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Commercialization of Technology: 
Key to Competitiveness 

by James D. Watkins 

The knowledge that comes from aggressive, 
fundamental research in science and technology is 
the indispensable base for the competitive pos
ture of our nation. In energy, for example, geo
science research leads to advanced methods of oil 
and gas recovery, as well as to new techniques 
for environmental restoration. Research in 
materials science and engineering leads to 
stronger, lightweight materials that improve 
energy efficiency by reducing weight or by allow
ing machines to operate at higher temperatures. 
Advancing supercomputer technology and devel
oping better algorithms enables more efficient 
and more effective design techniques to be used 
in a hundred fields. And the list goes on. At 
the Department of Energy, our challenge is to 
support the search for fundamental knowledge, 
and then to help translate that knowledge into 
practical applications for the U.S. economy and 
defense. 

But are we losing the competitiveness race? 
By many measures the answer is, alas, a resound
ing "yes." Just look at the shelves of your local 
consumer electronics store. Many technologies 
pioneered by the United States have been "adop
ted» by foreign firms, improved upon, and sold 
back to us. Other nations are highly leveraging 
our initial research investments and reaping the 
benefits. In 1970, for example, U.S. firms had 
90 percent of the color television market in the 
United States. By 1987, that market share had 
dropped to 10 percent. Similarly, while audio
and videotape recorders are U.S. inventions, U.S. 
companies have only a small share of the lucra
tive domestic consumer market today. 

Why are we los
ing the race? 

Even more disturbing to me, however, 
are the significant losses in the basic industrial 
strength that supports our national and economic 
securiry. For example, the United States once 
dominated the machine-tool industry. Today, 
the Department of Energy depends on suppliers 
in Japan, Germany, Switzerland, Korea, and 
other countries to provide the machine tools, pre
cision measuring devices, and specialry metals 
needed to run our defense production lines. OUf 
country has seen similar declines in industrial 
strength in steel, textiles, microelectronics, appli
ances, and automobiles. As a result, in the last 
15 years alone, the overall U.S. merchandise 
trade deficit has gone from near zero to over 
$ 100 billion in the red. 

Why are we losing the race? The root of the 
problem is certainly not in the nation's current 
research capabiliry; the United States continues to 
be the world leader in basic scientific research, 
defense, and space technology. 

• The National Science Foundation estimates 
total U.S. expenditures for research and develop
ment in 1989 at approximately $132 billion, 
with $62 billion provided by the federal govern
ment. This level of expenditure exceeds the 
combined research and development expenditures 
of Japan, Germany, France, and Great Britain. 

• U.S. scientists are awarded more Nobel prizes 
than any other nation. 

• In spite of recent setbacks, we still lead in 
space exploration. 

• And, students from all over the world prefer 
to study in this country. 
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So, the problem is not research and develop
ment. Rather, the problem lies in our inability to 
commercialize scientific and technological discov
eries at a pace and scope equal to many of our 
international industrial competitors. The Depart
ment of Commerce recently published a survey 
of 12 "Emerging Technologies" that feature a 
combined global market potential of $1 trillion 
in annual product sales by the year 2000. 
According to that report, we are already behind 
Japan in five of these technologies: advanced 
materials, advanced semiconductor devices, digi
tal imaging technology, high-density data 
storage, and optoelectronics. If current trends 
continue, in 10 years, we can also expect to be 
behind Japan in biotechnology, superconductors, 
high-performance computing, medical devices 
and diagnostics, and sensor technology-or a 
total of 10 technologies out of the 12. Unless 
we can learn to move the fruits of both public 
and private research into the marketplace faster 
and with more certainty, these R&D investments 
are at best "sunk costs," and at worst lost oppor
tunities to regain badly needed economic strength 
for future growth. 

It doesn't have to continue this way. In fact, 
we know that the United States can still compete 
effectively, not only at home, but in foreign mar
kets as well. According to a recent Washington 
Post article, U.S. products are making significant 
inroads into selected Japanese markets. Out suc
cess stories include IBM computers, Kodak film, 
Microsoft computer software, and even Domino's 
Pizza. 

The success of our economy has traditionally 
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depended on the entrepreneurship of private 
firms. This is as it should be. But the federal 
government, including the Department of 
Energy, does have an important role to play in 
enhancing U.S. competitiveness. This role can 
range from taking steps to lower the cost of capi
tal to developing more favorable trade policies. I 
believe that one of the most powerful ways for 
the government to help is to make it easier for 
U.S. industry to obtain the results of federally 
sponsored R&D, both through licensing and 
through collaborative research. And we need to 
facilitate that access in a way that allows industry 
to transfer new knowledge expeditiously into use
ful made-in-the-U.S.A. products and services. 

In addition to its widespread support of 
university research, the federal government 
operates one of the largest and most extensive 
" machines" for research and development in the 
world. The complex of more than 700 federal 
laboratories accounts for one-sixth of the nation's 
total R&D spending. DOE is responsible for the 
largest of these facilities, the nine multi-program 
laboratories, three of which are in California: 
Lawrence Berkeley and Lawrence Livermore 
National Laboratories, which are operated for 
us by the University of California; and Sandia
Livermore National Laboratory, operated by 
AT&T. These labs represent a significant intel
lectual resource. All told, the DOE laboratories 
and production facilities employ more than 
25,000 mathematicians, scientists, and engineers 
in nearly evety scientific discipline. 

These scientists and engineers have an im
pressive track record for excellence in innovation. 
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The DOE laboratories are star performers in the 
R&D 100 Awards-an international competi
tion that Research and Development magazine 
conducts each year to identify the 100 new 
products, processes, and materials deemed most 
significant from a technical perspective. Over the 
past 27 years, employees of DOE's laboratories 
and facilities have won more than 275 of these 
awards. While I don't have quite the same level 
of statistical detail to quote about the contribu
tions that come from out suppOrt of research and 
development in universities, I knov/ they are 
equally impressive. 

Since 1963,45 percent of DOE's award
winning technologies from its nationallabora
tories have been commercialized, motivating the 
formation of 29 companies; laboratory employees 
were directly involved in establishing 76 percent 
of them. These are only a part of the larger 
universe of all spin-off companies that have 
started with DOE-developed technologies-more 
than 140 just since 1985. In the 1988 fiscal 
year alone some 25 new companies were reported 
in fields ranging from in-situ vitrification of 
waste to process-design technologies for the 
biochemical industry. 

In spite of these successes we have barely 
tapped this wealth of talent. Numerous studies 
by recognized experts on U.S. R&D policy, 
including the President's Commission on Indus
trial Competitiveness, have suggested that the 
contribution of DOE and other government
funded laboratories to industrial competitiveness 
can be increased substantially. For example, 
although licensing of technologies from DOE 
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laboratories has increased significantly in the last 
four years, income from such licenses in the 
1989 fiscal year totaled much less than one per
cent of the total funding provided to the labora
tories. There is no question that these and other 
measures of technology transfer can be improved 
as laboratories, universities, and private industry 
work together more closely toward the achieve
ment of mutually beneficial goals. 

For over a year now, the Department of 
Energy has been immersed in the development 
of a national energy strategy. Over the course 
of this process, we have become convinced that 
transferring the results of federal research and 
development from the labs and universities to 
the private sector is one of the keys to achieving 
the nation's energy, environmental, and economic 
goals. \'Ve have heard oral testimony from hun
dreds of industry, university, and government 
representatives and have received and reviewed 
more than 20,000 pages of well-thought-out 
written testimony. From this we have learned a 
great deal about what we on the federal side can 
do to help bridge the gap-the gap between the 
point at which federal research and development 
typically stops and industrial commercialization 
typically starts. These lessons include several 
important factors. 

Market Pull 

Last March, I hosted a Technology Transfer 
Round Table in Washington with the Secretary 
of Commerce. According to the 24 participants 
from government and industry, market pull is 
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essential to the success of technology transfer. 
DOE and its laboratories must develop a better 
understanding of what U.S. industry, driven by 
consumer demand, wants to commercialize. And 
industry must better understand what federal 
researchers are capable of providing. To do this, 
we need to bring industry into the federal R&D 
planning process much earlier. 

Cost-Shared Research 

Many of DOE's more successful technology 
transfer programs involve the use of cost-sharing 
between DOE and industry. From our point of 
view, cost-sharing by industry serves as a mea
sure of industry'S interest in the technology as 
well as a way to leverage federal funds in times 
of budget consttaints. From industry'S point of 
view, cost-sharing by DOE serves as a means of 
reducing the risk of developing technologies that 
are potentially "market sweeping" in the long 
term. 

One of the programs that successfully com
bines market pull and cost-shared research is the 
Energy-Related Inventions Program, which DOE 
tuns in conjunction with the Department of 
Commerce. From 1974 to 1988, 88 technolo
gies that were supported by this program gen
erated a cumulative sales revenue of more than 
$400 million. This is a return of $ 7 for every 
$1 provided by the federal government. More 
than 700 jobs were created by the program, and 
in 1988 alone $3.2 million was returned to the 
Treasury through tax revenues. 

Intellectual Property Protection 

The U.S. has had a history of broad and 
rapid dissemination of results of its basic sci
entific research programs. Even results of 
nonclassified basic research associated with 
defense missions have been made widely avail
able. This is appropriate, and we must continue 
to support world cooperation in understanding 
and advancing basic scientific principles. We 
know, however, that U.S. industry places a 
premium on protecting information with poten
tial commercial value (in the form of patents, 
licenses, and copyrights), which can lead to 
a competitive advantage in the marketplace. 
We're also aware that the protection of intellec
tual property is a tough issue in the university 
community as well. 

In the last few years we have "piloted" lim
ited restrictions on the broad dissemination of 
information through specific applied-energy pro
grams, such as the High Temperature Supercon
ductivity Pilot Centers and the Clean Coal Tech-
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nologies Program. According to several industry 
participants in the Pilot Center program, they 
would not be working with DOE today without 
this important protection. As a result of this 
success and others, Congress has extended the 
ability of all agencies to restrict the release for 
a designated period of information of potential 
commercial value under certain types of agree
ments. We feel this will be an important signal 
to industry that the federal government is serious 
about enhancing U.S. competitiveness in partner
ship with the private sector. 

Collaborative Research 

A phrase frequently used, and so true, is 
worth repeating: "Technology transfer is a contact 
sport." Much of the "technology" that can be 
transferred from the federal laboratories is not 
hardware on the shelf. Instead, it is in the form 
of knowledge contained in the minds of our 
scientists and engineers. In order to transfer that 
knowledge effectively, people must interact. 

In July, we took some steps to further 
improve the access of industry to state-of-the-art 
technology developed in our national laboratories, 
particularly those believed by most to be serving 
defense programs exclusively. We signed two 
agreements, one with a consortium of specialty 
metals industries and the other with a consor
tium of manufacturing industries. Under both 
agreements, member companies will be able to 
work directly with our laboratories' best engi
neers and scientists. They will also be able to 
use some of the world's most sophisticated 

equipment to advance the state of the art in their 
respective manufacturing technologies. From 
DOE's perspective, the national laboratories, 
through this interaction, will gain insights into 
the technologies and techniques used by industry. 

Speed And Certainty 

We have leamed that the federal govern
ment, including DOE, does not make a very 
good business partner. According to industry, 
our administrative processes are slow and cum
bersome; policies are implemented differently by 
different agencies and even within different parts 
of the same agency; and the paperwork alone 
raises the cost of doing business. In order to 
encourage industry to work with the federal 
government through collaborative programs, 
we have to reduce or eliminate the administrative 
and legal barriers that now slow the process 
down and increase the economic risks of 
new technologies. 

The president has established a Council on 
Competitiveness, of which I am a member, to 
address this problem. Through the biotechnol
ogy working group, the council has established 
principles that will help us reduce the adminis
trative burdens on biotechnology companies and 
thus promote the rapid commercialization of new 
technologies. The council has also taken respon
sibility for important deregulatory initiatives 
started under the previous administration. 
Finally, the council recently formed a new work
ing group on the commercialization of govern
ment research. 
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Technology Transfer "Agents" 

It is not enough to make it easier for industry 
to work with the federal government. We have 
to make matches between what industry wants 
and needs and what the federal researchers can 
contribute. Further, even when a technology 
match is made, industry may need additional 
technical and business assistance. This is where 
state governments, universities, trade and profes
sional associations, and other organizations have 
important roles to play. 

For example, a program was recently initiated 
by DOE's Office of Energy Research to transfer 
advanced materials technologies developed at 
DOE laboratories to small, high-technology 
businesses in Michigan. Faculty from two-year 
(community and technical) colleges playa key 
role as brokers for transferring information and 
technology to participating small businesses. 

DOE's Lawrence Berkeley Laboratory is parti
cipating in a coordinated effort with the Califor
nia Energy Commission to transfer expertise and 
technologies to California electric utilities for 
analyzing energy consumption in buildings of 
all kinds. 

The same California Energy Commission also 
runs one of the nation's most successful pro
grams to promote energy-technology exports. 
California companies developing technologies in 
conservation, geothermal energy, cogeneration, 
solar electricity, and wind power are assisted 
through a program that is carefully designed to 
be complementary to other state and federal ini
tiatives for export promotion. From its inception 
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in 1986 to the present, the commission has 
stimulated more than $ 14 million in export 
sales, and another $45 million in expected sales 
are projected within the next six months. This 
translates into $ 12 in export sales for every dollar 
invested in this modest program-an outstanding 
achievement on a limited budget. It also is sug
gestive of how much more can be done. 

But, to succeed, we each have to do Out part. 
Scientists and engineers supported by DOE, iri 
its national laboratories and in universities, are 
truly a national treasure in terms of their unpar
alleled capabilities and achievements. I am com
mitted to seeing that these incredible resources 
are used more effectively to enhance the competi
tiveness of U.S. industry and the quality of life 
for U.S. citizens. In fact, the first task of my 
newly established and very prestigious Secretary 
of Energy Advisory Board, which is under the 
able chairmanship of Caltech's president, Tom 
Everhart, is to develop plans to help me better 
utilize the intellectual capital in the DOE 
national laboratories. 

These national laboratories are already mov
ing aggressively to improve technology transfer, 
thanks to the National Competitiveness Technol
ogy Transfer Act of 1989. This act made tech
nology transfer a mission of all DOE laboratories 
and provided an additional mechanism for 
laboratory-industry-university cooperation, called 
the cooperative research and development agree
ments. The act also amended the Atomic 
Energy Act to make technology transfer an expli
cit mission of DOE's defense programs. We 
have mobilized more than a hundred people in 
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the department and its laboratories to develop a 
program that will provide a fast, flexible, and 
predictable environment for technology transfer 
from our national laboratories. 

There are, however, some obstacles in the 
way. One of the most serious problems facing 
the nation over the next 10 years is the declining 
number of young Americans who are interested 
in pursuing careers in science and engineering. 
Those who may be interested often receive nei
ther inspirational counseling nor adequate prepa
ration for such careers early in their schooling. 
This is particularly true in the case of women, 
minorities, and the disabled, who will make up 
85 percent of net new work-force entrants by the 
year 2000. This situation represents a crisis in 
science and math education that has serious 
implications for our nation's continued economic 
and technological competitiveness. 

Just one year ago, I hosted a Math/Science 
Education Action Conference at the Lawrence 
Hall of Science in Berkeley, California. My co
chairman for the conference was Nobellaureate 
Glenn Seaborg. This two-day meeting brought 
together more than 250 scientists, educators, pol,· 
icy makers, and industry representatives, as well 
as representatives from the administration and 
Congress. The conference report, which was 
released in May, lays out a specific plan of action 
for the Department of Energy and its labora
tories, working in partnership with other federal 
agencies, such as NASA, and with the states, 
schools, and private-sector organizations. All of 
us need to be a part of the solution to this com
plicated problem, particularly at the pre-college 
level, where so many potential scientists and 
engineers are being lost today. 

The challenge doesn't stop with basic science 
and math education, though. We must also 
teach technology management in our engineering 
schools and our business schools. According to 
the March 1990 issue of the Engineering 
Management journal, 90 percent of high-tech 
managers feel they are inadequately prepared to 
lead innovation toward successful commercializa
tion. This is where industry can playa critical 
part in working "lith universities to shape the 
curriculum in this area. 

Finally, industry must take the lead in chang
ing the management culture that keeps com
panies focused on short-term product improve
ments at the expense of longer-term technological 
innovation and expeditious commercialization. 

I firmly believe that, if our nation can unite 
around the goal of renewing our competitive 
edge, we can enjoy unparalleled strength through 
a decade of advances in research and education 

in the 1990s. At a minimum, we can turn these 
advances into a source of competitive advantage 
for the United States in the fields of energy, en
vironment, and trade-particularly important at a 
time when so many nations are struggling to 
enter the world of free markets for the first time. 

It doesn't have to cost a lot of new money, 
either. Much of what needs to be accomplished 
can be done by better leveraging private and 
public resources that already exist. We can 
create an impressive payback on our research 
investment through expeditious commercializa
tion, if we but have the will to grasp the mo
ment. And achieving success will demand a seri
ous change in thinking about how we organize 
and focus our national resources and institutional 
processes to meet these global challenges. 

There is a saying in Scripture, "Where there 
is no vision, the people perish." If our nation is 
to have a competitive future in the world, we 
need a vision that takes us beyond exigencies of 
the moment-whether it is today's budget crises 
in the government or the next quarterly report 
from the oil industry. \Ve need to see the 
broader and bigger picture of where we as a 
nation must go. \Ve need to reach out to each 
other in new partnerships and alliances, with 
government, universities, and industry all sup
porting the three pillars on which our common 
future rests: research, education, and economic 
strength through the commercialization of tech
nology. And we need to get serious on an action 
program to make those partnerships a working 
reality. 

No one of us can do it alone. But together, 
we stand a fighting chance of ensuring that our 
country remains number one in the world as we 
enter the 21st century. D 

james D. Wat,kins, Admiral, U.S. Navy 
(Retired), Secretary of Energy, delivered the above 
remarks at the annual black-tie di1mer oj The 
Caltech Associates on October 5, 1990. A grad1!
ate of the U.S. Naval Academy, Watkins bolds a 
master's ii, mechanical engineering. He served on 
the Atomic Energy Commission for three years and 
from 1982 until his retirement from the Navy iit 
1986 was Chief oj Naval Operations. From 1987 
to 1988 he served as chairman of the Presidential 
Commissio;; on the Human Immunodeficiency Vims 
(AIDS) and has been Secretary of Energy since 
March 1989. Watkins is a native Californian 
and considers Pasadena his home. 
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