg in important areas such
international investaent, production, trade, and structural
adjustaent.
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Ul Pelicy Issues

f The Importance of Country Differences

In viev of the enormous diversity both between deveioping countries
in different income categories (that is. high-. middle- and
lov-income countries) and between the countries in each category.
it is necessary to be cauticus in atteapting to derive policy
implications from an analysis of biotechnology and its potential
effects. In order to structure the present discussion, reference
will be made to the stock of four necessary capabilities and assets
analysed in Section IIB to F above.

The first point to make i= that one crucial deterzinsnt cof a
developing country's ability to enter the field of biotechnology
and benefit from its potential applications is the strength of its
existing science system, particularly in those disciplinary areas
thst are most closely related te biotechnology. The Cuban case
study clearly illustrated the importance of the stremgth of the
science system in entering and applying biotechrnology. In many
other developing countries, for any number of reasons., the science
systen does not have the same strength. This ¢2es not, however,
mean that the constraint on entering biotecknoiogy is absolute.
The Japanese case, for example, illustrates very well how foreign
university systeams can be used as a viable mode of entry and in
this respect the Chinese case is cimilar. An important country
difference. therefore, lies in the existing strenjth of their
respective science syatems.

However. although the science sy=tex does constitute s constraint
on the ability to enter and apply biotechnology, the development of
the necessary core scientific capebilities, as argued earlier, does
not usually pose the major difficulties. MNore important is the
strength of complementary capabilities 1 and 2. namely the
downstream processing capabilities within the enterprises on the
one hand, and the 'environmental' capabilities on the other such as
effective power generating and transportation systeas.
Underdevelopment is practically synonymous with wesknessee in arcas
such as these vhich, as we have seen, are crucial to the ability of
the biotechnology-creating system to operate effectively. While it
is a relatively easy matter to train & bright group of science
graduates in the areas relating to biotechnology. both within the
national educational system amd abroad, it is far more difficult to
ensure the necessary quality in the areas of complexentary
capabilities 1 and 2. A crucial country difference., therefore, in
teras of the ability of different countries te enter and apply
biotechnology relates to the strength of their complementary
capabilities.

The discussion so far hss dealt primarily with the 'esupply side’ of
the question. Equally important is the 'demard side'. A number of
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points are important here. The first is that the size of the
domestic market will have obvious implications for the extent and
kind of production activities that can viably be undertaken. The
Cuban example illustrates that a relatively small domestic market
does not need to be a significant constraint on biotechnology
activities. Far larger countries, with much bigger merkets. will
have additional options resulting from the ability to establish
biotechnology-related production on a larger acale. There are
important implications here too for the question of appropriate
foreign trade regime. For example, under vhat circumstances will
it be advisable for a developing country to protect the domestic
market through policies which restrict foreign trade in order to
create an incentive for enterprises to enter the biotechnology area
and produce biotechnology-related products? Here the issues are
similar to the well-rehersed arguments relating to the advantages
and disadvantages of domestic-market oriented and export-oriented
production. (See, for example. Fransman (1986) for & more detailed
discussion.)

The question of the ‘demand side’' also raises the issue of
complementary assets, also considered eariier. Here it should be
recalled that one of the conditions necessary for trarsforming
biotechnology knovledge into commercial output is the possession of
distribution and marketing 'assets’'. Once again coumtries will
differ in terms of the quality of their distribution and msrketing
capabilities.

B Modes of Technology Rcquisition

A further set of policy questions relates to the most efficient
nodes of acquiring biotechnology capabilities. For example, what
weight should be given to indigenous development of these
capabilities, and hov much emphasis should be given to other
alternatives such as licensing and other technology agreements ard
direct foreign investment? The latter also raises the gquestion of
the advantages and disadvantages of involvement by transnational
corporations. Since, however, these policy questions are
essentially the ssme for biotechnology as they are for the case of
other technologies, they will not be pursued further here and the
reader is referred to the wider literature in this area. (For a
survey of much of this literature and for further references, see
Fransmsan (1986).)
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C Reassessing Industrial Strategies in Developing Countries in the
Light of Advances in Biotechnology

The advent of biotechnology requires that in a number of areas
industrial strategies should be reassessed. The main reason is
that since biotechnology is applicable over a vide range of
industrial and product areas. a redraving of industrial boundaries
and interdependencies is implied. For example. in Japan companies
from a vide range of industries have entered the field of new
biotechnology. These include the chemical. pharmaceutical. food,
and alcoholic beverages sectors. A large number of these companies
have begun to develop and market biotechnology-related
pharmaceutical products since this is the first area in shich
biotechnology is beginning to have a significant comeercisl impact.
This has important implications for issues such a&s industrial
structure, competition and competition policy. ard technology
policy.

In developing countries a similar redefining of industrial
bomndaries and interdependencies will require the development of
nev industrial strategies. For exemple. in the &rea of
agroindustry account will have to be taken in foraulating
industrial strategy not only of the agricultural enterprises that
produce the inputs for industrial processing. but alsoc of the
biotechnology-related enterprises and research institutes that may
impact agroindustrial activities at various points in the food and
related industrial chain.

Uil Cooperation Among Developing Countries

The folloving is a list of some of the issues that might forx the
basis of cooperation among developing countries:

1. Cooperation in the development of products particularly suited
to developing country conditions. One example is the developaent
of vaccines and diagnostics for ailments that are particulariy
prevalent in developing countries. These kinds of products,
sonetimes of great importance to developirg countries, tend to be
neglected by developed countries and their corporations where
significant markets are perceived not to exist.

2 Cooperation in training for biotechnology. Since biotechnology
is, as ve have been, science-based, it is necessary for training to
be provided in the associated scicntific disciplines. Expertise in
these disciplines takes time and resources to develop. In some
cases it may be that regional international cooperation will allow
for a process of specialisation among developing countries in
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particular disciplines with an exchange of students providing the
means of acquiring the necessary core scientific capabilities.

3. Cooperation in the acquisition of coaplementary capabilities 1
and 2 and complementary assets. It has been stressed in this paper
that the acquisition of these capabilities and assets usually
constitutes the most significant constraint confronting the attempt
of developing countries to develop efficient biotechnology-creating
systeas. As in other technology areas, developing countries will
be required to make incremental innovailaons, modifying and adapting
imported technologies and introducing new innovations in order to
increase the efficiency of the biotechnology-creating systea.

These incremental innovations will have a significant effect on the
systea’s overall efficiency. Accordingly. one area for potentially
fruitful developing country cooperation vill involve sharing
information on the ways in vhich particular probleas have been
dealt vith and perhaps establishing working groups to devise
solutions to others within the context of developing country
conditions. (For a more genersl anmalysis of the importsnce ot
increamental innovation in developing countries, see Fransman
(1986).)

4. International cooperation regarding the regulation of
biotechnology. As mentioned earlier, the need to regulate
biotechnology is particularly important in view of the potential
ecological risks. On the one hand., cooperation with other
intermational efforts to establish and enforce codes of practice is
essential. On the other hand, there are developing
country-specific issues involved here which could profitably fora
the basis of inter-developing country cooperation. ror example, in
viev of an often weaker supporting infrastructure for biotechnology
in developing countries, a nev dimension is sometimes added to
questions of safety. Discussion is also needed on ways of
enforcing codes of practice among deveioping country scientists
involved in biotechnology. Developed countries have established
comnittees which supervise events such as the deliberate release of
genetically-engineered organisas into the environment. In view of
these developing country-specific conditions and issues, there are
strong grounds for developing country ceooperation in this aresa.

5. Developing country cooperation over the question ot
intellectual property rights. Developing countries are being
affected by legislation in the developed countries which allows for
the patenting of nev orgenisas, including new plant varieties. As
was seen earlier, for example, developing countries are often the
source of the germplasa which is used as a source of genetic
material to produce new plant varieties. While germplasa itself
cannot be patented, it mekes an important contribution to the rent
that is ultimately reaped by the patenters of newv plant varieties.
Furthermore, the existence of patents means that developing
countries will have to pay higher prices for improved seeds than
they would have done in the absence of petents. In addition. the
extension of property rights in this area has produced a tendency
for the privatisation of knowledge that previously was in the
international public dosain. For example, whereas previously

.. 134




34

universities and public research institutes tended to rapidly
publish and disseminate the results of their research. there are
nov restrictions on the flov of this knovledge as a result of the
possibility of applying for intellectual property rights. To the
extent that this has happened. developing countries have been
deprived of an important source of information which is a
significant input into biotechnology research. In areas such as
this there may vell be developing country interests at stake which
could profitably be articulated and represented through developing
country cooperation.

Uill Conclusion

As we have seen, biotechnology. virtually as old as the human race,
has had its potential power significantly enhanced by the advent of
nev biotechnology which has provided substantially increased
control over the fundamentals of life. New hictechnolegy
indisputably constitutes a fundamental revolution. No longer are
human beings pawvns in the evolutionary game: thev have scquired the
ability to control the game itself, or at least aspects of it. The
fruits of this revolution are gradually feeding into new
technologies which in turn are beginmning to impact & large number
of commercial areas. However, as with other technological
revolutions. the effects of the biotechnological revolution are
both gredusl and umeren. The incorrectness of beth the high hopes
and the frustrations regarding the potential impact of
biotechnology has been dramatically illustrated by the ups and
downs of the shares of the major biotechnology-based ccapanies on
developed country stock exchanges. In reality the biorevolution
will be slov in coming and its introduction will be patchy. But
there can be litle doubt thac a revolution is in the making and
that developing countries can ill-afford to ignore it. This paper
has attempted to outline the main contours of the emerging
biotechnology revolution, paying particular attention to the
implications for developing countries and the ways in which they
night begin to prepare themselves to make use of the new potential
vhich biotechnology has provided. If it has increased awareness of
both the hopes as vell as the limitations provided by
biotechnology. it will have served its purpose.
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