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PREFACE

On January 3, 1984, the United States International Trade Commission, in
accordance with the provisions of section 332(b) of the Tariff Act of 1930 (19
U.S.C. 1332 (b)), instituted investigation No. 332-174 on its own motion for
the purpose of gathering and presenting information on international
developments in biotechnology. 1/ The study assesses the competitiveness of
biotechnologically produced chemical products in world markets, the current
status of the industry, future trends, and factors which could influence the
biotechnology industry and trade.

Biotechnology products are those chemicals derived through the action of
microorganisms on feedstock chemicals or materials to produce certain chemical
products. Although U.S. popular media coverage of biotechnology has high-
lighted research in high-technology areas, such as genetic research, much
research and development work is also ongoing in the more traditional
technologies such as fermentation. This study examines both the advanced
methods as well as the traditional production techniques of biotechnology.

Products of the chemicals industry are covered by code number 28 of the
Standard Industrial Classification (SIC). This two-digit code covers, among
others, pharmaceuticals, other organic chemicals, and agrochemicals. These
three product areas have been, and are expected to continue to be, the areas
of the heaviest concentration of biotechnology products. It is these areas
that are most affected by changes in biotechnology and, thus, were analyzed in
this report.

In assessing the possible future impact on trade, estimates of future
consumption of certain specified chemicals that may be made using biotechnology
were made using linear regression analyses. In addition, information was
collected by interviews with interested parties, from U.S. Government
agencies, and from research papers.

1/ See Glossary of Terms, app. A, for a definition of this and other
technical terms.
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EXECUTIVE SUMMARY

The world biotechnology industry is one of a number of rapidly growing
high-technology industries. Although many biotechnology firms are well
established, others have only started up within the past 5 years. These newer
firms tend to be U.S. based or have U.S. involvement, primarily because of the
availability in the United States of the large amounts of capital required for
equipment and research.

For the purposes of this study, biotechnology is defined as a process
which uses microorganisms to produce chemical products. This definition
excludes old processes such as wine and cheesemaking, as well as procedures
designed to genetically improve plants and animals.

The products of biotechnology which are covered in this report include
some of the most rapidly developing areas of the pharmaceuticals industry.
Discrete groups of chemical products within the term certain drugs and related
products, as used in this study include antibiotics, biologicals, hormones,
and vitamins. Examples of other product areas where biotechnology has had,
and will continue to have, an effect are certain organic chemicals, which
includes amino acids, enzymes, ethanol, methanol, and certain agricultural
chemicals which covers pesticides and fertilizers. The major findings of this
investigation are summarized below.

1. Structure of the world biotechnology industry

o The United States is a world leader in production and consumption of
biotechnology products.

The United States has more firms actively engaged in biotechnology than
any other country in the world. 1In 1983, there were at least 172 commercial
firms as well as 46 other ventures owned by universities, local govermments,
and private firms dedicated to research in the area of production of such
products as enzymes, ethanol, miscellaneous chemicals, and pharmaceuticals.
Venture capital and government funding in the form of grants have made major
contributions to the startup and rapid growth of many of these domestic
firms. The large number of companies supporting biotechnology firms through
contract services, laboratory leasing, and custom research chemicals has also
helped establish the biotechnology industry. Approximately 5,000 personnel
were involved in hiotechnology in 1983, with total investment in biotechnology
at a level of about $2.5 billion.

Some products which are either natural products or are produced primariy
using biotechnology are antibiotics, biologicals, hormones, and vitamins;
these constitute the group certain drugs and related products. During
1979-83, domestic shipments of certain drugs and related products increased
from $4.8 billion to $7.6 billion. A related product group, enzymes, is
almost totally made up of chemicals produced by using biotechnology.
Production of enzymes more than doubled from $30 million in 1979 to $69 million
in 1983. Over this same period, apparent U.S. consumption of these certain
drugs and related products also increased, from $4.0 billion in 1979 to
$6.5 billion in 1983. U.S. exports of chemicals produced by biotechnology
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during 1979-83 accounted for a large percentage of domestic output. For
example, U.S. exports were equal to about 20 percent of total domestic
shipments of certain drugs and related products in 1983, and exports of
enzymes constituted 47 percent of production. Exports of amino acids,
produced increasingly by biotechnology methods, accounted for almost 32
percent of domestic production.

o The major European countries involved in biotechnology are West
Germany, the United Kingdom, and France.

In 1983, there were a total of 366 commercial firms using biotechnology
in Europe. The country with the largest number of commercial firms was the
United Kingdom with 65, followed by West Germany with 43, Italy with 38, and
the Netherlands with 29,

In terms of value of exports of products of biotechnology, however, West
Germany was the leader, followed by the United Kingdom and France. West
German exports of certain drugs and related products amounted to $467 million
in 1982, and the United Kingdom exported nearly 308 million dollar's worth of
these products. France was the largest European exporter of ethanol, with
exports of more than $50 million in 1982.

In addition, in 1983, 22 commercial and 10 noncommercial biotechnology
firms operated in Denmark. Many of the commercial firms are large, and the
world's two largest producers of enzymes are based there. Exports from
Denmark of enzymes in 1982 exceeded $127 million, nearly four times the amount
exported by the United States in that year.

0 There are many bilotechnology firms operating in Japan although that
country remains a net importer of many of the products of
biotechnology.

Many of the commercial firms which operate in Japan are well-established
producers, often using older biotechnology concepts for the production of
amino acids, enzymes, and certain drugs. As of 1983, there were 92 commercial
firms and 6 noncommercial firms operating in Japan.

Although Japanese companes have traditionally been world leaders in
fermentation products such as enzymes, amino acids, and certain organic
chemicals, the high level of internal consumption of these products by the
Japanese manufacturers and the manufacture of finished chemical products by
other Japanese producers result in Japanese imports of these products that are
higher than exports.

Exports of biotechnology products from Japan in 1982 amounted to about
$331 million and consisted of certain drugs and related products, amino acids,
enzymes, and ethanol. Imports of these products reached $614 million; about
56 percent of the imports consisted of antibiotics. The next largest import
was ethanol, amounting to $80 million in that year.

Xii
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o Development of biotechnology in other areas of the world has been
slower than in the United States, Europe, and Japan.

Although there are many countries such as New Zealand, Kuwait, and
Hungary with varying degrees of involvement in biotechnology, these countries
are principally concerned with the precommercial development aspects of
biotechnology. Of these other countries, in 1983, Canada operated the
greatest number of commercial firms (34) followed by Israel (8).

The current small number of commercial ventures in most of these
countries compared with the number of firms established elsewhere in the world
coupled with the lack of government support available for biotechnology
development will probably retard the future establishment of commercial
ventures in these areas. Those countries with feedstock advantages, such as
excess agricultural products or wastes that can be used to make ethanol, may
be the first to develop commercial biotechnology industries.

2. Products and markets for biotechnology

o Biotechnology has meant new ways to make both old and new products for
the pharmaceutical industry. The pharmaceutical industry has
apparently been the most significantly influenced of all industries
affected by biotechnology.

The U.S. pharmaceuticals industry has experienced rapid growth in
apparent consumption and trade in antibiotics, biologicals, hormones, and
vitamins, nearly all of which are produced using biotechnology processes,
Many of the recently developed biotechnology products are in these fields,
including the newer, more potent antibiotics and the highly specific clinical
materials such as those used in testing for pregnancy and diabetes.

o Apparent U.S. consumption of antibiotics more than doubled during
1979-83, and exports increased by nearly 50 percent.

Apparent U.S. consumption of antibiotics grew from $1.1 billion in-1979

to $2.3 billion in 1983. U.S. exports increased from $526 million in 1979 to
$780 million in 1983.

The major export markets for U.S. antibiotics in 1983 were Japan, Canada,
and the European countries including France, Belgium, Luxembourg, and West
Germany. Both Europe and Japan are traditional markets for antibiotics, and
applications of recent innovations in biotechnology should enable the United
States to expand, or at least maintain, its market share. U.S. imports of
these products have been relatively small and amounted to $189 million in 1983.

o Apparent U.S. consumption of biological products, hormones, and
vitamins rose by less than 50 percent during 1979-83, whereas during
the same period, the increase in exports was slightly higher.

Apparent U.S. consumption of these products rose from $2.9 billion in

1979 to $4.2 billion in 1983. Exports grew from $509 million in 1979 tg.
$789 million in 1983. xili
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Japan has remained the major market followed by Europe for U.S. exports of
all three of these product groups. Other world markets in the top eight U.S.
markets for these products include Indonesia, Saudi Arabia, and Brazil. These
countries are noted for their recent buildup of health care infrastructure,
and could develop into larger markets for U.S. exports in the future. U.S.
imports, at $324 million in 1983, accounted for about 8 percent of consumption.

o Apparent U.S. consumption of amino acids increased by about one-third
during 1979-83. Exports nearly tripled during 1979-81 but declined
during 1982 and 1983.

Apparent U.S. consumption of amino acids increased from $154 million in
1979 to $208 million in 1983.

The value of U.S. exports of amino acids nearly tripled from 1979 to
1981, when they reached a level of $48 million. Although Japan was a
developing market during that period, U.S. exports to that country decreased
in 1982 and 1983, and were replaced by Japanese production. The current U.S.
export market for amino acids is centered in the European nations, and in
1983, Italy accounted for 52 percent of total U.S. exports of amino acids.
U.S. exports of amino acids are likely to grow as world demand increases.

U.S. imports of amino acids were larger than exports during 1979-83 and
amounted to $126 million in 1983, when they came principally from Japan and
France.

o Apparent U.S. consumption of enzymes more than doubled during 1979-83
although export markets have shown a decline since 1981,

Apparent U.S. consumption of enzymes grew steadily from $53 million in
1979 to $129 million in 1983. During this period, U.S. exports of enzymes to
traditional markets, such as Europe, fluctuated downward, contributing to the
overall decline seen during 1981-83. Exports amounted to $33 million in
1983. Canada has been the leading market for U.S. exports of enzymes since
1979 and received 7.5 million dollar's worth of these exports in 1983,
representing an increase of 81 percent from the $4.1 million it received in
1979.

A reason for the decline in U.S. exports of enzymes is increasing
competition with world-scale producers of enzymes, particularly Denmark and
Japan.

U.S. imports of enzymes were much larger than exports during 1979-83.
During that period imports came principally from Denmark and totaled
$92 million in 1983.

o Apparent U.S. consumption of ethanol more than doubled during 1979-83,
whereas exports decreased. The quantity of U.S. production of
ethanol based on biotechnology processes increased during 1979-83,
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The quantity of ethanol produced using biotechnology processes as an
alternative to synthetic methods is increasing. Domestic production of
ethanol increased from 1.7 billion pounds in 1979 to 2.3 billion pounds in
1983. The portion of ethanol produced through biotechnology increased from 18
percent of the 1979 total to 52 percent of the 1983 total. Apparent
consumption also increased, from $341 million in 1979 to $787 million in 1983.

U.S. exports of ethanol decreased from $9.5 million in 1979 to
$3.8 million in 1983, partly as the result of the availability of fermentation
ethanol in foreign countries. U.S. imports of ethanol more than quadrupled in
value during this same period and totaled $102 million in 1983. Brazil was
the principal source of imports in that year.

o The quantity of methanol made using biotechnology is likely to
increase. )

Although nearly all methanol is currently produced synthetically from
natural gas, more methanol will be produced in the future using biotechnology.
It is an important feedstock chemical in biotechnology for the production of
single cell protein, an important feed or feed additive for animals and
humans. It is possible that biotechnology processes to produce methanol may
be commercialized in the next decade or two, particularly in those nations
having the necessary biotechnology process feedstocks.

o Future markets for agricultural chemicals are uncertain; however, the
primary developing U.S. agricultural chemicals export markets are in
the less developed countries.

Nitrogenous fertilizers and pesticides are two agricultural chemicals
areas which are, and will be, greatly affected by current and future
biotechnological developments. Biological pesticides which are highly
specific and relatively nontoxic to animals and humans are currently under
development and commercialization. Fertilizers made from farm wastes in some
European nations may be important in the next decade. However, the overall
future of biotechnology in agricultural chemicals is now clouded, because
genetic engineering of plants and animals could decrease the future need for
pesticides and/or fertilizers. Research is underway that could dramatically
change current requirements for agricultural chemicals by altering the food
requirements and/or susceptibility of plants and animals to pests and diseases.

Although U.S. exports of nitrogenous fertilizers in 1983 declined to
$231 million compared with $368 million in 1979, developing U.S. export
markets in 1983 included the Republic of Korea and China, each of which
accounted for $33 million, or 14 percent, of total 1983 U.S. exports. The
largest U.S. export market for pesticides in 1983 was Canada, which received
$178 million, or 14 percent, of total U.S. pesticides exports ($1.3 billion).
Other countries listed in the top eight export markets included Japan and the
more traditional U.S. export markets of Brazil, Australia, and several
European nations.
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‘ 3. Factors influencing biotechnology industry trade

o The most common type of reactor vessel used in biotechnology
processes in the United States is the stirred tank, to which many
foreign improvements have been made since 1978.

Nearly all industrial biotechnology processes use microorganisms which
require air. Many recent improvements in the design of reactor vessels have
been to distribute air more uniformly throughout the reaction medium. Most of
these improvements have been made by foreign firms, which has allowed them to
produce some antibiotics, vitamins, and enzymes more economically. Most U.S.
firms use a less sophisticated, simple stirred-tank-type reactor. Although
this simpler reactor vessel enables the U.S. producer to make a larger number
of products, the use of these less efficient, multiproduct reactor vessels
instead of the more advanced, specially designed vessels can result in a
higher relative cost for the products produced.

o The use of genetic engineering in biotechnology has resulted in a

number of products which have heretofore been unavailable or hard to
obtain.

The results of genetic engineering experiments have only recently reached
commercial status. In 1984, several products have been commercialized,
including human insulin, some new vaccines, and diagnostics. Most of the
products utilizing genetic engineering techniques are produced by U.S. firms.

o Technology transfer between the United States and other nations is
expected to increase as the number of joint ventures and licensing
agreements for the development and production of chemicals through
biotechnology processes increases. '

The United States has benefited from a mutual exchange of technological
knowhow in biotechnology with other nations during 1979-83. Because this
exchange has been mutual, there has probably been little effect on the balance
of trade. Joint ventures and licensing agreements between U.S.-based and
foreign firms have resulted in the sharing of many basic research
developments. Some foreign subsidiaries have been established in the United
States when the foreign firms purchased smaller domestic U.S. firms involved
in their own basic research. Still other foreign subsidiaries resulted from
foreign companies acquiring U.S. firms that were already using foreign
technology obtained through licensing agreements. However, seldom have
foreign subsidiaries been formed by the foreign purchase of major U.S.
biotechnology companies.

Industry sources expect technology transfer to increase as more foreign

and U.S. firms engage in joint ventures for research, development, and
commercialization of biotechnological processes. Some sources fear that

technology transfer could result in the loss of process or product knowledge

vital to a U.S. firm, to the entire U.S. industry, or to national security
interests.
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o Although U.S. firms currently appear to have a competitive advantage
in biotechnology development, as indicated by the number of patents
held by U.S. firms, Japanese firms are strongly increasing their
competitive position. '

The number of U.S. patents related to biotechnology increased from 92 in
1979 to 372 in 1982, U.S. firms were the originators of 56 percent of these
patents in areas such as the production of enzymes and genetic engineering,
whereas Japanese firms currently hold about 21 percent of these U.S. patents.
However, Japanese firms also hold 55 percent of the U.S. patents granted in
the biotechnologically oriented processes for the production of amino acids.
Utilizing this base, Japanese firms could expand in the U.S. and world amino
acids markets and have a competitive advantage for the life of their patents.

o The full-scale commercialization of recently developed products

utilizing biotechnology processes will require U.S. investment in
plants and equipment.

Large investments are required if many of the smaller U.S. biotechnology
firms are to produce commercial quantities of products. For these firms, R&D
expenditures are likely to exceed revenues. Thus, with single plants having
prices of $10 million of more, these smaller firms may need to seek investment
either directly from private sector investors or through some type of public
sector program in order to commercialize their products.

Venture capital investment in U.S. biotechnology firms increased from
about $84 million in 1980 to about $157 million in 1981, but subsequently
decreased to about $70 million in 1983. This is not expected to increase
substantially in the near future. This decrease is attributed by some to the
fact that many investors had already made financial commitments in
biotechnology in the prior years and an increasing amount of research and
development (R&D) is being performed in companies already established. For
example, the number of equity investments by large multinational companies in
smaller biotechnology companies totaled 61 during 1977-82, with the annual
dollar investment increasing from about $2 million in 1977 to $119 million in
1982.

o Compared with some foreign countries, the United States is not
expected to experience severe shortages of biotechnology-related

personnel,

The estimated 5,000 technical personnel performing R&D in biotechnology
in 1983 were mostly highly specialized and widely sought by other firms,
particularly those in the process of commercializing products. These
technical personnel accounted for about 63 percent of the total personnel in
the smaller biotechnology firms.

Industry sources have indicated that although the United States may not
have a sufficient number of engineers in fields related to biotechnology,
significant shortages occur more often in Europe, especially the United
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Kingdom and France. l/ In Europe, because of noncompetitive salaries, many
qualified personnel have left and in fact have sought employment in the United
States. In Japan, although there are a sufficient number of engineers working
in biotechnology, there is a shortage of qualified molecular biologists.

o The National Institutes of Health is the largest source of U.S.
Government funding in biotechnology.

The National Institutes of Health funded a total of $1 billion in project
research and development in biotechnology during 1979-82., 1In 1982, the number
of projects considered to be in the area of biotechnology reached 3,541,
representing an increase of 32 percent from the number in 1981 and over 4
times the number of projects in 1979. Total funding grew from $293 million in
1981 to $380 million in 1982, or by 30 percent.

o The Japanese Govermment is heavily involved in funding research and
development in biotechnology.

In 1982, the Japanese Government, through the Ministry of International
Trade and Industry and other agencies, alloted approximately $56 million for
research and development in biotechnology. In 1983, this figure increased by
5 percent to $59 million. An additional $128 million over a 10-year period
was provided for research in genetic engineering and other innovative
biotechnology techniques. It has been suggested that funding to commercialize
biotechnology processes from all Japanese Govermment sources totaled about
$200 million annually in recent years. 2/

4, Implications of developments in biotechnology on future U.S. consumption
and trade

o Overall U.S. net trade for biotechnologically produced chemicals
could decrease by more than 15 percent by the year 2000, but U.S.
consumption could increase by 67 percent.

Results from least squares linear regression analysis of historical trade
data show that the positive U.S. net trade balance in biotechnologically
produced chemicals could decrease from $1.3 billion in 1983 to $1.1 billion in
the year 2000; U.S. consumption could increase from $14.7 billion to $24.5
billion. The principal reasons for this decline in net trade are foreign
production advantages gained through technology advances and increased
production of some chemicals that could be made using biotechnological
processes in new, world-scale petrochemical plants in conventional-energy-rich
nations. The amount and direction of net trade or domestic consumption
changes varies by chemical sector as shown in the following tabulation (in
millions of current dollars):

i/foffice of Technology Assessment, Commercial Biotechnology: An
International Analysis, January 1984. '
2/ Office of Science and Technology Policy, Report of 'a Working Group on the

Competitive and Transfer Aspects of Biotechnology, April 1983, vol. II, pp.
45-56,
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1983 X 2000
Sector " - -

: Appare?t ' Net trade ° Apparent * Net trade

:consumption: : consumption :

Certain drugs and related : : : :
products : 6,541 : 1,057 : 16,852 : 2,521
Certain organic chemicals—-: 1,602 : =241 : 3,471 : =478
Certain agrochemicalg————-- : 6,555 : 407 : 4,218 : =947
Total : 14,698 : 1,323 : 24,541 1,096

. .
.

o The greatest change in domestic consumption and net trade is
expected to be in certain drugs and related products, as new drugs
continue to enter the world market.

Of all of the sectors examined, a particularly rapid growth during
1979-83 in trade and apparent U.S. consumption was observed in the sector of
certain drugs and related products. In this sector, growth in the domestic
consumption of antibiotics and hormones was the most rapid, reaching
$2.3 billion and $1.3 billion, respectively, in 1983. As a result of the
development of novel antibiotics using biotechnology, as well as biological
techniques for the production of hormones, biologicals, and vitamins, apparent
U.S. consumption in 2000 could reach $7.2 billion for antibiotics, $3.7 billion
for hormones, and $16.8 billion for the entire sector of certain drugs and
related products.

Trade in certain drugs and related products also grew rapidly during
1979-83, and net trade exceeded $1.0 billion in 1983. Exports could reach a
level of $3.8 billion by the year 2000 and the overall positive trade balance,
a level of $2.5 billion.

o Apparent U.S. consumption of certain organic chemicals will
probably grow through the year 2000; however, the current negative
trade balance could worsen.

The chemicals included in the certain organic chemicals sector, such as
amino acids, enzymes, ethanol, and methanol, are widely used industrially as
intermediates and in product formulations. Of these chemicals, the apparent
consumption of industrial ethanol in 1983 was $815 million and could reach
$2.4 billion by the year 2000. Enzyme consumption could reach $451 million by
2000, which would indicate a growth of over 250 percent compared with that in
1983, when consumption totaled $128 million.

However, even though U.S. consumption could increase overall, increases
in imports of certain organic chemicals could be primarily responsible for a
larger negative trade balance in the year 2000 compared with that in 1983,
Advancements in fermentation processes for amino acids production in countries
such as Japan could result in increased U.S. amino acid imports. European

enzymes production, the largest in the world, could be turned to by the U.S.
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market to satisfy an increasing demand. U.S. trade balances in ethanol and
methanol, on the other hand, may be affected more by world-scale petrochemical
plants, which use natural gas and crude petroleum, coming on stream in the
conventional-energy-rich nations, including Saudi Arabia, than by developments
in biotechnology.

o Both domestic consumption and net trade in nitrogenous fertilizers
and pesticides could decline, depending upon developments in
agricultural science as well as changes in biotechnology.

Two product areas, nitrogenous fertilizers and pesticides, within the
agrochemicals sector of the chemicals industry were analyzed for possible
future impact. Although agrochemicals sector scenarios could result in sector
decreases in apparent consumption and net trade by the year 2000, the figures
may be distorted by the recent worldwide economic slump, droughts in some
areas of the world, and the U.S. payment—-in-kind program. More accurate
trends, therefore, might be realized through analysis covering a much longer
period of time than was used in this report. However, other developments in
agricultural science, including genetically engineered plants and animals, may
account for some of the indicated future decrease in demand for nitrogenous
fertilizers and pesticides. Specially engineered plants could require less
fertilizer or may use fertilizer more efficiently, so that overall fertilizer
consumption could be less than expected compared with historic trends.
Similarly, specially bred animals and engineered plants may be developed that
would be more resistant to diseases and natural pests, thus requiring less
pesticide usage than historical evidence would indicate.

.o Significant trade position changes could develop in the United
States by 2000, resulting in employment increases in certain drugs

and related products, and decreases in employment in other chemical
sectors using biotechnology.

In order to project changes in U.S. industry employment, the U.S.
Department of Labor's input/output model was used. 1/ Using the net trade
balance figures obtained from linear regression analysis on historical trade
data, employment requirements in the certain drugs and related products sector
would be expected to increase, possibly rising by 22,122 jobs. Trade changes
in this sector would also result in employment increases of 26,594 in the
chemicals and allied products industry and 62,612 over the entire U.S. economy.

1/ The estimates of future employment changes contained in this report are
based on projected changes in the net U.S. trade position and assume (1) a
one-to-one ratio between net changes in U.S. trade and U.S. production changes
and (2) constant 1981 employment-output ratios. These estimates do not take
into account other factors influencing domestic output and employment which
may be be affected by changes in trade levels, such as domestic prices,
consumption, exchange rates, and employment—output ratios. The
interrelationship between trade and employment is examined in detail in the

Commission report on Investigation No. 332-154, U S. Trade-Related Employment,
USITC Pub. 1445, 1983,
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Employment requirements could decrease in the certain organic chemicals and
certain agrochemicals sectors, with declines of 2,860 and 4,231 in each of
these sectors, respectively. Employment decreases in the chemicals and allied
products industry as a result of these changes would be expected to be 3,289
and 6,434, respectively, whereas employment decreases over the entire U.S.
economy would be 16,603 and 7,343, respectively.
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BIOTECHNOLCGY INDUSTRY
Definition

Biotechnology is defined in this study as a process which uses micro-
organisms to produce chemical products. Since many organizations and countries
in the world have had to define biotechnology for the purposes of measurement
and planning, several official definitions of biotechnology have resulted. 1/
Some of these organizations are now seeking a common definition so that
comparable statistics can be generated. 2/ Because of discrepancies in the
various terminologies, one large domestic firm has recently dropped the word
"biotechnology” in favor of "biological sciences” in its corporate slogan. 3/

At least one study has made the distinction between "new" and "old"
biotechnology. 4/ New biotechnology is referred to as the use of high-
technology equipment or processes to modify living organisms, including the
use of gene-splicing or recombinant DNA (deoxyribonucleic acid) techniques,
and other methods such as recombinant RNA, (ribonucleic acid) in order to
impart new qualities to certain microorganisms. Products which have resulted
from the new biotechnology include human insulin, monoclonal antibodies, some
diagnostic reagents, and vaccines (see app. A, Glossary of Terms).

The o0ld biotechnology refers to established biological processes which
predate the use of modified organisms. Such old processes are used in the
production of cheese, wine, and, within the last century, antibiotics, amino
acids, and enzymes. In many instances, the old biotechnology, as practiced by
the U.S. chemical industry uses commonly available or specially bred micro-
organisms under controlled reaction conditions. These processes have been
identified as biotechnology for over 25 years. 5/ ' .

This study does not attempt to separate old and new biotechnology.
Nearly all industry sources agree that the field of biotechnology includes
established fermentation processes, as well as other technologies, including
genetic engineering. Most genetically engineered organisms make products
already in existence, but cheaper or faster than they are capable of being
produced via established chemical processes. Many biotechnology processes
already in use in the chemical industry are considered adequate for commercial
production (e.g., that for ethanol), and continued use of some of these
processes, even without the introduction of genetically modified organisms,
could possibly result in increased trade by the year 2000. In addition, the

1/ J. Coombs, The International Biotechnology Directory (184), 1983,
Organization for Economic Cooperation and Development, Biotechnology:
International Trends and Perspectives, Paris, 1982; Office of Technology
Assessment, Commercial Biotechnology: An International Analysis, January 1984,

2/ Organization for Economic Cooperation and Development, Biotechnology:
International Trends and Perspectives, Paris, 1982,

3/ D. Webber, "Biotechnology Moves into the Marketplace,” Chemical &
Engineering News, Apr. 16, 1984, p. 13.

4/ Office of Technology Assessment, Commercial Biotechmology: An
International Analysis, January 1984, p. 9.

é/ Elmer L. Gaden, Office of Technology Assessment, Fermentation
Technology: An Analysis and Assessment, July 30, 1982, p. 4.




efficiencies of some of these well-known standard biological processes might
be enhanced without the need for genetically improved organisms.

History

The history of the development of biotechnology often excludes selective
plant or animal breeding, and other processes such as winemaking, brewing, and
cheesemaking, all of which are processes considered to be ancient arts.
Additional biological processes to serve the chemical industry were developed

as early as 1880, and significant improvements continued through the beginning
of the 20th century. 1/

Examples of more recent commercial biological processes are those used to
produce butanol, acetone, ethanol, and fusel oils. The production of butanol
and acetone in the United Kingdom became commercially important during World
War I, a time when that country was largely dependent upon its own resources.
Although these chemicals could be produced synthetically, feedstocks were
generally not available, and synthetic processes were not then considered
economically competitive with fermentation processes. 2/

The use of biological processes for production of organic chemicals
increased in importance after World War I. Production of a wider variety of
more specialized chemicals developed, including citric acid, gluconic acids,
and certain vitamins, as well as the newly discovered antibiotic penicillin. 3/

Continued improvements in<biotechnology processes were made during
1945-60. 4/ An increase in the variety of available microorganisms led to
increased - industry capability to produce commercial quantities of antibiotics,
enzymes, amino acids, and organic acids. Improved fermentation reactor
designs allowed better process control. These changes led to the
commercialization of many previously uneconomical small-scale processes.
Examples of new chemical products produced during this period include vitamin

B12, streptomycin, semisynthetic penicillins, lysine, and single-cell
protein. 5/

A new era in biotechnology resulted from the first gene cloning and
recombinant DNA experimentation during 1973 and 1974. The development of an
ability to selectively recombine DNA fragments made possible the modification
of microorganisms, thus providing an alternative to time-consuming, expensive,
selective hybridization. As a result, the use of recombinant DNA accelerated

the commercialization of biotechnology which otherwise would have taken years
to achieve. 6/

1/ M. Grayson, The Kirk-Othmer Encyclopedia of Chemical Technology, 1980,
Wiley Interscience, New York, vol. 9, pp. 861-880.
2/ Ibid.

3/ 1bid., vol. 9, p. 864.

4/ Ibid.

5/ Ibid, p. 862.

6/ Organization for Economic Cooperation and Development, Biotechnology:
International Trends and Perspectives, Paris, 1982, pp. 31 and 32.




In 1975 a technique was discovered to develop microorganisms that
exclusively synthesize single types of antibodies (monoclonal antibodies).
Because one type of antibody is specific for one type of antigen, the
availability of these antibodies could allow the development of new tests
which detect diseases or conditions with a remarkable degree of accuracy.

This technique greatly advanced the ability of physicians to diagnose specific
diseases rapidly and inexpensively. 1/

The effects of the most recent developments in basic research in
biotechnology have yet to be felt by the chemicals industry. Recombinant

RNA 2/ may have an even greater impact than that of recombinant DNA on the
chemical industry.

World Biotechnology Industry Structure

The leading areas in the world where industrial biotechnology processes
are commonly used are the United States, Japan, and Europe. Brazil and some
other less developed countries tend to use those biotechnology processes that
are well established, rather than those that employ the new biological
developments.

In 1983 there were about 672 established firms worldwide producing
chemical products using biotechnology processes, as shown in table 1. An
estimated 600 to 1,000 other organizations worldwide perform research in
biotechnology and produce products on a small scale. 3/

1/ G. Kohler, and C. Milstein, "Continuous Cultures of Fused Cells Secreting
Antibody of Predefined Specificity,” Nature, Aug. 14, 1975, pp. 495-497.

2/ J. Bishop, "New Technique to Produce Proteins May Alter Biotechnology
Industry,” The Wall Street Journal, Nov. 10, 1983, p. 31.

3/ J. Coombs, op. cit.




Table 1.-- Firms that perform research in biotechnology and produce
products through such research, by areas and by types, 1983

Area Co??iizial ; anc??::zcial . Support firms
United States———————=——— : 172 46 : 255
Europe: : : :
Austria 14 : 1: 12
Belgium : 23 : 10 : 33
Denmark : 22 : 10 : 20
Finland 7 : 2 19
France : 28 : 28 : 63
West Germany———-—-————-— : 43 : 14 : 71
Greece : 10 :, 1: 6
Ireland : 19 : 4 ¢ 16
Italy : 38 : 8 : 39
Netherland s==——===——=—=: 29 : 4 35
No rway : 6 : 1: 6
Portugal : 12 : 1: 3
Spain : 14 1: 16
Sweden : 11 : 6 : 35
Switzerland————====—=—v; 25 4 38
United Kingdom———-——— : 65 : 13 : 160
Total : 366 : 108 : 572
Japan : 92 : 6 : 55
All other: : : :
Australia : 0 : 1: 4
Canada : 34 ¢ 3: 38
Hungary : 0: 1: 0
Israel : 8 : 2 11
RKuwait : 0: 1: 0
New Zealand——=—=~————w- : 0 : 1: 0
Total : 42 9 : 53
Grand total--——--——-: 672 : 169 : 935

Source: J. Coombs, Office of Technology
Genetics, April 1981; Office of Science and Technology Policy, Report of a

Assessment, Impacts of Applied

Working Group on Competitive and Transfer Aspects of Biotechnology, April 1983,

vol. 1.

Joint ventures are common in the biotechnology field.
required when a U.S. firm wishes to do business in a foreign country.

United States, joint ventures are frequently used by firms to develop a

limited range of products.

venture,

Research and development in biotechnology are enhanced by an extensive

The parent firms often augment each other's
technical, financial, and legal resources to service the needs of the joint

support system which provides the biotechnology laboratory or plant with
state-of-the—art instrumentation and biochemical components such as

restriction enzymes and DNA fragments.

Originally produced in-house, such

They are often

In the

materials have more recently been made available by firms which traditionally



have supplied chemicals, instrumentation, and laboratory services. In the
United States in 1983, for example, there were at least 11 specialty companies
that together produced a variety of biochemicals to satisfy industrial and
research demand. 1/ According to industry sources, the total synthetic DNA
market was valued at approximately $3 million to $4 million in 1983 and is
expected to grow at a rate of about 25 to 30 percent per year.

In Europe and Japan there are fewer such firms producing a smaller
selection of biochemicals as a service to biotechnology firms. 1In Japan in
1983 there were three companies producing oligonucleotides, and two companies
produced restriction enzymes, valued at about $4.5 million. Some of these
enzymes were being exported to the United Kingdom. However, because Japanese
production of restriction enzymes and oligonucleotides cannot satisfy demand,
some Japanese firms were necessarily importing many of their biochemicals from
the United States. In Europe, a similar situation exists (although not to the
extent as in Japan); delays of 1 to 2 months in obtaining restriction enzymes
and oligonucleotides from outside sources have not been uncommon. One
important type of oligonucleotide, known as a DNA probe, which is used to
identify specific genes, is not produced in Europe.

Many firms exist worldwide for processing cellulosic waste into methane
and fertilizer. Many such plants are located in Europe, with about 50 in
France and a larger number in Switzerland. These plants seek to reduce
national dependence on foreign sources of nitrogenous fertilizers while
assuring the quality of available arable land in Europe.

Other processes using waste materials are currently in the research
phase, although some pilot plants do exist for production of chemicals,
including ethanol. A $3 million pilot plant, located in Japan, was designed
to produce 200 liters per day of ethanol from bagasse, rice husks, and other

cellulosic wastes. 2/ An analogous pilot plant is planned in the United
States. 3/ ‘

United States

The United States is probably the world leader in innovation in biotech-
nology through genetic engineering and basic research. In 1983, about 46 non-
commercial 4/ firms performed research on the production of certain chemicals
using biotechnological methods. Of these, 45 firms performed research on
production of enzymes, ethanol, and miscellaneous chemicals, and the other
firm concentrated on pharmaceuticals. Fifteen of these firms were interested
primarily in ethanol, 30 firms had primary research interests in the area of

1/ J. Coombs, op.cit.

Z] "Japanese Firms to Build Novel Cellulose-to-Ethanol Plant,” European
Chemical News, May 7, 1984, p. 18.

3/ Ibid.

Ey The terms "commercial” and "noncommercial” are used to describe the
current status of biotechnology firms. Commercial firms are those which are
currently involved in the production of chemicals using biotechnology, whereas
noncommercial firms are not actively producing chemicals but are involved
instead with basic or applied research in this area.
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anaerobic digestion of locally available wastes to produce methane gas and
organic fertilizers.

The commercial U.S. firms which produce commercial quantities of
chemicals using biotechnology are generally vertically integrated, and some of
the larger firms are also diversified. However, this is not the case for some
of the newer and smaller biotechnology firms which utilize genetic engineering
methods to produce chemicals. In 1983, about 172 commercial biotechnology
firms were involved in producing chemicals, of which some 100 companies were
involved primarily in the pharmaceuticals sector; 41 were producers of
primarily organic chemical products, 25 firms manufactured primarily enzymes;
and 6 firms produced agrochemicals.

In 1983, the United States also had approximately 255 support firms which
offered laboratory reagents, biochemicals, and instrumentation, as well as
services such as custom laboratory syntheses or fermentation and prepackaged
bacterial cultures.

The total number of commercial biotechnology firms in the United States
has increased since 1983, because many firms which had engaged only in
research have since begun producing chemical products.

Euroge

Belgium.~--Universities are the major noncommercial organizations in
Belgium pursuing research in biotechnology. Some are associated with the
Belgian Government. 1In 1983, about 10 of these organizations were working on
developments in the chemicals area, particularly on medicinals and
pharmaceutical chemicals; 13 produced pharmaceutical chemicals including
vaccines, vitamins, and antibiotics. 1In addition, six commercial firms were
involved with chemicals such as amino acids, enzymes, ethanol, and certain
organic acids.

Denmark.--In 1983 there were 10 noncommercial firms in Demmark engaged in
the development of biotechnological processes for the production of
chemicals. Although one firm was concerned with an industrial-scale synthesis
of collagen, the rest were concerned with animal manures and agricultural
wastes as feedstocks for generation of methane gas, and the use of digested
wastes as substitutes for nitrogenous fertilizers. Because of limited land
area and the nation's dedication to dairying and agriculture, increasing
attention is being paid to the disposal of agricultural waste.

There were 22 firms engaged in the commercial manufacture of chemicals
using biotechnology. Of these firms, 15 produced amino acids, enzymes, and
products for the pharmaceuticals industry. The second and third largest
producers of insulin in the world are located in Denmark. The second largest
firm produces human insulin using recombinant DNA techniques. Other producers
of biotechnology-derived chemicals include three producers of gums for food
and pharmaceutical preparations and three producers of agricultural pesticides
and plant growth hormones.

France. --The noncommercial and commercial biotechnology firms in France
operate under a high degree of Govermment control. Much of the Governmentw,



sponsored research is carried out through agencies such as Institut National
de la Recherche Agronomiqie (INRA) and Institut National de la Sante et de la
Recherche Medicale (INSERM). France is one of Europe's major agricultural
producers, and biotechnology could be used to convert waste agricultural
products into suitable feedstocks for the manufacture of organic chemicals.
Most of the approximately 28 chemicals-related projects now existing have been
investigating the use of farm manures or wastes as feedstocks for the
production of methane gas.

In 1983 some 28 commercial firms were manufacturing or commercializing
processes for the production of biotechnology-derived chemicals. Seventeen of
these firms were producing pharmaceutical chemicals, vaccines, and
antibiotics. One plant recently began producing human insulin using genetic
engineering. About four firms produce amino acids, two were studying
production of ethanol from vegetable source feedstocks, and one was
researching the production of ethanol, butanol, and acetone through
fermentation.

West Germany.--0f the 14 Govermment and university firms which conducted
research and produced chemicals using biotechnology in 1983, 7 explored the
production of methane using agricultural waste or algae. Five firms conducted
research on the production of organic chemicals, and two were concerned with
the production of antibiotics. Like many European countries, West Germany is
attempting to use agricultural waste as a chemical feedstock.

There were 43 commercial firms which produced chemicals using
biotechnology techniques in 1983, Many of these were widely diversified
chemical companies incorporating biotechnological processes in numerous
sectors of the chemical industry. About 25 produced pharmaceuticals or

intermediates, 8 produced enzymes, and 8 produced other organic chemicals and
amino acids.

Italy.--Eight noncommercial firms performed research on the production of
chemicals in 1983. Anaerobic digestion of agricultural waste, such as animal
manures or plant refuse, to produce methane gas or fertilizers was the most
typical endeavor, with four firms involved. Three firms were interested in
developing processes to make enzymes from vegetable crops.

There were about 38 commercial firms engaged in the production of
biotechnological products in 1983. Twenty-five of these firms produced
pharmaceutical chemicals, and two firms produced enzymes. Other firms
produced amino acids, organic chemicals, and food additives.

Netherlands.--Of the noncommercial firms in the Netherlands studying
processes for the production of chemicals in 1983, four were involved in the
production of methane gas, vaccines, and fermentation feedstocks for ethanol.

There were 29 commercial firms producing chemical products using
biotechnology. Most of these firms are large, multinational companies which
are highly diversified. Sixteen produced products related to the
pharmaceutical industry, two produced enzymes, four produced products in the
agrochemicals area, and seven were involved in the production of certain
organic chemicals,



The Government of the Netherlands, through the Dutch Innovation Program
on Biotechnology, encourages research in the areas of basic and applied
research. It is expected that the Dutch universities should be able in the
future to supply biotechnology expertise to Dutch companies.

Switzerland.--Switzerland, like most other European countries, has been
studying the production of methane and alternate fuels using farm waste as
feedstocks (biomass). Among the noncommercial firms, four have pursued this
type of research. Switzerland has more digesters than any other European
country for the production of methane gas and nutrient fertilizers from farm
waste. Switzerland also has several of the world's largest commercial firms
dedicated solely to biotechnology and genetic engineering. In 1983 there were
a total of 25 firms producing chemicals using biotechnology. Of these, 18
produced primarily pharmaceuticals, 5 produced agrochemicals, 3 produced amino
acids and related chemicals, and 4 produced organic chemicals.

The four leading Swiss pharmaceutical companies, which account for about
10 percent of world pharmaceutical production, also lead in Swiss production
of pharmaceuticals through biotechnological processes. All have foreign
subsidiaries where production or proprietary research may be carried out.
Government involvement is minimal, and most Swiss biotechnology firms do not
collaborate with universities or have Swiss financial backing. 1/

United Kingdom.--In 1983 there were 13 noncommercial organizations in the
United Kingdom researching production of chemicals through the use of
biotechnological processes. Eight firms were examining the production of
methane gas through anaerobic digestion of various wastes, and the other firms
were researching production of organic chemicals such as ethanol, butanol, and
hydrocarbons. There were about 65 companies involved in biotechnological
production of chemicals. Forty of them primarily produced pharmaceuticals; 15
produced primarily organic chemicals; 6 produced agricultural chemicals; and 4
produced amino acids, enzymes, and related chemicals.

Other. ——There were eight other European nations in 1983 known to have
been involved in research or commercial production of chemicals using
biotechnology. These countries are Austria, Finland, Greece, Ireland, Norway,
Portugal, Spain, and Sweden. Of these, the greatest number of commercial
firms using biotechnology was located in Ireland (19 firms), Austria (14
firms), and Spain (14 firms). Sweden had the largest number of noncommercial
firms, 6, followed by Ireland with 4.

Of a total of 93 commercial firms which operated in these 8 countries in
1983, 73 produced pharmaceuticals and enzymes. The rest were involved in
production of organic chemicals, including amino acids, ethanol, and some
intermediates. The majority of these firms were located in Austria, Ireland,
Portugal and Spain.

There are relatively few noncommercial firms operating in these countries
as a result of the lack of private capital and low levels of govermment
involvement. Only 17 noncommercial firms had research interests in

1/ Office of Technology Assessment, Commercial Biotechnology: An
International Analysis, January 1984, pp. 516-518.




biotechnology in these countries in 1983, with the majority located in Finland
(2 firms), Ireland (4 firms), and Sweden (6 firms). Ireland and Sweden
combined had seven noncommercial firms investigating production of methane

gas, and both noncommercial firms which operated in Finland were investigating
production of ethanol.

Japan

Japan has been the second largest producer of chemicals using
biotechnology, though few Japanese organizations were involved in developing
better production methods. Only six organizations, five universities and one
technological institute have investigated production of chemicals through
biotechnology. Four were investigating production of ethanol, one was
researching production of antibiotics, and another was interested in methane
production from agricultural waste.

Of the many commercial biotechnology firms producing chemicals in Japan,
most have majority private ownership with some Government involvement.
Foreign subsidiaries or joint ventures with non-Japanese chemical companies
generally do not produce chemicals in Japan, but rather act as import brokers
and distributors. There were 92 firms which produced chemicals through the
use of biotechnology in 1983; of these, 38 were engaged primarily in the
production of pharmaceuticals, 14 produced enzymes, 6 produced amino acids, 33
produced organic chemicals, and 7 were involved in the production of
agrochemicals. Most firms were not devoted entirely to one area of production.

In 1983, there were 55 support firms in Japan providing services to the
. producers using biotechnology processes. Nearly all of the support firms are

wholly Japanese owned, although some joint ventures with U.S. or British firms
do exist.

The Japanese Government has become more involved in the commercialization
of biotechnology since 1980, helping to form collaborative projects using
innovative biological engineering methods of production. All of these
projects were sponsored by large, established Japanese companies, which have
traditionally been world leaders in fermentation produets such as enzymes,
amino acids, and certain organic chemicals.

Other countries

Canada.--In 1983 there were three noncommercial organizations in Canada
investigating the production of chemicals from waste materials; two were
concerned with production of ethanol from vegetable or cellulose sources, and
one was researching the production of methane gas from algae.

In 1983, there were 34 commercial firms involved in the production of
chemicals using biotechnology, 4 of which were producing ethanol using either
wood or grain products as feedstocks., Eighteen of the commercial firms
produced pharmaceutical products such as antibiotics, vaccines, diagnostic
reagents, and hormones. The remainder produced chemical products related to
the food additives industry.



10

Israel.—-Two noncommercial organizations in Israel were studying the
production of chemicals using biotechnology in 1983. One was investigating
the production of methane and fertilizer using anaerobic digestion.

Eight commercial firms used biotechnological means for production of
chemicals in 1983. Four produced pharmaceutical chemicals; one produced
organic chemicals; one produced agricultural chemicals; and two produced
chemicals for the food industry.

Cther.--Countries other than those discussed above have so far displayed
only limited interest in developing biotechnology. Hungary, an Eastern bloc
country, has one noncommercial State—owned organization which produces
vaccines. New Zealand and Australia each have one firm involved in research
on ethanol production. In New Zealand, there has been a research effort to
use cheese whey as a feedstock, as it is normally an unwanted byproduct from
their extremely large dairy industry. A Kuwaiti firm has entered into a joint
venture to produce single-cell protein using methanol as a feedstock. The
Soviet Union also has entered into production of single-cell protein using
methanol feedstock, although it is not expected to compete in
the commercial market with this product.

FACTORS INFLUENCING BIOTECHNOLOGY INDUSTRY TRADE
Technology

Fermentation

Fermentation is the action of microorganisms or their chemical components
on feedstock nutrients in order to produce a specific product or mixture of
products._l/ Within the scope of this definition, there are two distinctly
different types of process microorganisms, as determined by the type of
environment required for their survival. Anaerobic processes are those which
use microorganisms or cell components, such as enzymes, that need no oxygen in
order to survive; whereas aerobic processes use microorganisms which do
require oxygen to function. An example of an anaerobic process is the
fermentation of sugars by yeast to produce ethanol. Aerobic processes use
living cells such as certain types of bacteria for production of such chemical
products as amino acids and enzymes.

Because the fermentation process involves living organisms, a suitable
medium must be prepared so that the organism can survive; at the same time,
the feedstock chemical must be introduced at a rate that will produce the
greatest amount of product in the shortest period of time. The nutrient media
is generally made up of a mixture provided by materials such as cornsteep
liquor, soybean meal, or cottonseed flour. Other chemicals can be added to
the nutrient media, such as cobalt salts for the production of vitamin
By 2. gj The fermentation media must be absolutely sterile in order to avoid
contamination and resultant low yield.

1/ Office of Technology Assessment, Impéct of Applied Genetics, April 1981,
p. 49. ,

2/ M. Grayson, op. cit., pp. 874 and 875.
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Most commercial fermentation processes are aerobic in nature, which
necessitates the incorporation of oxygen dispersers, or feed tubes, when
considering fermenter tank design. Other biotechnology processes, including

certain types of enzymatic conversion, use only a tank or a simple
flow-through system.

Fermentation tanks, or fermenters, can range in size from a few liters to
larger than 1 million liters. Some commercial operations do not use
fermenters larger than 200,000 liters because of the increased likelihood of
contamination. 1/ Depending upon the process technology, the tank may be
fitted with a variety of stirring apparatus, pumps, oxygen dispersers, and
sensors to monitor reaction conditions such as temperature, oxygen uptake,
pressure, and the concentration of the final product.

Several different types of fermenters have been designed in recent years
for industrial use, mainly as the result of foreign technological advances.
All were designed for a semicontinuous batch-type process 2/ and are known as
stirred tank, bubble column, air lift, and self-priming aerating fermenters. 3/

Stirred tank fermenter.--This is the simplest type of fermenter and can
be used to make almost any fermentation product by either aerobic or anaerobic
processes. Aerobic systems, however, need the addition of an air injector.
The tank is stirred either externally by means of a circulating pump or
internally by a mixing propellor. This type of tank is generally used in the
production of ethanol. The largest of these fermenters in operation is
reported to be about 570,000 liters. 4/

Although there are other designs of fermenters as mentioned above, the
use of the stirred tank reactor is still dominant in the chemicals industry. 5/
A reason for this may stem from the fact that many of the commercial chemicals
produced by fermentation are already adapted to the stirred tank reactor, and
the increase in efficiency provided by changing to another design is not
warranted. 6/ In addition, a stirred tank fermenter is considered more
adaptable when more than one product is produced with the same system.

Bubble column fermenter.--This type of fermenter is designed to
accomodate aerobic fermentation processes. The tank uses pressurized oxygen
injected near the bottom of the tank to agitate and aerate the media. An
external return loop is added to circulate the media throughout the tank in
order to better incorporate the oxygen. This type of fermenter is used to
produce organic acids, enzymes, and steroids.

Air 1ift fermenter.--This type of reactor uses an air injection system
similar to that of a bubble column reactor, with the exception that a draft
tube is placed in the center of the tank to direct the flow. This allows the

1/ Organization for Economic Cooperation and Development, Biotechnology:
International Trends and Perspectives, Paris, 1982, pp. 34-36.

2/ Ibid., p. 36.

3/ W. Sittig, “"Fermentation Reactors,” Chemtech, October 1983, pp. 606-613.

4/ M. Grayson, op. cit., pp. 874 and 875.

5/ W. Sittig, op. cit.

6/ M. Grayson, op. cit., pp. 874-878.
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fermentation media to circulate with the flow of air, through the draft tube,
and down the inside of the tank.

Self-priming aerating fermenter.—This fermenter is similar to the air
lift reactor in design, except the tank uses a mechanical stirrer at the
bottom of the tank to draw fresh air through the draft tube. The air is
dispersed at the bottom of the tank, where it travels upward through the media
and out via a vent at the top. This fermenter presents certain advantages
when compared with other aerobic fermenters in that a source of compressed air
is not needed. This type of fermenter is used commercially in the production
of acetic acid, single-cell protein, and other ferments.

Genetic engineering

"Gene splicing” is a term used to describe the process in which selected
strands of DNA from one organism are combined and inserted as a gene fragment
into another organism. DNA is made up of four essential nucleotide bases:
adenine, cytosine, guanine, and thymine. The combinations or arrangements of
these four bases form the basis of a genetic code, which contains information
necessary for the duplication of living cells. The determination of certain
characteristics or traits is controlled by DNA in all living organisms. By
splicing those parts of the DNA which encode particular traits, it is possible
to transfer these traits from one living organism to another. 1/

Certain criteria must be met before genetic engineering can be used in
industrial processes. First, the strands of DNA which determine the desired
trait must be located, removed, and reinserted into the desired cell. The
completed strand of DNA is then usually duplicated many times using a host
cell or bacterium, in order to derive large enough quantities of modified
DNA. Second, the desired trait which is coded in the modified strand of DNA
nust be exhibited when the cell replicates; and third, this trait must be
retained over several subsequent generations.

The cell containing the new DNA fragments manifests their coded traits by
producing certain amino acids, and then combining these amino acids to form
more complex biochemicals, such as proteins and enzymes. For example, one
type of host cell used frequently in biological research has been successfully
altered to produce the enzyme rennet and human insulin.

The exhibition of these traits during the lifetimes of several
generations of the microorganism is probably the most useful feature in
commercializing some processes, and recent work has led to increases in the
productive lifetimes of recombinant DNA organisms from a normal life of 10 to
20 hours to 50 to 60 hours. 2/ However, reversions of certain strains of
microorganisms to earlier, less efficient, forms is a problem with some
fermentation processes. }/ Critics say such serious problems in genetic
engineering will have to be overcome for certain commercial processes to be
feasible.

1/ Office of Technology Assessment, Impact of Applied Genetics, April 1981,
pp. 54 and 55. _

2/ "r-DNA breakthrough,” Chemical Engineering, Feb. 20, 1984, p. 42,

3/ "There's New Life in Continuous Fermentation,” Chemical Week, Feb. 32,

1984, pp. 42-47.
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Recombinant RNA is similar to recombinant DNA, although it may have an
even greater impact on the chemical industry. Recombinant RNA is a recently
developed process which uses spliced RNA fragments which are inserted into
particular species of viruses. The viruses are able to copy the RNA strand
many times. By mixing the RNA with appropriate starting materials and
enzymes, the RNA is able to produce certain desired proteins.

Use of automation and computers

The use of automation is highly desirable in biotechnological processes
on an industrial scale because of the large number of reaction conditions that
must be controlled. Temperature, time, concentration of starting materials or
products, or the concentration of byproduct are examples of such conditions.
Monitoring can be performed either by sampling the fermentation medium or by
placing sensors in the medium.

The use of sensors provides a means to automate fermentation processes.
However, sensors to monitor reaction progress need to be developed which can
withstand the stressful conditions in fermenters. Currently, samples must be
removed from the fermenter for this monitoring, which causes delay. Industry
sources have indicated that the development of biosensors, which would react
biologically under certain conditions, could eliminate these delays. 1/

Automation is being applied in the laboratory as well. Although
considerable laboratory work must be performed by hand, the recent development
of an automated process for synthesizing DNA strands by using "gene machines”
allows these strands to be synthesized at a reduced cost and has increased
productivity significantly..g/ There are nine U.S. and three European firms
located in West Germany, the United Kingdom, and Sweden that are manufacturing
these machines.

Other technologies

In addition to the technologies already discussed, two others are very
important to maintaining a competitive posture. These are the technological
advances in separation of products from fermentation media, including related
techniques of immobilization, and cell fusion.

A basic problem common to most biotechnological methods is that microbial
and enzymatic processes must be in an aqueous environment in order to
proceed. Separation of the final product from this aqueous environment
requires not only removal of water, but also separation from any starting
materials, biological nutrients, and the microorganisms used. Conventional
separations, such as distillations, are not used, because the products are
generally sensitive to heat. As a result, the separation of products that
occur in an aqueous environment at low concentrations must be accomplished by
other means, such as centrifugation, filtration, or extraction.‘g/

1/ Based on conversations with industry analysts. '

zy "After a Slow Start, Gene Machines Approach a Period of Fast Growth and
Steady Profits,” The Wall Street Journal, Dec. 13, 1983, p. 33.

3/ Crganization for Economic Co-Operation and Development, Biotechnoliggy:
International Trends and Perspectives, Paris, 1982, pp. 48-50.
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Immobilization is one technique which may ease some of the difficulties
in the separation step. Through this routine enzymes and cells may be rigidly
bound to, or entrapped in, a solid support which can be separated more easily
from the fermentation media. The use of entrapment or encapsulation requires
that the supporting structure must be semipermeable, so that the products are
able to diffuse through the barrier. The support must be reasonably small so
as to maximize contact with the fermentation media, and at the same time large
enough to be easily separated when the process is complete. Recent research
in immobilization has resulted in the development of a continuous process for
rapid conversion of glucose to ethanol. 1/

Cell fusion is a technology which is also becoming commercially
significant. Probably the best. known example of the use of cell fusion is in
the production of monoclonal antibodies. Normal antibody-producing cells are
fused with cancerous cells, and the resulting hybrid cell produces tremendous
quantities of antibodies specific to the cancerous cell originally fused.
Other cell fusion methods exist for plant cells and some animal cells,
although these processes generally produce agricultural hybrids rather than
chemicals. 2/ To date, the most common cell fusion techniques use mammalian
cells from mouse spleens; one firm produces more than 70 different types of
monoclonal antibodies by this technique. 3/

Products of Biotechnology

As of 1977, about 147 U.S. producers of 184 chemical products were using
fermentation processes. 4/ The number of producers and products has grown
since that time, and the products now include some complex chemicals, such as
human insulin, which were obtained previously in only limited quantities from
human or animal sources.

The first products put on the market that were made using innovations in
biotechnology were the monoclonal antibody diagnostic kits. 5/ Biotechnology
products slated to be commercialized during 1984 and 1985 are all in the
category of biologicals and include human growth hormone and alpha-interferon.
Shortly thereafter, beta- and gamma-interferon, and hepatitis B vaccine are
scheduled to be commercially available. é/ Industry sources also believe that
commercialization prospects are good for certain specialty organic chemicals
and food products. 7/

1/ "Ethanol Contract Covers Sugar-Alcohol Process,” Chemical Marketing
Reporter, Mar. 19, 1984, pp. 7 and 15.

2/ Organization for Economic Cooperation and Development, Biotechnology:
International Trends and Perspectives, Paris, 1982, pp. 30 and 31.

3/ Accurate Chemical and Scientific Corp., Monoclonal Antibodies, Spring
1984, pp. 2-4.

4/ M. Grayson, op. cit., pp. 874 and 875.

5/ Chemical Business, Sept. 19, 1983, p. 33.

6/ Ibid.

7/ Currently genetically engineered aspartame, a food sweetener, is being
produced commercially using immobilized cells.
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Licensing

Many firms involved in biotechnology have come into existence only during
the past 2 or 3 years. Marketing segments within companies are now being
developed, although many firms are still engaged solely in research. Once a
product or process is developed and patented, a firm can either market the
process or product itself or allow the process or product to be licensed.

Licensing is the granting of the rights to use certain technological
processes which are usually protected by patents or trade secrets. 1/ In the
case of biotechnology firms, this definition extends to include the " licensing
of patented living organisms. 2/ Although most licensing within the United
States is controlled by the firm or individual owning the patent or trademark
rights, compulsory licensing also exists. 3/ Although it is not frequently
implemented, licensing can be compulsory in the United States in certain
instances pertaining to patent abuse, public policy, or antitrust
violations. 4/

Compulsory licensing laws outside the United States are often more
stringent. In most other countries examined in this study, trademark, patent,
or technological process rights are granted with the legal expectation that
the holder of these rights will use them. The failure to utilize patent
rights is considered to be an abuse and may be remedied by compulsory
licensing. An exception to this rule is a cooperative agreement which allows
a patented process to be used in a cooperating country as long as the domestic
demand for the product can be satisfied through that foreign production.

Pharmaceutical products probably have the highest added value of all
biotechnological processes and, therefore, were developed first. Thus,
licensing activity in biotechnology is largely concentrated in pharmaceutical
processes. Worldwide licensing activity in pharmaceuticals during 1979-82 is
shown in the following tabulation: 5/

Year f Agreements f Licensors f Products
1979 : 277 : 106 : 180
1980 : 285 : 137 : 204
1981 : 306 : 186 : 236
1982 : 600 : 398 : 500

1/ P. R. Cateora, and J. M. Hess; International Marketiqgh(l975 Richard D.
Irwin, Inc., Homewood, IL) p. 7.

2/ Diamond vs. Charkrabarty, 447 U.S. § 303 (1980).

3/ 47 U.S. C. § 2404 (1979).

ﬁ/ Office of Technology Assessment, Commercial Biotechnology: An
International Analysis. January 1984, p. 460.

5/ "Biotechnology market predicted to grow to $64 bn by 2000," European
Chemical News, Mar. 15, 1982, pp. 17-18.
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Of 600 agreements listed for 1982, including joint venture agreements, 398
licensors were involved in 500 different product areas. The number of
products licensed has nearly tripled since 1979, and the number of licensors
of pharmaceutical processes has nearly quadrupled. The number of licensed
products using recombinant DNA or genetic engineering in 1982 was 20 percent
of the total. At least 40 license agreements involved interferon technology
during this period. 1/

In 1982, the United States licensed the greatest share of process
technologies. The United States held nearly 200 of these licenses, Japan held
91, and the United Kingdom held 42. Taken together, these countries accounted
for more than 66 percent of all licensing and joint venture agreements in
pharmaceuticals, and more than 65 percent of the companies originating license
or joint venture agreements were based in these countries. 2/

Certain small biotechnology firms both acquire and sell licensing
agreements. Much publicity has been given to those firms which license
products such as vaccines and insulin. 3/ Increased production of new
vaccines or products could result in increased exports of both products and
processes.

Historical data indicate a trend toward small U.S. firms acquiring
foreign licenses, rather than selling their own technology. A recent study
has shown that many smaller U.S. firms involved in the pharmaceuticals sector
during 1975-80 became increasingly dependent on such licensing as a source of
technology. Nearly 17 percent of the 4 largest domestic firms' new processes
were acquired through licensing from foreign sources. Smaller firms acquired
58 percent of their new processes through licensing; slightly more than 36
percent were acquired from foreign sources. 4/

There are many advantages in licensing of biotechnology products,
especially for the smaller firms. Many of these firms lack expertise in
marketing products and can use licensing in order to gain access to both
domestic and international markets without large capital expenses. 5/ Other
difficulties incurred by firms trying to market their own technology and
products abroad, such as foreign import restrictions, hindrances, or barriers
to U.S. ownership in foreign countries, and protection of patents against
cancellation for nonuse have encouraged firms to license their products in
foreign countries. Licensing may be less profitable than other means of
entering foreign markets, but the risks are considerably less than for direct
investment or ownership.

Not all aquisition of technology through licensing agreements has been
beneficial to U.S. pharmaceutical companies. Small- and medium-sized domestic
firms which market products made from licensed technology obtained abroad have

" 1/ "Last Year Saw Dramatic Increase in Pharmaceutical Licensing Deals, "
European Chemical News, Oct. 3, 1983, p. 26.

2/ 1bid.

3/ "Biotechnology comes of age,” Business Week, Jan. 23, 1984, pp. 84-94.

4/ National Academy of Sciences, The Competitive Status of the U.S.
Pharmaceutical Industry, Washington, D.C., 1983, pp. 41-47.

5/ P. R. Cateora, and J. M. Hess, op. cit.
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reduced their level of research and development (R&D), making them especially
vulnerable to takeovers by foreign firms. 1/ 1In the past few years, foreign
firms which are mostly based in Europe have used licensing agreements to
acquire several of these U.S. pharmaceutical companies.

Investment

Plants and equipment

The commercialization of any biotechnology process often leads to demands
for larger space requirements, better control over operating conditions, and
sometimes updating existing equipment. Larger, established firms already have
in place much of the equipment needed for commercialization of innovative
processes. Investment in more advanced equipment is generally not needed,
although many established firms are expected to replace or renovate existing
equipment during the 1980's. This equipment generally has a life expectancy
of 15 to 20 years. 2/

Capital investment is rather extensive for any biotechnology firm
conducting research. Many instruments, such as the recently introduced "Gene
Machines,” were priced at about $35,000, and other machines which identify
amino acid sequences in gene fragments or proteins were estimated to cost
about $30,000. Industry sources estimate that for every dollar of sales there
is about 75 cents invested in plants and equipment. 3/

The desire to commercialize biotechnology processes has led many of the
research-based firms to expand, building large-scale production facilities.
One firm recently began construction of a 40,000-square-foot production
facility projected to have a final cost of $10 million. 4/ Another firm has
been building a 72,000-square-foot facility, and at least one other firm is
planning a similar project. Recently, the largest planned production site,
once used for blending alcoholic beverages, was being renovated to produce the
amino acids—-phenylalanine and aspartic acid--to be used in the production of
the artificial sweetener aspartame.

Personnel training and development

About one-third of the estimated 5,000 technical personnel performing R&D
work in biotechnology in 1983 5/ are specialists in genetics (including
recombinant DNA, recombinant RNA, and monoclonal antibodies technology);
another one-third are specialists in commercialization procedures in
microbiological and biochemical engineering. About 63 percent of total

1/ National Academy of Sciences, The Competitive Status of the U.S.
Pharmaceutical Industry, Washington, D.C., 1983, pp. 41-47.

2/ Office of Technology Assessment, Commercial Biotechnology: An
International Analysis, January 1984, p. 93.

3/ L. W. Borgman & Co., Financial Issues in Biotechnology, May 13, 1983, p.
48. :

4/ "Amgen Hires Construction Manager for 40,000 sq. ft. Chicago Plant,”
Amgen Press Release, May 1984, p. 1. ,

5/ 0ffice of Technology Assessment, Commercial Biotechnology: An 7
International Analysis, January 1984, p. 332.
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personnel in smaller firms are technical; 15 percent are managerial; 17

percent are clerical; and 5 percent are involved in production and
maintenance. 1/

A survey of biotechnology companies conducted by the Office of Technology
Assessment and the National Academy of Sciences in March 1983 revealed that
there were sufficient specialists available in most technical fields, but that
there were potential shortages of bioprocess engineers, plant molecular
biology specialists, and industrial microbiologists. 2/ Industry sources
indicated that additional qualified personnel were becoming available in
1984, The United States also suffers from a shortage of bioprocess engineers,

in part because of the recent rapid development of commercial interest in
fermentation. .

Shortages of qualified R&D personnel exist in Europe as well, particularly
in France. The United Kingdom has experienced a loss of qualified scientists
to other countries in the European Community and to the United States, at
least partially because of the noncompetitive salaries offered in the United
Kingdom. A shortage of qualified scientists in genetic manipulation exists in
Japan because of the lack of support for basic research.

Research and development

Efforts in areas of biotechnology such as recombinant RNA or DNA, cell
fusion, and engineering design, are characterized by a high ratio of
R&D costs to total expenditures. Unlike other high-technology fields,
however, products of genetic engineering have not yet reached full
commercialization; total sales amounted to less than $20 million in the United
States in 1983 3/ compared with investments, which totaled about
$2.5 billion..£7 According to industry sources, the lack of immediate
commercialization prospects is not of concern to either the large, established
pharmaceutical or chemical companies or to the universities and public
institutions whose R&D is largely Government funded. It is, however, of
primary concern to the smaller research-oriented firms, because it is expected
that their R&D expenditures will continue to exceed revenues. 5/

A typical estimate for the period required to commercialize
pharmaceuticals is 7 to 8 years, of which 2 years are dedicated to research, 2
years are for process development, and 3 to 4 years are for clinical
‘testing. 6/ The typical cost of research is about $2 million, 7/ process

development costs about $2 million to $5 million, 7/ and the cost for clinical
testing may range from $35 million to $75 million. §j

1/ Ibid., pp. 331 and 347.

2/ Ibid., p. 335.

3/ Based on conversation with industry analysts.

4/ "Biotech Comes of Age."” Business Week, January 23, 1984, pp. 84-94.

5/ "Some Biotech Firms Leave the Red,” Chemical Week, Sept. 14, 1983, pp. 52
and 53.

6/ Based on conversations with industry representatives.

7/ Ibid.

§/ B. Tokay, "The New Biotechnology Goes to Market," Chemical Marketing
Reporter, Sept. 19, 1983, p. 32.
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Since the initial investment in product commercialization is relatively
low, many small research-oriented firms can operate successfully through this
stage. The high cost of further commercialization, however, has forced some
smaller companies to seek financing agreements, such as licensing and joint
ventures, with larger and more established firms in order to market their
products. Some biotechnology companies have turned to public stock offerings
in hoping to acquire sufficient capital, 1/ although some industry analysts
have stated that these financing efforts have not enabled them to obtain
sufficient capital. 2/

Government Involvement

Direct participation

Although the U.S. Government does not target any private industries,
there is considerable Government funding directed toward basic biotechnology

research, which has played a major role in accelerating the growth of
commercial biotechnology.

The largest outlet for Government funds in basic research is the National
Institutes of Health (NIH), which funded nearly $1.0 billion in R&D related to
biotechnology during 1979-82. Although the research funded by the NIH is
mostly basic in character, it also includes significant semiapplied research,
such as clinical testing and efficacy studies that are often performed in
close collaboration with industry.

The following tabulation shows the number of projects and funding given
by the NIH to biotechnology projects: 3/

Number of Funding

projects (million dollars)
1979—~-—-- 880 105
1980~---- 1,611 177
1981————- 2,674 293
1982————~ 3,541 380

The total number of NIH projects which dealt with biotechnology in fiscal 1982
increased to 3,541, or by 32 percent from fiscal 1981. The funding of these

projects also rose, from a level of $293 million in fiscal 1981 to
$380 million in fiscal 1982, or by 30 percent.

The National Science Foundation is the second largest source of U.S.
Government funding of biotechnology R&D, which amounted to about $53 million
in 1982. Other Government agencies supporting biotechnology R&D include the

Department of Agriculture, the Department of Defense, and the Department of
Energy. ‘

1/ Mathieu, M. "Test Tube Troubles,” Barron's, Feb. 13, 1984, pp. 42 and 43.
2/ Technology, The Wall Street Journal, Mar. 2, 1984, p. 29.
3/ Data are from the National Institutes of Health.
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Other participation

The U.S. Governmment plays an indirect role in supporting the
commercialization of biotechnology by providing various incentives for
investors, private or public, willing to invest in these companies. U.S.
Government laws designed to encourage investments in R&D by providing tax
incentives include limited partnership laws, the Economic Recovery Act of

1981, the Small Business Innovation Development Act of 1982, ;/ and the Orphan
Drug Act of 1983. 2/

Industry sources have indicated that R&D limited partnership laws have
proven to be beneficial to the smaller biotechnology companies in acquiring
investment capital., The limited R&D partnership enables an investor to reduce
taxes by providing increased tax deductions for R&D equipment and allowing
company royalties or equity to be taxed as long-term capital gains. It also
permits the investor to convert tax liabilities to multiple write-off
investments. 3/ The R&D limited partnerships law also has important benefits
for the biotechnology companies, because it enables them to acquire investment
capital to finance development without losing control of the company. 4/

Small Business Investment Corporations (SBIC's), authorized by the Small
Business Innovation Act of 1982, have also provided funding to biotechnology

companies. SBIC's raised 3.4 million dollars' worth of capital for 9 smaller
firms in 1982. 5/

The Orphan Drug Act of 1983 is designed to give tax breaks to
pharmaceutical companies that develop drugs with a limited market. In early
1984, the Food and Drug Administration (FDA) granted orphan drug status to a
pharmaceutical produced by recombinant DNA techniques which will be used to
treat a rare form of emphysema. 6/ The pharmaceutical may be available to
patients as early as 1985 if clinical tests are favorable.

Concern over the pace of U.S. R&D may result in new legislation to
increase incentives to U.S. companies that are innovative. In March 1984, a
Senate Task Force recommended that legislation be passed to grant a permanent
25-percent tax credit for R&D expenditures both to universities and to
companies that fund research in universities. A bill sponsored in the House
of Representatives would establish an Advanced Technology Foundation that
would disburse up to $500 million to assist companies and universities in
funding commercial development and to develop new manufacturing processes.
The bill would also include provisions requiring that research findings be
made available to small businesses.

1/ The Washington Post, Washington Business, July 23, 1984, pp. 1 and 19.

2/ Chemical Week, Feb. 29, 1984, p. 28.

3/ S. Woinsky, "The Limited R&D Partnership,” Chemtech, March 1984, pp.
162-164. A

4/ 1bid. '

é/ Office of Technology Assessment, Commercial Biotechnology: An
International Analysis, January 1984, p. 280.

6/ Chemical Week, Feb. 29, 1984, p. 28.
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For the research-oriented biotechnology companies that are publicly
owned, public stock offerings can be a major source of R& financing. Demand
for biotechnology stocks have fluctuated with changes in the economy as well
with the changes in the public's perception of the prospects for
commercialization of biotechnology processes.

Prices of stocks of biotechnology companies have been very volatile,
reflecting the shifting attitudes of the public to biotechnology. Between
April 1982 and August 1982, the average stock price for a select group of
biotechnology companies declined by about 10 percent. However, the price
doubled between the first week of August 1982 and March 1983. 1/

In Japan, R&D in biotechnology is conducted mostly by the larger
established companies which rely on debt financing (including personal loans)
to support their commercialization programs. Because of low equity levels,
venture capital and public stock offerings are relatively unimportant.

The Japanese Government, through the Ministry for International Trade
and Industry (MITI) and several other agencies, provided approximately
$56 million in 1982 and $59 million in 1983 for R&D work in biotechnology.
The MITI has allocated $128 million to be funded during a 10-year period for
biotechnology, including research on mass cell culture techniques and
recombinant DNA. The research program will be administered by a consortium of
chemical and pharmaceutical firms. 2/ Cther Japanese Government agencies that
are funding biotechnology R&D are the Ministry of Health and Welfare; the
Ministry of Education; and the Ministry of Agriculture, Forestry, and
Fisheries, which supports biotechnology R&D in agriculture and food processing.
A U.S. Government study estimated that the Japanese Goverment has been
spending about $200 million per year to commercialize biotechnology. 3/ In
contrast to U.S. Government funding policy, which emphasizes basic research
and development, a significant portion of Japanese Government funding was used
for applied research in biotechnology.

Because only limited venture capital is available in the United Kingdom,
most R&D in biotechnology is conducted by established companies, although
several new smaller research firms have also appeared. The Science and
Engineering Research Council and the University Grants Committee of the
Education Department provide funds to universities to support teaching and
research and to improve links between the universities and private industry. 4/

The British Government has also funded joint ventures between
universities and private firms and spent about $100 million on research in
biotechnology during 1982 and 1983. 5/ The Department of Industry plans to

1/ Office of Technology Assessment, Commercial Biotechmology: An
International Analysis, January 1984, p. 281.
' g/ Office of Science and Technology Policy, Report of a Working Group on the

Competitive and Transfer Aspects of Biotechnology, April 1983, vol. II, pp. 45
and 46.

3/ Ibid.

4/ Cffice of Technology Assessment, Commercial Biotechnology: An
International Analysis, January 1984, p. 513.

5/ Ibid., p. 317.
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spend $32 million during 1984-87 to support basic research and set up pilot
plants, including a center for applied microbiology and research. 1/

Because there is no significant venture capital market in West Germany,
nearly all the private R&D work in biotechnology is conducted by established
companies. Financing for this work is largely provided by the commercial
banks. In addition, the Society of Biotechnology Research (GBF), funded by
the West German Government, is one of the leading research institutions in the
world. The West German Governmment and its research institutes annually spend

about $40 million in biotechnology R&D, and private industry spends about
$90 million. 2/

According to industry observers, biotechnology R&D in France lags behind
that in the United Kingdom and West Germany. The Institut Pasteur, which
recelves about one-half of its income from the French Govermment, is mostly
involved in basic biotechnology research. Estimates of French Government
funding for biotechnology R&D range from $35 million to $60 million per year.

All of the countries discussed provide tax incentives to firms doing
R&D work, including firms doing work in biotechnology. According to a U.S.
Government study, the United States has the most favorable tax incentive
program for small firms trying to raise capital for R&D, whereas the United
Kingdom, which taxes income from patents at corporation tax rates and which
has a relatively high long-term capital gains tax rate, has the least
favorable tax incentives program of the countries discussed. 3/

Rules and regulations

. The possible consequences of unregulated R&D in genetic engineering
caused concern in Congress in the mid-1970's. However, as a result of
self-regulating guidelines that were established by scientists under the
auspices of the NIH in 1976, Congress agreed to forgo enacting mandatory
regulations for controlling recombinant DNA R&D. Because no serious problems
arose from genetic engineering experiments, these guidelines were later
eased. Increased experience and further experiments indicated that the
original risk may have been overstated. 4/

Another important responsibility of the NIH has been to monitor
experiments involving the release of genetically engineered microorganisms to
the environment. This was challenged in a suit brought by several
environmental organizations to prevent the first environmental release
experiments from taking place. The environmentalists charged that the NIH did

1/ Office of Science and Technology Policy, Report of a Working Group on the
Competitive and Transfer Aspects on Biotechnology, April 1983, Vol. 11, p. 53.

2/ 1bid., p. 57. '

3/ Office of Technology Assessment, Commercial Biotechnology: An
International Analysis, January 1984, pp. 300. '

4/ Office of Science and Technology Policy, Report of a Working Group on the
Competitive and Transfer Aspects of Biotechnology, April 1983, Vol. II, p. 93.
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not take into account all of the possible consequences to the environment and
thus did not comply with the National Environmental Policy Act. 1In May 1984,
a U.S. district court upheld the position of the environmentalists and ordered
a halt to these environmental release experiments, l/ although some other
experiments have been tentatively approved.

Part of the controversy about environmental release experiments may be
jurisdictional in nature, as the Environmental Protection Agency (EPA) does
not currently have any role, other than advisory, in NIH deliberations on
environmental release. 2/ The EPA will play a far more important role in
regulating the approval of environmental release experiments in the future,
since organisms produced by the methods of recombinant DNA technology are
subject to EPA jurisdiction, because they are considered chemical substances
as defined in the Toxic Substances Control Act (TSCA). The EPA is currently
drafting guidelines on environmental control of biotechnology products, and
expects to publish them in final form in late 1985 or 1986. 3/

In addition to the special arrangement for monitoring genetic engineering
R&D by the NIH, the products of R&D in biotechnology are regulated by other
Federal agencies including the Food and Drug Administration (FDA), the

Department of Agriculture (USDA), and the Occupational Safety and Health
Administration (OSHA).

The FDA has taken the position that pharmaceutical or biological products
of recombinant DNA would be considered a "new” drug or biologic, even if it
appears identical to a product produced by traditional methods, and would
therefore require new clinical testing. 4/ The FDA may agree, however, to
consider, on a case-by-case basis, reducing the data that a firm would have to
furnish in order to meet FDA approval. The net result is that a
pharmaceutical produced by recombinant DNA methods is considered a new drug.
This significantly increases the cost of the drug, since the FDA's drug
approval process is one of the most rigorous in the world. In contrast to
pharmaceuticals produced for human consumption, the regulation of veterinary
medicines is controlled by two Federal agencies, the FDA and the USDA.

In addition to its domestic responsibility, the FDA has approval
authority over imports and exports of certain pharmaceuticals and biologics.
Industry sources have indicated that trade has been affected by FDA export
regulations that limit pharmaceutical exports to those items which have
received FDA approval in the United States. 5/ Several U.S. pharmaceutical
companies have built production facilities outside the United States in order
to supply demands of foreign markets.

1/ P. Hilts, "U.S. Judge Halts Experiments in Gene Altering,” Washington
Post, May 17, 1984, p. Al.

2/ Office of Technology Assessment, Commercial Biotechnology: An
International Analysis, p. 550.

3/ P. Hilts, "Guidelines for Biotechnology are Drafted by EPA," The
Washington Post, June 27, 1984, p. Al3. .

4/ Office of Technology Assessment, Commercial Biotechnology° An
International Analysis, p. 360.

5/ Ibid, p. 364.
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The FDA position concerning clinical testing outside the United States
was also cited by industry sources as an impediment to biotechnology
companies, because the results from the foreign tests would not be accepted by
the FDA., According to one source, the FDA nonacceptance of clinical test data
collected outside the United States forced one company to delay
commercialization of a product by at least 1 year.

U.S. exports of products of biotechnology are monitored by the U.S.
Department of Commerce under the authority of the Export Administration Act of
1979 (EAA). All goods exported that are on the commodity control list of the
EAA require a license, although license applications can be withheld for
validation if the Commerce Department feels this is necessary. License
approval may also involve the Department of State, the Department of Defense,
the Department of Energy, and the Central Intelligence Agency. Although the
EAA expired on September 30, 1983, the provisions of the bill remain in effect
until superseded by a new law as specified in Executive Order 12444 of October
14, 1983 and Executive Order 12451 of December 20, 1983. As such, the
Commerce Department may ban exports because of various specific considerations
such as national security and foreign policy issues.

There are two areas of export controls which specifically relate to
products of biotechnology. The first is that all microorganisms which are
exported to countries other than Canada must have validated export licenses,
unless they have been rendered weak or harmless. The second area involves
fermentation products. According to Interpretation No. 24 of the EEA, all
fermentation products exported to Soviet bloc countries require a validated
license, with the exception of certain protein substances, prepared culture
media, and drugs that are to be used by humans or animals. A validated
license is also required for most articles that are exported to Libya, the
People's Democratic Republic of Korea, Vietnam, Cambodia, and Cuba.

The United States has been the leader in instituting regulatory standards
for biotechnology. This leadership role has led to regulations in Europe and
Japan that reflect the U.S. regulations, though in some cases, foreign laws
regulating biotechnology differ substantially from those in the United States.

In Western Europe, the approval time for new pharmaceuticals may be
considerably shorter than in the United States. 1In both the United Kingdom
and Switzerland, for example, the approval time for old drugs produced by new
methods takes less time than in the United States because less documentation
is required. 1/ Laws governing the exports of pharmaceuticals from the United
Kingdom are less restrictive than in the United States; for example, drugs
that are intended for export from the United Kingdom are reviewed only for
quality, not for safety and efficacy as is done in the United States. 2/

U.S. regulations governing biotechnology and related fields are
substantially less restrictive than corresponding laws in Japan. Although
Japanese regulations of biotechnology have eased considerably, the Japanese
Government's Science and Technology Center has kept tight control on large-

1/ A. Fox, J. Sciortino, and D. Smith, International Health and Safety
Regulations of Biotechnology, July 1983.
2/ Ibid.
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scale work involving recombinant DNA products. In 1982 and 1983 the Japanese
Government approved only one application for the use of a commercial-scale
bioreactor vessel 1/ in making a product of recombinant DNA. These
restrictions could, however, be lifted in the near future. 2/

Transportation

Transportation is an important factor in many segments of the chemical
industry. This is particularly true among many of the commodity petro-
chemicals, where profitability has been dampened by rising feedstock costs, as
well as other costs involved in production. The decreased profitability and
increased competition have resulted in certain advantages for commodity
chemical plants located near available truck, rail, and river transportation
facilities.

, The costs of transportation among high-value-added products, which
include most biotechnology products, contribute small shares to the overall
costs of production. The current production of biotechnology items is
represented mainly by the pharmaceuticals industry, in which antibiotics,
biologicals, and hormones have traditionally had high unit values.

In the pharmaceutical industry, safety and efficacy of treatment is the
primary concern. Research and development costs, including production of the
complex chemicals, testing and clinical trials, packaging, promotion,
prescribing, and dispensing, far exceed costs associated with transportation
of most drugs and related products. With the possible exception of some
antibiotics and vitamins added to animal feeds, transportation costs have a
limited effect on competiveness in drugs and related products.

Shipment of products such as amino acids and enzymes is generally in
small volume containers, transported by air, truck, or rail, depending upon
the distance and the urgency of need, as these products are generally
considered high-value-added products. For commodity chemicals, such as ethanol
and methanol, transportation is limited to cost-effective methods such as rail
tank car or tank truck. For very large, continuous use of ethanol or methanol,
delivery by pipeline is used.

Transportation is of major significance in the nitrogenous fertilizer
industry. Roughly 33 million tons of nitrogenous fertilizers were domestically
consumed in 1983, Although perhaps 15 million tons were consumed captively in
the production of other fertilizers, the annual distribution of fertilizers to
the final domestic consumers is a major logistical accomplishment.

Virtually all forms of transportation, except air, are used to move
nitrogenous fertilizers to markets. For example, a 1,700-mile pipeline system
carries liquid anhydrous ammonia from Louisiana to Iowa, Nebraska, Illinois,
Indiana, Missouri, and other Midwestern consuming areas. Another
long-distance ammonia pipeline stretches for more than 700 miles, from Borger,
TX, to points in Kansas, Nebraska, and Iowa.

1/ J. Choy "Biotechnology in Japan,
Feb. 24, 1984.

2/ Biotechnology Newswatch, July 18, 1983, p. 2. 25
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In addition to pipelines, large tonnages of nitrogenous fertilizers move
by barges up the Mississippi river and along other inland waterways. The
Mississippi river is also the gateway for large tonnages of imported
fertilizers to move into the domestic distribution system. Also, ocean
freighters have easy access to other coastal markets.

Rail lines and trucks are also important transportation modes for
nitrogenous fertilizers. Railroads are the principal bulk movers of
nitrogenous fertilizers in markets isolated from the pipeline or waterway
systems, and trucks are usually the final means of transportation used to move
nitrogenous fertilizers from distribution centers and retail outlets to the
final purchaser.

Any new technology that alters the way nitrogenous fertilizers are
produced will also affect the product is transported. If biotechnology
ultimately results in greater in situ production of nitrogenous fertilizers on
or near farms through developments in plant genetics, then there could be less
movement of nitrogenous fertilizers in domestic and world markets. However,
there is little evidence at present that such developments are imminent.

Pesticides are marketed through many of the same distribution centers and
retail outlets and to the same consumers that purchase nitrogenous fertilizers.
Pesticides, however, are distributed in much smaller quantities and are sold
at much higher unit values than nitrogenous fertilizers, so large, bulk
shipments of pesticides are less common than for fertilizers. There is more
selectivity by the consumer in purchasing pesticides to control a particular
pest under specified conditions. Thus, transportation cost becomes less
significant as the specificity and unit cost of the pesticide increases. In
many instances, there are a limited number of pesticides suitable for a
particular application, thus making transportation cost a secondary or even a
minor consideration.

Competitiveness

Patents

A study by the U.S. Patent Office compared the number of U.S. patents in
6 areas of biotechnological processes or products by the countries of origin,
providing a useful representation of the relative progress achieved by
countries doing R&D work in biotechnology. Of a total of 1,011 selected U.S.
patents related to biotechnology issued during 1979-82, 54 percent were of
U.S. origin compared with 46 percent that were of foreign origin, as shown in
the following tabulation: 1/

1/ Derived from official statistics of the U.S. Department‘of Commerce.
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Origin : 1979 . 1980 1981 . 1982

United States : 45 ¢ 119 : 172 . 211
Japan : 19 : 52 : 64 70
United Kingdom : 5 : 14 8 : 25
France : 4 6 : 7 12
West Germany : 7 : 18 : 23 : 17
All other : 12 25 39 : 37

Total : 92 : 234 : 313 372

ee oo

In 1982, 19 percent of these U.S. patents originated in Japan compared with 7
percent from the United Kingdom, 3 percent from France, and 5 percent from

West Germany.
European countries.

About 10 percent of these patents originated in other Western

Almost 56 percent of the U.S. patents in 1982 which were related to amino
acids originated in Japan, as shown in the following tabulation: 1/

Origin o 1979 . 1980 I 11§ i 1982

Japan : 2 10 : 5 : 10
United States : 0: 3: 6 : 4
Italy : 0: 0 : 1: 2
France : 1: 1: 0 : 1
West Germany : 0 : 1: 3: 0
All other : 0 : 2 : 3 1

Total : 3: 17 18 18

The Japanese are the world's largest producers of amino acids by

biotechnological processes and have conducted intensive R&D efforts to
maintain their competitive advantage in that area.

shown in table 2.

Japan also holds a number
of patents in the areas of enzymes, genetic engineering, and cell culture, as

1/ Derived from official statistics of the U.S. Department of Commerce.
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Table 2.--Biotechnology patents held worldwide, by countries and
by types, 1979-82

oe oo |oo

Country/patent ‘1979 ¢ 1980 * 1981 } 1982

United States: s : : :
Enzymes : 36 : 84 : 117 104
Mutation and genetic engineering——————— : 2 : 6 : 24 75
Tissue culture : 7 : 26 : 25 : 28

Japan: : : : :
Enzymes : 16 : 38 : 54 : 39
Mutation and genetic engineering——-——--—: 0 : 0: 5: 17
Tissue culture : : 1: 4 0 : 4

United Kingdom: : : : :
Enzymes : 4 10 : 7 : 16
Mutation and genetic engineering-—-——-——— : 0: 1: 0: 6
Tissue culture : 1: 2 : 1: 3

West Germany: : : H :
Enzymes : 6 : 15 : 16 : 12
Mutation and genetic engineering—————-—: 0: 1: 2 : 5
Tissue culture : 1: 1: 2 : 0

France: : : : :
Enzymes : 2 : 5: 6 : 3
Mutation and genetic engineering—-——- - 1: 0: 1: 7
Tissue culture : 0: 0: 0: 1

All other: : : : :
Enzymes : 9 : 19 : 28 : 18
Mutation and genetic engineering———————: 1: 2 : 6 : 12
Tissue culture : 2 3 : 1 4
Total : 89 : 217 : 295 354

U

Source: Compiled from official statistics of the U.S Department of Commerce.

According to another study of U.S. patents related to biotechnology, out
of 641 such U.S patents of U.S. origin related to biotechnology that were
issued in 1982, 420 patents were assigned to U.S. corporations. 1/ Most of
these patents went to large, established pharmaceutical firms. Only 12 of
these patents were assigned to the smaller research-oriented firms. 1In
addition to U.S. companies, 32 universities acquired 76 patents in 1982
related to biotechnology, and 81 biotechnology patents went to independent
inventors, individuals, or groups. 2/

Although the number of patents related to biotechnology issued to
universities (76) in 1982 has been much smaller than the number of patents
issued to U.S. corporations (420), biotechnology-related patents issued to
universities included some of the more noteworthy biotechnological
developments. Perhaps the most important of these patents was the Cohen-Boyer

;/ Derived from official statistics of the U.S. Department of Commerce.
2/ Oscar Zaborsky, "Biotechnology Patents of 1983: An International
Perspective,” Biotechnology, March 1983.
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patent, which described the general cloning of genes. Approximately 68
companies agreed to be licensed under this patent..l/

An examination of U.S. patent laws and a comparison of these laws with
patent laws in foreign countries is an important consideration in evaluating
the impact of patents on the U.S. competitive position in biotechnology. 1In
the United States an invention is patentable if it meets the following
requirements. 2/

o The invention must be capable of being described as a
process, machine, manufacture, or composition of matter.

o The invention must be new, useful, and nonobvious.

o The invention and the process of making the invention must
be described in such a way that an expert (i.e., one skilled in
the same technology as the inventor) should be capable of
reproducing the invention. The inventor must also describe

the best mode possible for carrying out his invention.

Developments in biotechnology have raised a number of issues related to
the above definitions of what makes an invention patentable. In Diamond v.
Chakrabarty (1980) the Supreme Court ruled that a live microorganism
(specifically produced through genetic engineering) is patentable under 35
U.S.C. section 101. The Patent Office in the Manual of Patent Examining
Procedures interpreted the Supreme Court decision to encompass microorganisms
that are not produced through genetic engineering techniques as well as those
which are so produced and interpreted the terms "manufacture” and "composition
of matter” in a very broad manner. 3/

Another important development in patent law related to biotechnology
arose from the Supreme Court's interpretation of the statutory requirement
that an inventor applying for a patent must describe how the invention was
made. For inventions involving the use of microorganisms which are either not
generally available or unknown (i.e., microorganisms obtained from soil), the
Court of Customs and Patent Appeals (CCPA) approved the use of a despository
for cultures of these micoorganisms which the inventor must make available to
the public upon the issuing of a patent. The inventor must deposit the
culture on or before the date of filing the patent application. The inventor
must also identify the culture by deposit number, name and address of the
depository, and by a taxonomic description wherever possible. ﬁ/

Foreign patent laws often differ from U.S. patent laws in several
important aspects:

1/ "Genetic Engineering Patent Approval Likely,
News, Feb. 20, 1984, p. 7.

g] Adopted from 35 U.S.C.§ 101 and based on contacts with industry
representatives and from various books and publications.

3/ U.S. Department of Commerce, Patent and Trademark Office. Patent
Profiles in Biotechnology: 1982 Update, 1983, pp. 9-11.

4/ Ibid., p. 11.

Chemical and Engineering
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o In the United States, a patent application is held in
secrecy until the patent issues; in Western Europe, 1/ public
inspection of a patent is allowed (usually for 18 months) after
filing regardless of whether a patent is granted or not. 2/
Because most countries require deposits of a microorganism by
the filing date, a competitor may be able to acquire a
microorganism from the depositor even before a patent is
granted.

o In the United States, a written description of the invention
may be made publicly available up to 1 year before the filing
of a patent application; in Japan, the grace period is 6
months; in Europe there is no grace period.

o In the United States, if there are several separate
applicants (each of whom must be the inventor) for the same
invention, priority for the patent goes to the applicant who
was the first to invent. g/ In Western Europe and Japan, the
applicant does not have to be the inventor. Priority for the
patent goes to the applicant who was the first to file for a
patent application. 4/

o In contrast to the patent policy of the United States which
appears to allow inclusion of plants and animal types and
biological methods for producing them the European Patent
Convention (EPC) excludes new plants and animal types from
being considered for patents. 5/ The EPC also excludes
surgical or therapeutic methods which involve the direct
treatment of the human or animal body. 6/ Japan is similar to

. the EPC in excluding inventions from patent consideration that
involve unclear processes or methods.

o The United States, in contrast to the EPC countries and
Japan, does not define as patent infringement the using of a
process which is patented in the United States outside of the
United States by a competitor to the patentee. The product
produced by this patented process can then be imported into the

1/ West Germany, the United Kingdom, France, Switzerland, and seven other
Western European countries are members of the European Patent Convention
(EPC). Even though a patent application is filed with a single office,
separate patents are issued in the various European States designated by the
inventor. Patent litigation is under the authority of national courts,
however.

2/ Office of Science and Technology Policy, The Report of a Working Group on
The Competitive and Transfer Aspects of Biotechnology, April 1983, vol. 2,

p. 89.

3/ Office of Technology Assessment, Commercial Biotechnology: An
International Analysis, January 1984, p. 394,

4/ 1bid., p. 394.

§/ The Economist Intelligence Unit Limited, Biotechnology: Can Europe Stay
in the Race? (Spencer House, London, 1983) p. 75.

6/ Ibid., p. 75.
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United States. The patentee does, however, have the option to
petition the U.S. International Trade Commission that the
imports constitute patent violations by foreign producers and,
therefore, are an unfair trade practice. 4

The United States provides a number of incentives for encouraging
inventors to file for a patent application that are not provided in Western
Europe and Japan. These include the 1l-year grace period, secrecy for the
invention until a patent is granted (which also permits the inventor to retain
his culture microorganism unavailable to the public until after a patent is
granted), and a very broad intrepretation of what is patentable. The United
States appears to offer a competitive advantage over Europe and Japan in
encouraging inventors to file for patents rather than to keep the invention a
trade secret.

In spite of these incentives, many U.S. biotechnology representatives are
very concerned about the viability of U.S. biotechnology patents. Because
many patents in biotechnology cover similar subject matter and appear to claim
very similar material, a shakeout of U.S. patents in biotechnology could occur
as a result of extensive and expensive patent litigation.

Conversely, because of the proliferation of U.S. patents in
biotechnology, an inventor could be very reluctant to do research in an area
that could be construed to infringe on an issued patent. An inventor would,
for example, be hesitant to do research on an organism which is covered by a
product patent.

Production costs

In each of the three sectors of the chemical industry covered in this
study, two different situations exist with respect to production costs.
Organic chemicals and agrochemicals produced using biotechnology are often
designed as replacements for existing products made by synthetic means. 1In
these areas, lower costs of production using biotechnology could result in
competitive advantages. In certain drugs and related products, however, the
products are available only by fermentation or other biotechnological
processes. Significant competititive advantages are then not necessarily
related to lower production costs, as such products have no identical
counterparts made by other technologies.

The costs of production of chemicals using biotechnology processes
incorporate the same factors as production of chemicals using conventional
synthetic means. These include raw-material costs, operating cost, and
capital cost, as illustrated in the following tabulation (in percent): 1/

1/ Charles L. Cooney, "Bioreactors: Design and Operations,” Science,
Feb. 11, 1983, p. 729. ‘
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Category . Penicillin : Ethanol 1/
Raw materials cost : 35 : 62
Operating costs: : :
Utilities : 15 : 2/ 26
Labor : 4 -
Maintenance : 11 :
Plant and overhead : 8 :
Capital costs : 3/ 27 : 3/ 12
Total : 100 : 100

1/ Using corn as raw material.

2/ A precise breakdown 1s not available;.however, total operating costs are
believed to be about 26 percent.

2/ Includes depreciation, property taxes, and insurance.

In 1983, raw-material cost for the production of penicillin was 35 percent,
and for ethanol (using biotechnology processes) it was 62 percent. 1In
contrast, ethylene as a raw material for production of synthetic ethanol may
make up as much as 70 percent of total cost. 1/

Although other costs enter into total production costs, apparent
competitive advantages could exist for firms which are able to use the lowest
cost raw materials or feedstocks in a biotechnology process, particularly with
materials such as biomass. The advantages of lowering costs can be extended
from capturing a larger market share from competing biotechnology companies to
the ability to replace competing synthetic products. Some industry sources
have stated that fermentation-derived organic chemicals such as ethanol cannot
compete successfully on the basis of cost of production, although the use of
cellulosic biomass as feedstock materials might eventually lessen feedstock
costs. As an example, production of ethanol by fermentation could use
cellulosic biomass at a price of $20 to $30 per dry ton, whereas the corn
currently used as a raw material might be $110 per ton.

Finance and joint ventures

Because smaller biotechnology companies often lack necessary funds or
technology for the commercialization of biotechnology, many are involved in
complex relations with venture capitalists and with larger established
companies to obtain equity. Biotechnology companies have taken advantage of
domestic venture capital, 2/ which increased from a total of about
$1.0 billion in 1979 to an estimated $2.8 billion for 1983. The percentage of
total domestic venture capital invested in genetic engineering increased from

1/ Based on conversations with representatives of Venture Capital Journal.
z] Venture capital is provided by R&D limited partnerships, by venture
capital funds, by corporations, and by small business investment corporations.
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7.6 percent in 1980 to 11.2 percent in 1981, and then decreased to 3 percent
in 1982 and 1983. 1/ The relative share decreased in 1982 and in 1983,
because most potential investors in biotechnology had previously committed
‘themselves and because the investor community may have grown somewhat
skeptical about the near-term commercialization prospects of biotechnology.

The relationship between smaller biotechnology companies and larger,
established companies in the late 1970's and early 1980's has been a result of
two key factors: the failure of many of the larger established companies to
initially appreciate the potential of genetic engineering and other innovative
methods in biotechnology, and the inability of biotechnology companies which
have acquired experience in genetic engineering and other technological
advances in biotechnology to afford to commercialize and market their products.
According to industry sources, joint company ventures in biotechnology are
expected to decrease as the larger, established, multinational companies build
up their in-house expertise in biotechnology and as the smaller companies
either fold, are acquired, or become large companies themselves. Industry
sources have estimated that only about 5 to 20 small biotechnology firms have
the potential to become very large (more than $1.0 billion in sales).

Between 1978 and 1982 there were at least 60 equity investments in the
smaller biotechnology firms by the larger U.S. companies. These equity
investments, many in the form of joint ventures, which amounted to only
$2 million in 1977, increased to $78 million in 1981, $119 million in 1982,
and appear to have declined significantly in 1983 as a result of increased
in-house R&D in biotechnology and continued agreements in previous years. 2/

~ Although the smaller companies have often left marketing of products to
larger established firms, industry sources have indicated that, in most cases,
smaller firms retain the rights to patents and obtain royalties on sales which
may be used to establish independence from their partners. Thus, the smaller
biotechnology companies have eventually been able to market their own
products. By 1983, many smaller firms had established their own sales forces,
as- the marketing of products became more important to them. 3/

In addition to establishing joint ventures with larger domestic companies,
smaller biotechnology companies have been involved in a host of licensing
agreements and joint ventures with foreign companies and Governments, particu-
larly in Western Europe and Japan. In most cases, licensing agreements
between the smaller U,S. biotechnology firms and foreign firms give the
foreign firm the right to market only one product or type of product in a
specified geographical region; however, in some instances these licensing
agreements have given the foreign firm the right to market a broad spectrum of
products throughout the world, including the United States.

Concern has been expressed by industry about the potential loss of
technology from the United States as a result of these agreements. Although
the larger, established U.S. companies have been licensing their products,

1/ Based on conversations with representatives of Venture Capital Journal.

2/ Office of Technology Assessment, Commercial Biotechnmology: An
International Analysis, January 1984, p. 101.

2/ Based on contacts with industry representatives.
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e.g., pharmaceuticals, to foreign companies for years, less concern has been
expressed about these agreements. The larger U.S. companies are believed to
be secure financially, so that these agreements would not allow foreign firms
to reduce the ability of the domestic firms to compete internationally.

Technology transfer

Transfer of technology between the United States and other countries is
the transfer of skills, knowledge, or know-how, and occurs through a variety
of communicative processes. These include the reading of patents,
publications, dissemination of scientific information, and other means,
including expansion of domestic firms outside of the home country.

According to a recent study, licensing agreements between U.S. and
foreign firms tend to involve a higher degree of technology transfer than
actions such as the establishment of joint ventures or wholly owned
subsidiaries in foreign countries. 1/ It appears that the exportation of
domestic products involves minor transfer of technology.

Many research-oriented firms license self-originated technology to an
established company, because they do not have sufficient capital to produce
and market the products. Certain domestic companies may prefer to license
their technology to foreign firms rather than to U.S.-based firms in order to
retain the home market for themselves. 2/

Some concern has been expressed that technology transfer could result in
a weakening of the competitive position of the United States in biotechnology.
According to industry sources, the effect of technology transfer from the
United States should be analyzed in terms of its effects on capital,
employment, and the ability of the foreign recipient of the technology to
compete successfully with U.S. firms. The establishment of subsidiaries in
countries with higher technology capabilities can result in a loss of domestic
employment, reduced trade, and reduced competitiveness in the domestic market.

Sources have indicated, however, that historical perspectives show that
two-way technology transfer has benefited the United States in the acquisition
and dissemination of technology. Institutions such as the Pasteur Institute
in Paris and the Medical Research Council in the United Kingdom were
instrumental in the development of molecular genetics and enzymology, and the
United States has benefited from the knowledge acquired in these countries.
Hybridoma technology was discovered in the United Kingdom by an Argentine
researcher and then commercialized in the United States; the first human
interferon was synthesized by a Japanese scientist in a Swiss laboratory; and
the technique for sequence determination of DNA was developed through

independent efforts by scientists in the United Kingdom and the United
States. 3/ ' '

1/ N. Newell, AAAS Conference on Biotechnology: International Trade
Considerations, May 27, 1984, New York, NY.

2/ 1bid.

3/ Glick, J.L., Statement Before the Committee on Science and Technology,
U.S. House of Representatives, May 24, 1984,
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More recently, however, industry sources have expressed concern that
Japan; with one of the most advanced fermentation industries worldwide, could
continue to apply innovative biotechnological techniques to existing
production processes in order to compete even more effectively in the world
market.

Preliminary data show that the United States and Japan negotiated at
least 48 agreements concerning pharmaceuticals, most of which were related to
biotechnology, during 1980-82, Nineteen of these agreements licensed U.S.
technology to Japanese firms, and nine involved licensing of Japanese
technology to U.S. firms. 1/ There were approximately 20 agreements made for
the joint development and/or production of biotechnological products.

Market access

The United States possesses certain competitive advantages in the ability
to access world markets for recently developed biotechnological products.
These include distributorships, license agreements, and patents.

In the United States, the most recently developed products are the
higher-value-added products such as antibiotics, hormones, and biologicals
such as diagnostics and vaccines. More slowly developed, lower-value-added
products of biotechnology are certain organic chemicals and agrochemicals,
although some biological pesticides can be considered as high-value-added
products. The U.S. market potential for diagnostics or vaccines was, until
recently, unexplored, but as products were commercialized, biotechnology firms
apparently pursued these areas intensively.

. Examples of biotechnology products recently appearing or due to appear in
the domestic market are recombinant DNA human insulin, a veterinary scours
vaccine, and diagnostics for human pregnancy, Acquired Immune Deficiency
Syndrome (AIDS), and hepatitis B. Diabetes and pregnancy tests are estimated
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