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RESUME

La contribution a la croissance économique en raison des secteurs de haute
technologie, a fait que certains pays émergents ont tenté de développer des secteurs
basés sur l'innovation et la technologie, incluant la biotechnologie. Cependant,
l'adoption et la diffusion des biotechnologies dans ces pays ont rencontré des
difficultés de nature institutionnelle et managériale. Malgré ces difficultés, quelques
innovations se sont produites, et quelques entreprises ont réussi a incorporer des
biotechnologies dans leurs procédés de production. Ce constat nous améne au
questionnement suivant : comment les entreprises dans des pays émergents adoptent-
elles les biotechnologies modernes? Sur la base de trois approches : management
stratégique, grappes de haute technologie, et politiques publiques, je vais me
concentrer sur le cas du Mexique pour analyser cette problématique.

Cette recherche repose sur différentes sources d'information : des entrevues, deux
questionnaires, des bases de données de publications et de brevets, et des rapports
officiels et de consultation. Vingt cinq entrevues face-a-face ont été menées aupres de
différents agents participants dans la biotechnologie au centre du pays. Les résultats
de cette recherche montrent qu'au Mexique, les entreprises qui utilisent des
biotechnologies, spécialement les biotechnologies modernes, sont normalement de
moyennes et grandes entreprises bien établies dans leurs marchés. Ces entreprises ont
accumulé différentes capacités a travers le temps, circonstance qui leur permet de
mieux comprendre les nouvelles technologies pour améliorer leurs produits et
procédés, et par conséquence rester sur le marché, leur principal objectif. Ainsi, on
peut argumenter que leur modéle d'affaires est de caractére imitatif. Egalement, ces
entreprises ont besoin d'établir des liens avec d'autres agents pour accéder aux
nouvelles connaissances. Pour cette raison, elles ont établi des collaborations avec des
agents qui peuvent se trouver tant au pays qu'a l’étranger. Pendant la derniére
décennie, le gouvernement mexicain a essayé de mettre en place des politiques de
technologie et d’innovation, mais le manque de vision a longue haleine et les
contraintes budgétaires font que les résultats soient maigres. Donc, les entreprises
désirant adopter des biotechnologies au Mexique, font face a des obstacles
importants.

Mots clés : biotechnologie, modéle d’affaire, grappes de haute technologie, politiques
de science et technologie, pays émergents, Mexique.




ABSTRACT

The contribution to economic growth by high technology sectors has stimulated some
emerging countries to establish policies in order to encourage the development of
those sectors, including biotechnology. However, the adoption and diffusion of
biotechnologies in emerging countries seem to face several institutional and
managerial obstacles. Nevertheless, some innovations have been developed and some
local firms have incorporated modern biotechnologies into their production processes.
Therefore, a general question is raised: how do firms in emerging countries adopt
modern biotechnologies? In order to analyze this subject, I use three different
literature bodies —strategic management, high technology agglomerations, and public
policies-, and I take the case of Mexico.

Different sources were used to gather information: interviews, questionnaires,
publications and patent databases, and institutional and consulting reports. Twenty-
five face-to-face interviews were carried out with different agents in the central
region of Mexico. The empirical evidence shows that enterprises using
biotechnologies, especially modern biotechnologies, in Mexico are medium and
large, established enterprises. They have accumulated different capabilities that allow
them to improve their products and process in order to remain on the market, their
main objective. Therefore, it is argued that they follow “imitation business models”.
They have established collaboration agreements with national and international
agents to access new knowledge. In the last decade, the Mexican government has
started to implement innovation and technology policies, however, the lack of a long-
term vision and the reduced budget dedicated to this end, set challenges for the
adoption of biotechnologies.

Key words: Biotechnology, business models, high-technology agglomerations,
science and technology policies, emerging countries, Mexico.




INTRODUCTION

High technologies play an important role in economic growth — biotechnology among
them. Biotechnology involves a group of technologies (i.e. genetic engineering,
bioleaching, bio pulping, bioinformatics, genomics, proteomics, and others) based on
advances of science of the last sixty years (i.e. biology, biochemistry, genetics) that
are used in different industries. This wide and multidisciplinary knowledge base
drives biotechnology firms to complement their capabilities in order to create new
products. The empirical evidence in developed countries shows that most
biotechnology enterprises present well-defined characteristics: close relationships
with knowledge-creating organizations, collaboration between different organizations
and institutions for innovating, and agglomeration in specific regions (Niosi et al.,
2005; Cooke, 2007). These characteristics have an impact on the way biotechnology

firms create and capture economic value (Pisano, 2006; McKelvey, 2008).

In the last two decades, some emerging and developing countries have promoted
policies to trigger the adoption of biotechnologies, especially modern biotechnology.
Biotechnology is seen as an instrument to overcome some of the serious problems
faced by developing countries, such as those related to health, food and environment
(Nature Biotechnology, 2004). However, the adoption' and diffusion of
biotechnologies in some emerging and developing countries face shortage of financial
resources, specialized workforce, and access to sophisticated institutions; these facts
have implicatioris in the manner enterprises adopt and develop biotechnologies,
especially the more complex ones. Under these circumstances, attention turns toward
questions about the potential to create and consolidate biotechnology clusters in
emerging countries and the importance of government intervention to accomplish this

task.

Recently, the Mexican biotechnology landscape has changed: some local firms have

! Adoption refers to use biotechnologies for manufacturing or developing products and services.




started to adopt new biotechnologies, collaboration between different agents
(university, firms, and associations) are more frequent, and government initiatives
have been implemented to promote the adaptation of new technologies. The general
objective of this research is to understand firms’ adoption of generic high
technologies® (that can be used in different industries) that usually require
complementary knowledge from other agents, in an institutional environment not
well developed in terms of knowledge production, financing and small government
support. I propose to analyze this situation with the case of Mexico, which is an

emerging country that recently has started to adopt biotechnologies.

The questions of this research are the following:

e What kinds of biotechnology users, actual or potential, exist in Mexico, and what
kinds of biotechnologies have been adopted? What business models are emerging

in the Mexican-specific economic environment?

¢ Given that high technologies tend to agglomerate, does Mexico have the potential
to create and support a biotechnology cluster? What kinds of collaboration, if any,

have emerged?

e How could the Mexican public policy framework be improved in order to support

the adoption and diffusion of biotechnologies?

Three closely related literature bodies are used to analyze these questions: strategic
management, regional agglomerations, and science, technology and innovation (STI)

policy literatures.

Biotechnologies are based on scientific discovery and involve different scientific

? Chapter I describe the characteristics and types of biotechnologies.




disciplines. Therefore, the industrial application of biotechnologies calls for a close
relationship between scientific and managerial capabilities, which implies some
difficulties given the different natures of both capabilities. The creation and capture
of economic value is related to economic activities that are embedded in enterprises.
When scientific researchers look for producing and capturing economic value they
face different obstacles that impede them to translate their scientific knowledge into
commercial products. In this sense, the strategic management literature —which
includes business models, capabilities and collaboration networks— is useful to
analyze why and how agents, involved in the creation and capture of scientific and
economic value, interact to complement their capabilities, particularly in emerging
economies where resources are scarce and relationships among different agents are

not well structured.

High technology enterprises tend to agglomerate in specific regions. In the case of
biotechnology, different organizations are involved in the processes related to the
creation, development and commercialization of products —e.g. universities, public
and private research labs, government agencies, enterprises, and associations. In order
to integrate the capabilities of such different organizations, collaboration is needed.
This collaboration can vary over time. In this sense, regional agglomerations and
innovation literatures provide the framework to analyze what variety of capabilities
can be integrated and how the agglomeration evolves over time. This analysis can
improve our understanding about the complex relations between different actors

needed to foster high technology agglomerations in emerging countries.

Government intervention plays an important role for the development of high
technology industries. In the case of biotechnology, the creation of scientific
knowledge and the translation of this knowledge into commercial products require

large investments in infrastructure, the development of scientific, managerial, and




operational capabilities, and market support. Governments at different levels
(national, regional and local) often design and implement a variety of policies and
programs that encourage and support the activities involved in biotechnology, to
create an environment that allows the interaction between agents. In this sense, public
policy literature focused on science, technology and innovation is useful to analyze

how governments are involved in the adoption and diffusion of biotechnologies.

This document is divided into two parts. Part I includes the theoretical framework,
the description of the Mexican institutional énvironment, and the methodology of this
research. Chapter I presents the main characteristics of biotechnologies and their
implications for strategic management. In addition, this chapter shows an overview of
the adoption of biotechnologies in emerging countries. The following three chapters
present the different literature bodies that build the theoretical framework of this
research: Chapter II deals with the concept of business model. Chapter I1I presents
the concepts and dynamics of regional agglomerations, and Chapter IV presents the
importance of public policies and how they encourage and support biotechnology.
Chapter V presents the characteristics of the Mexican system of innovation.
Chapter VI presents the integration of the concepts used in this research. In Chapter
VII the hypotheses and methodology are presented. Part II includes the empirical
results and conclusions of this thesis. Chapter VIII presents the analysis and
discussion of results. Chapter VIII deals with the STI policies implemented in
emerging countries, such China, India, Sipgapore, and Mexico. Finally, Conclusions

of this research are presented at the end.




PART I. THEORETICAL FRAMEWORK AND CONTEXT

CHAPTER
BIOTECHNOLOGY IN EMERGING COUNTRIES:
AN OVERVIEW

The objective of this chapter is to present the definition and evolution of
biotechnologies. This chapter is organized as follows: in section 1.1 the definition of
biotechnology and its main characteristics are presented, section 1.2 deals with the
characteristics of the adoption of biotechnology in developed countries, and section
1.3 shows some evidence on how emerging countries have performed the process of

catching up of modern biotechnologies.
1.1 Biotechnology: definition, knowledge base and multidisciplinary nature

Biotechnology is defined as “the application of science and technology to living
organisms, as well as parts, products and models thereof, to alter living or non-living
materials for the production of knowledge, goods and services” (OECD, 2005: 9). In
addition, biotechnology encompasses different kinds of knowledge embedded into
new technologies to obtain and manipulate new molecules (Pisano, 2006). Given that
“[m]odern biotechnology depends on advances in different fields of medical science,
natural science and engineering... Modern biotechnology is more than knowledge
[about biotechnological mechanisms]— indeed its impacts come about through the
combination of increasing knowledge with techniques and instrumentation”

(McKelvey et al., 2004: 25).

Some authors divide the historical evolution of biotechnologies into three
generations: the “first generation or traditional biotechnology’ is characterized by the
empirical application of yeast and bacteria for food processing (e.g. beer and yogurt),
‘and selective animal breeding. It has been in use for thousands of years. The ‘second

generation of biotechnology’ dates from the early twenty century. It was seen as an




industrial tool: “[they] become a tool in the hands of engineers when biotechnology
based production process became industrialized ... [e.g.] bioprocessing in order to
make biopharmaceuticals and fine chemicals such as penicillin and citric acid
respectively” (McKelvey et al,, 2004: 24). The ‘third generation or modern
biotechnology’ started in the 1950s with the work of Watson and Crick, who
described the structure of DNA as a double helix, these scientists set the foundation
for the development of the science of molecular biotechnology (Powell et al., 1996).
Then, in the 1970s, there were three main events that changed the way to obtain
molecules: “Cohen and Boyer’s 1973 breakthrough in genetic engineering methods
enable gene reproduction in bacteria and heralded the arrival a new era. Cesar
Milstein and Georges Kohler produced monoclonal antibodies using hybridoma
technology in 1975, and in 1976, DNA sequencing was discovered and the first
working synthetic gene developed” (Shan et al., 1994: 388). The most remarkable
characteristic of the third generation is its closeness with scientific discovery: “[t]he
third generation is explicitly based on underlying scientific progress whereas the first
and second generation were more technological applications, without a solid
scientific understanding of the underlying biological process” (McKelvey et al., 2004:
24).

Accordingly, modern biotechnology encompasses a range of different techniques.
The OECD (2005, 2009: 9) suggests a list of biotechnology techniques:

e DNA/RNA: Genomics, pharmaco-genomics, gene probes, genetic
engineering, DNA/RNA sequencing/synthesis/amplification, gene expression
profiling, and use of antisense technology.

e Proteins and other molecules: Sequencing/synthesis/engineering of proteins
and peptides (including large molecule hormones); improved delivery
methods for large molecule drugs; proteomics, protein isolation and
purification, signalling, identification of cell receptors.



e Cell and tissue culture and engineering: Cell/tissue culture, tissue engineering
(including tissue scaffolds and biomedical engineering), cellular fusion,
vaccine/immune stimulants, embryo manipulation.

e Process Dbiotechnology techniques: Fermentation using bioreactors,
bioprocessing, bioleaching, biopulping, biobleaching, biodesulphurisation,
bioremediation, biofiltration and phytoremediation.

¢ Gene and RNA vectors: Gene therapy, viral vectors.

¢ Bioinformatics: Construction of databases on genomes, protein sequences;
modelling complex biological processes, including systems biology.

¢ Nanobiotechnology: Applies the tools and processes of nano/microfabrication
to build devices for studying biosystems and applications in drug delivery,
diagnostics, etc.

Although these techniques can be applied to different industrial fields and sectors, the
most dynamic sectors are those related to human health and agriculture (Kenney,

1986).
1.2 Commercial applications of modem biotechnologies

Modern biotechnology commercialization began in the 1970s in California, USA.
Two enterprises are associated to the origin of the industrial use of biotechnology:
Cetus and Genentech. Cetus Corporation was established in 1972 and founded by a
group of scientists (P. Farley, a physician; R. Cape, a biochemist; D. Glaser, a Nobel
Laureate physicist; and several others) for commercializing recombinant DNA
technology (Demain, 2004). Genentech was established in 1976 and founded by
Herbert Boyer (a biochemist) and Robert A. Swanson (a venture capitalist) for
exploiting the commercial potential of genetic engineering science (Pisano, 2006)°.

During the late 1970s and early 1980s, several scientists from prestigious universities

* Cetus was sold to Chiron Corporation in 1991, which was acquired by Novartis in 2006. In 2009,
Genentech was acquired by a large pharmaceutical, Roche Group.




founded biotechnology enterprises in developed countries (e.g. Amgen, Biogen,
Chiron, Genetics Institute, Genzyme). These events revealed the strong relation
between biotechnology scientific discoveries and industrial applications. Therefore,
enterprises looking for commercializing biotechnology products have to have
scientific background, which generates a particular challenge. In Pisano’s words,
biotechnology enterprises are science-based businesses, which means “commercial
enterprises that attempt to both, create science and capture value from it” (Pisano,
2006: 2).

What have been the implications of this scientific base for enterprises developing and
using biotechnologies? The scientific base of biotechnologies has implications that
affect the dynamics and organizational designs of the following organizations:

universities and research centres, and new firms and large established companies.

Several authors have emphasized the importance of universities and research centres
in the invention and development of biotechnologies, particularly in knowledge
advancement and the formation and training of specialized workforce (Cooke, 2007;
Cockburn and Stern, 2010). Since the beginning of the industrial applications of
modern biotechnologies in the late 1970s, the creation of new enterprises dedicated
almost exclusively to R&D activities is related with the presence of star scientists in
academic and research environments. As university scientists realize that their
intellectual knowledge could be translated into a product, they occasionally think of

establishing an enterprise or spin-off in order to appropriate its economic value.

They often keep contact with their colleagues at universities and research labs in
order to obtain information of new scientific advances, and to recruit new scientists
who are trained in state-of-the-art techniques and methodologies (Audretsch, 2001).

The recruitment of young scientists is important since “biotechnology is characterized



by high degrees of natural excludability, i.e. the techniques for their replication are
not widely known and anyone who wishes to build on new knowledge must gain
access to the research team of the laboratory setting that know-how” (Fuchs and
Krauss, 2003: 4). In other words, science is the critical input for creating new

biotechnology products (Audretsch, 2001; Pisano, 2006).

While the process of creation of new scientific knowledge is clearly carried out by
scientists in universities and research centres, the translation of that scientific
knowledge into commercial products is accomplished, most of the time, by
enterprises. In this regard, some authors have suggested the existence of a ‘close’
relationship between the science and the market. For example, Arora and
Gambardella (1990: 363) mention that “in biotechnology the distance between
scientific advances and commercial application is relatively short; in many cases a
new scientific discovery is almost a new product”. These authors showed a very
optimistic vision of the translation from science to market. Other authors are more
skeptical and suggest that the translation from the knowledge generated in
laboratories to its application and development into a commercial product is neither
easy nor immediate.* For example, Pisano’s (2006) analysis of the economic
performance of R&D-driven biotechnology enterprises in the human health sector
over the last thirty years points out the particular obstacles these enterprises face: “a
science-based business entails unique challenges that require different kinds of
organizational and institutional arrangements and different approaches to

management” (p. 4).

The applications of biotechnologies are in constant change, given the scientific

progress; therefore, several biotechnology applications are not yet standardized (Pyka

* For example, monoclonal antibodies were invented in 1975, 35 years later, they coming to new
drugs. Genetic engineering has over 40 years. Yet, genomic therapy is still in its infancy.
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and Saviotti, 2002; Pisano, 2006), and this can be seen as an opportunity for the
creation of new enterprises. Therefore, countries that are concerned with the adoption
and diffusion of modern biotechnologies into the industries have to consider the
implications of this complex science-industry relationship. In sum, universities and
research centres play an important role for creating new scientific knowledge, but the
translation of that knowledge into commercial products require several managerial

and institutional interventions.

Biotechnology enterprises are defined as those that apply biotechnology techniques in
order to produce products or services’. There are two subgroups of biotechnology
enterprises that are related to modern biotechnology (Beuzekom and Arundel, 2009:
10, see Figure 1.1):

“Dedicated biotechnology firms: defined as biotechnology firms whose
predominant activity involves the application of biotechnology techniques
to produce goods and service and/or to perform biotechnology R&D.

Biotechnology R&D firms: defined as biotechnology firms that perform
biotechnology R&D. Dedicated biotech R&D firms devote 75% or more
of their total R&D budget to biotechnology R&D.”

In addition to these types of biotechnology enterprises, pre-existing industrial or
commercial companies (such as veterinary product firms, pharmaceutical
manufacturers, food additives producers or grain traders) can adopt biotechnology
and develop new products on the basis of biotechnology; they thus become

biotechnology users or biotechnology adopters.

5 The OECD (2005: 9-10) defines biotechnology active firm as a “firm engaged in key biotechnology
activities such as the application of at least one biotechnology technique [e.g. DNA/RNA sequence,
proteins and other molecules, cell and tissue culture and engineering, process biotechnology
techniques, gene and RNA vectors, bioinformatics, and nanobiotechnology] to produce goods or
services and/or the performance of biotechnology R&D”.
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Figure 1.1
Types of biotechnology enferprises

Biotechfirms

Biotech R&D firms

Dedicated
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Source: Beuzekom and Arundel (2009:10)

Since the 1970s, thousands of new and established enterprises in different countries
have adopted biotechnologies. Table 1.1 shows that the United States have the largest
number of biotechnology adopters (6,213) followed by Australia, Canada, Germany,
Korea, Japan, France, and Spain, which have more than 500 biotechnology adopters

each, while the rest of the countries have less than 200 biotechnology enterprises.




Table 1.1

Number of biotechnology enterprises in OECD countries

Biotechnology 'Dedlcated
Country biotechnology | Year
adopters
firms
United States 6213 2370 2009
Spain 1095 399 2009
France 1067 676 2008
Japan 925 ND 2008
Korea 833 358 2008
Germany 663 538 2010
Canada* 583 2011
Australia 527 384 2006
United Kingdom 487 ND 2010
Switzerland 288 184 2008
Netherlands 206 72 2008
Italy 197 117 2008
New Zealand 186 93 2009
Norway 173 ND 2009
Ireland 167 71 2009
Denmark 157 66 2009
Belgium 145 122 2006
Finland 141 i, 2007
Austria 121 111 2006
Portugal 105 43 2009
Sweden 100 58 2009
Czech Republic 93 69 2009
South Africa 78 38 2006
Estonia 38 31 2009
Poland 37 16 2009
Slovenia 17 9 2009
Slovak Republic 11 8 2009

*Data from BIOTECanada: www.biotech.ca/en/resource-centre/overview.aspx
(Accessed on 13 February 2012)

ND: No determined.

Source: OECD (2011)
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Several authors have emphasized the importance of public policies to create adequate
organizations and institutional frameworks able to foster new business. Building
these institutions and organization is not an easy task: emerging and developing

countries have struggled to adopt and support biotechnologies.
1.3 Catching up of biotechnologies in emerging countries

According to Singh (2010: 1), “An emerging market refers to a developing market
economy with low-to-middle per capita income. Countries in this category are usually
undertaking a process of economic development and reform... they are in the process
of moving from closed economies to more open economies... they experience rapid
growth in both local and foreign investment”. Therefore, the label “emerging
countries” includes a wide range of countries with a variety of socio-economic
characteristics. For example, Brazil, Russia, India and China are well known
“emerging countries” but several agencies have built lists that include countries with

very different economic growth (see Annex A).

The adoption and diffusion of biotechnologies in emerging countries vary according
to the different socio-economic contexts and government intervention. Emerging and
developing countries face, at different levels, scarcity in financial resources,
specialized human resources and access to sophisticated institutions, machinery and
instruments. These facts have implications in the local scientific progress of
biotechnology areas and in the manner enterprises adopt and develop technologies,

especially the more complex biotechnologies.

Emerging countries like China, India, and Brazil seem to have the potential to
become important players in the creation and development of biotechnology-related
products. Their governments have been actively involved in the creation of a

favourable environment to adopt biotechnologies —from improving education,
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training and infrastructure, passing through modernization of local industries to the
creation of venture capital industries (Nature, 2005; Niosi and Reid, 2007; Prevezer,
2008). Governments and companies in other countries have attempted to develop
biotechnology products and services. For instance, some efforts have been
documented in Argentina, Brazil, Chile, Mexico, South Africa, South Korea, and
Turkey (Bolivar et al.,-2002; Nature Biotechnology, 2004; Buckley et al., 2006).
However, the large investments and complexity of modem biotechnologies seem to

set barriers for their adoption and diffusion (Niosi and Reid, 2007).

Among the emerging economies, two countries seem to be in an accelerated process
of catching-up of modern and complex biotechnologies: China and India. The two
countries have followed different strategies to adopt biotechnologies. In both
countries, government has played an important role for improving scientific and
technological capabilities, promoting the linkages between science and business
sectors, and fostering innovation activities based on external sources and domestic
efforts (Fan, 2011; Frew et al., 2008)%. The adoption of modem biotechnologies,
particularly in the biopharmaceutical industry, has followed different patterns given
the specific characteristics of each country. On the one hand, Indian biotechnology
has been developed by the combination of scientific research capabilities (Mani,
2004) and legal frameworks that facilitate the adoption of biotechnologies in
pharmaceutical processes (Ramani, 2002). Large and medium enterprises started to
incorporate biotechnology as a strategy to maintain their position in the local market.
On the other hand, China has attempted to imitate developed countries, particularly
the United States, establishing several biotechnology start-ups and generating an
institutional environment to develop modern biotechnologies (Prevezer, 2008). Then,

large pharmaceuticals acquired innovative biotech start-ups as a strategy to maintain

8 See Chapter IX for details of government intervention for supporting adoption and diffusion of
biotechnologies.
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their position in fhe market. In addition, China has based its growth on the large
internal market (Frew et al., 2008) while India has based its biopharmaceutical
manufacturing industry upon exports (Fan and Watanabe, 2008). Given the
complexity of biotechnologies, these countries still face institutional and
organizational obstacles (Fan, 2011; Thomas, 2008). It seems that the patterns
followed by developed countries to adopt and diffuse modern biotechnologies are

difficult to implement in emerging and developing countries.

The following chapters II-IV discuss three bodies of literature that are useful to
understand the specific institutional and organizational dynamic of the adoption of
modern biotechnologies in emerging and developing countries. Figure 1.2 depicts the

relation between the three theoretical bodies used in this research.
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Figure 1.2

Relation between the theoretical bodies used in this research
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CHAPTER II
BUSINESS MODELS AND BIOTECHNOLOGY ENTERPRISES

The objective of this chapter is to analyze, through the lenses of management
literature, how high-technology firms, particularly biotechnology firms, deal with
scientific advancement and multidisciplinary nature to create and capture economic
value. The chapter is divided as follows: section 2.1 presents the definition of
business model and the importance of this concept in strategy and innovation. Section
2.2 presents the different business models that have been identified in biotechnology

enterprises.
2.1 Definition of business models

In the last century, technological changes and the emergence of new markets have
influenced the processes by which firms produce goods and services as well as the
ways customers fulfill their needs. Consequently, management literature has
developed different strategy approaches’ that include a variety of concepts and tools
for helping managers to deal with changes in demand (e.g. customer needs, market
. scope), institutional environments (e.g. regulations and policies) and technologies
(e.g. information and communication téchnologies) (see Annex B). Since the mid-
1990s, the term ‘business model’ has gained relevance as a planning tool to identify
the processes involved in the creation and capture of economic value. However, this
term has several definitions and few theoretical efforts have been made to define its
components: “a business model has been referred as to a statement, a description, a
representation, an architecture, a conceptual tool or model, a structural template, a
method, a framework, a pattern, and a set” (Zott et al., 2011: 1022) (see Table 2.1). A

general definition includes: the value creation process that encompasses a “series of

7 Strategy is “a plan that aims to give the enterprise a competitive advantage over rivals through
differentiation. Strategy is about understanding what you do, what you want to become, and most
importantly - focusing on how you plan to get there” (Harvard Business Review, 2005: xiv).
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activities that will yield a new product or service, with value being added through the
various activities”, and the value capture process, which “requires the establishment

of a unique resource, asset or position within the series of activities in which the firm

enjoys a competitive advantage” (Chesbrough, 2007b: 22).

Table 2.1

Definitions of business models

Author(s), Year

Definition

Timmers, 1998

The business model is “an architecture of the product, service and
information flows, including a description of the various business
actors and their roles; a description of the potential benefits for the
various business actors; a description of the sources of revenues”

(p.2).

Amit & Zott, 2001;
Zott & Amit, 2010

The business model depicts “the content, structure, and
governance of transactions designed so as to create value through
the exploitation of business opportunities” (2001: 511).

Based on the fact that transactions connect activities, the authors
further evolved this definition to conceptualize a firm’s business
model as “a system of interdependent activities that transcends the
focal firm and spans its boundaries” (2010: 216).

Chesbrough &
Rosenbloom, 2002

The business model is “the heuristic logic that connects technical
potential with the realization of economic value” (p. 529).

Magretta, 2002

Business models are “stories that explain how enterprises work. A
good business model answers Peter Drucker’s questions: Who is
the customer? And what does the customer value? It also answers
the fundamental questions every manager must ask: How do we
make money in this business? What is the underlying economic
logic that explains how we can deliver value to customers at an
appropriate cost?” (p. 4).

Morris et al., 2005

A business model is a “concise representation of how an
interrelated set of decision variables in the areas of venture
strategy, architecture, and economics are addressed to create
sustainable competitive advantage in defined markets” (p. 727). Tt
has six fundamental components: Value proposition, customer,
internal processes/competencies, external positioning, economic
model, and personal/investor factors.

Johnson,
Christensen,
& Kagermann, 2008

| Business models “consist of four interlocking elements, that,

taken together, create and deliver value” (p. 52). These are
customer value proposition, profit formula, key resources, and key
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processes.

Casadesus-Masanell | “A business model is . . . a reflection of the firm’s realized
& Ricart, 2010 strategy” (p. 195).

Teece, 2010 “A business model articulates the logic, the data and other

evidence that support a value proposition for the customer, and a
viable structure of revenues and costs for the enterprise delivering
that value” (p. 179).

Source: Zott et al. (2011: 1024)

Given the diversity of business model definitions, different contents and elements
have been identified as part of business models. For example, Shafer et al. (2005)
present the following elements: strategic choices, value creation and capture, and
value networks. While Onetti et al. (2010) assert that a business model has elements
related to the firm’s objectives/mission, strategy, and financial aspects, they
emphasize the importance of the allocation of resources, the kind of activities
performed by the firm, and the location of activities in the definition of a business

model:

“[T]he way a company structures its own activities in determining the
focus, locus, and modus of its business... Focus decisions concern the
allocation of company resources to different activities... Locus decisions
refer to where the different activities of the company are located... this
decision has to be made for each activity the company has chosen to
focus... The modus decisions of the business model designs the way a
company operates in selecting the management methods for each
activity... which activities to manage in-house and which ones to
outsource” (Onetti et al., 2010: 32).

Therefore, this concept seems to integrate firm’s capabilities with the strategic
decisions about activities” location and relationship with partners. In addition to these
elements, some authors have mentioned the dynamic character of business models.
Given that a business model encompasses aspects of the strategy and decision making

processes, this implies evolution and adaptation over time: “an organization’s
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business model is never complete as the process of making choices and testing
business models should be ongoing and iterative” (Shafer et al., 2005: 207; Francis
and Bessant, 2005; Chesbrough, 2007a). Actually, the dynamism of the business
model can become an important element for value sustainability: firms have to renew
their business model to maintain their competitiveness (Davenport et al., 2006;
McKelvey, 2008; Teece, 2010). Over time, firms face internal and external changes
that push them to modify and improve their products and processes to reach and
maintain competitive positions. Internal changes can be generated by the
recombination or acquisition of new assets or capabilities (Helfat and Peteraf, 2003)
while external changes caused by economical and institutional environments provoke
the firm to respond (McKelvey, 2008). In both cases, the firm’s capabilities will be
affected, and business models would be modified in a reaction to business
opportunities such as penetration of existing markets, expanding markets, or creating

new markets (Francis and Bessant, 2005).

There are at least four relevant external factors that influence a business model

(Mckelvey, 2008):
e Technological advances: they help to open up ‘technological opportunities’;
in turn they will become market opportunities,

e Public and private interfaces: collaboration between public and private

organizations could be difficult to manage,

o Public policy, institutions and regulations: how and why institutions set the

framework of competition,
¢ Demand and consumer: the way in which demand can be expressed.

Firms could respond to external changes, but also they could be part of that change

through experimentation, by modifying their internal resources: “As soon as they
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[firms] run into problems or see new business opportunities, most firms are willing to
experiment. Thus they will change their internal resources... in order to respond to
new business opportunities and to solve political and technological challenges”

(McKelvey, 2008:14).

Here it is important to mention the difference between strategy and business model.
These concepts are closely related but they have different purposes: “while strategy
provides differentiation and competitive advantage, the business model explains the
economics of how the business works and makes money” (HBR, 2005: vxi).
According to Davenport et al. (2006:182)

“a business model is concerned with creating value for the customer,
therefore, it underlies the rational for being in business and seeks to
obtain innovative knowledge from outside stakeholders (networking). A
strategy is concerned with competition, therefore it develops a plan of
how to put a business model (differentially) into action, and consequently,
strategy involves the internalization of re-shaping of knowledge”.

In other words, business models are ‘more generic’ than a business strategy (Teece,

2010: 180).2

The relevance of business model in innovation relies on the fact that global
competition and technological innovation urge firms to look for new organizational
setups and new ways to interact with their institutional environment. In this sense,
business models can be seen as tools to ensure firm’s competitive advantage
(Davenport et al., 2006; Teece, 2010).

“A good business model will provide considerable value to the customer

8 Internet version of newspapers can help to illustrate the difference between business model and
strategy. The business model of these companies is simple: to put information on Internet and obtain
revenue for advertising. There are at least two different business models for newspapers: having
complete access (e.g. La Presse Montreal) or having a limited access (e.g. Le Devoir). Many
newspapers have adopted one of these business models, however no all of them have the same market
success. The competitive advantage of these newspapers relies on their strategies, for example, kind of
contents, reputation of the columnists, and supplements, which are more difficult to imitate.
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and collect a viable portion of this in revenues. But developing a
successful business model (no matter how novel) is insufficient in and of
itself to assure competitive advantage. Once implemented, the gross
elements of business models are often quite transparent and (in principal)
easy to imitate —indeed, it is usually a matter of a few years —if not
months- before an evidently successful new business model elicits
imitative efforts. In practice, successful business models very often
become, to some degree, ‘shared’ by multiple competitors” (Teece, 2010:
179).
Here it is important to mention that even when the ‘gross elements’ are transparent, in
the case of biotechnology, it seems that there are some business models that are not
easy to replicate (see section 2.2). Therefore, the business models become a
competitive advantage: “if not easily replicated by competitors, they can provide an
opportunity to generate higher returns to the pioneer, at least until their novel features

are copied” (Teece, 2010: 181).
2.1.1 Components of business models: capabilities and collaborations

Summarizing the definitions presented in the previous section, a business models
encompasses aspects of mission, strategy, allocation of resources, relationships with

other agents, location of activities, and financial aspects (see Figure 2.1).
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Figure 2.1

Components of business models
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Source: Onetti et al. (2010); Teece (2010)

In this research, only two components of business models are analyzed, namely
capabilities and collaborations, since the focus is on the importance of scientific
discoveries and the interaction of different actors in the development of high

technology products.

Capabilities and innovation
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The strategic management literature has emphasized the heterogeneity of firms. This
heterogeneity is based on the creation and development of competences and dynamic
capabilities, which are key elements to achieve and maintain a strategic position in
the market. Resources per se do not contribute to the competitiveness of the firm.
Their combination is what makes them useful to improve the firms’ performance
(Penrose, 1995). Depending on their contributions, some specific resources become
valuable assets to the firm, and therefore, they are the main components of the firm’s
- competences (Foss, 1996; Teece et al., 1997). Competences can be found at
individual and organizational levels. Foss (1996:1) defines a competence as “a typical
idiosyncratic knowledge capital that allows its holder to perform activities —in
particular to solve problems— in certain ways, and typically do this more efficiently
than others”. Therefore, knowledge becomes an important asset to the firm, which is
built through a continuous repetition of activities and remains in the firm’s memory
as routines (Nel§on and Winter, 1982). These particular routines are ‘distinctive
activities’ well performed by the firm (Teece et al., 1997). Firms can have a variety of
competences, some of these competences are ‘core competences’, which allow the
firm to develop core products: “core competences are the collective learning in the
organization, specially how to coordinate diverse production skills and integrate

multiple streams of technologies” (Prahalad and Hamel, 1990: 82).

In addition, firm’s competences are not limited to the firm’s boundaries. Firms
interact with other organizations, especially in environments in constant change such
as those of high technologies; therefore firms have to develop abilities to integrate,
build, and reconfigure internal and external competences (Cohen and Levinthal,
1990; Teece et al., 1997: 516; Helfat and Peteraf, 2003).

Collaboration and innovation
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Different approaches have been developed to explain industrial organization.
According to economic theory, markets and hierarchies were considered to be
efficient forms of organization, and other forms were expected to be temporary (e.g.
collaboration networks, alliances). Nevertheless, in the last decades, the development
of complex technologies and products has required the participation of different
organizations (firm and non-firm) on a more permanent basis. Basically, the objective
of collaboration is to access specific asseté that can contribute to the firm’s economic
success. This subsection presents two approaches that deal with temporary
collaborations and its relevance for innovating: transaction costs and networks of

learning.
Transaction cost approach

Markets for specialized assets rely on the assumption of a clear division of labour
according to the value chain, in which each firm has specific capabilities/assets.
However, this market of specialized assets involves information asymmetries, tacit
knowledge, and intellectual property uncertainty that could generate transaction costs
(Williamson, 1979; Pisano, 1991). The transaction costs approach suggests that
vertical integration helps avoid uncertainty and opportunism from other agents in the
market. However, in some high-tech industries the collaboration between different
agents seems mandatory to survive in the market (e.g. the collaboration between a
dedicated biotechnology firm (DBF) and a large pharmaceutical company). High
technologies are closely related to scientific knowledge, and these — particularly in
biology and related disciplines — have a rapidly moving frontier; therefore incumbent
firms may not have the sufficient absorptive capabilities to internalize such large

amounts of new knowledge (Cohen and Levinthal, 1990; Pisano, 1991).

Networks of learning approach
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Another approach that has contributed to the understanding of collaborations between
firms is networks of learning (Powell, 1990; Powell et al., 1996). This approach is
based on the social character of knowledge and its accumulation over time (Nelson

and Winter, 1982; Nonaka, 1994).

A network is a form of coordinating economic activity, a form of governance that
allow collaboration among different actors facilitating the exchange of information,
the access to valuable assets (e.g. knowledge, know-how), the production of goods
and services, and the sharing of risks (Powell, 1990). The concept of network is based
on the socialization of individuals and it involves the mutual support among parts
(Powell, 1990). As the network evolves, the actors’ interdependence increases,
therefore, they often prefer to remain in the network rather than to exit (Powell,
1990). Networks vary according to their structure, governance, and industry. These
elements are the result of historical events (Powell, 1990; Smith-Doerr and Powell,
2005). |

How do networks impact learning and innovation processes? According to Powell et
al. (1996), the locus of innovation is found in networks of learning rather than in
individual firms. The main argument of this approach is that since no single firm can
have all the resources needed for the creation, production, and market of new
products, and since the amount of available useful new knowledge increases
exponentially, firms often collaborate with other organizations (e.g. universities,
government agencies, and other firms) in order to obtain complementary knowledge,
resources and capabilities (Powell et al., 1996). For example, collaborative R&D
allows individuals to expand their sources of knowledge (Powell et al., 1996; Oliver,
2001). This argument fits well with the process of R&D in complex (high)
technologies because they involve many resources such as specialized knowledge,

technological and managerial capabilities, and funds.
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Knowledge is the main input for the innovation process (Nelson and Winter, 1982).
Nonaka (1994) mentions that there are two main types of knowledge: tacit knowledge
that is difficult to transfer, deeply rooted in action, commitment, and involved in a
specific context (know-how, crafts, skills); and explicit or codified knowledge that is
discrete and is captured in blueprints, documents, manuals and models. Knowledge is
based on the interaction among individuals; therefore, organizational knowledge can
be understood in terms of a process that “organizationally” amplifies the knowledge
created by individuals, and crystallizes it as a part of the knowledge network of an
organization (Nonaka, 1994). In addition to internal knowledge, firms can benefit
from external sources to increase their competences: “a firm’s value and ability as a
collaborator is related to its internal assets, but at the same time, collaboration further
develops and strengthens those internal competencies” (Powell et al., 1996: 119). In
other words, the collaboration among different organizations allows people to be
aware of other activities or other projects that could improve their performance.
Therefore, the external sources of knowledge are relevant for innovation; but the firm
should have absorptive capacity to benefit from external knowledge (Cohen and
Levinthal, 1990). In words of Oliver (2001): “the evaluation and utilization of this
[external] knowledge is a function of prior related knowledge which includes basic
skills such as shared language and knowledge of the technological and scientific
developments in the field” (p. 468). Consequently, networks of learning make
possible the diffusion of knowledge, the inter-firm learning and the exploration of
complementarities among firms, which is crucial in high technologies given their

complexity and multidisciplinary nature (Pyka and Saviotti, 2000:15).

In sum, although the transaction costs approach suggests that firms with specialized
assets (e.g. scientific knowledge or regulatory capabilities) should attempt a vertical
integration strategy to acquire capabilities and reach a competitive position in the

market, the increased complexity of high technologies calls for collaboration
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networks between different actors that allows firms to explore and complement

capabilities to become a competitive agent.
2.2 Business models in biotechnology

The creation, adoption and commercialization of biotechnology-related products rely
on collaboration networks that involve different actors. Prominent actors are
dedicated biotechnology firms (DBF), which have been under the spotlight in the last
three decades because of their role as a mechanism of translation from scientific
results to high quality products, particularly in the human health and agriculture
sectors of developed countries. However, in recent years, some authors have
questioned the performance of DBFs as a mechanism to generate and capture
economic value (Pisano, 2006). In addition, the financial crises of 2000-1 and 2008-
10 have reduced considerably the availability of venture capital (Nature
Biotechnology, 2010), which has affected the establishment and survival of
biotechnology start-ups. This section seeks to describe how firms generating and
adopting biotechnologies create and capture economic value. These elements will
allow setting the basis to discuss the implications for the adoption of biotechnologies
in countries, like Mexico, which has underdeveloped organizations to support the

adoption of complex biotechnologies.

Firms vary according to the combination of their capabilities, strategies, their reaction
to external environments (e.g. institutions) (Nelson, 1991; McKelvey, 2008), and
their kinds of collaboration networks in which they participate. In the case of
biotechnology enterprises, scientific discoveries in different disciplines imply more
complexity and diversity. This scientific advance has two main implications: 1) the
population of enterprises remains heterogeneous because the different industrial

applications; and 2) the number of organizations involved in the discovery and
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commercialization processes to achieve new products seems to increase (McKelvey,
2004; McMeekin et al., 2004). Consequently, biotechnology enterprises vary in the

way they create and capture economic value.
2.2 Definition of a business model for biotechnology enterprises

Since the early 1980s, several scholars and practitioners have analyzed the creation
and growth of firms using biotechnologies. In the last decade, some authors have
started to focus on ‘biotechnology business models’; i.e. how firms do business in

biotechnology.

There is not a specific concept of business model for biotechnology. However, some
authors have used a general concept that includes ‘a detailed description of the
activities carried out by the biotechnology firms’ (see Table 2.2). As mentioned in
Chapter I, the early adoptions of biotechnologies for industrial products were carried
out in developed countries and particularly in the pharmaceutical and agricultural
sectors. Based on these experiences, authors have identified two well-defined
business models in biotechnology firms: classic dedicated biotechnology model and

large, vertically integrated company business model.

“In the classical biotechnology model, scientific discoveries and
technological inventions have been quickly developed within
entrepreneurial firms, usually based upon venture capital. They compete
through their specialized scientific knowledge, often sold to large
companies, and also compete through their flexibility such as quick
commercialization, alliances, and keeping up to date with scientific and
technological breakthroughs. These firms invest heavily in research and
development (R&D) — but often have difficulties making money off their
internal knowledge resources...

“In the large, vertical integrated company business model, economies of
scale and the use of integrated resources have been characteristic. These
firms have integrated everything from research and development (R&D)
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to production to marketing and after sales monitoring. They have
competed through finding the next ‘blockbuster drug’ in pharmaceuticals
and through having large segments of the market in other industries like
medical devices.” (McKelvey, 2008: 9, bolds added)

Although human health and agriculture are the main areas in which biotechnologies
have been applied, industrial applications of biotechnologies (e.g. enzymes,
biopolymers, plastics) are becoming more prevalent (BIO, 2010): “modern biotech
firms do many different things, and hence there are not a traditional sector in the
sense of selling more or less homogeneous and competing products” (McKelvey,
2008: 16; McMeekin et al., 2004). Therefore, a range of biotechnology business
models has emerged between the ‘classical biotech firm’, and the ‘full vertically

integrated” or ‘Genentech model’ (see Figure 2.2 and Table 2.2).
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Figure 2.2
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Generally, the image of a biotechnology enterprise is related to the classical business
model (small enterprises almost entirely dedicated to R&D activities), and actually,
several countries are attempting to generate and support this kind of enterprises (see
Table 1.1 in Chapter I). However, there are very few successful cases of large,
vertical integrated models like Genentech and Genzyme, which initiated from the

classical business model. For instance, in 2010 only 16 biotechnology enterprises in
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the United States were considered ‘commercial leaders’ (firms with revenues greater
than USD 500 million) (Ernst & Young, 2011: 43).° The large-scale model implies
high risk given the huge investments in clinical assays, drug approval, manufacturing
and marketing. Additionally, two factors have affected the possibilities for small and
medium DBFs to become large integrated firms: international financial crises and the
incorporation of biotechnologies into the R&D labs of large, established firms. The
financial crises of 2000-1, and 2008-10 have reduced the availability of venture
capital, as the stock market exit became very difficult (Nature Biotechnology, 2010).
In addition, established companies in pharmaceutical, food and chemical industries as
well as seed traders have invested in establishing their own biotechnology R&D
facilities in order to acquire and develop state-of-the-art biotechnologies capabilities
that allow them to vertically integrate themselves, improve their processes and
develop new products (Nature Biotechnology, 2010). Thus, the large-scale model —
the Genentech model- that of a DBF growing to become a large corporation, is almost
entirely precluded. The integration of biotechnology in large established industrial
firms is taking place through two different processes: the acquisition of existing
DBFs, and the creation of new biotechnology R&D labs within the corporations.
While this convergence process takes place in advanced OECD countries, the number
of large industrial and commercial firms able to adopt biotechnology is reduced in

developing and emerging countries.

So far the analysis of biotechnology enterprises’ business models has been focused on
the human health sector in developed countries. These studies reveal a variety of
business models, and also show evidence of the different elements that influence
those models (Table 2.2). For example, Fisken and Rotherford (2002) analyze the

development of capabilities and risk management of biotechnology firms and identify

® This list does not include Genentech, which was acquired by Roche Group in 2009. And Genzyme
appears in the list but Sanofi acquired it in 2011.
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four business models: full integrated, product, platform/tool, and hybrid (product and
platform). Mangematin et al. (2003) propose two different business models according
to the biotechnology firms’ market scope and its influence on the growth path: firms
that target niches within local markets; and firms that target larger national and
international markets. Nosella et al. (2005) mention five business models evaluating
the different position firms have in the value chain: “new biotechnology firms (NBF),
integrated companies, involved in the process from research to commercialization,
integrated compaﬂies which sell products to other companies, manufacturing
companies (which carry out the final stage of innovation, from industrial
development to production and commercialization), and services companies” (p.
854). McKelvey (2008) suggests ten different business models in the human health
sector according to two dimensions: emphasis on the internal or external capabilities
and the focus on market or technology competition. According to the objectives of
collaboration, Greiner and Ang (2010) suggest that hybrid business models perform
more exploration activities than product focused business models and technology
platform business models, which carry out more exploitation activities. Therefore, the
elements involved in biotechnology firms’ business model can be summarized in

capabilities, collaborations, and competitive environments or market.
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Capabilities in biotechnology enterprises

As mentioned above, firms need different capabilities to generate new products and
react to environments. In general, these capabilities can be categorized, for example,
in technological, operational, and managerial capabilities. However, in the particular
case of biotechnology, scientific capabilities are crucial to understand complex
biology systems, in which other disciplines have been joined for analyzing and
discovering —for example mathematics, neuroinformatics, bioinformatics, and

molecular genetics (Hayden, 2010; Abbott, 2010).

In addition to scientific capabilities, technological and managerial capabilities are
needed to develop, manufacture and commercialize biotechnology-related products.
Technological capabilities are those capabilities that firms perform to produce goods
and services. They allow firms to identify, use, and modify technologies (Kim, 1997).
Managerial capabilities allow the firm to organize its activities and its relations with
other organizations (Fisken and Rutherford, 2002) to obtain complementary
capabilities or assets (Teece, 1986). Therefore, the establishment of collaborations
between biotechnology enterprises with other organizations (e.g. venture capital
firms, government agencies, universities and research centres) becomes critical for

the performance of these enterprises.

These capabilities are required to explore new products and processes, but are not
enough to manage a successful dedicated biotechnology firm (DBF). Other
capabilities are needed to evaluate information about markets and environments.
These other capabilities include those of assessing markets and future income flows
from those markets, devising a financial strategy by understanding the different
sources of finance (venture and angel capital, bank loans, capital markets,

government subsidies, tax credits, reimbursable loans and other public funds, as well
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as foundations such as the Wellcome Trust, the Gates Foundation and hundreds of
others). Also, DBFs need to acquire legal competencies required to patent, transfer
technology (in and out) and obtain the necessary national approvals for new drugs
(e.g. FDA in the United States, the European Medicines Agency, Health Canada) or
the use of biotechnologies without affecting crops and environment. And of course,
DBFs managers need to understand some industrial economics to decide the types
and quantities of their production, potential markets and market share, number of
actual and future competitors, pricing policies and the like. DBFs are born with a very
restricted set of competencies. Successful firms are those that arrive to incorporate
these other complementary competencies during the first years of their existence.
Often, venture capital firms help biotech firms to incorporate these complementary

competences (Hollway, 2010).
Collaborations in biotechnology

Biotechnologies involve a mix of codified and tacit knowledge (McKelvey, 1998).
This knowledge is embedded in few scientists who have the ability to acquire and
create this knowledge and “the information about the potential commercial market for
viable products resulting from that knowledge” (Audretsch, 2001: 40). In the last
decades, other scientific disciplines have been added to the creation of new
biotechnology techniques. This has two implications for biotechnology innovation:
on one hand, “the rapid development of different research fronts makes it difficult for
large firms to joint multiple research decisions” (Oliver, 2001: 472), it means that
small and medium DBFs have an advantage derived from their unique scientific
knowledge; on the other hand, biotechnologies imply a specific challenge; because as
the frontiers of science move forward, new techniques are discovered, and knowledge
becomes more complex and difficult to manage (Oliver, 2001; Pisano, 2006).

Therefore, a network of different actors is necessary to create and commercialize
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biotechnology-products. This network includes universities, public research labs,
venture capital firms and other sources of funds, DBF, large, established companies,

government agencies.

What are the organizations and institutions that shape a ‘biotechnology network’?
Since the beginning of the adoption for commercialization of biotechnologies in the
1970s, the relationship between firms —developing or adopting biotechnologies— and
knowledge-creating organizations has played an important role for the diffusion of
biotechnologies. Nevertheless, some other organizations and institutions are
necessary to nurture and support the development and commercialization of
biotechnology-related products. These organizations are embedded in institutional
frameworks, which in turn, influence the way firms adopt business models (see
Figure 1.2 in Chapter I). The institutional framework promotes and facilitates the
experimentation of different business modes and the evolution of those according to
the characteristics of the adoption of biotechnologies: scientific knowledge base,
multidisciplinary, and large investments (Pisano, 2006; Cockburn and Stern, 2010).
Therefore, the increasingly multidisciplinary of biotechnologies, the complexity of
living organisms, and the changes in demand and institutional context (e.g. laws)
make possible a diversity of business models away from the classical dichotomy

(McKelvey, 2008).



CHAPTER III
GEOGRAPHICAL AGGLOMERATIONS

Empirical research has demonstrated that high-technology firms tend to agglomerate
in specific geographical areas (Saxenian, 1994; Swann et al.,, 1998, Niosi et al.,
2005). Firms tend to agglomerate given the positive externalities that they can obtain
within specific areas: knowledge spillovers, pools of qualified human resources,
specialized services and access to funding among others (Braunerhjelm and Feldman,
2006). This chapter deals with the following questions: how do biotechnology
agglomerations emerge? What are the elements and factors that allow the
development of such agglomerations over time? In order to answer these questions,
section 3.1 presents three different concepts of agglomerations. The dynamics of
agglomerations are presented in the section 3.2, and section 3.3 describes the

dynamics of biotechnology agglomerations.
3.1 Concepts of agglomerations

Different concepts have been developed to analyze the agglomeration of firms in
specific geographic areas. At least three concepts have dealt with the study of
biotechnology agglomerations: The most popular is the concept of cluster (Porter,
2000); this concept emphasizes the participation of different actors in a related
industry within a geographical area. The concept of regional system of innovation
focuses on the analysis of relationships between different agents in a specific region
(Cooke and Morgan, 1998). In the last years, the concept of anchor tenant has
emerged in regional agglomeration and innovation literatures (Agrawal and
Cockburn, 2003; Feldman, 2003). This concept helps to identify the main attractor(s)
to the agglomeration. The definitions of these concepts are presented in the following

paragraphs.
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Cluster
Porter (2000) defines a cluster as follows:

“[A] geographically proximate group of inter-connected companies and
associated institutions in a particular field, linked by commonalities and
complementarities. The geographical scope of cluster can range from a
single city or state to a country or even a group of neighbouring countries.
Clusters take varying forms depending on their depth and sophistication
but most include end-product or service companies; suppliers of
specialized inputs, components, machinery, and services; financial
institutions; and firms in related industries. Clusters also often involve a
number of institutions, governmental of otherwise, that provide
specialized training, education, information, research and technical
support (such as universities, think tanks, vocational training providers);
and standards-setting agencies. Governments departments and regulatory
agencies that significantly influence a cluster can be considered part of it.
Finally, many clusters include trade associations and other collective
private sector bodies that support cluster members” (p. 254, bolds added).

This definition attempts to encompass the extensive range of participants that
agglomerate in a determined geographical area, however, this concept does not deal
with the dynamics followed by the group of different organizations in order to
understand why and how they agglomerate, what are the forces of attraction and
whether the attraction process is limited in time and geography or through the
saturation of organizations (Martin and Sunley, 2003). Moreover, the concept does
not deal with the precise types of organizations and institutions involved in these
dynamics, the geographical limitation of the cluster, and the kinds of
complementarities that are needed and produced. For example, some authors consider
clusters of enterprises while others consider clusters of industries (Prevezer, 1997,

Porter, 2003).

Feldman and Braunerhjelm (2006: 3-4) underline that cluster formation follows an

evolutionary process based on endogenous resources: at the beginning, some
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triggering (historical-social-political) and entrepreneurial events spark the emergence
of a clusters; then the creation of competitive advantages and the establishment of
adequate institutions create agglomeration forces —like labour market pooling,
supplier specialization, knowledge spillovers, entrepreneurship, local demand- which
in turn, influence internal socio-economic dynamics; finally, the evolution of the
industry and local competition defines the future of the cluster: either to become ‘the
place to be’ or to accept the stagnation or decay. Although a random event can trigger
the emergence of clusters, the most important issue is what happens later and how to
support the development of that cluster (Feldman and Braunerhjelm, 2006). In this
sense, some authors have emphasized the role of government intervention through
public policies to promote and support the development and growth of the cluster

(Carlsson, 2006) (see Chapter IV).
Regional systems of innovation

Innovation is a complex process that involves knowledge as the main input and
learning process as the strategic activity for competitiveness (Lundvall, 1992; Asheim
and Coenen, 2005). The concept of national system of innovation emphasizes the
roles of knowledge, learning and networks in the innovation process at the national
level. Since the 1980s, scholars have underlined the special characteristics of regions
in terms of industries, institutions, resources, and human capital: “within industrial
and industrializing countries, innovation takes place in a few metropolitan areas and
regions” (Niosi et al., 2005: 4). Thus, the regional system of innovation (RSI)
approach highlights the importance of an institutional environment that enables

systemic linkages to encourages innovation within the region:

“Regions which posses the fully panoply of innovation organizations set
in an institutional milieu where systemic linkage and interactive
communication among the innovation actors is normal, approach the
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designation of regional innovation systems. These organizations can be
expected to consist of universities, basic research laboratories, applied
research laboratories, technical transfer agencies, regional public and
private (e.g. trade associations, chambers of commerce) governance
organizations, vocational training organizations, banks, venture
capitalists, and interacting large and small firm. Moreover they should
demonstrate systemic linkages trough concertation programmes, research
partnerships, value-adding information flows, and policy action lines
from the governance organizations. This system combine learning with
upstream and downstream innovation capability, and thus warrant the
designation regional innovation systems.” (Cooke and Morgan, 1998: 71).

Given the importance of knowledge in the innovation process, Cooke (2004: 3)
defines the RSI as “interacting knowledge generation and exploitation sub-systems
linked to global, national and other regional systems for commercializing new
knowledge”. The knowledge generation subsystem involves public and private
research laboratories, universities and colleges, and technology transfer agencies. The
knowledge exploitation subsystem involves mainly firms. The interaction between
the two sub-systems allows the creation, use and diffusion of knowledge as well as
defines, through time, the patterns of behaviour (e.g. norms and laws) among the
actors in the regional institutions. In turn, these institutions affect the way in which

the innovation takes place (Asheim and Coenen, 2005; Niosi et al., 2005).

Cooke (2002: 143) underlines that “the regional and, more particularly, local levels
become most important for the evolution of clusters, including the concentration of
critical research mass, the formation of networks, development of cluster interactions
and even the commercialisation of products”. In addition to regional conditions, the
national and international levels also play a role. For example, the regulatory regime
is implemented at the national level, while commercialisation, links to large

companies, customers, and even venture capital, are frequently global (Cooke, 2002).

Anchor tenant




43

Agrawal and Cockburn (2003) developed the anchor tenant'® concept to explain the
relationship between university research and industrial R&D in a regional, high-tech

context. An anchor tenant (AT) organization is defined as follows:

“[A] large, locally present firm that is: (1) heavily engaged in R&D in
general and (2) has at least minor absorptive capacity in a particular
technological area [...] the presence of an anchor tenant firm enhances the
regional innovation system such that local university research is more
likely to be absorbed by and to stimulate local industry R&D” (Agrawal
and Cockbum, 2003: 1229).

According to these authors, the main attribute of the AT is that it can create
knowledge and participate in technology markets within the region. The AT also
facilitates the process of technology transfer from university research into industrial
R&D, for example, if a large, established firm (AT) is engaged in R&D activities in a
particular technological area, this firm create demand for scientific research services
from the local university; at the same time the AT firm must have the absorptive
capacity to internalize the scientific knowledge created in the universities or public

research labs.

Feldman (2003) adopts the concept of anchor tenant to explain the location and
specialization of firms using and developing biotechnologies in a specific region.
Some authors have underlined that biotechnology “is developing differentiated and
unique capabilities in specific location” (Feldman, 2003: 316; Niosi and Bas, 2001;
Cooke, 2007). Feldman (2003) suggests that a possible reason of this ‘unique
capabilities’ is the role played by anchor tenant organizations. She enhanced the
concept of AT and proposed that regional anchors may include knowledge-creating

organizations and established firms:

' «“The classic ‘anchor tenant’ is the large department store in a retail shopping mall that creates
demand externalities for the other shops. Large department stores with a recognized name generate
mall traffic that indirectly increases the sales of lesser-known stores” (Agrawal and Cockburn, 2003:
1229)




44

“Established firms may provide expertise and knowledge about specific
applications, product markets, and technical development trajectories that
move generic scientific innovations in a particular direction, which over
time, may distinguish the specialization of the industrial cluster [...] Once
the region is noted to have developed an expertise, others that work on the
application or in the product market may be encouraged to start firms in the
region. Over time, a cluster may develop around that specialized expertise”
(Feldman, 2003: 312).
Feldman (2003) argues that although research universities have been the source of
knowledge spillovers in biotechnology, a “university alone may not be sufficient to
anchor a developing industry in a location” (p. 321). She mentions that the difference

between science and technology affects the location dynamics:

“Science, as the pursuit of new knowledge, is originated in universities...
technology develops ideas from science to commercial applications...
[Therefore] we expect that as industry develops and science is translated
into commercial applications, the locational dynamics may change to
emphasize industrial and technological attributes” (Feldman, 2003: 321).

In other words, she proposes that in the early stages of biotechnology agglomerations,
universities play an important role in creating scientific knowledge and defining
technological capabilities of the location (concentration and specialization); then, as
industry evolves, other assets and capabilities are needed and other agents, such as

small and large firms, may become more important.

These three concepts —cluster, regional system of innovation and anchor tenant-
analyze different issues in the agglomeration phenomenon. The concept of cluster
focuses on identifying the main actors in the agglomeration. The concept of regional
system of innovation also identifies the different actors within the agglomeration but
also underlines the interactions between those actors and the institutional context. The
concept of anchor tenant focuses on the organizations that are main attractors to the

agglomeration. In the following sections, these concepts are used to describe and
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analyze the dynamics taking place in biotechnology agglomerations.
3.2 Dynamics of agglomerations

Empirical research has shown that firms within agglomerations are better performers
than non-agglomerated firms, and they develop competitive advantages in production
and innovation terms (Saxenian, 1994; Swann et al., 1998). Agglomerations seem to
follow a life cycle pattern that could be represented by different stages: birth or
creation, development or growth, sustaining, and dead or saturation (Feldman and

Braunerhjelm, 2006; Menzel and Fornahl, 2009).
3.2.1. Specialization versus diversification

The development of high technology industries relies heavily on scientific discovery,
which involves face-to-face communication and interaction in order to facilitate
content transmission. In general, the transmission of this type of knowledge and its
effects on the agglomeration process and economic growth have been associated with
at least two types of externalities (Glaeser, 1992): the first one is Marshall-Arrow-
Romer (MAR) externalities, in which cluster specialization in a specific industry is a
key element to ensure economic growth. The second one is the Jacobs-Rosenberg-
Bairoch (JRB) externalities, in which the role of diversity of knowledge and ideas
across industries within clusters encourage and foster economic growth, esbecially in

large cities.

On one hand, the MAR externalities suggest that knowledge spillovers occur among
firms in the same or similar industry, and they benefit from the concentration of
skilled workers, source of ideas and sharing the use of expensive machinery
(Marshall, 1947). On the other hand, JRB externalities suggest that knowledge

spillovers occur more frequently in cities where people from different industries
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interact and help to generate new ideas and innovation. Solving problems allow new
work ‘to be added directly onto older work’ (Jacobs, 1969: 55).

Scholars have analyzed the impact of specialization and diversification on the
development of regions and agglomerations. These studies underline that both
externalities are important for economic growth, especially in high technology
industries (Feldman and Audrestch, 1999; Beaudry and Schiffauerova, 2009).
However, the importance of each type of externalities differs along the industry
lifecycle (Feldman et al., 2005; Beaudry and Schiffauerova, 2009; Merzel and
Fornahl, 2009):

“In the initial stage of the innovative process an increased diversity and
variety propels the creation of novelty, inventive ideas, creative concepts
and radically new designs. When the industry matures and the design
reaches a critical mass on the market, the product becomes standardized
and the knowledge involved in the innovation process highly
specialized. Firms then may greatly benefit from learning from the
solutions and mistakes of other firms in the same industry in a region with
high concentration of their own industry. Finally, it is the high
concentration of the mature industry, which decreases the region’s ability
to innovate, rejuvenate and restructure, and which inevitably leads the
region into a lock-in.” (Beaudry and Schiffauerova, 2009: 325, bolds
added)

Therefore, inter-industry externalities are important at the initial stages, later
specialization may become more important. However, if the agglomeration becomes
too much specialized it may decline along with its engine industry. Thus, it seems
that high technology enterprises prefer diversified agglomerations, where they have

access to different sources of ideas and knowledge.
3.2.2 Agglomeration lifecycle

Menzel and Fornahl (2009) identify two dimensions in agglomeration lifecycles:



47

quantitative and qualitative (Figure 3.1). According to these authors, the quantitative
dimension refers to the number of enterprises and employees comprised in an
agglomeration, while the qualitative dimension is related to the heterogeneity of

knowledge within an agglomeration.

Considering the quantitative dimension, the lifecycle of agglomerations can be
characterized as follows (Menzel and Fornahl, 2009: 218): in the first stage,
emergence, socio-economic events trigger the establishment of few enterprises. In the
growth stage, the successful experience of the early entrepreneurs encourages the
establishment of a second generation of enterprises, and employment increases. Then,
in the third stage, sustain, the agglomeration maintains the employment on a high and
constant level. Finally, in the decline stage, the agglomeration cannot generate new

employment and the establishment of new enterprises is rare.

When considering the qualitative dimension, Menzel and Fornahl (2009) suggest that

the heterogeneity of knowledge may evolve over time as follows:

“As a cluster emerges... the heterogeneity increases strongly because
every new company ventures into new technological areas of the cluster.
In the growth phase, the technological path becomes increasingly
focused. The heterogeneity decreases until the cluster has matured and a
distinct development path has taken shape. However if the cluster is
focused too narrowly, it loses its capacity for renewal and decline” (p.
218).
This scenario is focused on the agglomeration of firms in one industry or related
industries, thus, this scenario is one among several possible others. An agglomeration
can adopt other technologies to avoid specialization, for example, agglomerations in
large cities (e.g. Mexico, San Paolo, Buenos Aires), which host several industries,
may not become more specialized over time. Therefore, the heterogeneity of the

knowledge is closely related to the two types of externalities presented in the above



48

section (MAR and JRB externalities). Industrial agglomerations are not generated

spontaneously; socio-economical conditions trigger their establishment in specific

geographical areas, often in large cities where cross-fertilization of knowledge and

ideas facilitate innovation (Jacobs, 1969). Particularly, high technology enterprises

may prefer large cities where knowledge externalities across industries can occur,

which is crucial for these industries (Beaudry and Schiffauerova, 2009).

Size and competences

Figure 3.1
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In addition to the triggering events, an important issue is how to create an

environment that supports the establishment of start-ups and attracts new

complementary agents for the agglomeration’s development. It seems that two other

stages can be added to the traditional ones —emergence, growth, sustainment, decline:
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transition and new opportunities (see Table 3.1 and Figure 3.1). These new stages
suggest an active role of the government in generating conditions to increase the

business opportunities and the heterogeneity of knowledge (see Chapter IV).

Consequently, the agglomeration lifecycle may evolve in the following way: when an
agglomeration emerges, the heterogeneity of knowledge is high, and different
technological approaches are adopted. In addition, only few start-ups are founded and
there is not collaboration with other organizations. In this stage, government may not
be involved for supporting agglomeration. Later, at the ‘tranmsition’ stage, from
emergence to growth, the number of start-ups increases at the same time that a critical
mass arises and defines the technology profile of the agglomeration (Menzel and
Fornahl, 2009). Some start-ups that spin-off from other organizations begin to
generate synergies. At this point, the creation or improvement of an institutional
environment plays an important role to shape the future collaborations that could
bring complementary resources and capabilities to enterprises (Feldman et al., 2005).
At the growth stage, a second wave of new start-ups appears adopting the defined
technological profile, and enterprises and potential partners within the agglomeration
start to collaborate. The sustainment stage is reached when the number of enterprises
is stable and enterprises have established dense networks of collaborations with
partners inside and outside the agglomerations. After the sustainment stage,
agglomerations have to be ready to undertake new opportunities of development and
avoid declining. Menzel and Fornahl (2009) mention that there are three different
ways in which an agglomeration can rejuvenate: 1) by the adoption of incremental
changes in the technological path, 2) renewal through the integration of new
technologies into the agglomeration, and 3) transformation, in which the
agglomeration moves into a completely new technological field (p. 219). In order to
benefit from these new opportunities, it is necessary, in all cases, that the

agglomeration does not have a total technological specialization or lock-in, if this is
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the case, enterprises in the agglomeration will not be able to incorporate new
knowledge and technologies, and innovate (Wolf and Gertler, 2006). Therefore, in the
‘new opportunities’ stage, governments play an important role implementing
programs that support the creation, adoption and the commercialization of new

technologies; otherwise, the agglomeration will decline.
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3.3 Biotechnology agglomerations

The first biotechnology agglomerations emerged in the United States and the United
Kingdom, where there was and still exists a favourable environment. This
environment includes a scientific base, funding organizations, entrepreneurship, well-
defined legal frameworks and policy incentives (Chiaroni and Chiesa, 2006,
Cockburn and Stern, 2010). During the last decades, some emerging countries have
attempted to create biotechnology agglomerations, however, as it will be presented,
this is not an easy task given the complex knowledge base of biotechnologies, the
way entrepreneurs can generate and obtain value from science, and the intervention of
the governments to create and improve infrastructure that support the advancement of

science and generate business opportunities (see Chapter IV).
3.3.1 Organizations and institutions

The creation of an agglomeration in a specific geographical area depends on its
particular organizations and resources, and the historical events trigger a stimulus —
internal or external (Prevezer, 1997; Chiaroni and Chiesa, 2006). Later, the growth of
a biotechnology agglomeration depends on organizations and institutions that allow
the growth of the local enterprises, and the entrance of new enterprises. The following
paragraphs describe the organizations and institutions involved in the dynamics of

biotechnology agglomerations
Organizations

Several authors have emphasized that biotechnology innovations involve different
organizations such as university, DBFs, large, established firms, venture capital, and
government agencies (Niosi et al., 2005; Cockburn and Stern, 2010). These actors
interact in order to create and/or acquire diverse resources such as knowledge,

funding, specialized inputs and management guidance (Niosi et al., 2005).
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Universities and research centres are the main generators of new scientific
knowledge. In the case of biotechnology, discoveries imply a high degree of ‘natural
excludability’, which means that often, new techniques are not well known and only
certain researchers and their teams have access to that know-how (Fuchs and Krauss,
2003: 4). This ‘tacitness’ influences the agglomeration effect; scientists and R&D
researchers of firms (small and large) need to be geographically close to each other
(in the same region or city) to ensure good communication (Audretsch and Feldman,
1996).

Organizations also include business firms. In the specific case of biotechnology,
small and medium-size firms have played an important role in knowledge and
technology transfer from universities to industry (Audretsch, 2001). Often, star
scientists, who are convinced that their intellectual knowledge could be translated
into a product, found these enterprises. Innovative biotechnology products can be
final goods or services for the end-user market (e.g. human health) or specialized
inputs for large chemical and pharmaceutical companies (e.g. enzymes) (Niosi and
Bas 2003). Large companies also play an important role as consumers and source of
funding when a complex biotechnology product is going to be developed (Cooke,
2001). These large companies are much more acquainted with markets, regulatory

agencies and other key institutions than small-dedicated biotechnology firms are.

Funding organizations are crucial for the development of biotechnology firms. They
include venture capital firms, angels, research foundations (public or private), stock
markets and other. Venture capital firms support start-ups not only with investments,
but also with managerial guidance. For instance, they help small firms to acquire
capabilities needed to manage efficiently intellectual property and alliances (Gompers
and Lerner, 2001). Stock market and governmental funding institutions also
participate in the funding of DBFs (Cooke, 2002). Venture capitalists and angels
provide funds in the first years of the DBF when the start up is working in basic
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research, prototypes and proof of concept, as well as conducting initial market tests
and building manufacturing plants. As the DBF evolves and grows, the research costs
increase (it requires more research personnel, more sophisticated inputs, larger
facilities, and more expensive market tests), thus alliances and stock markets become

key sources of funding (Pisano, 2006).
Institutions

Key institutions in biotechnology involve the rules, norms and laws established in
order to improve the competitiveness of industries using biotechnologies and avoid
uncertainty and risk (North, 1990: 3-10; Pisano, 2006). Institutions (as rules) are
established by government agencies as well as formal and informal collaborations
between different organizations. The most salient institutions in biotechnology aim at
investments in science, regulating intellectual property, and facilitating collaborations

between organizations to complement resources and capabilities.

Because biotechnology is based on scientific knowledge and is often generated in
universities and research laboratories, governments supporting the creation and
adoption of biotechnologies have to make large investments dedicated to scientific
activities (Chiaroni and Chiesa, 2006). These investments encompass the creation or
revamping of public research centres and the formation and training of specialized
workforce. Often, governments face a difficult task in allocating investments for the
different agglomerations since the amounts required are so large (Cooke, 2002; Niosi
et al., 2005). Moreover, in some industries, such as biopharmaceutical, the time and
investment required to achieve a biotechnology products is so long, it often takes
decades (Pisano, 2006).

Government agencies define the intellectual property regulations within a country or
region. Intellectual property instruments, particularly patents, are seen as incentives to

translate scientific knowledge and appropriate economic value from that. In
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biotechnology, national governments decide what is patentable and what is not, a
decision that looms large on the structure of the national biotechnology sector. In the

case of biotechnology, intellectual property rights often are incentives to encourage

star scientists to generate spin-offs from which they could receive profits in return for

their intellectual contribution (Zucker et al., 1998). Scientific knowledge could be
codified into a patent, which also. may be a mean to obtain funding through licenses
sold to other enterprises (Niosi et al. 2005, Pisano, 2006). Patents are also
commercial and novel quality indicators of scientific knowledge; they help
enterprises to obtain VC funding. Given that financial agents cannot accurately
evaluate the future value of the DBF’s R&D in its first years, patents are seen as

quality indicator of their research output (Rothaermel, 2002).

Formal and informal collaboration among different actors allow them to reach and
enhance their resources and capabilities (Powell et al., 1996). The generation of
scientific knowledge requires a constant flow of information and face-to-face
feedback among scientists, which can be seen as informal or non-contractual
collaboration (Cooke, 2007). Formal collaborations are exemplified in alliances and
research con\tracts between, for instance, small and medium enterprises and large
companies. The most salient characteristics of DBFs is that they often spin-off from
knowledge-creating organizations and they start as small firms. Most of the times,
star scientists, who are engaged in scientific breakthroughs, establish or participate in
the foundation of these spin-offs, and they do not have the management capabilities
to conduct expensive clinical trials, obtain approvals, produce and commercialize
their products (Rothaermel, 2002). Thus, DBFs establish alliances with large
companies that have the assets to put new products into the market as well as to get
funding to conduct clinical essays and obtain drug approval (Rothaermel, 2002).
‘Large firms establish alliances with DBFs (or simply acquire them) in order to obtain

research results that allow them to conduct more ambitious R&D projects as well as
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to replenish their product pipelines (Pichaud, 2002).

Table 3.2 summarizes the organizations and institutions involved in biotechnology
agglomerations, their function and their importance for the development of

biotechnology products.

Table 3.2

Organization and institutions of biotechnology agglomerations

Organizations | Functions Importance for biotechnology
Universities Generate new scientific Biotechnology implies ‘high degrees of
and research knowledge, natural excludability’ (Fuchs and Krauss,
centres Training of human resources. | 2003: 4). Given the mix of codified and

tacit knowledge, only few scientists have
the ability to acquire and create new
knowledge in this area (Audretsch, 2001:

40)
Firms using Responsible for manufacture | There are different types of
biotechnologies | and developed products and biotechnology firms:
services. o Dedicated biotechnology firms

(DBF) are essentially R&D
companies and generally small and
medium-size. They have been
considered as knowledge and
technology transfers from
universities to industry (Audretsch,
2001)

o Pre-existing industrial or commercial
companies (e.g. pharmaceutical, food
additives producers or grain traders)
that adopt biotechnology and develop
new products on the basis of
biotechnology.

Innovative biotechnology products can be

final products for the end-user market

(e.g. human health drugs) or specialized

inputs for other industrial companies

(Niosi and Bas, 2003).

Funding Public and private Translating scientific results (from
organisations organisations provide funds at | biotechnology areas) into commercial
different stages in the products requires huge investments. As a

generation of new products, DBF evolves, it requires more research
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from supporting basic
scientific research through
establishment of firms to
commercialization of final
products or licenses.

personnel, sophisticated inputs, and
larger facilities, thus venture capital,
alliances and stock markets provide the
financial resources (Pisano, 2006; Cooke,
2007).

Institutions'’ Functions Importance for biotechnology
R&D Government investments to The scientific advances of the different
investments promote and support scientific | disciplines related to biotechnologies
activities and create and require large investments that facilitate
revamp knowledge-creating the access to qualified human resources,
organisations. specialized inputs and sophisticated
equipment (Chiaroni and Chiesa, 2006).
Intellectual Government organisations Patents can be seen as incentives to push
property rights | define the intellectual property | forward the establishment of new
regulations within a country or | biotechnology firms and to attract private
region. investors (e.g. VC, Private Equity, and
large companies) (Zucker et al, 1998)
Collaborations | Governments often establish The generation of scientific knowledge

institutional frameworks to
enable and encourage formal
and informal collaborations
between different actors
(public or private) to
complement resources and
capabilities.

requires a constant flow of information
and face-to-face feedbacks among
scientists, which can be seen as informal
or non-contractual collaboration (Cooke,
2007). Formal collaborations are
exemplified by alliances and research
contracts between different agents
(Rothaermel and Deeds, 2004; Pichaud,
2002).

Source: Own elaboration.

Some authors have used the concept of cluster to analyze biotechnology

agglomerations and they have defined the scope of the definition in different ways.

For example, Prevezer (1997) defines clusters as “groups of firms within one industry

based on one geographical area” and suggests that the mechanisms for clustering

include “both the phenomenon of a critical mass of one sector of an industry

developing in one place... and the force of attraction that a core sector of an industry

has on auxiliary sectors of that same industry in that location” (p. 255). Feldman and

' nstitutions involve the rules, norms and laws established in order to improve the competitiveness of
the firms creating, adopting and commercializing biotech-related products and help to avoid

uncertainty and risk (North, 1990: 3-10; Pisano, 2006)
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Braunerhjelm (2006: 1) propose a simpler definition of the cluster: “regional
concentrations of related firms and organizations”. In both cases the general concept
of cluster falls short to explain the dynamics of the emergence and development of
cluster, the types of organizations and institutions involved in these dynamics, the

geographical limitation of the cluster, and what kind of complementarities are needed.
3.3.2 Dynamics of biotechnology agglomerations

Enterprises performing high-technology activities tend to agglomerate in specific
geographic areas. Often these agglomerations evolve gradually; there is a process of
attraction, creation and addition of organization and institutions over time. Given that
one of the objectives of this research is to evaluate the potential Mexico has to
develop a biotechnology agglomeration, this section portraits the agglomeration
dynamics based on the experience of developed countries (particularly in the case of

the biopharmaceutical sector).
Emerging stage

In the emergence stage, at least three situations can trigger an agglomeration. The
first one is when the specific geography area or city had already the conditions to
encourage star scientists to found new enterprises for exploiting a new technology
(e.g. San Francisco Bay area, Cockburn and Stern, 2010). The second one is when an
external shock (e.g. changes in policies and regulations) pushes the establishment of
"new firms (e.g. Washington DC, Feldman et al., 2005). Finally, the third one is when
an agglomeration is created by a government mandate (e.g. Biopolis in Singapore).
Whether the triggering factor is internal or external to the geographical area, these
new firms are often few and small- and medium-sized. In all cases, research
universities and research centres are a necessary condition to found a science-based
agglomeration. High-level research organizations host scientists that work in different

areas or fields developing cutting-edge knowledge and exploring new techniques. In a
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systematic view, the RSI approach suggests that in this phase, there is a process of
critical mass development. Scientific relationships and collaborations among different
knowledge-creating organizations allow the generation of a continuously nurtured
flow of ideas (Braunerhjelm and Feldman, 2006). This collaboration is based on
particular norms and values (culture) shared in a specific geography area (Owen-
Smith and Powell, 2006; Cooke, 2007) and allow scientists to be in contact with
flows of information and tacit knowledge (Audretsch and Feldman, 1996; Fuchs and
Krauss, 2003). For that reason, at the early stages of a biotechnology agglomeration,
knowledge-creating organizations and their scientists are key players as anchor
tenants (Feldman, 2003). At this stage, few scientist-entrepreneurs found companies;
the ones that exist are located around the university or research centres to access to
new knowledge and skilled personnel (Kenney, 1986; Zucker et al., 1998; Niosi and
Bas, 2003).

During the transition stage first-ties appear: formal collaborations emerge and other
organizations contribute to the creation and growth of small enterprises in the
locality. DBFs often have scientific capabilities but they have neither sufficient funds
nor the managerial skills to develop their products, obtain the necessary approvals
from governmental regulatory bodies, and put their products into the market. Thus,
VC firms (and also, angels and government R&D subsidies) represent a source of
seed funding in the first years of DBFs’ life —where research is crucial—and provide
managerial support to arrange alliances and manage intellectual property. VC
investments are attracted by the potential of DBFs, which often is reflected in the
number and quality of patents (Chiaroni and Chiesa, 2006). Alliances with large
companies also provide DBFs with other resources and capabilities to develop
distribution and marketing capabilities and put their products into the market. These
firms collaborate with DBFs because they see the potential commercialization of

products or the utility of the new technologies in the production processes. These
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alliances imply that the cooperating enterprises share the same knowledge base. In
this case, the incumbents do not need to establish research facilities in the
agglomeration (Prevezer, 1998; Niosi and Bas, 2003). At this stage, where a critical
mass is reached and first-ties start to appear, the agglomeration begins to define its

technological profile.

Alliances and VC support are not enough to support knowledge generation and
diffusion. An appropriate institutional environment has been created where other
public and private organizations and institution emerge to encourage technology
transfer and the creation of new enterprises, and to facilitate the growth of already

established enterprises:

Government institutions (e.g. departments of economic development) can
improve the climate of business (R&D tax credit, investment tax credit), and

eventually attract other organizations and supplementary funds;

Technology transfer offices can help to launch new start-ups with potential

investors (e.g. contact with VC);

Research hospitals that contribute to the system by conducting preclinical

research and commercialization;
Technology parks;
Institutes to support new start-ups;

Associations that group biotech firms and diffuse information about the

industry applications (Cooke, 2002; Niosi and Banik, 2005)

These organizations “made it easier for new firms to appropriate knowledge inputs
and sell knowledge-intensive products in well-defined markets” (Niosi and Banik,
2005: 355). Over time, these organizations develop patterns of behaviour that define

local institutions helping to improve the institutional environments. At the same time,
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the locality is acquiring its core competencies—"‘those that create value for markets
outside the region, that are co-specialized, and difficult to imitate” (Niosi and Bas,
2001: 32). In this phase, the agglomeration begins to define agglomeration

capabilities.

As mentioned before, DBFs often need to sell their products and services in order to
obtain additional funding (even if they have financial support from angels or VC
firms). The customer or the commercialization organization could be a large company
established (or not) in the same location; this has two implications for the origin and
growth of the agglomeration: (1) this large firm may be attracted by the specialization
of the agglomeration originated by research organizations; or (2) it was already in the
region before the establishment of DBFs and had started to collaborate with the local
universities, thus contributing to define the technological trajectory of the
agglomeration (Feldman, 2003). As a result, relationships between universities, DBFs
and incumbents may produce geographical synergies (e.g. alliances or other types of
collaborations). In this way, the definition of the technological profile of a
biotechnology agglomeration depends either on the lines of research of the
universities, or on the technology chosen by the large firm, both can be seen as

anchor tenants (Feldman, 2003).
Growing stage

The growth phase of the biotechnology agglomeration’s life cycle is based on the
increment of the number and size of the DBFs and the attraction of other agents’
activities (more alliances, and more VCs may establish in the area). At this stage, it
seems that the scientific base of the agglomeration is a main factor of attraction.
However, a word of caution is needed, although some authors suggest that scientific
capabilities become specialized and those represent the strength of the agglomeration

given the reinforcement of the knowledge base (Prevezer, 1997; 1998). Too much
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specialization can lock-in the agglomeration and hinder or delay the undertaking of a
new cycle of growth'?. Therefore, as the scientific base is nurtured by universities and
research centres, at the same time, they have to generate new knowledge in other
areas that will allow the agglomeration to venture in other fields: “qdd new work to

old work” (Jacobs 1969) (see section 3210

The growth of a DBF within an agglomeration often depends on the collaboration
with incumbents in its own sector, which have more experience in regulatory and
commercialization issues. Once the earlier DBFs create their market or demonstrate
their research potential, new entrants will be encouraged. These new entrants may or
not be scientists, but they will be attracted by the knowledge base and the
infrastructure of the agglomeration (Chiaroni and Chiesa, 2006). Here it is important
to mention that not all the sectors using biotechnologies grow at the same rate,
because new entrants and incumbents are more attracted to agglomerations focused
on human health sectors. Other sectors using agricultural, chemical or environmental
biotechnology applications are either less developed, or large incumbents absorb most
of the research spillovers emerging from DBFs using these biotechnologies
(Prevezer, 1997). Consequently, regions hosting biotechnology firms in agriculture or

environment sectors face difficulties for attracting other agents.

The expertise of large, established firms becomes crucial to complement the scientific
knowledge of the agglomeration. Therefore, at the growth stage, large companies can
become anchor tenants. According to Feldman (2003), “the presence of large
established entities create some of the well-known advantages of agglo.meration
economies such as pools of skilled labour and demand for specialized inputs, which

may benefit smaller start-ups” (p. 323). These start-ups (DBFs or firms related to the

2 For example, if a cluster is unable to jump from one (declining topic) such as ag-bio to the next (e.g.
food additives), its specialization plays a dirty trick. Gertler and Vinodrai (2009: 256) mention the case
of Saskatoon, Canada.
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industry) may be encouraged by the interaction among different actors located within
the area, for example, “potential entrepreneurs may take ideas out of the established
anchor and form new firms” (ibid). Thus, the location will benefit from a renewed
base of entrepreneurship (Chiaroni and Chiesa, 2006). Romanelli and Feldman (2006)
suggest that “only those regions which generate a community of entrepreneurial
activity... that is, firms that are started by entrepreneurs with experience in other
entrepreneurial firms in the same industry, may be capable of long-term cluster

persistence.” (p. 111).
Sustaining stage

In the sustaining stage, institutional frameworks and the presence of different agents
enable the agglomeration to reach ‘well functioning’ systems of innovation and
entrepreneurship (Feldman et al., 2005; Chiaroni and Chiesa, 2006). Feldman et al.
(2005) suggest the following characteristics of the maturity phase:

“ [T]he creation of the regional public sector financing and grant-giving
programmes. Government policy creates further incentives for
investment. Incubators and other technology partnerships are created to
promote the growth of the industry. Mergers and acquisitions begin to
thin out the companies. Successful entrepreneurs also move from their
initial start-up to start other companies, becoming serial entrepreneurs
with deep roots in the community. Additionally, venture capitalists
relocate to the area or open branch offices... The maturing cluster spurs
policy changes as governments seek to attract and provide a flourishing
environment for even more high technology development: (Feldman et al.,
2005: 134)

Institutional conditions that allow the interaction between different organizations are
needed to maintain the competitive advantage of a region (Cockburn and Stern,
2010). In addition, the foundation and support of new DBFs could reinforce an
agglomeration (Niosi and Bas, 2003). Funding also plays a crucial role for the firms’

growth; the availability of public and private funding ensures the maintenance of the
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agglomeration, especially in those related to human health sector (Cooke, 2002).

As mentioned before, DBFs aim at different markets according to different
applications. In the case of DBFs in human health, the market encompasses local
hospitals, private clinical organizations, and public and private healthcare systems
(government). The presence of these actors in the region contributes to the growth of
the DBFs. The interaction between DBFs and users within the region facilitates the
learning process; this allows enhancing the core competence of the region. Moreover,
enterprises within an agglomeration can interact with organizations located abroad.
According to Niosi and Bas (2001: 33) “the core competencies of the region include
the propensity and capacity to cooperate and learn from other institutions... being
closely related to and made of knowledge, they increase with practice, usually

procuring sustained advantage to regions as well as firms”.

Finally, in the case of the health care sector, Cooke (2005) and Niosi and Bas (2003)
mention that urban cities that put together all the actors involved in the value chain of
new drugs (discovery, testing, production and commercialization) are called
megacentres. The actors that converge in the megacentre require different,
sophisticated inputs, especially in R&D areas. Thus, Niosi and Bas (2003) mention
“R&D, particular in health science, has moved from a narrow discipline focus to a
more wide trans-disciplinary one, the new biotechnologies and more traditional
pharmacology combine in the development of new drugs” (p. 791). This suggests that
urban cities with more diverse capacities seem more likely to grow than more

specialized ones (Niosi and Bas, 2001).




CHAPTER IV
TECHNOLOGY POLICIES

High technologies —biotechnology among them- play an important role in economic
growth. Consequently, governments interested in supporting economic growth have
intervened to encourage the creation and support of high-tech industries through
public policies, particularly science, technology, and innovation policies (STI)
(Nelson, 1993; Dodgson and Bessant, 1996; Cimoli et al., 2009; Cockburn and Stern,
2010). High technology industries are characterized by continuous technological
change, large investment in R&D, and a strong growth rate (Oakey et al., 1988). In
addition, the support of these technologies relies on a coherent, sophisticated and
long-term government commitment (Cimoli et al., 2009; Cockburn and Stern, 2010).
The chapter is divided as follows: section 3.1 presents the theoretical arguments that
support the intervention of government in order to achieve technological innovation
and show the relevant dimensions and characteristics of public policy focused on
innovation, section 3. 2 deals with the design and implementation of STI policies, and
section 3.3 presents the experience of emerging countries in formulating and
implementing public policies to support the creation and development of

biotechnologies.
4.1 Public policies
4.1.1 The role of government

In the economics literature there are two main approaches that explain the importance
of innovation in economic growth: the neoclassical approach and the evolutionary
approach (Lundvall and Borras, 2005; Castellacci, 2007). On one hand, the
neoclassical approach downplays policy intervention; such intervention is justified
only when there is a market failure (e.g. lack of incentives to invest in knowledge

production). On the other hand, the evolutionary approach underlines that
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technological innovation does not follow a linear model with well-defined
consecutive phases within the firm; on the contrary, in order to achieve technological
innovation different organizations and institutions take part —for instance, firms,
universities and government organizations (Lundvall, 1992; Nelson, 1993).
Knowledge flows and learning processes are embedded in these organizations and
institutions (Lundvall, 1992). Although these elements are created and accumulated
in both, individuals and organizations, as routines, skills and capabilities (Nelson and
Winter, 1982), the mechanisms required to create and diffuse technological
knowledge and stimulate the learning process often are supported and coordinated (in
order to give some coherence of the system) by government agencies (Dalum et al.,
1992). Thus, the importance of the government’s role on the innovation process relies
in its capacity to create and maintain a coherent system: “[public sector] is involved
in direct support of science and development, its regulations and standards influence
the rate and direction of innovation, and it is the single most important user of
innovations developed in the private sector” (Lundvall, 1992: 14). According to
Dalum et al. (1992: 302-7), the government’s role is to devote national efforts both in
terms of resources and institutional capabilities to build specific competencies based
on the formal education system; to nurture investment in R&D implementing legal
frameworks that facilitate the appropriability of economic value; and to ensure the

creation and diffusion of relevant knowledge facilitating networking and cooperation.

In sum, the role of the government is to provide an institutional environment that
allows the interaction between different actors and support innovation activities that

contribute to economic growth. Some questions arise: how should governments

" Innovation processes involve organizations and institutions. North (1990: 3-10) define them as
follow: institutions are ‘the rules of the game in a society or, more formally, the humanly devised
constraint that shape the human interactions’; these institutions can be formal and informal: formal
institutions are characterized by codified rules, for example laws, while informal institutions are
simply habits or social norms. Organizations are ‘groups of individuals bound by some common
purpose to achieve objectives’.
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participate? What is the policy framework that could guide policy makers to develop
programs in order to support innovation? The following paragraphs deals with these

questions.
4.1.2 Dimensions and characteristics of public policies

According to Metcalfe (1994) “technology policy is much more than a matter of
supporting R&D expenditures, it covers the whole spectrum from invention to
diffusion and from basic research to the mastery of specific technological
competencies” (p. 936). In doing that, policy makers could recognize the
complementary assets that allow firms to create and capture economic value, and also

facilitate the diffusion of innovations.

Niosi and Bellon (1995) underline that “public policy can be a comparative
advantage if there exists a good definition of development programs and a good
definition of tasks, but especially there must be a good articulation between partners
involved in the tasks... it has implication with the rules and practices of
institutions...the positive effects of policy can be achieved only if there is a good
articulation” (p. 213-4). In order to identify the elements that allow the establishment
of an appropriate institutional environment, scholars have analyzed different
dimensions and characteristics of the policies focused on encouraging technological
innovation. These dimensions involve types of policies, scope, and relation with the
environment. These elements have implications for the design and implementation of

public policies.
Dimensions

Dodgson and Bessant (1996) suggest that the aim of public policies is “[to] assist
firms to improve awareness of why and how to invest in technology and to overcome

the complexities and uncertainties of innovation so as to enhance their own and their
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nation’s competitiveness” (p. 3). Policy initiatives focused on supporting innovation
as competitive advantage have to consider carefully the firms’ needs in terms of
accumulation and combination of technological resources, in order to create

distinguished competences.

Dodgson and Bessant (1996) distinguish three types of policies that help governments
to achieve innovation: science, technology, and innovation policies; each of them has

different objectives, but they complement each other.

Table 4.1
Types of public policies
Policy Objective Main features
Science Development of science and the |Scientific education
policy training of scientists. Research in universities and
government labs
Basic research.
Focus in big issues, €.g. space,
nuclear power.
Technology [Enhancement and development (Support for creation of ‘strategic’
policy of technology. or ‘generic’ technologies, e.g. 1T,

biotechnology, nanotechnologies.

Innovation |Improvement of the capacity to |Facilitating diffusion of

policy innovate of firms, networks, technology

industries and entire economies. [Encouraging “transfer sciences”

Facilitate the interaction between [SME focus

different actors.
Source: Dodgson and Bessant (1996: 4-5).

Another dimension of public policy is related to industrial scope. Teubal (1997)
suggests two different types of policies according to their scope: horizontal
technology policies (HTPs) and vertical (targeted) technology policies. This author

mentions that these types of policies are complementary to each other:

“HTP are a category of technology policies whose objective is to promote
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technological development per se, irrespective of industrial branch or even
technological area... They also complement more specific, vertical or even
more selective policies aimed at specific industrial branches and
technological areas. Their importance derives from being central
components of government inducement of technology-based structural
change in a wide variety of conditions” (Teubal, 1997: 1163, bolds added)

Metcalfe (1994) mentions that the importance of distinguishing between horizontal
and vertical policies “relies in that each technology has a different dynamic of
knowledge accumulation and the generating activities are located in different
communities and institutions” (p. 936). Thus, policy makers have to consider the
characteristics of the industry and the socio-economic dynamics within the country or

region.

Another important dimension is the creation of a human capital market. According to
Niosi (2010: 92) “[The] adoption, diffusion and use of technology depend not only on
the amount of human capital but also on its institutions... government policy has to
create both supply and demand”. Therefore, governments interested in technological
development often create incentives to improve the quality and volume of human
resources (supply) and ensure the use of those resources for technological and
economical development (demand). On one hand, universities have to conduct
teaching and research activities that allow researchers to generate not only new
knowledge but also publication, patenting and licensing. On the other hand,

innovative firms require R&D activities, which demand highly skilled personnel.

Table 4.2 presents a variety of incentives that can be implemented by public and

private organizations in order to leverage the human capital market.
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Incentives to create a human capital market

Building the supply of human capital

Building the demand of human capital

Grant loan systems for students

Tax allowance and credits for the
R&D for private firms

Research grants and fellowships

R&D subsidies for private SMEs

Immigration and skilled labour

R&D loans for private firms

Import of foreign teachers

Subsidies aimed at the attraction
of foreign R&D laboratories

Incentive to graduate university
programs

~ Intellectual property laws (patent,

copyright, industrial design,
trademarks)

Tax exemptions to foreign
researchers

Tax deduction for venture capital

Academic research funding
councils

Public venture capital

Accelerated immigration for
foreign university students

Public R&D laboratories

Source: Niosi (2010: 98)

Another dimension is focused on the relationship between the environment and the

design of public policies. According to Sabatier (1986), there are two approaches that

identify these relationships: top-down and bottom-up.

“The essential features of a top-down approach are that it starts with a
policy decision by governmental (often central government) officials and
then... [they will] evaluate the factors affecting policy outcomes and
program outcomes... The bottom-up approach... starts by identifying the
network of actors involved in [an activity]... identifying the local, regional,
and national actors involving in the planning, financing, and execution of

" the relevant governmental and non-governmental programs” (Sabatier,
1986: 32).

In other words, although the government plays an important role as designer and

coordinator of different policies, sometimes the socio-economic interactions between
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different actors give place to unexpected opportunities and demands. In this sense,

socio-economic organizations can influence the design of public policies.

In sum, the successful incorporation of technological change in economic growth has
been based on the implementation of different types of public policies. These policies
need to have coherence in terms of objectives and mechanisms. Therefore, policy
makers have to consider the characteristics of strategic industries and the socio-

economic dynamics within the region or the country.
Design and implementation of technology policy

The above paragraphs have shown the importance of government intervention in the
innovation process and the different dimensions that policy makers have to consider
for encouraging and maintaining technological innovation. Here, the interest turns to

the analysis on how public policy is designed and implemented.

The design and implementation of public policies is a dynamic and evolutionary
process (Niosi and Bellon, 1995; Teubal, 1996, 1997; Carlsson, 2006). The particular
historical, economical and political characteristics of a country determine the
behavioural pattern of actors involved in the innovation system; at the same time,
these actors define the design, implementation, continuity, and terminate of the public
policies. Dodgson and Bessant (1996) suggest that the experience of other countries
can help policy makers to design the main programs of science, technological, and
innovation policies; however, it is important to consider the specific characteristics of
each country or region. According to Niosi and Bellon (1995: 222-3), the phases of
the technology policy’s life can be compared with the natural life cycle; it means,
birth, development, and selection (in terms of policy’s continuity). In the birth phase,
the policies are designed according to the commercial and technological environment,
trying to cover the firms' demands; in this phase, there may be little coherence among

the different initiatives. In the development phase, the policies find a market, and
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policies become more coherent. Government seeks to avoid duplication in order to
create an efficient system. In the selection phase, the results of the policies are
evaluated and government decides to continue with the policy or to end it. According
to Teubal (1996, 1997), government organizations also learn by the experience
(“learning by doing”), this implies that the design and implementation of new policies
may be improved over time. Niosi (2002) mentions that not all policymakers learn,
and that the slow-leérning motion of government policy designers characterizes many

developing countries.

Public policies have to be monitored and evaluated in order to decide whether the
programs, institutions and mechanisms are well designed and coordinated. In
addition, the socio-economic conditions change over time, thus policy makers have to

adjust these policies or create new ones according to those conditions.
Evaluation procedures for STI policy

As mentioned above, government plays an important role in promoting incentives for
the creation of new knowledge and the performing of R&D activities. Therefore, STI
policies have to be designed according to the particular socio-economic dynamics and
technology assessment (Kuhlmann 2002). In addition, the specific conditions of
countries, regions and industries have implications in the design, implementation and
evaluation of public policies. The process of knowledge creation, and the translation
of this knowledge into commercial products involve the participation of several actors
with different objectives. Therefore, Gheorghiu and Roessner (2000: 658) suggest

that evaluation has to consider three focal points:

e Evaluation of publicly supported research carried out in universities and public

sector research organizations,

e Evaluations that focus upon linkages, including those of programs seeking to
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promote academic-industrial and public-private partnership, and
¢ Evaluation of diffusion and extension programs.

In order to perform these evaluations, government has to develop a strategy that
allows it to identify the benefits and weaknesses of those policies. In this sense,
Kuhlmann (2002) defines the research and innovation policy evaluation as
“methodology based analysis and assessment of the appropriateness of research and
innovation poliéy assumptions and targets of the related measures and their impacts,
and of the goal attainment”. In addition, the evaluation of public policies has to
include the definition of clear objectives (Gheorhgiu and Roesnner, 2000; European
Court of Auditors (ECA) and Colling, 2007). Thus, government requires an
evaluation strategy that includes the objectives, methodologies and diffusion of

results:

“An evaluation strategy provides the conceptual framework within which

evaluation activities are designed, planned, executed and used... such a

strategy should consider the main legal, organisational and

methodological issues surrounding programme evaluation. This includes

what evaluations are to be carried out, by whom and when, how data are

to be collected, what methodological approaches are to be used and how

findings are to be communicated and followed up.” (ECA and Colling,

2007: 23)
Therefore, an important step is to establish a government agency and design the
organizational structure of this agency to carry out evaluations at different levels of
aggregation and at different time horizons (ECA and Colling, 2007; Gheorghiu and
Roessner, 2000). The creation of panels of experts is an important element to
decentralize an evaluation process: “a separate body from the one implementing the
program” (ECA and Colling, 2007: 28). Methodologies are another important
element in the evaluation process; these have to be developed according to the

objectives of STI policies. The design of methodologies encompasses decisions about
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what kinds of data to collect, and when and who has to be interviewed (Gheorhgiu
and Roesnner, 2000; ECA and Colling, 2007). The final objective of policy
evaluation is “to provide relevant information and analysis that can be effectively
used for programme management and policy making” (ECA and Colling, 2007:47).
Government and evaluation agencies have to ensure the dissemination of information

toward stakeholders (Gheorhgiu and Roesnner, 2000; ECA and Colling, 2007).
STI policies and agglomerations

High technologies show two important characteristics: high tech enterprises
concentrate in specific geographical areas and they often contribute to economic
growth. Therefore, some governments have shown interest in designing technology
policies that allow them to develop high-tech industries and to achieve competitive
advantage that could be reflected in economic growth. Since the 1990s, empirical
research has concentrated in a new policy model, which is focused on innovative
regions in high-technology industries: “These studies concentrate on the analysis of
well performing regions, dealing with the questions of why such industries
concentrate in particular locations, which kinds of linkages and networks exist, and to
which extent knowledge spillovers can be observed” (Tédtling and Trippl, 2005:
1204). However, some regions ‘do not learn or do it in a slow pace’ (Niosi, 2002),
this limits the creation of relevant organizations and institutions. As mentioned
above, the formulation and implementation of public policies relies in a coherent
system of organizations and institutions coordinated by the government. Niosi (2002:
296) identifies some obstacles that impede the flow of knowledge and inhibit the
learning process: organizational and institutional inertia, inadequate system rules,
lack or limited number of key institutions; weak coordination among units, and lack
of information flows. These obstacles are more frequent in developing countries
where the scarcity of resources limits the performance of institutions, or even worse,

key institutions are absent, especially those institutions focused on science,
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technology and innovation (Niosi, 2010). Consequently, underdeveloped
governmental institutions are not able to formulate and implement adequately public
policies oriented to promote technological development and catching up, affecting the
formation and training of human capital, and the creation of a critical mass that allow

the local progress of science and the creation and diffusion of new technologies.
4.2 Technology policy in emerging countries

Governments in industrial and some emerging countries do intervene to design and
implement policies that help firms to acquire and develop technological and
managerial capabilities to generate competitive advantages. Given that emerging
countries face scarcity of resources, the question is how governments of these
countries should design and implement public policies to adopt and develop new

technologies and innovations.

Teubal and colleagues have developed different approaches'* in order to explain how
government could intervene to promote technological improvement and innovation.

These approaches underline the relevance of two basic processes:

e Learning is a social process (Nonaka, 1994): in advanced OECD nations,
government often intervenes in order to create an institutional environment to
support the interaction between agents, in turn this will allow the creation of
capabilities and competitive advantages.

e Evolutionary selection of firms (Nelson and Winter, 1982): the way
government supports firms should vary over time; in a first phase, enterprises
depend heavily upon government support, in a second phase enterprises

usually become independent from public backing.

' Building technological infrastructure approach (Justman and Teubal, 1995); Emerging catalytic
policy approach (Teubal, 1996); Horizontal technology policies approach (Teubal, 1997); Market-
stimulating technology policies approach (Lall and Teubal, 1998); Innovation and technology policy
approach (Teubal, 2002); Evolutionary targeted approach (Avnimelech and Teubal, 2008).
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Summarizing the different approaches proposed by Teubal and his colleagues (see

Table 4.3), there are at least three elements that policy makers should consider for

designing and implementing policies in a dynamic way:

e Infrastructures,

e Capabilities (this implies the rejuvenation of the business sector and the

creation of new markets)

¢ Industrial scope

All these elements are often accompanied by institutional adaptation.

Evolution of public policies focused on innovation.

First phase

Second phase

The role of government is catalytic
and involves the following generic
tasks:

The role of government
diminishes in direct support to
firms but consolidates the
structure and environment to
produce innovations:

e Creating basic technological
infrastructure,

e Stimulating the business
sector to adopt new
technologies,

e Diffusing relevant and non-
proprietary information and
creating markets to support
R&D activities,

e Implementing
horizontal/neutral policies.

e Supporting the creation of
advanced technology that
contributes to innovation,

e (Creating multi-agent
structures (e.g. clusters,
markets, sectors,
industries),

e Jmplementing vertical
/targeted policies.

Institutional adaptation and innovation

Source: Own elaboration based on Justman and Teubal (1995), Teubal (1996, 1997, 2002); Lall and

Teubal (1998); Avnimelech and Teubal (2008)

First phase:
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According to the analysis made by Teubal and his colleagues, at the first phase
(infant) government plays a catalytic role. Setting a basic infrastructure is relevant
because it allows the ‘assimilation of technology progress’ by business organizations
(Justman and Teubal, 1995). The main objective of a basic infrastructure is to provide
technological services to firms (specially SME) and to diffuse information in order
to support ‘the efforts of [technological] absorption’ of enterprises (Teuba, 1997).
These activities are crucial for developing local capabilities in developing
countries. The government should stimulate the business sector to adopt new
technologies and capabilities that come from external sources (technologies already
used in developed countries). Local enterprises could be potential users of improved
technologies, however, most of the times they do not have access to relevant
information or they are not familiar with the most advanced technology
(modernization). Therefore, institutional adaptation, new or revamped government
agencies (new organizations) and institutions (laws and regulations), often help
enterprises to overcome obstacles related to diffusing information and adopting
advanced technologies. According to Teubal (1997, 2002), institutional adaptation
depends on positive feedbacks; however, the author does not mention how
government can establish feedback mechanisms. In addition, this phase is
characterized by the implementation of horizontal/neutral technology policies. These
policies support the creation of markets, especially markets that are ‘missing or
particular difficult to create in developing countries’ (e.g. financial services) (Lall and
Teubal, 1998: 1370). The objective of these policies is to support firms in order to

obtain technological and managerial capabilities.
Second phase:

When firms have developed some managerial, operational and technological
capabilities, they could upgrade the level of technological complexity. Consequently,

governments invest in advanced technological infrastructure. This infrastructure
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“serves high-tech, leading-edge industries, providing necessary R&D inputs to the
specific innovations of development projects of user firms. The necessary
capabilities... are not available anywhere initially and must be created” (Justman and
Teubal, 1995: 264). The breation of sector-specific capabilities implies the
implementation of vertical or targeted policies, which are focused on specific
industries. Once governments have made a strategic choice, they must allocate the
national resources in a limited number of industries or generic technologies (multi-
agent structures) (Avnimelech and Teubal, 2008). Again, governments support the

innovation activities through institutional adaptation and innovation.

Although the framework proposed by Teubal and colleagues seeks to propose a way
to design and implement technology policies, they do not mention how to assess the
accuracy of programs. The authors mention that positive feedbacks are needed and
government agents and policy makers would and should learn over time"® (Teubal,
1997; Lall and Teubal, 1998). In this sense, some authors have suggested evaluation
procedures for STI policies (e.g. Gheorhgiu and Roesnner, 2000; ECA and Colling,
2007)'®, while some international organizations such as the OECD have suggested the

creation of indicators to monitor and evaluate programs and policies.
4.2.1 Importance of industrial policy

Economic growth depends on the establishment of new industries or sectors (Rodrik,
2004). In this sense, governments may formulate a strategy to identify and support
specific industries (Teubal, 2002; Cimoli et al., 2009). This choice has to be in line
with macro-economic policies, “including exchange rates, taxation, fiscal policies,

public investments, governance of the labor market, and income distribution” (Cimoli

5 An adequate pattern of restructuring requires the following: objective evaluation routines within
government, policy capabilities within government, and the political power to shut down programs
(Teubal, 1997:1182-3); ‘policy leaming’ (Lall and Teubal, 1998).

' See ‘Evaluation procedures for STI policies’ in the Section 4.1.2 of this Chapter.
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et al., 2009: 11).

How is industrial policy designed and implemented? The role of government in
industrialized countries has been to facilitate the mechanisms to develop
technological capabilities and managerial skills through coherent policies and
programs (Rodrik, 2004). In order to formulate and implement these policies,
governments have worked closely with business and industrial organizations to
establish priorities, formulate mechanisms to achieve the expected results, and to
react to market and political threats, as well as scientific and technological
discontinuities (Evans, 1997; Rodrik, 2004). Thus, it can be said that close
relationships between business circles and government institutions facilitate feedback
mechanisms and allow the improvement of economic organization. Unfortunately, in
developing countries (and some emerging countries) there is a.porous state structure,
characterized by the lack of relevant information and corruption (low autonomy of
bureaucrats); however, in some countries there are some “pockets of efficiency” that

could promote growth through public industrial policies (Evans 1997; Rodrik, 2004).

How is government involved in the creation of new industries? The creation of a new
industry often depends on the strategic choice of governments (Lall and Teubal,
1998; Rodrik, 2004). Two elements are needed to successfully create a new industry:
1) choosing strategic industries, and 2) supporting the emergence of new markets
(supply and demand). Government often is in charge of setting ‘national objectives’
and of allocation resources mechanisms; which implies making choices and taking
risks. Regarding the creation of new markets, on the supply side, government
supports the searching of new ways of doing product or the creation of new products;
while on the demand side, government supports the use of those new products (Dalpé
et al. 1992; Lall and Teubal, 1998). Considering the two phases of STI policies
described above, in the first phase, governments tend to facilitate the process of

‘discovery’ in which entrepreneurs can find new technological processes and/or
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products, and establish coordination mechanisms that allow firms to perform
independently in a second phase (Lall and Teubal, 1998; Rodrik, 2004). Here it is
important to emphasize the character of the STI policies: they support the creation of
processes, for example, processes to achieve technological capacities and managerial
skills (e.g. learning processes) more than specific outcomes (e.g. increase the volume

of exports) for short-term (Doner and Ritchie, 2003; Rodrik, 2004).
43 STI policies and Biotechnology
New industries: the promise of biotechnologies

Biotechnology involves a group of technologies that can be applied to different
industries. Biotechnology per se is not an industry. Modern biotechnologies can be
seen as an essential component of new industries like biopharmaceuticals,
bioagriculture, bioenvironmental services, and bioinformatics. Biotechnology
applications in industrial fields are perhaps a unique situation in which scientific
knowledge is very likely to have an industrial application (Pyka and Saviotti, 2002)"".
Therefore, governments interested in supporting the development and adoption of
new biotechnologies in different industries (e.g. human or animal health, agriculture,
or environment) have to consider: large investments in R&D, the importance of
scientific advances, and the establishment of relationships between SME developing
and using biotechnologies and large, established companies (like pharmaceutical,
chemicals, and seed traders). These elements do vary in each industry, and the

government support may affect in different degree the performance of each industry.
STI policies supporting biotechnologies

STI policies targeting the creation and development of biotechnology capabilities can

17 particularly interesting is the way in which this group of technologies has affected the
pharmaceutical industry by providing new techniques that may help in the drug discovery process, or
may even constitute the core of a new drug (Pisano, 2006).
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be categorized according to the level of formulation and implementation (national and
sub-national level) (Cooke, 2007) and their objectives (support of scientific,
technological, and commercialization capabilities) (Arundel, 2003). National public
policy is in charge of the macroeconomic environment and the scientific and
technological policies in general terms, while the regional public policy often
encourages the agglomeration of organizations and institutions related to specific
industries: “national governments are mainly responsible for delivering science policy
and basic research funding, while regional governance system (including private and
public sectors) deliver innovation programmes. These are usually near-market
incentives to firms to build innovation networks, access co-funding and engage in
joint marketing to enhance innovating potential and competitiveness” (Cooke,
2007:109). Table 4.4 summarizes the objectives of public policies at the national and

regional level.
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Objectives and themes of national and regional STI policies for biotechnology

Type of National Policy themes applied for Regional
policy either national or regional
governments

Science Education and basic |Funding for scientific Creation of 'Centres of
research in all fields |research and formation and |Excellence' in specific
(e.g. human health, |training of specialized scientific applications.
animal health, workforce:
agriculture, S&T advisory body,
environment). S&T awards from

government.

Technology |Infrastructure to Intellectual property laws, |Promote and facilitate
support the Training and guiding university-industry
coordination inventors. linkages in
between agents in competitive R&D
strategic or generic projects.
technologies.

Innovation |Facilitate the Attraction of risk capital Attraction of investors
diffusion of (venture capital, angels, and strategic partner
technology and the |private research foundations) |to support the
creation of markets. |Tax incentives/Tax credits, |commercialization of

Technology acquisition by  |specific technologies.
the government,

Technology

commercialization funds.

Source: Own elaboration based on Dodgson and Bessant (1996), Cooke (2007), Niosi and Bas (2004).

National and regional policies complement each other. National government is
responsible for STI policies focused on fostering strategic sectors using
biotechnologies in the economy, while sub-national levels allocate funds and support
efforts regarding biotechnologies according to their resources and size. In this sense,
Cooke (2007) suggests the design of a ‘regional science policy’ where regional
administration plays an active role in demanding public research funds and looking

for the support of national and international organizations (e.g. foundations such as
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the Welcome Trust, venture capital) to generate ‘Centres of Excellence’ ~which could

be born from centres of expex’tisels.

STI policies described in the paragraphs above are based on the experience of
developed countries which have maintained a long-term commitment to ensure funds
for scientific research, set up favourable intellectual property laws, and facilitate the
adoption and diffusion of modern biotechnologies (Niosi and Bas. 2004; Cockburn
and Stern, 2010). Contrary to that, in some emerging and developing countries the
formulation and implementation of STI policies are carried out by underdeveloped
instimtions, suffering from scarcity of resources, and weak capabilities (Niosi, 2010).
However, some emerging and developing countries'® have implemented STI policies
for developing and using biotechnologies in different sectors, and they have paid

special attention to the biopharmaceutical industry.

In sum, biotechnology enterprises require as a main input scientific knowledge; this
fact has a direct implication for the science policy. Most of the new enterprises in
biotechnology are small and their intellectual capital is their single value asset, thus
this should be taken in account when designing intellectual property laws, which is an
important part of the technology policy. As the small biotechnology enterprises
evolve they need to collaborate with other organizations (e.g. VC, large firms). In this
sense, innovation policies have to be in charge of creating those linkages. In addition,
it is important to identify strategic sectors and define horizontal and vertical STI
policies. Finally, evaluation and re-design of policies is important in order to improve

results.

'® In Canada and the USA, education is a provincial or state responsibility, while centres of excellence
are mostly national.

' Some countries have achieved successful biopharmaceutical products: Brazil, China, Cuba, India,
Israel, Singapore, South Africa, South Korea (Nature Biotechnology, 2004)




CHAPTER V
SYSTEMS OF INNOVATION: THE CASE OF MEXICO

The concept of national systems of innovation (NSI) has been an important tool to
identify the different agents that participate in the innovation process. Government
intervention often supports knowledge flows and learning processes. However this is
not an easy issue, especially in developing countries where centralization of decisions
and problems of governance are common. The objective of this chapter is to mention
the characteristics of the Mexican national system of innovation. In the first section of
this chapter, the definition and characteristics of the NSI are presented. The second
section illustrates the characteristics of the NSI in developing countries. Finally, in

the third, the case of Mexico is portrayed.
5.1 Systems of innovation: national, regional and sectoral

The concept of national system of innovation appeared in the mid-1980s as a tool to
design and implement industrial policies in Europe (Sharif, 2006). Since then, it has
been used in both academia and policy-making fields (Sharif, 2006; Nelson, 2000) to
analyze and assess the interaction between agents and public policies to support
innovation. Consequently, the main objective of NSI, as analytical framework, is to
identify the main institutions and agents involved in the innovation process as well as
the interaction between those agents. Often these interactions are supported by public
policies. The NSI has been defined in different ways, which stress different
components of the concept. For example, one definition stresses the scope of the
organizations involved in the NSI from exclusive R&D organizations to all social,
political and economic aspects affecting scientific and technological knowledge and

learning:

“the narrow definition would include organization and institutions
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involving in searching and exploring —such as R&D departments,
technological institutes and universities. The broad definition ... includes
all parts and aspects of the economic structure and the institutional set up
affecting learning as well as searching and exploring (Lundvall, 1992:
12).

Another definition puts the emphasis in the broad scope of each component of

the concept:

“Innovation [is] the process by which firms master and get into practice
product designs and manufacturing processes that are new to them,
whether or not to the universe, or even to the nation...System [is a] set of
institutions whose interactions determine the innovative performance...
[N]ational. The concept may be too broad” (Nelson, 1993: 4-5)

Still, the following definition underlines the institutional aspects of the system:

“[a] set of institutions that (jointly or individually) contribute to the
development and diffusion of new technologies. These institutions
provide a framework within which governments form and implement
policies to influence the innovation process. As a such it is a system of
interconnected institution to create, store, and transfer of knowledge,
skills and artefacts which define new technologies.” (Metcalfe, 1995,
cited by Sharif, 2006: 745)
Although there are different NSI definitions, there are at least three main or basic
elements for an innovation system to exist: firms, universities, and governments
(including agencies and STI policies) (Nelson, 2000). The innovation system concept
seems to be flexible: it can be adapted to the particular local conditions (social,
political and economic), to the different levels of analysis (local, regional and
national), and to the different economic activities (sector)?’ (Nelson, 2000; Sharif,
2006). The relevance of the NIS is that it allows governments to identify the basic
elements and key linkages, and in terms of policy “it helps legitimize the importance

of different aspects which are important but underestimated” (Sharif, 2006: 758).

% For more about Regional innovations systems see, for example, Niosi et al (2005); Cooke (2002)
and Sectoral innovation see Malerba (2004)
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Do all countries have a NSI? It depends on the scope of the definition. On the one
hand, the narrow definition of the NSI stress the generation of new technologies
based on R&D institutions —which requires large investments in R&D capabilities,
and generates new knowledge and learning; in this sense, not all countries have the
capacities to establish these kind of institutions. On the other hand, the broad
definition of the NSI, suggests that learning processes can take place in almost any
circumstance. Given that innovation may be new for the country, for the industry or
for the firm, therefore all countries have room for learning capacity (e.g. using
foreign technology) (Shariff, 2006). The broad definition can be applied to emerging
and developing countries, but the more restrictive definition put forward by Richard
Nelson and others is more precise, and also has different policy implications than the
larger one advanced by B.-A. Lundvall. It means that if government is willing to
promote radical technological innovation then it has to consider the establishment of
R&D organizations and STI policies aimed to foster scientific research and to

promote business opportunities for new technologies.

What are the incentives to promote industrialization? According to Nelson (2000),
countries differ basically by their resources endowments and size; for those reasons,
governments have to make strategic choices about industries to foster. The NSI
reflects “conscious decisions to develop and sustain economic strength in certain
areas... build and shape comparative advantage” (Nelson, 2000: 16). Governments
have to design and implement public policies targeting scientific and technological
progress in line with macroeconomic policies (such as fiscal, monetary and trade
policies) (Cimoli et al., 2009). In this sense, industrial policies are crucial to identify

and shape the industries that will become the competitive advantages of a country.

Since the 1990s, the concept of regional systems of innovation (RSI) has gained
relevance. This concept underlines regional characteristics; regions within countries

also differ according to their resources endowment, and size (in terms of market size)
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(Nelson 2000). The importance of regions resides in the close interaction between

socio-economical agents (Cooke, 2002; Niosi et al., 2005)2".
In early 2000s, the concept of sectoral system of innovation (SSI) appeared:

“A sectoral system of innovation and production is a set of new and
established products for specific uses and the set of agents carrying out
market and non-market interactions for the creation, production and sale
of those products. A sectoral system has a knowledge base, technologies,
inputs and an existing emergent and potential demand. The agents
composing the sectoral system are organizations and individuals (e.g.
consumers, entrepreneurs, scientists)...Agents are characterized by
specific learning processes, competencies, beliefs, objectives,
organizational structures and behaviours. They interact through processes
of communication, exchange, co-operation, competition and command,
and their interactions are shaped by institutions (rules and regulations).
Over time, a sectoral system undergoes processes of change and
transformation through the co-evolution of its various elements.”
(Malerba, 2002: 250)

In brief, the building blocks of the sectoral systems are: knowledge and technology,
actors and networks, and institutions (Malerba, 2002). The relevance of a SSI relies
on interactions that take place within a sector: “it forms the locus of interaction of
numerous networks generating particular kind of knowledge” (Edquist et al., 2004:
440). Knowledge, technologies, actors, institutions and interactions are specific to
each sector and have implications for the development of those. Therefore,
governments willing to support specific sectors have to identify the specific

knowledge, agents and interaction related to the sectors.

Given that the creation of new technology requires large investments in terms of
funds and human resources, in each country the concentration of those resources is
often placed on few regions and in few technologies. The following section deals

with the implications of NSI, RSI and SSI for developing countries.

2! The definition of this concept is presented on section 3.1 in the Chapter III.
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5.2 Innovation systems in emerging and developing countries

As mention above, one of the main objectives of the system of innovation approach at
any level (region, sector or nation) is to guide policy makers in the formulation and
implementation of STI policies in a coherent way. The innovation systems literature
emerged in the context of developed countries, which present historical conditions
(e.g. institutions related to the system of governance and accountability) and
resources (e.g. funds, human resources, state-of-the-art research institutes) that allow

them to create and support technological innovations.

Since the 1990s, some authors have analyzed the environments and policies carried
out by the governments of emerging and deve-loping countries (e.g. Argentina, Brazil,
Korea, Singapore, Taiwan and others, more recently China and India). The most
salient characteristic of successful innovation systems in emerging countries is that
most of them are focused on one or a few high technology sector(s)22 (e.g. Korea on
automobile and electronics, Singapore on micro-electronics and biopharmaceuticals,
India on information technologies, Israel on software and biotechnology, Brazil on
aircraft). High technologies involve science and technology inputs and sophisticated,
complex manufacturing. In order to create these high-value products, governments
have made large investments in qualified education and training, support high-tech
enterprises, and build government agencies in order to coordinate the efforts.
Governments in emerging countries have focused on few high tech sectors, and in
most cases, the organizations (universities, enterprises and government agencies)
related to these sectors are located in specific regions. As mention before (Chapter
IV), the government efforts to encourage and support a variety of capabilities to
generate and commercialize sophisticated products must be accumulated over time.

Successful emerging countries have followed a pattern in the implementation of STI

%2 The exception is China, which seems to be pursuing a very broad spectrum of high-technology
industries at the same time.
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policies: i) support for the creation of technological capabilities (education and
training); horizontal policies, ii) the prioritizing industrial sector (high-, medium-, and

low- technologies); and establishing vertical policies.
5.3 National innovation system of Mexico

The aim of this section is to outline the characteristics of the national system of
innovation (NSI) of Mexico. As mentioned above, the NSI concept involves three
main elements: knowledge-creation institutions, enterprises and government agencies.

In turn, each of these elements includes different agents and relations between them.
5.3.1 Economic performance

Although the process of industrialization in Mexico started in late1880s, the role of
the government as designer of industrial policy started circa 1930 (Haber, 1989).
Since then, different industrial policy approaches have been adopted (i.e. attraction of
foreign investment, import substitution). Recently, the OECD carried out an
assessment of the economic performance of Mexico. The document summarizes the

results as follows:

“Mexico’s economic performance in terms of growth of GDP per capita
has been respectable but still insufficient to close the gap vis-a-vis the
most advanced OECD countries in terms of the population’s living
standards and overcoming widespread poverty. To shift the economy to a
path of higher, sustainable growth, Mexico’s economic policy needs to
boost productivity growth. In the past, it has been sluggish. Given the
salient role of innovation in driving the long-term productivity growth,
the challenge is to encourage innovation throughout the Mexican
economy. Achieving this goal will require significant, broad-based reform
and dedicated efforts.” (OECD, 2009a: 63).

5.3.2 Public policies and the formation of the NSI

Government plays a major role in the transformation of economies. In this sense, the
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consolidation of a NSI depends on the evolutionary processes of public policies.
Dutrénit et al. (2010) analyzed extensively the historical evolution of science,
technology and innovation policies in Mexico. According to these authors the

evolution of STI policies can be divided into four phases:

Phase I 1935-1970: The foundation of the kﬁowledge-creation institutions,
Phase II 1970-1981: The creation of the CONACYT,

Phase III 1982- late-1990s: Structural changes,

Phase IV After 1999: Efforts to design innovation policies.

Phase I?® is characterized by the establishment of universities®*, national research
institutes, and university research centres. In this period, some domestic large
enterprises established R&D facilities in different sectors such as cement, steel,
chemistry, pharmaceuticals, glass, and brewing. These organizations shaped the
scientific and technological activities in this phase. In addition, two developmental
agencies were created: Nafin (a development bank) and Bancomext (a trade bank).
These agencies sought to encourage technological activities. The main feature in
Phase II was the creation of the National Council on Science and Technology of
Mexico (CONACYT in Spanish). Since then, the mandate of this institution has been
to design and implement science and technology policies according to the economic
policy of the country. New organizations were created, such as research public
centres, national research institutions, and new higher education institutions. In Phase
III, incentive programs were implemented to improve the performance of the
knowledge-creating institutions (e. g. the National System of Researchers, SNI in

Spanish). However, the national government subsequently adopted neo-liberal

2 The description of the four phases of STI policies is based on Dutrénit et al. (2010) Ch. 3, pp. 142-
152.

2 The National Autonomous University of Mexico (UNAM in Spanish) was founded in 1910. The
National Polytechnic Institute (IPN in Spanish) was creates in 1936 with the mandate to generate
human resources to accomplish industrial and applied research for the economic development of the
country (Dutrénit et al., 2010: 143).
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policies that limited its intervention in the economy. Consequently, the national STI
policies were almost entirely focused on the education system. In the 1990s, a variety
of programs were created to encourage the development of technology and innovative
capabilities by the private sector. These programs aimed to encourage R&D activities,
technological upgrading, strengthen scientific and technological capabilities, and
promote the university-industry partnerships as well as establish incubators for
technology-based firms. Also, the government introduced some changes related to
Intellectual Property Law. In Phase IV, the Law for the Promotion of Scientific
Research and Technological Development (1999) was implemented. This set the
basis for designing the scientific, technological and innovation policies in recent

years.

After this process of creation and restructure of organizations, institutions and
policies, the current Mexican NSI includes the following agents (Dutrénit et al., 2010:
63-92):

Government organisms and institutions
National council of science and technology, CONACYT;
Scientific and technological consultative forum, FCCT;
National network of state councils and organizations for science and
technology, RENACECYT;
Science and technology committees of the legislature

Public research institutes
Public research centre-CONACYT (under the aegis of Conacyt);
Public research centres, PRC (run by different Ministries);
Research institutes and centres (administrated by HEIs).

Mexican system of higher education institutions, HEI.

Innovative enterprises in the private sector.

Intermediate funding and coordinating institutions (such as foundations and
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associations).

At least part of the financial system. |

The Mexican NSI includes a variety of organizations and institutions that have
different interest; this circumstance affects interactions between agents. Dutrénit et al.
(2010: 92-94) summarize the relationships between agents within the NSI as follows
(see Figure 5.1): |

“The Mexican NSI has two main characteristics regarding interactions
[between agents]. First, the productive sector acts almost as an isolated
agent within the system. Although it maintains strong interactions with
the government —which is mainly a result of macro-economic policy and
some industrial incentives from government regulations— there is a clear
lack of regular linkages with other economic and social agents ... there are
not strong, dense and regular ties with intermediate and financial
institutions. Neither are there strong ties to generate knowledge (HEI and
PRC) ... The weakness of these linkages is a key factor to explain the
slow development of national innovation capabilities. Second, most
interactions take place between public institutions [CONACYT-public
HEIs, CONACYT-PRC, and between public HEIs and PRC] ... This
configuration has been built up over the years, from a STI [science,
technology and innovation] policy based on a linear conception of the
innovation process ... where production and transfer of knowledge from
HEIs [universities] and PRC [public research centres] were at the centre
of the system.”
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Figure 5.1
Interactions between agents of the Mexican NSI
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Source: Dutrénit et al. (2010: 93).

Therefore, the Mexican NSI is unstructured based on the fact that: the private sector
and the knowledge-creating organizations have different interests (Cimoli, 2000;
Dutrénit et al, 2010). In order to improve this situation, in the last. decade, the
Mexican government has implemented some programs and policies to foster domestic
technology development as well as emphasize research collaboration and promote its

relevance for enterprises in order to accomplish successful innovative products




94

'(OECD, 2009a). Some of the programs and policies are the following:

e Science and Technology Laws 1999 and 2002 (Leyes de Ciencia y
Tecnologia): they are se laws are focused on mechanisms to improve the

interactions and coordination between agents

e Science and Technology Special Program 2002-2006 (Programa Especial para
la Ciencia y la Tecnologia, PECYT) the main objective of this program was to
guide the design and implementation of public policy to improve the National

System of Researchers (SNI).

e Science, Technology and Innovation Special Program 2007-2012 (Programa
Especial en Ciencia, Tecnologia e Innovacién, PECITI) the objective of this
program is to reinforce the PECYT 2002-2006.

Definition of priorities

One of the main objectives of the NSI is to identify the organizations and institutions
that contribute to innovation. In the case of more sophisticated products (such as high
tech products), the locus of innovation is located in networks of specialized inputs
(Powell et al., 1996). In order to enable the interaction between different agents, some
governments in industrialized countries have developed institutional frameworks and
implemented a coherent package of STI policies. As mentioned in the Chapter 4, the
design of STI policies takes in account priorities rooted in the national context
(existing capabilities and political-socio-economical environments). However, the
establishment of those priorities seems not to be an easy task, especially in a country
where different groups of interest do not arrive to a consensus about the basic

socioeconomic needs.

According to Dutrénit el al. (2010), the Mexican government has faced problems to
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define the priority sectors that would guide the economic development of the country.
Although the mandate of CONACYT is to design and implement the STI policies,
this task has been limited by the “scientific elite, which has a strong influence on the
establishment of priorities and the design of the STI policies” (Dutrénit et al., 2010:
153). In the last decade, some efforts have been made in order to define the strategic -
sectors of the country: for example, the PECYT 2001-2006 attempted, for the first
time, to define the strategic sectors; however, that definition was in a broad way,
without clear specifications of goals. The PECITI 2007-2012, after some prospective
studies, defined eight strategic areas:

e Food and agro-indusltry

e Aeronautics

¢ Automobile and auto parts

¢ Electrics and electronics

e Pharmaceutical and health sciences
o Metallurgy

e Metal-mechanics and capital goods

¢ Chemical and petrochemical

As mentioned in the section 5.1, each sector requires a specific knowledge base and
has different dynamics to generate and exploit business opportunities. Therefore:
“one of the problems governments may face is the inability to understand the
specificity of the sector, the technology or the institutional setting in which policy has
to take place” (Edquist et al., 2004: 442).

5.3.3 Regional systems of innovation in Mexico




96

Empirical research has shown that enterprises, especially in high-tech sectors, tend to
agglomerate in specific geographical areas, emphasizing the importance of regions in
economic development. Therefore, regional innovation policies can be seen as a tool
to reach national innovation (OECD, 2007). However, national policies play an
important role in defining the macroeconomic environment and strategic sectors. In
the case of Mexico, “the national policy framework does not sufficiently support
clusters or regional innovation systems” (OECD, 2009b: 20). In Mexico there exist
strong regional disparities that are reflected in economic performance, education and
training, and poverty. These disparities are the result of a lack of coordination
between the national and regional policies and other structural and administrative

problems:

¢ The central government concentrates the basic tax responsibilities; states have
few tax capabilities and suffer chronic financial deficits; they are thus unable

to nurture by themselves any regional innovation system.

e The national policy framework does not support sufficiently cluster or
regional innovation systems, it does not acknowledge the spatial dimension of

the sectors being supported.

e High level of territorial concentration of innovation resources (funds, science

and technology human resources, infrastructure) in the capital city.
o Lack of vertical coordination, low transparency.

e Lack of coordination between federal and state levels to formulate policies
attracting FDI, and how this could be related and supported by science and
technology policies.

e Lack of long-term strategy at national and sub-national level.
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e There is not a clear policy to support the development of SMEs and indicators

to track firm development over time. (OECD, 2009b: 21-22)

In recent years, the government of Mexico has implemented new programs in order to
emphasize research collaboration and its relevance for enterprises in order to

accomplish innovative products:
e Scholarships and the National System of Researchers.

e Tax credits (focused on SME, new technologies and improvement of

competitiveness).

e CONACYT mixed funds, FOMIX (focused on science and technology

promotion at sub-national levels).

¢ FORDECYT (this program complements FOMIX, “the fund has an
innovative approach by targeting both geographic regions (neighbouring
municipalities or stated) and thematic regions (group of municipalities or

states that share a common problem) (OECD, 2009b).

However, the mechanisms td assess, monitor, and evaluate the science and
technology capacities at sub-national level remain unclear: “there are no formal
assessments of sub-national science, technology and innovation needs or mechanisms
for recognizing the nature of science and technology expertise by region” (OECD,
2009b: 25).

In sum, the current Mexican context offers too few incentives to push private firms to
conduct R&D activities —by their own or in collaboration- and innovate: there is a
lack of financial support and efficient legal frameworks that can stimulate the flow of
knowledge and learning; in terms of STI policies there are problems to define

priorities (e.g. strategic sectors), and there is a lack of mechanisms to design,
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implement and assess the pertinence and coordination of them.

Recently, in 2009, the S&T policy was modified, an Inter-sector Committee for
Innovation was created to design and implement innovation policies®. This
institutional body allows collaboration between government, enterprises and

universities.

In sum, it seems that the Mexican institutional framework has generated some
incentives to explore new technologies through scientific activities; however some
obstacles persist and they hinder the collaboration between different agents. The
efforts to foster scientific research are falling short in terms of the number of
institutions dedicated to biotechnology research (see Chapter VIII) and the
government investment in R&D activities. Table 5.1 shows the government
investment in R&D activities with respect to the GDP in the period 1999-2008;
Mexico not only has the lowest percentage among the OECD members, but also it
has decreased to reach 0.37%, while other emerging countries like China, Brazil and
India have a higher percentage than Mexico and also increased in the same period
(OECD, 2010).

% Comité Intersectorial para la Innovacién (CII) in Spanish. Information retrieved from
http://www.economia.gob.mx/comunidad-negocios/innovacion/innovacion-comite (Accessed on 24
February 2012).



99

Table 5.1
Gross Expenditure on R&D activities as percentage of GDP

isanivg 1999 or first 2098 or latest
available year available year

Selected OECD members
Sweden 3.61 3.75
Japan 3.02 3.44
United States 2.64 277
Germany 240 2.53
United Kingdom 1.82 1.88
Canada 1.80 1.84
Italy 1.02 1.18
Mexico 0.39 0.37
Non-OECD members
China 0.76 1.44
Brazil 1.02 1.13
India 0.77 0.88
South Africa 0.73 0.95

Source: Factbook OECD 2010 (information retrieved August 30, 2011).

In spite of a weak institutional framework and the absence of crucial actors for the
adoption of biotechnologies, some firms are adopting, using, and developing

biotechnologies in Mexico.



CHAPTER VI
THEORETICAL FRAMEWORK

The objective of this chapter is to present the integration of the different concepts,
reviewed in the previous chapters in order to analyze the theoretical question of this
dissertation, which is to understand firms’ adoption of generic high technologies that
usually require complementary knowledge from other agents, in an institutional
environment not well developed in terms of knowledge production, financing, and

small government support.

The strategic management literature includes the concept of business models that is
useful to analyze why and how agents create and capture economic value. The
relevance of this concept relies in the fact that biotechnology enterprises are science-
based businesses, which require a degree of scientific capabilities to create economic
value. However, capturing economic value from science-based products is not
evident. It depends on internal and external factors to the firm. Internal factors are
related to the strategies, value chain/capabilities, partners/value networks, location
and finance structure, while external factor are associated to scientific and
technological progress, and changes in policies and consumer preferences. In order to
identify the business models adopted by biotechnology enterprises in emerging
countries I considered two main elements: capabilities and collaborations. Given the
scientific knowledge base of biotechnologies and the variety of organizations that are
involved in the creation of biotechnology products, the type of capabilities (scientific,
production and commercialization) and collaborations define the biotechnology
business models (Figure 6.1). The external factors, in turn, are related to the
institutional environments in which the firm interacts. I use the term institutional
environment to describe the policies and institutions that allow the scientific progress

and the interaction between different actors to achieve the creation and
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commercialization of biotechnology products.

Figure 6.1

Components of business models‘in biotechnology
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I used three concepts of the high technology agglomerations literature —clusters,
regional system of innovation and anchor tenant- to analyze what kinds of
organizations are present, what kinds of relationships are established and who is the
main attractor in a biotechnology agglomeration in the different stages of its lifecycle.
Scientific knowledge is a key input to develop biotechnology products. In this sense,
universities and research centres and the heterogeneity or specificity of the scientific
knowledge play an important role, as anchor tenants, to create new enterprises or
attract other organizations. Also, the government support plays an important role to
encourage entrepreneurship and attract experienced enterprises, which can contribute

to the growth of the agglomeration (Figure 6.2).
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Figure 6.2

Lifecycle stages of a biotecﬁnology agglomeration
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Who is the * AT: entrepreneurship with expertise in the knowledge
main attractor technological path.

(Feldeszn, 2003} )

Finally, I used the STI policy literature to analyze and identify how governments
could intervene for supporting the adoption of high technologies. In the case of
biotechnologies, governments have to play an active role in the development of
institutional environments, through the creation of organizations and implementation
of STI policies, which allow the interaction between different actors and support the

growth of enterprises (see Table 4.4, Chapter IV).

Table 6.1 integrates the different concepts used as theoretical framework in this
dissertation. Column names show the lifecycle stages of a biotechnology
agglomeration, while rows names show the relevant elements of a biotechnology
agglomeration. Therefore, reading the table from left to right the integration of the

concepts is as follows:

Emergent stage: Knowledge creating-organizations play an important role as anchor
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tenants. Few scientists/entrepreneurs from these knowledge-creating organizations
found small start-ups and they maintain informal collaboration with their colleagues
to have access to the state-of-the-art knowledge and know-how. Maybe some angel
capitals or venture capitalists are present in the region and they can provide financial
support to the start-ups. Based on these characteristics these star-ups adopt BDF

business model.

Transition stage: knowledge-creating organizations, still play the role of anchor
tenant, and begin to define the technological profile of the agglomeration. More start-
ups are founded and some alliances with other actors appear, for example, venture
capitalists start to support new ventures. In addition, governments create
organizations and design programs to support entrepreneurship. Biotechnology

enterprises adopt DBF, product and platform business models.

Growth stage: the agglomeration has developed a specific scientific base and more
start-ups are founded. Large firms —with production and commercialization
capabilities- are attracted to the agglomeration, and may play the role of anchor
tenants. There are dense collaborations between different organizations. Venture
capitalists are more active and government implements programs to support firms’

growth. Biotechnology enterprises adopt DBF, product and platform business models.

Sustain stage: the agglomeration maintains its scientific base, which attracts more
firms. Collaborations are stable and venture capitalists are present in the location.
Governments implement specific programs to attract new actors. Biotechnology

enterprises adopt DBF, product and platform business models.

New opportunities: new knowledge is generated and collaborations with new actors
are established. Government is active supporting the adoption of new technologies

and the creation of new markets. New business models emerge.
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CHAPTER VII
HYPOTHESES AND METHODOLOGY

This chapter has two objectives: the first one is to recall the objective and questions
of this research, and to present propositions and hypotheses. The second objective is

to present the research design for this thesis.
7.1 Research objectives and questions

The general objective of this research is to understand firms’ adoption of generic
high technologies that usually require complementary knowledge from other agents, .
in an institutional environment not well developed in terms of knowledge production,
financing and small government support. I propose to analyze this situation with the
case of Mexico, which is an emerging country that recently has started to adopt

biotechnologies, and three groups of research questions are presented:

¢ Q1 What kinds of biotechnology users, actual or potential, exist in Mexico
and what kinds of biotechnologies have been adopted? What business models

are emerging in the Mexican-specific economic environment?

¢ Q2 Given that high technologies _tend to agglomerate, does Mexico have the
potential to create and support a biotechnology cluster? What kinds of

collaboration, if any, have emerged?

e Q3 How public policy framework could be improved in an emerging
economy such as Mexico in order to support the adoption and diffusion of

high technologies, especially biotechnologies?
7.2 Hypotheses

In order to operationalize and contextualize these questions in a meaningful way, I

present some propositions that take into account the context of emerging countries.
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However this research has neither the time nor resources to analyze and test all of
them, then I decided to enunciate these propositions as ‘General hypotheses’. In
addition, based on the literature review and research question, I propose some

empirical hypotheses (H) that will be test for the case of Mexico.
7.2.1 Business models

In the strategic management literature, a business model is a planning tool for
enterprises that includes two main processes: creating economic value and capturing
that value (Magretta, 2002; Chesbrough, 2007). A business model also involves an
ongoing process of evolution and adaptation (Shafer et al., 2005; Francis and Bessant,
2005; Chesbrough, 2007). Internal and external elements can influence the manner
through which entemﬁses accomplish these processes (Onetti et al.,, 2010). The
internal elements are those related to capabilities, while external elements are related
to interaction with other organizations and institutions (Teece, 2010). In the
technological change and evolutionary economics literatures, the enterprises’
technological and managerial capabilities are crucial for the accomplishment of R&D
and other innovative activities (Lall, 1992; Kim, 1997; Niosi and Bas, 2001). Also,
collaboration agreements play an important role to complement firms’ capabilities
and knowledge, especially in enterprises using high technologies (Powell et al.,
1996). In the particular case of biotechnology, R&D capabilities are crucial for the
enterprise performance (Hayden, 2010; Abbott, 2010), besides technological
capabilities (production activities) and managerial capabilities (organizational

activities).

In the case of advanced OECD countries, biotechnology enterprises have developed
business models closely related to scientific results. Therefore, discoveries in
different disciplines have been associated with more complexity and diversity

(McKelvey, 2004), generating opportunities for the creation of new products and
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enterprises. In developed countries, two well-defined business models have emerged:
the classical biotechnology model (based mainly on R&D activities) and the
vertically integrated company business model (integrating the complete value chain,
from R&D to commercialization) (McKelvey, 2008) or ‘Genentech model’. As the
use of biotechnologies has expanded, different business models have. emerged

depending of the socioeconomic conditions of each country (Fisken and Rutherford, |
2002; Nosella et al., 2005; Konde, 2009). Emerging countries like China, India and
Brazil have encouraged and supported the creation of biotechnology enterprises; they
have attempted to reproduce biotechnology business models from developed
countries, particularly the classical business model (based mainly on R&D activities).
In other emerging and developing countries, relevant components that allow the
adoption of the well-defined biotechnology business models are missing (such as
R&D capabilities, collaborations and competitive markets), nevertheless, enterprises
in these countries still have adopted modem biotechnologies and have created new

products (Nature Biotechnology, 2010).

General Hypothesis 1: Given the scarcity of financial, human and technology
resources and the lack of government vision to establish priorities. Therefore, a
variety of business models, which differ from those of developed countries, are likely

to arise in order to adopt modern biotechnologies in such conditions

General Hypothesis 1a: Even if the generation of biotechnologies has achieved
limited success in emerging and developing countries, some of their applications have
been used in production processes in those countries. Given that local firms are more
concerned with biotechnology applications rather than biotechnology generation, they

tend to pursue “imitative innovation” business models.

General Hypothesis 1b: Biotechnologies require a certain degree of capabilities and

resources by the firm using them. Since the institutional infrastructure supporting
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biotechnology is weak in some emerging and developing countries, firms have to rely

to a great extent on their own expertise and resources.

General Hypothesis 2: Internal elements like strategy or financial structure are not
the only ones that affect the generation of a business model; the environment in
which enterprises perform also has an impact on the kind of business models these

enterprises may adopt.

Q1. What kinds of biotechnology users, actual or potential, exist in Mexico and what
kinds of biotechnologies have been adopted? What business models are emerging in

the Mexican particular economic environment?

H1. In an emergent stage of a biotech cluster within an emerging country with
limited institutional support, the business models that are more likely to emerge
are more related to exploitation and imitation capabilities rather than

exploration capabilities.
7.2.2 Geographic agglomerations

High technology enterprises tend to agglomerate in specific geographic areas
(Sexenian, 1994; Swann et al., 1998; Niosi et al,, 2005), given the positive
externalities they can obtain in specific areas, such as qualified human resources,
specialized services, and access to funding (Braunerhjelm and Feldman, 2006). At
least three concepts have been used to analyze the creation and evolution of
agglomerations: cluster, regional system of innovation and anchor tenant. The Cluster
literature has pointed out the participants of the agglomeration (Porter, 2000: 254,
2003; Braunerhjelm and Feldman, 2006). The Regional system of innovation has
focused on the analysis of the interaction between the agglomeration actors (Cooke,
2004; Niosi et al., 2005). Finally, the anchor tenant concept stresses the role of main

attractor(s) to the agglomeration (Agrawal and Cockbun, 2003). The creation of
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agglomerations is caused by three different events: 1) relevant organizations are
already in the géographic area, 2) changes in policies and laws push foundation of
new enterprises, and 3) government mandate. Whatever the triggering event is, the
development of high tech agglomerations depends upon the government intervention
for building an environment that allows the creation, attraction, and design of new
organizations and institutions (Cockburn and Stern, 2010; Feldman, 2003, Chiaroni
and Chiesa, 2006).

Different scholars have used these concepts to analyze biotechnology agglomerations
in developed countries. They have underlined the relevance of specific agents to
adopt modern biotechnologies: universities, research centre, research laboratories in
large enterprises (Swan et al., 1998; Audretsch 2001; Chiaroni and Chiesa, 2006;
Niosi et al., 2005; Cooke, 2002, 2007; Feldman, 2003). Since the mid-1980s, some
emerging countries, for instance China, India, and Singapore, have attempted to
create biotechnology clusters imitating organizations and institutions of developed
countries; however, the potential to create and maintain biotechnology
agglomerations relies on the existence of resources, organizations, institutions and

public policies, which sometimes are not available.

General Hypothesis 3: Even though some emerging and developing countries do
have an important scientific base able to perform cutting-edge research in
biotechnology, attempting to launch compiex biotechnology-related products is rather
difficult. This is because there is a lack of relevant agents that provide support for the
commercial development of those products (e.g. research agencies with star scientists,
experienced financial organizations, testing product organizations). For this reason, in
countries with an underdeveloped system of biotechnology support, the more

likely efforts are to be found in low to medium complex biotechnologies.

General Hypothesis 3a: Although in emerging countries firms rely to a great extent
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on their own resources, modern/complex biotechnologies usually require a varied set
of capabilities that no single firm can master entirely. Therefore, these firms need
to look for some collaboration with external agents, at least to a certain degree.
When they do not find a suitable partner in their home country they will try to find

one abroad.

General Hypothesis 4: In countries with unstructured institutional environments,
there is no specific anchor tenant. Knowledge-creating organizations and
enterprises may adopt biotechnologies but their capabilities and their location are the

result of historical events (almost no relation to biotechnology).

General Hypothesis 5: In environments where there is a lack of incentives to create
new start-ups, the more likely source of entrepreneurship is large companies,
which have the commercial, productive, and scientific capabilities to apply modern

biotechnologies.

General Hypothesis 6: In the initial stage of a biotechnology agglomeration
lifecycle, the support for scientific and technological capabilities is not enough to
foster new businesses. Although these capabilities are relevant, the development of
biotechnology agglomerations relies enormously on the financial system (venture
capital, stock market, banks, government agencies) and on the organizations and
institutions focused on supporting managerial and networking capabilities
(technology transfer offices, government agencies, associations). Therefore, countries
looking to foster biotechnology agglomerations often put in place initiatives that
facilitate technology transfer, and support different business models that are

emerging from large enterprises and SMEs.

General Hypothesis 7: As a result of policies aiming for advancing scientific
knowledge related to biotechnology, research centres and laboratories have been

created. Since the policy approach has been most often based on the linear model,
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other types of institutions are not well developed or are even inexistent.

Q2: Given that high technology enterprises tend to agglomerate, does Mexico have
the potential to create and support a biotechnology cluster? What kinds of

collaboration, if any, have emerged?

H2: In the emerging stage of a biotechnology agglomeration in emerging
countries, with weak financial support for new ventures and a poor
entrepreneurship drive, universities and research centres partially act as
anchor tenants by means of project collaborations but not as spin-off

generators, which may be accomplished in later stages.

H3: Companies that have developed scientific capabilities are more likely to
establish collaborations with national -and international- partners for
exploration activities. Universities and research centres would be the more
likely targets of collaboration for ﬁrms. seeking to improve or

complement/upgrade their capabilities.
7.2.3 STI policy

The role of government is to create and diffuse technological knowledge, stimulate
learning processes, and create and maintain a coherent institutional system through
public policies (Dalum et al., 1992; Niosi and Bellon, 1995; Carlsson, 2006; Cimoli
et al., 2009; Cockburn and Stern, 2010). The dimensions that influence the design
and implementation of public policies are: the kind of policies (e.g. science,
technology and innovation), the scope (e.g. horizontal or vertical technology
policies), the relationship with the envirqnment (e.g. top-down and bottom-up), and
the geographic scope (e.g. nation, region, sector) (Metcalfe, 1994; Dodgson and
Bessant, 1996; Teubal, 1997; T6dtling and Trippl, 2005). Developed countries have

implemented a variety of STI policies to provide both, incentives and support to the
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creation and commercialization of new high technologies. In this sense, the following
propositions are aimed to suggest a framework of STI public policies to encourage

and support biotechnologies in emerging countries.

General Hypothesis 8: The establishment of priorities and the creation of
institutions to generate business opportunities seem crucial steps to design and
implement STI policies, and in turn, generate incentives to pursue business

opportunities.

General Hypothesis 8a: Large, domestic companies are expected to acquire and
imitate new technologies given their access to own financial, human and
technological resources. In this sense, the eventual adoption and diffusion of high
technologies will rely, at first, on the establishment of new organizations and
institutions that support the business models emerging from those large

companies.

General Hypothesis 8b: Given that the accomplishment of new biotechnology
products fequire a collection of different capabilities, the generation of new
biotechnology products rely on the upgrading of institutional environments that

foster, facilitate, and nurture the collaboration among different organizations.

Q3. How could the Mexican public policy framework be improved in order to

support the adoption and diffusion of biotechnologies?

H4: Given the lack of VC and entrepreneurship, growth can be achieved by
enhancing scientific capabilities in existing firms; which may be accomplished
by government efforts like awareness campaigns (ihcluding promotion and
funding), and strengthening the links between companies and knowledge-

creating organizations by means of public policies.
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7.3 Expected theoretical and conceptual contributions

Three bodies of literature are used to accomplish this research. The first one involves
a managerial view of business that includes business model, capabilities, and
collaboration through networks. These different views are closely related, and allow
the understanding of the important role of creation and subport of technological and
managerial capabilities. In the case of biotechnology, the knowledge base and
multidisciplinary nature make room for the ‘participation’ of different actors at
different levels of aggregation (worldwide, national, and regional). In this sense, my
contribution resides in understanding the business models of firms using
biotechnologies that evolve in emerging countries under conditions of meagre

government support.

The second body of literature involves regional agglomerations concepts —cluster,'
regional innovation system, and anchor tenant. These concepts focus on the forces
that attract other organizations and suggest the characteristics of institutional
environments that could support the growth of local firms and agglomeration. In the
case of biotechnology, several authors have emphasized the role of organizations and
institutions that allow knowledge exchange. In addition, some authors have analyzed
the dynamics of creation and development of biotechnology agglomerations,
especially in developed countries, but little has been said about the potential of
emerging countries to create and develop biotechnology agglomerations, and
especially how to generate these agglomerations. In this sense, the contribution to the
agglomeration literature is to understand how different organizations (enterprises and
non-enterprises) interact in unstructured institutional environments of emerging
countries, and how the creation and development of biotechnology agglomerations in
those countries calls for the creation of institutions that support the emerging
business models which are struggling to establish relationships/networking with

other organizations to increase/complement their capabilities.
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Public policies aiming to support and improve STI activities are the third body of
literature. Several authors have emphasized the role of government to create and
support technology markets. In the case of biotechnology, empirical research in
developed countries shows that government intervention in different ways (directly or
indirectly) has been crucial to consolidate organizations related to biotechnologies
(universities and research centres and enterprises). In the case of emerging and
developing countries, the adoption and diffusion of new technologies face
institutional obstacles and limited resources. In this sense, the contribution resides in
suggesting that in emerging countries the adoption and improvement of high
technologies, such as biotechnologies, require an evolving institutional environment
that allows the creation of ad hoc institutions for the emerging business models
related to high technologies, and over time the adaptation of institutions fostering

incremental innovation and eventually accomplish radical innovations.
7.4 Research design

The objective and questions of this research deal with different bodies of knowledge
and possess a multidisciplinary character. Strategic management, regional
agglomeration and STI policies literatures are interweaved to explain the adoption of
biotechnologies in Mexico. This research combines qualitative and quantitative

methods to analyse the phenomenon.
7.5 Sample construction

At least two organizations are relevant for the adoption of biotechnologies:

knowledge-creating organizations and enterprises (see Chapter II).

Given the scientific base and multidisciplinary nature of biotechnologies, crucial
agents are knowledge-creating organizations such as universities, research centres

and government research laboratories. These organizations are characterized by their
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research capabilities reputation in terms of human resources and research lines.
Therefore, the first step to define the sample was to identify Mexican universities and
research centres carrying out biotechnology research. Mexico has a vast territory that
encompasses 31 states and the Federal District (Mexico City). In all the states and
Mexico City, there is at least one technical institute or university for training human
resources in biotechnology at different levels (from technician to PhD level)
(Secretaria de Economia, 2010). There are around 130 education and research
organizations that have biotechnology programs; some of them conduct
biotechnology research activities covering different degrees of complexity (Bolivar et
al., 2003; Secretaria de Economia, 2010). Among these organizations, only 25
knowledge-creating organizations are the main scientific publishers in biotechnology

applications (see Table 7.1).
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Number of biotechnology publications in Mexico, 1996-2008

Organizations #Publications* States
Universidad Nacional Autonéma de México- 818 | Mexico City, Morelos,
UNAM and other states
Instituto Politécnico Nacional-IPN 553 | Mexico City, and other

states
Universidad Auténoma Metropolitana-UAM 291 | Mexico City
Research Centres of CONACYT 278 | Mexico and other states
Instituto Mexicano de Seguro Social-IMSS 139 | Mexico City, Morelos,
and other states

Universidad Auténoma de Nuevo Le6n 94 | Nuevo Ledn
Universidad de Guadalajara 72 | Jalisco
Instituto Mexicano de Petréleo 70 | Mexico City
International Maize and Wheat Improvement 64 | State of Mexico
Centre-CIMMYT
Universidad Auténoma del Estado de Morelos 51 | Morelos
Universidad Autéonoma del Estado de 42 | Coahuila
Coahuila
Universidad de Guanajuato 42 | Guanajuato
Clinica Ruiz de Puebla 35 | Puebla
Instituto National de Salud Pablica 35 | Morelos
Instituto Tecnoldgico de Veracruz 30 | Veracruz
Instituto Tecnoldgico de Estudio Superiores de 28 | Nuevo Leén and other
Monterrey-ITESM states
Instituto Nal. Cardiologia Ignacio Chavez 23 | Mexico City
Universidad Auténoma de Baja California Sur 23 | Baja California Sur
Universidad Auténoma de Yucatan 22 | Yucatin
Universidad de Sonora 22 | Sonora
Instituto Nacional de Ciencia Médicas y 21 | Mexico City
Nutricién Salvador Zubirin
Instituto Tecnoldgico de Celaya 21 | Guanajuato
Universidad Auténoma de San Luis Potosi 19 | San Luis Potosi
Universidad Veracruzana 18 | Veracruz
Universidad Auténoma de Querétaro 15 | Querétaro

*Data for 2008: January-September.

Source: Science-Metrix, as compiled for Canada Research Chair on the Management of Technology.

There are only five research organizations with more than 100 biotechnology
publications in the period 1996-2008: UNAM (818), IPN (553), UAM (291), the
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research centres of CONACYT (278), and IMSS (139)%. They are located mainly in
the demographic and political centre of the country: for example UNAM, IPN, UAM
and IMSS have their main campus and offices (headquarters) in Mexico City*’; they
perform research activities in different fields of biotechnology such as human and

animal health, agriculture, food processing, and environment.

In addition to research organizations, enterprises are key agents to generate and
capture economic value. I searched for information about Mexican biotechnology
enterpﬁéeszg. The identification of enterprises was based on an Internet search using
key words (e.g. biotechnology firms in Mexico; biotech Mexico, Mexican biotech, in
English and Spanish), and secondary sources (web sites of research centres and
specialized literature). Also, I asked for a directory of biotechnology enterprises in
Mexico to different organizations, such as the Mexican Association of Biotechnology
and Bioengineering (Sociedad Mexicana de Biotecnologia y Bioingieneria), Ministry
of Economy, and CONACYT. Unfortunately, none of these organizations had at that
moment a biotechnology directory. Table 7.2 summarizes the results of my search for

Mexican biotechnology enterprises.

%8 The number of publications of each institution encompasses different campus or research centres.
For example, the case of UNAM could include the publications of scientist attached to the
Biotechnology Institute, the Centre for Genomic Science, the Faculty of Medicine, and the Faculty of
Engineering.

27 Other states relatively near to Mexico City host important research centres, for example, the Institute
of Biotechnology-UNAM is located in Morelos, CINVESTAV-IPN is located in Guanajuato.

28 As defined by the OECD, see footnote 6 in Chapter I.



Table 7.2

Distribution of biotechnology firms in Mexico

State Number of enterprises*®
1 | Mexico City 19
2 | State of Mexico 12
3 | Jalisco (Guadalajara) ]
4 | Chihuahua 3
5 | Morelos 5
6 | Nuevo Leon (Monterrey) 3
7 | Quereéaro 3
8 | Sinaloa 3
9 | Coahuila 2
10 | Aguascalientes 1
11 | Baja California Sur 1
12 | Colima 1
13 | Michoacén 1
14 | Puebla 1

Total 58
*Own search
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According to my search, 58 enterprises using biotechnologies are located in fourteen

Mexican entities: Mexico City hosts nineteen enterprises, the State of Mexico hosts

twelve enterprises and the other states host between one and five enterprises.

Here it is important to mention that in August 2010, after I conducted my fieldwork
(September-October 2009), the Ministry of Economy published a study about the

situation of biotechnology in Mexico. The document lists 306 biotechnology

enterprises, however, the document also mentions that from these, only around 67

enterprises perform activities related to the development of biotechnologies (see

Annex C). I compared my results with the list of the Ministry of Economy to validate

my search: 50 of the enterprises I found on my own search match with the

information of the biotechnology report.
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Criteria of selection

Historically the main industrial and economic activities are located in three cities —
Guadalajara (Jalisco), Monterrey (Nuevo Ledn), and Mexico City- and part of the
State of Mexico. A priori 1 expected that these states hosted consolidated research

organizations and biotechnology enterprises.

o Knowledge-creating organization criterion: according to Table 7.1,
organizations with more biotechnology publications are located in Mexico
City and Morelos, followed by Nuevo Ledn, Jalisco, State of Mexico and

Guanajuato.

e Biotech enterprises criterion: according to the list of enterprises with biotech
activities (Table 7.2 and Figure C.1 in Annex C), Mexico City and the State of
Mexico host the large number of enterprises, followed by Jalisco, Morelos

and Nuevo Leon.

Following these criteria (number of knowledge-creation organizations and
biotechnology enterprises), I decided to consider three locations with quality
research, number of firms and presence of linkages offices: Mexico City, Morelos

and State of Mexico.
7.6 Data sources

Different techniques were used to collect data: questionnaires/interview and

document review.
Questionnaires/Interviews

After identifying the sample of organizations using biotechnologies, (enterprises,

universities and liaison offices) in the central area of Mexico, I contacted them by
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phone. In this call I briefly presented myself, the intention of the research and why
their participation could be useful. After this first communication, an invitation letter
was sent, by postal mail and e-mail, to the contacts to formally ask them for their

participation.

I asked for an interview to all enterprises in Mexico City, Morelos and State of
Mexico (34 firms according to my own search) and also to the most salient research
institutes in biotechnology within those ‘locations. Finally, sixteen enterprises and
four research organizations answered the main questionnaire and five technology
transfer and liaison offices answered the second questionnaire. All data were
collected in a face-to-face interview in their facilities. Table 7.3 presents a general
description of the interviews carried out for this research. In addition, I met managers
from other three enterprises (two multinational pharmaceuticals and one service
enterprise) and one university, however, they did not accept to complete the

questionnaire. The fieldwork was carried out from September 9% to October 7%, 2009.
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General descriptions of interviews carried out for this study

ID | Sector | Position | Location

Enterprises

1 | Human health General Manager Mexico City

2 | Human health Biotechnology Manager State of Mexico

3 | Human health Biotechnology Research Manager Mexico City

4 | Agriculture General Manager Mexico City

5 | Agriculture Technical Manager Mexico City

6 | Agriculture Chief of regulation and marketing Mexico City

7 | Agriculture General Manager State of Mexico

8 | Agriculture General Manager State of Mexico

9 | Agriculture General Manager State of Mexico

10 | Agriculture General Manager State of Mexico

11 | Food processing | Technology Development State of Mexico

12 | Food Processing | General Manager State of Mexico

13 | Food processing | General Manager Mexico City

14 | Environment Technical Manager Mexico City

15 | Environment Innovation and Technology Mexico City
development Manager

16 | Environment Manager of Quality Assurance and Morelos
Monitoring

University and research centres

1 | University Technical Secretary of Technology Morelos
Management and Technology Transfer

2 | Research Centre | Coordinator of Health Research Morelos

3 | University Chief of the Biotechnology Department | Mexico City

4 | Research Centre | Research Director Mexico City

Technology transfer and liaison offices

1 | University Chief of Technical Support Mexico City

2 | Federal Director of Entailment and Institutional | Mexico City

government Development ;

3 | University Coordinator of Academic Liaison Mexico City

4 | State government | Director Morelos

5 | University Technical secretary of technology Morelos

management and technology transfer

The most important source was a questionnaire focused on information related to
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enterprises and research centres: “Questionnaire about activities and characteristics of
enterprises ‘that use and develop biotechnologies in Mexico”” (Annex D). This
questionnaire was inspired by the Statistics Canada biotechnology questionnaire, and
is used in a larger project including Argentina, Brazil, Chile, China, India, Singapore
and South Korea directed by Jorge Niosi and supported by FQRSCY, as well as the
Canada Research Chair on the Management of Technology directed by Dr Niosi.
Another important source of information was a questionnaire for liaison offices of
universities and government agencies: “Questionnaire for technology transfer and

liaison offices related to biotechnological products and processes™>" (Annex F).

The main questionnaire includes questions that were useful to answer the three
groups of research questions. The group of research questions dealing with the
characteristics and capabilities of Mexican biotechnology firms were answer by
Question 1, which asks for biotechnologies in use and development, Questions 10 and
11 ask for biotechnology products and processes, Questions 2, 3 and 4 ask for
capabilities, and Questions 21 and 22 ask for foreign trade. The group of research
questions about agglomerations were answered by Questions 5, which asks for age,
motives and advantages of the establishment, Questions 14 and 15 ask for
collaborations. The group of questions about public policy were answered by
Question 13, 16, 17, 19, and 20, which ask for issues about regulation law, IPR,
funding and tax credits.

Technology transfer and liaison offices play an important role to support university-
indusfry interactions. The second questionnaire includes questions about the services

offered by the liaison and support agencies: Question 1 asks for age, Questions 2, 3

% The Spanish version was titled “Cuestionario acerca de las actividades y characteristicas de las
empresas que utilizan y desarrollan biotecnologias en Mexico”.

30 Fonds québécois de la recherche sur la societé et la culture (Quebec, Canada).

3! The Spanish version was titled “Cuestionario para oficinas de vinculacién universidad-empresa y
transferencia tecnologica relacionados con productos y procesos biotecnolégicos”
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and 4 ask for motives of the establishment (mandate), Questions 5 and 6 ask for
collaboration with other centres (in general and in biotechnologies), Questions 10-13
ask for services targeting biotech enterprises and the assessment of those services.

Question 14 asks for results of the centre.
Document review

In order to validate the data collected, other sources of information were consulted
(Yin, 1999; Patton, 2003). Quality research in biotechnology and potential
commercialization are related with scientific publication and patents (Kaplan et al,
2004). In this sense, I used a journal database, compiled by Science-Metrix for the
Canada Research Chair in Management of Technology that provides information
about universities and PRC publications in biotechnologies fields during the period
1999-2008. In addition, I consulted the US Patent and Trademark Office (USPTO)
that is one of the most important patent offices. In order to identify the patents related
to biotechnologies I used the International Patents Codes (IPC) proposed by the
OECD (Bguzekom and Arundel, 2009: 52):

e AO1H 1/00 e CO7K 16/00 o GOIN 33/55
e AO1H 4/00 e CO07K 17/00 e GOIN 33/57
e A61K 38/00 e CO07K 19/00 o GOIN 33/68
o A61K 39/00 e CI2M e . GOIN 33/74
e A61K 48/00 e CI2N o GOIN 33/76
o CO02F 3/34 e CI2P o GOIN 33/78
e CO07G 11/00 o C12Q e GOIN 33/88
e C07G 13/00 e CI128 e GOIN 33/92
e C07G 15/00 o GOIN 27/327

e CO07K 4/00 o GOIN 33/53

e CO7K 14/00 e GOIN 33/54

Other documents such as public official documents, consulting enterprises reports,

and specialized literatures also were also used.
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7.7 Data treatment

Three databases were created, one for each kind of participant: enterprises, research
centres, and liaison and technology transfer offices. Given the small number of

participants in each group, nonparametric tests —Spearman Rank-order correlation,

 Biserial correlation, and Chi-square with Yates correction for continuity statistics®>-

were used to test relationships between variables. The Table 7.4 presents how the

research questions were addressed.

The answers of the main questionnaire were transformed in order to operationalize
them. For example, in the case of number of employees, this variable was considered
as an ordinal scale variable®® given the big difference among the answers (from 3 to
900). I transformed this variable into a rank order variable (see process in Annex H).
Other variables like import activities and collaborations were transformed into

continuous dichotomous variables, whose values were YES and NO.

32 The statistical softear to obtain this statistic was PSPP (a free program).

3 «A dichotomous variable is a mesure of two conditions... A continuos dichotomous variable has
some type of order to the two conditions... Ordinal scale data describe values that occur in some
order. However, distance between any two ordinal values holds no particular meaning” (Corner ad
Foreman, 2009: 3).
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Variables and sources of information
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Research questions

Variables

Sources of information

What kind of biotechnology
users, actual or potential,
exist in Mexico, and what
kinds of biotechnologies have
been adopted?

What business models are
emerging in the Mexican-
specific economic
environment?

Type of biotechnology
activities: kinds of
biotechnologies used, purposes
of using biotechnologies

Main questionnaire
(Section 1)

Type of capabilities: size, size
biotechnology, export
activities, kinds of
biotechnologies adopted

Main questionnaire
(Section 2, 3, 4)

Complementary elements to
define business models:
collaborations, funding
sources, and strategies

Main questionnaire
(Section 5, 6, 7)

Given that high technologies
tend to agglomerate, does
Mexico have the potential to
create and support a
biotechnology cluster?

What kinds of collaborations,
if any, have emerged?

Research capabilities: number
of knowledge-creating
organizations, number of
publications and patents.

Government
documents, websites of
universities,
publication database,
patents database

Business opportunities:
distribution of the potential
enterprises in the different
regions of the country

Government
documents and
specialized literature.

Institutional environment:
characteristics of liaison and
technology transfer units, and
complementary organizations
Collaborations: kinds of
relationships and motives for
those collaborations

Second questionnaire
and government
documents.

Main questionnaire
(Section 3, 5)

How could the Mexican
public policy framework be
improved in order to support
the adoption and diffusion of
biotechnologies?

Design and implementation of
STI policies in other emerging
countries and Mexico

Specialized literature,
government document,
consulting reports.




PART II. EMPIRICAL EVIDENCE AND CONCLUSIONS

CHAPTER VIII
EMPIRICAL EVIDENCE

This chapter presents the analysis of the empirical results in order to answer the
research questions related to business models and  biotechnology regional
agglomerations. The next chapter deals with the STI policies implemented in

emerging countries and presents some lessons for Mexico.
8.1 Biotechnology enterprises and business models

Some emerging countries, like China, India and Brazil, have been encouraging the
adoption of modern biotechnologies. These countries have attempted to imitate the
experience of developed countries through the support of R&D activities and the
creation of institutional frameworks that allow SME enterprises to commercialize
biotechnology products (see Chapter IX for details). The most cited organizations in
the adoption of biotechnologies are universities and research centres and DBFs. The
business model that characterizes these DBFs is the classical biotechnology business
model (see Chapter II): SME focused mainly on R&D activities, at least in the
pharmaceutical sector. Emerging countries also have tried to generate and support
DBFs that follow the classical business model**. However, SMEs are not the only
ones adopting and developing biotechnologies. Traditional pharmaceutical companies
in emerging countries are also adopting biotechnologies in order to remain in the
market (Nature Biotechnology, 2010). Therefore, other kinds of business models are

taking place in emerging countries.

Before analyzing the kinds of business models followed by the sample of enterprises

interviewed in Mexico, it seems useful to identify the users of biotechnologies.

3 Nature Biotechnology published in 2010 special reports focused on biotechnology in China and
India. These reports highlight the potential of the biotech enterprises to become part of the value chain.
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Q1: What kinds of biotechnology users, actual or potential, exist in Mexico and
what kinds of biotechnologies have been adopted? The main questionnaire gathers
information about the kinds of biotechnologies used by the firms interviewed and
their purposes (current production, product/process development and environment),
as well as characteristics of the firms in terms of kinds of products, size, age and

foreign trade.

Table 8.1

Biotechnologies and their uses by firms established in Mexico

. | Product/process | Environment
Use Production
Biotechnologies development | alreasons

YES| % | NO| % |YES| % | YES % YES| %
DNA codification 2 (125 14 |85 2 | 100 2 100 1 50

Proteins and 3 | 188 13 |813| 3 | 100 3 100 0 0
molecules

Cell and tissue 6 [375] 10 |625| 5 |833 5 83.3 0 0
culture and eng.

Process 9 1563 7 438 9 | 100 6 66.7 3 || 333
biotechnologies

Sub-cell organisms 1 163 15 [938| 1 | 100 1 100 0 0
Bioinformatics 0 0 16 | 100 O 0 0 0 0 0
Nanobiotechnology 1 163 15 |938| O 0 1 100 0 0
Environment bitotech| 3 |18.8| 13 |813| 2 |66.7] 2 66.7 0 0
Other (e.g. enzymes)| 6 |[37.5| 10 {625]| 3 50 4 66.7 3 50

n=16

Table 8.1 presents a summary of the kinds of biotechnologies adopted and the their
purposes. Most of the enterprises interviewed have adopted and currently use
biotechnologies related to process biotechnologies (56.3%), followed by cell and

tissue culture and engineering (37.5%), proteins and molecules (18.8%), and
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environmental biotechnologies (18.8%), while more complex biotechnologies such as
DNA codification (12.5%) and nanobiotechnologies (6.3%) have been adopted by
few firms; bioinformatics is not used by the interviewed enterprises. These results
show that very few firms have adopted modern biotechnologies; low to medium

complex biotechnologies are more prevalent.

Regarding the purpose of using biotechnologies, Table 8.1 shows that all firms use
biotechnologies to aid their production and product development processes. In the
case of bio-nanotechnology, only one firm is using it for product development. In this
sense, in this sample no firm is dedicated to develop complex products based on
modern biotechnology per se; rather, they use biotechnologies to improve production
processes of products that are already in the market (e.g. like biogenerics medicines).
In some cases, firms use biotechnologies for environmental reasons (e.g. water

treatment (see Table 8.2).

Table 8.2

Biotechnology products and services

Sector Products/services

Human Erythropoietin

health Recombinant anti-poison drugs
Vaccines '

Agriculture | Bio-fertilizers
Bio-pesticides
Bio-regulators

Micro propagation
Veterinary medicines
Food Animal feed

processing | Diagnostic kits

Microbial enzymes
Environment | Absorbent fiber for industrial substances
Odor control and treatment
Wastewater treatment
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In order to characterize the users of biotechnologies in Mexico, the questionnaire asks
about products in the market and development processes in different industries (e.g.
diagnostics and therapeutics in human health; plant biotech and animal biotech;
genetics and molecular modeling in bioinformatics; air, water, and soil in
environment). According to that information, the interviewed firms produce goods
and services that can be categorized into the following industries: agriculture,

environment, food processing and human health.

Table 8.3

Characteristics of Mexican enterprises using biotechnologies

Creation Number of years | Number of
Sector ID year or using biotech. employees Export |
restructure (2009) (2008)
Human 1 1999 NA 500 NO |
Health 2 1970 20 900 YES |
3 1990 19 108 YES |
Agriculture | 4 1976 33 94 YES
5 2004 3 16 NO
6 2003 6 42 NO
i 1995 12 3 NO
8 1990 15 110 YES
9 1992 2 14 YES
10 1986 23 34 YES
Food 11 1974 35 108 YES
processing 32 1986 10 165 NO
13 1998 10 18 NO
Environment | 14 1995 14 21 YES
i 1999 2 14 NO
16 1996 13 30 NO

What business models are emerging in the Mexican-specific economic
environment? Information in Table 8.3 summarizes the characteristics of the

interviewed enterprises: age, years of experience using biotechnologies, and their
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participation in foreign markets. Based on this information, two kinds of users were
identified. The first one includes those enterprise currently using biotechnologies that
were established since the 1970s (numbers 2, 3, 4, 10, and 11 in Table 8.3). Some of
these enterprises have had products in the market for around 30 years and they also
have used biotechnologies almost since then. In some cases, they have restructured
their business organization (e.g. to change company mission and rename the
company) and their production lines (e.g. to enter new markets or improve their
processes). In addition, they have foreign trade activities. In these cases one can
intuitively suggest that these kinds of firms have improved their biotechnology
processes in order to maintain their position in the market. Also, the accumulation of
capabilities has allowed these firms to adopt modern biotechnologies for improving
production processes, and eventually to enter in new markets with new products. The
second kind of users includes those enterprises which are relatively young —they were
founded since the 1990s—, they are small and do not have activities in foreign
markets (numbers 5, 6, 9 and 15 in Table 8.3). These enterprises have few years
adopting biotechnologies; they seem to look for improving their processes and

products in order to move their position in the local market.

Based on the information of Table 8.1 that contains current production, process and
product development, and environment reasons, and Table 8.3 that summarizes
information about age, number of years using biotechnologies, and foreign trade: the
adoption of biotechnologies in Mexico seems to be carried out mainly by medium
and large enterprises that are already in the market and look for improvements on
their processes or lines of businesses. In addition, firms that have capabilitieé related
to biotechnologies as well as production and commercialization capabilities in local

and foreign markets are more able to adopt modern biotechnologies.

In order to test this proposition, I conducted non-parametric tests (see Annex H) to

measure the relationship between 1) size and size of biotechnology, 2) size and years
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using biotechnologies, and 3) years using biotechnologies and export activities. A
Spearman rank-order correlation produced significant results (7,=0.8640, p<0.05); it
means that there are a strong relationship between the size and the size of
biotechnology. This result suggests that according to the size of the firm (total
number of employees), it has developed a capacity to have a number of employees
dedicated to biotechnology activities —either full- or part-time. In addition, a biserial
correlation produced significant results (75=0.4804, p<0.05) when measuring the
relationship between firm size and the number of size biotechnology, which suggests
that there is a strong relationship between these two variables. Regarding the
relationship between years using biotechnologies and export activities, a biserial
correlation also produced significant results (#,=0.8358, p<0.01); these results suggest
that there is a strong relationship between the firm’s years using biotechnologies and

its export activities.

Medium and large enterprises using biotechnologies have been in the market for more
than 30 years and in some cases they have more than ten years using biotechnologies.
This information confirms that large firms have developed scientific, managerial and
commercialization capabilities that help them to adopt modern biotechnology. Most
of these enterprises are not generating new products for the world; instead they are
improving their processes and product lines to remain in the market. They have

developed “imitative business models”.

Other internal factors that affect the creation of business models, besides capabilities,
are collaborations with other organizations, finance structure, location, and strategy

and objective/mission (see Chapter II).

Regarding the funding sources, the interviewed enterprises have not received support
from venture capitalists. Most of them have received funding support from family

and friends. Two firms have received funding from government because they are
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government-owned, one of them also receive funding from international institutions
(e.g. World Health Organization). Other three firms mentioned they have obtained
funding from government in addition to the family support. Only one firm mentioned
to have private placement. This information confirms the limited financial support
that biotechnology firms have. Commercial banks and public equity markets have a
small participation in supporting innovative initiatives, especially of those coming
from small and medium enterprises: “During the last ten years, the [VC] industry has
predominately been governed by foreign investors who primarily focus on late-stage
investments” (Charvel et al, 2006: 311). The venture capital industry in Mexico is in
its infancy phase; private and institutional players do not have incentives to take high
risks (Charvel et al, 2006; Lavca, 2010).

In order to analyze the strategies implemented by the enterprises in 2008, the
questionnaire asks for two types of strategies: knowledge strategies and business
strategies (Table 8.4). Regarding knowledge strategies, the enterprises mentioned
they captured and used knowledge obtained from external sources, particularly from
knowledge-creating organizations. In addition, all enterprises encouraged staff
education. Although these enterprises encouraged the adoption of new knowledge and
improvement of skills, they were not enthusiastic with the implementation of
intellectual property. Most of the enterprises have several trademarks, however, few
firms have patents, either granted or applications. Regarding the business strategies,
most of the enterprises increased market penetration, began new R&D project, and

expanded into foreign markets.
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Table 8.4
Strategies implemented by Mexican biotechnology enterprises, 2008 (percentage)

Agri. | Env. Food | Hum.

Knowledge strategies proc. health

Captured and used knowledge obtained from other 29 100 100 100

industry sources

Captured and used knowledge obtained from 71 100 100 100

knowledge-creating organizations

Development of new knowledge through 57 50 38 100

collaborative agreements

Used and updated databases of scientific 71 100 67 67

information

Developed firm policies and practices for IP 29 100 0 67
rotection

Developed or encouraged staff education/upgrading 100 100 100 100

Conducted an IP audit in all stages of development 14 0 0 88

Used IP to signal competency 43 100 67 100

Business strategies

Increased firm size through acquisitions, merger or 29 50 0 33

joint-ventures

Provide products and services to other firms 14 0 ] 0

Increased market penetration (product trials/adapted 86 100 100 33

products or processes)

Began new R&D project(s) 86 100 67 100

Expanded into foreign markets 71 50 67 67

Other (niche market) 0 0 33 0

n= Agriculture: 7; Environment: 2; Food processing: 3; Human health: 3; NA: 1.

8.2 Potential biotechnology clusters in Mexico

High technology agglomerations require government intervention for creating
organization and institutions that support their growth. Several countries have
designed initiatives to create high technology agglomerations (e.g. regional clusters,
industrial parks). Mexico is not an exception, and some initiatives have been
presented to encourage the creation of agglomeration in different regions of the

country. The PECITI 2008-2012 recognizes the importance of university-industry
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collaborations; accordingly, some industrial parks have been proposed in different
Mexican states, for example, Aguascalientes, Baja California, Chihuahua, Jalisco,
Morelos, Nuevo Ledn, State of Mexico, Sonora and Yucatan (PECITIL, 2008). At least
two technology parks have been designated to encourage university-industry

collaborations for developing biotechnologies.

Table 8.5
Technology parks supporting biotechnologies in Mexico

Name of the park Location Supporting areas Participants
related to
Parque de Investigaciéon e | Monterrey, | Biotechnology, Private initiative,
Innovacion Tecnoldgica Nuevo Le6n | nanotechnology, HEL and research
de Monterrey (PIIT)? mechatronics, ICT, | centres.
and health
Parque Tecnologico Cuernavaca, | Biotechnology, Federal and State
Cuernavaca’ Morelos ICT, mechatronics, | governments and
and health HEIL
% Park of research and technology innovation of Monterrey, Nuevo Leén
. Technology Park Cuernavaca, Morelos

Source: PECITI (2008: 23)

Regarding the creation of biotechnology agglomerations, specific organization and
institutions are needed to support their development (see Chapter III). Some scholars
have mentioned that those organizations and institutions that support the adoption of
biotechnologies in developed cour'ltries are difficult to find or create in emerging and
developing countries. In this sense, this section deals with the analysis of the potential

Mexico have for creating a regional biotechnology agglomeration.
8.2.1 Regional scientific capabilities

Q2: Given that high technologies tend to agglomerate, does Mexico have the
potential to create and support a biotechnology cluster? The creation of scientific

and technological capabilities relies strongly on institutional structures nurtured by
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governments. As mentioned in Chapters II and III, high technologies enterprises tend
to agglomerate in specific geographic areas. Biotechnology agglomerations rely on
the existence of a variety of organizations that support the creation of capabilities in
the area. The following paragraphs describe the organizations and institutions of

different regions in Mexico.

Figure 8.1 shows the number of knowledge-creating organizations and research
centres located in each Mexican state and the federal district (Mexico City).
According to the Ministry of Economy, in 2008 Mexico had about 130 education and
research organizations with programs related to biotechnologies, these include 48
master programs and 21 PhD programs dedicated to areas such as biochemistry,
biology, bio-processing, pharmacology, genetics, and food processing (Secretaria de
Economia, 2010: 251). These programs represent 8% of the total postgraduate
programs in Mexico (ibid, p. 252). Among the universities and research centres in
Mexico, only 25 have biotechnology publications in international journals (see Table
7.1 in Chapter VII) and only 10 organizations had more than 50 publications during
the period 1996-2008 (see Table 8.6).




136

Figure 8.1

Number of universities and research centres with biotechnology activities in Mexico

State of Mexico=6
Mexico City=19
Morelos=d

Source: Own elaboration based on Secretaria de Economia (2010).




Table 8.6
Number of publications in different biotechnology areas, 1996-2008
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i Other than
Organizations Total* Agriculture | human health
health -
and agriculture

Universidad Nacional Autonéma de
México-UNAM 818 594 72 137
Instituto Politécnico Nacional-IPN 553 340 93 116
Universidad Auténoma
Metropolitana-UAM o L & =
Research Centres of CONACYT 278 135 52 82
Institutio Mexicano de Seguro Social-
IMSS 139 131 4 1
Un}ver51dad Autonoma de Nuevo . 94 61 14 17
Ledn
Universidad de Guadalajara 72 50 10 I
Instituto Mexicano de Petrdleo 70 20 1 40
International Maize and Wheat
Improvement Centre-CIMMYT b - " g
Universidad Auténoma del Estado de 51 28 4 13

Morelos

* Data for 2008: January-September

Source: Science-metrix as compiled for Canada Research Chair on the Management of Technology.

In addition to publications, the number of patents is a quality indicator of research.

Table 8.7 shows that very few Mexican universities and research centres have

registered scientific advances in the USPTO, the most dynamic patent office. These

registrations started in the 1990s.
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Table 8.7
Patents granted to Mexican universities by the USPTO, 1976-2010

Universities and research | Year 1% ) Total Total
biotechnology State
centres patent patents patents

CINVESTAV - IPN 1990 6 leicn City iz
Guanajuato

Eﬁggi‘iﬁi Antbnomads, 1 ;5 3 Woews ieta 4

UNAM 1990 12 Mexnn DI [ 16
Morelos

Escuela Nacional de . .

Ciencias Bioldgicas - IPN 2 b Mesgo Cicy i

ITESM 2008 1 Nuevo Ledn 2

Source: Own elaboration based on USPTO, August 2010

According to the information of Figure 8.1 and Table 8.7, in spite of Mexico having
some training and research organizations all over the country, there are few Mexican
states with the potential to undertake cutting-edge biotechnology research. These
locations host universities and research centres with research tradition: Mexico City,

Morelos, State of Mexico, Jalisco and Nuevo Leén.

The central region of Mexico (Mexico City, Morelos and State of Mexico),
particularly Mexico City, hosts the largest universities in the country, in terms of
student population and research activities: UNAM, IPN and UAM. UNAM has
faculties conducting biotechnology research in Mexico City (chemistry, sciences,
medicine, bio-sciences, engineering) and Morelos (biotechnology and genomic
sciences). IPN has also some schools and faculties related to biotechnology research,
in Mexico City (biology sciences and biotechnology), Guanajuato (plant
biotechnology and genomics), and Tlaxcala (applied biotechnology). UAM has
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research activities in two campuses located in Mexico City (Iztapalapa and

Xochimilco). These organizations have been actively involved in biotechnology

research for more than 25 years, in the case of modern biotechnology (e.g. DNA

coding, bioinformatics) for more than 10 years®® (Table 8.8).

Table 8.8

Biotechnologies used in Mexican universities, 2008

: : : : Research . . Research
Biotechnologies University1 N University2 CETVED

Number of researchers 304 48 57 155
Number of
biotechnology 184 43 52 93
researchers
SNI researchers 59 42 100 29
(percentage)
Biotechnology research activities
DNA codification YES NO YES YES
Proteins and YES NO YES YES
molecules
Cell anq tlssge culture YES NO YES YES
and engineering
o YES YES YES NO
biotechnologies '
Sub-ealuler YES NO YES YES
organisms
Bioinformatics YES NO YES YES
Nano-biotechnologies YES NO YES NO
) YES NO YES NO
biotechnologies

Genomics, | Bioprospecting, y ;
Others Proteomics | Phytomedicines Bio food Genomics

Historically, scientific research has been concentrated in the centre of the country

33 Information from interviews with universities
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where the main campus of the three universities mentioned before are located. In an
attempt to decentralize research activities, some of their faculties and institutions
were relocated to other states. However, the concentration of research activities in the
centre of the country remains solid; for example, in 2004 INMEGEN was created, a
new research centre which aims to carry out genomics research. This centre is located

in Mexico City too.

The state of Jalisco also has developed biotechnology research activities mainly in
two organizations: the University of Guadalajara (UdeG) and the State of Jalisco’s
Research and Assistance in Technology and Design Centre (CIATEJ in Spanish). The
UdeG carries out biotechnology research activities in the University Centre for
biological and livestock sciences (CUCBA in Spanish), which host almost 70

researchers registered with the SNI*®

and the research lines include bioagriculture,
phytopharmacology, inmunobiology, animal and vegetal genetics. Also, the UdeG
has a partnership with the Civil Hospital of Guadalajara, the main research hospital of
the region. Other important organization is the CIATEJ, a Conacyt-sponsored centre,
which host more than 30 researchers register with the SNI*’ in areas like
biotechnology, micropropagation and vegetal genetic improvement, microbial
biotransformation, and quality of agrifood. In addition, some efforts have been made
to promote and encourage the adoption of biotechnologies in the West region. For
example, Biocluster de Occident AC is an association between research centres and
government. The founders were the Institute of Higher Studies of West (ITESO in
Spanish), Regional Chamber of Transformation Industry of Jalisco (CAREINTRA in
Spanish), State of Jalisco Council for Science and Technology (COECYTJAL in

Spanish), the government of the State of Jalisco, and Jalisco’s major veterinary and

% Information retrived from http://udg. mx/investigacion/directorio/centro/cucba (Accessed on 30 May
2012).

%7 Information retrived from http://www.ciatej.net. mx/index.php/investigacion/investigadores/?lang=es
(Accessed on 30 May 2012).
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pharmaceutical companies.”®

The state of Nuevo Ledn hosts the strongest research university in the Northeast of
Mexico: UANL. This university carries out research activities in areas of biology,
biotechnology and food sciences through the School of Biological Science, which
hosts more than 60 researchers registered with the SNI°°. A private university also is
involved in the development and adoption of biotechnologies in the region: the
ITESM’ Biotechnology Centre. In addition, The State government in collaboration
with the federal government and research universities have been active to generate
economic development based on high technologies, including biotechnologies*® and
have promoted the capital city of the State, Monterrey, as the “International City of
Knowledge”.

In sum, there are few locations with biotechnology research capabilities: the centre of
the country that includes Mexico City and Morelos, and potentially Jalisco and

Nuevo Ledn.
8.2.2 Technology transfer and liaison offices

Technology transfer and liaison offices also play an important role for incubation and
licensing activities. Emerging countries supporting actively the adoption of
biotechnologies have established incubators, technology parks, and technology
transfer offices. In Mexico some universities and research centres have extension
units —these units are in charge of the elaboration of research contracts, licensing and

in some cases technology transfer agreements.

% Information retrieved from http://www.bioclusteroccidente.com (Accessed on 01 June 2012).

* Information retrieved from

http://www.fcb.uanl.mx/Investigaciones/Profesores_ SNI/SNI%20Datos%20Recientes/SNI_Profesores
vigentes_del 2010.htm (Accessed on 01 June 2012).

® Information retrieved from http://www.mtycic.org:8080/node/174 (Accessed on 01 June 2012),
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[ interviewed five technology transfer and liaison offices related to biotechnologies
located <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>