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Chapter 13

Government Funding of Basic
and Applied Research

Introduction

Federally funded basic research in the United
States has been essential to the development of
biotechnology. The United States currently has
a strong and diversified basic research capabili-
ty, the foundation for which was laid during
World War 11 by the Office of Scientific Research
and Development (OSRD). The National Institutes
of Health (NIH) was established to succeed OSRD’S
Committee on Medical Research in 1930.

Within a few years after World War H, several
patterns of U.S. Government funding for basic
research had been established. First, funding of
scientific research would further the broad aims
and priorities of the U.S. Government as defined
by Congress and the President. Second, non-
governmental laboratories (e.g., research univer-
sities) would perform much of the research of
interest to the Federal Government; in-house
Government laboratories would also perform
such research, Third, direct relationships be-
tween Federal agencies and university research-
ers would be established; funds for university
research would be awarded to individual investi-
gators or small teams of investigators rather than
to the institutions themselves (legally, funds are
administered through institutions in the name of
investigators). Fourth, university research and
graduate training in the United States would be
closely related functions. These patterns, with
elaboration, have persisted until the present (21).

The launching of Sputnik in 1957 triggered a
spectacular increase in the U.S. research effort.
From 1953 to 1967, national expenditures in cur-
rent dollars for research and development (R&D)
increased by more than 350 percent, and current
dollar R&D expenditures by the Federal Govern-
ment increased almost 425 percent, In 1967, Fed-
eral Government expenditures represented 62
percent of total national expenditures for R&D.
After 1967, the rate of growth in R&D expendi-

tures declined, and by 1976, the Federal Govern-
ment’s contribution had dropped to an estimated
53 percent of total national R&D expenditures
(22).

National basic research expenditures by the
Federal Government have decreased more sharp-
ly in constant dollars than in total R&D outlays.
Between 1968 and 1976, basic research expendi-
tures declined in constant dollars by an estimated
15 percent. Since universities perform the great-
est share of basic research, they have suffered
the most from constraints on Federal research
funding. In real dollars, fewer basic research
funds were spent in universities in 1976 than in
1968 (21). In spite of this leveling off of Federal
support, the basic research effort of the United
States is prodigious and led to the recent devel-
opments in biotechnology.

one aspect of the development of biotechnology
demonstrates the unanticipated results of a long-
term commitment by the U.S. Federal Govern-
ment to basic research. The “war on cancer”
stimulated investigators to study the properties
of viruses that cause tumors. * A great deal of
work was done to locate the genes in several
tumor viruses, such as SV40 virus, that cause
tumors in hamsters and mice. These viruses are
particularly recalcitrant to classical genetic pro-
cedures for mapping genes. This problem led to
the use of bacterial restriction enzymes-enzymes
that cut DNA at specific locations—to construct
physical maps of genes. Physical mapping of an
entire genome (a complete set of genes of an or-
ganism) using restriction enzymes was first ac-
complished on SV40 DNA. It was the knowledge
of the mechanism of action of these restriction
enzymes, generated originally from cancer re-
search, that led to the cloning of genes.

*See Appendix . A Comparison of the 1'.S. Semiconductor Indus-

1y and Biotechnology\'.
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As biotechnology is commercialized, different
emphases will be placed on various aspects of the
continuum that stretches from basic to applied
research. The objective of basic research is to gain
a better understanding of the fundamental as-
pects of phenomena without goals toward the de-
velopment of specific processes or products, The
objective of applied research is to gain the under-
standing necessary to meet a recognized and spe-
cific need, process, or product (13). Bridging the
gap between basic and applied research is “ge-
neric applied” research, which is more specific
than basic research, but longer term and more
risky than most applied research. * The Federal
commitment to basic and generic applied research
in the United States will be a necessary element
in the commercialization of biotechnology in the
coming years.

Donald Kennedy has characterized the process
that moves from basic, to generic applied, to ap-
plied research as the “trajectory of innovation”
(10). Within this trajectory, particular kinds of in-
stitutional sponsors play defined roles:

« Phase One (Basic Research). Characterized by
loose, informal organization, open communi-
cation, quick publication of all the details of
an experiment. Usually takes place in uni-
versity departments or laboratories such as
those at NIH, or sometimes in a special or-
ganization such as Bell Laboratories. Most
often publicly funded, oriented toward the
discovery and explanation of phenomena.

« Phase Two (Generic Applied Research). Fo-
cused on processes, the application phase.
Takes place in various settings: applied insti-
tutes, some university departments, nonprof-
it organizations (e.g., Stanford Research In-
stitute, Battelle). Mixed public and private
funding. Environments variable with respect
to proprietary secrecy.

e Generic applied research is a part of the continuum between
the two poles of basic and applied. This research may be character-
ized as follows: 1) it is not committed to open-ended expansion of
knowledge as university basic research typically is, but is |ess specific
(more widely applicable or “generic”) than the typical industrial prod-
uct Or process development effort; 2) it has more well-defined ob-
jectives than basic research, but is longer term than typical prod-
uct and process development efforts; and 3) it is high risk, inthe
sense that the stated objectives may fail and the resources committed
may be lost fOr practical pUrpoSes.

® Phase Three (Applied Research). Innovative
emphasis on products, the development
stage, attention given to practical application.
Funding by private risk capital, environment
tends to be closed for proprietary reasons,
essentially all work takes place in private lab-
oratories.

Biotechnology is moving rapidly along the trajec-
tory of innovation. The role of Federal funding
in the process has been and will continue to be
critical to the U.S. competitive position in biotech-
nology.

Assessing the US. competitive position in bio-
technology research is difficult for several
reasons, First, the definition of biotechnology
used in this report is a definition specific to the
commercialization of biotechnology, and thus is
more likely to fit traditional definitions of applied
research. Second, basic or fundamental research
in biotechnology can include research on topics
as diverse as cancer, developing new vectors to
improve recombinant DNA (rDNA) techniques, in-
creasing oxygen volubility in aqueous systems,
understanding immune function, and neurobiol-
ogy. Basic research by its very nature is wide
ranging; many elements drawn from basic re-
search of various kinds go into the innovation and
development of a particular patentable product.
Third, the use of rDNA techniques or rDNA re-
search may be but a small component of a par-
ticular research project, or the description of the
particular research may not have contained key
words that warranted its inclusion in an agency
classification of biotechnology research. In addi-
tion, as rDNA techniques are more widely used,
much of basic research at the cellular and subcel-
lular level will use these techniques; thus, much
of basic biomedical research will use the tech-
niques of biotechnology, Fourth, even in the
United States, biotechnology is defined differently
among funding agencies. Added to problems of
definitions are differences in granting procedures
by various agencies, as well as different account-
ing procedures for indirect costs (indirect costs
are part of the cost of doing research and there-
fore must be included). And, finally, overall fund-
ing levels give some indication of the total re-
search effort but do not reveal the quality of the
research. Nevertheless, most experts would agree



Ch. 13—Government Funding of Basic and Applied Research 309

that the two are closely correlated and that the
United States leads the world both in its invest-
ment in science and in the quality of its science.
The totals for Federal funding for biotechnology
research are shown in table 56 and will be dis-
cussed in the sections to follow.

Since the focus of this chapter is an assessment
of the relative strengths of basic, generic applied,
and applied research in biotechnology in the
United States, Japan, the Federal Republic of Ger-
many, the United Kingdom, Switzerland and
France, the estimates of government funding for
biotechnology research in other countries that are
available have been included in this chapter. Given
problems with respect to definitions, currency ex-
change fluctuations, and lack of complete data,
these figures must be interpreted with caution.
For detailed analysis of agency budgets within the
United States, the reader is referred to the Ameri-

can Association for the Advancement of Science
and National Science Foundation (NSF) documents
listed in the references (1,13).

The three sections of this chapter that follow
are intended to provide a perspective on the U.S.
commitment to biotechnology research by dis-
cussing basic, generic applied, and applied bio-
technology research, respectively, within individ-
ual U.S. Government agencies. A separate section
considers instrumentation initiatives by the U.S.
Government that have bearing on biotechnology
research. Near the end of the chapter, research
expenditures in biotechnology and channels of
research funding in Japan, the Federal Republic
of Germany, the United Kingdom, Switzerland,
and France are presented in a comparative over-
view. The final section of the chapter identifies
issues and congressional policy options pertain-
ing to U.S. Government funding of biotechnology
research and instrumentation initiatives.

Table 56.—U.S. Federally Funded Research in Biotechnology®

Amount of funding (millions of dollars)

Basic Generic applied Applied
NIH:
Molecular biology, generic manipulation,
hybridoma, monoclinal antibodies. . . . . . . . FY 1982 $378.0 -
Immobilized enzymes . . ... ... ... ... FY 1982 - $ X 0 -
NSF:
rDNAresearch . ....... ... .. .. FY 1982 12.8 - -
Bioprocess engineering . . . .. ............... FY 1982 — 1.7 -
Other biotechnology-related research (broadly
defined) ............. ... ... ... .. ... 38.6 - -
USDA:
ARS plant biotechnology . . . ................ FY 1983 7.2° — -
ARS animal biotechnology . . ... ............ FY 1983 6.4° — —
CSRS competitive grants (CRGO) . . ....... . FY 1982 5.0 - -
SAES . 1981-82 15.6° - -
DOD:
3 FY1983 2.2 -
Army/Navy/Air Force rDNA research . . .. ... .. FY 1983 3; - -
Other biotechnology . . . .................... FY 1983 2,0 - -
DOE:
Photosynthesis, stress mechanisms of plants
and micro-organisms, genetic mechanisms,
methanogenesis, etc. *.................. FY 1983 9.9° - —
Conservation & Renewable Energy Program . . FY 1983 23.7° - -
Other . ... FY 1983 2.0° - —
Biocatalysisresearch . . . ................... FY 1983 — 0.5 —
Total . oo $510.9 $6.4 $5. O(SBIR)

“Unless otherwise speclfled, see text for explanation of figures
b eof this research may be generic applled research

.h.l,, broadly defined

SOURCE Office of Technology Assessment



310 “ Commercial Biotechnology: An International Analysis

U.S. Government funding of basic research

in biotechnology

U.S Government agencies funding basic re-
search in biotechnology are NIH, NSF, the U.S.
Department of Agriculture (USDA), the Depart-
ment of Energy (DOE), and the Department of
Defense (DOD).

National Institutes of Health

In November 1983, the fiscal year 1984 budget
of NIH was appropriated at $4.3 billion with some
of the unauthorized programs still under conti-
nuing resolution. The number of new and com-
peting project grants will be maintained at 5,000. *
The 16)560 research project grants—5)000 com-
peting and 11,560 noncompeting-will be the larg-
est number of research project grants supported
in the history of NIH. Budget estimates indicate
that direct costs for noncompeting continuation
grants will be reduced by about 1 to 2 percent
and those for competing grants by 2 to 4 percent.
A 4-percent reduction in average costs was ap-
plied to these grants in both 1982 and 1983,

Most of the basic research that has been and
is done in biotechnology is NIH-funded research.
Despite the budget pressures on NIH funding as
a whole, the number of extramural projects using
rDNA techniques has increased, Funding figures
for NIH projects in biotechnology for the fiscal
years 1978 to 1982 are shown in table 57. Since
data are cataloged by NIH staff on the basis of
grant applications or progress reports and in-
dexed by staff who looked for key words such
as “genetic manipulation,” “hybridoma)” “mono-
clinal antibodies,” and “immobilized enzymes, ”
the figures may be slightly misleading. For exam-
ple, the term “genetic manipulation” includes
some projects that do not involve rDNA tech-
niques. Also, the figures are the total costs
associated with the awards, including direct and
indirect costs, and are not related to the propor-
tion of rDNA research in the total research ef-

*“ New projects are those Competing for first time; competing proj-
ects are those that are competing but have been funded before by
NIH (a competitive renewal); and noncompeting projects are ongoing
projects awarded for more than 1 year.

Table 57.—NIH Projects in Biotechnology,
Fiscal Years 1978=82

Number Dollars awarded
Fiscal year of projects (millions of dollars)
Genetic manlpulatlon:
1978 .. .. ... ... 546 $61
1979 .. ... ... 847 103
1980 . ... ..., 1,061 131
1981............ 1,400 164
1982............ 1,588 185
Hybrldomas (term not created until 19/?0):
1980 ............ 256 $ 22
1981............ 479 49
1982............ 654 64
Monoclinal antibodies (term not created until 1980):
1980 . ........... 268 $22
.. ... 768 78
1982 . ... ... ... 1,274 129
Immobllized enzymes:
1978 .. ... ... ... 25 $ 1
1979 ......... I 33 2
1980 ............ 26 2
1981............ 27 2
1982 .., . ... 25 2

a~,,are probably not COm Plete.

SOURCE: U.S. Department of Health and Human Services, National Institutes
of Health, Office of Recombinant DNA Activities, 1983.

fort. With the exception of generic applied re-
search on immobilized enzymes, the work is pri-
marily basic research, so many of the industrial
applications associated with new biotechnology
may be in the distant future. Despite these clas-
sification problems, it is evident from the figures
in table 57 that research using rDNA techniques
is becoming more widespread and comprises a
larger proportion of the total grants awarded
each year.

Funding figures for biotechnology research in
NIH intramural programs are unavailable; how-
ever, this research is a much smaller portion of
all NIH-sponsored research.

National Science Foundation

The total fiscal year 1984 budget request for
NSF is $1.2 million, a 17.4-percent increase over
fiscal year 1983. Research instrumentation and
support for graduate students are high priorities.
Within NSF’s Biological, Behavioral, and Social Sci-
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ences program, the physiology, cellular, and mo-
lecular biology program is increased 20 percent
over fiscal year 1983. The Chemical and Process
Engineering Division budget in NSF’s Engineer-
ing program is also up 21.5 percent; this may have
some effect on biotechnology (4).

The total NSF expenditure for grants having
some rDNA component from 1975 through Octo-
ber 1982 was just over $57 million. From fiscal
year 1975 through fiscal year 1980, about $35.3
million was spent. Funding for grants having some
rDNA component in fisca] year 1981 was $9.8 mil-
lion and in fiscal year 1982, $12.8 million.

U.S. Department of Agriculture

The fiscal year 1984 budget proposal calls for
USDA'’s agricultural research programs to get
along with essentially the same amount of money
in 1984 as in 1983 (19).

The division of funds among USDA’s bureaus—
the Agricultural Research Service (ARS), the
Cooperative State Research Service (CSRS), and
the Forest Service—and the USDA research agen-
da have been the subject of several reports and
studies, The latest, from the White House Office
of Science and Technology Policy (5), has caused
considerable debate. The findings from that re-
port indicate that research at the land-grant col-
leges and universities lags far behind current
developments in plant biology, that agricultural
research funds should be more widely distrib-
uted, that much of the research conducted by
ARS is duplicative, and that the agriculture system
overall is no longer energy- nor resource-efficient.
In addition, this and other reports have suggested
that the competitive grants program within CSRS
funds high-quality basic research within USDA
and should be expanded in order to create a criti-
cal mass of long-term high-quality research. Hear-
ings on this issue are expected in the next year.

In fiscal year 1984, there will bean increase of
$4.6 million for the competitive research grants
within CSRS in order to initiate a program in ani-
mal science. Some of these grants may include
biotechnology research. In fiscal year 1981 (latest
year for which data are available), of the $15.8
million total being spent for competitive research

grants, approximately $5 million was spent on bio-
technology research (17).

The Agriculture Committee on Biotechnology
of the National Association of State Universities
and Land-Grant Colleges (12) has estimated that
during 1981-82, $34.7 million was committed to
biotechnological research by State Agricultural
Experiment Stations (SAES). (This estimate was
derived from a survey of SAES that totaled the
number of persons plus full-time equivalents
working on biotechnological research. ) The dis-
tribution of this total is 42 percent State, 45 per-
cent Federal, and 14 percent private funding.

ARS has funded a total of $13.6 million in bio-
technology research in fiscal year 1983; $7.2 mi]-
lion of this was devoted to plant biotechnology
and $6.4 million to animal biotechnology (27).

Department of Energy

DOE has several programs involved in biotech-
nology research. DOE’s Office of Basic Energy Sci-
ences, which funds fundamental research in plant
sciences and microbiology (photosynthesis, stress
mechanisms of plants and micromganisms, ge-
netic mechanisms, methanogenesis, genetics of
anaerobic micro-organisms, and regulatory as-
pects of metabolic pathways), had a budget of $9.9
million in fiscal year 1983 and will have $11.0 mil-
lion in fiscal year 1984. work on anaerobic diges-
tion, algal production, and genetic manipulation
is funded through DOE’s Conservation and Re-
newable Energy programs (including DOE’s Solar
Energy Research Institute); the budget for these
programs is $23.7 million. Other programs sup-
port biotechnology research relating to pollutant
control, beneficiation of coal, and microbial en-
hanced oil recovery. The aggregate of these lat-
ter activities totaled between $1.5 million and $2.0
million in fiscal year 1983 (14).

Department of Defense

The Federal agency with the greatest increase
in the fiscal year 1984 budget proposal for R&D
funding is DOD—up 29.7 percent over fiscal year
1983 in current dollars. Although most of this in-
crease will fall in the development areas of re-
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search, a 9-percent increase in basic research is
also proposed (18). Within this framework, there
are some data available on biotechnology R&D.

The total funding for rDNA basic research over
all three military services for fiscal year 1983 is
$3.3 million; $2.9 million of this is funded with
$0.4 million obligated but not yet funded (2). DOD
is currently amassing data on fiscal year 1983
funding for biotechnology- activities (research on

cell culture, monoclonal antibodies, etc.). DOD es-
timates that in-house research is probably at a
level of $1 million per year and that contract re-
search in biotechnology is at least as great as that.
More accurate figures should be available in fiscal
year 1984 (2). These figures represent a very small
proportion of the total military basic research
budget ($787.5 million for basic research in fiscal
year 1983) (19).

U.S. Government funding of generic applied research

in biotechnology —

NSF, DOE, DOD, and NIH are the only U.S. Gov-
ernment agencies funding generic applied re-
search in bioprocess engineering. Because of lim-
ited Federal support, bioprocess engineering
could prove to be a critical bottleneck in the
United States as biotechnology moves toward pro-
duction scale-up. Not only is bioprocess engineer-
ing research underfunded relative to other types
of engineering research, but trained bioprocess
engineers are in short supply. *

The major U.S. Government funding group for
generic applied research in bioprocess engineer-
ing is NSF’s Chemical and Process Engineering Di-
vision. In fiscal year 1983, $1.7 million of its $4.5
million budget was used to fund projects in bio-
process engineering. In fiscal year 1984, there is
no increase in its budget, but more of the budget,
$2.7 million, is being allocated to bioprocess en-
gineering (25).

DOE has a Biocatalysis Research Activity within
its Energy Conversion and Utilization Technolo-
gies Program. Although this activity was funded
up to $525,000 through fiscal year 1983, the ad-
ministration’s fiscal year 1984 budget request im-
plies that biocatalysis research activities will be
terminated. This research project, begun in 1981
at $130000 was a generic applied research proj-
ect designed specifically to capitalize on basic
research conducted at universities. Its goal was

*See Chapter 14: Personnel Availability and Training for a discus-
sion of the shortage of bioprocess engineers.

to build the technical and engineering base of
biocatalysis technology to enable U.S. industry to
displace a significant level of nonrenewable re-
source requirements by the year 2000. The proj-
ect supported applied research and exploratory
development to help establish the technology base
that the chemical process industry will need to
develop cost-competitive products from genetical-
ly manipulated organisms based on renewable
energy feedstocks. Unfortunately, this beginning
toward a federally funded generic applied re-
search base in bioprocess engineering has been
terminated. Currently, however, discussions are
underway in DOE’s Office of Energy Research to
begin a broader bioengineering initiative.

DOD’s Defense Advanced Research Projects
Agency (DARPA), with an overall budget for fiscal
year 1983 of $719.5 million (projected to increase
9.7 percent in fiscal year 1984), has two program
areas in biotechnology, one underway and one
beginning in fiscal year 1984. Thie first program,
a research effort in chemical and biological ultra-
sensors, began in fiscal year 1982 with a budget
of $888,000. Funding for this program is expected
to increase to $2.2 million in fiscal year 1983, stay
level at about $2,2 million in fiscal year 1984, and
increase to $2.9 million in fiscal year 1985. The
research is being done through contracts with
four universities, two private companies, and
three Federal laboratories. The purpose of the
second initiative, which is to begin in fiscal year
1984, is to study the mechanical properties of bio-
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polymers. Funding in fiscal year 1984 will be $1.4
million, rising to $2 million in fiscal year 1985 and
1986, $2.7 million in fiscal year 1987, and decreas-
ing to $1 million for phaseout in fiscal year 1988.

Projects are undertaken in DARPA if there is
a perception that there will be downstream appli-
cations of interest to the military. Thus, the re-
search DARPA funds is generic applied. If a par-
ticular initiative appears to be fruitful, additional
funding will he targeted to basic research in the

area. Programs are viewed as successful if the
technology is transferred to secondary agencies
within 5 years. Thus, most research initiatives are
for 5 years, at which time they are phased out.
New initiatives are continually being phased in
as projects demonstrate merit (20).

Although most NIH research is basic research,
NIH research on immobilized enzymes, which
totaled about $2 million in 1982, could be charac-
terized as generic applied.

U.S. Government funding of applied research

in biotechnology

U.S. Government funding of applied research in
biotechnology is provided principally through the
Small Business Innovation Research (SBIR) pro-
gram, a program that was established to promote
research by small businesses because only about
1 to 2 percent of the total research budgets of
Federal funding agencies were set aside for
research by small businesses. The Small Business
Innovation Development Act establishing this pro-
gram was passed in 1982, so it is too early to
evaluate it. Furthermore, each Federal agency is
implementing the program slightly differently. In
several of the agencies, however, there is poten-
tial for some funding of applied biotechnology re-
search. The status of the SBIR program with re-
gard to biotechnology in specific Federal agencies
is detailed below. Also discussed is the Small Busi-
ness Set Aside program.

Small Business Innovation Research
program

The findings of both Government and private
studies on technological innovation in small firms
convinced the U.S. Congress of the need to in-
crease the share of Federal R&D dollars going to
small businesses. The new Federal SBIR program
was created to meet this objective, The SBIR pro-
gram provides a source of nonequity capital to
small businesses in the United States. The SBIR
program is designed as an expanded version of
continuing smaller programs in DOD and NSF.

25-561 0 - 84 - 21

When the program is fully phased in, nearly $430
million annually will be set aside for small high-
technology firms, including many new biotech-
nology firms (NBFs). *

On July 22, the Small Business Innovation Devel-
opment Act of 1982 was signed into law by Presi-
dent Reagan. The purposes of this act are to: 1)
stimulate technological innovation from Govern-
ment-funded R&D, 2) use small businesses to meet
Federal R&D needs, and 3) increase private sec-
tor innovation derived from Federal R&D by
coupling the SBIR to venture capital. In the first
NSF SBIR solicitation, NSF awards totaled $5.3 mil-
lion. Approximately $42 million in follow-on fund-
ing was awarded to the first recipients.

In order to accomplish the three objectives of
the law, the SBIR program is structured in three
phases. Phase | is a screening phase to evaluate
the technical and commercial feasibility of pro-
posals. Usually, the period of performance is
months. The awards given in phase | are up to
$50,000. This money is most effectively used for
either out-of-pocket expenses and the salary of
a technician or for financial sustenance while
developing a business plan and looking for ven-
ture capital. Only winners of Phase | awards can
compete for Phase Il awards, and only about so

*NBFs, as defined in Chapter 4: Firms Commercializing Biotech-
nology, are small firms that have been started-up in recent years
specifically to capitalize on new biotechnology.
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percent of the Phase | winners receive Phase Il
awards.

Phase Il provides funds for the projects found
most promising after Phase |. These awards are
generally used for the principal research effort.
The period of performance is up to 2 years and
the awards given are up to $500,000. In Phase
Il, the law requests (but does not require) the pro-
poser to obtain a follow-on funding commitment
from a third party, usually a large corporation
or a venture capital firm. The third party is used
not only because the small firms tend to be under-
capitalized but also to provide an objective look
at the management, market, technology, and long-
term financial requirements.

Phase Il consists of private investments to stim-
ulate commercial production. This phase is not
funded by the Federal Government.

The SBIR law requires that each Federal agen-
cy for the next 6 years set aside a specific percent-
age of its R&D budget for awards to small busi-
nesses. Federal agencies with external R&D budg-
ets exceeding $100 million-i.e., the National Aero-
nautics and Space Administration (NASA), the De-
partment of Health and Human Services (of which
NIH is a part), NSF, DOE, USDA, the Department
of Transportation, the Department of the Interior,
the Environmental Protection Agency, and the
Nuclear Regulatory Commission—must set aside
0.2 percent of their external R&D budget for
small businesses in fiscal year 1983, 0.6 percent
in 1984, 1 percent in 1985, and 1.25 percent in
1986-88. In those agencies with external R&D
budgets exceeding $10 billion (DOD), the set aside
begins at 0.1 percent and increases to 1.25 per-
cent in the fifth year. Each agency sets its own
guidelines for implementation and its own R&D
areas for solicitations.

Because the SBIR law is so new, it is difficult
to determine the extent to which it might affect
technological innovation and the overall competi-
tiveness of N13Fs. Nevertheless, it is clear that the
SBIR program gives the U.S. Federal Government
an opportunity to influence technological innova-
tion in the U.S. private sector. If biotechnology
research areas are given adequate support by Fed-
eral agencies, innovations in biotechnology might
very well be fostered.

U.S. DEPARTMENT OF AGRICULTURE

USDA has reserved almost $550,000 for its SBIR
program in fiscal year 1983. There are five proj-
ect areas. The two most likely to initiate bio-
technology proposals are animal production and
protection and plant production and protection.
Solicitations were sent May 1, 1983. USDA antic-
ipates making 10 to 14 awards.

DEPARTMENT OF ENERGY

DOE has set aside $5.5 million for the SBIR pro-
gram for fiscal year 1983. One topic of the 25 in
the solicitation schedule deals with bioprocess
technology and applied microbiology. of the 1,700
proposals DOE received, 100 were on this topic.
Traditionally, DOE’s relationships with small busi-
nesses have been through subcontracting of
funds allocated to the National Laboratories and
contractors in universities and elsewhere. The
work has usually involved procurement of ma-
terials, construction, and fabrication rather than
research. The SBIR program will provide DOE
with another means of supporting applied re-
search in small R&D firms (14).

DEPARTMENT OF DEFENSE

For fiscal year 1983, DOD has almost $17 million
set aside in its SBIR program. Unlike all other Fed-
eral agencies, with the exception of NSF, DOD al-
ready relies on the small business sector for R&D
contracts. In fiscal year 1981, DOD awarded 7.4
percent ($679 million) of its external budget to
small businesses—almost twice the small business
share of total Federal R&D. Because DOD does
not classify R&D projects by industrial applica-
tion or research area, the amount awarded to
small businesses for biotechnology R&D is
unknown. *

Because of the important contribution small
firms have made to DOD’s R&D effort, the De-
partment designed its own SBIR program in
1981—the Defense Business Advanced Technol-
ogy (DESAT) program—and has made awards to
small businesses through that program as well as
through regular procurement channels. In fiscal

e DOD'’s classification system is as follows. 6.1-Basic Research, 6.2-
Exploratory Research, 6.3-Advanced Research, 6.4-Engineering,
6.5-Support, 6.6-Major Systems. These headings are not immediately
recognizable as biotechnology.
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year 1982, 1,103 proposals were received from
the first solicitation under the DESAT program
and 100 awards were made. The DESAT program
will in all likelihood be replaced by the SBIR
program.

All three military services plus DARPA partici-
pate in DESAT.

« Air Force. The Air Force is not pursuing any
biotechnology-related R&D with small busi-
ness or otherwise.

. Navy. In fiscal Year 1982, the Navy granted
36 awards under the DESAT program; few
if any of which were in biotechnology-related
areas. Other awards were made to small busi-
ness, but no agency or service is able to break
down biotechnology-related contracts for
small businesses only, unless they fall under
a specific small business program. Most con-
tract research carried out by the Office of
Naval Research and the Naval Research Lab-
oratory in the past has been unsolicited. Of
the unsolicited business in the past, 48 per-
cent was done by small business and 50 per-
cent was done by universities.

Army. Under the SBIR program, biotechnolo-
gy and chemical defense “correspond to the
U.S. Army’s ‘New Thrust’ program designed
to take advantage of U.S. technology un-
matched by Soviet capabilities that can pro-
vide the leverage technologies needed for the
future battlefield” (23). The Army’s R&D ef-
forts under the SBIR program will emphasize
the application of novel technologies such as
rDNA and hybridoma technology in the de-
velopment of vaccines, antidotes, analgesics,
and blood substitutes (mostly for casualties).
About 3,000 proposals are expected to be re-
ceived for this topic alone.

. Defense Advanced Research Projects Agen -
cy. In fiscal year 1983, DARPA has set aside
$750,000 for its SBIR program. It is unlikely
that more than one biotechnology-related
contract will be awarded under the program
this year, because there are 14 research areas
to be covered and the average contract price
is about $50,000. In fiscal year 1982, about
12 percent of all awards went to small busi-
nesses. Most proposals that come into DARPA

are unsolicited. Earlier in fiscal year 1983,
when the schedule for solicitations was be-
ing formulated, biotechnology R&D was
given the highest ranking for research areas
to be pursued. As the schedule went through
the review process, however, the specificity
of the proposals was changed and the propos-
als were broadened. A biotechnology effort
will, however, be funded in DARPA, in the
area of biopolymers. Some of the contract
awards will no doubt go to NBFs.

DEPARMENT OF HEALTH AND HUMAN SERVICES

The fiscal year 1983 SBIR budget for the Public
Health Service, of which NIH is a part, is $5.6
million. Within NIH, it is difficult to speculate
about the amount of R&D money to go to NBFs.
NIH uses what it refers to as an omnibus solicita-
tion. This approach is designed to generate new
business. NIH has little experience awarding ap-
plied research contracts to small for-profit com-
panies. In fiscal year 1981, contracts totaling $40
million went to small businesses, mostly for re-
search support (e.g., building animal cages). In
fiscal year 1982, the amount increased to $70 mil-
lion. However, only since January 1982 has NIH
been making awards to other types of profitmak -
ing organizations. Most of the forthcoming NIH
research solicitations under the SBIR program are
in the field of biotechnology.

NATIONAL AERONAUTICS AND SPACE
ADMINISTRATION
NASA'’s fiscal year 1983 SBIR program has a
budget of $11 miliion. However, biotechnology
as defined in this report does not fall within the
mission of NASA and is therefore not a NASA re-
search area.

NATIONAL SCIENCE FOUNDATION

NSF’s SBIR budget for fiscal year 1983 is $5.5
million, approximately the same as the SBIR budg-
et for the Public Health Service. In fiscal year
1982, NSF did not give any awards in biotechnol-
ogy, and few good proposals were received by
NIH. Congressman Don Fuqua sent a letter to NSF
and NIH asking why so few proposals for biotech-
nology research topics were received (6), The
response given was that many of the NBFs had
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received funding from private sources for their
first-round financing needs (6). Such firms were
ineligible to receive Phase Il funding without hav-
ing participated in Phase I.

Small Business Set Aside program

The Small Business Set Aside program was cre-
ated to help small businesses obtain Federal
Government contracts and subcontracts by set-
ting aside “suitable” Government purchases or

U.S. Government instrumentation

The obsolescence of analytical instruments is
an increasingly severe problem for U.S. univer-
sities. As instrumentation becomes more sophis-
ticated, it also becomes more costly; furthermore,
obsolescence occurs more rapidly. DOD has esti-
mated that upgrading all qualified laboratories to
“world class” status in instrumentation would take
an infusion of $1.5 billion to $2 billion. Instrumen-
tation is needed not only to carry out research
but also to teach the next generation of research-
ers and industrial personnel.

Since reduced funding levels have caused uni-
versities to cut back purchases of necessary tech-
nical equipment, a special fund totaling $150 mil-
lion over 5 years for the purchase of equipment
has been set up in DOD. The purpose of the spe-
cial DOD fund is to upgrade the equipment of uni-
versities. Each of the three military services con-
tributes equally to DOD’s special fund, and the
Office of Naval Research coordinates its adminis-
tration. The solicitations sent out by DOD stipu-
late that the requests are to be for major pieces
of equipment that cannot be purchased with
other funding. One goal of DOD’s fund is to stimu-
late program projects, i.e., to encourage several
researchers to work together. The research they
would undertake would necessitate the purchase
of equipment costing a minimum of $50,000 (this
may be raised to $100,000). The primary criterion

competitive awards to small businesses. The set
aside contracts (not grants) reserve an entire pro-
curement or a portion of a procurement for the
exclusive bidding of small business concerns. The
program was designed to give small businesses
equal opportunity to compete for Government
contracts and subcontracts. It was not designed
specifically with R&D contracts in mind and has
had limited significance in stimulating technologi-
cal innovation in small businesses (22).

initiatives

for evaluating proposals is the relevance of the
proposed research to DOD'’s interests. The second
criterion is the scientific merit of the research to
be performed with the equipment. By the clos-
ing date of November 30, 1982, 2,478 proposals
totaling $645 million had been received. The an-
nouncement of 204 awards was made in late April
1983, with awards averaging $148,000. The large
response to the DOD initiative is one index of the
need for updating instrumentation in universities
(15).

For fiscal year 1984, major increases in NSF’s
R&D equipment and instrumentation initiative are
proposed (see table 58). Rather than taking the
form of a single dedicated line-item, the funding
is distributed among the regular disciplinary ele-
ments of the budget. NSF stresses that a few man-
ufacturers of equipment recently have agreed to
provide substantial discounts for equipment pur-
chased by NSF grantees. Efforts to broaden par-
ticipation by manufacturers in this program are
continuing.

DOE has a $4 million university equipment ini-
tiative in fiscal year 1984 for IJOE contractors
who need equipment costing more than that al-
lowed in the DOD instrumentation initiative; these
requests can have a minimum of about $100,000
(14).
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Table 58.—NSF R&D Equipment and Instrumentation, Fiscal Year 1984 Request (obligations in millions of dollars)

Actual Estimate Estimate Increase (percent)
FY 1982 FY 1983 FY 1984 F'f 84182 FY84183
Mathematical and Physical Sciences . . ... ............... $41.7 $ 56.4 $ 86.3 107.0 0/0 53.0"/0
ENgiNEeriNg . . .ottt 6.4 8.7 18.3 184,4 109.2
Biological, Behavioral, and Social Sciences . . . ............ 14.3 16.2 24.6 72,0 51.9
Astronomical, Atmospheric, Earth and Ocean Sciences . . . . . 19.6 22.1 36.7 87.2 66.1
U.S. Antarctic Program . . . .. .. ... . 6.0 6.6 121 101.7 83.3
Scientific, Technological and International Affairs. . . . . ... .. 2.1 2.3 2.3 9.5 0.0
Total, NSF . . ... $90.1 $112.3 $180.2 100.00/0 60.50/0

SOURCE American Association for the Advancement of Science, /2&D In the FY 1982 Budget A Pre//minary Analys~s. Washington D C March 1983

International comparisons

A brief overview of Government research fund-
ing in the foreign countries expected to be the
major competitors of the United States in biotech-
nology-Japan, the Federal Republic of Germany,
the United Kingdom, Switzerland, and France—
is presented below.

Government funding of biotechnology
research in other countries

The amounts spent by foreign governments on
biotechnology research (including basic, generic
applied, and applied) are extremely difficult to es-
timate. Any estimate is at best a guess, and, ex-
cept where indicated, breakdowns by basic or ge-
neric applied cannot be made. Currently available
estimates for the countries identified as the ma-
jor competitors of the United States in the area
of biotechnology are as follows:

. Japan. Funding for biotechnology research
in Japan is divided among the Ministry of In-
ternational Trade and Industry (MITI), the

Science and Technology Agency, the Ministry
of Agriculture, Forestry and Fisheries, and
three other Government agencies. This re-
search is a mix of basic, generic applied, and
applied. The figures are shown in table 59.
Federal Republic of Germany. Estimates of
spending for projects funded by the Federal
Ministry for Research and Technology
(BMFT, Bundesministerium fur Forschung
and Technologies) range from $49 million to
$70 million (DM120 million to DM170 million).
A large proportion of this research is generic
applied.

United Kingdom. The British Government is
spending about $43.8 million to $52.5 million
(<25 million to <30 million) per year on ge-
neric applied and applied research in biotech-
nology. If basic research is included, the fig-
ure probably ranges upward toward $60 mil-
lion.

France. Estimates for Government expendi-
tures for biotechnology range from $35 mil-

Table 59.—Government Funding for Biotechnology Research in Japan, 1982 and 1983 (in miliions)

1982 1983
Yen Dollars Yen Dollars
Ministry of International Trade and Industry . . .. ......... ... ... ...... + 2,381 $9.56 + 2,503 $10.04
Science and Technology AgeNCY . . . . . ..ot e 2,172 8.72 2,338 9.40
Ministry of Agriculture, Forestry, and Fisheries . . .. ................... 1,874 7.53 2,017 8.10
Ministry of Education, Ministry of Welfare, and Environmental
Protection AgenCy . . . .. 7,557 30.35 7,906 31.75

......... # 13,984 $56.16

+ 14,761 $59.29

SOURCE G Saxonhowe, “Biotechnology !n Japan” contract report prepared for the Of flce of Technology Assessment, U S Congress, June 1983
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lion to $60 million (F230 million to F395 mil-
lion).

Organization of basic and applied
research in other countries

The organization of basic research in the United
States and other countries competing in biotech-
nology is described in Chapter 17: University/In-
dustry Relationships and in aAppendix B: Country
Summaries. The organization of generic applied
and applied research efforts in countries likely
to compete with the United States in biotechnol-
ogy is outlined below.

JAPAN

Because of Japan’s continuing interest in bio-
process engineering and because MITI has iden-
tified biotechnology as a “next-generation” proj-
ect, there is a great deal of activity in biotech-
nology research in Japan, Much of the research
is carried out by MITI’s Agency for Industrial Sci-
ence and Technology. Some biotechnology proj-
ects that MITI is sponsoring are listed in table 60.
This agency oversees several research institutes,
including the Fermentation Research Institute
(FRI). FRI was founded in 1940 to develop fermen-
tation technology and has expanded to include
any microbial application in industry and en-
vironmental protection. Additionally, FRI has a
depository for patented micro-organisms. Its fis -

cal year 1982 budget was $4.4 million ( 1.1 bil-
lion), FRI and other institutes in Japan meet many
of industry’s needs for generic applied research
in biotechnology. Their equivalent does not ex-
ist in the United States (16). *

FEDERAL REPUBLIC OF GERMANY

The Society for Biotechnological Research (GBF,
Gesellschaft fur Biotechnologische Forschung) is
without doubt the most important of the federally
owned research centers for biotechnology in
West Germany and perhaps the most ambitious
governmentally operated institution of its kind in
the world. In 1982, GBF’s operating expenses were
$13.1 million (DM32 million). Generously funded
by the West German Government, GBF is one of
the best equipped facilities of its kind in Europe.
Its bioprocess laboratory, for example, permits
considerable experimentation with bioprocess
technology as well as scale-up of biotechnologi-
cal processes to the pilot-plant stage.

GBF was set up to perform a variety of substan-
tive research tasks as well as to cooperate with
other researchers working in the field of biotech-
nology. GBF’s major functions include the follow-

ing (9):
. to develop environmentally sound biotech -
nological processes in order to assure a suf -

e For further details, see Chapter 17: University/Industry Relation-
ships

Table 60.—Some Biotechnology Projects in Japan

Project
Title of R&D project Ministry with jurisdiction Institutions conducting projects period
Utilization of biomass Ministry of Agriculture, Business Office, Agriculture, Fishery and Forestry 1980-90
Forestry, and Fisheries Technology Council
National Institute of Agricultural Sciences
Forestry Experiment Station
National Agricultural Experiment Station
National Research Institute of Agriculture
University and private research institutes
Enzymatic reactors MITI National Chemical Laboratory 1979-83
Agency for Industrial Science and Technology
Industrial enzyme use MITI Fermentation Research Institute 1980-84
Agency for Industrial Science and Technology
Physiologically active MITI Research Institute for Polymers and Textiles 1978-82
macromolecules and Agency for Industrial Science and Technology
production processes
Biochemical pulp MITI Government Industrial Research Institute, Shikoku 1980-83
technology Agency for Industrial Science and Technology

SOURCE: G Saxonhouse, “Biotechnology in Japan,

” contract report prepared for the Office of Technology Assessment, U.S. Congress, June 19S3
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ficient supply of chemicals, pharmaceuticals,
and foodstuffs;

* to scale-up biotechnological processes from
the laboratory to the pilot-plant stage, this be-
ing the basis for the development of full-scale
industrial processes;

* to make new sources of raw materials avail-
able for the manufacturing of natural prod-
ucts by micro-organisms and to make plant
and tissue cultures available;

s to make new pharmacologically significant
natural products available and to investigate
their modes of action;

+ to make its scientific facilities available to non-
GBF research groups, provided that their
projects fit within the R&D program of GBF;

+ to support other research groups in the fields
of biology, chemistry, and medicine by sup-
plying noncommercial natural products;

+ to participate in joint projects, provided they
are within the framework of BMFT's Biotech -
nology Program; and

+ to provide advanced interdisciplinary train-
ing for scientists, engineers, and technicians.

In keeping with its overall mission, GBF is in-
volved in a number of cooperative arrangements
with industry and with academic institutions.
GBF’s resources and expertise are used by indus-
trial and academic researchers, and GBF relies on
other institutions, usually private industry, for
services such as toxicological and pharmacological

testing of new products. GBF is also engaged in
joint activities with academic and international
research centers. GBF fosters international scien-
tific exchanges by receiving temporary visitors
from other countries. An acknowledged objective
of BMFT is to strengthen existing ties between
GBF and private industry in order to facilitate
technology transfer in the field of biotechnology

©).

Since 1979, the German Collection of Micro-
organisms (DSM, Deutsche Sammlung von Mikro-
organismen) has been incorporated into GBF.
DSM has served since October 1981 as an in-
ternational depository of patented or patent-
related micro-organisms pursuant to the Budapest
Treaty. * More generally, DSM’S mission is to col-
lect micro-organisms of scientific and technolog-
ical significance, to conserve them unchanged,
and to make them available for R&D and teaching
purposes. The proposed budget for operating
DSM in 1982 was $833,000 (DM2 million).

UNITED KINGDOM

The United Kingdom has several Government-
sponsored research centers that are involved in
biotechnology development projects (see table 61).
Some of the centers are entirely Government
owned, whereas others have significant industrial
commitments.

*See Chapter 16: Intellectual Property Law.

Table 61.— Government-Sponsored Applied Biotechnology Centers in the United Kingdom

Name of center

Funding (in millions)

Source of funds

Center for Applied Microbiology

and Research (CAMR) . . . . ............ 4’ 2 ($3.5)
British Technology Group (BTG) . . .. ... .. ~'13 ($22.8)
Celltech . . ... ... . # 12 ($20)
Agricultural Genetics . ... ... ... .. ... about ~'40 ($70)

Biotechnology Institute and Studies
Centre TrUSt ., .« oot v i N.A.°

Department of Health and Social Security,
sales of products, industry contracts

Government

BTG (44°\o)a

Technical Development Capital (14VO)

Prudential Assurance (14°/0)

Midland Bank (140A)

British & Commonwealth Shipping Co. (14°/0)

BTG (about one-third), Ultramar, Advent
Eurofund

Government through: Polytechnic of Central
London, University of College London,
University of Kent at Canterbury

No committed industries

%TG recently released1a percent Of its equity to the Rothschild Biotechnology Investments Group and BoO~S co.

bN,A, = information not available.

SOURCE M Vaquin, “Biotechnology in Great Brltaln, "contract report prepared for the Office of Technology Assessment,us. Congress, December 1982,
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One Government-sponsored center is the Center
for Applied Microbiology and Research (CAMR).
As shown in table 61, CAMR is financed in part
through the Department of Health and Social
Security and in part from sales of products and
contract research. Its current operating budget
is $3.5 million (&2 million), and there are plans
for expansion. CAMR has been singled out by the
British Government to play a special role in the
development of biotechnology. It has well-devel-
oped and established contacts with both univer-
sities and industry and sees itself as an inter-
mediary between basic university research and
production on an industrial scale. CAMR’S major
commercial contract in biotechnology is with
KabiVitrum (Sweden) to scale-up and develop a
process for manufacture of human growth hor-
mone using rDNA bacteria developed for Kabi by
the U.S. firm Genentech. CAMR also has contracts
with Cadbury Schweppes (U.K.), Unilever (U.K.),
Technofirm Development, Ltd. (U.K.), and Cell-
tech (U.K)).

The British Technology Group (BTG) is a public
corporation sponsored by the Department of In-
dustry with the aim of supporting the develop-
ment of biotechnology by facilitating the transfer
of technology from the laboratory to the market-
place (see fig. 31). BTG has committed about $22.8
million (1’13 million) for biotechnology projects
to date, with annual increases of $6.5 million pro-
jected. BTG has four major investment areas: re-
search support, joint venture funding, startup fi-
nancing of small firms, and equity and loan fi-
nancing. It is not clear what portion, if any, of
BTG’s funds is being used for scale-up and devel-
opment processes, In addition to and separate
from BTG activities, the Department of Industry
has initiated a 3-year $30 million ‘Biotechnology
in Industry” program.

Celltech was founded in 1980 by the National
Enterprise Board (now BTG), Technical Develop-
ment Capital, Prudential Assurance, Midland
Bank, and British and Commonwealth Shipping
Co., with an initial outlay of $20 million (1’ 12).
Recently, the BTG and Technical Development
Capital released 14 percent of their equity to the
Rothschild Biotechnology Investments Group and
Boots Co. The establishment of Celltech repre-
sented one of the first steps initiated by the British

Government to involve industry in commercializ-
ing the results of research in public sector
laboratories. While the company was being
formed, it successfully negotiated exclusive access
to all work in the Medical Research Council,
where monoclinal antibodies (MAbs) were dis.
covered in 1975. Although the firm, which intends
to concentrate on the development of MAbs for
human diagnostic and therapeutic applications,
has yet to make a profit on its limited product
sales, it has extensive plans for the future, includ-
ing the development of a continuous cell culture
bioreactor that would produce MADbs in higher
volumes than current bioprocessing technologies
permit.

Agricultural Genetics is a company similar in
design to Celltech that will commercialize re-
search of the Agricultural Research Council. BTG
will provide about one-third of the capital ($8.6
million; -L’5 million). The industry sponsors are
Ultramar and Advent Eurofund.

The Biotechnology Institute and Studies Centre
Trust (BISCT) is a recently established organiza-
tion that draws on the expertise of some of United
Kingdom’s foremost biotechnologists. Currently,
BISCT is offering continuing education in the form
of a l-year postgraduate degree in biotechnology,
short courses, and an advisory service for indus-
try. It hopes to undertake research programs
sponsored by industry in bioprocess engineering
and applied microbiology (26).

SWITZERLAND

Switzerland has no publicly owned research in-
stitute specifically for biotechnology comparable
to GBF in West Germany. outside industry, re-
search related to biotechnology, both basic and
applied, is carried out primarily in the universi-
ty system, which at present includes 10 institu-
tions of higher learning.

The leading Swiss center for research on the
generic applied and applied aspects of biotech-
nology is at the Federal Institute of Technology
(ETH, Eidgenossiche Technische Hoschschule) in
Zurich, one of the two polytechnic universities
managed by the Federal Government through the
Swiss School Council (Schweizerischer Schulrat).
Headed by a former research director of the
Swiss pharmaceutical company Hoffmann-La
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Figure 31 .—British Technology Group Support for Biotechnology

BTG Support for Biotechnology
Support research
. Joint venture funding

. Minimum-fuss finance for small firms
. Equity and loan finance

Total funds committed by BTG: f13 million

British Technology Group

i ! !
1
Technology r .
Transfer ' Sma". Companies | Investments
Research at universities, Minimum fuss Catalytlc Weatments with other
Government, funding financial and Industrial partners
and other laboratories (up to 60,000

Genetic engineering Floranova Celltech
Application of enzymes Cambridge Research Speywood Laboratories
and micro-organisms Biochemical Dytes (RHM)
Antibiotics
Vaccines

Biotechnology Subject Areas Being Supported

Agricultural applications 8 projects
Industrial applications 8 projects
Medicinal applications 17 projects
Veterinary applications 4 projects
Enabling technology 2 projects

Strategy for Further Investment
Seek out and promote:
. Opportunities for industrial investment in downstream applications of genetic
engineering and cell fusion
— Low volume, high margin products
— Healthcare, food production and fine chemicals

Respond positively to:
¢ Technology transfer opportunities from universities and public sector laboratories

— Back a lot of starters
— Involve potential industrial partners as early as possible

s Opportunities for industrial investments in “biotechnology infrastructure”:
— Laboratory reagents and equipment
— Fermentation hardware

Avoid:

c Early investment in “big biotechnology” projects
— e.g., heavy organic chemicals, bioenergy, and waste recovery

SOURCE British Technology Group, Prutec Ltd., and Technical Development Capital, ‘i_Mi"Ule_S of Evidence to Education,
Science, and Arts Committee on Biotechnology,” H. M, Stationery Office 289i, April 26, 1982
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Roche, ETH proved receptive to the idea of
biotechnology at a fairly early date, and its depart-
ment of biotechnology was established in 1976.
One of the department’s achievements to date is
the development of a new bioreactor design,
which is being tested along with more conven-
tional models in the ETH bioprocessing facility.

The channels for transfer of knowledge from
the universities to industry appear well estab-
lished in the area of biotechnology, although the
large pharmaceutical companies may not yet be
major beneficiaries of this exchange. The presi-
dent of ETH, for example, has endorsed the prac-
tice of industrial contracts with professors in the
biotechnology department. Joint funding by in-
dustry and the Commission for the Encourage-
ment of Scientific Research provides another
avenue for collaboration with the private sector,
one that has been actively utilized by the ETH
biotechnology group. The Swiss firm Biogen S.A. *
is not only closely linked to the Swiss university
research system, but has built an important share
of its competitive strength on the productivity of
these ties (8).

FRANCE

France has no Government-sponsored applied
research centers like GBF in West Germany and
the ETH-Zurich in Switzerland. The Institut Pas-
teur, a nonprofit organization jointly sponsored
by the Government and industry, is the single
most important facility in biotechnological
research in France, but is primarily concerned
with basic research. The Institut Pasteur receives
47 percent of its income from the French Govern-
ment (Directorate General for Research). The rest
of its income comes from the sale of services: roy-
alties from Institut Pasteur Production (13 per-

® Biogen N .V, the parent company of the Biogen group, is regis-
tered in the Netherlands Antilles, BiogenS.A , one of Biogen N.\'. 's
four principal operating subsidiaries, is located in Switzerland, along
with Biogen N .\'. 's principal executive offices.

cent), industrial contracts (33 percent), and dona-
tions collected by the Association for the Develop-
ment of Institut Pasteur (7 percent). Although the
Institut Pasteur is mostly concerned with basic
research (e.g., projects on vaccines and mono-
clinal antibodies), it does support the develop-
ment aspects of biotechnology (e.g., projects on
the use of cellulose for alcohol production and
biological insecticides) with industrial contracts.

The Institut Pasteur has plans to open a new
biotechnology building in 1985 or 1986. This
building, which will have 3,000 square meters of
new laboratory space, will be used partly to re-
house existing projects and partly for new proj-
ects. It will also contain bioprocess scale-up fa-
cilities (at present, the Institut Pasteur cannot do
any scale-up work itself). The new biotechnology
building is to be financed by the Government, but
the Institut Pasteur will have to cover the operat-
ing costs, probably by increased industrial con-
tracts,

An organization within the Institut Pasteur, G3,
was started several years ago to encourage ap-
plied research in rDNA technology. G3 is funded
by a set of Government groups: Institut Pasteur,
the National Center for Scientific Research (CNRS,
Centre National de la Recherche Scientifique), the
National Institute for Agricultural Research (Insti-
tut National de la Recherche Agronomique), and
the National Institute of Health and Medical Re-
search (INSERM, Institut National de la Sant6 et
de la Recherche Mé6dicale). G3 has no capital, can-
not employ directly, and does not own any labora-
tory space. It only has an operating budget. Now
working with a staff of only 10, G3 plans to ex-
pand into the new biotechnology building. The
work program is proposed in part by the Govern-
ment partners and in part undertaken at the re-
guest of industries. It is too early to predict
whether G3 will contribute significantly to a
generic applied research program in bioprocess
technology (25).
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Findings

U.S. Government expenditures for basic re-
search in biotechnology-the largest in the world
—amount to approximately $511 million per year
(mix of data from fiscal years 1982 and 1983). U.S.
Government expenditures for generic applied
research in bioprocess engineering and applied
microbiology are estimated to be approximately
$6.4 million (see table 56), although the amount
could possibly range as high as $20 million or $30
million if the portions of USDA and DOE expendi-
tures devoted to generic applied biotechnology
research were known. U.S. Government funded
applied research in biotechnology is virtually
nonexistent, except for the SBIR program and
some work being done in the National Labora-
tories. Most of NIH’s solicitations for the SBIR pro-
gram and about 5 percent of DOE’s are for bio-
technology; if all solicitations are funded, this
could total about $5 million plus. The U.S. Army
has also included a major initiative for biotech-
nology under its SBIR program. Since none of
these grants has been funded, it is too early to
estimate the amounts that will be devoted to ap-
plied biotechnology research.

Data on Government expenditures on biotech-
nology research in Japan are the best for pur-
poses of international comparisons. The total
amount being spent by the Japanese Government
for biotechnology research in Japan is about $60
million, but Japan’s definition of biotechnology
is a broad one. A significant proportion of the
Japanese Government’s funding is for generic ap-
plied research in bioprocess engineering. The Fed-
eral Republic of Germany, United Kingdom, and
France are probably spending similar amounts for
biotechnology research (approximately $60 mil-
lion to $100 million each), probably with relatively
equal portions of basic and generic applied re-
search.

The current pattern of U.S. Government fund-
ing for basic and generic applied research in bio-
technology in the United States may compromise
the U.S. competitive position in the commerciali-
zation of biotechnology. There is no doubt that
past Federal support for basic research has pro-
duced a scientific infrastructure and knowledge

base in the United States that is the best in the
world. Furthermore, continued Federal support
of basic research is critical for future innovation
in a high-technology society. Because the U.S.
Government has provided comparatively little
funding for generic applied research, however,
Americans may not be as efficient as the Japanese
in applying the scientific base to the development
of marketable goods and services. The Japanese
Government's funding for generic applied re-
search allows companies in Japan to make opti-
mal use of the basic scientific knowledge of the
United States and other countries and very effi-
ciently develop this knowledge into marketable
products. U S. industry draws on the basic science
knowledge base also, but the speed of the diffu-
sion and development of this knowledge may be
slower and ultimately more costly than it would
be if more generic applied research were funded
by the U.S. Government.

In comparison with other tvpes of engineering
research, as well as with molecular biology re-
search, bioprocess engineering research in the
U.S. is severely underfunded by the Federal
Government. The personnel and academic re-
search needs are enormous. If current funding
levels for bioprocess engineering research are not
increased, the United States’ competitive position
in biotechnology may not be as strong in the fu-
ture as it is now. Bioprocessing expertise current-
Iy rests in private industry (chiefly in the phar-
maceutical industry). Because private industry's
bioprocessing research is proprietary, the diffu-
sion of generic applied knowledge in this area is
not as rapid as it might be. Industrialists generally
agree that roughly 20 person-years of engineer-
ing research are required to go from the test-tube
stage to the point where the design of a plant can
begin. (Each person-year costs from $80,000 to
$120,000). If existing processes or engineering
techniques can be used, then about 8 instead of
20 person-years of engineering research are re-
quired. The 12 person-vear difference is partial-
ly attributable to generic applied research that
is now duplicated among companies at great cost.
Generic applied research in bioprocess engineer-
ing could, at least partially, be supported by Fed-
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eral funds. Federal support could ensure more
rapid diffusion of generic applied knowledge, thus
enhancing U.S. competitiveness in biotechnology.

In Japanese universities, there is a clear separa-
tion between basic and generic applied research.
In addition, the Japanese Government supports
generic applied research through institutes such
as FRI. Japan currently is increasing its funds to
basic research, although it relies to some extent
on the basic research of the United States.

GBF, generously funded by the West German
Government, is one of the best equipped applied
biotechnology research centers in Europe. Its
bioprocess laboratory, for example, is excellent.
in its various activities, GBI also serves as a bridge
between academia and industry.

The United Kingdom has a high standard of ex-
cellence and a cadre of highly trained basic re-
search personnel. Recently, the British Govern-
ment funded either wholly or in part several in-
stitutes and organizations to carry out generic ap-
plied and applied research and to train research-
ers in industry in the new techniques. These in-
clude CAMR, a center to carry out generic applied
microbiology research and diffuse it to industry;
Celltech, a company formed to exploit public sec-
tor microbiology research; Agricultural Genetics,
a company formed to exploit public sector agri-
cultural research; and BISCT, a biotechnology in-
stitute and studies center trust to offer continu-
ing education, especially to industrialists.

Quntzarland hac an averollant hagie roacaarch haca
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in molecular biology, especially considering its
small size. In addition, ETH in Zurich undertakes
applied research and in 1976 established a bio-
technology department. ETH and faculty at uni-
versities have a tradition of close interaction with
industrv in Switzerland
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In France, universities are regarded as teaching
rather than research institutions. The Govern-

ment funds its own laboratories through CNRS
or INSERM. These laboratories are attached to
several universities. The most important center
for biotechnology research is the Institut Pasteur
which is funded jointly by the Government and
industry and carries out primarily basic research.
G3, an organization established several years ago
within the Institut Pasteur, was specifically man-
dated to encourage applied research in rDNA
technology. It is too early to predict whether G3
will contribute significantly to the development
of the field. The major lack in French biotechnol-
ogy is a supply of trained researchers, because
the biological disciplines have not traditionally
been favored in France.

Basic, generic applied, and applied research are
necessary for any country’s competitive position
in biotechnology. In terms of funding of basic
research, the United States is clearly the leader
with the largest and most extensive basic research
enterprise in the world. The United Kingdom,
West Germany, and Switzerland follow, and Ja-
pan is slightly behind them. France is sixth be-
cause it only now is beginning to exert a con-
certed effort to study molecular biology.

In contrast, the Japanese Government leads all
countries in its commitment to generic applied
and applied research. The West German Govern-
ment also has an extensive commitment to generic
applied research with the best equipped generic
applied research laboratory in Europe. The
United Kingdom and Switzerland follow. The
United Kingdom is beginning to fund applied
efforts with its support, for instance, of Celltech
and Agricultural Genetics, and Switzerland, with
ETH, has had a biotechnology effort since 1976.
The United States ranks behind these four coun-
tries in its relative commitment to generic applied
research as opposed to basic research, and is fol-
lowed by France, which ranks sixth in all three
categories of research.
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Issues and options

ISSUE 1: How could Congress improve U.S.
competitiveness in biotechnology
by promoting generic applied re-
search?

With its continua] support of basic research,
Congress has endorsed a Federal commitment to
long-term funding of basic research that is essen-
tial to technological development and innovation
in this country. It is crucial to the U.S. competitive
position in biotechnology that this commitment
to basic research continue.

Over the last three decades, the Federal com-
mitment to generic applied research in biology
and Bioprocess engineering has declined relative
to the commitment to basic research. Researchers
in the United States have not been attracted to
fields such as applied microbiology or bioprocess
engineering because only small amounts of Fed-
eral funding have been available. Two critical fac-
tors underlie this decline: 1) there is no flexible,
broad-based Federal system for carrying out such
work; and 2) there has been a steady erosion of
these generic applied science efforts in U.S. uni-
versities.

The governments of the major industrial coun-
tries of Western Europe and Japan all possess
generally effective and sometimes extensive
mechanisms for funding generic applied R&D.
Furthermore, the university systems of these
countries have not become as unaware of the
needs of industrial technology as have the univer-
sities in the United States (7). To improve U.S.
competitiveness in biotechnology by promoting
generic applied research, Congress could adopt
one or more of the following options. *

Option 1: Fund one or more biotechnology institutes
within universities.

The interdisciplinary nature of biotechnology
requires interaction among people with back-
grounds in biology and engineering, but most
American universities are not structured to fa-
cilitate this interaction. The creation at selected

o S(I Chapter12 Financing and Tax Incentives for Firms for indi-
rect funding options for R&D.

campuses of biotechnology institutes, in which
faculty in both biology and engineering could be
located in the same physical structure and work
on common research projects, could facilitate this
interaction. These institutes could carry out basic
and generic applied research. Funding could come
from Federal and State Governments and from
industrial sources. Several States have already
begun development of biotechnology centers;
Federal funding might help leverage State funding
to bring in more industrial support. Industrialists
as well as academicians could work in the insti-
tutes; this arrangement would foster domestic
technology transfer. In addition, students could
be trained in both academic and industrial envi-
ronments and industry personnel could be re-
trained at the institutes.

Option z: Increase funding for university -industry co-
operative programs within NSF.

NSF currently has two university/Zindustry
cooperative programs. One, the Industry/Univer-
sity Cooperative Research Projects program, en-
courages industry/university cooperation for ba-
sic research because it will fund up to half of the
cost of a grant for basic research projects involv-
ing the cooperation of investigators from industry
and universities. The program is advantageous to
industry, because it allows industry to leverage
its research funding effort, and, through coopera-
tion, to gain a competitive edge in the innovation
process. University researchers benefit from the
program as well, because they improve their
awareness of industrial problems and applications
of basic research work.

The other NSF program, the Industry/Universi-
ty Cooperative Centers program, provides seed
money for a university to set up a center in
cooperation with industrial partners. Federal
funding is phased out after 3 to 5 years. This pro-
gram allows the establishment of settings that en-
courage university/Zindustry cooperative research,
while market demand helps to determine the type
of research to be undertaken. Government fund-
ing adds incentive for industry to fund long-term,
generic applied research. The infrastructure for
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the continued implementation of the program
already exists within NSF.

The peer review system for reviewing univer-
sity/industry cooperative research projects at NSF
is separate from the system for reviewing other
research projects. Thus, the generic applied na-
ture of these cooperative research projects is
taken into consideration, while high standards of
research are assured.

Although increased Federal funding for univer-
sity/industry cooperative programs within NSF
could promote generic applied research, if the
funding is not supplemental to needed increases
in basic research in bioprocess engineering, the
cooperative program could be damaging to the
extension of fundamental knowledge in bioproc-
ess engineering and applied microbiology.

Option 3: Establish special grants for interdepartmen-
tal cooperative research in biotechnology.

Currently, there is little communication be-
tween bioprocess or chemical engineers and basic
biologists in universities. Special grants stipulating
that a bioprocess engineer and a biologist be co-
principle investigators on a cooperative research
project could make researchers in these disci-
plines more likely to conduct research on bioen -
gineering or applied microbiology research rele -
vant the commercial development of biotech-
nology. The grants could be administered by NSF,
since it has the technical personnel to administer
such a program.

One potential problem with special grants, given
current difficulties in obtaining funding, is that
the researchers might cooperate in order to write
the proposal then do essentially separate pieces
of research once funding is obtained. Thus, the
research conducted might not be truly coopera-
tive. Avoiding this problem would necessitate
carefully stated requests for proposals and careful
monitoring of research.

Option 4: Develop generic applied research capabili-
ty for biotechnology in the National Labora-
tories.

The National Laboratories are an existing re-
source, both in terms of physical plant and per-
sonnel, that would be expensive to duplicate. Cur-
rently, the National Laboratories do not have a
great deal of expertise in biotechnology, Never-
theless, there would be several advantages to de-
veloping their generic applied research capabili-
ty. These laboratories have a commitment to re-
search, facilities to conduct research, an objec-
tive attitude towards industrial development, an
array of personnel trained in relevant disciplines,
and unique instrumentation development capabil-
ities that could have a major impact on biotech-
nology development. DOE’s Energy Research Ad-
visory Board has just assessed the laboratories,
and the White House Office of Science and Tech-
nology Policy is currently reviewing them. An
assessment of the capability of the National Lab-
oratory system to carry out generic applied re-
search in biotechnology has not been a part of
this report. This is an option for further study
by Congress.

Option 5: Increase funding for the SBIR program.

Increased funding for the SBIR program would
foster applied research not only in biotechnology
but also in other high-technology areas. Further-
more, this program maintains the traditional phi-
losophy of keeping much of applied research in
industry and fostering entrepreneurship.

Two counterarguments to this option should
be mentioned. First, although DOD and NSF have
had programs similar to the SBIR program, the
SBIR program has not been in existence long
enough in other agencies to be evaluated. Second,
because SBIR-funded research must have com-
mercial potential within 3 years, it is too short
term for problems that are generic applied, i.e.,
studies that fall between fundamental research
and applied research. The SBIR program, as it is
structured, is funding research that is further on
the continuum toward product development than
generic applied research. Although the program
is important for biotechnology because it could
help support small businesses that are doing bio-
technological research, it may not be a viable op-
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tion for increasing support of generic applied
research in biotechnology.

ISSUE 2: Should the U.S. Government fund a
germplasm screening program?

USDA (under ARS) has a network of centers for
accession, storage, screening, and research on
germplasm. The work at most of the centers is
devoted to study of plants (the center at Fort Col-
lins, Colo., being the largest). The center in Peoria,
Ill., however, also includes micro-organisms in its
collection. The Peoria center currently houses
about 80,000 accessions of micro-organisms (path-
ogens are not included in the program) of poten-
tial interest to bioprocesses, especially for foods
and drugs. It also houses 15,000 accessions of wild
plant species and is screening these for industrial
and medical potential. Of these, 8,000 wild species
have been analyzed. Since the Peoria center is a
repository for patented and industrially impor-
tant micro-organisms, there is no specific program
to screen these or other micro-organisms for po-
tentially useful genes. The National Academy of
Sciences is currently reviewing the USDA germ-
plasm storage program in order to evaluate the
relative efforts spent on accession and storage
versus screening and analysis for potentially use-
ful genes. A germplasm screening program might
be an oversight issue for Congress as biotechnol-
ogyv develops.

ISSUE 3: How could Congress help U.S.
academic institutions meet their
needs for modern equipment and
instrumentation?

There is an enormous need for modern equip-
ment and instrumentation at universities, colleges,
and secondary schools. Instrumentation is needed
for teaching as well as research purposes, because
teaching and research institutions have not been
able to meet the needs for rapidly changing tech-
nology in instrumentation. In addition, as re-
search grows more sophisticated and specialized,
the instrumentation also grows more costly. To
enable academic institutions to meet their needs
for equipment and instrumentation, Congress
could adopt one or more of the following options.

Option 1: Increase the special DOD fund for
upgrading university equipment.

The purpose of DOD’s fund, obligated in fiscal
year 1982 and totaling $150 million over 5 vears,
is to upgrade university equipment. The solicita-
tions stipulated that the equipment must be for
basic research, must be multiuser, and must cost
more than $50,000. By the closing date, proposals
totaling $645 million had been received from U.S.
universities. An increase in funding would help
to alleviate the huge need manifested by the $645
million in proposals.

One disadvantage of relying exclusively on the
instrumentation fund in DOD is that DOD awards

are granted only (o projects that are of interest
to DOD. A second problem is that DOD’s fund
does not address equipment needs in the $10,000

to $50,000 range.

Option 2: Increase the instrumentation fund within
NSF.

The NSF research instrumentation initiative is
slated for major increases in fiscal vear 1984, with
the biological sciences component up 51.9 per-
cent and engineering up 109 percent {some por-
tion of which will be spent on bioprocess engi-
neering). The NSF funds will concentrate on multi-
user equipment. Various manufacturers of equip-
ment have agreed to give NSF grantees reduced
prices for purchase of this equipment.

The NSF research instrumentation initiative,
although it moves in the right direction toward
reducing instrumentation needs, is a part of the
awards process. That is, more money will be avail-
able only for NSF grantees to use for instrumen-
tation needs for NSF-funded research projects. In-
strumentation initiatives similar in amount to
DOD’s but without the defense-related restrictions
do not exist in the United States. An instrumen-
tation initiative within NSF or some other agen-
cy could be steadily increased over the next sev-

eral years to begin addressing the instrumenta-
tion needs of teaching and research institutions.

Some funds could be earmarked for instrumen-
tation needs primarily for teaching purposes.
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Option 3: Legislate tax deductions for the installation
and servicing of new or used equipment
that companies have donated to universities

Tax deductions to encourage industry to donate
equipment to universities and colleges already ex-
ist. Often, however, because they cannot afford
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