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10 Summary and Policy Conclusions

"77ie je///n£ and ftwy/ng ore over. A// fne flues on 00//1 .noes nave oeen gafnered in, ana" if
w rime /or me to go nome....Z)o no//ear, / nave sf/ZZ jome//iin^ Ze/f"...../?. Ta^ore

"Genes are fne primary poZicy maiter*; ferains are fne e*ecurive.y ".../?. Power*

Introduction

This thesis was presented in three broad Parts to examine the nature of innovation and
industrial and agricultural production in biotechnology and to formally present some of these
observations in an endogenous growth and trade model, which was developed within the
differentiated product framework of the new growth and trade literature.

Part I examined patterns of innovation, institutional structures and production in
biotechnology based industries, both in industrialized and in developing countries. In Part II,
we examined the basic characteristics of the new growth and trade literature and its relation
to innovation, and economic growth, culminating in the development of a growth and trade
model in Part in. The common theme within which context each section was placed, was that
of the impact of quality and productivity improving product innovations through
biotechnology, on the total variety of products available in the economy. In this final chapter,
we continue to work within this framework to summarise and draw some policy conclusions
from the observations made above.

The main objective of the thesis was to examine the patterns of innovation, production
and economic growth which are characterised by biotechnology, and to draw some parallels
and contrasts between the experiences of industrialized and developing countries. In section
1 below, an attempt is made to synthesize some of the observations as they relate to
technological and organisational structures, and how the direction and intensity of innovation
relates to these in turn. The identification of patterns of innovation is crucial to describing
the interactions between different agents in the economy, and how those interactions contribute
to technological change.

The second section examines the structure of recent models of growth and trade which
together with observations about patterns of innovation in biotechnology, provided the
framework within which to develop the economic model presented in chapters 8 and 9.
Finally, we return to the three themes of quantity, quality and variety and draw some tentative
policy conclusions with respect to the future development of biotechnology, both in
industrialized and in developing countries.

10.1. Some Stylised Facts about the Nature of Biotechnology R&D

In Part I, the question of patterns of innovation and the general institutional and organisational
structure of biotechnology was addressed. Although specialisation across countries tends to



be different, with biotechnology playing an important role in the pharmaceutical sector in
many industrialized countries whereas it is more predominant in agriculture in developing
countries, there are a number of similarities in research and production structures and
frameworks.

The R&D structure in general appears to be dominated by two types of institutions or
firms: (i) Firstly, basic research tends to be carried out largely in the public domain, by public
sector institutions and universities, and although this is changing in many industrialized
countries, modern biotechnology in the 1960s and especially 1970s owes its origins to basic
research breakthroughs made at universities in Europe and in the USA.

These institutions however, tend to be weak at performing more applied R&D of a
downstream nature, for a number of reasons, the most important of which are perhaps a lack
of knowledge about market structures and marketing techniques and the incentive structure
which is different in academic institutions and in private sector firms.

Downstream research and development, for these reasons then tends to be dominated
by the private sector, both in industrialized and increasingly in developing countries, although
the absence of capital markets in the latter has made downstream development all the more
difficult, even for the private sector.

(ii) The second sector therefore tends to be mostly dominated by private companies,
although again, in developing countries this is less the case. The applied research done by
these private agents is more suited to particular market needs and niches than the broad
framework within which generic research is done by universities. The proximity to the market
and the presence of marketing and management skills is another reason for the greater success
of the private sector in developing products for commercialization. The problems of small
biotechnology companies demonstrated very well the need for these techniques. These
companies have now tried to overcome these constraints by forming marketing and distribution
alliances with a number of suppliers in different countries. There is also increasing evidence
that there may be a tendency toward concentration as biotechnology, especially industrial
biotechnology, tends to become better established. Although the evidence is relatively sketchy
thus far"* (and more research on this subject may reveal more definite trends), if this were
indeed the case, it would point toward a structure dominated by imperfectly competitive
markets.

"* The entry of a large number of multinationals along with a decline in the number of small
firms in the 1980s and early 1990s for example led many to conclude that this was a general trend
toward concentration. Evidence of this however, is mixed, especially since by 1994, more and more
small companies had become emerging and raising money through the stock market. In a number of
cases also where there have been mergers or takeovers between large and small companies, the degree
of control has been limited. For example, the most famous takeover, that of Genentech by Hoffman
LaRoche has not led to Genentech being subsumed by LaRoche. Instead, Genentech remains relatively
autonomous and has continued to be one of the more successful and competitive biotechnology
companies. On the other hand, it is also clear that there is a rising degree of multinational investment
in biotechnology and as product approval becomes more rapid by the government, investment in
biotechnology by these companies is likely to increase. The initial cost of investing in biotechnology
is also prohibitively high, and except for those countries where venture capital is available, most
notably the US, (in Europe for example, the absence of a venture capital market has resulted in
domination by the large companies), the biotechnology industry will tend to be dominated by
multinationals who can afford the investment
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Although these two sectors can be identified as separate entities, their interdependence
is also strong. The dependence of the second sector on the first is evident in that without the
initial innovations made through basic research, such as the discovery of the double helix
structure of DNA by Watson and Crick in 1963 or the discovery of Monoclonal Antibodies
and the gene splicing technique developed by Cohen and Boyer in the 1970s, applied research
leading to commercial biotechnology would not be possible. The first sector however has also
become dependant upon the second to provide research grants and in the American
environment, to develop the new biotechnology firms.

The high initial costs for investing in biotechnology have been emphasized in the
presence of imperfect capital markets. In many countries the lack of funding through the
capital market infrastructure has been a barrier to the entry of small investors. Yet, it was the
small investors who initially formed a bridge between basic and applied research. This is
most evident in the case of the USA, where commercial biotechnology appears to have had
a head start because of the presence of a venture capital market which was willing to fund the
small biotechnology companies. A number of other countries in Europe, most notably the UK,
have also tried to develop their venture capital markets to encourage the development of
specialised companies, but with relatively less success than in the USA.

Evidence of bridging activities by these small companies can also be found in their
links to the publicly funded research sector. The founding members of the first biotechnology
firm, Genentech for example, were Robert Swanson, a venture capitalist and Herbert Boyer,
a University of California Professor, who had along with Stanley Cohen demonstrated the
rDNA splicing technique a few years earlier. Despite forming the company however, Boyer
continued to maintain his position at the University and especially during the early years,
when patents were not being granted to genetic engineering, Genentech's research team and
facilities consisted of Boyer and two researchers, who used the facilities of the University'".
Thus, even after the venture capital company had been formed, the linkages with the
University remained strong.

Thus the structure of innovation in biotechnology in both industrialized and also to an
increasing degree in developing countries, tends to exhibit a structure in which the public
sector tends to dominate the early stages of R&D, but increasingly innovation through
patenting is taking place in the private domain. The formation of small biotechnology
companies and the growing evidence of strategic marketing and research alliances,
demonstrates the dominance of the private sector in production.

10.2. Quantity, Quality and Variety: The Evidence Thus Far

The framework used throughout the thesis was that of the impact of quality and quantity on
variety. The framework was developed as a result of observations from modem
biotechnology, where productivity improvements, i.e. an increase in quantity, vertical and
horizontal improvements have had a direct impact on the total variety of products available
in the economy. A number of examples have been used to demonstrate this, and because of
the pervasive nature of biotechnology, it appears that it can both increase as well as decrease

See McKelvey (1994), Chapter 5.
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total variety either through productivity or quality improvements or through the production of
an alternative product or process which adds to the total amount of variety in the economy.

The treatment of quantity, quality and variety in new growth and trade models which
was examined in Part II above, showed also a number of alternative approaches and structures.
In contrast to orthodox growth theory, "new" growth and trade models, especially since the
1980s differ in that they treat innovation in the form of the production of new differentiated
products, rather than an increase in the quantity of existing products. One group of models
looked at horizontal product innovation, i.e. the production of new goods which are simply
substitutes for already existing products. Variety is usually modelled in the utility function,
with the love of variety approach emphasizing consumer preferences for variety. In these
models, because the new goods are imperfect substitutes for the old goods, it is implied by
the specification of utility, that they do not displace the old goods at all. Thus the result often
is an infinitely increasing variety of goods (given the budget constraint), all of which are
imperfect substitutes for each other.

The second group of models, look specifically at quality improvements. In these
models it is argued that innovation is not only horizontal, i.e. adding to the variety of
products, but much of the world's innovations come in the form of quality improvements upon
older products. Thus innovation is often vertical and this is modelled specifically in the utility
or the production functions. Consumer preferences in turn are often modelled as desiring the
highest quality adjusted for price. In these models, the result almost always is creative
destruction, with the highest quality improvement always driving out any older variety because
each innovation gives the innovator a nationwide or worldwide monopoly over that product.
At the same time, each new innovation, because of its monopoly, drives out any previous
monopolist by destroying his/her monopoly. Thus creative destruction always results in just
one variety, usually the newest quality in the market.

There are however, a number of exceptions to these models and we have looked at a
number of relevant examples. Here innovation is the result either of learning by doing or of
human capital used as an input. They are distinct from the other quality models described
above, because instead of just one variety present at all times, these models present a number
of products of different qualities present in the economy at all times. The models by Young
are especially interesting because the results show an increasing range of variety (1991) and
a constant range of varieties in the 1993 paper.

The drawback of all these models is that they provide only single selection profiles
with respect to the impact of innovation through increasing quality on older products and
therefore the total amount of variety in the economy. Instead, what was needed from the
viewpoint of biotechnology, was a formulation which would be able to express many of these
options, depending upon cost dynamics and consumer preferences for quality and variety. The
model described in chapters 8 and 9 provides an example of how this can be achieved.
Instead of just one variety being present in the economy at each time, or instead of a constant
or increasing range of varieties being present, alternatively, the model developed above
provides a number of scenarios in which each of these situations is a special result, at least
for some time periods. Through simulations we found conditions under which variety can
either remain constant for a long period of time, or increase over time, or eventually collapse
to just one variety as in the models of Aghion and Howitt and Grossman and Helpman
described above. Thus, the model provides rich dynamics and a number of implications for
the future development of industrial or agricultural biotechnology.
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