INTERNATIONAL DEVELOPMENTS
IN BIOTECHNOLOGY AND THEIR

POSSIBLE IMPACT ON CERTAIN
SECTORS OF THE U.S.
CHEMICAL INDUSTRY

Report on Investigation

No. 332-174 Under Section
332(b) of the Tariff Act
of 1930

USITC PUBLICATION 1589

OCTOBER 1984

United States Intemational Trade Commission / Washington, D.C. 20436



UNITED STATES INTERNATIONAL TRADE COMMISSION

COMMISSIONERS

Paula Stern, Chairwoman

Susan W. Liebeler, Vice Chairman
~ Alfred E. Eckes |
Seeley G. Lodwick

David B. Rohr

Kenneth R. Mason, Secretary to the Commission

This report was prepared principally by

David G. Michels, Project Leader
Tedford C. Briggs and Jack Greenblatt
Energy and Chemicals Division

Office of Industries
Norris A. Lynch, Director

Address all communications to
Office of the Secretary
United States International Trade Commission
Washington, D.C. 20436 “



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<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>