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IMPLEMENTATION OF TRIPLE HELIX MODEL FOR DEVELOPMENT OF THE AGRICULTURE-BASED
BIOECONOMY ON THE EXAMPLE OF GMO APPLICATIONS

IMPLEMENTACIA ,, TRIPLE HELIX“ MODELU \IY’VOJA BIOEKONOMIKY ZALOZENEJ
NA POLNOHOSPODARSTVE (NA PRIKLADE APLIKACIE GMO)

Mariusz MACIEJCZAK
SGGW, Warsaw, Poland

The cooperation between university, business, and public sectors in development and implementation of biotechnological applications in
agriculture and food industry is becoming very important worldwide. Such applications that focus on innovations are of the key factors
determining the growth of agriculture-based bio-economy. The paper deals with application of triple helix model as a tool that enables
implementation of biotechnology based projects, as well as their management thanks to network relations — a mechanism for cooperation,
sharing knowledge and information. The triple helix model is used for the analysis of development and implementation of genetically
modified organisms (GMO) in agriculture and food industry under two different strategies represented by the EU and the USA. It shows
different compromises reached among the government, industry, scientific, and public sectors with regard to GMO application in order to

ensure the development of agriculture-based bio-economy.
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Modern biotechnology is seen as one of key technologies of the
21% century. In the field of plant breeding, bio-fuels, or
biopharmaceuticals it has been recognized as a unique
opportunity to address many emerging needs. Today
biotechnology is regarded as a major contributor to achieving
economic growth, stimulate job creation, strengthen public
health, or increase environment protection. The advances in
biotechnology contribute to the significant change towards
wider and technologically-sophisticated use of bio-based
products and processes. The transformative ability of
biotechnology applied to a range of industries could co-deliver
profitability, social and environmental gains in near future. Thus
biotechnology becomes also one of the key factors of overall
development. Moving towards more efficient use of bio-based
products and processes biotechnology offers the prospect of

developing a new economy of tomorrow — a bio-economy. The
bio-economy based on renewable resources and lessening the
environmental impact of industrial activities is with its novel
products opening up new markets and creating new
opportunities for societies.

Agricultural based bio-economy

The bio-economy could be recognized as the aggregate set of
economic operations in society (OECD, 2007). It uses the latent
value incumbent in biological products and processes to
capture new growth and welfare benefits for citizens and
nations. It is enabled by recent continuing surge in the
scientific knowledge and technical competences that can be
directed towards harness biological processes for practical
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applications. Bio-economy benefits are manifested through
productivity gains (agriculture), enhancement effects (health,
nutrition), and substitution effects (environmental and
industrial uses i.e. energy). Additional benefits can be derived
from more eco-efficient use of natural resources to provide ever
growing global population with goods and services. It is
expected that bio-economy applications will continue to
converge with other technologies resulting in potentially large
scale changes to global economies. Therefore, strategic
interest is growing in the biosciences and development of
bio-economy all over the world.

At the same time, technological and commercial progress
in biosciences is outpacing the policy and regulatory
frameworks that govern them. There are considerable
uncertainties facing science, public and private actors, in terms
of technology development, its commercialization, intellectual
property or business models. The policy and regulatory
frameworks that currently govern bioscience based activities
are often unsuited to the economic, social, and environmental
issues nowadays emerging.

The differences in development and implementation of
genetically modified organisms (GMO) in agriculture and food
sector could be taken as examples. However, countries
typically follow one of two key strategies in GMO regulation.
First group, represented by the United States (US) adopted
the principle of substantial equivalence, while the countries
from the other group represented by the European Union
(EU) adhere to the precautionary principle (Shelton, 2002).
Nevertheless, legal, organizational, and economic complexity
of food supply chains forms a challenge not only for
development of regulatory policies that are based on
legal principles — which are of static nature; but also of for
dynamic approaches to strategic as well as operational
management at the implementation stage. Therefore the
innovative  processes, such as development and
commercialization of GMO products are organized in the way
to encompass government, academia, and business. With this
regard there is observable growing role of codependences
between the dynamics of creating and implementing GMO
innovations in the agricultural and food sector and their
national regulations.

In the development of bio-economy based on agriculture
and perception of biotechnology innovations, such as GMO
applications, there can be seen a process in which there is a
shift from single projects to a complexity of actions that create
new products, models, technologies and services. Innovative
processes based on biotechnology in agricultural and food
sector run therefore in a specific arrangement of links
encompassing business companies, academic research
institutions, and nongovernmental institutions, as well as
public administration and civic initiatives. Additionally there is
a growing role of codependences between the dynamics of
creating and developing innovations in the private sector, and
organization and development of the science and the public
sector.

Triple helix model

In the development of knowledge based economy and
perception of innovation, there can be observed a process in
which there is a shift from single projects to a complexity of
actions that create new products, models, technologies, and
services. Innovative processes run in a specific arrangement
of links encompassing companies, academic research
institutions, nongovernmental institutions, public administration,
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and civic initiatives. Additionally, there is a growing role of
codependences between the dynamics of creating and
developing innovations in the private sector, organization and
development of the public sector, and availability of dedicated
financial instruments.

In 1995 Etzkowitz and Leydesdorff (1995) used a triple
helix model to determine the dynamics of relations between
universities, business, and government. Under specific
conditions, this systematic new order of overlapping
communication was presented as an independent
organization. In this way, the triple helix model becomes
appropriate to show various behaviors in a network.
A justification for this model was an innovative regime based
on knowledge. The institutional configuration in a knowledge
based system has been perceived as an expression of three,
functionally connected sub-dynamics of competitive
systems: a dynamics of generation of wealth by an economy
through exchange, knowledge based dynamics of
innovation, and political and managerial need for control over
relations. Additionally to that Metha (2002) showed that only
a consensus with the fourth element — the public — as a final
recipient of innovation could ensure effective implementation
and management of knowledge base systems. A benefit of
using the triple helix model can be its approach to various
research scopes. It can be used to study specific
configurations in university — business — administration
relations as a form of dynamics of the system based on
knowledge. However it should not be treated as a tool for
individual relations between business, academic, and
administrative sectors. These institutions have to create
a new meaning of mutual relations in a network configuration
(Leydesdorff, 1999).

Management of biotechnology
through network relations

Contradictory aims of the elements constituting triple helix
model often lead to the conflicts between the sectors in
subject participating in development and commercialization of
GMO in agricultural and food sector. Commercially oriented
biotechnology companies are interested in the continuous
innovation and implementation of solutions with less risk
assigned to them. Hence the companies most often seek
innovations that will enhance the area that they are already
engaged in, and consequently lift them to new business
reality. Thus the business sector prefers the projects that
allow for fast implementation. Contrary to that the scientific
society, however also interested in researching the
continuous innovations, prefers more partial to long term
researches and very complex attitude. The implementation
process is slowed down, which is difficult to be accepted by
business. On other hand, the framework preferred by the
government often does not cover the areas that are most
attractive to scientists or businesses. As a result there arises
the conflict between the business and scientific approaches
and the needs of administration, which are especially related
to the governmental programs orchestrating financing of
innovative projects.

Abovementioned conflicts can be reduced through
interactions and better understanding of the interdependencies
between the governmental agencies, scientific, and business
sectors. Preoccupied with the tasks on different stages of
development and implementation of GMO application they
often destroy the possibility to build strong and enhancing
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adherence. Lack of proper communication hampers transfer
of knowledge and does not allow for sharing experiences. In
effect this leads to reduction of the possibility to transform the
conceptions of biotechnology project into commercialized
innovations. If there is insufficient interaction within business
and science, and furthermore among possible users and
regulators of GMO application, the moment when their work
is presented is very often the time when the product is
finished, the resistance of the unprepared future users and
regulators may put at risk the implementation of the project
effects.

Development of biotech based agriculture

In 2006, the first year of the second decade of
commercialization of biotech crops, the global area of biotech
crops continued to climb for the tenth consecutive year at a
sustained double-digit growth rate of 13 %, or 12 million
hectares reaching 102 million hectares. It is notable that the
year-to-year increase of 12 million hectares in 2006 is the
second highest in the last 5 years in absolute area, despite the
fact that the adoption rates in the US, the principal grower of
biotech crops (~60 % of world cultivation area), are already
over 80 % for soybean and cotton. In 20086, the 22 countries
growing biotech crops comprised 11 developing countries and
11 industrial countries. They were, in order of hectarage: USA,
Argentina, Brazil, Canada, India, China, Paraguay, South
Africa, Uruguay, Philippines, Australia, Romania, Mexico,
Spain, Colombia, France, Iran, Honduras, Czech Republic,
Portugal, Germany, and Slovakia. Notably, the first eight of
these countries grew more than 1 million hectares each. On this
list there are 6 countries being members of the European
Union. In 2006, the global market value of biotech crops was
$ 6.15 billion representing 16 % of the $ 38.5 billion global crop
protection market in 2006 and 21 % of the ~$ 30 billion 2006
global commercial seed market. The market value of the global
biotech crop market is based on the sale price of biotech seed
plus any technology fees that apply. The global value of the
biotech crop market is projected at over $ 6.8 billion for 2007
(Jamies, 2007).

Strategies for application of hiotechnology in agriculture

Countries’ positions on GMO application in agriculture depend
on many factors, such as their policy awareness, the level of
risk they are willing to accept, their capacity to carry out risk
assessments in the sector and implement adequate legislation,
their perception of the benefits they could gain from
biotechnology, their dependence on agricultural exports, their
reliance on food aid, and the investments they have already
made in the sector (Zarrill, 2005). However, at present there is
a sharp contrast between the widespread acceptance of
benefits of biotechnology in pharmaceuticals and industrial
products, and the rapidly growing concerns about its possible
dangers in agricultural and food production (Eurobarometer,
2006).

Assessments of the risks and benefits related to
biotechnology in agriculture and food sector vary substantially
between countries and regions, and so do the regulatory
approaches (rules on GMO approval, marketing, import,
labeling, and documentation).

GMO regulations are based on the assessment of the
actual or potential risks that those products may bring about.
Such assessment can be a “conventional” risk assessment or
a risk assessment based on the precautionary approach. The
former is about relevant scientific evidence, which means that

Mariusz MACIEJCZAK

there is sufficient scientific evidence for the perceived risks
underlying the measure. Conversely, the “precautionary
approach” to risk assessment is concerned with scientific
uncertainty whether there is adequate theoretical or empirical
basis for assigning possibilities to a possible set of outcomes.
Three basic conditions may thus trigger application of
protective measures: uncertainty, risk, and lack of proof of
direct causal link (Christoforou, 2003). With respect to GMO,
the problem of defining the relationship between business,
science, and policy in risk regulation is by and large a matter of
regulatory culture deeply embedded in underlying
socio-economic settings. As an example the United States
has substantially applied the conventional risk assessment
approach, and has widely authorized most GM products for
production and consumption. The GMO development and
commercialization is based on close relations and
cooperation between the science and business sector with
good information exchange with administration. Opposite to
that, the regulators i.e. in the European Union have taken up a
more cautious approach based on guaranteeing a very low
level of risk to human health and the environment. They have
therefore imposed strict control measures on approval and
marketing of GMO. As an effect the cooperation between
business, science, and administration is limited to fulfilling
legal obligations, without additional communication.

The differences between the US and the EU strategies of
GMO development, commercialization and regulation show the
divergence of management of relationships between business-
-science and government. As a result the EU dynamics of
innovations’ implementation through GMO products is slower
comparing to the US. The higher US dynamics of generating
economic benefits thought implementation of GM s
accompanied with lower governmental control over relations
comparing to the EU. Thus the compromise among the
governmental, industrial, scientific and public sectors in the US
and the EU is reached due to different intensiveness of
dynamics of creating and developing innovations and
management of their implementations.

Conclusions

The cooperation between university, business, and public
sectors in the development and implementation of
biotechnological applications in agriculture and food industry
is becoming important worldwide at the beginning of 21%
century. Such applications that focus on innovations are of
key factors determining growth of bio-economy based on
agriculture. In the development of agriculture-based
bio-economy on the example of biotechnology innovations,
such as GMO applications, there can be seen a process in
which there is a shift from single projects to a complexity of
actions that create new products, models, technologies, and
services. Innovative processes based on biotechnology in
agricultural and food sector run therefore in a specific
arrangement of links encompassing business companies,
academic research institutions, and public administration.
There is a growing role of codependences between the
dynamics of creating and developing innovations, such as
GMO applications in the science and the private sector, and
organization and development of the public sector while these
innovations are being implemented.

The triple helix model used for studies of specific
configurations in university — business — administration
relations with regard to GMO showed different forms of
dynamics of development of a system based on knowledge.
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This dynamics is not based on individual relations between
business, academic, or administrative sectors. The
development is achieved by mutual relations in the network
configuration of these sectors. Applying different strategies for
GMO development and commercialization the United States
adopted the principle of substantial equivalence, while the
European Union adhered to the precautionary principle. As a
result the EU dynamics of implementation innovations through
GMO products is slower comparing to the US. Higher US
dynamics of generating economic benefits thought
implementation of GMO is accompanied by lower
governmental control over relations, and higher information
exchange comparing to the EU.

Sithrn

Spolupraca medzi akademickym, hospodarskym a verejnym
sektorom pri vyvoji a implementacii biotechnologickych aplika-
cii v polnohospodarstve a potravinarskom priemysle sa v celo-
svetovom meradle stéva Coraz dbleZitejSou. Aplikacie, ktoré sa
zameriavaju na inovacie, patria ku kli€¢ovym faktorom determi-
nujucim rast bio-ekonomiky zaloZenej na polnohospodarstve.
Clanok sa zaobera aplikaciou ,triple helix* modelu (model tro-
jitej Spirdly) ako nastroja, ktory umoZiiuje implementéciu
a manazovanie projektov zaloZenych na biotechnolégiach,
a to vdaka siefovej forme vztahov, vyuZzitej ako mechanizmus
kooperacie a zdielania vedomosti a informacii. ,Triple helix“
model je tu vyuZity na analyzu vyvoja a implementéacie genetic-
ky modifikovanych organizmov (GMO) v polnohospodarstve
a potravinarstve, a to podla dvoch rozdielnych stratégii uplatrio-
vanych v Eurépskej unii a USA. V €lanku st uvedené kompro-
misy tykajuce sa vyuzitia GMO, ktoré boli dosiahnuté
predstavitelmi vlady, priemyslu, vedeckého a verejného sekto-
ra s ciefom zabezpecit vyvoj bioekonomiky zaloZenej na polno-
hospodarstve.

Klacoveé slova: model trojitej Spiraly (triple helix), pofnohospo-
darstvo, GMO, bioekonomika
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