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Innovative approaches for the effective agriculture
technology commercialization for company and
dissemination for small farmers--Experiences of Taiwan,
ROC

Chin-I Chang

Fisheries Research Institute, COA, Taiwan

ABSTRACT

The researches of agriculture technology in Taiwan are mostly carried out by the
official institutes belonging to the Council of Agriculture, Executive Yuan (COA).
For a long time, these institutes have harvested plentiful achievements. However,
most of them were considered as the free supplying public wealth and ignored by
farmers and companies until the implementation of “The Fundamental Science and
Technology Law” in 1999. This law pushes people to face the protection of
intellectual property and to pay for the commercially potential result of research even
if it was derived from official research institute. Recently, COA was constructing
different channels to assist researchers in commercializing their innovative products
and to accelerate technology transferring to companies or disseminating over the
farmers. Therefore, two administrative orders, named ‘“Rules for Ownership and
Application of Government-subsidized R&D Outcomes” and “Rules for the Industrial
Technology Cooperative Research” were implemented in 2000 and 2001, respectively,
to complete the legal institutions of agriculture technology licensing.

Two successful cases of the transfer of agriculture technology were discussed in
the seminar. The “Completely using of fish scales” was sold to a big enterprise with a
record-breaking royalty in the technology transfer of agriculture in Taiwan. The
derived products included healthy food, cosmetic and medical materials. To
specifically apply the technology, the licensee enterprise even created a subsidiary
company with a brand-new factory. In difference with the business successful case of
the first one, the second case named “E - kit for the detection of Edwardsiellosis in eel
farming” introduce another concept of agriculture technology transfer. For the
purpose of fast dissemination and helping farmers in reducing the mortality of rearing
eels, E - kit should be easy, cheap and individual availability.

Although there are some problems of the agriculture technology transfer in
Taiwan, such as the environment of technology transfer in agriculture is not very
mature, the concept of user-payment is unpopular among official researchers,

companies and farmers, the experience of agricultural technology evaluation is
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deficient, domestic market is too small to engage big investment of enterprises, to
accelerate agriculture technology transfer is still the already decided policy in Taiwan.
The research of agriculture technology can’t be limited to increase the amount of
production, but also should promote agriculture head into the “knowledge economy”
situation. When the agriculture transforms into the knowledge type industry, the
research capacity of official agriculture institute can be encouraged, the technological
level of agricultural enterprises can be upgraded, and the new green revolution of

agriculture can be fired up.

INTRODUCTION

The green revolution of agriculture has made a significant contribution to supply
food to human being. However, with the increase of population, the stress on global
food supply is heavier day by day. During the previous century, of the 6 billion people
in the world today, 800 million are still in the state of malnutrition. Moreover,
predictions forecast that by the year 2050, the world’s population will have increased
to over 10 billion people and the available farming land is going to decline minutely.
The best way to resolve this problem is to rely on technology to enhance the
production of agriculture, to improve the methods of breeding, testing, farming,
disease prevention, and to cultivate or rear new varieties so that plants and animals
which originally could not be grown or difficult to raise in certain areas can now be
done. As such, the importance of applying technology in agriculture is steadily
growing.

There are two current trends of agricultural technology research. On one hand it is
being widely applied with traditional breeding, testing, farming, disease prevention,
fertilizers and pesticides. The efforts have significantly improved the quality and
quantity of agriculture products. On the other hand, the application of new
biotechnology has allowed agriculture to collaborate with medicine, food and
environmental protection industries. By means of the cooperation, agricultural
activities can expand into different areas and create brand-new industries in the
process. The economic value created by these new technology and applications is

growing rapidly and with unlimited potential.

DEVELOPMENT POLICY OF TAIWAN’S AGRICULTURAL
TECHNOLOGY RESEARCH

The job of promoting Taiwan’s agricultural technology industry is based on the

“Enforce Biotechnology Industry Promotion Program” issued by the Executive Yuan.
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Planning and execution is conducted by the Council of Agriculture. As many research
projects, regulations, and industry promotions involves collaboration with the
National Science Council, Department of Health, Ministry of Economic Affairs, and
the Ministry of Finance, the Executive Yuan has thereby set up a “Biotechnology
Industry Guidance Committee” The Team is made up of science political committee
members in addition to the Minister and Deputy Minister of each Ministry and
Department. The Team helps coordinate cross-departmental issues. In order to
integrate upstream, mid-stream, and downstream resources as well as allow full
coordination between the research projects and industry development, the Council of
Agriculture has collaborated with Academia Sinica and the National Science Council

in implementing the “National Program for Bio-Agricultural Technology”.

In recent years, the Council of Agriculture has been organized major fields of
technology research in agriculture, invested resources to encourage related research
and set the future direction of Taiwan’s agricultural technology industry. Based on
Taiwan’s rich material resources and global competition analysis the focus topics will
include (1) plant sprouts, (2) aquaculture farming, (3) animal use antibiotics, (4)
animal & poultry ranching, (5) biotech food, (6) biotech fertilizer, and (7) biotech
pesticides. It will try to break traditional methods by fully utilizing the strengths of the
industry, the government, academia, and research fields. Initial results such as the
planning and construction of fundamental facilities; amendment and discussion of
regulations, common agreement on the research direction, etc. have all been

completed.

CURRENT STATUS OF TAIWAN’S AGRICULTURAL
TECHNOLOGY INDUSTRY

According to COA’s "Investigation report of 2004 Agriculture biotechnology
manufacturer and industry value", Taiwan had more than 200 companies related to

agricultural technology and the estimated output was 700 million US dollars in 2004.

Unite: $ USD
Division No. of 2003 2004
company Output % Output %
Plant sprouts 25 110 24.73 101 14.57
Aquaculture 11 30 6.74 37 5.34
farming
Animal use 11 19 4.27 23 3.32
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antibiotics

Animal & poultry 10 22 4.94 29 4.18
ranching

Biotech food 110 213 47.88 360 51.96
Biotech fertilizer 15 1 0.22 14 2.02
Biotech pesticides 7 4 0.90 3 0.43
Others 25 46 10.34 126 18.18
Total 214 445 100.00 693 100.00

SWOT analysis of Taiwan’s agriculture technology industry

Strength

e Taiwan has already established the broad-based research in agriculture.
o Excellent scientific teams in agriculture research.
e Advantage in environment & climate.

e Occupying the key location, quickly response to the Asia-Pacific market (China,

Japan, and Southeast Asia) dynamics.
e Invest/ reward ratio of agriculture biotechnology is relatively high.

e Some kinds of agriculture, such as vegetable, orchid, subtropical flower & fruit,

Chinese herbal medicine and aquaculture are very competitively.

Opportunity

e The problem of international grain shortage will be more and more serious.
e Domestic traditional industries face the pressure of transformation.

e The government drew up various kinds of investment rewards and subsidies to

encourage the development of biotechnology industry.
e The government established agriculture biotechnology parks.

o The concept of sustainable management of agriculture is friendly to the

environment.

Weakness
e The domestic markets are too small to the developments of biotechnology

enterprises.

e The international commercial network hasn’t set up yet. The international

competitiveness is insufficient.
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e The laws & regulations for the research, production and management of

agriculture technology have not perfectly finished yet.

e Most of the farmers are not able to directly transfer the research results of

agriculture biotechnology.
o Business talents of agricultural enterprises are insufficient.

e Within the limitation of market, most of peasants or small agri-companies in
Taiwan are not able to expand the scales.
e In comparison with the biomedical research, the manpower and funds of

agriculture biotech research are both on the low side.

e The foundation of this industry is too weak to support and take the risk of
long-term R & D.

Threat

e  WTO effect onto the domestic market for farm products.

e The relative high cost of labour and management impelled the industry to move
outside.

e The low production cost of the developing countries.

e The draining of brain & technology may become competitors

» Scientific advanced countries have already tried to patent many developing
agriculture biotechnology.

e Regulations to biotechnological products are becoming stricter day by day.

LEGAL INSTITUTIONS OF AGRICULTURE TECHNOLOGY
LICENSING IN TAIWAN

(1). The Fundamental Science and Technology Law (1999)
The establishment of a legal environment for the implementation of R&D results.
This law simplified the administrative procedures of technology transfer and

encouraged the efficient employment of R&D achievements.

(2). Rules for Ownership and Application of Government-subsidized R&D
Outcomes (2000)
R&D achievements and intellectual property rights of official institutes can be
rewardfully transferred to industry to advance the level of industrial technology and
stimulate overall development of industrial R&D capabilities. According to the rules,

60% of the royalty should be returned to the government but the other 40% can be
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shared by the inventors and their institute to encourage the application and promotion

of the academic’s IP and R&D achievements.
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COA Patent Application Flow Chart
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COA Technology Transfer Flow Chart
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Current situation of COA’s technology transfer and intellectual property related licensing.

. Yearl o002 | 2003 | 2004 | 2005 2006 Total
No. of items
Patent 18 35 38 48 38 177
Trademark 2 1 0 8 11 22
1C‘ul‘uv.ated variety 7 3 2 15 17 56
1censmg
Technology 3 15 26 41 79 164
transfer
(T{}tsallj)(’f MEOMES 139 367 | 169,067 | 327,800 | 501,600 | 1,125,833 | 2,163,667
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(3). Rules for the Industrial Technology Cooperative Research (2001)

Manufacturers designate topics and then carry out joint research with R&D

institutions. They can also send R&D personnel to work in open laboratories, so as to

take full advantage of all the R&D institution's research resources and close

interaction to improve R&D quality and research. The private company involved in

the cooperative project gets the priority to transfer the technology.

Current situation of COA’s industry & agriculture technology cooperative research.

Year Project No. Grant from Total
COA Company

1999 45 987567 -- 987567
2000 23 1889267 -- 1889267
2001 62 3281833 496167 3778000
2002 144 6874700 1166900 8041600
2003 157 7217700 1166067 8383767
2004 143 5828500 834467 6662967
2005 108 4317733 683633 5001366
2006 113 3862200 588967 4451167
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INNOVATIVE APPROACHES FOR THE AGRICULTURE
TECHNOLOGY COMMERCIALIZATION FOR COMPANY -
SUCCESSFUL CASE STUDY

Completely using of fish scales

(1). Status

The technology, named completely using of fish scales, has successfully
transferred to a company in 2006. The royalty of single transfer is one million USD
for ten years. The running royalty is 2.5% of the income of related products. The
licensee company invested more millions to establish a factory for specifically
applying the technology. This technology not only can earn money for the company,
but also resolve environmental problem from the waste fish scales, and furthermore,

increase the income of fish farmers.

(2). Business direction research
® Mature and large market
® Cheap material
® Abundant source of material
® To reduce the production costs
® Waste to gold

(3). Reference searching & patent maping
® Fish scales are rich in collagen
® The major sources of cosmetic collagen suffered from bovine spongiform
encephalopathy , foot-and-mouth disease of livestock and avian flu
® The cost of traditional procedures of extraction collagen from fish is very

expensive
(4). SWOT analysis
(5). Research design
(6). Quality, biosafety and validation test

(7). Strategy of technology transfer

® Intellectual property protection

® Specific or nonspecfic authorization
® Bidding for the license
(]

Documents for raising the royalty
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INNOVATIVE APPROACHES FOR THE AGRICULTURE
TECHNOLOGY DISSEMINATION FOR SMALL FARMERS -
SUCCESSFUL CASE STUDY

E - kit for the detection of Edwardsiellosis in eel farming

(1). Status

The technology, named E-kit, was developed for assisting eel farmers to detect the
major pathogen, Edwardsiells tarda, of rearing eels. By means of the easy-design kit,
without any help of technicians or instruments, an individual farmer can inspect the
pathogens inside the eel, estimate the number of bacteria in the pond, evaluate the risk
of disease outbreak and even know the effective medicine to treat with different
strains of pathogens.

This discovery has successfully transferred to a company in 2006. Since the cost
of materials is very low (only about one cent USD for each test), the price of the
commercialized product can be as low as one USD. Therefore the promotion is not
very difficult. More than twenty-thousand kits have been sold in last year. The
dissemination of this kit all over Taiwan for the eel farmers not only can reduce the
mortality of rearing eels, cut down the cost of eel production, but also can avoid

remains of medicine and raise the quality & price of rearing eels.

(2). Customer direction research

® FEasy
® Cheap
® Valuable

(3). Dissemination channel
® Union of eel & shrimp breeders corporation
® Network of production and marketing groups
® Business exhibition

® Internet

(4). 4-E promotion strategy
® [ - kitis Easy to use.
® F - kit is for Eel farmers.
® [ - kit specifically detects Edwardsiella tarda.
([

E - kit is an E-generation product.
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DISADVANTAGES FOR AGRICULTURE TECHNOLOGY
TRANSFER IN TAIWAN

® The environment of technology transfer in agriculture is not very mature.
® The concept of user-payment is not popular among official researchers,
companies and farmers.

® The experiences of agricultural technology evaluation are insufficient.

Big enterprises are not interesting involve in agriculture.

® Domestic market is too small.

CONCLUSION

In twenty-one century, agriculture is in the face of new era. The research of
agriculture technology can’t be only confined to seek the amount of production
increases, but also should promote agriculture head into the “knowledge economy”
situation. Located in the subtropical region, Taiwan is rich in biological resources and
has abundant experiences in agriculture technology. According to the analysis of
current status of the industry, the existing foundation, and global competition, the
development strategy of Taiwan’s agriculture technology will be:

(1). The plant sprouts, aquaculture, animal antibiotics, functional food polypeptide,
biotech fertilizer, and biotech pesticides will be chosen as the primary focus of
development.

(2). Two objectives should be worked along both lines. One is to accelerate the
transforming of traditional farming. The other one is to accumulate technical
know how and talent in the field of new applications.

(3). A trading platform of agriculture information & technology should be set up as
soon as possible.

(4). Improve the level of technology, assist the transition of traditional farming,
reduce production costs, and increase product’s value to achieve the objective of
helping farmers.

(5). Expand the application scope of agricultural activities, promote to high value
added fields such as medicine, food, and environmental protection to increase
productivity of agricultural activities.

(6). Promote organic, fine production, create sustainable agriculture, reduce

environmental pollution, protect the ecology, and enhance the benefits of society.

In the future, besides the I.P. protection to new product, new technology and new
cultivated varieties, the transfer of agriculture technology and introducing enterprises

into agriculture are also the prior topics in Taiwan. Only while the agriculture
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transforms into the knowledge type industry, the research capacity of official
agriculture institute can be encouraged, the technological level of agricultural
enterprises can be upgraded, and the new green revolution of agriculture can be
created.
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The overlook of Agricultural Technology Transfer in

Taiwan

Tsui-Miao, Chen / assistant researcher,
The Taiwan Livestock Research Institute, COA, R.O.C.

Current status of Agricultural Technology Transfer in Taiwan

The major organization for agriculture research in Taiwan, R.O.C. is
the Council of Agriculture (COA). The COA is in charge of research and
development in agronomy, horticulture, forestry, fishery, animal
husbandry and food affair areas. A total of 16 research institutions are
administrated by the COA. For advancing the science and technology in
agriculture, Taiwan government passed “Science and Technology Basic
Law” in 1999 which was similar to the Bayh-Dole Act in the U.S.A.
Based on the law, the regulation of “Achievement Management on
Science and Technology Research and its ownership and Utilization” has
been implemented by the COA for managing all agricultural research and
extension starting from 2001. Based on the policy, all the researchers
must disclosure their inventions at regular basis, and turn the project
results into intellectual property rights such as patents, trademarks,
copyrights, trade secret and plant variety right for technology transfers.

A total of 283 cases of technology transfer which account for over
100 millions NT dollars royalty (equivalent to 3 million US dollars) have
been reported for the past 5 years in COA. The outcome of approved

intellectual property is fruitful, and keeps growing.

34



Two successful examples of the commercialization of
agricultural technologies

In Vitro Animal Embryos Production Technique-The Taiwan livestock

research institute (TLRI) is engaged in research and development of the
dairy cattle industry. The TLRI is the major research Institute in Taiwan
to preserve all livestock germplasms for future genetic improvement. The
National Dairy Herd Improvement Program has been funded since 1977,
and it includes 315 members of dairy herds with 36,524 cattle. The
development of a robotic system for dairy farming is underway. Power
crowd gates, automatic detaching milking units and automatic washing
system for udders and teats were tested with good performance and can
be installed at prices half or even two third lower than those of imported
ones. The Institute also studies the genetic defects in dairy cattle through
numerous detecting and screening tests. For example, screening for dairy
congenital diarrhea caused by lethal genes has been established by using
blood, frozen semen and milk samples.

The TLRI also studies the reproductive physiology and biotechnology
in cattle. The embryos transfer technology has been commercialized. The
in vitro animal embryos production (IVP) comprises three steps: oocyte
maturation, fertilization, and embryos cultivation. The ovaries were
collected from animals in the slaughterhouses, and the cumulus-oocyte
complexes (COCs) were aspirated out immediately. After in vitro
maturation and fertilization, the zygotes were co-cultured with cumulus
cells to develop into the blastocyst stage. The IVP blastocysts can be
either frozen in liquid nitrogen for storage or transferred to the uterus of a

recipient for cattle development. The IVP system has set up an important
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model for embryo production and transferring in cattle industry. The IVP
technology is not only essential for the development of artificial
reproductive technology, but also used for large amount of materials for

the transgenic animal and nuclear transfer researches.

Industrial Processing of Meat Products-Curing meats, traditionally with

an excessive quantity of common salt, is to preserve the meat from
spoiling. In recent medical studies, high content of common salt is
considered to be one of the factors associated with cardiovascular disease
and hypertension. For catering to consumers’ taste, the TLRI placed a
strong emphasis on modifying the traditional processing ways with new
technology. In this project, dry-cured ham with low salt content was
developed. It showed that 2.6% of salt in dry-cured loin ham under
different curing conditions could shorten the ripening period to two
weeks with good taste qualities. Also, the TLRI has developed a new
industrial automatic manufacture procedure which produces the stewed
pork and packs it in the vacuum bag through pasteurization. It appeared
that the pork tastes equally good to the stewed pork made with traditional
methods, and can be stored for 3 months at 3 C. Moreover, the pork
production yields from this industrialized procedure was 20% more than
the traditional ones, that lower the production cost significantly. This pork
manufacture procedure has been transferred to food industry to produce
the tasty stewed pork for export in Taiwan.

In order to strengthen our native poultry industry in Taiwan for
competition with other countries, the Yun-lin County Poultry Production

Association in central Taiwan has cooperated with the TLRI to develop a
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new chicken processing technology for commercial production. So far 9

chicken dishes have been commercialized.

Salient issues and restrictions in the technology transfer
Until 2006, the COA has owned ca. 200 agricultural patents, many of
which are resulted from the researches conducted at 16 research Institutes.
However, only a small percentage of agricultural patents have ever been
commercialized. The possible reason is either the cost of production is
too high to be profitable or the technology is not suitable to industrial
application. The other reason is the agro-industry generally lacks the
knowledge of the importance of intellectual property rights. Most of
farmers think agriculture technologies developed by public supported
research institutions shall be provided free, and the government has the
responsibility to support modern farming and advanced agro-industry. It
is also very common that once the technology is transferred, the licensee
has financial problem and reluctantly to use the technology. Restrictions
in technology transfer include either the researchers or the technology
transfer managers are unable and not willing to bargain hard a business
with commercial companies. Other factor affecting the technology
transfer 1s the licensors lack of the experience to seek appropriate licensee,

and have no intellectual properties rights concept.

What government shall do for the commercialization of
technology transfer

In 1999, the Science and Technology Law accelerated technology
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transfers from the government institutes and universities to the private
sectors. Technology transfers in the early year 2000s have gained
tremendous attentions from university and government researches. Since
then, a government invention policy is established to permit research
institutes and universities to retain invention titles developed through the
government research funds. The policy also encourages researchers to
collaborate with industry in promoting the commercialization of
inventions. To speed up the transfer of project results, private sectors such
as agro-industry, farmer association and small farms may join the
research project in a cooperative way. Currently, a minimum of 10% of
total research funds is required to pay the research institutes by the
potential technology transfer recipients. The potential technology
recipient may pay at least 8% of total research fund to transfer new
technology for certain length of period. For encouragement, the
researcher and/or inventor may share 40% of technology transfer income
from the royalty. This kind of cooperative research links tightly between
agro-industry and public research institute, and is proved to be effective

in technology transfer.

Recently, the COA corresponds and supports many technology
exhibitions to give the opportunities for the licensors and potential
licensees to meet. In 2007, the Taipei International Invention Show and
Techno Mart attracted thousands of technology suppliers and buyers
during the exhibition. The intellectual property service providers were
interested in identifying business partners and commercializing the latest

innovations in the Asia Pacific Regions. The foreign buyers from Japan,
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Malaysia, United States, Canada, Germany, Spain, and Australia came

and increased the number of business transactions in the exhibitions.

Factors of effective agricultural technologies transfer

Prior to 1999, fewer than 50 patents were issued to the COA by
Taiwan and foreign countries. Nevertheless, numbers of invention
disclosures has been increased remarkably in recent years. By the year of
2005, about 200 patents had been issued to the COA. As the numbers of
partners and stakeholders expanded, effective linkage of research and
technology transfer becomes more complicated. Great coordination and
synergy between research institutes and agro-industry will be required if
the technologies transfers produce impacts.

According to the literature, the success of technology transfer usually
depends on a long-term relationship between the licensor, the licensee
and the technology transfer agency. Successful technology transfer is not
achieved through the simple movement of technology to a new
environment. It requires the development of a process and infrastructure
that will help the technology get into the industry smoothly. The
successful agricultural technology transfer includes a clear government
policy, incentive of IPR commercialization for researchers, and a
platform to match the demand and supply side of technology market. In
others, nature of the technology, patent protection, broad application and
relationship between licensor and licensee are also the key factors for
successful technology transfer. Communication is a key element in the

technology transfer process. A good communication is important not only
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between licensor and licensee but also related to society communication.
If a new product and technology is not known and acceptable by the
public, they will never reach their intended markets. Technology transfer
requires human intervention for a technological innovation to become
part of a large system. The communication channels that support the
transfer process include the printed words (journals, newspapers, and
brochures), personal correspondence (letters, e-mail, and telephone),
formal instructions (research institutes and universities), education and
training. Obviously, societies that control and limit open communication
would hamper the process of diffusion and ultimately the successful of
innovations. Other factors affecting the efficiency of technology transfer
include the R &D capabilities of the licensee, cognitive bias, and

organization culture.
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