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Abstract—The research standard of domestic agricultural product export, expecting to catch up advanced countries with
biotechnology is high and broad, while the industrialization speed isagricultural biotechnology industry.
far behind the research standard. In order to accelerate the As biotechnology industry is gradually emphasized by
development of agricultural biotechnology industry, “agricultural governments in various countries, biotechnology prefectures
biotechnology parks” which present R&D processing & marketing are rapidly established to result in fierce competition in the
and operation functions are planned to rapidly form agriculturalfuture environment. When biotechnology prefectures are
technology industrial clusters and accelerate the development ofmassively constructed for biotechnology industry, it is
agricultural technology. Experts in agricultural biotechnology parksextremely important for the government, the main force to
are analyzed in this study. Total 150 copies of questionnaire arsupport the industry, applying limited resources. Nonetheless,
distributed and 102 valid copies are retrieved, with the retrieval ratdt is concerned how to avoid overinvestment or scattered
68%. The research results sequence the importance of “Level 2tesources, i.e. how government departments apply limited
evaluation standards as “technology and knowledge resource’resources to key factors for establishing agricultural
“public infrastructure”, “government”, “human resource”, “financial biotechnology parks different from other technology parks to
resource”, and “supportive industry”. Among 21 evaluation indices, further create the competitive advantage. For this reason, key
top 5 emphasized indices contain technological innovation, R&Dsuccess factors in the industrial cluster of agricultural
facilities, training institutions, network information service, and biotechnology parks are discussed in this study.
R&D incentive. Based on the research result, suggestions are
proposed in this study, expecting to rapidly form agricultural I1. MATERIAL AND METHODS
technology industrial clusters, accelerate the development of A. Literaturereview
agricultural technology, and expand high value-added product export 1) Agricultural biotechnology
to catch up with advanced countries with agriculture. Kong (2012) regarded the development potential of
biotechnology for promoting and developing high
Key words—government, human resource, public infrastructure, value-added and knowledge-oriented industry domestically.

supportive industry, technology The so-called “biotechnology” refers to producing products
with living organisms or the biological cells, biological
[.INTRODUCTON process, and metabolites, or getting into the molecular level to

High value-added and knowledge-oriented industries araunderstand the vital phenomenon for further development and
currently promoted and developed in Taiwan. In order toapplication to relevant product design or the development of
develop agricultural technology, the government links thetechnology platform to solve previous problems so as to
agricultural technology “industrial cluster”, which presents improve and promote the quality of human life. In terms of
mutual correlations of commonality and complementarity, totechnology, it is divided into general and narrow
enhance the transformation of agriculture industry. Domestidiotechnologies. General biotechnology (or traditional
agricultural biotechnology presents high and broad researchiotechnology) is a technological discipline combining
standard, but the industrialization speed is far behind themicrobiology, zoology, botany, cytology, chemistry, physics,
research standard. In order to accelerate the development ahd engineering. Narrow biotechnology (or new
agricultural biotechnology industry, “agricultural biotechnology) refers to newly developed key technologies,
biotechnology parks” with R&D processing & marketing and such as genetic engineering technology, protein engineering
operation functions are planned to rapidly form agriculturaltechnology, and hybridoma cell technology. The
technology industrial clusters, accelerate the development adiistinctiveness of biotechnology industry is summarized as
agricultural technology, and expand the high value-addedelow (Katz et al., 2011). 1. Raw materials are mainly
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renewable resources: Raw materials used for biotechnologgonnection between industries or enterprises allowing the
are regenerated in the biological system that the source isomplementary benefits through product or information
sufficient. In addition to the development of new products, circulation.” Asche & Bjorndal (2011) defined cluster as the
existing products with non-renewable resources are the majgshenomenon of spatial concentration, competition, and
source, and biotechnology could provide new productioncooperation of firms in the same production chain. Navarro
methods. 2. Less energy required: The biotechnological2011) indicated that upstream and downstream firms of some
process requires less energy than traditional methods thamdustries set the factories in neighboring areas to form the
biotechnology offers alternative means for industries whichso-called “cluster phenomenon”, aiming to pursue the
consume more energy. 3. Lower polluting: The introduction ofconvenience of order and delivery, manufacturing-marketing
industries would result in pollution. The pollution resulted matching, co-design, and capacity backup. Besides, being in
from the biotechnological process is lower than it with the same community could have them understand and trust
traditional methods and is easily controlled. 4. Necessaryeach other to generate positive function. Valifia (2011) pointed
senior human  resources: Biotechnology, as  aout cluster as a group of upstream and downstream industries
knowledge-intensive advanced technology, requires seniowith close relationship simultaneously appearing on specific
technology personnel. The development of biotechnology notocations. Nutreco (2011) regarded cluster as a group of
only could promote the level of biological industry, but could geographically close companies and the correlated institutions
also cultivate talents and reinforce the application of humarocating in a specific industrial area which were associated
resources. 5. High added value of biological products: Thewith similarity and complementarity.
product value could be largely enhanced by biologically = Hsueh & Tseng (2013) pointed out industrial cluster as the
treating cheap raw materials. It is considered as an effectivenutual relationship between individual competitiveness and
motive to attract investment. 6. Broad application: efficiency of firms, which was composed of three dimensions.
Biotechnology is not merely the tool to research life science,l. Supplier-buyer relationship could be examined with
but is a potential applied technology with broad applicationinput-output  relationship. 2. Cooperator-competitor
(Katz et al., 2011). relationship referred to the competition and cooperation
Kong (2012) divided biotechnology into traditional and relationship on product R&D. 3. Shared resource relationship
modern application that the application of agricultural referred to the common use of public facilities and research
biotechnology also showed traditional and emergingresource. Sharon & Laura (2011) mentioned that industrial
biotechnology. Traditional area contained the combination ofcluster should contain one or more following relations among
traditional breeding, cultivation, detection, epidemic industrial members. 1. Geographically common location. 2.
prevention, fertilizer, and pesticide to largely enhance theFormal mutual connection between import and export or
production and quality of traditional agriculture. Regarding buyers and suppliers. 3. Evidence of non-formal cooperation
the application of modern emerging biotechnology, theand competition. 4. Share of commercially related local
combination of agriculture with medicine, food, and institutions. Alvial & Adolfo (2012) proposed two major key
environmental protection could open the new application offactors in the outperformance of 9 biotechnology industrial

agriculture industry and new development directions. areas (settlements/clusters) in the USA, including 1.firm R&D
capability and 2.measures to reward the commercialization of
B. Industrial cluster R&D outcomes. Yoo & Zhao (2010) stated that Boston

Cluster was first proposed by biologists to explain andConsulting Group, in the research report on the comparison of
describe the phenomena of biotic communities in specificbiotechnology parks and biotechnology industrial clusters
environments and the symbiotic relationship in the nature. Itbetween the USA and Germany, determined 5 key success
was then used in industries to explain the special spatialactors in biotechnology parks and industrial clusters,
concentration in the industrial development process. Lai et alincluding R&D capability, professional manpower with good
(2014) described “industrial cluster” as a group of enterprisegjuality and stable quantity, technology transfer channel, good
and foundations which were geographically neighbored,infrastructure, and sources of capital.
mutually correlated in specific domain, and mutually
connected with the commonality and complementarity. It was  C. Factor in industrial cluster
a network formed by a county or city or the entire nation and For developing a technology park type of agricultural
even associated with neighboring countries. Lai et al. (2014piotechnology park, Royne et al. (2015) pointed out the key
further regarded industrial cluster as an essential theory fosuccess factors in cluster as 1.high quality human resource,
the development of industry. In other words, “industrial 2.technology and knowledge resource, 3.supportive industry,
cluster was the key source of national economic competitived.perfect public infrastructure, 5.financial (capital) resources,
advantage.” In this case, all advanced economy obvioushand 6.government.
existed in industrial cluster, and the formation of industrial 1). Human resource: Nutreco (2011) referred human
cluster was a basic factor in the economic development. It was resource as the maximum applicable population, in total
also considered that industrial cluster was “the close  population, to economic activity, or the population with
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working ability. In this case, the number of population
could directly determine the amount of human resources.
For professional staff, human resource should stress on
enhancing value, rather than reducing cost (Antonelli et
al., 2011).

2). Technology and knowledge resource: In the
research on the technological knowledge characteristics
and technology network of biotechnological
pharmaceutical factories in Taiwan, Lernoud & Willer
(2014) selected technological knowledge lifecycle,
technological knowledge path dependency, technological
knowledge complexity, internal project management of a
company, cross-department knowledge circulation, and
the interaction among academic research units,
government units, and firms as the operational variables
of technology and knowledge resource and emphasized
that biotechnology industry in Taiwan should well utilize
the resources of academic research units and develop
with small and medium investment.

3). Supportive industry: The international
competitiveness between industries, the upstream and
downstream industries and the relevant industries are
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protection facilities, and ecological landscape engineering
(Katz et al., 2012).

5). Financial (capital) resources: Valifia (2011) argued
that mid- and long-term financial resource planning of
enterprises should focus on fund raising and capital
management. Early in 1985, Gitman and Maxwell
divided corporate financial activity into 1.Financial
Planning and Budgeting, 2.Managing Capital
Expenditure, 3.Managing Working Capital, and 4.Raising
Long-term Funds. Yoo & Zhao (2010) regarded
“Financial Planning and Budgeting” as the most
important activity among the four. An enterprise, in the
financial resource activity, should aim to maximize the
wealth of shareholders.

6). Government: De Silva (2011) considered that
governments should give guidance in the development of
products and shorten the science and technology gap for
sprouting industries, while developing industry should be
rewarded the investment matching with market-oriented
function.

I1l. RESEARCH DESIGN AND METHOD

determined by 1.the correlations, competitive advantage, A. Research method
and development between industries and the relevant Fuzzy Delphi Method, proposed by Olaf Helmer et al in
industries and 2.the structure chain and development 01950, aims to acquire expert consensus and consistent
industries and the upstream, midstream, and downstrearapinions of specific subjects. Nevertheless, small convergence
industries as well as the competitive advantage (lizuka eeffect often appears in the Delphi Method process, because of
al., 2012). The innovation system of a country wasdifferent expert opinions, to increase the number of survey
composed of universities, public and private researchtimes. Besides, means are used for selecting evaluation
institutions (including national laboratories), and businesscriteria in Delphi Method, which are easily affected by
communities. Universities used to be responsible for theextreme values statistically. In this case, when the data
fundamental research, research institutions were in charggeneration is complicated and time-consuming, the drawbacks
of applied research, and business communities, under thef high investment costs, low recovery rate, fuzziness, and
guidance of market opportunities, utilized the researchdistorted expert opinions could easily appear. Fuzzy Delphi
results of the previous two to develop new products orMethod is therefore utilized in this study for selecting
new production technologies to satisfy the living important criteria. It is a kind of expert prediction, formed by
demands of humans. some researchers including Fuzzy Theory in Delphi Method,
4). Public infrastructure: In the research on the after L.A. Zadeh proposed Fuzzy Theory. In the application,
industrial marketing of green silicon island--Central Fuzzy Delphi Method gives up the original algorithm with
Taiwan Science Park, Sharon & Laura (2011) indicatedmeans but applies geometric mean as the decision-making
that public infrastructure and transport facilities were group to select evaluation criteria. Statistically, it presents the
necessary for the improvement of investmentimpartiality effect to avoid the influence of extreme values so
environment to enhance the investment environment othat the selection of criteria shows the optimal effect.
the park and the neighboring counties and cities and to
establish the information market circulation mechanism.  B. Establishment of evaluation index
Moreover, science parks faced the problem of inadequate The questionnaire in this study is sent to experts in various
resources, which should be improved by Taiwan Powerdomains through email. The first feedback of experts is
Company maintaining certain power supplied. organized the considerations for enterprises executing social
MarinCatald (2014) proposed that the public marketing. Such considerations with similar properties are
infrastructure of environmental protection technology classified into the same category and sent back to experts for
parks should at least contain land grading and streebpinions. The final consensus is achieved by several runs of
system, electric power, telecommunication, water supplyenquiries through email. The major categories are set as the
facilities, natural gas and oil facilities, drainage systemkey factors in the industrial cluster of agricultural
parking, sewage farm, waterway system, environmentabiotechnology parks by calling all experts for the conference.
Such key factors are the AHP dimensions, based on which the
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AHP questionnaire is established. With Fuzzy Delphi Method,
the evaluation indices in this study are established as

Table 1: Weights of key success factors in the industrial
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cluster of agricultural biotechnology parks

following. Weight Key successfactorsin theindustrial cluster
1). Human resource: employee skill, manager ability, [ sequence of agricultural biotechnology parks
labor force, and standard working hour 4 Human resource 0.143
2). Financial resource: bank system, foreign exchange 5 Financial resource 0.127
market, and capital market 6 Supportive 0.106
3). Supportive industry: research institutions, association, industry
and acquisition of raw materials > Public 0214
4). Public infrastructure: transportation, function facilities, infrastructure
R&D facilities, and sales center
) . 1 Technology and 0.243
5). Technology and knowledge resource: training knowledge
!nstitutic_)ns, network information service, and technological resource
innovation
6). Government: resource integration, land tax preferences 3 Government 0.167

R&D incentives, and regulation compilation

2) Overall consistency evaluation of Analytic
Hierarchy Process

C. Research subject After completing the weights of all hierarchies, the
Through the media reports on agricultural biotechnologyevaluaﬁo” indices in hierarchies are distributed based on the

parks, experts with deeper understanding of agriculturalrelative importance, showing the importance of indices in the

biotechnology parks are asked the intention of the researcRNtire evaluation system. The overall weight of the industrial
through phone calls and then completed the survey througﬁIUSter of agricultural biotechnology parkslls glso generated,
email, facsimile, or mails. Such experts in agricultural 1@l 2. The result presents the top 5 indices, among 21

biotechnology parks are therefore selected for the analysi€valuation indices, as technological innovation, R&D
acilities, training institutions, network information service,

Total 150 copies of questionnaire are distributed and 102 valid

copies are retrieved, with the retrieval rat€$%8

IV.RESULT AND DISCUSSION

and R&D incentives.
Table 2: Overall weight of the industrial cluster of
agricultural biotechnology parks

A. Result analysis Dimension Index ?v\;%ﬁltl sg(;/fer?lcle
1) Level 2 evaluation element in Analytic Hierarchy )
Process Employee skill 0.048 11
; ; “ ” ; Manager ability 0.063 6
After t_he questl|onn_a|re survey, the “Level 2 evaluguonHuman [eSOUrC
standard in Analytic Hierarchy Process of key factors in the Labor force 0.039 13
industrial cluster of agricultural biotechnology parks is Standard working hour 0.018 19
acquwgd. The received data} are calculated the geometric mean Bank system 0.035 14
of relative importance of paired elements to form the Analytia=inancial — . - 0034 e
Hierarchy Process matrix. The consistency ratio C.R.= 0.01{7rsource oreign exchange marke :
0.1 reveals the consistency of the decision-making result|in Capital market 0.045 12
this study. The weight and importance of evaluation elements Research institutions 0.027 17
are sequenced ?n _Table 1, as “technology and knowlecg%éPZ?fﬁve Association 0.006 21
resource”, “public infrastructure”, “government”, “human M2usty — )
I . " “ L " Acquisition of raw materials 0.011 20
resource”, “financial resource”, and “supportive industry”.
Transportation 0.056 8
Public Function facilities 0.030 16
infrastructure | ReD facilities 0.086 2
Sales center 0.023 18
Technology and Training institutions 0.078 3
knowledge Network information service 0.075 4
resource Technological innovation 0.096 1
Resource integration 0.053 9
Land tax preferences 0.058 7
Government
R&D incentives 0.071 5
Regulation compilation 0.050 10
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V. Conclusion Domestic technology parks have actively collected
By organizing the overall weight of evaluation indices of  opinions, intending to create the parks  conforming to
key success factors in the industrial cluster of agricultural the “green environment” with “production”, “life”, and
biotechnology parks, it is summarized as below. “ecology”. Nonetheless, the formation of industrial clusters
A. Under human resource, the evaluation indices are would induce inadequate living function facilities, in
sequenced manager ability, employee skill, labor force, and regard to public infrastructure. Besides, from the
standard working hour. development plan zoning ordinance, the functional life
B. Under financial resource, the evaluation indices are facilities and life-related facilities neighboring agricultural
sequenced capital market, bank system, and foreign exchange biotechnology parks are insufficient. Such inconvenient
market. and insufficient life function would affect senior technical
C. Under supportive industry, the evaluation indices are personnel’'s intention to invest in parks. Park
sequenced research institutions, acquisition of raw materials, administration should cooperate with local government to
and association. properly plan surrounding land for narrow purpose; or,
D. Under public infrastructure, the evaluation indices are once buildings are randomly constructed on farms, it would
sequenced R&D facilities, transportation, function facilities, become the worry for the future development of

and sales center. agricultural technology.

E. Under technology and knowledge resource, the B. Incentives to encourage R&D of enterprises
evaluation indices are sequenced technological innovation, In addition to specific technology projects, the
training institutions, and network information service. government should irregularly examine the R&D

F. Under government, the evaluation indices are performance of firms in parks with rewards and grant
sequenced R&D incentives, land tax preferences, resource enterprises to promote R&D alliance in order to drive the
integration, and regulation compilation. R&D trend. Council of Agriculture, Executive Yuan,

From above analyses, technology and knowledge resource should develop the ability of resource integration and
is the primary problem requiring for the solution from the  efficiency, extend the R&D energy of R&D units to
park administration. It also reflects the characteristics of high  agricultural biotechnology parks, and implement R&D
threshold of industrial technology and time-consuming of results to practically help the enterprises stationed in
products from R&D to listing. In terms of the primary key parks.
success factor “technological innovation” in the industrial C. Reinforce the creation of tourism promotion
cluster of agricultural biotechnology parks, the combination characteristics different from other parks to match with
or strategic cooperation of tradition and technology is critical tourism focus
for agricultural enterprises, including the transforming ones, Agriculture biotechnology industry is essentially
because any enterprises with unsuccessful transformationdifferent from electronic information industry. It requires
might close down. The park administration should emphasize a long time for the products from R&D to mass production
the high-level investment environment offered by a perfect that the management model cannot be compared with
public infrastructure, after concerning about technology and electronic industry centered technology parks. Under the
knowledge resources. Especially, R&D facilities provide premise of R&D, inserting industrial tourism and allowing
better service of “Innovation Incubation Center” for the firms satisfying the marketing through tourism industry to
cultivation of enterprises and could reduce the worry of fund acquire sources of capital could create new cluster markets
raising for such enterprises concentrating the limited for agricultural biotechnology parks.
resources on the professional field in the beginning of
businesses. Park administration should reinforce the functions
of academic and research institutions, such as combining References
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