
ABSTRACT
The promise of biotechnology relies on new science that 
is increasingly complex and specialized and depends on 
sophisticated, global intellectual property rights systems. 
This complexity requires a more open system of knowl-
edge sharing than previous research and development 
programs. Studies suggest that successful innovation 
requires developing clusters of institutions, businesses, 
and personnel. “Location, location, location,” the battle 
cry for property realtors everywhere, is increasingly be-
coming the key phrase in studies of innovation dynam-
ics and knowledge-based growth. Offering an overview 
of recent research on clusters in Canada, this chapter 
suggests that governments have an important role to 
play in the process of cluster formation and that ensur-
ing a mix of “local buzz” and “global reach” is part of the 
recipe for success.
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Theory and evidence suggest that competing, 
innovative companies and their related industries 
will tend to concentrate in a few locations. Most 
innovation involves a lot of learning-by-doing, 
which creates a barrier for imitators who want to 
use the innovation: they can do so only after they 
have gone through their own learning process. 
Furthermore, the cumulative impact of learning-
by-doing creates stronger competition in more-
innovative companies and sectors, thus erecting 
barriers to less-innovative actors. While basic 
science and inventions (usually codified through 
scientific journals and patents) can often be trans-
ferred at low or no marginal cost, know-how and 
experience are very difficult to transfer across long 
distances. Applied science (know-how) does spill 
over to others in the sector, but estimates suggest 
that the spillover benefits of tacit knowledge are 
limited to between ten and 100 miles of the epi-
center. This pattern is frequently seen in the inno-
vation corridors of Silicon Valley, Boston’s Route 
128, and Austin in the United States, Cambridge 
in England, Bangalore in India, and Saskatoon in 
Canada. 

Grossman and Helpman1 argue that techno-
logical spillovers limited to a specific location (due, 
for example, to climate or industrial structure) 
create an opportunity for endogenously gener-
ated comparative advantage. According to the au-
thors, countries that engage in technology-related 
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1. INTRODuCTION
Biotechnology has changed the discussion about 
research and development in agriculture and 
medicine. In the past, research tended to be dis-
tributed widely to meet agronomic and human 
health needs, but now we are seeing agglomera-
tions forming around the research, development, 
and commercialization of globally mandated 
technologies and products. Governments view 
this change as an opportunity to invest in and 
create comparative advantages or as a threat to 
their competitive status and ability to access new 
technologies.
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competitive activity can produce comparative 
advantage over time. If technological spillovers 
are geographically concentrated, then the initial 
and sequentially established conditions will af-
fect subsequent economic growth. Grossman 
and Helpman further argue that, as a result, the 
high-technology share of GDP and exports will be 
greater in first movers than elsewhere. In the ex-
treme, a country that inherits even a small techno-
logical lead could come to dominate world mar-
kets for high-technology products. A productivity 
differential then becomes self-sustaining.

Gilpin2 argues that the new theories of eco-
nomic growth create a new role for the state. 
Governments can generate growth, and numer-
ous countries and regions have sought to do just 
that. By some counts, all large industrial econo-
mies, almost all major cities around the world 
and many smaller countries, cities, and regions 
have decided to invest in and nurture some form 
of a biotechnology cluster. There are literally hun-
dreds of putative biotechnology clusters around 
the world right now. 

2. BIOTECHNOlOGy, HEAlTH,  
AND AGRICulTuRE

Some 40% of the world’s market economy is based 
upon biological products and processes—mainly 
food, protein and fiber production, and human 
health.3 The security and the supply of food and 
fiber are threatened by increasing consumer de-
mand, shrinking cultivable land, limited water, 
and diminishing returns on existing technologies. 
Further, while great strides have been made in ex-
tending and improving the quality of life, disease 
remains a constant daily threat in many countries. 
Food-supply insecurities and unchecked disease 
go hand in hand in many low-income developing 
economies, yielding a dismal, Malthusian outlook 
for a large portion of the world’s population.

 Biotechnology has potential to transform 
food production and health. A number of key 
scientific discoveries since 1970 in the fields of 
genomics and proteomics (for example, gene se-
lection, gene splicing, and metabolic profiling) 
have opened up vast novel avenues of research, 
on new plants, animals, and microbes, that could 

have applications in medicine, agriculture, extrac-
tion, processing, and the environment. Despite 
some major obstacles, many scientists and policy 
advisors see great potential in modern, molecu-
lar-based biotechnology, especially through the 
new capacities to genetically modify plants and 
to detect and treat disease. In 2001, Daar and 
colleagues4 undertook a Delphi survey of more 
than 30 scientists and bioethicists from around 
the world to identify the top ten technologies 
that could address a wide range of problems in 
the developing world. The list included eight 
biomedical applications: molecular technologies 
for affordable, simple diagnosis of infectious dis-
eases; recombinant technologies to develop vac-
cines against infectious diseases; technologies for 
more-efficient drug and vaccine delivery systems; 
sequencing pathogen genomes to understand 
their biology and to identify new antimicrobi-
als; female-controlled protection against sexually 
transmitted diseases, both with and without con-
traceptive effect; bioinformatics to identify drug 
targets and to examine pathogen-host interac-
tions; recombinant technology to make therapeu-
tic products such as insulin and interferon more 
affordable; and combinatorial chemistry for drug 
discovery. It also included one agricultural use: 
genetically modified crops with higher yields and 
increased nutrients that resist biotic and abiotic 
stresses, and an environmental application: tech-
nologies for sanitation, clean water, and bioreme-
diation. If realized, these technologies would go a 
long way towards addressing the biggest food and 
health challenges of many developing countries.

3. lIFE-SCIENCE INNOVATION SySTEMS 
One opportunity or constraint, depending on how 
one looks at it, in achieving a better future is the 
relationship of innovation systems to life science 
research, development, and commercialization. 
In the classical model of innovation, relatively 
small groups of researchers (either in public labo-
ratories or in private research groups) engaged in 
a mostly self-contained, linear process of research 
and development, a process that ultimately led to 
commercialization through direct or contracted 
production and marketing. This type of structure 
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was exemplified by the research departments at 
Consolidated Edison, 3M, and Xerox, where ful-
ly dedicated research staff were given the freedom 
to investigate and invent new products for com-
mercialization by the host company.

Much of the early life-science research also 
conformed to this model, except that it was often 
carried out in public laboratories (for example, 
the discovery of insulin by Banting and Best at 
the University of Toronto in 1922, the discovery 
of the structure of DNA for which Watson and 
Crick at Cambridge University received a Nobel 
Prize, and the creation of low-erucic acid, low 
glucosinolate rapeseed in Canada). While these 
individual efforts drew upon knowledge gener-
ated by others, most of them operated in relative 
isolation, with little formal or informal exchange 
of information during the discovery phase. This 
“standing on the shoulders of giants” model has 
generally been the basis for research efforts since 
the scientific and industrial revolutions of the 
seventeenth century. While the model may have 
been appropriate in earlier times, since many in-
novations were simply the product of inventors’ 
ingenuity, in more recent years, many institu-
tions, companies, and industries have used a dif-
ferent strategy to develop and exploit life science 
inventions.

Indeed, the global life-science research ef-
fort has been significantly transformed. Two 
specific trends have led to this change. First, this 
new science has become increasing complex and 
specialized, which makes it increasingly difficult 
for isolated or independent scientists to realize 
breakthroughs or to pursue comprehensive re-
search programs. Instead, teams or networks of 
researchers pursue investigations. Second, intel-
lectual property (IP) rights have been extended 
into new subject areas and new jurisdictions. The 
United States started the process by extending 
patents through the Chakrabarty case in 1980 to 
living, single-celled organisms; patents were then 
extended through a series of subsequent decisions 
to whole plants, animals, and many human organs 
(but not the whole human being). Patent grant-
ing on living matter was internationalized over 
the past 20 years as other countries (for example, 
Australia, Canada, the European Union [E.U.], 

and Japan) either amended their own patent 
laws or issued judicial decisions extending rights. 
This IP rights system has been extended globally 
through the adoption of the Agreement on Trade-
Related Aspects of Intellectual Property (TRIPS) 
of the World Trade Organization (WTO), which, 
in 2006, began to require that all member states 
(virtually all countries) offer patents, plant breed-
ers rights, or some other sui generis system of pro-
tection for IP embodied in living matter. Private 
(and public) inventors have adapted rapidly to 
this new regime, patenting almost all of their 
inventions (including the tools of discovery and 
the resulting products). By 2005 there were an 
estimated 58,000 patents relating to biotechnol-
ogy tools and products in the United States, and 
a confusing array of rights claimed or allocated in 
other countries around the world. The increased 
role of profit seeking and the extensive use of for-
mal IP rights mechanisms such as patents have 
created barriers to the free exchange of knowl-
edge, which is now heavily scrutinized.

The specialization of science and the fragmen-
tation of IP rights have forced scientists to col-
laborate and network more extensively to achieve 
research results (the Human Genome Project rep-
resents one type of widespread research network). 
Networks of institutions and researchers have 
evolved to handle the transfer, acquisition, and 
use of various forms of knowledge. Increasingly, 
research programs are not simply standing on 
others’ shoulders but instead are working side-by-
side through formal or informal collaborations 
or research networks. Sometimes these structures 
have grown organically; sometimes they have 
been actively supported and encouraged by gov-
ernment. Typically, they operate above the level 
of the company or the organization but below 
the global level; they are inherently regional and 
supraorganizational. 

4. NETWORKED KNOWlEDGE
Networked knowledge exhibits three important 
attributes. First, it comes from a nonlinear re-
search system, perhaps best illustrated by a chain-
link model of innovation.5 In essence, a chain-link 
system embeds the traditional linear development 
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process in a series of feedback loops. At the core, 
new technology or product development still 
goes through a relatively linear process, begin-
ning with identification of the potential market, 
and involving successive efforts to design, adapt 
and adopt a new technology or product to the 
market need. But, unlike the linear model, where 
many of these steps were taken inside a closed 
R&D system (either inside a single company or 
involving only a few, formally aligned partners), 
the chain-link now involves extensive search and 
discovery functions, with innovators often going 
out beyond their own system to seek out exist-
ing knowledge or to undertake or commission 
research to solve specific problems in the innova-
tion process. At the root, such a system depends 
on the efficacy and efficiency of the relationships 
that link the often disparate actors together. 

Second, multiple types of knowledge are in-
volved in such a system. Malecki6 identifies four 
distinct types of knowledge: “know-why,” “know-
what,” “know-how,” and “know-who.” Each type 
of knowledge has specific features.7 Know-why re-
fers to scientific knowledge of the principles and 
laws of nature. It is almost always derived from 
research efforts undertaken in publicly funded 
universities and nonprofit research institutes and 
is subsequently codified, published, and made 
accessible in academic or professional journals. 
Know-what refers to knowledge of techniques; 
usually it can be codified and transferred through 
the commercial marketplace. Know-how refers to 
the combination of skills, analytical capacity, and 
intellectual, educational, and physical dexterity of 
individuals and systems to effectively combine the 
know-why and know-what to innovate. This ca-
pacity is often learned through education and tech-
nical training and perfected by doing. This makes 
it more difficult to codify and also more difficult 
to transfer to others. Finally, know-who, which 
“involves information about who knows what and 
who knows how to do what,”8 is becoming increas-
ingly important in biotechnology-based industry. 
The breadth of knowledge that is required to in-
novate has expanded to such extent that collabo-
ration has become indispensable. In today’s con-
text, know-who also requires knowledge of—and 
access to—private-sector knowledge generators 

who, at times, may hold back the flow of crucial 
enabling information, expertise, and knowledge. 
Know-who knowledge is seldom codified; instead, 
it often accumulates within an organization or, at 
times, in communities where a cluster of public 
and private entities are all engaged in the same 
type of research and development. These clusters 
often exchange technologies, biological materials 
and resources, and pursue common staff training 
or cross-training opportunities. 

Third, each of the above-mentioned types of 
knowledge is likely to be subject to some form 
of exchange costs. Different types of knowledge 
are likely to be delivered by different actors.9 
Depending on the nature of the knowledge 
(whether it is easily codified as well as the cost 
of exchanging it), the exchange may be an arms-
length market transaction (for example, contracts 
or spot markets) or may involve nonmarket or-
ganization (for example, intracompany transfer, 
development and use in the public sector or via 
collective institutions). 

The public sector is optimally structured 
to create know-why scientific knowledge for 
the public good. Private companies and mar-
kets are generally well suited to managing 
codified knowledge, often in the form of pat-
ents. Collective organizations are often best for 
delivering knowledge, such as know-how and 
know-who.10 Different domains, moreover, fa-
vor different formal or informal IP mechanisms, 
according to organizational objectives and abili-
ties. Academics developing pure science empha-
size publication and the use of copyright, while 
actors developing technology look to patents 
and trade secrets to protect interests. Collective 
institutions use less formal, open, pooled or net-
worked knowledge, controlling access through a 
shared language, a common culture, and exten-
sive collective experience.11

In sum, to understand networks and net-
worked knowledge, we must consider the nature 
of the knowledge being developed and used, the 
transactional forms mediating the exchanges, 
and the institutional structure of the relation-
ships that manage the development and use of IP. 
Increasingly, networks or communities of innova-
tors are locating in aggregated clusters. 
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5. CluSTER THEORy
“Location, location, location,” the battle cry for 
property realtors everywhere, is increasingly be-
coming the key phrase in studies of innovation 
dynamics and knowledge-based growth. Theories 
about how innovation occurs, and more specifi-
cally about how and why companies and other 
actors co-locate in clusters, are incomplete but 
continue to evolve. As our understanding of in-
novation grows, so does our ability to direct its 
revolutionary power. 

Widely used both in the academic literature 
and among economic development practitioners, 
the term cluster is helpful. The Oxford English 
Dictionary defines the generic term to mean 
a “group of similar things, especially such as grow 
together.” Although companies and various not-
for-profit entities in the same sector or product 
market have been observed since the beginning 
of recorded economic history to locate themselves 
in specific geographic regions (rather than spread-
ing out evenly across the geography or economy), 
the search for ways to encourage clustering has 
only recently begun. Economists first began to 
develop models to explain such agglomerations 
in the 1700s. By the mid-1800s, economists were 
beginning to develop new theories and undertake 
intensive analyses of the phenomena. While that 
work continued on and off into the 1900s, the 
rise to dominance of the neoclassical economic 
paradigm after 1950 pushed these studies (and 
related policy prescriptions) to the margins.

That all changed in the 1990s. Beginning in 
the early part of the decade, economists began 
to refocus their attention on the microeconomic 
foundations of growth. After a decade of stagfla-
tion, new “conservative” governments shifted to 
a low-inflation macroeconomic stance and be-
gan to look for new microeconomic options to 
accelerate productivity and economic growth. 
Michael Porter’s well-timed release in 1990 of the 
Comparative Advantage of Nations12 reintroduced 
the concept of clusters, this time in a paradigm 
that posited that local competition is the primary 
dynamic behind cluster development and sustain-
ability. This concept dovetailed with the shift in 
strategies by governments. Since then, the general 
concept of “similar things… growing together” has 

been applied widely to economic and industrial 
policy around the world.

Cluster theory is now a fabric of many 
threads drawn from economic geography, re-
gional economic innovation systems, national 
innovation systems, and knowledge transfer and 
social networks. While there is no consensus on 
a complete theoretical explanation for clusters, a 
few threads are becoming common to most ex-
planations of the phenomena. These return to the 
basic observations by Marshall,13 who identified 
three clear and straightforward sources of exter-
nal economies (Krugman14 calls them “centripetal 
forces”) that explained the location of some indus-
try: knowledge spillovers, related and supporting 
industry, and specialized labor markets. 

Much of the literature on clusters focuses on 
the potential for external economies to develop 
from information spillovers. Beyond the basic 
economies of scale in knowledge-based industry, 
external factors can significantly influence the in-
dustry due to “mysteries being in the air.”15 The 
literature on “national systems of innovation” (ini-
tiated by Lundvall16) posits that such systems in-
volve “that set of distinct institutions which jointly 
and individually contribute to the development and 
diffusion of new technology and which provide the 
framework within which governments form and im-
plement policies to influence the innovation process. 
As such it is a system of interconnected institutions 
to create, store, and transfer the knowledge, skills, 
and artefacts which define new technologies.”17 In 
other words, innovation now involves and gener-
ates significant externalities—innovators increas-
ingly rely on an array of formal and informal col-
laborators, and the efficacy of those relationships 
will determine their ability to successfully launch 
a new innovation. Mowery and Oxley18 point out 
that these systems must include more than the 
research actors. They also require public programs 
intended to support technology adoption and 
diffusion, as well as an array of laws and regula-
tions that define IP rights and manage discovery, 
production, and marketing.

Studies have focused mostly on the role of 
universities in innovation systems. The traditional 
role of a university is to generate and diffuse basic 
or explorative knowledge and to develop a skilled 
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academic and technical labor force. However, 
these traditional roles (in terms of knowledge-
generation activity and culture) are evolving. As 
Cooke19 argues, a strong local science base needs 
to be complemented by a thick entrepreneurial 
culture in both the regional business and academic 
communities. Brown and Duguid20 suggest call-
ing these connections “communities of practice.” 
Not surprisingly, measuring such connections is 
complex and difficult because such knowledge is 
often tacit and nebulous. 

A similarly large amount of research has con-
centrated on evaluating extensive local and regional 
networks of related and supporting industry (of-
ten called “backward linkages”) and their access to 
large, sophisticated markets (“forward linkages”). 
Porter21 analyzed 2,500 potential clusters around 
the world based on the strength and value of their 
arrays of forward and backward linkages. The 
Innovation Systems Research Network, a consor-
tium of scholars examining 27 clusters in Canada, 
similarly evaluated the importance of industrial 
and supply-chain relationships on competitive-
ness and innovation. While these studies have 
shown that linkages are important, the evidence is 
still out on whether the linkages are a causal factor 
or are a result of effective innovation. 

Finally, a number of researchers have at-
tempted to evaluate the role of labor market 
dynamics for growth. These studies argue that 
when local labor markets expand and special-
ize, this creates incentives both for companies 
to co-locate and for specially skilled employees 
to migrate to those locations. This reduces the 
searching and negotiating costs for operating in 
the region. In addition, these labor force dynam-
ics sustain and support the flow of knowledge 
among actors. Zucker, Darby, and Brewer,22 for 
example, looked at the role of research stars such 
as high-impact academic researchers that were 
concentrated geographically, concluding that 
agglomerations of stars are positively correlated 
with greater local innovation. Stars appear to 
provide valuable signaling functions for capital 
markets to facilitate commercialization of new 
technologies and products.

Metcalfe23 notes that Malerba’s 1991 study 
of Italy identified two discrete, independent 

systems of innovation. One, typified by the 
computer software industry, is based on flexible 
networks of small- and medium-size companies, 
often co-located in distinct industrial districts 
(such as Silicon Valley). These companies were 
both very volatile and growing rapidly. The oth-
er type of system, which perhaps better reflects 
current biotechnology systems, is based on 
universities, public research laboratories, and 
large firms performing and commercializing 
R&D—called “the triple helix” by Etzkowitz 
and Leydesdorff.24 It has been further argued 
that, regardless of the prevailing model, no 
institution can be self-contained in its techno-
logical activities.25 All companies, large or small, 
have to rely on knowledge from other sources. 
Systems that support a company’s ability to ac-
cess, absorb, and use external knowledge can be 
critical to the growth of companies, sectors, and 
regions. This is especially so in the early stages 
of a technology’s development or when a tech-
nology has a rapidly changing knowledge base, 
as is the case with biotechnology. 

Critics argue that the term cluster is vague 
and has become mere rhetoric. Markusen26 ar-
gues that the cluster literature involves “fuzzy 
concepts” based on “scanty evidence” that produc-
es “wimpy policy.” According to the OECD, the 
definition of a cluster “provides little guidance 
for narrowing the scope of inquiry in a meaning-
ful way.”27 Similarly, according to Martin and 
Sunley,28 “[Clusters have been] accepted largely 
on faith as a valid and meaningful way of think-
ing about the national economy, as a template or 
procedure with which to decompose the economy 
into distinct industrial-geographic groups for the 
purposes of understanding and promoting com-
petitiveness and innovation.” Finally, some critics 
argue that clusters can be interpreted to imply 
rising self-sufficiency, which may work against 
the economic benefits of specialization and 
open trade based on comparative advantage. 

6. CluSTER PRACTICE
No matter how vague the term, this has not pre-
vented its rapid adoption. Economic development 
agencies in developed and developing countries 
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have applied Porter’s generalized approach to 
clusters, customizing it to their particular geopo-
litical region. More than 1,100 clusters have been 
examined in recent years,29 but few of these have 
examined the research components of health or 
agriculture, and only three major studies have fo-
cused on clusters in the life-science area.

Ryan and Phillips,30 for example, identified 
and categorized 14 life-science clusters in seven 
countries in 2001, concluding that life-science-
based innovation clusters vary in scope and scale 
across the regions of Australia, Europe, and 
North America (see Table 1). Some clusters are 
discrete communities in which development and 
preservation are driven by clearly defined pub-
lic policy. The communities often have names 

signifying their status as an innovation cluster 
(for example, BioBelt, BioValley, and Innovation 
Place). Ryan and Phillips discovered that most 
clusters were based on a core of biomedical re-
search. In those that claimed to have an agri-
food focus, the effort was often only a small, 
relatively insignificant adjunct to the core. There 
are very few established clusters dedicated to ag-
ricultural or agricultural biotechnology other 
than Canada’s Innovation Place in Saskatoon, 
Saskatchewan; the Agri-Food Quality Cluster in 
Guelph, Ontario; and perhaps Adelaide Centre 
in Australia. In each case, a large percentage of 
the primary and supporting (private and public) 
actors are directly involved in food quality and 
agricultural biotechnology.

Table 1: Selected life Science Clusters

Source: Adapted from Ryan and Phillips. 31

Country Region Number 
of actors

Private 
sector 
presence

Ag/ag- 
biotech 
component

Canada

Innovation Place, Saskatoon, 
Saskatchewan 115 73% 29%

Agri-Food Quality Cluster (AFQC), 
Guelph, Ontario 41 76% 49%

United 
States

Connecticut Bioscience Cluster 110+ 98% 1%

The Research Triangle Park (RTP), 
Raleigh-Durham and Chapel Hill, North 
Carolina

145 92% 3%

BioBelt, St. Louis, Missouri and Illinois 1,183 90%+ 24%

Biotech Beach, San Diego, California 700 90%+ 3%

Europe

Innovation Triangle, Edinburgh, Dundee 
and Glasgow, Scotland 428 95% 2%

BioValley, France, Germany, and 
Switzerland 459 90% 6%

Australia

Qbio, Brisbane, Queensland 43 42% 5%

BioHub, Sydney, New South Wales 28 75% 18%

Bio21, Melbourne, Victoria 24 0% 4%

Adelaide, South Australia 25+ 65% 44%

Perth, Western Australia 27 80–
90% 20%
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Cluster models appear to be very different.32 
The United States focuses on commercial out-
comes and investment attraction, placing key 
multinational companies (some might call them 
national champions) at the center of their re-
gional clusters. In Europe, the public sector (uni-
versities and large research institutes) is the main 
driver. Canada’s key clusters tend to be commu-
nity led, while Australia appears to use a blend of 
cluster approaches. Phillips and colleagues33 ex-
amined the seven Canadian biotechnology-based 
clusters studied through the Innovation Systems 
Research Network.34 These seven communities 
represent a wide range of size, scope, foci and 
histories (table 2).35 

Consisting of both large pharmaceutical and 
small biotechnology companies, the Montreal 
cluster is the largest biotechnology cluster in 
Canada. It benefits significantly from provincial-
government programs and national research labs. 
Recent surveys identified 351 actors: 130 in hu-
man health, 26 in human nutrition, 12 in agri-
cultural biotechnology; and seven environmental 
companies; 171 service and supporting enter-
prises; one government lab; and four related uni-
versities. As of 2002, 29 companies in Montreal 
had patented 234 locally invented technologies, 
but 89% of the patents were owned by the eight 
largest companies. Growth in the region since 
1999—when only 14 companies had 66 patents 
in total—has been explosive. 

The Toronto cluster is a two-part cluster: one 
part is dedicated to core biotechnology activities 
and the other to biomedical devices. Anchored 
by the Medical and Related Sciences (MaRS) 
Discovery District, the University of Toronto (U of 
T), and the Health Network have also been identi-
fied as primary knowledge generators. A concen-
tration of companies is situated downtown while 
some skilled workers are concentrated in peripheral 
regions. It appears that once firms or organizations 
move from exploration to exploitation activities, 
they move to the neighboring cities of Etobicoke 
or Mississauga to take advantage of lower costs. 
This contributes to weak network coherence, al-
though Mississauga appears to be more cohesive. 
While the U of  T has a significant number of stars, 
it has historically been considered unsuccessful in 

facilitating spinouts. This has been variously cited 
as the reason for limited local expertise in biotech-
nology financing. 

It is not yet clear whether London, Ontario 
has a distinct biotechnology cluster or whether 
the activity there is merely an extension of the 
Toronto cluster. With an established biomedi-
cal-devices competency that started in the 1970s, 
London would appear to be an early-stage, emerg-
ing biotechnology cluster focused on biopharma-
ceutical applications. Linkages among local actors 
appear to be weak, with most acknowledging that 
they are more connected to actors in the Toronto 
core than they are to one another. 

The Vancouver cluster, which focuses largely 
on biomedical biotechnology, is essentially a re-
search community with the University of British 
Columbia (UBC) at the core. UBC and, to a 
much lesser extent, Simon Fraser University, are 
home to almost 80 research stars who produce 
a wide array of IP. While there have been some 
spinouts from UBC, more than two-thirds of 
which have survived at least five years, the prime 
focus of the cluster is on developing IP rather 
than products. Government and industrial sup-
port has not fundamentally altered the cluster. 
Early research suggests that lifestyle may be one 
of the critical factors that sustains the university 
and attracts both companies and individuals to 
the region. 

The Saskatoon cluster is almost purely an 
agricultural-biotechnology cluster, focused pre-
dominantly on oilseed crops. While the univer-
sity is home to the largest number of researchers 
in the community, many of the stars and much 
of the IP that is developed and used have come 
from federal labs. NRC’s Plant Biotechnology 
Institute (NRC/PBI), the focus of considerable 
research collaboration, appears to share leadership 
with the local industry association, AgWest Bio. 
While the cluster is research focused, it has suc-
ceeded in commercialising world-first genetically 
modified plants, vaccines, and inoculants. Recent 
public investment in the university—including 
the Canadian Light Source Inc. (CLSI) synchro-
tron project and various genomics projects—has 
the potential to change the direction of the cluster 
over the coming years. 
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Table 2: Comparison of Canadian Biotechnology-Based Clusters

Cluster Focus Core actor(s) Stars Preliminary  
observations

Montreal Pharmaceutical 
and biotechnology

A handful of generic 
and multinational- 
enterprise patent 
drug companies

70 • provincial government 
leads in terms of 
progressive policies

• 15 spinouts University 
of Montreal

Toronto Biotechnology  
and biomedical

Medical and Related 
Sciences (MaRS) 
Centre; University 
of Toronto; and the 
Health Network

47 • concentrated in 
Toronto at exploration 
stage; moved to 
peripheral regions 
(Etobicoke) at 
exploitation stage

• limited network 
coherence

London Biotechnology / 
biomedical devices 
(established in 
1970s)

University of 
Western Ontario; 
Robart’s Research 
Institute; and Lawson 
Health Research 
Institute

5 • early-stage 
biotechnology cluster

• cluster or merely TO 
‘cohort’?

• transportation 
considered a weakness

Vancouver Biotechnology University of British 
Columbia

80 • producer of IP, not 
products

Saskatoon Agricultural 
biotechnology

National Research 
Council-Plant 
Biotechnology 
Institute; AgWest Bio

45 • research based
• new investments in 

genomics, Canadian 
Light Source Inc., 
and University of 
Saskatoon may 
change direction

Ottawa Biomedical and 
biotechnology

Gamma Dynacare 
(Ottawa Life Sciences 
Technology Park)

6 • more than 40 research 
institutes

• 18,000 people 
employed in life 
sciences 

• 15–20 spinouts

Halifax Pharmaceuticals, 
health, 
nutraceuticals, 
information 
technology, and 
biomedical

none min. • a variety of 
companies, with little 
product focus

• not clearly a cluster
• weak networks
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The evidence available to date suggests that, 
based on the traditional definition of the con-
cept, neither Ottawa nor Halifax are clusters. 
While Ottawa appears to have a large number of 
research institutes, its identifiable biotechnology 
cluster is quite small. As of 2002, there were only 
47 actors: 30 small biotech companies, six gov-
ernment labs, one connected university, and ten 
service/support organizations. Only two of the 
Ottawa-based companies had generated patents 
by 2002, and the University of Ottawa had only 
a few stars and limited success with patents (11 as 
of 2002). Meanwhile, Halifax hosts a variety of 
companies with little or no market focus. Actors 
are not focused on any specific technology or 
product application. Instead, some actors are in 
the heath sector (devices, pharmaceuticals, infor-
mation technology, and neutraceuticals), while 
others work on horticulture, environmental ap-
plications, and food quality. There is currently no 
obvious anchor organization, and actors in the 
region are loosely connected. In contrast to most 
other clusters, this one has seen little investment 
in infrastructure in the past few decades. Local 
surveys suggest that there has been little or no 
success in facilitating technology transfer, which 
has led to limited engagement between business 
and academic scientists.

This review of Canada’s clusters offers a num-
ber of insights into cluster practice. Although bio-
technology-based industries have common, “deep-
er science” aspects, they appear to differ widely in 
terms of organization. The significant differences 
in size (Montreal versus Saskatoon), market focus 
(core biotech in Vancouver versus medical devices 
in Toronto), and cohesion (strong in Saskatoon 
and Montreal but weak in other centers) suggest 
that the way in which the cluster is organized—its 
position in a product or technology life cycle and 
how its actors interact—can vary widely. 

Phillips36 examined the dynamics of the 
Saskatoon-based ag-biotechnology cluster by fo-
cusing on knowledge flows. Wolfe and Gertler37 
suggest that a more-sophisticated approach to 
clusters is to consider them as regional systems 
of innovation that embody local interdependen-
cies (what Wolfe and Gertler call “local buzz”) 
and engagement with the broader international 

economy (“global reach”). A local buzz and glob-
al reach, or entrepôt, approach would highlight 
the balance needed between local, regional, na-
tional, and global capacities. Phillips38 analyzed 
the stocks, flows, and accomplishments of the 
Saskatoon innovation system through the mech-
anism of an entrepôt model. It looked at the 
community’s capacity to create knowledge, use 
knowledge, and commercialize new products. 
Saskatoon’s claim to fame is arguably the devel-
opment of canola (based on its record as the lead 
innovator and early adopter of all new traits over 
the past 40 years). Analysis showed, however, 
that a significant share of the applied research 
to develop the processes used in the creation of 
those varieties has been done in other countries. 
Moreover, much of the application-based re-
search (for example, uses for new oils) is happen-
ing elsewhere. This suggests that Saskatoon has 
actually operated in a niche of this global, knowl-
edge-based industry—as an entrepôt undertak-
ing and assembling the know-why, know-how, 
and know-who of varietal breeding and primary 
production—but that the bulk of the activities 
up- and downstream of that stage in the produc-
tion system are now, and may continue to be, 
carried on elsewhere. Figure 1 illustrates the re-
lationships between the global industry and the 
Saskatoon entrepôt.39

7. CluSTERS AND IP MANAGEMENT
Research is increasingly generating networked 
knowledge. This new asset potentially has new 
economic and commercial value, but it faces a 
new set of complex relationships and transaction 
costs. Recent research into cluster structures in 
the Saskatoon-based agricultural-biotechnology 
cluster suggests that one driver for agglomera-
tion may be the development of a cost-effec-
tive, efficacious system of IP management. This 
community has been host to a number of highly 
competitive multinational companies, has pat-
ented many critical life-science inventions, and 
has delivered a number of world-first technolo-
gies to the marketplace. Its experiences offer 
some insights into another possible objective of 
clusters. 
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In a perfect world with full information 
and no transaction costs, complete contracts to 
finance and undertake common research would 
be optimal. However, we know that transac-
tion costs (especially with highly fragmented IP 
rights) are nontrivial, and that the probability of 
having a commercial success in any given project 
is relatively low (usually, less than 10% of proj-
ects return the costs of investment). Hence, as 
transaction costs rise, full contracts become less 

likely. Furthermore, it tends to be difficult to 
measure the often-tacit inputs to research pro-
grams. Attributing respective contributions to 
success in the discovery process is also tricky. In 
addition, any resulting outputs often have very 
specific uses, which makes them hostage to their 
potential users. These factors can lead to a classic 
case of “hold up,” whereby investors may not be 
willing to invest because their bargaining power 
after any research breakthrough would be very 

Figure 1: The Saskatoon Biotechnology Entrepôt  
and Its Global Connections
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Source: Phillips 2002 36
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low.40 While long-term contracts would be one 
way to resolve this conundrum, few contracts 
will be negotiated for one-time projects. An al-
ternate solution is to use social capital (for ex-
ample, norms and relationships) in a community 
or cluster. In essence, by using the cluster as the 
basis for a research relationship, the difficulties of 
negotiating one-time deals can be overcome: the 
research community operates as if it is engaged in 
repeated exchanges. Participants in a cluster thus 
often will not negotiate each deal as if it were 
a one-time event. Rather, they would be willing 
to leave some terms and conditions unspeci-
fied, on the (usually justified) assumption that 
the strength of overall community relationships 
would reduce the probability that any company 
or actor would act with guile.

The Saskatoon-based agri-food research clus-
ter gives a sense of how clusters or regional systems 
of innovation can lower transactional costs.41 This 
community is credited with a series of world-mar-
ket firsts (for example, agrobacterium technologies) 
and product firsts (for example, herbicide-tolerant 
canola and flax). It took the lead in the develop-
ment of the concept for a National Agricultural 
Genome Centre (which, although unsuccessful 
in reaching that particular goal, ended up pro-
viding a model for Genome Canada) and leads 
four major genomics agri-food projects. Most of 
these initiatives were developed without formal 
ex ante contracts; instead, leaders in the commu-
nity developed the projects under the assumption 
that any gains and losses would be apportioned 
equitably, or at least that any short-term losses 
would be compensated by future joint projects. 
This apparent altruism is nothing more than an 
extension of the community’s business model, as 
Phillips and Khachatourians42 and Phillips43 show 
in their examinations of how Saskatoon became a 
national center for the generation, transmission, 
and consolidation of noncodified knowledge in 
the agricultural biotechnology industry. At the 
core of this community are Agriculture and Agri-
food Canada and the National Research Council. 
Both have extensive arrangements with each 
other, public universities, and private companies, 
which allow them to learn from their collabora-
tions, thereby adding further to the local stock 

of know-how knowledge and providing a vis-
ible, efficient point of entry for nonresidents to 
access know-how and know-who capacity. The 
public institutes also provide a home base for 
research stars, which, according to Zucker and 
colleagues,44 reduces the search costs for other 
researchers and subsequent commercialization. 
The largest single geographic concentration of 
stars and near-stars in the canola research world 
is located in Saskatoon, where 11 out of 69, 
or 16%, of the top scientists live and work.45 
Phillips and Khachatourians46 report that mul-
tinational enterprises (MNEs) and smaller com-
panies in Saskatoon were primarily attracted by 
the presence of key personnel in collaborating 
and competing organizations. Although the 
public and private institutions have changed in 
recent years, the social capital built up appears 
to continue to sustain collaborative activities. 

8. lESSONS FOR DEVElOPMENT  
AND IP MANAGEMENT

Knowledge-based development is inherently dif-
ferent from traditional industrial development. 
While a traditional industrial strategy that pro-
moted infant industry via protection made some 
sense in the industrial world, it is not clear wheth-
er it has any value in a knowledge-based world.

This emerging global pipelines/local buzz 
cluster model of innovation poses some serious 
challenges for development policy. Much of the 
current biotechnology-development effort has 
a strong mercantilist orientation that focuses 
on self-sufficiency. Governments at all levels in 
many countries are actively using their tax and 
fiscal policy to encourage more local R&D and 
to attract global companies to relocate their 
R&D programs so that higher-value exports can 
be generated and imports replaced. This often 
involves preferential support for national cham-
pions or exclusive deals to encourage MNEs to 
relocate their activities. Usually governments do 
this without considering the corresponding rela-
tionships and interactions that knowledge-based 
companies require to succeed. If innovation can 
be thought of as limited to within a company or 
within a regional or national community, then 
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such a narrow approach might have some chance 
of succeeding. But the increasing complexity and 
fragmentation of knowledge and IP rights in 
the biotechnology sector suggests there likely is 
no single center that can effectively develop new 
biotechnologies or applications. Networking and 
partnerships are going to be the order of the day. 
And, if innovation is truly global, as appears to be 
the case in many of the life sciences, then narrow, 
mechanistic, self-sufficiency strategies may either 
simply fail or prove counterproductive.  

One key to success in these circumstances 
will be to invest in the institutions and mecha-
nisms that encourage the development of and 
access to the four knowledge factors (know why, 
know what, know how and know who), which 
provide the foundation of a research economy. 
A number of strategic options might be appro-
priate. First, effective mechanisms to protect and 
legally transfer IP across international boundar-
ies are the price of admission to collaborations. 
Second, clusters that are open to new knowledge, 
IP, and highly qualified personnel and compa-
nies will likely be more successful in creating and 
commercializing new biotechnologies or related 
products. Third, simply declaring that a region 
is a cluster is not enough. There must be some 
regional investment in infrastructure, as well as 
openness and/or support for the emergence of 
one or more anchor institutions. While private 
companies may have the greatest drive for com-
mercial development, governments often have 
only limited direct influence on their location 
and operation. Governments can strengthen 
their hand by considering how their universities 
or public research labs can be used to anchor the 
community. Ultimately, the goal should be to 
create some platform to generate mysteries in the 
air. Whatever forms this platform takes, it will 
need to generate both local buzz and tap into 
global pipelines. 

In short, innovation clusters are very attrac-
tive economic development and IP management 
tools, but they must be nurtured with an appreci-
ation for their partial and incomplete nature. Part 
of a global innovation system, they cannot thrive 
if cut off from the lifeblood of that system—ideas, 
skilled labor, and collaborative platforms. n

PETER W.B. PHILLIPS, Professor, Department of Political 
Studies, University of Saskatchewan, 9 Campus Drive, 
Saskatoon, Saskatchewan, S7N 5A5, Canada. peter.phil-
lips@usask.ca

CAMILLE d. RyAN, Postdoctoral Fellow, Faculty of 
Communication & Culture, University of Calgary, 2500 
University Drive, Calgary, Alberta, T2L 2K7, Canada. 
cami.ryan@ucalgary.ca

1 Grossman G and E Helpman. 1991. Innovation and 
Growth in the Global Economy. The MIT Press: London.

2 Gilpin R. 2001. Global Political Economy: Understanding 
the International Economic Order. Princeton University 
Press: Princeton. 

3 Gadbow RM and TJ Richards (eds). 1990. Intellectual 
property rights—global consensus, global conflict? 
Westview Press, Boulder, CO. 

4 Daar A, H Thorsteinsdottir, D Martin, A Smith, S Nast 
and P Singer. 2002. Top Ten Biotechnologies for 
Improving Health in Developing Countries. Nat Genet. 
32 (2): 229–32.

5 Klein S. and N Rosenberg. 1986. An Overview ofKlein S. and N Rosenberg. 1986. An Overview of 
Innovation. In The Positive Sum Strategy: Harnessing 
Technology for Economic Growth (eds. R Landau and NR Landau and NLandau and N 
Rosenberg) National Academy Press: Washington, DC. 
pp. 275–306.

6 Malecki E. 1997. Technology and Economic Development: 
The Dynamics of Local, Regional and National 
Competitiveness. Longman: Toronto.

7 Organisation of Economic and Cooperative 
Development (OECD). 1996. The Knowledge-1996. The Knowledge-
Based Economy. Paris: OECD.Paris: OECD. www.oecd.org/
dataoecd/51/8/1913021.pdf. 

8 Ibid.

9 Phillips P. 2005. The Challenge of Creating, Protecting 
and Exploiting Networked Knowledge: IP Management 
Challenges in Genome Canada. In Crossing Over (ed. E. 
Einseidel). University of Calgary Press.

10 Ryan C and P Phillips. 2003. Intellectual Property 
Management in Clusters: A Framework for Analysis? 
In Clusters Old and New: The Transition to a Knowledge 
Economy in Canada’s Regions, Kingston and Montreal. 
McGill: Queen’s University Press for the School of Policy 
Studies, Queen’s University: Kingston and Montreal. 

11 Ibid.

12 Porter M. 1990. The Comparative Advantage of Nations. 
Free Press: New York.

13 Marshall A. 1890. Principles of Economics. Macmillan: 
London.

14 Krugman P. 1998. What’s New about the New Economic 
Geography? Oxford Review of Economic Policy 14 (2): 
7–17.

15 See supra note 12.



PHIllIPS & RYAN

2�� | HANDBOOK OF BEST PRACTICES

16 Lundvall B. 1992. National Systems of Innovation. 
Towards a Theory of Innovation and Interactive Learning, 
Pinter: New York. pp. 342. 

17 Metcalfe J. 1995. Technology Systems and Technology 
Policy in an Evolutionary Framework. Cambridge 
Journal of Economics 19: 25–46.

18 Mowery D and J Oxley. 1995. Inward Technology Transfer 
and Competitiveness: The Role of National Innovation 
Systems. Cambridge Journal of Economics 19: 67–93.

19 Cooke P. 2002. Multilevel Governance and the 
Emergence of Regional Innovation Network Policy. 
In Knowledge Economies: Clusters, Learning and Co-
Operative Advantage. Routledge: New York and London. 
pp. 50–70

20 Brown J and P Duguid. 2000. The Social Life of 
Information. Harvard Business School Press: Boston.

21 See supra note 12.

22 Zucker L, M Darby and M Brewer. 1998. Intellectual Human 
Capital and the Birth of U.S. Biotechnology Enterprises. 
American Journal of Economics 88 (1): 290–306.

23 See supra note 17.

24 Etzkowitz H and L Leydesdorff. 2000. The Triple Helix: 
University-Industry-Government Relations. European 
Society of the Study of Science and Technology Review 
14. 14–19.

25 See supra note 17.

26 Markusen A. 1999. Fuzzy Concepts, Scanty Evidence, 
Policy Distance: The Case for Rigour and Policy 
Relevance in Critical Regional Studies. Regional Studies 
33 (9): 869–84.

27 See supra note 7.

28 Martin R and P Sunley. 2002. Deconstructing Clusters: 
Chaotic Concept or Policy Panacea? Journal of Economic 
Geography 3: 1. 

29 See, for example: 

 ACOA. 1997. Prospects for Growing Knowledge-based 
Industrial Clusters in Atlantic Canada. Atlantic Canada 
Opportunities Agency.

 KPMG, DRI McGraw-Hill, IMPAX Policy Services. 1996. 
Building Technology Bridges: Cluster-based Economic 
Development for Western Canada. Ottawa. 1 (section 3.4).

 Nordicity Group Ltd. 1996. Regional/Local Industrial 
Clustering: Theory and Lessons from Abroad. National 
Research Council. Government of Canada.

 Economic Development Administration (EDA), U.S. 
Department of Commerce. 1997. Cluster-Based Economic 
Development: A Key to Regional Competitiveness. 
Prepared by Information Design Associates (IDeA) with 
ICF Kaiser International. www.eda.gov/ImageCache/
EDAPublic/documents/pdfdocs/1g3_5f5_5fcluster_
2epdf/v1/1g3_5f5_5fcluster.pdf.

 Roelandt T and P den Hertog (eds). 1998. Cluster 
Analysis and Cluster-Based Policy in OECD Countries: 
Various Approache; Early Results and Policy Implication. 
The Hague/Utrecht. p. 5. 

 Scottish Enterprise Network. 2000. The Clusters 
Approach. www.scottish-enterprise.com/publications//
shareddocs/social_economy_and _clusters.pdf.

 Sölvell O, G Lindqvist and C Ketels. 2003.2003. The 
Cluster Initiative Greenbook. The Competitiveness 
Institute, September. www.ivorytower.se/dldocs/
GreenbookSep03.pdf.

 Van der Linde C. 2002. Findings from the Cluster Meta-
Study. Institute for Strategy and Competitiveness, 
Harvard Business School. www.isc.hbs.edu/
MetaStudy2002Prz.pdf.

 Innovation Systems Research Network (ISRN). 2004. 
Clusters in a Cold Climate: Innovation Dynamics in a 
Diverse Economy (D Wolfe and M Lucas, eds.). McGill-
Queen’s University Press for the School of Policy Studies, 
Queen’s University Press: Kingston and Montreal.

30 Ryan, C. and P. Phillips. 2004. Knowledge Management 
in Advanced Technology Industries: An Examination 
of International Agricultural Biotechnology Clusters. 
Environment and Planning C, Government and Policy. 
London, England. 

31 Ibid.

32 Ibid.

33 Phillips P, J Parchewski, T Procyshyn C Ryan, J Karwandy 
and J Kihlberg. 2004. Agricultural and Life-science 
Clusters in Canada: An Empirical and Policy Analysis. 
Final project report for AAFC Study of the Saskatoon 
Cluster, 30 March. www.agbio-management.org. 

34 See Innovation Systems Research Network, supra note 29.

35 Adapted from reference in supra note 30.

36 Phillips P. 2002. Regional Systems of Innovation as 
a Modern R&D Entrepôt: The Case of the Saskatoon 
Biotechnology Cluster. In Innovation, Entrepreneurship, 
Family Business and Economic Development: A Western 
Canadian Perspective (J. Chrisman et al., eds.) University 
of Calgary Press. pp. 31–58.

37 Wolfe DA and MS Gertler. 2004. Clusters from the 
Inside and Out: Local Dynamics and Global Linkages. 
Urban Studies 41 (5/6): 1055. 

38 See supra note 36.

39 See supra note 36.

40 Milgrom PR and J D Roberts. 1992. Economics of 
Organization and Management. Prentice-Hall: 
Englewood Cliffs, New Jersey.

41 See supra note 36.

42 Phillips P and G Khachatourians (eds). 2001. The 
Biotechnology Revolution in Global Agriculture: 
Innovation, Invention and Investment in the Canola 
Sector. CAB International: London.

43 See supra note 36.

44 See supra note 22.

45 See supra note 36.

46 See supra note 42.




