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Background 
The U.S. Department of Energy (DOE) has a long record of partnerships with the 
private sector, particularly through its applied research programs. However, 
over the past few years a number of important legislative actions—most notably, 
the National Competitiveness Tech Transfer Act of 1989; Defense Authorization Act 
of 1989; S.473/D0E Partnership Act of 1993; and H.R. 1432/DOE Lab Technology Act 
of 1993--mandated adoption of technology transfer as a mission at each of the DOE 
government-owned, contractor-operated (GOCO) laboratories. 
As a consequence, the U.S. Department of Energy has assumed a mission of 
technology transfer to achieve the goals of the National Energy Strategy as well 
as to enhance US industrial competitiveness and national security. This mission 
encompasses the transfer of scientific knowledge in DOE basic research programs, 
the direct transfer of technologies that produce or conserve energy to industry 
and consumers, and spinoff transfers to application of industries different from 
the original intent."1 

Until fairly recently the DOE's technology transfer program was characterized 
predominantly by a "technology push" approach through which technologies existing 
at its laboratories were offered for export to the private sector. In these 
circumstances, industry involvement generally did not occur until rather late in 
the Research & Development (R&D) process, thereby often resulting in a final 
product of less direct applicability to industry's needs and, consequently, of 
less commercial desirability. This was particularly unfortunate since the 
private sector Council on Competitiveness found that private companies needed 
assistance in a range of major technologies, including advanced materials and 
processing, advanced computing, environmental technologies, and manufacturing 
process, which closely matched core competencies of the DOE's laboratories.2 

During the past few years, however--most notably during the Clinton 
Administration--the DOE has increasingly entered into agreements involving 
collaborative technological development, with the industrial partners playing a 
central role in defining the R&D agenda. These market-driven collaborations are 
causing a shift away from this traditional'technology transfer approach in favor 
of the concept of "technology partnerships," which acknowledges the mutuality of 
interest required for success.2 

Further, and importantly, the aforementioned National Competitiveness Tech 
Transfer Act of 1989, also made available to the GOCO labs a new tool through 
which to accomplish these joint-development efforts: the Cooperative Research and 
Development Agreement (CRADA). This and other mechanisms have been employed at 
Pacific Northwest Laboratory (PNL), as well as others in the national laboratory 
system, in successfully accomplishing the DOE's industrial partnership and 
technology commercialization goals. For example, PNL has formed an alliance 
through a CRADA with the State-of Washington to transfer technology to the 
State's Environmental Industry. Significantly, PNL initiated and provides the 
leadership and oversight for the American Textile Industry Partnership (AMTEX) 
CRADA which links the fiber, textile and fabricated products industries with ten 
national laboratories, several industries and academic research institutions. 
Secretary of Energy Hazel O'Leary has said "our work with AMTEX can be a model 
for our nation. It is the first time that we have been able to link the unique 
resources available at our DOE laboratories with an entire industry. "3 



Battel!e-Pacific Northwest Laboratory 
Since its creation in 1965, PNL has been a national leader in technology 
transfer. Battel!e Memorial Institute, which manages the laboratory, has a 
unique "use permit" contract with the DOE which enables proprietary work for 
other public and private organizations to be performed in PNL's government-owned 
facilities. This, then, facilitates wide-spread access to the Laboratory's staff 
and specialized instruments and equipment, and each year PNL staff provide 
assistance to more than 150 companies. 
Today, PNL is recognized as a national leader in technology development and 
transfer, leading the DOE labs in royalties earned. The Federal Laboratory 
Consortium, which is comprised by 726 laboratories, has given PNL 23 awards for 
excellence in technology transfer. This includes 11 of a possible 12 between 
1984 and 1989, and is more than any other federal laboratory has earned. 
In the past four years, more than 40 licenses have been granted for technology 
and software developed at PNL. These include commercialization of a process that 
converts food processing and petroleum wastes into methane, and another which 
turns sewage sludge into fuel oil. Further, a number of new companies have been 
formed to manufacture products or to market services based on PNL-developed 
technologies. These include a process which stabilizes hazardous chemical waste 
by turning it into a glass-like material, a security paint which contains an 
indelible, traceable chemical code, and an analytical technique that measures 
uranium concentrations in bioassays. 
Of course, PNL also supports and participates in a variety of educational 
programs and in staff exchanges with industry as part of its technology transfer, 
partnership, and commercialization program. PNL is collaborating with the 
Spokane Intercollegiate Research and Technology Institute (SIRTI) and providing 
assistance to develop partnerships for advanced manufacturing, advanced 
technology programs, environmentally-conscious manufacturing, and the 
manufacturing of environmental equipment. Additionally, the Laboratory is a 
member of the Tri-Cities (WA) Commercialization Partnership, a team that won one 
of four National Technology Transfer Committee (NTTC) grants for the Strategic 
Partnering Project. 
A frequent complaint of industry when attempting to engage government agencies 
in a business alliances is the protracted time required to do so. With the new 
emphasis on technology partnerships and by teaming with the other Hanford 
contractors, we have been able to greatly mitigate this problem in some 
instances. For example, in March of 1993, a group comprised of 24 Canadian 
Environmental companies visited Hanford and met with key technical and management 
personnel. In less than five months, ten of these made return visits, 6 had 
submitted proposals, 4 had competed technical demonstrations/tests, 3 had sales 
in process or completed. This, despite the considerable extra challenges 
associated with conducting business across national boundaries! 

Partnership and Commercialization 
To realize the kinds of accomplishments indicated above, the Hanford Technology 
Integration Program (HTIP), consisting of Westinghouse Hanford Company (WHO and 



PNL, was established to build partnerships and collaborative agreements with 
industry, states and small businesses to jointly develop, demonstrate, and 
commercialize new innovative environmental technologies. In order for DOE to 
have access to new, innovative technologies developed within Office of Technology 
Development (OTD) or industry, a commercial source must be established. To 
successfully commercialize these technologies it is critical to do partnership 
and commercialization planning. A well-defined process and set of requirements 
for all participants has been devised. The key elements of a partnership plan 
include seeking out potential industrial partners and negotiating an appropriate 
relationship. Depending upon the particular circumstance, that relationship may 
be a CRADA, Memorandum Of Understanding (MOU), subcontract, or license 
arrangement. The partner is then intimately involved in the further development 
and demonstration of the technology. 
The Partnership Plan includes all the information necessary to engage in a 
business discussion with a prospective partner, with consideration and inclusion 
of the following, as appropriate: 

-source information 
-action plan 
-DOE Need Statement 
-process description 
-cost 
-baseline technology description 
-intellectual property 
-field demo (Integrated Demo) results and plans 
-advantages relative to baseline 
-search plan 
-development requi rements 
-markets--DOE, other, competing technologies 
-regulatory objective 
-public perception 

As the technology is going through further adaptation, the partnership begins 
commercialization planning. Commercialization plans should spell out the 
development, marketing, and manufacturing plans for penetrating the marketplace, 
both commercial and government. Roles for the government-sponsored organizations 
and the industrial partner should be laid out in a business plan format, with 
consideration and inclusion of the afore mentioned list, adding the following, 
as appropriate: 

-intellectual property--what is it and ownership 
-field demo (Integrated Demo)--manufacturers' need perspective 
-development requirements (field model > production model) 
-partner letter of intent (partner will do upon successful demo) 

Early Examples of Success in Cooperative Development 
This method has proven to be quite successful in commercializing new 
technologies. Of the approximately 70 technologies under development in the 
Hanford integrated demonstrations and programs, technology partnership plans have 
been initiated for 25 of these technologies over the last two years. Nineteen 
technologies are in the process of negotiating a relationship and ten industry 



partnerships have been completed. Six commercialization relationships and plans 
are in process and five technologies are commercialized. The five commercial 
technologies are sonic drilling, SEAMIST, Cone penetrometer, Unsaturated Flow 
Apparatus (UFA), and membrane separation technology. 
The Volatile Organic Compounds Arid Integrated Demonstration (VOC-Arid ID) is one 
of the oldest and most advanced of the Integrated Demonstrations currently 
underway within DOE. Within the integrated demonstrations, technologies are 
evaluated for performance, safety, economics, regulatory compliance and social 
acceptability. The key to the success of this program is teaming with American 
industry to identify, adapt, and commercialize technologies needed to address 
DOE's environmental remediation needs. To illustrate the roles and possible 
outcomes of teaming efforts, several example technologies have been selected from 
the VOC-Arid ID. 
Membrane technology is an example of a technology developed in the private sector 
and adapted for use at the Hanford site. The use of membranes to remove VOCs 
from the gas stream have been investigated as part of the VOC-Arid ID. This 
technology has been developed by Membrane Technology and Research (MTR) Inc. and 
adapted for use at the Hanford site. The technology was an IR 100 award winner 
and has been successfully deployed in the industrial sector for companies such 
as Dow, Du Pont, Goodrich, Goodyear, Nestle, and Vista. This technology offers 
significant cost savings over the common alternative of using granulated 
activated carbon adsorption. Carbon adsorption costs $5-15/lb of VOC captured 
compared to $2-5/lb using membranes. Although this technology has proven to be 
a winner in both an industrial setting and during the demonstration at the 
Hanford site, it has not yet been adopted by Environmental Restoration (EM-40), 
the remediation branch of DOE. The major impediment to deployment of this 
technology at Hanford is that resources and funds had not been allocated to have 
a backup technology ready for use. This example illustrates a success for 
industrial and commercial competitiveness but a failure to effectively move 
technology from demonstration to deployment at the Hanford site. We are 
continuing to work with EM-40 to overcome obstacles to deployment of this 
technology. 
A second example, of industry technology which has been adapted for use at 
Hanford, is sonic drilling. The VOC-Arid ID has demonstrated Resonant Sonic 
drilling at the Hanford site. This technology was developed by Water Development 
Corporation and adapted for use at the Hanford site under a CRADA with PNL in 
collaboration with WHC. This drilling method can drill two to three times faster 
and achieve greater penetration depths than conventional methods. Another key 
advantage, particularly when drilling in contaminated zones, is that no 
circulating medium is required, which significantly reduces any contaminated 
byproducts. This technology development task has led to successful deployment 
of this technology both for commercial and government use. EM-40 intends to use 
this technology across the DOE complex because it is better, faster, safer, and 
cheaper than the baseline in a number of applications. Water Development 
Corporation is planning to locate an office in the Richland area to support the 
Hanford cleanup effort. This example shows how an industry technology can be 
adapted, demonstrated and deployed to clean up hazardous materials. This 
represents a success for DOE and the industrial partner. 

An example of laboratory, university, and industry cooperation to adapt industry 
technology for commercialization and deployment at the Hanford site is the 



Unsaturated Flow Apparatus (UFA). The concept of using centrifugation for site 
characterization was conceived at PNL and Washington State University and applied 
by Beckman to their medical centrifuges. The VOC-Arid ID funded demonstration 
of the UFA. The UFA measures the manner and rate that fluids, ions, and 
molecules move through permeable materials under a variety of conditions. UFA 
data is assisting researchers to assess the effectiveness of barriers at nuclear 
and hazardous waste disposal sites, evaluate the movement of contaminants, 
validate computer models of soil and fluid behaviors, and determine soil 
remediation options. The UFA is revolutionary because it generates data by 
direct measurement in a matter of hours as opposed to the months or even years 
it takes for measurements from soil columns. The technology is currently in use 
at the Hanford site and at least three other DOE sites through ongoing sampling 
support. The Department of Defense and the Japanese Power Reactor and Nuclear 
Fuel Development Corporation are also using this technology. A CRADA exists 
between Beckman Instruments, Inc. and Pacific Northwest Laboratory to improve the 
Droduct and provide marketing and commercialization assistance. Market feedback 
las suggested that a commercial source of sample service would help establish a 
need for the technology and accelerate commercial success. To facilitate 
commercialization, PNL is working with the partner to develop a spinoff company, 
located in Richland, Washington, that would provide sample service and be the 
sole distributor of the equipment. This would give potential purchasers the 
opportunity to try before they buy, and also fill a niche need to provide a 
source of sample service for less frequent sampling. This technology has been 
successfully commercialized and a new company is being created to support the 
market. This represents a success for industrial competitiveness and DOE 
environmental management. 

A portable sensor under development at PNL is in the state of searching for an 
industry partner. This sensor has successfully measured carbon tetrachloride at 
the VOC-Arid ID demonstration site. This technology provides low cost data in 
real-time for any VOC containing chlorine. Special filters are under development 
for other VOCs and to improve species identification. A prototype model is being 
built by a small instrument company which has no desire to enter the 
environmental marketplace. A Commerce Business Daily (CBD) announcement and 
market studies are being used to search for an appropriate commercialization 
partner. The identification of a partner, who is willing to license and 
commercialize this product, will validate the technical and commercial market 
potential for this product. Initial feedback from potential partners has 
identified the following impediments to widespread adoption of this technology 
by the marketplace 1) the high projected selling price; 2) the lack of sufficient 
sensitivity to monitor low level contamination (desired lOppb vs. demonstrated 
1 ppm); and 3) the relatively bulky packaging. Additional effort may resolve 
these issues. The feedback we receive from potential commercialization partners 
will assist us to make difficult decisions on whether to continue the development 
of this sensor or to discontinue the effort. Although this product is superior 
to others on the market, the selling price and the relatively small market make 
the initial investment to produce the sensor too high and risky. Without any 
market pull from private industry, this sensor will likely remain prohibitively 
expensive. The search for the needed commercialization partner is continuing. 
The examples above illustrate that involving industry in the development and 
demonstration of OTD technologies is an effective mechanism to promote technology 
transfer and commercialization. The earlier industry is involved the more likely 
the technology will be a commercial success. The absence of industry interest 



in a technology is often used as a decision criteria for the continued 
development of the technology. It is also vitally important to link EM-40, 
EM-50, and industry to succeed in deploying new technology across the DOE 
complex. 

Market Pull 
In FY93 PNL initiated a programmatic effort to seek out small and medium sized 
environmental companies based in the Pacific Northwest. The objective was to 
make available to these concerns the science and technology resources of Pacific 
Northwest Laboratory and, as appropriate, the US Department of Energy National 
Laboratory system. This system is comprised by nine "multi-program" 
laboratories, of which PNL is one, and a number of "special program" 
laboratories, each of which has a relatively narrow technological focus (e.g., 
renewable energy, plasma physics). 
The effort described herein is seen as a complement to PNL's previously 
established, and continuing, technology transfer program in which the 
Laboratory's off-the-shelf technologies are offered for commercialization and use 
outside the DOE. Instead, the focus of this "market pull" program is on 
discovering the industry needs which could be met by existing technologies at PNL 
or other National Laboratory or, more likely and importantly, needs which may 
have not yet been fully defined or characterized, but for which the requisite 
expertise is resident within the National Laboratory system. The program is set 
up to then encourage formation of appropriate industry-laboratory partnerships 
(sometimes including universities as well) to develop and commercialize 
technologies which address these needs. 
For this effort, the Pacific Northwest was defined as the Pacific Northwest 
Economic Region which is comprised by the states of Washington, Oregon, Idaho, 
Montana, and Alaska, and the Canadian provinces of Alberta and British Columbia. 
Although the National Laboratory system was, of course, created to address US 
issues, the environmental concerns shared by these territories, plus their strong 
economic interdependency, made it vital that political boundaries be considered 
of secondary importance. 
The initial step in this new program was to ascertain the science and technology 
needs, of organizations which typically do not have the resources required to 
maintain the requisite staff and facilities. PNL staff traveled to each of the 
seven states and provinces and met with small groups of local representatives 
from environmental industries and trade associations, economic development 
organizations, and universities. In these sessions, we provided high level 
descriptions of PNL and the National Laboratory system and briefly indicated the 
range of science and technology capabilities therein. In the ensuing 
discussions, we strove to determine for each locale the level of interest in 
accessing these resources. We also discussed the possible and preferred 
mechanisms--for example. Cooperative Research and Development Agreements, 
Memoranda of Understanding--through which to make this possible. 
While the technical focus and preferred mechanisms varied somewhat across 
locales, the interest in, and enthusiasm for, establishing working relationships 
with PNL was universally very high. Even though we are still in the information-
gathering/planning stages of this program, we have already received and are 



responding to a number of requests for technical information and support. For 
example, one state has approached us with a need to increase the heat output-to-
weight ratio of its coal through pretreatment technology. A number of existing 
technologies at PNL appear to be potential candidates, albeit with suitable 
modifications, and both technical and "relationship" discussions are in progress. 
In addition to these small group meetings throughout the Northwest, PNL in 
conjunction with Westinghouse Hanford Company (WHO organized two Regional 
Environmental Business Interchange (REBI) meetings which were sponsored by the 
DOE's Office of Technology Development and hosted by the Richland Operations 
Office. These two meetings were attended by 400 individuals representing 313 
companies, 11 of them from Canada, and with over 90% representing small 
businesses. 
Like traditional meetings, REBI provided for the usual dissemination of technical 
and program information about, for example, the Hanford site, each of the mission 
areas, each of the Integrated Demonstrations and Integrated Programs at Hanford, 
and procurement mechanisms. Unlike these earlier meetings, however, each ninety 
minute technical session was organized and orchestrated as an interchange in 
which DOE/contractor "presentations" were largely created on the spot in response 
to queries, comments, and stated needs from industry participants. Care was 
taken that all aspects of these interchanges--from selection of "presenters" to 
size of groups to room/seating configurations--encouraged dialog between and 
among all participants and, as further assurance, each session was managed by a 
facilitator. 
Another important REBI innovation which supported interchange, was "one-on-one" 
sessions in which participants could sign up for fifteen minute, semi-private 
discussions with technical, program, procurement, and management representatives. 
Each mission area and procurement session had representatives available to meet 
with the participants throughout the day. REBI also provided a mechanism for 
Hanford subcontractors and foreign representatives to discuss joint venture 
opportunities. 
Responses from industrial participants, DOE representatives, contractors, and 
subcontractors were typically very favorable and enthusiastic with respect to 
both the content and format of the meetings. Indeed, a number of participants 
felt that REBI represented a significant turning point in the DOE culture and an 
improvement in DOE's way of doing business. Those who attended were especially 
appreciative of the opportunity to meet with key site personnel, including a 

. number of high level "decision-makers." Importantly, a number of possibly useful 
_ technologies were identified through contacts made at REBI. These included 
. technologies potentially applicable to the Underground Storage Tank Integrated 
Demonstration, the Hanford Tank Waste Remediation System, and the Hanford 
Decontamination & Decommissioning effort. These contacts have led to a 
significant number of follow-up discussions and, most importantly, a number of 
contracts are already being developed through which to acquire these 
technologies. 

New Approaches 
The one-on-one concept created and successfully implemented for the REBI meetings 
was incorporated as a key element of the January, 1994 Outreach To Industry 



meeting sponsored by the DOE Office of Environmental Research (EM-40) and Office 
of Technology Development (EM-50). The prime focus of this meeting was on ER's 
Performance-Based Requirements document which details the needs of the three DOE 
field offices in the Northwest: Richland, Idaho, and San Francisco. 
As was the case at the REBI meeting, attendees were able to schedule fifteen 
minute, semi-private discussions with EM-40 sponsored, technical, program, and 
procurement representatives, as well as with site and headquarters management 
personnel. For the Outreach, this concept was extended to enable industry 
representatives to have such discussions with the EM-50 sponsored principal 
investigators who were in attendance to present their work through poster 
displays. Through these discussions, then, industry representatives were able 
to engage in partnership discussions with those searching for technologies 
(EM-40) as well as those in need of commercialization of those technologies which 
have been developed (EM-50). 
Importantly, the Outreach meeting also provided opportunities for EM-50 Industry 
EM-40 partnership discussions. That is, a forum referred to as "one-on-one-on-
one," through which joint technology development, implementation, and 
commercialization discussions could be conducted and, as appropriate, the 
foundation laid for three-way partnerships. 
In future ventures, representatives of EM-30 (Waste Management) will be included 
as alternate/additional implementation partners. Similarly, representati ves from 
Canadian environmental industry may be included to provide alternate/additional 
commercialization opportunities. Such mutual involvement of all relevant 
contributors to the environmental technology development/commercialization/ 
implementation process is seen as essential to achieving the "better,-quicker, 
cheaper" clean-up solutions mandated by the DOE. 



REFERENCES 
1. Technology Transfer Survey Report, U.S. Department of Energy, Office of Policy, 

Planning and Analysis, Office of Technology Analysis, December, 1991. 

2. Partnerships For Global Competitiveness: A Draft Strategic Plan, U.S. Department of 
Energy, July 29, 1993. 

3. American Dyestuff Reporter, April, 1993. 

*i 


