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CHAPTER 2 

INTRODUCTION OF BIOTECHNOLOGY INDUSTRY 

 
2.1 The Origin and Evolution of Biotechnology  

 

In the early 1970s, the potential applications of biotechnology were dramatically 

increased by the emergence of recombinant DNA and cell hybridization technologies. 

The simplest definition of biotechnology is the use of biological processes to solve 

problems or make useful products. Using biological process is very common in our 

life and we began using biological process thousands years ago. For example, we 

grew crops at Stone Age to support stable supply of foods. The applications of 

microorganism such as yeasts have been used for thousands years for the preservation 

of perishable products, for instance, juice and milk. Microbes are used to produce 

pharmaceuticals such as antibiotics (Wolff, 2001) 

Over the last 30 years, a new term, biotechnology, has entered the vocabulary of 

science. Biotechnology includes the existing activities of fermentation and applied 

microbiology, but it extends beyond the boundaries of these traditional-based 

industries. This can be explained by the result of advances in our understandings of 

the molecular basis of life and in the development of a set of powerful gene 

manipulation technologies such as rDNA technology and cell fusion technology. 
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2.2 Definition of Biotechnology 

 

There are various kinds of definitions of biotechnology because of different economic 

and cultural backgrounds in different countries. According to ITIS (Industry & 

Technology Intelligence Services), biotechnology means using biological process, 

cells, or metabolite to produce products and improve quality of life. OECD 

(Organization for Economic Cooperation and Development) defines biotechnology as 

the applications of scientific and engineering principles to the processing of material 

by biological agents to provide goods and services.  

During the 1960s and 1970s, our understanding of biology reached a point where we 

could begin to use the smallest parts of organisms, their cells and molecules in 

industrial production. The biological molecules we most often use are nucleic acids, 

such DNA, RNA and proteins. Since the remarkable advances in the field of biology 

and biotechnology encompass a more diversified biological procedures and 

potentially wider raging applications. Therefore, the definitions of biotechnology have 

proliferated. 

A list of biotechnology definitions are chronically presented in Table 2.1. This table 

lists various definitions of biotechnology. There are some differences among these 

definitions but most of them are similar. 

Applied fields 

Biotechnology is an interdisciplinary science and can be applied to many other fields 

and industries. For instance, microbiology, genetics, biochemistry, biomedicine and so 

on, all of them are included in biotechnology. Biomedicine accounts for the most 

portion among these fields and achieved 60% of these relative fields. According to the 
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Table 2.1 Definitions of biotechnology 

Year Sources Definition 

1982 Organization for 

Economic Cooperation

and Development 

(OECD) 

The applications of scientific and engineering 

principles to the processing of material by 

biological agents to provide goods and 

services. 

1984 US Office of 

Technology 

Assessment (OTA) 

Any technology that uses living organisms (or 

part of organisms) to make or modify 

products, to improve plants or animals, or 

develop microorganisms for specific uses. 

1988 US Office of 

Technology 

Assessment (OTA) 

A second, more narrow definition refers only 

to ‘new’ biotechnology: rDNA, cell fusion, 

and novel bioprocessing techniques. 

1995 National Science and 

Technology Council 

Biotechnology is a set of powerful tools that 

employ living organisms (or part of 

organisms) to make or modify products, 

improve plants or animals, or develop 

microorganisms for specific uses. 

Sources：Yang min-han，2000 

 

reports from OECD and Consulting Resources Corporation, the market value of 

global biotechnology industry was 54 billions US dollar in 2000, 74 billions US dollar 

in 2003 and would be 210 billions US dollar in 2013. Table 2.2 shows the applied 

fields of biotechnology industry and the market values of each field including the 

forecast value. 
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Table 2.2 The forecast and trend of all fields of global biotechnology industry for 

2000 to 2013 

Unit：A hundred million USD

Fields 2000 2003 2008e 2013e 

Biomedicines 324 444 688 1,155 

Biochemistry  38 52 100 168 

Bioenvironmental  32 44 87 147 

Bio-Foods 27 37 75 126 

Bio-energy 11 15 37 63 

Agricultural 

Biotechnology 
27 36 75 126 

Bioprocessing and 

measure system 
81 111 188 315 

Total 540 740 1,250 2,100 

Source：OECD and Consulting Resources Corporation, 2003 

Note：e represents the forecast value 

 

Recently, biotechnology industry receives more and more attention because of 

personal concept of heath. Biotechnology already showed the sign of reviving in 2003 

and even flourished in 2004. As for financing, the total amount of financing was 22.8 

billion US dollar in 2005, the best outcome since 2001. And the global growth rate of 

market value achieved 16%, increasing from 344 billion to 400 billion US dollar. The 

revenue of global biotechnology industry was 99.7 billion US dollar in 2004 and the 

revenue of listed firms was 54.6 billion US dollar.  
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The revenue of global listed biotechnology firms
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Source：Ernst & Young; Biotechnology Industry Study Center, 2005 

Figure 2.1 The revenue of global listed biotechnology firms 

Figure 2.1 represents the revenue of global listed biotechnology firms from 2000 to 2004. 
And the unit is billion US dollar. 
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2.3 The Characteristics of Biotechnology Industry 
 
Biotechnology industry and related industries are R&D-oriented and have a lot of 

valuable intangible capitals. Besides, the quality control is quite strict and the 

regulations and laws are complicated and time-consuming in biotechnology industry. 

Take US for example, among 5000 chemical compositions, only 5 can enter the clinic 

test and become the “Investigational New Drug, IND”. And one of these 5 INDs can 

pass the clinic test and apply for “New Drug Application”. Before this new drug 

coming to markets, it has to be tested again and again and once it fails to pass the test, 

all the R&D investment can not be recovered. In 1960’s, it took average 8.1 years to 

develop a new drug. From 1980’s it takes around 14.2 years to develop a new drug. 

And it costs about 5 to 10 hundred million US dollar to develop a new drug. 

Appendix 1 shows the process of developing drugs.(See Appendix 1) 

To sum up, the characteristics of biotechnology are as follows（Yang, Min-Han, 2000 

and this study）： 

1. Large amount of R&D expenditures and time-consuming process：It takes almost 

15 years (longer than other industries do) and costs more around 5 to 10 hundred 

million UD dollar to develop a new drug. The initial investment is quite huge. 

Usually the large firms can afford to pay these R&D expenditures. 

2. Complicated regulations and： It takes a long time to pass through many 

complicated regulations to bring new drugs on market. Besides, firms have to 

satisfy many strict laws about usages or sales of new drugs. 

3. Request for protection of intangible capital：Biotechnology firms really need 

protection of intangible capital such as patents. With these protections, 

biotechnology firms can prevent their innovation or invention from being copied.  

4. Base on regenerated materials：The materials of biotechnology are mainly 
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regenerated from organisms, so the sources will not be short. 

5. Economize on energy：Bioprocess needs less energy than traditional process does, 

therefore, biotechnology can provide substitute processes or methods for 

traditional energy-consuming processes.  

6. Knowledgeable and intensive human resource ： Biotechnology is 

knowledge-intensive technology, therefore, it requires high-skilled and 

knowledgeable human resource. Developing biotechnology can not only upgrade 

the related industries but also can reinforce the application of human resource. 

7. High value-added products：Through bioprocessing, the cheap raw materials can 

produce high value-added products. This is a main attraction for investors. 

8. Applications in diverse industries and fields ： Biotechnology is not only 

implemented in life science but also applied to other fields. 
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2.4 Introduction of Taiwan biotechnology industry 
 
The biotechnology is still at the beginning stage in Taiwan and the size of most firms 

is median or small accounting for 40 percentage of total amount. The average size of 

biotechnology firms in Taiwan is between 5 hundred million to 1.1 billion NTD. 

There are only few cases that bring R&D results into market successfully.  

Even though biotechnology just began growing, the growth is stable and continuous. 

Since 1999 the value of output of Taiwanese biotechnology has an average annual 

growth rate 12%. In 2003, the value of output of domestic biotechnology and related 

industries such as health cares, specified chemicals and biochemistry had achieved 20 

billion New Taiwanese dollar. Besides, with subsidiaries and capital provided by 

government, more biotechnology firms are started up. The number of firms had 

doubled between 1999 and 20013. Additionally, it can be observed from table 1 that 

institutions budget more and more for R&D expenditure. That is to say, R&D 

activities are viewed as more important in recent years. 

According to the survey from Industry & Technology Intelligence Services (ITIS), 

Taiwan biotechnology and pharmaceutical firms invested 3.66 billion NTD in R&D. 

Among these investments, biomedicine firms invested the most, 8.2 hundred million 

NTD, accounting for 24.2% of total biotechnology R&D expenditures. As a whole, 

the ratio of R&D expenditures to total revenue is 2.8 % average. The agricultural 

biotechnology, the biochemistry and the bio-food industries invest in R&D of 

biotechnology quite conservatively. The R&D intensity (R&D expenditures to total 

revenue) of leading pharmaceutical firms is around 5% comparatively. However, the 

emerging biotechnology industry such as biomedicine and medical test invest average 

30% of total revenue in R&D. (see Appendix 2) 
                                                 
3 http://biotech.nsc.gov.tw/ 
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Table 2.3 Budgets invested in life science and related researches in Taiwan 

Table 2.3 describes the budgets invested in life science and related researches by government 
machinery from 1998 to 2002. 

Unit: A hundred million NTD 

Year 
Institution 

1998 1999 2000 2001 2002 

National Science Council 18.81 22.40 26.60 27.60 40 

Department of Health  12.35 14.30 15.99 24.17 26 

Ministry of Economic Affairs 13.85 14.60 13.90 14.90 21 

Academia sinica  9.58 11.30 10.85 11.34 13 

Council of agriculture, executive 
yuan  

13.13 14.40 15.37 28.90 33 

Total  67.72 77.00 82.71 106.91 133 

Annual growth rate － 13.7% 7.4% 29.3% 24.4% 

Source：National Science Council；Department Center of Biotechnology IT IS project 

 

Biotechnology industry includes many related fields or sub-industries and the 

biomedicine accounts for the most portions, 27%, of biotechnology in Taiwan. The 

scale of biomedicine market achieved 83 billion NTD in 2004. The output value of 

domestic market accounted for 59%, the import medicines accounted for 43% and the 

export value only accounted for 4.4% of the biomedicine output value. We can see 

that the market growth mainly came from the value of import medicines instead of 

domestic output value. Biotechnology industry in Taiwan depends on import greatly. 

The output value from Taiwanese firms decreased from 74% in 2000 to 59% in 2004 

but the import value increased from 28% in 2000 to 43% in 2004. If this trend 

continues, Taiwanese pharmacy market will be replaced with the import 

pharmaceuticals.    
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Table 2.4 The scale of Taiwan pharmacy market 

The following table represents the scales and growth rates of output, import, and export 
values of Taiwan pharmacy market from 2000 to 2004. Through this table, investors can have 
a general idea about Taiwan pharmacy market. 

Unit：A hundred million NTD 

Year  Output 

value  

A 

Growth 

rate 

(%) 

Import 

value  

B 

Growth 

rate  

(%) 

Export 

value  

C 

Domestic 

demand 

D=A+B-C

Growth 

rate 

(%) 

Export 

value/Output value 

E=C/A×100 

2000 473.9 － 182.1 － 14.1 641.9 － 3.0 

2001 472.0 -0.4 235.4 29.3 14.1 693.3 8.0 3.0 

2002 469.8 -0.5 264.8 12.5 13.5 721.1 4.0 2.9 

2003 519.1 10.5 287.6 8.6 14.9 791.8 9.8 2.9 

2004 492.5 -5.1 358.9 24.8 21.6 829.8 4.8 4.4 

Source：Department of Statistics, Ministry of Economic Affairs. ”Monthly Report of Industrial 

Production ” March, 2005 

 

However, Taiwanese government puts more and more emphasis on biotechnology in 

recent years and provides many kinds of subsidiaries and projects to promote the 

industry. As for domestic biotechnology researches, National Science Council leads 

the academic researches, Department of Heath and Ministry of Economic Affairs lead 

the applied researches, Industrial Development Bureau leads the supplement plans 

and firms take their own R&D projects. For instance, in order to encourage small and 

median firms to invest in R&D of biotechnology, government subsidize 

biotechnology firms by “Industrial technology plan of Biotechnology industry 

development” and then help firms to commercialize these technologies. (See 

Appendix 3) 
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The trends of Taiwan Biotechnology in the future 

With the active investment from government and the global trends, Taiwan 

biotechnology industry has already initialed and the investment for biotechnology 

industry has also increased greatly. Recently, the annual investment in biotechnology 

industry exceeded 20 billion NTD in the past three years and there are 165 

biotechnology firms started up. However, most firms are small, isolate from each 

other and only have one product. Furthermore, it takes a long time to develop new 

products and lacks of applied market so it is easy for investors to lose their patience 

and confidence. For these reasons, how to maintain the initial foundation and 

accelerate development of biotechnology industry is the most important issue. 

 



 29

2.5 Introduction of US biotechnology industry  

 

Since the Genentech, the first biotechnology company in the world, was established in 

1976, biotechnology comes to the 30th year. US continue to maintain leading position 

in the world. From table 2.5, the revenue of US biotechnology firms still account for 

75% of the global total revenues of biotechnology firms in 2005. Table 2.5 shows the 

distribution of revenues, R&D expenses and net income in biotechnology industry 

among US, Europe, Canada and Asia-Pacific. Besides, Table 2.5 also provides the 

numbers of public and private companies among these regions 

 

Table 2.5 Global biotechnology industries at a glance in 2005 

Unit：A billion USD 

 
global US Europe Canada Asia-Pacific

Public company data      

Revenues ($m) 63156 47790 9781 2584 3002 

R&D expense($m) 20415 15979 3272 852 312 

Net income(loss)($m) (4388) (2128) (1943) (324) 7 

Numbers 
of companies 

     

Public companies 671 329 122 81 139 

Private companies 3532 1086 1491 378 577 

Public and private 
companies 

4203 1415 1631 459 716 

Source：Ernst&Young 
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The initial success of US biotechnology was due to technology transfer mechanism 

and successful commercialization model.4 The new biotechnology firms (NBFs) that 

are research-intensive companies are the most important factor for the development of 

the US biotechnology industry. As a powerful set of techniques called recombinant 

DNA (rDNA) and cell hybridization technologies were developed in the 1970s, a 

significant effort was given by scientists to exploit the commercial opportunities 

offered by the two techniques. There were a number of new biotechnology firms 

(NBFs) established by scientists. These scientists established these NBFs with an 

intention of converting their ideas and expertise into products and subsequently bring 

them to market. Genentech was established at that time. The main functions of NBFs 

are recognizing the commercial potential of academic research and being prepared to 

take the risk of developing it. That is why NBFs have played a critical role in assisting 

the United States to climb up to the position of world leader in the biotechnology 

industry as well as maintaining that position. 

The US economy has several unique features that create an environment more 

favorable to new firm creation than that found in any other country. The features that 

facilitate the formation of NBFs are as follows： 

(1) The availability of private venture capital for start-up companies 

(2) The existence of large domestic markets 

(3) The existence of over-the-counter and other markets for raising equity capital. 

(4) Mobility of personnel between industry and academia 

(5) Large government expenditure programs7 

(6) Willingness to become entrepreneurs among academics 

(Lawrence,1988) 

According to the survey by Ernst & Young, there are 1457 public biotechnology 
                                                 
4 秦慶瑤，2006，美國生技產業之政策推動(生物技術開發中心) 
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companies in US and 329 of them are listed companies now. The revenue of US 

biotechnology companies was 47.8 billion US dollar accounting for 75.7% of the 

global revenue in 2005 and the revenue in 2005 increased 16% than last year. Besides, 

the net loss in 2005 decreased 50% than last year. This means that the whole industry 

turns loss into gain.  

In addition to NBFs, US biotechnology is supported by powerful universities and 

research institutions and it is easier for US biotechnology companies to 

commercialize with these supports. U.S. universities have become the de facto, 

worldwide template for what Clark (1998) has termed entrepreneurial universities. 

Manifest changes in legal, economic, and policy environments aimed at accelerating 

the translation of academic research into commercial products have created a new 

environment in which universities actively seek to transfer scientific and technical 

knowledge (Feldman et al., 2001). Federal legislation passed in the 1980s and 1990s 

reflects a new interpretation of the federal role in supporting high-tech R&D, an 

interpretation based on the belief that the commercialization of high tech will increase 

America’s competitiveness and raise the standard of living for Americans (Bowen, 

1997). The Bayh-Dole Act of 1980 provided a mechanism for universities to retain 

title to federally funded intellectual property and resulted in an increase in university 

patenting (Henderson, Jaffe, and Trajtenberg, 1998) and in technology transfer 

activities in general. 

In addition to legislation, US government also actively helps biotechnology industry 

to develop with subsidiaries and budgets. And government leads National Institute of 

Health (NIH), National Science Foundation (NSF), Ministry of Agriculture and 

Environmental Protection Affair (EPA). The R&D budgets for these years are as 

follows：Table 2.6 provides the budgets that different US government institutions 

spend on R&D from 2005 to 2007 
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Table 2.6 The R&D Budget of US federal government (2004-2006) 

Unit：A million US dollar 

Institute 
2005 2006 

2007 
(proposal) 

％ 
(2006-2007) 

Department of 
Defense 

70269 72485 70076 2.2 

Health & Human 
Service 

29161 29111 29062 -0.2 

NASA 10618 11295 12202 8.0 
Department of 
Energy 

8620 8721 9047 3.7 

NSF 4102 4175 4523 8.3 
Department of 
Agriculture 

2410 2411 2012 -16.5 

Ministry of 
Commerce 

1121 1074 1064 -0.9 

Department of 
Transportation 

707 838 767 -8.5 

EPA 641 600 557 -7.1 
Others  3640 3755 7575 101.7 
Total Budget 131289 134465 136885 1.8 

  Source ：Advancing Science, Serving Society (AAAS)；IT IS. 

 

With efforts by the government and academic research institutions, the approximate 

thirty-year development of the biotechnology industry in the United States has given 

its own country the most complete biotechnology industry in terms of vertical and 

horizontal integrations. For example, the production of genetic therapeutic drugs 

needs companies that work on the research that focuses on gene therapy, genomics, 

target array/drug development and recombinant DNA Proteins and Peptides. 

Companies under the group of these four research focuses work closely to 

successfully produce genetic therapeutic drugs is an illustration of vertical integration 
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of biotechnology industry. The biotechnology industry in the United States is 

generally categorized into eighteen different research focuses. These eighteen 

research focuses are as follows：  

Table 2.7 Eighteen research focuses in US biotechnology industry 

 Research focuses 

1 Antibodies 

2 Immunology 

3 Lipid Drugs 

4 Cardiovascular 

5 Neurobiology 

6 Cell-based 

7 Novel Chemistry 

8 Combinational Chemistry 

9 Recombinant DNA Proteins, Peptides 

10 Gene Therapy 

11 Small Molecule Rational Design 

12 Genomics 

13 Target Array/Drug Development 

14 Hormone Regulation 

15 Vaccines 

16 Anti-Infectives 

17 Nucleotide-based 

18 Drug Delivery 

Source：Robbins-Roth, 2001 

The development of the biotechnology industry in the United States has been 
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progressing slowly since the early 1970s. However, the development of the 

biotechnology industry is now progressing at a faster pace. Many experts of the 

industry have predicted that a significant improvement can be seen in the 

biotechnology industry in five to ten years since the knowledge of biotechnology will 

begin to double daily in the early of 21 century. The biotechnology industry is now 

increasingly interacting with other industrial sectors such as fine chemicals, 

information technology, semiconductors, clinical health care and agriculture. It is 

evident that many biotechnology companies are operating in multiple sectors at the 

same time and more companies are going to follow this pattern. From the perspective 

of the industrial sectors other than the biotechnology industry, biotechnology 

companies that operate in multiple sectors would upgrade these distinct industries by 

providing a large number of innovative and hybrid products. The advantage for the 

biotechnology industry is that biotechnology companies converging with companies 

in other industrial sectors would ultimately lead to a more sustainable and stable 

biotechnology market because of the strength drawn from this cross-market 

foundation. Furthermore, as the aggregate market capitalization of the convergent 

biotechnology industry increases, biotechnology companies will play an important 

role in long-term investment strategies. Therefore, the convergence with other 

industries is a foreseeable trend for the biotechnology industry in the future. 


