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EXECUTIVE SUMMARY

"In the current global war for competitive advantage, size and weight will no longer get
you into the winner's circle. Fast-moving, customer-driven entrepreneurship will.
We've got to learn to do less, not more; keep it small, personal, and simple." --Larry
Farrell, Searching for the Spirit of Enterprise: Dismantling the Twentieth-Century
Corporation.

Savannah River Site (SRS), particularly the Savannah River Technology Center
(SRTC) with the experience from the first successful Integrated Technology
Demonstration, can provide an excellent foundation for meeting DOE-EM's objectives
with the new DOE-EM five focus area approach. With this in mind, SRTC established
an activity to pursue full co_runercialization of environmental technologies. This
resulted in forming a small "virtual corporation" of specialists that cut across
organizational boundaries, q"his team collectively understands the gamut of
commercialization issues for DOE, i.e., the small business and industry viewpoint,
investor interests, DOE processes, commercialization barriers, and DOE and regional
environmental and waste processing needs.

This report is an assessment of the status of commercialization at SRS and provides
recommendations for enhancement as well as some tools critical to implementation. In
Chapter 1, a review was made of the current situation at SRS with regards to taking
technology development to commercial fruition. This was done from the perspective of
comparing it to known commercialization models and processes. It was found that
SRTC already works through many of the steps in these processes. With integration
and action-oriented efforts of the inclusion of business and market (i.e., commercial)
factors, SRTC could become an aggressive, successful developer of commercialized
technologies.

Commercial success criteria tools were developed with regards to integrating them with
SRTC selection criteria to ensure that all critical factors are covered in technology
commercialization project evaluations. This is found in Chapter 2, with the reference
materials in the appendices. Use of the criteria not only identifies those projects with
the greatest chance of success, but also provides a basis for prioritization of projects.

Private invest0rs are very clear l;ha_their intere,s.tlies in f0nfling commercial _nterprises
(actual businesses_, not merely technologies. Mobilizing private capital is critical to real
job growth and long-term economic development. Discussion of this is found in
Chapter 3, along with the perspective from the investor community on the
environmental market. Also, potential industry partners (technology-developer type
companies) were identified that are willing to be involved with SRS' technology
applications and regional development efforts. As another important component to
success, regional support organizations were reviewed and evaluated. It was
determined that there are numerous such organizations in the SRS two-state region, but
they are, for the most part, policy, research, or education oriented. Actual commercial
development of technologies is not a common occurrence, and, in some cases, not even
intended. Small and minority business is an important aspect of regional growth and
technology commercial success. It is well-known that enterprise and new jobs creation
are overwhelmingly found in small businesses, not large corporations.

Industry's view of government required cost-sharing (e.g., CRADAs) is considered a
"reverse subsidy"-- existing cost-sharing concepts give the impression that industry is
expected to subsidize government programs. Also, the laws and regulations do not
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facilitate transfer and commercialization of techaologies from National Laboratories.
For a practical commercial perspective and recommendation, the input from the DOE-
EM and the Western Governors Association (WGA) industry roundtables are presented
in summary in Section 4. The participants are president/CEO/vice-president levels
representing a cross-section of categories in the environmental industry, and their
experience and insights are noteworthy and relevant to technology commercialization
implementation success. For instance, industry participants gave many suggestions
and recommendations for the National Laboratones and M&Os that could be
constructive immediately, e.g., develop "reference" sites, give industry process
benchmarks, provide opportunity assessments, help get public acceptance of
technologies, etc.

A concept described in Section 5 is one option, in a field of possibilities, for true
industry partnership, leveraging resources, and making the most of each participant's
capabilities and involvement; SRS can establish a pilot program that would focus on a
technical/environmental/waste need of not only DOE, but also the industrial/geographic
region, such as the regional pulp and paper industry. A "Water Resources Technology
Network" pilot is described as an example of what and how to implement and the roles
for the participants. The objective is to provide a supporting market-pull regional
network from industry and academia that would ensure the greatest chance of
commercial success of technologies relevant to the region and technical focus. The
overall objective is to achieve specific goals and actions for SRS without more planning
or building of large-scale, time-consuming, and costly programs/organizations.

The excerpt material in the Appendices is representative of the direction of this
Administration and of the thinking of the industry-investor world, as well as some
comments from books, such as "Reinventing the Government". It is worth the time to
understand implementation of the 10 steps in "Reinventing the Government", such as
"concentrate on earning, not spending" and "fund outcomes, not inputs." The
Appendices also provide reference and research material for further details of the basis,
mechanics, and formulae for the commercial success criteria.

By including the additional principles of business and markets in its ongoing programs,
the Savannah River Site can show the way to effective collaborative programs for
research and engineering applications. It will help DOE-EM to more directly achieve its
major cleanup priorities. SRS can become the leader in the DOE Complex for
commercialization of internally or externally developed technologies that also support
regional economic growth, i.e., specific results with actual spin-off businesses,
expanded businesses, and new jobs.
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SECTION 1
CURRENT SITUATION AT SAVANNAH RIVER SITE
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A. TECHNOLOGY DEVELOPMENT PROGRAM

The Technology Development Program at Savannah River Site is very aggressive for the
Department of Energy, having a successfully developed and implemented DOE Integrated
Demonstration (for groundwater and soils remediation) to its credit. In fact, it was the first one of
its kind for the Department of Energy. The current direction continues in this thrust:

• Technology commercialization and economic development is a high SRS priority;

• SRS resources have been enhanced and realigned to assure a focused site-wide initiative;
and

• Acknowledgment of the DOE's Office of Technology Development's Regional
Technology Initiatives as critical to success.

External organizations are being formed at SRS to integrate all activities affecting the future of
SRS, and to establish a single focal point with outside stakeholders interested in SRS' future and
in the economic development of the region.

SRS has a strategic vision to be recognized by its public and industrial customers, as an
important contributing partner for innovative technologies which enhance regional and industrial
competitiveness. Its strategic goal is to achieve, within three years, greater than 25% of SRS'
R&D program dedicated to dual-use technologies, technology development partnerships, and
work for others. SRS hopes to achieve its vision by creating an enhancing culture, organizing for
success, focusing on dual-use technologies, developing effective processes, enhancing
privatization and regional economic development, and creating a network of alliances. SRS has
some regional technology resources it established, such as the Savannah River Regional
Diversification Initiative, Savannah River Research Campus and Southeastern Technology
Center; and some proposed, such as the Southeastern Environmental Resource Alliance. These
are intended to complement and augment the technology commercialization efforts at Savannah
River Site. SRS has good partnerships with regional universities, most notably the South
Carolina Universities Research and Education Foundation, with its focus on waste management
and environmental restoration and member schools, such as the University of South Carolina,
Clemson University, and the Medical University of South Carolina. SRS also has a link with
ERDA (Education, Research and Development Association of Georgia Universities) and its
focus on health and safety, and its member schools, such as the Georgia Institute of Technology,
Clark Atlanta University, Georgia State University, University of Georgia, and Emory
University.

The Savannah River Technology Center recognizes that it must continually adjust to changing
needs, that flexibility, resourcefulness, and innovation in conducting its programs is the order of
the day. SRTC has accomplished so far, besides developing the first DOE Integrated
Technologies Demonstration, establishment of an active technology transfer program, with more
than 500 disclosures in the pipeline and a dozen licenses granted, and it has established
productive working relationships and meaningful projects with the regional universities. SRTC
is working on expanded efforts in technology exchange, especially increased licensing efforts,
and on more entrepreneurial efforts, such as partnering with industry, networking, and leveraging
its resources.

The following three figures illustrate SRS' current structure and processes.
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B. REVIEW OF SRI ? TECHNOLOGY DEVELOPMENT PROGRAM

Based on Kickoff Session at SR Site and DOE-OTD Meeting Nov. 11/12, 1993

A good foundation exists for commercialization; but an overall understanding of critical industry
issues is lacking, notably knowledge of commercial markets and critical success factors for
competing in them. This is understandable given the nature of a DOE M&O contract, but to
fully engage in commercialization effectively, an integration of commercial issues is vital.

Qverall Recommendation

The quickest route for SRS program managers to climb the learning curve on commercial issues
is to experience them through case studies or actual implementation. Moving some actual
proje_zts through SRS programs in the next 6 months is crucial to demonstrate real payback on
the $30 million economic development funding and amplify technology commercial
applications' mechanisms. In an era of "smart weaponry", program mechanisms can be fine-
tuned .after launch, based on experience and issues raised in real projects. Using the tools
described in Section 2 will help SRS meet regulatory priorities, while attracting private sector
cost-share on projects. Some portion of the $30 million should flow to industry -- as an initial
benchmark, DOE-OTD suggested 28%-30%, or $8-$10 million over the next 12 months. These
tools build on the existing WSRC program processes. SRS is a recognized site for running the
ftrst successful Integrated Demonstration. It covered technology development and regulatory
issues and only needs to include business/market issues for full commercialization. Overall, the
idea is to build on what is in existence; cover the mandatory and necessary, but do not "reinvent
the wheel" or build another bureaucracy.

Recommen_tafiQns for SRTC Technology Development Program Mechanisms

• Multi-Party Organizations
The multi-program foundation is well described, but it depends on overly large staffing and
long ramp-up requirements, e.g., SERA, before projects with industry get started. The new
federal budget realities dictate a more "entrepreneurial" approach where projects are
developed from the outset and then staffing is built in support of projects, rather than in
anticipation of commercialization projects. Avoiding a high staff up mode is especially
important because the $30 million is one-time funding, not ongoing support. The
consolidated solicitation proved that if bids are offered, industry will come to SRS, rather
than primarily adding staff at SRS to go out and chase industry.

• Small Business Outreach
This program is excellently led, and perhaps could augment the consolidated solicitation, and
SBIR-type opportunities as vehicles for funding commercialization projects, particularly
involving small and disadvantaged businesses. It also needs to ensure that its system
includes high technology-based companies and potential technology developers.

• Industrial Partners
This program could be expanded to include user facilities in essence as a "fast-track
CRADA '°with local approval and less paperwork and delays. It could better define
"industrial partners" to include consortia, associations, investors, and other private entities.
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• User Facilities
This needs to be better defined and correlated with the core competency study and tied in
with the industrial partners program. If this can be coupled with regulatory priorities and on-
site permitting, then it could be more valuable to industry.

° Consolidated Solicitation- Vendor Forum
This is a fairly novel procurement strategy, and judging by the response of over 1,000
proposals, one that elicited significant response from industry. However, it may be useful to
augment the SRS technical merit analysis by looking at industry cost-share ("cost-share" is
used in the full sense that if demonstrations are cost-shared, equipment capitalized, and
investment made in the technology, then a successful demonstration should merit a
performance contract, that industry can expect a return on investment through real sales),
business potential regulatory priorities, and community acceptance to sort out proposals as
follows:

(1) SRS could group each of the 85 abstracts into three categories of regulatory priority.

(2) An amendment to the solicitation in the highest priority categories could be issued to
proposers asking for a one or two page response outlining cost-share and market
potential. The response should also indicate whether a small/disadvantaged business is
involved in the pre-proposal.

(3) The responses with the greatest cost share, market potential, and SB/DB involvement
that also rank high technically, should represent very worthwhile projects that merit
funding. Evidence of cost-share should also improve SRS competition for DOE funds.
This process supports the achievement of the SRS Strategic Plan for Technology
Transfer and Commercialization by offering some "quick wins".

• Regional Technology Initiatives, Including University Consortia
A meeting with longstanding regional organizations should be arranged as soon as possible to
discuss possible joint ventures such as SERA, specifically, the Southern States Energy Board
and the Southern Governors Policy Group. These organizations could add considerable
leverage to SRS initiatives.
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c3 Figure 1-4. SRS and Technology Development (Current)
Implementation of Advanced Environmental ER/WM Technologies
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Figure 1.5. SRS and Technology Development (Enhanced)
Implementation of Advanced Environmental ER/WM Technologies
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C. KEY CONSIDERATIONS FOR TECHNOLOGY API'I.ICATION PROJECTS AT
SRS

Regional Strengths _nd Weakness¢_

Commercialization mechanisms and projects should take into account SRS regional strengths
and weaknesses.

n_S..tI_cm.gl_ Weaknesses

• Powerful, cohesive political clout • Lacks critical mass of higb tech industry
• Substantial annual DOE funding • Budgets facing cutbacks, uncertainty
• University programs already in place • Cumbersome procurement
• Lower operating costs in region • High cost to engage in SRS contracts
• Pro-business local/state attitudes • Small local commercial markets
• Common environmental problems • "Not-invented-at-SRS" syndrome
• Attractive climate/place to live • Remote site for industry; hard to get to

Critical Issues for Improving Industry !nvolvement

• Fast response -- quick time to market with a quality product is crucial.

• Identified streamlined procurement pathway based on successful demonstration.

• Clear regulatory buy-in for streamlined permitting and larger regional market.

• Interfaces with other DOE sites as well as DoD projects.

• Recognition of private sector investment as cost-share from industry.

• Avoid technology-driven pet projects that do not meet the objective commercialization
criteria.

• Start with what's already commercially available.

• Ownership of technology and protection of intellectual property rights.

Suggested Short-t.erm Commercializal;jon Project Criteria (not ¢xhau,sliivc);

• Technology meets a high environmental priority for SRS.

• The market applications for the technology are broader than SRS, and preferably arc high
needs for both DoD and industry (e.g., subsurface characterization, portable instruments,
in-situ treatment). The SRS Core Competency study is a useful guide for this.

• Potential for successful demonstration is relatively high, i.e., the technology is at full-
scale already and possibly has some units already in the field.

• Private sector funding has been invested already as evidence that the product represents a
business, not just a technology. This would bca particularly good screen for SRS
technologies; without industry interest, it may just be another "sandbox" project.

• Projects utilize local resources and small and disadvantaged businesses (SDBs).

• Use of regional suppliers/fabricators.
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Possible Multi-track Funding Categories for Industry_Projects

A multi-track process can be applied to the recent SRS Vendor Forum to provide flexibility to
attract various industrial partners and efficiency in reaching programmatic results. Types of
multi-track funding are as follows.

A) blo Cash: Company provides equipment to SRS on its own funding as cost-
share. SRS conducts tests and provides a prompt analysis of the results.

B) Some Cash: SRS pays company for prototype equipment on cost-share basis.
SRS conducts tests and provides a prompt analysis of the results.

C) All Cash: Company is a small or disadvantaged business, and SRS provides an
SDB set-aside contract to cover company costs of demonstration. SRS conducts
tests and provides a prompt analysis of the results. Look to tap local project
support such as SBICs, incubators, state programs, ARPA-RTAs.

D) Data Sharing: The company gets site performance data which is shared with
, ER and WM actual clean-up contracts.

Scenario

SRS could take the following actions that would facilitate remediating the Site, attract industry's
help, develop loca! economy, and be a model for other DOE sites:

• Separate out, and package remediation and non-high level waste processing work, from
the work for which there are no answers right now, e.g., high level waste, and put it out
on bids for the industry with existing technologies.

• With the contractor on site, as work progresses, there may be unanswerable questions
related to the technology/process effectiveness; or questions of application beyond what it
had performed before, differing site/environmental/waste conditions, etc. These
questions of engineering or science would be separated from the remediation or waste
processing work and turned over to SRTC to deal with, as a research/development effort.
The ER/WM contractor continues with its job through completion or is stopped if there is
a critical question to solve.

• If it is a critical problem, then that would take priority attention at SRS.

• If it is a side issue that needs technology development, it goes through the standard SRTC
project selection process, such as TTPs.

This separates out the remediation and waste processing work that industry can take care of from
the work that DOE and WSRC would be best equipped to solve, e.g., handling high-level
radioactive waste. This would be the best use of all parties; each party has a specific
nonduplicative role.

Remediation gets done; waste gets processed; and continuing research and development is
meaningful to the DOE Environmental Restoration/Waste Management needs.
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SECTION 2
COMMERCIAL INTEGRATION
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A. OVERVIEW

This section describes the integration of commercial success evaluation and screening processes
into the existing technology project evaluation process for the technology
development/demonstration projects at the Savannah River Site (SRS). While processes for
evaluating technology projects in areas such as technical performance and regulatory compliance
are well established at SRS, mechanisms for evaluating project merit on the basis of probable
commercial success are lacking. The incorporation of these commercial success evaluation
processes will result in a more complete commercialization program at SRS.

Commercial success criteria and evaluation methods, resulting in numerous technology
comtnercialization business start-ups, were adapted for incorporation into the SRS technology
programs. Commercial success evaluations, using the criteria in this report, can be applied at
various stages of new technology development to help in funding and continuation decisions, as
well as providing guidance on specific commercialization projects for improving the likelihood of
success. The actual success criteria used will depend on the stage of development of both the
technology and the private sector company that intends to commercially market the technology.

Part B of this section describes the different evaluation and screening processes and how they
relate to the overall technology development and commercialization process.

Part C of this section provides commercial success evaluation criteria and methodology.

SCIE-COM190-94 2-2



B. EVALUATION/SCREENING PROCESSES

Figure 2-1 shows the recommended decision making framework for the SRS technology
development and commercialization process. Technology project acceptability is dependent on
acceptability in three areas: technical, stakeholder (regulatoryand socio-political), and industrial
(commercial success). Accordingly, it is recommended that SRS technology
development/commercialization projects be evaluated at appropriate stages of conception and
completion in these three areas,as amplified below:

• Technical Performance -- Is the technology expected to perform as required at an
acceptable cost7 How does it compare with other technologies in performance and cost?

• Stakeholder Acceptability

- Regulatory Priorities and Issues -- Will the proposed technology allow SRS and
regional clean-up schedules to be met? Can technology specific regulatory requiremei_ts
such as permitting, be met in a cost effective manner for SRS, as well as, external market
applications?

- Socio-Political -- Are program specific economic development objectives (i.e.,
growth of private industry in surrounding community/region) expected to be met if
commercial success is achieved? Is the project consistent with public interests and is there
a positive public perception?

• Industrial

- Commercial Success -- Is the private sector technology company expected to be
successful in commercial marketing of the technology?

Figure 2-2 shows how these evaluations and screening activities fit into the technology
development and commercialization process.

This process is fairly generic and applies to the desired environmental technology development
and commercialization process at SRS. Critical points for performing these evaluations are
Steps 4, 5, 8, and 9 as indicated in Figure 2-2. In Step 4, candidate technologies are evaluated
in all three areas to determine appropriateness for on-site implementation and commercialization
support. In Step 5, stakeholder (regulatory and socio-political) issues associated with the
specific environmental need are evaluated to identify barriers in these areas that need to be
addressed before continuing with problem solution. In Step 8, technology demonstration
proposals (which may include internal SRS developed technologies or technologies from
external sources, and, by definition, include participation by a private sector company) are
evaluated in all three areas as part of the basis for proposal acceptance. In Step 9, the final
results (and interim results if appropriate) of the on-site demonstration projects are evaluated in
all three areas to determine appropriateness for continued funding, _ well as, to identify
weaknesses that can be corrected.

Table 2-3 provides information on criteria, resources, and application tools for each of the three
evaluation areas. Interdependency of the different evaluations requires a partially iterative process
(e.g., stakeholder and industrial cross-feed each other, industrial is dependent on the results of the
other evaluations, etc.). Commercial success evaluation tools are described in Part C of this
section.

There are various sources of information for supporting the application of these tools. For
example, ProTech, as described in Appendix 3, is a DOE data system that focuses on technologies
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from the Integrated Demonstrations. ProTech includes detailed information profiles on many
innovative and existing "baseline" technologies associated with the Integrated Demonstrations.
These profiles are organized in accordance with criteria that support technical performance and
stakeholder acceptability evaluations.
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'_ Figure 2-1.
'_ Recommended Decision Making Framework for the SRS4_
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Figure 2-2.
Technology DevelopmenUCommercialization
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Table 2-3.
Screening Criteria and Resources

Evaluation _ria Resources/Tools
(Not all-inclusive)

cal Performance ProTech (technology
(Evaluation processes in requirements defined in comparison data system
place at SRS) Step 3 of Figure 2-2 for DOE technologies

process, from ID's)
• EnviroTRADE

(environmental
technology information
system under
development at Sandia
National Laboratories)

° vIsrFr (EPA
Environmental
Technology Database--
Report 542-R-93-001)

• ATYIC (EPA on-line
information service)

;takeholder ° Regulatory priorities • ProTech
° Regulatory defined in Step 2 of • Results of Commercial
° Socio-Political Figure 2-2 process. Success Evaluation

• Need specific and
(Evaluation processes in project specific
place at SRS) regulatory issues may be

defined at various stages
including Steps 3, 4, 5,
8 (based on proposal
information), and 9
(based on information
gained during the on-site
demonstration project
execution) of the
Figure 2-2 process.

° Socio-Political
requirements defined in
Steps 3 and 5 of

.ure 2-2 process.
Industrial Criteria have been ° See description of
• Commercial Success generically defined commercial success

external to specific SRS evaluation tools in
(Evaluation methodology requirements and Part C of this section.
provided in Part C of this specific project ° Results of technical,
section) characteristics. See regulatory, and

description of economic development
commercial success evaluations.
evaluation tools in • ProTech (limited
Part C of this section, correlation)
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C. Commercial Success Criteria and Evaluation Methodology

It is recommended that the commercial success evaluation of SRS technology application projects,
to be performed as indicated in Figure 2-2, be conducted in a two step process:

Step 1. The completion of a qualitative commercialization success factor assessment as
described in part (A).

Step 2. If acceptable results are determined, the commercial success evaluation should
continue with the more comprehensive quantitative commercial success constraint
analysis described in part (B).

(A) O ualitative Commercialization Success Factor Assessment

The Massachusetts Institute of Technology's extensive experience in creating successful
commercial companies based on technologies developed at MIT has resulted in the identification of
critical principles that relate to the probability of success. These principles are presented in a
technical paper by John T. Preston, MIT (Appendix 1). One of the most important points is that
the probability of commercial success is dependent of seven critical factors and is described by the
following equation:

Ps= (Pt)(Qt) x (Pm)(Qm) x (Pinv)(Qinv) x I

where:

Ps= Probability of success
Pt= Passion of technologists
Qt= Quality of technology
Pm= Passion of company managers
Qm= Quality of company management
Pinv= Passion of investor(s)
Qinv= Quality of the private sector investment
I= Image of company

Each factor in the equation can have a value of zero to one. Since the factors are multiplicative, a
failure of any factor (resulting in a value of zero) would mean the probability of success is zero as
well. These seven factors are qualitatively defined in the following pages. For additional guidance
refer to Appendix 1.

It is recommended that this qualitative assessment be performed by a management team from
appropriate SRS organizations. This evaluation should consist of a top level qualitative assessment
of strengths and weaknesses associated with each success factor based on the judgment of the
evaluation team. The identification of a significant uncorrectable weakness associated with any
single factor indicates the need to consider terminating the project. The assessment of each factor
should be documented with adequate justification for determination of acceptability or
unacceptability. Necessary corrective actions should also be defined, and should be identified as
conditional requirements for continuing the project. The completion of this top level assessment
for a technology application project should result in a recommendation from the following choices:

• Continue with the project based on the acceptable assessment of all seven success factors,

• Continue with the project on the condition that the identified required corrective actions are
properly implemented, or

• Terminate the project.
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Top Level Success Factors and Assessment Criteria

Success Factor l; Quality of Technology

Criteria to consider:

• Strong potential for creating new products ("strong product pipeline")
• Strong copyright position
• Strong market potential
• Ability of the industry to accept and protect new technologies

,, Appropriate timin[_(relative to factors such as development status of related technologies)

Success Factror 2: Oualitv of Proposgd Tgchnglogv Comoanv Management

Criteria to consider:

• Healthy balance sheet
• Clearly focused development/commercialization strategy
• Realistic assessment of market

Succgss Fac|,gr _; Ou+l!i|v 9f Pr,ivate Sector Investment

Criteria to consider:

• Strong business development track record
• Good network of connections with potential partners or customers
• Adequate level of personal involvement willing to devote to the business
• Adequate access to money
• Long term investment vision (not driven by short term profit objective)
• Optimum level of investment funding (sufficient for appropriate progress in technology and

business development, but not extravagant)

Success Factor 4" Passion of Technologists
Success Factor 5: Passion of Company Managers
Success Factor 6: Passion of Investors

"Passion" = strength, determination, commitment

Criteria to consider:

• Appropriate distribution of equity
• Appropriate economic incentives
• Sufficient probability of financial reward
° Appropriate recognition of good performance
• Absence of over zealous watchdog/oversight functions
• Equitable, "non-hostile" licenser/licensee a_reements
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Success Factor 7; Image of lhe Technology Company

Criteria to consider:

• Recognized experts in technology field included in commercial technology company
management team

• Commercial venture company teamed or affiliated with "l,alownindustry corporate leaders in
technology field

• Commercial venture company obtains technology from a highly credible research and
development institution

(B) Ouantitative Commercial Success Constraint Analysis Criteria and
Methodology

The Commercial Success Constraint Analysis approach presented below was developed by
Dr. Bruce Merrifield, Wharton Business School. This approach provides a quantitative guide for
assessing the probable success of a new technology commercialization business venture. The
following is a summary of Dr. Merrifield's model presented in a form easy to apply to SRS
technology application projects. Appendix 2 should be referred to as necessary for additional
information and understanding. It is strongly recommended that individuals experienced in new
technology market analysis techniques be used to perform these analyses at SRS. Consultants
could be used on a case by case basis if these skills are not available within the current staff.

Guidance for Evaluating Proposed New Businesses

The constraint model identifies 12 commercial success criteria (or "factors") grouped into two
categories as listed below:

Business Attractiveness Factors

01. Sales/Profit Potential
02. Growth Potential
03. Competitor Reactivity
04. Risk Distribution
05. Potential for Industry Restructure
06. Political and Social Constraints

Business Fit Factors

07. Capital Availability
08. Marketing andDistribution
09. ManufacturingCompetence
10. Technical Support Capability
11. Access to CriticalMaterials and Components
12. Management

The intrinsic Business Attractiveness Factors are not easily changed; however, the Business Fit
Factors can be strengthened by taking appropriate actions. Each of the 12 factors are scored from
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zero to ten using charts and descriptive information provided below. Two conditions are
necessary to indicate a high probability of success (i.e., an 80 to 90% success to failure ratio):
(1) the total of the scores for the six Business Attractiveness Factors should be 35 or higher, and
(2) the total of the scores of all 12 factors should be 80 or higher. Lesser total values indicate a
low probability of success and a decision to terminate the project is warranted. Since some effort
is required to collect and evaluate the information needed to develop the score for each factor, such
as performing comprehensive market analyses, it is recommended that the constraint analysis be
completed in two parts, with the Business Attractiveness Factors being evaluated first to detennine
if it is appropriate to continue. Guidance for determining the score of each factor is provided on
the following pages.
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Guidance for Evaluating Existing Businesses

These same criteria can "alsobe used by commercial businesses that will have resulted from SRS
technology application projects to assist in periodic business strategy decisions. Growth/divest
decisions can be made based on the following:

A total score of 80 or higher for all 12 factors -- a growth strategy is suggested

A total score of 60 or lower for all 12 factors -- a divestment strategy is suggested
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St, ccess Criterion 1. Sales/Profit Potential

This criterion addresses both sales and profit potential for the technology corrunercialization
venture. The total score for the criterion (maximum of 10) is based on the sum of the two
individual scores for (1) sales potential (maximum of 5 for expected sales of $1 billion or greater)
and (2) return on investment using discounted cash flow method (maximum of 5 for ROI of 20%
or higher).

Score Score

I

4 ...... 4 [

I
,,m,, re,m, t

I I
Transition from "niche" to _ [ 3

3 --- larger interest market occurs I [ [
between $100 million and $500 I
million and resultsin increased | I I I I
visibility to competitors.

_ ]' I I 2 I I
2 ....... ii I I I I

I I I I I I i

1...... i I I i l _ I I I

I I I t t I

7 500
0 10 100 1000 0 5% 10% 15% 20%

Sales Volume, $ Million % Discounted Cash Flow Return on Investment

Part 1 - Measurement of Sales Potential Part 2 - Profit Potential

Success Criterion 1. Sales/Profit Potential

(Score is total of two parts)
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Success Criterion 2. Growth Potential

This criterion addressesthe expected growthrate of the new commercial venture. The maximum
score for the criterion is 10 for an expected market growth rate of 20% per year or greater.

Score

10

i

8 I
I

I

6 I

I I

4 I I
I I

I I I

2 I I I

I I I I
I

° I I [ ,
0 5% 10% 15% 20%

Market Growth % Per Year

Success Criterion 2. Growth Potential
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Success Criterion 3. Competitor Reactivity

This criterion is scored in three parts: (1) the current market share of the dominant competitor
(maximum score of 4 with a minimum competitor market share); (2) the type of combined patent or
copyright protection available for the proposed venture (score ranges from zero to 3; and (3)
expected market life for venture product (years until obsolete) (maximum score of 3 for 8 or more
years expected life). The overall score for this criterion (maximum of 10) is the sum of the three
parts.

Score

4---

I

Score

3-- 3

I

2-- 2

i

I I I

Support
0 15% 30% 45% 60% (Use and (Process and

Application) Construction)
Dominant Competitor % Market Share

Part 1 - Dominant Competitive Reactivity Patent Protection Type
Part 2 .. Proprietary Character of the Operation

Score

I

2 .... I I
I I
I I

1

I

0 I I
0 2 4 6 8

Years Expected Life
Part 3-- Rate of Technical Obsolesce

Success Criterion 3. Competitor Reactivity

(Score is total of three parts)
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Success Criterion 4. Risk Distribution

This criterion addresses the number of separat_ markets that the venture will serve. Multiple
markets (differentiated businesses) are important to reduce risk so that the failure of a single market
will not resul_tin the failure of the entire venture. A maximum score of 10 is provided for a
scenario with 4 or more differentiated businesses.

Score

10 .....

I

s I
I
I

6 I
I

' I i
4 I I

I I
I I I

2

I I I
I I I I
I° i t t I

0 1 2 3 4

Number of Differential Businesses

Success Criterion 4. Risk Distribution
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Success Criterion 5. Potential for Industry Restructure

This criterion addressesthe potentialfor the newtechnology to significantlyimpactcritical
segments of an industry or even entire industries. The ability of a new technology to restructure
multiple industries in their entirety leads to the highest scores, ranging from about 4 to a maximum
of 10 depending on the judgment of significance.

Score

10

I
8

!
I

6 I

I
I

4 I
I I
I t

2

I I
-- I I I

I I1 111

Restructure Index

I = Minor Segment Restructured
11 = Several Segments Restructured
Ill = Entire Industry Restructured
IV = Multiple Industries Restructured

Success Criterion 5. Potential for Industry Restructure
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Success Criterion 6. Political and Social Constraints

This criterion considers the assessment of the net impact of political and social disincentives and
incentives. Disincentives may include item'_such as regulatory constraints and unfavorable local
public opinion of the industry. Incentives may include items such as special tax incentives, special
provisions for support infrastructureservices (roads, utilities, etc.), and strong local public support
of the industry. The score for this criterion ranges from zero for a net assessment of strong
disincentives to 10 for a net assessment of strong incentives, with a score of 5 provided for a
neutral assessment.

Score

10 .......

I
I

8

I I
I I

6 I I
I I
I I

4 I I I
i I I
I I I

2

I I I
I I I I

o I I ! I
1 I1 Ill IV V

Political/Social Factors

I = Strong Negatives
II = Minor Negatives
Ill = Neutral
IV = Some Incentives
V = Strong Incentives

Success Criterion 6. Political and Social Constraints
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Success Criterion 7. Capital Availability

This criterionaddressesthe availabilityof capitalto sustainbusinessdevelopmentata 20%return
on investment(discountedcash flow method). This criterionis scoredfromzero to 10 basedon a
judgmentof availabilityof adequatecapitalrangingfrom "low" to "high".

_core

10 ........

I

s I
I

I

6 I
I

I
4 --" "-- -- --" -- "--

I I

I I

I I
m

I I I
I

0 I Medium
I

Low ! High [

Availability of Business Development Capital at a
20% Return on Investment (Discount Cash Flow Method)

Success Criterion 7. Capital Availability
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Success Criterion 8. Marketing and Distribution

Thiscriterionaddressesmarketinganddistributioncapabilitiesof theproposedventureandis
scoredfromzeroforhavingverylittlein-housecapability,to 10forhavingaverystrongglobal
capability.

Score

10

I
I

8

I
I

6 I
I

I I
4 I I

-- m m

I I
I I I

2

I I I
I I I I

0 I I 'I II III IV [

Marketing/Distribution

I = Weak In-house Capability
II = Expandable Domestic Base
Ill - Strong Domestic Capability
IV = Strong Global Capability

Success Criterion 8. Marketing and Distribution

SCIE-COM190-94 2-20



Success Criterion 9. Manufacturing Competence

This criterion addresses in-house manufacturing/production capabilities and is scored from zero to
l 0 based on capabilities ranging from none to developmental and prototype production, to a high
level full production capability using flexible computer integrated manufacturing. Ventures based
on technologies that do not require sophisticated manufacturing processes receive a score of lO.

Score

10

8

Note: I

Opportunities that do not require [
sophLsticated production capabilities

6 should receive a score of 10. [

I
I

4 .... [

I I
I I

2

I I
I I I

0 I I I,v II II II1

Manufacturing Capability

I = None
II = Developmental
IIl= Pilot Factlities
IV = Flexible Computer Integrated Manufacturing

Success Criterion 9. Manufacturing Competence
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Success Criterion 10. Technical Support Capability

This criterion addresses technology supportcapabilities of the proposed venture company. This
criterion is scored from zero to 10 based on increasing capability levels; the lowest level being
limited to technical services to sales, increasing to incremental technology improvement and next
generation technology capabilities, with having a global technology presence receiving the highest
score.

Score

10 .......

I

s I
I I
I I

6 I I I
I ! !
I I I

4 I I I
I I !
I I !

2

I I I I
I I I I

0 I ! I,v I1 II III

Technical Competence

I = Sales Service
II = Incremental Improvements
III= Next-Generation Capability
IV = Global Technology Presence

Success Criterion 10. Technical Support Capability
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Success Criterion 11. Access to Critical Materials and Components

This criterionaddressesthe sensitivitytodisruptionsin materialsupplysources,andis scored
fromzero to 10, withdependencyon sole sourcesuppliersfor criticalmaterialsresultinginthe
lowest scores.

s I
I

I

6 I
I

4 I

I

I I

2 I I

I I I

0 l n I m ! Iv I
Access to Materials

I = Critical Element, Single Source i
II = Important SegmentsLimited Supply
HI = Expansion of Supply Likely
IV Commodity, Multiple Sources

Success Criterion 11. Access to Critical Materials and Components

SCIE-COM 190-94 2-23



Success Criterion 12. Management

This criterion, scored from zero to 10, addresses different venture management environments. The
highest scores are provided for scenarios which include a strong champion, top management
support, and appropriate strategic alliances.

Score

10 .......

I
8

I
I

I

4 I I
I I

--- I I
2 I I I

---- I I I

Management Environment

I = Matrix Structure Only
II = Matrix PlusStrong Champion
IIl = ! and II Plus Top Management Support
IV = I, II, III Plus Strategic Alliances Needed

Success Criterion 12. Management
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Figure 3-1. Partnering for Commercial Success -
Interdependent Relationships
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B. PRIVATE INVESTORS' VIEWPOINTS

The information in this section is based principally on background research and the results of
interviews thatwere conducted with 25 venture capitalists and 10 corporate investors, most of
whom were actively investing in environmental industry segments. In addition, 12 "Angels"
(wealthy private individuals with experience as technology executives) were interviewed.

Types of Investors - The Current Environment

Comorate Investors
Marly Fortune 100 corporations have pulled back from their equity investing posture in the mid-
1980s. Venture Economics, the leading chronicler of private equity capital transactions, noted in
their 2nd Qtr. 1992 issue of "Comte Venturing" that: equity deals done across all industrial
sectors were down almost 30% in 1991 versus 1990 (220 equity deals done in 1991 versus 300 in
1990). The rea_ns given:

"We arc very selective in our investments now, and stick to what fits with our core business:
waste water treatment,hydrocarbon cleanup, separation technologies."

"We are not looking to increase our liability exposure with new investments. And, the
recession impacted our mainline businesses, so we're scaling back. In DOE work, we
would be afraid they would go after our 'big pockets'."

"We have not done an outside environmental investment orjoint venture in the last three years.
In fact, we sold off a unit to a publicly-held water treatment company."

However, 1) aerospace companies are looking to diversify by acquisition into waste management
equipment and, 2) larger publicly-held environmental companies are actively acquiring smaller
finns while valuations are down amid the recession. They say:

"Our aerospace backlog is falling every month at our divisions. We are familiar with the
demand for pollution control and cleanup equipment from our own metalworking facilities,
and we see it as a growth market to possibly diversify into."

"We have our own cleanup problems to contend with and we're looking to blend our
engineering expertise through acquisitions that give us environmental expertise we do not
have in-house."

"We're looking to strategic opportunities and acquisitions that grow our core businesses
nationwide. But, the company must have a solid management team."

According to the Environmental Business Journal's issue on "Mergers and Acquisitions" (Sept.
1992), M&A activity rose in 1991 to an aggregate value of $1.4 billion (excluding solid waste
deals) versus $860 million in 1990. Engineering/consulting firms, instrumentation, and pollution
control equipment deals were all expanding areas for corporate investment and consolidation plays
in the last two years.

Venture Catfitalists
In general, the capital market environment is improving for venture capitalists over the slump of
1990-91, especially as the technology-rich Over-the-Counter market continued to hit record highs
in December 1992. Venture capital firms were able to take public many of their portfolio
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Table 3-2. Snapshot of SRS TTPs
i

©

9 DCE Industry Subcontract .,,
Funding! Cofunding to Industry Comment._ Ref Project Project Partners

A DNAPL Demo $4,110
A 1 iCharacterization & Monitoring Clemson,USGS $2,200 None ? Same TTP for all; why no more specifics?
A2 IER Ualson Clemson,USGS $100 None None Who are the lndush-),partners?

A3 DNAPL Mobilization/ Monitoring Clemson,USGS $500 None 400
A4 RemedlationTech Demo Clemson,USGS $1,300 None ?

B In-situ Remedlation& Tech $3,850 Some tech transfer if partners fit well

B1 iinorganicRemedlatlonof GW-M&O Bradtec,B&W, Rust, PNL $435 CouldBe ? How is the pie divided?
B2 MonitorMag Sep Demo Bradtec? $1,100 CouldBe ? Need sensorcompanies
B3 Removal of InorganicContam $100 None None Why file a separate i I P?
B4 Mag Sep Demo Bradtec,B&W, Rust,PNL $205 C..m_J_ Be ? SRS costsonly?
B5 Char. of soll by Neutron AcUvation +WHC,WSTC,SEG $250 CouldBe ? How about a commercial firm?

.E. B6 HOPS (heur!stlcOptimized Process) HOPS Intl $480 Good ? Good smallbusiness ....

B7 Rapid BloassessmentTech Clemson $700 None None Academic fodder; no commercialvalue
B8 In-sltu Bloremedlationof Metals WSRC, LBL,ORNL,USC $900 None ? A Nat'l lab sandbox project; no industry

VitrificationCenter at Clemson $6,000 How about an Industry consortium?
C1 Plasma Demo on Mixed Waste Ciemson, MIT, Aerospate $2,000 ? ? Plasma Pyrolysisinc.?

C2 CIF BlowdownAsh Stabilization Clemson,PNL,SEG $1,400 ? What is the market for this?
C3-NO Nobel Metal Reclamation Clemson, Zenith, Coming $600 Yes; Amt.? PoorPlan Why so little? Bccf it up. MMT? ........
C4 Vitrificationof TRU Wastes Clemson, SquareD $t ,000 Yes; Amt.? ? SquareD?
C5 Demo on Actual Mixed Waste Clemson,ORNL, SEG, Rust $1,000 Maybe ? No melter vendor Identified.

!No = Not recommended for fundingby DOE HQ
I

[ Funding flowing to Industry is very vague;
t".==n_rnllvtnt_.hnnloovtransfer is only alluded to, not laid out

Illl



Table 3-2. Snapshot of SRS TTPs (continued)
m
c_
©

_D

9
_D

NO = Not recommended for funding by DOE HQ

u.J= Industry Subcontract

Ref Project Project Partners Funding Cofunding to Industry Comment
,

HLW Development $5,200
D1 UST: Cesium ExtractionTesting PNI_,ORNL,BNF $1,500 Get conso_um of utilities
D2 Def. Waste Process Filter Testing SCUREF, Dupont,Mott $1,400 Best TTP for commercialization

D3 Computer Sim. of Complex Waste Who ? $1,100 Nor,e No excuse for lack of industry
D4 Monitoringof UST Waste WV Nuclear,R-Cosasco $600
D5 In-Tank Video Most DOE Sites/Labs $600 No Industry identifledi More DOE Incest

$3,850
_,_ $435
C,, $1,100

[RegionalTechnology Initiatives $10,850 Very vague, early thinkingoverall
E1 Steel Reuse iNone ? CarolinaMetals ? $2,000 $500 Commercial path not laid out
E2 RecjionalEnviroTech Development _ARPA,MWIP, Others? $2,750
E3 CommercialAppI. of DOE Facilities TNX?, Thermal treatments $800 $136 Only 17% subcontracting
E4 Enviro Tech Devel. & User Faclllties To be Identified $500 Get some case studies

E5 Regional Tech Transfer / Integration To be Identified $2,800 Very poor yield on $2.8 million
E6-NO Char. CIF Off-gasfor RiskAssess _"_A $1,500 $ ! ,300 Academic; Are incineratorsdying?
E7 Rad-PCB Treatment Clemson Tech Ctr. $500 Commercial path not well thought out.

Nc_-".'Ja new [1 P in Wastewater Treatment Technology and Instrumentation Clear commefc;ai market applications

which li_cludescoup!lngwith the Waste Coalition at SSEB $3,000 Buildson SRS core competency
UJie=t Irwlllrl_ Indtmtrv tL=chnlcalorioritles up front In _TPs.



B. PRIVATE INVESTORS' VIEWPOINTS

Research Findings

The information in this section is based principally on backgroundresearch and the results of
interviews that were conducted with 25 venture capitalists and 10 corporate investors, most of
whom were actively investing in environm'ntal industry segments. In addition, 12 "Angels"
(wealthy private individuals with experience as technology executives) were interview:-d.

The Current Environment

Corporate Investors
Many Fortune 100 corporations have pulled back from their equity investing posture in the mid-
1980s. Venture Economics, the leading chronicler of private equity capital transactions, noted in
their 2nd Qtr. 1992 issue of "Corporate Venturing" that: equity deals done across all industrial
sectors were down almost 30% in 1991 versus 1990 (220 equity deals done in 1991 versus 300 in
1990). The reasons given:

"We are very selective in our investments now, and stick to what fits with our core business:
waste water treatment, hydrocarbon cleanup, separation technologies."

"We are not looking to increase our liability exposure with new investments And, the
recession impacted our mainline businesses, so we're scaling back. In DOE work, we
would be afraid they would go after our 'big pockets'."

"We have not done an outside environmental investment or joint venture in the last three years.
In fact, we sold off a unit to a publicly-held water treatment company."

However, 1) aerospace companies are looking to diversify by acquisition into waste management
equipment and, 2) larger publicly-held environmental compames are actively acquiring smaller
ftrrns while valuations are down amid the recession. They say:

"Our aerospace backlog is falling every month at our divisions. We are familiar with the
demand for pollution control and cleanup equipment from our own metalworking facilities,
and we see it as a growth market to possibly diversify into."

"We have our own cleanup problems to contend with and we're looking to blend our
engineering expertise through acquisitions that give us environmental expertise we do not
have in-house."

"We're looking to strategic opportunities and acquisitions that grow our core businesses
nationwide. But, the company must have a solid management team."

According to the Environmental Business Journal's issue on "Mergers and Acquisitions" (Sept.
1992), M&A activity rose in 1991 to an aggregate value of $1.4 billion (excluding solid waste
deals) versus $860 million in 1990. Engineering/consulting firms, instrumentation, and pollution
control equipment deals were all expanding areas for corporate investment and consolidation plays
in the last two years.

Venture Caoitalists
In general, the capital market enviromnent is improving for venture capitalists over the slump of
1990-91, especially as the technology-rich Over-the-Counter market continued to hit record highs
in December 1992. Venture capital firms were able to take public many of their portfolio
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companies starting in October 1991 through May 1992, enabling the funds to return capital to their
investors and replenish their own treasuries for future venture investing in 1993. Several venture
funds are successfully raising new funds now:

"We generated a 20% compounded rate of return on our first environmental fund, and we will
likely turn money away for the new fund which will top out around $90 million. The first
fund had built up a 30% annual ROI, until the public market valuations for environmental
companies slid as the recession took hold."

As a benchmark, a Sept. 1990 survey of 42 U.S. venture capital firms by RIMTech and the
Environmental Business Journal identified roughly $200 million as targeted for environmental
deals. More than that is now available due to the success of some funds, particularly First
Analysis, Robertson-Stephens, Edison Ventures, and Advent International.

Angel Investors
Identifying and reaching wealthy private individuals ("Angels") proved more problematic due to
their tendency to avoid "yet another solicitation for money." A few are generally aware of the
scope of the environmental market and see it as a growth area in the 1990s, especially with the
Clinton/Gore Administration. However, several expressed concern about the potential additional
liability and bureaucracy associated with environmental deals above and beyond the risk of losing
the investment.

"Litigation risks are a big risk, and the bureaucratic delays in the environmental industry can
kill small companies strapped for cash."

Additionally, many Angels were more familiar with other industries, e.g. software, electronics,
telecommunications, where they made their money during the venture capital boom of the 1980s.
Environmental deals attracted less than 1% of the $30 billion+ of venture capital invested in the
1980s, thereby generating relatively fewer "Enviro-Angels" familiar with the industry and high
growth, high risk venture investing.

"We focus on businesses where we have expertise, experience and a strong local engineering
base, such as electronics manufacturing."

Moreover, until the capital gains tax rate is lowered to where it was in the early 1980s, Angels, as
private investors, (versus corporate investors) receive no tax benefit versus ordinary income for the
additional risk associated with investing in early stage companies. Lastly, Angels, for the most
part, have much less to invest (typically half-a-million to two million dollars) than venture capital
firms or corporate investors that have the deeper pockets needed for growth companies with
capital-intensive technologies required by the nature of DOE's cleanup problems.

Interest in Funding Development of Technology
Private investors were very clear about their interest in funding commercial
enterprises, not technologies. Corporate investors look for a definite strategic fit of the
investment with their core businesses. Venture firms focus on solid management teams with a
clear mission in a __ niche market, preferably with a protected technology.

"We don't fund _ development; we fund high growth _ development."

"We look for technologies with broad-based application to overcome uncertainties."

"We build management teams that can seize a dominant position in a clear niche."
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"Our finn targets proprietary technologies in an expanding market with knowledgeable
founders. We will not invest in a deal where the customer is mandated; the product must
have distinct economic advantages."

l.nve_stors'Perceptions of DOE Interest in Cost-Shared Development
Direct experiences of DOE by investors was limited. Some of the corporate investors had poked
around the DOE National Laboratories looking for technologies with strategic fits, but often not
necessarily environmental cleanup technologies. For instance, chemical companies look for
catalysts or new kinds of composite materials and fibers.

Very, few of the venture firms had any contact with National Labs or DOE contractors (except the
special case of ARCH, a fund dedicated to Argonne National Lab).

"DOE labs have the wrong orientation; they never expect to pay the investors back. They have
a technology development _ mentality, not commercialization. "

"We don't bump into the National Labs much; they're not part of our network."

"National Labs are not a good source of winning entrepreneurs."

"None of us graduated from Livermore Lab; Stanford, Berkeley or MIT are much more natural
research organizations to interact with."

"The National Labs never come to us. We've got plenty of people coming to us; we don't
really have time to go to Labs."

"Name a highly successful investment based on a National Lab technology; name one...? It is
just not in DOE's culture to take risks on commercial enterprises."

"The DOE labs are full of 'Super-Techies' with no feel for the marketplace."

"Co-funding is only attractive if the underlying business is sound; otherwise, it is just throwing
more good money after a loser."

Venture Capital Ratings of Industry_Segments
Not all environmental industry segments were rated equally by venture t-re'as. For instance, "Solid
Waste Management" and "Asbestos Abatement" received uniformly low ratings as potential
industry niches for venture investment. The "Analytical Labs" segment is now seen by several
investors as a crowded, maturing niche with price pressures cutting into profits.
"Engineering/Consulting" can be a difficult investment because the company assets commute home
every night, and profit margins are often limited by contract, but investors were looking at niche
players who may also have a proprietary technology, say in water treatment, that could boost
margins.

The segments surveyed mirror the Environmental Business Journal's segmentation for monthly
stock market analysis. Segments which received the highest rankings were generally in the
"hardware" end of the business, rather than the "software" of services and consulting. Legislation
played a key role in the ranking of the segments, namely, the passage of the 1990 Clean Air Act
boosted interest in emission monitoring; and recent signing of the National Energy Act clearly
account for those two segments rating high marks. The impending reauthorization of the Clean
Water Act under a pro-environment Clinton/Gore Administration preserved a high rating for water.
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Ratings were averaged to a 10 point scale, (10 = highest potential for investment):

90/92 1990 1992 EBJ 1991
Rank Rating Rating INDUSTRY SEGMENT Mkt Size
4 / 1 7 8 Air Pollution Control and Monitoring $ 5.3
2 / 2 8 8 Water Infrastructure/Treatment $12.5
N / 3 NR 7 Altemative Energy $ 2.0
1 / 4 8 7 Resource Recovery and Recycling $15.8
5 / 5 6 7 Instrument Manufacturing $ 1.8
3 / 6 7 7 Pollution Control Equipment $11.0
6 /7 6 6 Hazardous Waste Management $13.7
N / 8 NR 5 Bioremediation $ <1.0
8 / 9 5 5 Engineering/Consulting $13.4
10/10 4 4 Solid Waste Management $27.4
7/11 6 4 Analytical Services/Laboratories $ 1.7
9/12 4 4 Gov't Cleanup: DOE, DoD, Superfund $ 4.6
11/13 2 3 Water Utilities $11.8
12/14 2 2 Asbestos Abatement $ 3.0

TOTAL U.S. MARKET SIZE (1991) $125.0
Billion

[Note; 32 venture capital f'trrns were surveyed for 1990; the 1992 ratings are based on 25 firms so
far. Most firms in both surveys were active in environmental industries. ]

Examples of Acquisitions in Environmental Indus w_'__
Largest Deals Completed - 1991 (based on information available, Environmental Business Journal)

Acquiring Company Acquired Firm Industry S_gmen_ Price
Primark Corp. Analytic Sciences Instrument Mfg. $167M
NW Water Group PLC Wallace & Tieman Enviro Consulting $130M
Emerson Electric Mallory Controls Instruments $90M
USA Waste Services ARF Landfill Solid Waste $64M
Watts Industries Henry Pratt Co. Pollution Controls $57M
AWT Metcalf & Eddy Enviro Consulting $51M
Republic Waste Stout Environmental Hazardous Waste $40M
Mid-American Waste Inland Landfill Solid Waste $35M
Sanif'dl Williams Corp. Solid Waste $35M
U.S. Filter Corp. Alcoa Separation Tech Pollution Controls $32M

Total Acquisition Value $701M

In addition to public offerings, an exit market via acquisition, clearly exists for venture investors.
The acquisitions listed above, outside of solid waste, occurred mostly in the hardware end of the
business: instruments, pollution control equipment and hazardous waste treatment, where
technology and innovative approaches are valued. Acquisition trends and pricing, in turn, impact
the preferences and deal activity of venture investors and other corporate acquisitions. DOE can
benefit from leverage where its cleanup needs are congruent in fields where commercial industry is
making acquisitions, e.g. in instrumentation for site characterization, on-site soil and ground water
treatment, and hazardous waste minimization.
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C. REGIONAL ASSOCIATIONS

Introduction

There are a number of organizations that are both non-profit, governmental, or quasi-governmental
and which represent the states of the southern region, including Georgia and South Carolina. In
fact, the concept of regional governors' associations had its genesis in the South, with the creation
of the Southern Governor's Conference in 1934. The governors banded together to fight
restrictive and punitive railroad shipping rates that hindered the economic development of the
region. From the very beginning the intent was to influence national policy in ways that benefited
the southern region.

Among the types of organizations subsequently created either by the governors or state legislatures
are associations, such as the Southern Governor's Association (SGA) or the Southern Legislative
Conference (SLC); interstate agreements, such as the Southern Growth Policies Board (SGPB)
and the Southern Regional Education Board (SREB); and interstate compacts, such as the Southern
States Energy Board (SSEB) and the regional low-level radioactive waste management compacts.
The principle differences are the means by which the organizations are created. Associations are
normally joined on a relatively informal basis and their charters are in no way binding on the
member states. Interstate agreements are normally entered into by the governor or state legislature
and may or may not bind the state in some way. Compacts have the force of law and generally
contain provisions stating the obligations and duties of the member states and means for entry and
resignation from the compact. Compacts, which address an issue area in which the Federal
Government holds a significant interest, such as energy and environment, normally require the
consent of Congress. Thus, many compacts become creations of both state and the Federal
Government.

The resistance to new organizations in the South is fairly strong. Governors and legislatures have
been reluctant to create additional regional organizations which would place demands on ever-
shrinking resources of time and money. Moreover, in 1982 the organizations representing the
southern region entered into a Memorandum of Understanding outlining the responsibilities of each
and coordinating such events as annual meetings. This was done primarily to reduce travel costs
and the demands on the time of governors and legislatures.

Samples of Existing Organizations

Southern Governor's Associ_i0n

The Southern Governor's Association has its offices in Washington, DC. Its membership
comprises 17 states plus the Commonwealth of Puerto Rico and the U. S. Virgin Islands. It
represents a large region of the U. S., roughly one-third of both area and population. SGA is an
association voluntarily joined by its members and its policies are in no way binding on the states.
SGA's funding comes through the Council of State Governments, a national organization based in
Lexington, KY. It does accept grants and contracts from Federal agencies and, on occasion,
industry.

Following the lengthy debates over low-level radioactive waste policy and other issues, primarily
Federal funding formulae, it was decided that one organization should focus almost entirely on
events in the nation's capital. SGA relocated from Atlanta in 1982 and was joined by
representatives of the staffs of SGPB and SSEB. The SGA maintains a small professional staff
that tends to deal mainly with social issues, such as illiteracy, teenage pregnancy, and infant
mortality. While of significant interest to the SGA, because of the MOU it defers to SGPB and
SSEB in those areas within their purview. There is, however, a significant degree of coordination
and cooperation among these organizations.
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The So_thern Orowth Policie,s Board

The newest of the major regional organizations, the SGPB was formed in the mid- 1970s to
provide a focus for economic development policy in the South. Its membership has varied during
the years since its formation but generally has had from 10 to 15 member states. All of the
members of SGPB are members of SGA and SSEB. From the beginning, SGPB has considered
itself a "think tank" ruminating on the long-term issues of concern to the southern region. Every 6
years it is charged with producing a study of the future of the South. It maintains a small staff at
its headquarters in Research Triangle Park, North Carolina. SGPB is an interstate agreement
approved by the governors and legislatures of its member states but does not have the force of law.
Funding for SGPB comes from state appropriations and contributions from associate members,
mostly local governments, universities and colleges, and industry.

The membership of SGPB comprises the governor and two legislators per state, as well as, two
gubernatorial appointees per state. The chairman is elected from among the member governors on
an annual basis.

Southern States Energy Board

SSEB began its existence as the Southern Interstate Nuclear Board in 1961. SSEB exists as an
agency of government in all of its 18 members, 16 states, the Commonwealth of Puerto Rico and
the U.S. Virgin Islands. It has the same membership as the SGA less the State of Delaware. In
1962, Congress passed P.L. 86-573, which consented to the creation of the compact. Its basic
charge was the safe development of nuclear energy for all purposes, including medical and
industrial. Initial membership on the Board was comprised primarily of scientists, engineers, and
doctors appointed by the governors. In 1972, the governors changed the focus of SSEB from
nuclear energy to all forms of energy and the environment. This change was formally reflected by
the new name adopted in 1978, and the governors decided that they would personally serve on the
Board.

SSEB has a staff of about 13-15 at its headquarters in Norcross, GA, just north of Atlanta in the
area known as Technology Park. Its main source of funding is from state budget appropriations
based on a formula, and from grants and contracts from Federal agencies and industry. By its
charter, it is empowered to accept money from any legitimate source to further the accomplishment
of its mission. Board membership is comprised of the governor and two state legislators from
each member state, with most governors and some legislators naming an alternate to represent them
in their absence. The chairman is always a member governor and the vice chairman a member state
legislator. A Federal Representative is appointed by the President in order to affect coordination
and cooperation.

In 1991, Governor Campbell of South Carolina served as chairman of SSEB and, presently, both
he and Governor Miller of Georgia are on the Executive Committee. Day-to-day activities of the
board staff are supervised by the executive director, who receives his guidance form a nine-
mem_r executive committee, comprising of four governors and five legislators.

Over the years, SSEB has been involved in a wide range of both research and acton-ofiented
programs involving states, industry, colleges and universities, and the Federal Government. One
of its most significant successes was the creation of the regional low-level waste management
compacts following the passage of the Low-Level Radioactive Waste Policy Act in 1982, and its
attendant amendments in 1985. SSEB served as the umbrella organization and brought all parties
together, reached consensus on critical issues, developed the legislative language, steered the
legislation through numerous state houses, and worked with Congressional staff to obtain Federal
approval.
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Soul,hem l_gi sl_tiv_ Conference

The SLC, like the SGA, is presently under the umbrella of the Council of State Governments,
fi'om which it receives its budget. SLC is comprised of members of the region's legislatures and
membership will vary in number from state to state. SLC has a small staff based in Atlanta and is
perhaps the least active of all the major regional groups. The primary function of the SLC is to
organize and conduct the annual meeting and a series of committee meetings held during the year.
It defers to other groups to some extent for policy and program development.

Southern Regional Educ_ltion Board

SREB thinks of itself as an institute of higher learning, to the extent that the director is titled
"President" and the group is located on Georgia Tech's campus in Atlanta. This group has little, if
any, interest or expertise in technology commercialization issues.

Georgia Research Alli_lnce

The Georgia Research Alliance (GRA) was charted by the Georgia legislature as a non-profit
organization in 1990. It serves as an umbrella organization for 6 major research universities in
Georgia. These are the University of Georgia, Georgia State University, Georgia Tech,
Atlanta/Clark University, Medical College of Georgia, and Emory University. The board of
directors is comprised of the presidents of the six universities and the CEOs of 10 large Georgia-
based corporations. The primary purpose of the GRA is economic development within the state of
Georgia.

The GRA focuses on three distinct areas: telecommunications, biotechnology, and environmental
technology. The environmental technology effort is headed by a professor, Dr. Dale Threadgill, at
the University of Georgia at Athens, who is also the head of the Georgia Environmental
Technology Consortium.

Funded by state appropriations, the GRA also has industry funding and requires matching funds
for any research project it supports. It primarily serves as a holding company for joint ventures
among the universities and corporations, and all projects must involve cooperation among two or
more of the universities. The industry input, provided by the ten CEOs, is to ensure that the
research projects undertaken have direct application within the business/industry communities in
Georgia.

Discussion of Organizational Alternatives

WSRC is concerned with the accomplishment of two distinct, but not necessarily separate, goals:
1) the successful commercialization of technology, products, commodities, or services at SRS; and
2) economic diversification within those parts of South Carolina and Georgia immediately
surrounding SRS. To date, the WSRC plan to accomplish this is described in the SERA proposal,
which, in short, envisions the coming together of a coalition of existing groups, new
organizations, and agencies of state government. The approach, as outlined, presents some
concerns. First, the plan calls for a 5-year ramp-up period and, unless there is significant progress
in the first year, a) the continuation of state funding would likely be challenged; and b) many
technologies would miss their opportunity in the marketplace. It also duplicates functions already
being performed by existing groups that bring a long track record and political connections to the
table.

The requirement that a sizable percentage (28%-30%) of the special economic development
appropriation be spent directly funding industry partnerships could be far more easily satisfied if
the authority to allocate these funds resided outside of the DOE system. For example, using the
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procurernent process presently employed without choice, by WSRC will render the chances of
early demonstrations in partnership with industry difficult to achieve. With the authority resting
within a non-profit, outside organization, but controlled by WSRC employees seconded to the
non-profit, virtually all of the impediments to real time contracting would be overcome. Benefits to
both the non-profit group and WSRC would result from this approach. WSRC can second a
group of employees to manage the project(s) within the offices of the non-profit, thereby
eliminating much of the up front costs associated with starting up a new organization. The non-
profit would not have: to staff up and then later eliminate positions should the pr_ect end_

Moreover, a regional group with strong political ties will be in a position to assist WSRC in
engendering support for, and interest in, economic diversification activities. A presentation before
the annual meeting of the Southern Governors' Association, for example, would likely result in
greater exposure and advertising that cannot be gained elsewhere.

Greater consideration should also be given to groups that have proven successful in some aspects
of corrmaercialization, rather than creating new groups to be launched on a fairly long learning
curve. NETAC, out of Pittsburgh, PA, may have more directly related and immediately applicable
experience and expertise than all of the groups identified in SERA combined. The one thing
NETAC would lack, however, is the political ties in the South, which are vital to the overall
success of the project.

Attention should be given to the existing business/industry associations that exist in the two-state
region. For example, Leadership in South Carolina is an association of business men and women
concerned with the economic health of the state. The group meets at Clemson University at least a
couple of times each year. Other such organizations also exist in Georgia and South Carolina and
should be sought out for support for any venture undertaken as a result of WSRC's endeavors.

In sulrmaary, there are a variety of regional organizations in South Carolina and Georgia with an
economic development objective. Some will be more useful to WSRC's goals than others, and
they are operational, immediately available, and provide an efficiency for WSRC in meeting critical
success criteria.
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SECTION 4
INDUSTRY PERSPECTIVE

SCIE-COM 190-94 4-1



INTRODUCTION

This section is a summary of comments from the environmental companies and organizations in
this country. Participants were selected from a cross-section of companies that have
environmental/process problems, perform remediation, or develop and sell environmental
cleanup/waste processing technologies; suppliers/fabricators; investors; and industrial
associations. These companies and organizations were represented by their CEOs, Presidents, or
Vice-Presidents.

Part A is based on nation-wide series of roundtables conducted by DOE-EM to get industry's
perspective on doing business with DOE-EM, particularly with its major environmental and
waste management problems to solve and to discuss "enterprise" initiatives. Part A gives
highlights of:

a) Major issues raised/problems of working with DOE and its Labs/M&Os.

b) Suggestions/recommendations to an M&O that would make progress in meeting its
mission and goals.

c) Advice and principles to achieve successful commercialization.

d) Points to consider for DOE and its M&Os/Labs regarding technology
commercialization.

Part B is from the Western Governors Association's DOIT Committee, who also held industry
roundtables. Its objectives were to discuss technology demonstrations and the commercialization
process and to ensure that business and market criteria were included in technology selections for
site demonstrations. Part B includes:

a) Major recommendations for successful technology demonstrations.

b) Ratings and analysis of critical elements for successful demonstrations.

c) Successful coxrmaercialization as seen from different organizational points of view.

These comments give a good business and market perspective to DOE-EM's mission and
objectives. They are based on the realities of the political, regulatory, and bureaucratic barriers
that the environmental industry has had to face in this country; and on what has worked for those
that have been successful in the private sector.
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A. DOE INI)USTRY ROUNDTABLES

DOE TECHNOLOGY COMMERCIALIZATION: I
INDUSTRY PERSPECTIVE

Major Issues Raised/
Past Problems

"Why are the M&Os/Natl. Labs doing demos on technologies that are already being applied
successfully in the private sector?"

"If they don't generate sales, demos are a waste of time. They cost money, with no return. DOE
keeps asking us to do demos without any work on the other end."

"If we do a demo at a DOE site and our technology works, then why can't we get the contract to
do the actual work?"

"Transferability of demos is important, if you demonstrate a technology at a federal site -- then
what? Will the regulators recognize/approve that for the next site? Will DOE? Single sites
are not a big enough market to be attractive."

"National Labs and M&Os need to realize when they are competing with industry.
- If industry can do it, why are the Labs/M&Os trying to do it?
- Industry can do market assessments, cost analysis -- and do it better.
- National Labs also compete with each other to be enviro-tech centers."

"Why are the Labs/M&Os serving as 'centers'; they aren't near industry! And they aren't in the
center of the marketplace!"

"What do the 'centers' do in terms of getting remediation done?"

"If a National Lab/M&O invented cornflakes, it would be packaged in a satellite. It doesn't come
in a simple form that you can instantly sell. They don't know how to be cost-effective; they
don't consider return on investment in short, they are not competitive and they are not end-
result oriented."

"The M&O cannot be the interface with EPA, since the M&O is seen as the generator of the
pollution problem, not the solution."

"The M&Os/Natl. Labs soak up all the money, with little cleanup to show for it."

"Too much money is going to consultants and research [study, study], not real cleanup. 95% of
the money goes to services, not equipment (commercially available technologies)."

"Natl. Labs/M&Os steal small businesses' technologies. They ask us in, we do a lot of up front
work at our expense, then the job goes to the Natl. Lab or M&O. Sometimes the job goes out
for bid to an A/E (who works from the plans we give the M&O) or to some fly-by-night
outfit."

"Procurement cycle is too long, cumbersome, and mysterious."
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Other procurement issues:
- "If I successfully demonsra'ate nay technology, why does that disqualify me from doing the

actual work?"
- "Why can't the DOE sites just issue fixed price orders, hire companies that can put

equipment in, and get the job done'?"
- "Why can't the M&Os break the work down into more specific packages and put them out

for bid?!'
- "Why does it take so long (months/years vs. days/weeks)?"

"There is not much incentive to try new technologies.
- Not only to industry to help DOE clean up its sites, but also to the M&Os and Natl. Lab

staffs, either to develop/commercialize their own technologies or to use commercially
available technologies."

"Environmental market is very fragmented; it is not one big '$200 billion' market."

"Must understand that right now, regulators are site specific; there is no national market. The
regulators don't permit technologies; they permit locations."

"Regulations need to define what constitutes cleanup first, then cost and profit issues follow."

"Indemnification is a problem for businesses to cleanup federal sites."
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DOE TECHNOLOGY COMMERCIALIZATION:
INDUSTRY PERSPECTIVE

What an M&O Can Do

"Provide an opportunity assessment. Give industry a definition of opportunities. Make it
attractive to industry. Give more information on your site, your capabilities, your test
facilities, your remediation and waste processing problems; your point of contact."

"Give industry the process benchmarks (identification of remediation problems/areas, demo
phases, bids, contract awards) that would reduce industry's technology and capital risks."

"Use technology _ private industry for immediate cleanup problems; M&Os/Natl. Labs can
provide technical support."

"Look for where industry puts money, which technologies."

"Leverage investment into companies, not drain it away."

"Use your research strength to solve private industry's need for timely applications and
competitive packaging."

"Use your site to become a "reference" site where a small technology company can get data that
the government buyer needs to put that technology to use."

"Help get public acceptance of a technology."

"Utilize industry associations, pooled intelligence, common problems."

"Provide financial incentives for industry."

"Set up your commercialization program as a source of funding, not a cost."
- "Why should industry fund a National Lab or M&O? They already have our tax money."
- "Pool some money from the National Labs/M&Os; they really won't cooperate unless they

are grabbed by the purse strings. Then make the pool available competitively to joint
projects with industry and the Labs/M&Os."

- Money could also be pooled from other federal programs: DoD, Superfund.
(Superfund spent $12 billion with little to show for it; they need leverage).

" Don't expect CRADAs to attract the entrepreneurs; CRADAs are useless to smaller companies;
there is no cash."

"Must define the size of the risk, especially for environmental technologies where regulations
play a significant role."

"Work with the regulators on a broader permit and more realistic regulations, or the
interpretation of regulations."

"Get the EPA at the table."

"Use something like the Western Governors Association [DOIT] program which brings a lot of
vital stakeholders to the process, and garners local regulatory buy-in."
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"Streamline performance data approval; one-stop penrfitting."

"Address regulatory/permitting issues up front, reduce uncertainty, because the Time-to-Market
is too long to justify up front investment."

"Address regulatory/permitting issues for DOE site-to-site."

"Intellectual property must be protected from M&Os and foreigners."

"M&Os need to demonstrate innovative procurement, not just technology. Reduce the
complexity and length of time to get a contract."

"Deal with procurement bottlenecks and conflict-of-interest barriers."

"Put out the performance specs for a remedial or waste handling problem; don't name a specific
technology, just describe performance. Low bidder wins."

"New technologies need to consider process engineering parameters, cost effectiveness and
technical feasibility--this includes capital cost and operating data."

"Don't try to reinvent the wheel."

"A clearinghouse of technologies and needs would be useful."

"Truth of your program will be in implementation."

"The M&O program needs to be designed not so much as to spend money, but to attract money."

"Ready, fire, aim! Start somewhere, anywhere; get some specific bids on the street. Learn as
you go."
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DOE TECHNOLOGY COMMERCIALIZATION:
INDUSTRY PERSPECTIVE

Successful Commercialization

"Know where you lead; where you follow. Don't move on a market unless you know if you have
a solution. Be accountable for what you do. If you have a window of opportunity, move on
it (time is of the essence). Know what your effort will cost. Also consider cost to the
community."

"Decide what business you're in and what you're not in."

"You don't have to have as big of an economic return if technology development gets you in a
new market soon enough."

"Don't forget the basics: function and cost."

"Government funding can play a critical role bridging the capital gap over the 'Valley of Death'
from prototype to expansion for market entry."

"Reserve some money for commercialization ,,s. technology development. Commercialization,
including manufacturing and marketing, is expensive."

"You must shift the cost curve for the end user, in order to be viable or show a potential for
savings."

"Start small; build on your strengths, supporters, and successes."

"In the environmental business, if you do not have at least a half an order of magnitude in
performance [pollution or liability reduction], then you do not have a product. The bias
against switching is too high a barrier."

"Technology must markedly shift the cost and uncertainty curve down for the customer."

"Remember, the end product for the customer is regulatory compliance, not technology."

"Measure progress. Look for intermediate milestones, not just long-term."

"Look for Return on Investment: Sales, profits."

"Though it is regulated and takes a long time, biotechnology attracts investors, because the
pathway to market and milestones are clear. Environmental technology is less attractive; the
ROI pathway is not clear."

"The environmental industry is a multi-pronged industry. You need comparative analysis, solid
market research, and a plan; don't just crunch numbers."

"Need an FDA (Food & Drug Administration) type of universally-recognized approval for
environmental technologies to facilitate use in national and international markets."

"What are some of the upcoming regulations that will lead to new markets?"
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"Provide incentives for:
-the small business to reduce risk of failure;
-the M&O engineer to identify the site applications; and
-the Natl. Lab scientist to develop and commercialize his technology."

"This is the easiest test of all: The market decides. Sales = Success."
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DOE AND TECHNOLOGY COMMERCIALIZATION

Summary Points

Mission: Accelerate the commercialization of environmental technologies that reduce the
tremendous cost of DOE/DoD cleanups, while supporting the development of globally
competitive American environmental firms.

Objectives (base(t on comments at Industry's Roundtables):

• Must address key barrier,,, to speeding up technology commercialization.

• Must build on resources in place, e.g., DOE Labs. and military bases.

• Must integrate private and international sources of technology.

• Must mobilize private capital and co-funding of commercialization.

• Must be a source of funding itself to initiate real change (e.g., ARPA).

• Must develop accelerated process collaboratively with regulators (EPA).

-Regulatory buy-in is a show-stopper for commercialization
-Procurement process is overwhelming

• Seek to leverage public investment with private resources in pushing forward the
commercialization process of technology.

Potential Payoffs W.orth Risks:

° Pioneers new alternatives for putting government capital into play as true "investment" with
private leverage (vs. just government spending).

• Encourages more risk-taking on cutting edge technologies than either the public or private
sectors nfight otherwise fund.

• Moves DOE-OTD into real role as "investor" with ROI orientation can push DOE Labs to
play by new market-driven rules.

• Insulates government funding more from pork barreling.

• Moves cost-effective technologies into commercialization faster.

° Return on investment not just measured financially, but also "fiscally", as cleanup cost
reductions, jobs created/saved, revenues generated, exports.
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B. PERSPECTIVE FROM AN()THER REGION (WGA)

DOIT Industry Roundtable on Commercialization
Aug. 19, 1993 - San Francisco, CA

Purpose:

• Define how technology demonstrations fit in commercialization process.
• Ensure that site and technology selection criteria for demonstrations

foster commercialization and address market challenges.
• Identify other opportunities for DOlT Committee in commercialization.

Major Recommendations to DOE:

• Market Development ahead of Technology Development.

"Demonstrations without market development are worthless.
We need customers to buy once we have proven it by demo."

• Demonstrate procurement reform, not just technology.
- The DOIT demonstrations can be utilized to illustrate innovative procurement as well.
- Industry is not looking to circumvent competitive bid, but simplify the process.
- The regulations ensuring "fairness of opportunity" stack the process against innovators and

in favor of the usual government contracting crowd, M&Os, engineering firms.

• Standardize performance data formats for technology.
- A standard or modular format would help streamline permitting and market acceptance.
- Perhaps this could be coordinated with EPA-SITE, since they do it anyway.
- However, EPA-SITE and other federal programs take too long to generate reports.

• Facilitate interstate permitting for regional markets.
- This would create a larger market by streamlining regulatory approval.
- Timing seems to be excellent for this as a number of state environmental agencies have

already been meeting with WGA to move forward in this area.
- Cal-EPA is moving aggressively on regulatory reform as part of its Environmental

Technology Partnership that is very focused on commercial issues.

° Delineate liability limitations for demonstrations.
- Few innovators and investors will play in the federal sandlot without liability limits.
- National Labs, bases can play a role here by serving as test beds where liability is bounded.

• Compile and communicate federal market data.
- Especially on federal procurements: who's getting what, where, how much, etc.
- Widespread consensus that federal purchasing was poorly compiled and articulated.
- A good candidate for privatization though, rather than having a government agency do it.
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• What are the critical elements for industry in demonstrating innovative environmental
technology?

(A budget of 10 votes for each person; up to 5 votes on a single issue)

Ratings

35 Clear procurement path if demo is successful

22 Independent report on performance and costs

17 Integrated permitting (state/Federal, cross-media)

16 Waiver of cleanup liability for demo

14 Well-defined performance criteria

12 Preservation of company intellectual property

10 Funding or partial funding (cost-share) of demo
(one group rated funding of demo high)

Analysis of ratings:

• All groups underscored the lack of urgency in government operations vs. the more rapid time
cycle in industry in response to demand for return on investment.

• All agree with iadustry that procurement is a problem.
- Procurement complexity dampens enthusiasm of investors and technology developers to

pursue federal market at all. What if you threw a party and only your in-laws came--the in-
laws you paid to come."

• Performance data is seen as critical to bridging the gap to commercial markets for payoff.

• Integrated permitting is complementary to securing performance data to open markets.

• Liability is important, but some have found ways to manage it by being selective on projects.

• Performance criteria are useful, but other issues seemed more pressing.

• Intellectual property is a hygiene factor, i.e., it becomes a problem if not taken care of.

• Funding of demo is helpful, but not as important as clearing up the bigger procurement path.
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What is
"Successful Commercialization"?

VIEWPOINT MEASURE OF SUCCESS

National Technical brief filed; Patents
Laboratory/ Inquiries from industry
M&O Information Outreach

- No real business; limited sense of market

ORTAs Conferences with industry
CRADAs, Licenses negotiated
- No product; may not be market-driven

Government Large scope of work approved
Contractor Technology demonstrated to Government

- No regard to cost, nor market demand

Startup Tech- Contract for R&D (e.g. SBIR grants)
nology Firm Demonstration in field

- No manufacturing ramp up

Growth Sales; Repeat Bookings
Company Net Positive Cash Flow

- Commercial application

Venture Profitable Sales with ROI
Investors Significant Market Share

- Commercialization that returns investment

Regulator Pollution Prevention and Cleanup
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Barriers/Incentives from the Company/Investor Perspective

Sta_e of Commercializatiorl Barriers to CommercialiT.ation

Research and Technical Concept • Poor communication/market intelligence
• Lack of early stage capital
• Need for identification; market-driven

specifications

Proof of Concept Testing/Simulation • Poor communication/market intelligence
• Lack of early stage capital
• Need for identification; market-driven

specifications.

Prototype Development and Business Plan • Multi-level regulations and permitting
• Inexperienced company management

Pilot Fabrication and Demonstration ° Excessive liability exposure even on small
demonstration volumes

• Lack of indemnification
• Public skepticism
• Lack of performance/cost data
• Risk-averse industrial customers
° Multi-level regulations and permitting

Production Engineering • Low contract margins (DOE/DoD)
• Inexperienced company management
• Ill-defined distribution in marketplace

Full-Scale Use; Commercial Introduction • Joint and several liability
• PuNic skepticism
• Cumbersome procurement procedures
• Inconsistent enforcement
• Lack of "good old" engineering practice
• Sole ownership/exclusive license of

government-funded technology

Examales of Incentives/Programs to Overcome Barriers;

• Industry-DOE/DoD joint technical conferences; journals

• Public: PRDAs, SBIRs/private SBICs, incubators

• Environmental technology databases

• Streamlined permitting (e.g., at test beds, demonstration sites)

• Investor screening

• Bounded liability for innovative demonstration (e.g., DOE-site)

• Predefined indemnification (as in DOE-site)
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• Facilitated site agreements/hearings

• Fast-track for demonstrated technologies

• DOE/DoD demonstration sites --*performance data + approval

• Integrated regulatory approval for treatment trains

• Enviro-Industry Association forums; investor screening

• Industry trade shows, engineering firms, ERMCs

• Bounded liability under Negligence Standards

• Contract set-asides for small business, licenses

• Cluster teams; regional agreements

• Funding to firms for experimentation, innovative demonstrations.
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SECTION 5
SAMPLE IMPLEMENTATION PILOT PROGRAM
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A. PILOT PROGRAMS CONCEPT

Introduction

This is a concept of establishing "centers" or "networks" of industry, entrepreneurs, investors,
regulators and Federal sites to most effectively support technology commercialization and
business growth by drawing on the collective resources of the governmental, academic, financial,
and industrial communities. It would focus on an environmental/waste need of not only DOE,
but also regional industries, such as the pulp and paper industry.

Purpose

The purpose is to promote the development and commercialization of technologies related to
Savannah River Site core competencies in accomplishing the environmental restoration and
waste management objectives of DOE-EM, while addressing critical regional environmental
economic priorities.

Objectives

The following objectives have been set forth by the pilot:

• Based on positive market assessment vs. research focus;

• Bring together a "critical mass" in science and industry for a vital growth sector;

• Utilize SRS technical resources, facilities and environmental priorities - build on SRS and
regional case competencies;

• Partner with local universities for scientific resources and technical talent;

• Allow industry a lead role in prioritizing funding and project selection;

• Focus on "dual-use" technologies that address environmental problems common to both
industry and DOE/DoD, with an eye to exports;

• Work with regional organizations to garner regulatory buy-in and economic
development/community support; and

• Foster links with similar international organizations to facilitate exporting.

Description

• The concept could be a non-profit entity that would network with various industries, regional
economic development organizations, investors, state, local and Federal governments,
academia, industrial associations, professional organizations, and others.

• It would be a small cadre and include the collective expertise and resources of
a) SRS technologies, facilities and its commercialization programs,
b) specific remediation or processing problems and technologies,
c) new business start-up or expansion and management,
d) community-economic factors,
e) market analysis, and
f) capital financing.
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• It would collaborate with any or all of these groups to support environmental technologies,
such as innovative waste minimization or optimum treatment processes, and ensure
investments are made in those technologies and processes with the highest potential for
environmental and economic success.

• Funding levels and related resources must be established. In addition, the pilot must be a
source of funds to attract private capital, matching resources, and worthwhile
commercialization projects that stimulate economic development.

• The organization would be renewed on a 3 to 5 year basis after review and evaluation.

• It would involve regulators early in the technology/process development in order to facilitate
permitting and other regulatory buy-in, as well as, necessary market development.

• This could be a series of pilot technology commercialization initiatives that have a specific
environmental, technical, and economic focus, (such as water resources, mixed waste
processing, hydrogen science, stainless steel reuse, etc.).

The following description of a "Water Resources Technology Center" shows how these pilots
could be implemented.

B. EXAMPLE: WATER RESOURCES TECHNOLOGY CENTER

COMMERCIALIZATION PILOT

Purpose

The purpose is to promote the development and commercialization of technologies related to
water resources, including groundwater, surface water and wastewater monitoring, usage and
treatment, particularly as it responds to regional environmental and economic priorities. It
should encourage industry-government partnerships and leveraging resources to solve common
environmental, waste, and pollution problems.

Technical Areas (that build on SRS Competencies)

• Groundwater assessment, modeling and treatment;
• Wastewater/contaminant monitoring (real-time), instrumentation and treatment;
• Manufacturing water reuse/recycling;
• Aqueous waste processing and sludge treatment;
• Advanced computer simulation, methodologies and technical training;
• Biotreatment processes; and
• Physical/chemical processing to improve water usage.

Funding Sources
Possible funding sources that should be examined are:

• Federal Agencies--DOE, DoD, USDA, NIH, DOC;
• Pulp and Paper, Timber Industries;
• Textiles (AMTEX);
• Chemical and Pharmaceutical Industries;
• Electronics and Industrial Manufacturers;
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• Water and Power Utilities;
• Beverage Makers (e.g., Coca Cola); and
• Food Processors.

Resource Partners
Listed below are several resource partners considered to be "at stake":

• Municipal Water Treatment Works;
• American Water Works Association;
• Agricultural Associations and Farming Combines (Farm Bureau);
• Regional Government Organizations;
• Regional Economic Development Organizations; and
• Universities (graduate students, research base).
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Implementation

WSRC will offer a solicitation for proposals to establish the "WRTC", based on selection
criteria (listed below).

WRTC would then offer matching funds on a "challenge" basis to generate interest from
companies that have garnered private capital and are developing a technology or process.
WRTC could also coordinate SBIR grants. The matching funds help kick-start the effort by
providing and stimulating private investments in companies that support job creation and
commercialization in this region, rather than just funding activities with minimal or no
potential for economic development. WSRC/SRTC would provide project management, test
facilities (such as the Effluent Treatment Facility), testing equipment, and technical expertise;
and provide the interface with DOE.

Interested industries/industrial associations with problems or projects would submit their
proposals to WRTC. In turn, WRTC would also select commercialization projects based on
"greatest potential for success" criteria. (Criteria are based on historical and statistical data on
technology-based businesses.)

The successful project will be one that has private or venture capital or some matching of other
resources, such as an industrial association or consortium, or a university partner or perhaps
from a local utility or municipality; with the objective of creating a business, spinning off a
business or expanding a business, into new markets, and thereby, increasing the availability of
jobs and diversifying the economic base.

WRTC Criteria (example)

1. Essential Criteria
• Economic development and employment in the 5-county region.
• Must have the following represented in the team/partners

(i.e., show demonstrated background or experience):
--Industry, preferably representative of the region;
--Industry concerns with water resources;
--Understanding of entrepreneurship;
--Strong university-based research capability;
--Private matching resources, including facilities, equiprnent, people;
--Environmental regulatory expertise, including local and regional;
--Represent both South Carolina and Georgia; and
--SRS familiarity.

• Private matching capital and capital-formation capability.

2. Desirable Criteria
• Links to other DOE sites/facilities.
• Utilizing minority-owned, women-owned, handicapped, veterans

businesses.
• Working knowledge of commercialization models and mechanisms.

3. Supplemental Criteria
• Developed computerized databases.
• Experience with establishing coalitions, networks.
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APPENDIX 1

SUCCESS FACTORS IN TECHNOLOGY DEVELOPMENT -

a Paper by John T. Preston, M.I.T., Director of Technology Development and
Manager of the Technology Licensing Office
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3 io c,"_,',hi"'a.1History

.John Preston is the Director of Te,chnology Development at _e Massachusetts Institute of
Technology, .as Director, he manages the Technology Licensing Office which is responsible for
=atentino, and licensing of M.I.T.. Lincoln Laboratory. _d Whitehead Institute inventions and
sofvwar'e. He is a m_mber of the Board of Dire,c:ors of Molten Me,,.a.1Technology, Envi;'onmental
BioScience. and is Chairrn_ of the Te_:hnology Tr_sfer Advisory Panel for the Strateg._cDefense
L-fidative of fi_eUnited Stat_ Depar'anent of Defense.

Mr. Preston received his Bachelor of Science Degree in Physics from the University of Wisconsin,
_d his M.B.A. from Nor,:nv,'estern University, His professionfl acfiviues have been _rected
_oward technology tr".msfer,_d specific_ly toward issues rela_d to starting new high :zchnology
complies. He has founded, or assisted in founding, companies that are currently wor'._hseveral
hundred millions of dollars. In addition, abou" 40 complies, mostly spin-offs of M.I.T., have
been st_"ed, in part, through his efforts.

SUCCESS FACTORS IN TECHNOLOGY DEVELOPMENT

By: John T. Preston (Revised 9-26-92)

LNTRODUCTION

Universities in the United States have a signir"icmt impact on business through the u"aasfer of
.,.,..hnolo_,,. This transfer of tachnolo_, takes various forms, inciudino, facult,, commta_cations
(such as lecturing and uhe publication of rese_ch results), fac_ty consu.ttJ.ng activities, and the
direct u'ansfer of te,.nno_o_ through the licensing of patents, copyrights and other inte._ecna_
property to indust,'w.

\Vell-tr-ained students and professional s_f who leave Cneuniversity to work in indust,D' probably
_present the universities' g_atest contribution to industry. Taese persons stimulate creativiq,' and
bring new ide_ and perspec_ves to industry.

Perhaps the most dramatic form of technology transfer from universities, is the craadon of new
bu.sinesses. A 1988 study of MIT spin-off com_an.ies by the B_._xkof Boston revealed that its
personnel and t.echnology were involved in six hund_d mndth3rvysix companies located in
.Massachuse';s. In 1988. these companies emr_loved over 200.000 Massachusetts residents, with
_nual revenues of $39.7 b_ion. H'ad all of these revenues been within Massachusetts. it would
have __mounted to about one-third of C,,eCommonweaith's entire economy. A 1989 s,"udyby
Chase Mar_uattan Bank iden_'_ed 225 MI-;"spin off comp_,_fie..sin Silicon Valley with annual
=venues over $22 billion. A study of S_tanfordspin off companies would probably show similarly
L-ap_ssive economic L'nDacu

Regional economies raceive a double _neft from these high t=ch. spin off companies. Sever_
studies have indicated that for eve,D' high t_hnology job cnated, four or five low tech jobs
(_t_lin,, _overnment. hote!s, consmacdon .) are also c_ated._., .,.. ''

Companies founded by.MIT people inciude Distal Eq.ui.,:ment. Raytheon. An_og Devices, Lotus
_ _ 'Deveiopment. I.n_!, O,.n,.nt.ecn and se'.'er_ other large businesses. MaJ_y MIT spin off comr_.ies.

achieve tremendous o.qro,,vthmtas. Such como_._'fiesare o2en ch_.zractafized by the foUowino" seed



:Lnmzcia.linvestment ,,,.,._,,_...... .....d from a eu";:'-' source of casi_: _e",,-_d.,_--'_,".'",_'...... neurs ,,v!-".dive:_
• ,

"andcom..lem,.n_.-v mar,.,,_.m,.nt ,..,-,,-.-,_;.,-_. =. ,.... .. .,', -,, ,-, . ,,',_ ._ _'"'_--'-',"ndS: and a corn tec,knolo_'-'','_,_ broad aed.:.'abLlitv,
numerous _roducts, madconsiderable ...... ' "• .. . _.,.,_,m _'otenu'zi. _",ese comoanies se_m :o play

-" - andcreatmo jobs.enormous role in stLmu.iatin_the ,._.o,.:.:-r.v

Intemafion:,l competitive factors are forcino=.america to wake uo.to the L,,nponance of e.".couramn_...
t_hnology transfer and the creation of ,,igh tech comaanies. The United States spend.-smore on
msem,'ch m'_ddevelopment that any ouhe."co,,:.",t:)'. L".['act. its _sem'ch ex_nditures ."-,'e."oug._Jy
equ_ to the combined research of JaDe.n.Ge,,"many,United Kingdom and France. The US
Gove,,-nment has reco,,nized the imDor-_,anceof domestically camurin,, the v_ue added of our
mse_ch and numerous laws have been passed that strea.m,l'i,-ae_,.,hnolo__'"o,,, trans,,.r.¢_The n,..o'eh_ct
is that there has been enormous growth in form_ized tec_'molog,,......a_a_,_._'_"from US rese_ch
institutions to indust,"7 over the last five ye_s. Universities and Government Laboratcfies have
become much more a_,2ressive in fmdLq_,mechanisms to ,,or their technology commezr!alized, no
longer relying onlyon publishing msemch results and t,-a.nsferringtra.ined people. To support this
conclusion the foilowino_,xe interestin., exm'noles:

- MFI" licensing income h_ incremsad from S1.8 million in 1985 to S16.2" million
in 1992 (*includes equi U,taken in Lieuof royalties).

- During the same period, Stanford licensing income has increased fro,'n S3.9
million to 525.5 million.

University of Califomia licensing income has incre_ed from S5.4 rn_on in
1987 to $31.4 million in 1992.

- Research Corporation (which handles the licensing of saveral US urdversity
patents) increased its r_venu_ from 510.3 million in 1987 to $43.3 m_on in
1991.

- British Technology Group (which licenses several UK university, parents and
recently set up in the US to handle US patants), inc_ased licensing revenues from
S28.9 million in i987 to $43.9 mRiion in !992.

Often a single ve_, impor',ant invention c_ skew the royalty, fi_ms above. For ex,"mple, the basic
gene splicing invention (Cohen Boyer) accounts for about eight,' percent of Stanford's royalty.
income and a significant portion of the University of California's royal_ income (the invention is
joirfly owned by the two universities and licensed by Stantbrd for both). Similarly, BTG's results
have been enormously effected by cephalosporin (an _tibiotic which made over $250 miiiion in
roy.-lty income), pyre',.hin(pesticide), _d magnetic resonance imaging (MR1) technoiogy.
University. of Florida receives most of its royNry from _e Gatorade trademark. Unive:'sity of
Wisconsin receives large royalties from vitamin D patents and Michigan State through Research
Corporation receives most of its royalties from cis-Plati.n an anti-cancer drug.

LFneeffect of single important inventions c_ be isolatad by ignor4mgroyalty, income and only
me_ufing total number of licenses. T'nis exe:"cise yields similar growth rates to the roy_t'y, da_
For example, during the period above, MIT increased from 15 new lic_,,,.sesin 1985 to 80 in 1992.

GOAaLS OF THE #LIT TECHNOLOGY LICENSLNG OFFICE



There ",_e4 major goa.is of .XIIT'sTec_olo_y Licensir'._ Office. "Fne first goal is 'o bnng about he
efficient ",", '_" "":- o .. -_.mns_,.,of tec:'mology as a way of m_,_ the technoloev av_able to _'_e._ubiic. _o

o . socm:vs best interes:.ac:.ompLishthis end..M!T is ,c:iilin_ to give away':.echnoloeywhen it ]s in " '"
:,'I_ receivesnearly $650 mi'.Jion_nu_v in :ese'a.rchfunds from the US govemment--MIT thus
views the public trust and its obligations to socie'y _ ver/irnpo_ant. With somemchnologies, the
.Dubiicis _er sen,ed if it is _]e_ed to me public domain, especially so if the technology hasa
;.'e._,'low cost thxesholdto reachthe m_keL Sofv.vareis some',.b'nesa good e×':_mpieof a iow
th_shold _chnolo__y_d. it, fact, one of the leadlno sofiw_e packages.X-\'_ mdows, is 1..... s_.a
for free by M_".

By way of contr_t, if biomedical productsare placedinto the public dommn, they may never reach
me marketaiace--_hecost andregulatory hurdlesto bring a new phmu'maceudcalm market _e
simply too high. For exa.mp]e,if someone invemed _pinn today and patentprotection v,,_ not
sought, the fL"stcompanythat commercializesthis technologywould be_ much l_ger expenses
m:m the secondcomply _d would have aneno,u_'nouscemme:'ci_ disadv_tage. The cost of
proceeding through the FDA approvalprocessmzy be _ .'nuch_ $150 mi.llion--no company
would spend this money if a competitor could subsequendyfollow the i.nitial company m'_dm_e
:he product without having to incur the rese_c.h_d regulatory expense.

The second go,_lis to m_aoe conflicts of m_rests that m_ inherentin faculty.-indus,' interactions.
.M1Thas creamd a set of policies to manage and prevent conflict. This goal has equal priority to the
first goal. In other words, technology transfer should not occur unless pomnriai conflict is
m_aged.

The third go_ for MIT's licensmo office is to mmkemoney for the institution and the scientist. In
addition to providing motivation, royalty shmino gives posiuve feedbzck.

..

.t'-fiefourth goal is to generate good ",,,'illboth internally v,_th Ml-f s'_,2ffand extemal!y with the
Hcensees

MIT'S LICENSING PHILOSOPHer

The TLO h_ undergone a radic_ ._h.i.losophic_ t.-....nsifionover the l_t 7 years, resulting in a
number improvements in the technoio_ transfer process.

l'-nefirst change w,_ to move the marketing of L'wentions away from attorneys and instead hk"e
_ O ' " " ° o .....te,.,,nolo=)--ram_.d business _ople. These profession_s _ .MITs cat_vs_ ]'or tecknoloev

ir_sfer. By conu'ast the lawyers concentrated on the protection of the inte_ecma] prope:-i3' more
man the trmnsfer process.

l'-ne second phiiosophic_ chmnge is _at MIT is working with a _eater number of small or sm.r't-up
companies. When dealing with an embryonic tecknolo_', Fo,"rune 500 companies are often not
aarficulariy well suited to license and develop the mchnology--mther, small stas-t-ua compm'de.scan
[-.ebetter suited to commercialize new and e_lv smee technologies. This is parfic,Aarly wae when
Lhetechnology lowers the va.lue of finecompanies _or fl-wesm'_entsin CaDi',_l_a_DmenL A good
example of this is the au__r-,zwatch, which w,_ invented by die Swiss. "i-he auar',2 watch did not
match we!l with the Swiss watch indus_,'s b,.s'_,_iiedbase of f'me machining "madw_ dismissed by
the fl'_dus;._'_ not able to com_em, l'-nus",he)'f_ed to p2tent and we_ even confident enough in
_heiz vie,:; ",hatoum-_watch ':,'_ no: flmoov,an' '_'_' '_,o" f_ed to 1,'""",it secre: _owflno the idea to
be presen',ed at a trade show. Two companies at zhe u-ade show, SeLko and Tex_ i.n.su-:,men,..s,
recognized the impor'-,.znceof the ouar",zwatch - nz.naeivits iack of machined parts _d s_ed
e'.'for_sto commerci_ze this new product. WithL-aten ve_s of the trade show. the Swiss



worldwide market share had dropped from $5.c'oto 15%. It is hurr._n natu-" to be blind to c.'.".nees
that do not fit our _,.,q.orexperience of success- uhus uhe Swiss ,,,.'ereblind to their own invention.
A favorite muote d'_atdrives this point home is from Napo!eon, which is" "Who,. sir. you mean ,'o
tell me that by lio_hfino_a bon _Deunder the d..,.-,of a skip you cmq,,'n_e it s_l against the win "_and
the currents? I pray you excuse me. I have no tL"nefor such nonsense." He then showed Robert
Fulton out of his office.

SmaLl comoanies do not have these ingrained success paradigms and are u_.erefo,"emore wilEng to
accept ide_ thai shift the former success modeis. They also have less invested in i.ntemal rese_ch
and development and are more willing to "import" ideas. FurL,he,,"rnorethey are often more wiiling
to t:,3,:ehigh risk and to develop and prove the product concept, bridging the funding gap between
conceot and prototy'pe..-M'ter bridging the gap small complies often develop partnerships vdt,h
la'ge companies to accelerate market penetration and obta.;, funds t'or sere-up. It should also be
noted that a dollar spent by a small company for technology deve!opment usually accomplishes
more hhan it would in a large company. This is explained below by the differences in passion.

About Fifty percent of MIT's License agreements are with small companies, with fewer than 100
employees. Ten percent of the license agreements am with new companies, created around the
technology and the remaining fort3.'percent goes to large comp_es (typically Fortune 1000).

MIT shares risk with its Licensees by deferring royalty, payments or taking equity in lieu of
royalties. This encourages companies to take the up front risk necessary, to commercialize Nfl"Fs
technoio_oies. K MIT char_ed a comoanv acouirin.o the earn sta_,e technolow a laroe up-front
payment, the risk of failure is transferred completely to the new company. If a cash fee is
deferred, if no fee is cha'ged, or if the fee is taken as equity,, without _ initial license fee, the
development risk is shared with the licensee. MIT typically reoui.res an initial payment--
technology is not licensed only for equity and/or royalties--but its uo-front license fees _ on
average lower when the office was managed by lawyers, _d as cornpamd with other licensing
offices which are ran by lawyers. Also MIT's rumdng roy_ty rate is low relative to most licensing [
offices. One could question the wisdom of our approach. Why not try to optimize the returns
from each deal? Interesting!y, optimizing the royalty rates and up front payments may not optimize
the long term reward. The larger the piece of the pie taken by licensor the lower the interest of the
licensee. K a new opportunity presents itself to the licensee and the profit is marginal for the
original license, them is a good ch_ce that priorities will be shifted. The worst thing to hap_n to
a licensor is to have your customer shift your project from priority one to priority, twent'y-seven.
This almost always means the slow death of the project and is much worse than a crisp
termination, which might allow the technolo_ to be salvaged uh.roughanother license. In the
secuon dealing with passion below, this will be discussed in greater detail.

.am additional mason for limiting the amount of the initial license fee (thus sha.,-ingin the risk md
success of the s'on.nup company) is that by doing so, the probabilit'y that the company will succeed
may be enhanced. For example, K a new company has $2 million in ven.,ure funding, and pays $1
million as an initial license payment, the likelihood that it will be able to develop the technolog3,
properly, and achieve its business goals has been reduced tremendously as it now only has a
million dollars left to build the business. Success factors for new comoanies are important to
consider because the licensor's reward is greatly i.mpr_.ctedby the likelihood of success of the
company. Licensors are often better advised to devote time and eft'on increasing the probability of
success of the licensee, rather than increasing the royalty, ram. Stated di_.-'endy, it is much more
valuable to create a business wi',.han eighty percent likelihood of success, and a two percent royalty
,-'ate,c.,._ to create a business with a twenty _rcent probability of success and an eight _rcent
,"oyaity rate.

A heaithv attitude for a university of Government licensor is to think that your licensee is giving
you a small amount of money for the privilege to s_.nd an enormous amount of money making



,,'our technole-v work. mnd if i{ works both you and the iice.nsee will mKKea o.ood .',mount of
money. Cc_orae 'icensors c,fmorede','eloFedtechnologiesshould be more mercenmD'in pricing.

LMPORTAN'T FACTORS FOR SUCCESS _ N_W BUS_"ESS FO_\IATION

"There _ several i.mporant vaiabies uhatimpact the probability ol success for a'_' new sin.n-up
company or a new business unit within an existing company. These va.r-iablesinclude the ouality
of the technology (Qt), the quaiiu' of the management team developing the technology (Qm), and
qua]ity of the source of money or investors (Qinv).

When starting a new business, the probability, of success (Ps), is proportional to the product of the
variables, and 'although this should not be _ken too seriously, could be expressed by the foi.lovcing
formula:

Ps = Qt x Qm x Qinv

The variables we r_ed from zero to one. with one being the best score. Therefore if all va,-iables
_e _iven the hiPg.hestratin_, one me business is ..uaranL.,.d to succ_d, but any zeros guar_tee
failure.

Quality ofTechnology (Qt)

Technology receives a high rating if the invention has the potentiN to create a number of new
products "product pi_lhne"; has a strong patent or copyright position; _d ha_ considerable
m_ket potenfiM.

An invention that h_ the capaciD' to create many products greatly diffuses the risk of technolo_'
faiiu.m in a new stun-up company, and offers more oppormrfifies for success. Genentech, Inc. is a
good exmmple of ha',dng a viable produci pipeline--its gene splicing technology can be used to
generate mmnvdiffe,_nt oroducts, e.g., TPA and Insulin. Bv con_t, Lores Development
Comp_my • :nee on],,',a sinoio=.,,product, 1-2-3. Despite Lotus' success, Iwould a-..ue.,ti:lat
Genentech's technology had _d has a higher probabiiiry of success. Perhaps the problems ft':at
Lotus Development Company ex_,"ienced with J.__Tzand S.,._phony (subsequent products) stems
from the fee; that its a core technology did not provide a big advantage to designing these products

.amother ciucal factor for success relates to the need for a strong patent (or intellectual prope,,,=.')
position, which provides a wider window of oppormni_, for a company to develop and
comme.l-JiTe it products without direct comNtition. A sirong patent position #ves a monopoly to
the patent holder, keeping other companies at bay from the protected technology. The Japanese
sometimes address a patent that the,,',vdsh to have access to by Filing "picket fence" oamnts. In
effect, the Japanese company w,iil file patents that represent small incremental innovations around
finecore technology they wish to acouire. K the incremental innovations rep_sent &e preferred
way ;..inwNch the base technology may _ used commerci_y, a bm"rler to the effective use of _he
Izc}',nolo_m,'ksc,-'ea_d. They are ',.hen{na position to force cross-licensing of patents to acouk_ the
core technoiogy. Trtis c',n be prevenmd by ca._ful pian.ning and a broad patent esmte--ff you have
20 patents, with 20 claims each. it would be difficult for someone to work around the patent estate,
or to patent all ,.heincmmen_ improvements. T/'.is greatly enhances leverage of the owner of Cne
core _c_'mology in am-acmn_ pa.rme:-s,-atinerman com_d:o,'-s.



l"_nem',_'.-:etpomn,J.',_lof the t=chnolo_y is obviousiy hnpon_t. A mch,noie_y with a billion doUar
business poten,'_:_ will have a higher probabiLi_ of success than one with a million doll.ar m_k_ t.

q

Quality.of the ,.M_agement (Qm)

The qualit)' of the m_agement is cr'.,cial to the success of the venture. M_agement gets high
qu_ity' ratin_.s if it maintak'_s a he.,lthy balance shee:; has a c!e',,.r!yfocused strategy; z.nd is re_stic
about marketing. A healthy balance sheet is the best way to assure that "_'",...financiers will be
interested in mmvino_additional investments at later stages in the business's deve!opment. Almost
every, rapidly growing business will reauim additional funds _ it pmp_es to produce products, or
(in the case of biotechnology/pharrnac:.:utic_ products) begins clinical tENs of its products.

A clear strategy is essential because of the fluid nature of a new business--numerous paths that
aDoear interesting will be presented, and must be filtered through a well- conceived strategic plan.
5I_magement that fails to do this will expend enormous energies on sub oodmal efforts.

Good managers must be realistic abou" "he market for their products. Much effort should go into
the analysis of the market with a clear understanding of why products wi'_,lor will not be
purchased, and a clear understanding of how competitive products will respond.

For example, when the transistor was invented, the vacuum tube manufacturers redoubled theb
R&D and marketing efforts. As a result, vacuum tubes shrunk to hal/" their size. halt"the power
consumption and half the price within 5 years from the invention of the transistor. In fact. they
were doing a g_at job of protecting their market until Texas Instruments developed an application
for the transistor where vacuum tubes could not be easily used. i.e.. hea.fing aids. The hearing aid
sales enabled transistor m_ufacturers to reduce the price/performance ratio of the transistor
sufficiently to compete with the vacuum tube in other businesses. A good counter example is the
thirty, year-old competition be:ween silicon (Si) and gaLLiumarsenide (G.,.-xs). GaAs is much f_ter
than Si and from a fundamental viewpoint should displace Si. However. innovation in Si has been
just fast enough to keep a better price/pegormance ratio than GaAs in the broad markets, leading to
the joke that Gin-kswas, is, and always will be the material of the future. By anticipating the
reaction of the competition, and positioning the new technolog-y pro tx:rly in the market place, good
managers c_ successfully commercialize new technologies to the marke:place.

QuaLity of the Investor (Qv)

7_nefirst rule of building a business is that it will =ke more money than you think.

,'-here are a number of factors that influence the qu_dity of the investor:, first, the track record in
building successful businesses; second, the network of connections with potential parmers or
customers; third, ,..helevel of personal involvement the investor is will.i.ngto devote to the
business; and fourth, their access to money and long-term vision.

There are seve.'-a.lexamples of venture capitalists who have funded doze_ of new comoanies over
the last ten to twenty years, with only two or throe failures, where failure is defined as a company
in w'r.',_chthe oriDnai investor failed to bre_ even or is unlikely to break even. Clearly, the
involvement of an investor with such a strong track record r,dses the probability of success.

Similarly, the investor's network of connections _d ability to influence s=ategic parmers impacts
the probability of success. A venture cani_ta.Listwith high- leve! contacts :n industry, can m_e a
substantial differences in developing panne:'ships where such _sociation could reasonably
e.'.h_ce the I£<e!ihood of success of the nev,, t,.,.nnolo_y deveiopment process.



Access to addiLionM funds can de'ermine whether a sin.n-up comFany fails or succeeds. Federal
Express, for example, went through five rounds of venture Lnvesmaentbefore flmal.lyachievin_
stability and outgrowing the need for ventu_ fundhng. A large number of rounds of venture capita.1
is usually "painful'' for the start-up and indicates that the lono_term fundmmentals look ..-°ood,but
the short term results are disappointing. In S'_ec_,xseof Fede_,A Express, Rothschild Ventures took
the lead in 'all five rounds--the fact that Rotb.schi]d had access to large amounts of money wa_
therefore a major dete,_inant of success. 0:2:erwise Federal Express m_ght have failed for the
wrong re.on -- lack of cash.

Passion for Success (Pa)

The second rule of building a business is that it will be harder than you dzink.

The passion of the various p]ayers is a key determinant of success. Worded differendy, any new
business ',viii encounter hundreds of barrie:-s before it succeeds. People with no passion will use
the first barrier as excuse for failure, while people with high passion will do whatever it takes to
overcome the barriers.

The formula is now modified as follows:

Ps = PatQt x PamQm x PainvQinv,

where Pat is the passion of the technologists. Pare is the passion of the managers and Painv the
passion of the investors. Note thafin this overly harsh formula. =y zeros guarantee f_ure while

) all one are read to guarantee success.

Should any of the three groups be indifferent about success, the future of the company will be
greatly impacted. Some companies succeed despite low mar'ks in one or more areas, but as
competitive pressures inc,-'ezse, it becomes more important that the start-up company have
dedicated personnel. People with high passion will achieve spectacular results, and do whatever is
ne_ssary to reach the goals.._s a result, it is important to evaluate _d modify, if possible, the
strength, ,determination and commitment (or "passion") of the technologists, the managers, and the
investors.

There are man.,,,ways to -kill passion, but g_ed takes fL,-stplace. Greed in the form of equity
diswibution is probably the sin o_Jelargest bz.,'rierto creating companies..M1 players in a new
company are trying to m_ximize their ownership. Often inventors feel they should own 100% of
the company. These _ople push very hard for a high stock price when t.hey raise venture capital.
This behavior t3'picaily drives them to r_se money from secondary sources, (relatives, wealthy
friends or unsopixisticated investors). This lowers the quality'of the investor (Qinv). Second. they
are very stingy in incentive stock plans for their employees, which again attracts second rate
players. Worse yet. in addition to getting second rate employees and investors, the passion of the
employ_s and investors fades rapidly as they come to realize that the probability is small that they
will m_e simaificant money from the overvalued stock they acouired. This means the employees
will be.unwilling to work long hard hours _d the investors wiif not be willing to come forward
when (not if) the company needs more money.

Greed c= tz.ke many other forms. Within a lzrge comply, _ui.w is not the primary modvater
because it is much less lLke!y to make si_i;qc:m,t g_ns. However. credit for good pefforrn_ce -s a

: key incentive. Mana,2e:-sthat cl_,xi.rnall the c:edit when anything good happen.s and doc_e biame
" when problems z.,-ise_ killing the p_sion of the employees under them.



Other "killersof passion n.redesu'uc_ive c,"iucism. Many groups of individu_s are dedicamd to
c:-ificizing plans to prevent mistakes. For example, the Food and Drug Administration is designed
more to prevent a drug which does not perform to standards from reaching the ge.".eral public than
to facilitate getting new helpful drugs to m='.,:et. Within companies committees and lawyers
provide the watchdog function. These people serve an important function much Like the brakes on
your car, but often can have devastating effects on the early stages of any new business
development. The psychology of :hese individuals is that when their advice is sought over some

¢' ,t _ 'new business idea: they can only ",xk.ecredit for pre .',.nung a negative event" rather than
"facilitating a positive." Worded differently, they cannot take credit for the original idea. only
finding its problems. A large dose of such criticism "killspassion.

The Image of the Company (I)

The final complication to the formula is to include the image or credibility of the new business as a
whole. Thus the formula is now:

Ps = PatQt x PamQm x PainvQinv x I,

where I is the image. The image factor is the way the company is perceived by potential strategic
partners, investors, customers, employees .... For example, a biotech company with a Nobel
Laureate on its Board of Directors will have more credibility, in presenting a joint venture plan to a
large pharmaceutical company than a company with unknown scientists. Similarly, a computer
company in partnership with IBM will have an easier time selling its next products than a company
without such an endorsement. Also, a company deriving its technology from S _tzm'ord,Harvard,
or MIT will have a higher image rating than technology from a lesser known university.

There are many examples of image influencing outcome. If a company has a high image, people
will expect success and therefore want to invest, partner or work with the company, creating a
success induced success syndrome. If a company or person has an adverse image, failure is
expected (failure induced failure). Within one year of the introduction of Lotus 1-2-3, for
example, other companies had developed competitive products, which based on their
price/performance ratio should have eroded Lotus' lock on the business use of spreadsheets.
Lotus, though, had built a superb image through its marketing campaign. This marketing effort
was enormous compared to other software companies, and focused solely on business users.
Lotus' competitors were not able to overcome the momentum created by Lotus' marketing
program. In fact, the image created by Lotus' marketing program was so strong that 1-2-3 became
synonymous with spreadsheets. One venture capitalist, in 1985, defined the worst possible
investment as a "1-2-3 clone."

LEVEL OF B'CVESTMEN-I"

Tnere are many different strategies for investing money in a new company. One end of the
spectnm_ is typi.fied by companies that adopt the minimalist approach ("A" curve). Namely,
companies ruse the minimum amount of money required to move the technoloDy forward. Such
companies may even try to "bootstrap" the new business without raising capital. One benefit to
this approach for start-ups is that the founde,"s retain control and almost all owne,"ship. Such
companies _ often attracted to andtake advantage of the services, space and_uipment made
available by science parks and incubator fadA.ides.



.'.2."money is r_sec, the m','estment is c.,'_n too sm-_l] :o _o.eneraLeSi_.'.if]cmqt p_sion on m,. _": of
• "_--_¢o " " "" r.,',,-_o,.- _;:="qve!x.', _:_c2'aSe"_°..... L":.\'es',ors. : ..... . ."nE2.'-,T,aJ'S; COF..._a'iieS _-o o.:_n net ,a,._'l._".0 ,.,.,.,.,.,

:ecan_ca.l and bussess '-'" _ °-'" " '' " a...e.o_m,..,_ move m.,-wae a,., siow aace. M_y of these companies _so
s2end _ :r.ordLnate amount of sen.for m_a,,emen:"'"" -' a -- .• ' _ u.... an,., e::o:: m :'a.isi.n.gsm_ an c '.'n ,..sof
c:'.Di:J needed to "=o.,,,.....Dthe company _','e. This effort could have been devoted to developmg the
busLness had mere funds been rased initial.Iv.

,"'he other end of _he specumm (e.g., excessive initi_ capi:M) is often worse than '.h,e mir,Jm'_st
",z=roach. The managers of these companies often lose the v_ue of money', rS.'picad]y pay high
S_eS ._-."ldbuild lavish offices. _d s_nd. theiz weekends on :;heir boa's even when c:itic_
deadEnes are imminent. I refer to C".isbeh."'.,ior _ the "Taj .,"vtah_ s',mdrome." AYter spending

1age sums of money, these camD_..ies often z'r.ast:a,_ :rives,ors by i:mling to show significant
results. This frustration often ieads :_heinvestors m cut off future invesaments a.nd thus kill the
company and LfC'le company' res'_,ar,.sit will :'es_ on _he minimise curve because the investors
,,v_ be c,vice cautious after tJ'_efailure CC" curve).

Somewhere be.'ween these two strategies is the or0,Jm_ approach CB" cur've). Name!y, suffident
reso,arces ae av_abie for :he com._aqy to dove!up its technology, rapidly, but not so much that the
rn.,aqagers ioose Cqev_ue of money.

"Pne foilowing cha-t demonstrat_ t_ese tt'a'ee scenarios. It is interesting to note that p_sion in the
et)tLm_ curve inc:'e_es over time, ",virile the minimalis: complies tend to loose p_sion. The
m_on is that the employees _d investors see ",.hecomply movmg toward a public offering while
_J'_eemoiovees in the minimaist comoa_ie.s see lirJe hope for s_e o£ their stock Venture caDiml,.'StS
C_ such compm':ies the "living dead."

A is the Minimalist Curve
B is the ODtim_ C'ar_'e

C is the Taj M_al Cu_,e
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LiCENSLNG TO L,-_RGER CO..x,IP..MNTES

_lanv factors discussed above re]ate directly to the creation of new busi.n,esses or product li.nes
wifl'fi'nexisting compar,]es. Using the tbrmula from above, Qt _".dQm have the s_,_nemeaning.
i-he Qinv term.._nough, refers to the Quality of the Sponsor wiu_']nthe company. Most intern'a.l
operations within a lar.oe organization generally require someone at a high level, a sponsor or
champion, to provide funds and g, _ance for the new venture.

i--.nesponsor's roie is analogous to the venture investor's ,ole. Similar to the ventm'e investor, the
sponsor must have experience building businesses, and a strong network of connect.ions.
especially withL-_the company. These connections are impor_mt to avoid political pressures wifld.n
,,anorganization that would discourage innovation and entrepreneurial behavior. Also. large
companies often have internal markets or access to external markets that _ valuable to the new
business unit. The sponsor plays a key role in arranging for access to these internal opportunities.
Unlike the venture investor, a sponsor must also be skilled at the internal politics of the
organization.

Large companies have numerous advantages over start-up compmies in developing new
businesses. The advantages include access to markets, both internal and external, and greater
access to resources than a s_-up. "r'nedisadvantages include a reward structure that is not as
conducive to the creation of passion, and a greater need for communication--this tends to makes
decisions more deliberate and cumbersome.

i--herequirement for passion is greatest when the idea is extremely embryonic and oNns new
markets. In these cases a new sm.rt-up might have a greater probability, of success over an e.,dsting
company. If the technology is closer to an end product (e.g.. within 2 years), and if the product(s)
ar'e readily markemd by existing companies, the Licensor might do be,"terby licensing the
technology to an e.'dsting company. In these later cases, the challenge is to generate passion within
the large company and overcome company inertia that resists change and externally gone=ted
ideas.

Many large companies focus on short term performance (e.g. next quarter's earnings). This
strategy is encouraged by the stock market which weighs quarterly results as more important than
long term potenda.l. It also drives management to behave along the minimalist curve (curve "A" in
figure 1). In other words, a manager is not rewarded for investing in long .:e,,-mprofit potential
("B" curve in figure 1); instead, if costs are reduced to the minimalist curve ("A'), the company's
profit improves in the short term. I refer to such behavior as the "MBA Syndrome." Such
managers can during a short period show increased profits and often get promoted or hired away
before the long _,,"mdisaster occurs. The irony is that if promoted, the manager has the
oppormni_ and incentive to destroy a bigger piece of the company. The MBA Syndrome occurs
in large U.S. companies for two reasons: 1) average U.S. job tenure is short (e.g. 3 yexs); and 2)
tineinvestors in U.S. companies are D'Fically speculators who care only about short term
performance (e.g. pension funds).

There are, fortunately, large companies that avoid t.hissyndrome. Companies with large blocks of
shares owned by one family are wiiling to invest for the long term. Farniiy owned companies
invest along the "B" curve because the family has no intention of selling its stock., instead, they
plan to pass their shares on to their heirs. A number of publicly traded companies, such
Motorola. Co,,-ningznd Ethyl have laroe._ blocks of shares held by a sino_.le_family. Compmies with
family owne.'-shi_ of 10 De:-centor mo_ of the outstmndino=shares, which we_ aiso .publicly traded
nearly doubled _hepe_ormmce of LheSt_dard&Poors 500 companies over a four year _"oedod
(1984 - 1988), according to a study by Mark Cunningham of.aLliance Capital. These somewhat
incredible results _ explained by the long te.,'-min,,._unent sunmgy of the owne:-s. However.
Cunningham's study becomes even more _tonishir.g when the se!ection criteria includ:s active
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involvement of the famiiy in managing the company. Cunningharn has found that such selected
farnLiy compa.rfies outperformed the S&P 500 by three and a h_f times during 1984-1988 and
tenfold during the Nriod 1968 to 1988. These data provide compelling evidence of the benefit of
long term investing.

Short term investments are often intended to shift wealth, while long term investments create
wealth. Clearly, society is bener seined by wealeh creation.

REWARDS TO THE LICENSOR

If the technology develops as expected, the universi_' or licensor should expect a return equal to
the royalty rate times the technology's realistic market potential times the probability of success.

However, there are several complications that will impact the hc_.nsor s rewards. For example, a
poorly written license agreement could eliminate the licensor's rewards. One advantage in this
regard is that universities can trade heavily on "good will." Companies will hesitate before
,,alienating the university because the possibility of obtaining rights to future inventions may be
jeopardized.

A significant factor limiting rewards to the universi_, licensor is the level of hostility, generated in
negotiations. If the Licensing company has grown to dislike the licensor because negotiations were
one-sided, the licensee will view the royalty payments as a tax that should be avoided in an), way
possible. Energies will be expended, often subconsciously, to design around the patent or the
agr_ment.

It is thus crucial that the parties structure a we_ balanced agreement. The agreement is best wri_'en
to provide for simiim"ifies between the winning scenarios for the licensee _d licensor. In the case
of a start-up, this creates strong incentive for the licensor to take equity in parti.al payment of the
license. If the up-front payment has an equity, component, the equity payment ks not resented b_.'
the licensee as it does not remove resources from the technology and business. Also. subsequent
design changes which may work around the patents do not impact the value of the equity, allowing
the licensor a win in even the case its technolo_ h_ short lived value.

OTHER SUCCESS FACTORS

Success factors for licenses are influenced by many factors other than those expressed above. For
example, the quality, of an invention is influenced by the industry, which will use the invention.
One could _'nost envision a parameter called "indusn"y", ranked from zero to one, which describes
the "adoptability" of patents in that industry. Cemain industries, such as unifies or the automotive
industry., are ofmn not _ receotive to extern'axl.lygenerated technologies _ other industries. If the
wx:hnolog), has not been proven and established for many years, few people in these industries
wish to -take the risk of developing the invention. Otiner industries, such _ the computer industry.,
have reduced the importance of inventions by extensive cross-Licensing of patents. For many
computer companies, the freedom to pursue a business strategy is a more dominant concern than
using a patent to protect a monopoly..Also, the computer indust."ycan more readily design around
patents than most other industries.

Other industries, such as biotechnolo_' and pharmaceuticals regard patents more highly. Also
patents in these industries are more tiff]cult to design around.

I
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"Fne formula above could also be modi£ied to reflect cultural diffe_nces. For example, both
Japanese and European cultures tend to be more accepting of importing new technologi_ into large
firms, whereas in the US it is the small companies that are most supportive of importing new i
technologies.

Lasdy, the role and significance of timing is crucial. For example, X-ray lithography has finally
emerged as a commercially viable technology, just as MrFs fundamental patents are beginning to
expire. The importance of timing is difficult to assess. It plays a key role in the development of
markets for new technologies, and therefore a factor in assessing the quality of the invention.

SUlV_IARY

Start-up companies and technology transfer to existing companies will continue to play a major role
in economic development. The positive impact from new business creation can be inc_ased by
targeting appropriate technologies; f'mding strong managers and quality investors or sponsors;
erthancing the image or credibility of the business; and finally, encouraging passionate behavior by
the key players toward the success of the new business. These qualities, coupled with a well
written, balanced agreement and good will on the part of both the licensee and lice:'tsor will greatly
enhance the likelihood for success of the venture and rewards to the licensor.
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APPENDIX 2

PREFACE

This appendix is the work of Dr. Bruce Merrifield, Wharton Business School, University of
Pennsylvania. This is the most recent version of Dr. Merrifieid's commercialization model, and
is used here with his permission.

Dr. Merrifield's model is based on regression of statistical data from numerous commercial
businesses based on technologies developed at various institutions. The model is currently being
finalized for publication in a professional journal, and has been presented in an earlier form as
part of a study completed by the Atlantic Council of the United States titled Transfer of
Technology to Industry from the U. S. Department of Energy Defense Programs Laboratories,
dated July 1992.

The Atlantic Council report is an additional recommended reference.
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CONSTRAL-Nr'FANALYSIS FOR
ASSESSMENT OF BUSINESS RISKS

ABSTRACT

Screening methodologies frequently used to select invesunent opportunities have had limited
ability to predict commercial success. Statistically, only 2 or 3 out of 10 such investments
produce substantial growth businesses, that result in positive cash flows and an acceptable
return on investment.

However, regression analyses, involving many both successful and unsuccessful ventures,
have identified a dozen critical factors that, when satisfied in substantial degree, predict
successes 80% to 90% of the time. This methodology, called the "Constraint Analysis", is

equally useful both for measu.ring the current and future viability of an existing business, and
for benchmarldng it against global competition.

The Constraint Analysis separates "Intrinsic Business Attractiveness", or "Value-A ;ded"
factors, involved in a given opportunity, from the "Fit Factors", required to develop,
commercialize, and effectively manage an ongoing business, in such a way that it can sustain
a competitive advantage.



ENTREPRENEURIAL RISK ASSESSMENT

Perspective

An opportunity for investment must be seen as able to provide a return on investment

sufficient to justify the entrepreneurial risk involved. However, most failures can be traced

directly to inadequate assessments of risk. The following analytical scheme involves a semi-
...

quantitative methodology which distinguishes future successes from failures 80 to 90% of the

time.

The scheme uses an index of merit (IM), which for a given opportunity can be expressed

as a function of the probability of achieving technical success (P'r) for meeting needed

cost/performance requirements, times the probability of achieving commercial success (Pc)

through mobilization and effective management of the skills and resources required.

IM = Pr x Pc

Historically, a 5 to 10 times improvement in cost/performance cwer existing technology,

serving a market need, has beenrequired for a new market entry to profitably capture market

share. "Daisdegree of improvement then establishes the parameters for technical success

desired, and if the operational capabilities required also are present, then a staged technical

program can be justified, which sets out critical cost/performance milestones that must be met

before proceeding. Failure to meet a w:lestone terminates the program thereby eliminating

unnecessary and usually accelerating expenditures.

Regression analysis has identified a dozen factors which are critical for success.

However, these are separated into (I)"Intrinsic Business Attractiveness" factors, and (II)



-2-

"Business Fit" factors. The two are separartcd intentionally since intrinsic factors are not

easily modified, but fit factors can be strengthened where necessary, through joint ventures,

acquisitions, licensing arrangements, and other forms of strategic alliance.

A decision tree results (Figure 1)

Figure 1
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Six critical factors define each of the two categories, and each factor is rated on a scale of 0

to 10, resulting in a maximum of 60 points for each category. A score card (Figure 2))

results, on which scores are plotted on each axis and their intersection circled in the grid as

an additive score. For example, if a given project rates 40 points out of 60 on the Business

Value side, and 45 points on the Fit Factor side, the total of 85, result (A), is plotted as

shown, ff the two scores are 25 and 30 respectively, the result will be (B). Statistically,

opportunities that have scores of 80 points or more, usually are successful 80% to 90% of the

time. Below 70 points, success ratios are 10% to 20%.
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This methodology is equally useful in assessingthe values of existLngotx:rations centers,

and in determini.ngwhat strategy to follow (_owth, cash cow operation, or divestment).

A brief descriptionof each factor follows.

Fig_e 2
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DESCRIPTION OF FACTORS

Business Attractiveness Factors

A. Sales/Profit Potential (Score on a scale of 0 to 10)

The potential market to be addressed should no_.!be seen only as one which

involves the sales volume for a given product, process, or service, but one

which meets a basic human need, and currently may be partly satisfied in a

number of different ways. For a competitor already serving a market need, in

a given business, continual incremental improvements in cost/performance

of 5% to 10% per year likely will be needed to maintain short-term

competitiveness.

However, rarely will only marginal improvements allow a new competitor

to enter an existing market and capture market share and be profitable.

Historically, a 5 to 10 time.._...._sgreater improvement in cost/performance has

been required for a new entry. Also, a similar magnitude of improvement

wad]be required for an existing competitor to sustain a longer-term

competitive advantage. Major investments ofthis tTpe must be carefully

screened for real potential.
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1. Measurement of Sales Potential (Score on a scale of 0 to 5)

Statistically, every doubling in sales volume results in reduced

costs of 15% to 25%, as economies of scale are realized. However,

regression analyses (see Figures 21 and 22) show that indices of

merit for this (and other factors that follow) are not linear with

changes in the factor involveA, but are exponential. In this case, the

constraint score is shown to be exponential with sales volume, but

actually with a dip between about $100 millionand $500 million in

sales volume. At about Sl00 million, what has been

essentially a niche market, somewhat protected from visibility, and

therefore, from competition, begins to become attractive to

very large companies, interested in follow-on technology (Figure 3)

However, as the market continues to expand, multiple smaller segments

involving multiple applications usually emerge. These again provide

more protected niche markets for both suppliers and entrepreneurs to

participate in the new technology.
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Figuze 3
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2. Profit Potential (Score on a scale of 0 to 5)

Sales volume without profits do not merit investment. An instanteous

"snapshot" of current profitability can be provided by a discounted

cash flow return on investment (DCF-ROI) which corrects for in-

flarion, and also discounts for alternative risk-fT_ investment of capital.

for example, LnGovernn'w:nt securities. A DCF-ROI rating of 20%

or higher would scorn 5% as illustrated in Figure 4.

The sum of the scores for sales and profit pott:ntiai provides the totaJ

constraint analysis score for this factor.
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Figure 4
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B.. Growth Potential (Score on a scale of 0 to 10)

"A rising tide raises all the boats, even the leaky ones". Therefore, an

important factor involves the potential growth rate of the market

need being served, and the relative degree to which it is being effectively

served. For example, a slow-growing or static market also can provide

rapid growth down the learning curve for a major innovation that is

sufficiently cost/benefit superior that it captures the market from less

effective technology.

In both cases, a ftrst mover advantage can be critical i.n establishing

a "dominant design" and commanding economies of scale, before a

competitor can react ha the past, companies such as Timex,

Xerox, Kodak, and IBM have established domiaaant positions,
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Figure 5

The "Learning Curve"
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and prospered enormously, for a time. The slope of the learning curve

reflects the rate at which advancing technology may be bettcr

sewing a growing human need (Figure 5). Therefore, if product, process

or service costs are decreasing 20% or more with each cumulative

doubling in sales volume, the indication is that both economies of scale

and improving performance will continue to drive accelerated market

growth. Score I0 for a 20% rate of decrease. Alternatively, use

available literature date for market growth trends. Score I0 for 20% on higher

annual gr'o'o,,th(Figure 6).
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Figure 6
MARKET SROwTW

Score

I0

6

I io
4 .......... 7 t i

._, , ,
z / i i i

./ i I I

._" I , '
0 I , ,' L _ _

0 5% l0': 15; 20_

."_ARKETroRf)w'7_; _ER YEAR

C. CompetitorReactivity(Scoreon a scaleof0 to10)

Thisfactorismeasuredinthz_dLfferentways. One oftheseinvolvesthe

ability of a dominant competitor to respond quickly to a loss of profitability

or market share to a new entrant. A second involves the degree of proprietary

character of an innovation, that protects it from immediate reaction or

duplication. The third involves the rate at which even more effective solutions

to the market need could obsolete current operauons before their useful lives

can be realized.

1. Dominant Competitive Reactivity (Score on a scale of 0 to 4)

An entrenched competitor with a dominant share of a market must

react when threatened by a new entrant. The f'trst defensive

move u _jally involves price reductions to slow the loss of market

share at the expense of profitability, with the hope of buying time
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to be a "fast follower" --- later overwhelming the new entrant with

superior marketing, distribution, production, and access to capital

for rapid expansion. This Figure 7

s=ategy no longer may bc STAGES IN THE S CURVE I

effective, as Life cycles COST/PERFORMANCE

A_ _tON

collapse ,o just a few STAC,JEIV / COST R[ _D4JCTION

years(Figure7)).For STA_E m /p.OC_SS M'ROVEN_NT

example, when Apple _--'_--"DO_aNT
I

commerci_zed / __p.o P_OOUCT
STAG_, / _N.'_OV_W_NTS

the Xerox Palo Alto / .NO PRO_.IFIRAT|ON
-..L...

Research Laboratory STAC,Zy' T-
FroST COMMERCIALIZATION

,,

personal computer, and "" T_ •

Microsoft commercialized the Xerox precursor to "Windows", IBM

reacted with its open architecture PC and funded instead of capturing

Microsoft. However, the rapid growth in Stage II and ready availability.

of microchips allowed many competitors to ent,.,n',and IBM which had

captured about one third of the market failed to establish a dominant

." position, and lost much of its market share.

/,n the pasL the s-cu.rvesyndrome has passedthrough four stages,the

, F_st being the inu'oduc)Jon of an innovauon, the second being a period

of dynamic new development :_smany competitors enter, the thizd b_in_
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a period when a dominant design appears, discouraging radical changes,

and the market begins to consolidate to a few larger competitors, and

the fourth beginning a period of decline, when next-generation systems

may emerge, Figure 8 illustrates the Arthur D. Little "Life Cycle

Matrix" describing this phenomenon, t

Figure 8

A. D. Little Life Cycle Matrix
L

Characteristic Sta __I .StageI..! Sta_e III StaQe IV

(Introduction) (RapidGrowth) _MaturityJ (Decline)

Sales Volume Low Rising Peaked Declining

Profitability Negative Positive High Falling

Growth Rate Slow Rapid Leveled Declining

OperatingCosts High Falling Low Low

ProductLine Limited Divestifying Diverse Shrinking

Pricing Cost-PIus Penetration Competitire Cut-Ihroat

No Competitors Few Many Consolidating Few

Less frequently, however, will Life cycles see Stages III and IV

as new technology supercedes older systems at m increasing

rate. The risk of reaction to a new market entrant is still real.

It is lowest in a badly fragmented market with many small

competitors. However, for an innovation which is penetrating
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ancxJsRngma.rkctdominatedbya majorcompetitor,an indexof

rcactivi_canIx:measuredby thepercentofmarketshareheld

(,Figure9).The existenceofnodominantcompetitorratesa score

of4.

. Figure 9
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2. PTODI'ieI_r'vCharacmr of the Operation (Score on a scale of 0 to 3)

A patent or copyright provides a constitutional right to a legal

monopoly for a projected operation. The stronger the patent or

copyright, the greater is the protection from early competitor reaction.

Ph_rmaceuticats and specialty chemicals often are based on unique

"composition of matter" patents which can provide extended protection.

• When further strengthened by a portfolio of support patents (process

and construction), and by multiple picket patents (use and application),

the protection can be impenetrable. Some countries still have not

adopted the International Patent and Trademark Convention, so
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Figure 10
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universal coverage is not possible. However, it is important

to obtain whatever protection is possible and is economically

justified, based on the potential value of the technology.

Score this sub-factor as illustrated £n Figure 10.

3. Rat_ of Technical Obsolescence (Score on a scale of 0 to 3)

About 90% of all scientific knowledge has been generated ha the

last 30 years by about 90% of aLl scientists and engineers who have

ever lived, and now are Living and working.: As a result, pr_uct and

process life cycles now have collapsed to just a few years in many

indus_es, obsoleting equipment and facilities long before theLr

useful lives can be realized.
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As Lifecycles continue to collapse, a sustainable competitive

advantage will require both continual improvements in

existing operations Figure !1

fornea.r-terrnsurvival, L'.FECYCLE:_DORTAt,(CE
Score

as well as simultaneous 3

development of "next- _ i
2 .

1longer term competitive. , '
1 I I

'" I I
ness. Also needed, will

I / , , I

be time-critical access to o I . : . _ . , ,
z 4 6 8

flexible manufacru.d.ng YEARS EXPECTED LIFE

and global marketing and distribution, either through in-house

capabilities or throughsu'ategic alliances. The risk of obsolescence

associated with rapidly advancing technology can be measured in terms

of expected Lifecycles. Score this "obsolescence factor" as illusaated

in Figure 11.

The sum ofthe "reaction" factor, the "intellectual property" factor

and the "obsolescence" factor constitute a measure of the global

climate of competitor reaction to an innovation.



-15-

D. Risk Distribution (Score on a scale of 0 to 10)

Survival increasingly will depend upon a degree of product line diversity, since

the risk of sudden collapse is much greater "when all the eggs are in one

basket". An operation which is focused in one segment of a market can be

disadvantaged when an unexpected event or a new innovation intervenes. The

risk must be distributed over a number of areas sufficiently differentiated from

each so that i.fone is lost, all are not lost.

Figure 12
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E. The Potential for IndustryRestructure (Score on a scale of 0 to 10)

An innovation that provides a 5 to 10 times improvement in cost/benefits

over existing market solution, can restructure an entire industry or at

least segments of the industry. Significant leverage is possible for such a

development. These can take the form of exclusive field of use (or

territorial) licenses with leading edge companies, together with an equity

participation in a new joint venture that builds on mutual strengths,

plus an up-front payment, a royalty on sales of the final product, and a

transfer price for the component or material involved. Seminal discoveries

such as the transistor, high temperature superconductivity, a break-through-it,

electrical energy storage, or a method for sequencing the human genome, can

restructure one or more enti.re industries and create new ones not previously

feasible.

Alternative possibilities for exploiting such a major discovery may not be

recognized at first, and therefore a systematic search of world literature

can be important in surfacing these ahematives. Also, realization of the

full potential for a major new development requires simultaneous market

penetration of all segments, since life cycles can be short. The strategic

alliance approach can make this possible, and international alliances can

multiply the eventual return. Score this factor as illustrated in Figure 13.
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Fi gure 13
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F. Politicaland SocialCons_aints (Scoreon a scaleof 0 to I0)

The hyper-competitiveglobalvillagewithvanishingborders,inwhich v,enow

live,stillisbesetwith a bewilderinga,rTayofchangingtariffs,non-b_riff

restrictions,aswellas culn,u'aland languagebarriers,over which a company

may have littlecontrol.Foreignnationsnotonly raiseprotectiveLa.nffs,but

oftencreatestandardsre,quuements,portofentryresmctions,and other

"creative"barriersto imports."TheU.S. hastariffs,quotas,and exportconools

(for national security-sensitive products), all of which impede the free flow and

access to materials and components.

Also domestically. U.S. regulatory agencies require approvals for building and

construction, for sale of pharmaceuticals, agricultural chemicals, meat and

dairy products, and for emission of toxic air and water effluents. Compliance

standards exist for sale of securities, and for broadcast and communications

operations. Liability laws ctm'endy result in industry payments of over S200
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billion each year resulting from class action and other forms of punitive

litigation. Dozens of local codes and restrictions also must be complied with,

when relevant, which add costs, result i.n delays, and can seriously reduce the

attractiveness of an opportunity.

Finally, an incoherent combination of monetary, fiscal and regulatory policies

which have existed in the U.S. and other countries, have produced repetitive

recessions and concomm.itant budget deficits, Four year "boom and bust"

cycles introduce uncertainties for sustained investment that are destructive, but

must be anticipated by management strategies. The multiplicities of these

exogenous factors, make difficult their quantification, and different types of

operation are particularly sensitive to certain types of political/social
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intervention. For example, import-export businesses will be especially affected

by abrupt changes in exchange rates. Score this factor with a neutral situation

rating 5 points, and positive or negative factors adding or subtracting as can be

best estimated (Figure 14). Obviously, an activity that is illegal or unethical

requires a "no-go" decision for the project.

Business Fit Factors

The "Intrinsic Business Attractiveness" factors identified above are not easily

modified. This is not true of the "Fit Factors," since weaknesses here often can

be corrected by pooling of skills and resources through strategic alliances. In

particular, few companies alone either now can hold captive all the skills and

resources needed to develop and commercialize a basic discovery, which may have

multiple applications, or alternatively, can justify the long negative cash flows

required. Therefore, fit factor weaknesses need careful analysis for successful

results to be obtained.

A. Capital Availability (Score on a scale of 0 to 10)

A discounted cash flow return on investment (DCF-ROr) of 20%

establishes a high hurdle rate for availability of capital. Large

companies with heavy cash flows might choose to ignore this hurdle,

but not advisably. Also, an undercapitalized company may not have

access to funds at any rate. For start-up businesses, lack of capital usually
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results Lnmajor dilutions of equity for the entrepreneurs involved, as a result

of multiple rounds of financing. "Cash rescue" in distress usually results in

loss of management control as well. Therefore, affordable levels of capita/

must be available as needed from a combination of equity and debt financing.

Also, once commercial operation begins, the generation of sustained cash no,.,,'

should be sufficient to finance further measured growth (hedged for

negative surprises), or at least sufficient to create options for additional

leverage.

Figure 15
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requirements for manufacturing marketing and distribution can exceed

the cost of initial development by a factor of 10. Services, software and light

manufacturing businesses tend to be low capital-intensive, and shared

flexible computer integrated manufacturing facilities, now being developed,

can mitigate some of the initial entry costs, and accelerate prototyping.

Dedicated facilities making a single product often can be obsolescent now

before repayment of their investment.

In the U.S. the cost of capital has averaged 5 to 7 times greater than Japan

and other countries. Incoherent fiscal and monetary policies largely

have been responsible. As a result, the hurdle rate for risk investments

has been too high for venture capitalists, or when investing in opportunities

still in development, they require large proportions of the equity.

Other limited sources of capital have included Small Business Innovation

Research (SBIR) grants from U.S. Government laboratories, which provide

S50,000 Phase I, and $500,000 Phase II grants. However, only about one in

100 applications is funded. The Commerce Department's Advanced

Technology Program (ATP) has a growing budget, but one which also does

not meet the demand. Finally Advanced Research Projects Agency, ARPA

(formerly DARPA) funds promising dual-use developments that have both

military and commercial potential. Friends and individual investors can be

another limited source of funds. However, reliance on such funding cannot be
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advisable, and the time-critical availability of funding is an important

constraint. Score as illustrated in Figure 15.

B. Marketin_ and Distribuuon (Score on a scale of 0 to 10)

Early entry and rapid penetration of global markets is critical in maxi.rn.izing

the return on any investment. Moreover, time-critical access to global

markets often will require formation of strategic alliances. (It is better

to have 50% of something than 100% of nothing.) Alliances must be

properly structured

and the individuals Figure 16

involvedstronglyin- ,_RKET!NG/DISTR!BUTION
Score

centivizedtoproduce l0 ',
I

results. Separate 8 I
I

arrangements may be
6 I

!

required for different t
4 1

market segments, but
t

the degree of differences 2 I
I

in skills and capabilities 0 _ t
I 11 !11 !v

neededcanprovideboth
! - VEAK IN-HOUSECAPABILITY

riskdistributionand "i = EXPANDABLEDOMESTICBASE
iii = STRONGDOMESTICCAP,_,B!LITY
IV = STRONGGLOBAL CAPABILITY

barriers to entry for

competitors.
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The U.S. Dcparu'nentof Commerce has set up a number of joint venture

a.rrangementswith developing countries to faciUtate forrnadon of alliances.

Contacts can be made du'oughthe Office of Technology adrninis_'ation and

through foreign commercial officers at many U.S. embassies. Score this

factor as illustrated in Figure 16.

C. Manufactu.rin_Competence (Scoreon a scale of 0 to 10)
I

This factor is measured in terms of the ability to rapidly prototype

a new development, and provide early market entry with sustainable

and reproducible precision production. Elements involved include bench

scale and pilot plant facilities which are flexible and computer integrated,

and can provide interim production at reasonable costs while gauging the

need for and rate of capacity increases. Figure 17
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processing, and mechano-electronic assembly systems. Effective use of these

facilities requires designing for production at the earliest stages of

development.

Opportunities that do not require sophisticated production capabilities such as

software and many services automatically rate scores of I0. For others, score

as illustrated in Exhibit 17.

D. Technical Support Capabili .w. (Score on a scale of 0 to 10)

Rapidly advancing technology now is the primary engine driving

all economies. Therefore, an effective technical competence increasingly will

be essential for industrial competitiveness. This function involves a number

of important capabilities which include 1) a strong sales service function,

2) an ability to make continuous incremental improvements in existing

operations, and 3) the expertise to develop next-generation systems, deliberately

designed to obsolete current operations before a competitor does so.

1. Technical Services to Sales (Score on a scale of 0 to 3)

Suppon of sales in the field can be vital for sustained customer

satisfaction and repeat business. This is a specialized skill function,

but often does not require a sophisticated technical background.

Therefore, it must be supponed on demand in a time-critical fashion

by more sophisticated skills whenever needed.
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2. Incremental Improvements (Score on a scale of 0 to 4)

Near-term competitiveness Figure 18

and sustained cash flows TECHNICALCOMPETE:ICE
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In addition, it reqai.res a professionally staffed computer-aided literature

search function, since important developments can surface anywhere.

"A good idea doesn't care who has it." This very important "world

scan" capability must be designed to identify both new discoveries that

might synerIgize with existing operations, as well as to provide early

w_a'ning of next-generation developments that might obsolete existing

systems.

3. Next-Generation Systems (Score on a scale of 0 to 3)

The U.S. currently spends some $25 billion each year for basic resezrch
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The United Kingdom is next with about 10% of that amount. All other

nations spend less. Moreover, it is this unique (and unmatchable)

capability that now generates most of the Nobel Prizes and has

produced about two dozen "critical technologies" that will restructure

almost every industry over the next two decades, and dominate the

21st century. No U.S. or other industrial nation company, from now on,

can expect to maintain profitability in any commodity business, unless it

is protected by quotas or tariffs. Survival will depend upon making

significant investments in these next-generation technologies with the

deliberate intent to obsolete current operations as soon as possible.

This requires a high level and broad spectrum of technical capabilities

which few companies alone can hold capafive. Yet survival in the

longer term depends upon the ability to access such capabilities. Often

this will require collaboration in vertically integrated consortia --- a

management style not easily accepted by a fiercely independent

corporate culture.

The sum of these three scores constitutes the figure of merit for this

technical support capability (Figure 18).

E. Access to Critical Materials and Components (Score on a scale of 0 to 10)

A time-critical assured supply of raw materials or components is essential for
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sustained profitable operation.

Even a temporary shortage Figure 19
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13 ..................

essential microchip, a circuit

B. I
board, or a testing service can 'j

pusha small business into 6 "

Chapter 11, or make a larger 4

i I
company vulnerable to take 2 ,, -" J I

over if its stock price falls I _ I

below book value. Dependency I I I I I I IV
I • CRITICALELEMEtlT,SINGLESOURCE

uponimportsfl'ompolirically II - IMPORTANTSEGMENTSLIMITrDSUPPLYIll • EXPANSIONOF SUPPLYLIKELY
IV • COMMODITY,_LTIPLE SOURCES

unstable countries is unwise, and

contingency plans that include reserve supplies are important Sole source

procurement also can result in shrinking profit margins as the supplier takes

advantage of the control possessed to raise prices. Rate the sensitivity to dis-

rupdon as illustrated in Figure 19.

F. ._4ana_ement (Score on a scale of 0 to 10)

Hemando deSoto, a Peruvian. has written a book based on a seven year study

of Latin American companies, in which he points out that the definition of an

u'lderdeveloped country is one where the entrepreneurial function has been
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made illegal. This is true, of course, of all the Marxist-Socialist economies,

but also, it is true in part in many large companies where bureaucratic layers of

managers have seriously impeded the in_..EEg.preneurialfunction. The f'trst

requirement for successful entrepreneurial and intrapreneurial activities is a

dedicated "champion" determined to succeed. In a large company a

second requirement for success is the need for activ e top management support.

Finally a third element that is required for all operations is a flexible

organization and structure that allows time-critical access to all the skills and

resources needed.

- Top management commitment means intervention at all

levels of the organization to assure that skills and

resources are available when needed, and that the

fledging innovation is protected from existing entrenched

profit centers, competing for the same resoruces.

- The champion must be both technically competent and have

had management experience. High levels of energy, good

communication skills, and ability to relate easily to all types of

people, and enormous persistence, alsoare needed.

A concurrent engineering (task force) or matrix form of

organization is essential to allow time-crdcal access to needed
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s'l_Usand resources. Also. Ln_casingly, various forms of

strategic alliance structures will be reqttried to pool skills and

resources, share risk, and accelerate development times for early

commercialization, and an all-important "first-mover" advantage.

The Limited Parmership structure is particularly useful for

both funding and managing a major innovation, which may be

beyond the skill capabilities and risk threshold for an

individual company. Score this factor as illustrated in Fig_e 20.

Figure 20

_NAGEMENT ENVIRONMENT
Score

_e

lO " i
I

8 . i

1
6 . I

i '! i
2 - I

I ii 1ii. IV

I = _TRIX STRUCTUREONLY
ii = _TRIX . STRONGCHAMPION
111 : FIRST 2 + TOP _NAGE_ENT SUPPORT
IV = FIRST 3 + ST_TEGIC ALLIANCESNEEDED
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Regression Analysis

Figure 21 tabulates severn dozen projects, some of which in retrospect should never have

been undertaken, and others resulted in varying degrees of success as measured by a

discounted cash flow return on investment. Regression analysis _ produced a correlation

factor (r) of 0.9 I, with a coefficient of determination of 0.82, and the coefficient of non-

determination of 0.17. The T value (14.45) also is very high, indicating that the possibility

of zero correlation within the population is unlikely (less than 5%). and that a 95%

confidence exists for the correlations postulated.

Figure 22 also plots the correlation between % ROI and the constraint scores. Return on

investment rises exponentially with the constraint score. The author was intimately involved

in these projects over several decades, commencing in an earlier "more naive" time.

Committing the time, energy and enthusiasm of a young researcher to projects that have

minimal hope of commercial success, can be dispi.riting --- and was the origin of the

constraint analysis. The analysis developed over a number of years, and much better

results were obtained, as the opportunity for management control over investment opporruni-

ties occurred.

The analysis ,.,,'aspicked up by T. Ohe'. in Japan, when resident at the Wharton School of

Business. He carried out a study of some 38 corporate diversification ventures, involving 18

major Japanese corporations. 80% of the ventures were manufacturing and 20% service

businesses. Regression analysis showed a strong correlation with the "Fit Factors", and

.1 of the 6 "Business Attractiveness" factors (Figure 23).



Figure 21

Project Analysis

Business Attractiveness Fit Factors Results

ProJect ]_. 2 3 4 5 6 (IOT) ]_ 2 3 4 5 6_ (TUT) Su__.m_m_, ROI

Specialty Polymer 5 5 4 2 U 5 (Z]) 8 3 4 7 9 5 (36) 51 0%

Ure Flotation Agent 5 5 3 3 0 5 _21J 9 8 2 9 10 4 (42) 63 0%

Rocket Fuel 7 5 2 I 4 6 [25J 7 7 2 9 10 5 (4U) 65 0%

Special ty Polyester 7 7 5 4 0 5 (Z8) 8 7 8 8 0 7 [38) 66 UX

ZinclChlorlde IJattery 5 5 Z 5 5 5 127) 4 4 3 7 I0 5 {33J 60 O_

lligh Temp Polymer 7 5 4 6 0 5 127] 6 5 b 7 IU 6 (39) 66 0%

IIF From Phosphates b 5 5 I 0 7 _30_ 5 7 4 6 IU 5 (dT) 67 0%

Vu]canization Agent 5 4 4 3 2 5 (23) IJ 8 7 _J g 5 (45) 68 0%

{luiet Ride lime 5 4 4 2 2 6 (23) 8 8 7 B I0 5 t46J 69 U%

Ziegler Catalyst 7 /3 2 2 4 5 (28) tl 6 5 B IU 5 (42) /0 5"A

Retort Pouch 6 5 3 4 4 6 (28) 7 ! 7 5 I0 6 [42) lO 4J,

Synthetic Ethaverine 5 4 5 2 0 6 (22) 9 8 8 g 10 7 (_1) 73 II%

Polystyrene Cup 7 b 3 7 0 6 (29) 6 6 7 8 I0 7 t44J 73 12%

Specialty Phenolic 5 4 2 5 0 5 (21) 7 10 10 7 I0 7 (51] 72 9%

Scale Inhibitor 5 6 3 3 0 5 (2Z) 9 8 9 9 IU 5 (50) 72 12%

Lmulsion Butadlene 6 6 4 3 3 5 (29) 7 9 7 8 I0 5 [46J 75 13";

Phenolic Uye 5 4 7 4 2 5 [27J 8 9 9 7 ]U 5 (48) 15 IZ%

Chlorine Membrane Cell 7 b 4 3 b 5 (30) 13 7 8 7 IU 7 (47) 77 15%

Edible Sausage Casing 8 8 4 4 5 7 (36) 8 4 7 5 I0 7 [41) 77 15%

Barrier l'lastic(CO) B 7 5 7 3 5 (27J 7 6 b 8 IU 6 (42) 77 11%

Fire Retardant . 6 8 3 7 0 7 (31) 8 9 8 b 10 b (4/) 18 15%

Dipolar Chlorine Cell 6 b 5 4 3 5 [29J 8 9 Y B 1U 7 (bl) 80 16%

Instant Corrosion Meter 5 5 I 5 3 I (32) 7 U 9 9 I0 7 (50) 82 ]97,

Corrosion Inhibitor 8 6 5 7 2 6 (34) tl 8 9 9 5 9 [48_ 82 29_

bl;ec ia I ty Emulsifier 6 6 I 8 6 I (40) I g 4 8 V 5 (q2) 82 21c



ProJect Analysis

Business Attractiveness I-it Factors Results°. I

ProJect / 2 3 4 _5 _G (TOT) 1_ _2 _3 4_ 5 _G (TOT,,) Su___mm % HO!

tligh impact PVC ' 10 8 6 ]0 3 5 (42) 7 8 3 7 !0 5 (40) 02 42%

Fine ParLic]e I'VC 8 7 7 7 1 5 (35) 8 9 5 9 I0 7 (48) 83 39;I;

Linc Cerrophos Corrosion 8 6 7 5 4 5 (351 9 9 0 8 IU 7 (49) 84 32%

Plastic Ueverage Bottle 8 8 5 b 3 6 t35) 8 U 9 7 10 7 _49) 84 24%

Pour Point Uepressant 8 8 5 5 3 l (36) 9 U 7 9 I0 6 [49_ 85 24_&

Uimension 5table Anode 9 U 5 4 b 6 (JB) 9 8 9 6 lO b (48) 86 J2%

Synthetic Wax 9 I 6 5 3 5 (35) 9 8 7 9 10 I (51) 86 42_

Rubber Accelerant 8 6 4 7 5 5 (35) 9 9 9 U 10 l (5Z) 87 20];

Uil Field Bacteridstat 8 U 6 6 Ll 7 (35) 9 8 9 8 10 7 1511 89 37%

Rubber Antidegradent 9 LI 6 7 6 9 (45) I 9 3 9 10 U (46) 91 46:_

lligh Impact Polystyrene 9 8 6 7 5 5 (40) 9 10 I 9 10 6 (51) 91 4Z%

Agriculture llerbicide 9 9 l 7 4 6 (42) 8 9 9 9 10 l (52) 92 43_&

Correlation of Constraint Score Sum With % ROI 0.924

Coefficient of Determination 0.85J

Coefficient of rton-Uetennination 0.147

7_ Value 14.45]

l_orrelation of ROI With

Business Attractiveness U.8

ri L Factors 0.6
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Figurc 23

BusinessAttractiveness Fit Factors

I. Sales/ProfitPotential 0.255 I. Capi*_alAvailability 0.2i5
ROI 0.237 2. Manufacturing 0._5_
Market Size 0.331 3. Marketing,Distribution 0.215

2. Growth Potential O.ll5 4. TechnologyCapability 0._97 ,
3. CompetitorAnalysis 0.345 5. ComponentAvailability 0.305

ProductLife 0.321 6. Manage_nent 0.-_15
Competition 0.287 Top Mgmt. Support 0.561
Patent Protection -0.021 Champion 0 491

4. Risk Distribution 0.489
5. Restructuring -0.249
6. Political/Socia] -0.I70

Sub Total 0.216 Sub Total 0.506

Lack of correlation with Nos. 5 and 6 in the Business Attractiveness category and with the

need for pat-.nt protection reflect the fact that the projects selected were not based on new

R&D, but were diversifications into existing businesses with limited proprietary character.

Also, the regulatory climate in Japan has been more benign than in the U.S. (80,000 new

U.S. regulations were legislatm:l between 1980 and 1990,) The study was undertaken because

the active diversification efforts by large companies in Japan, had met with limited success _.

Those that were successful had constraint scores of 80 points or more (Figure 24).
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Figure 24

Ohe defines commercial success as iUustrated in Figure 25.
I

I

Figure 25
I

STATUSOF BUSINESS SUCCESS FAILURE

A "GoingConcern" Yes No

B PlanningFor Expansion Yes No

C PlanningFor Cutback No Yes i

D Sales PerformanceOn Plan Exceeds Below
I

E -ProfitPerformance On Plan Exceeds Below j
"F Cash Flow _tatus Positive Negative 1

G OperationalProfit Status Profitable Loss

H AccumulativeProfit Status Profitable Loss

i Profit Compared To Main Business Better Worse

J RevenueAs % Of Total Company Over i; Less Than '_.

K Statusof InvisibleAssets Increased Decreased

L Repu:ationOf Venture in Company Success Failure
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Summary

Regressionanalyseshave identified a dozen performance factors that are important for

profitable operation of an existing business,or for successfuldevelopment of a new business.

Each factor is scorexlon a scale of 0 to 10, and the sum of the individual scoresprovidesa

global benchmark of the operation. Statistically, total scores of 80 points or more define

growth businesses, and predict 8 or 9 out of 10 commercial successes for new business

investments.
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PROTECH OVERVIEW

ProTech is an interactive computer-based tool developed by Battelle Pacific Northwest Laboratory
for DOE-OTD to provide stakeholders with top level (limited detail) infomlation on "technologies
being used to assess, monitor, aod clean up the environmental damage at Department of Energy
(DOE) facilities." ProTech pro ¢ides technical information, but does not provide guidance for
comparing or evaluating.

The ProTech database is designed to provide information for comparison of candidate "new"
technologies, as well as, comparing the "new" technologies to attributes of current "off-the-shelf"
technologies. As illustrate,=1in Figure A.3-1, the technology profiles in ProTech include
information organized is provided in according to 40 individual comparison criteriathat have been

• grouped into the following four categories:

• Effectiveness;

• Environment, Safety, and Health;

• Socio-Political Interests; and

• Regulatory Objectives.

ProTech provides technical information that supports, in varying degrees, each of the three
evaluation and screening areas: Technical, Stakeholder, and Industrial. It is up to the evaluator to
determine the degree of usefulness to each assessment type and how to use this information in the
assessment. The ProTech criteria correlate strongly with Technical and Stakeholder evaluations,
and to a lesser degree with Industrial (commercial success) evaluations. As examples relating to
Commercial Success assessments, technology data provided under the ProTech "Socio-Political
Interests" criteria, supports the evaluation of the "Political and Social Constraints" success criterion
of the Quantitative Commercial Success Constraint Analysis; and data from all of the ProTech
criteria support the assessment of the Quality of Technology success factor of the Qualitative
Commercialization Success Factor Assessment.

Other environmental technology information sources exist in various stages of development
throughout the DOE complex.

ProTech criteria descriptions and data input questions are provided in Table A.3-1.



Figure A.3-1.
ProTech Technology Evaluation Criteria

(Performance) 1. Remaining Contamination
f

' 2. Status of Waste!

Performance , Process Waste 3. Treatment
, , 4. Decontamination
I !

, , 5. Disposal

' ' (Performance), t.... 6. Works as Intended
! I
I !

I !

, , 7. Foreclose Options
, a 8. Reliability!I

' ' 9. Failure Control
! !

, , 10. Ease of Use

ii " ', Practicality. 11. Infrastructure

Effectiveness Criteria [ ' ..... 12. Versatility

(Performance, Cost, "_ 13. Compatibility
& Time) ', 14. Off-the-Shelf

', 15. Maintainability
, 16. Safety Measures
I

!
, Cost 17. Start-up Cost
' 18. Operations and Maintenance Cost
!

, 19. Life-Cycle Cost
| in i i i i

I

' 20. Years Until Availability' Time
t. 21. Speed/Rate

22. Years to Finish

23. Exposure to Hazards........ WorkerS afety. ........ 24. Physical Requirements
' 25. Number of People

t'Environmental Safety a
& Health Criteria " "_ 26. Accidents

, Public Health and Safety. ..... 27. Routine Releases!

, 28. Transportation
!

| i i

,' 29. Ecological Impacts
!t. Environmental Impacts 30. Aesthetics

31. Natural Resources

32. Energy Demands

33. Proponent Reputation
Public Perceptionr 34. Familiarity/Understanding

I Socio-Political ._
Interests Criteria " Tribal Rillhts/FutureLand Use 35. Capacity for Unrestricted Use

!

!

,...So.cio-.EC. onomic_t.erests. ....... 36. Economic Impacts
37. Labor Force Demands

Regulatory [ 1 38. Compatibility with Clean-up Milestones

Objectives Criteria ! I 39. Regulatory Infrastructure/Track Record
40. Regulatory Compliance
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ProTECH CRITERIA DESCRIPTIONS AND DATA INPUT QUESTIONS

1. Remaining This criterion refers to contaminants remaining after the technology has
Contamination been applied (e.g., the 1 percent retnaining after a 99 percent-effective

groundwater treatment technique is ccm_pleted). The remaining
contamination is to be measured according to how much contaminant
mobility, volume, and toxicity are reduced by the lechnt_logy.

What contamination will remain after the technology is
applied? Will the mobilily of the contamination be reduced?
Will the volume be reduced? Will the contaminant be less
toxic? (This criterion applies primarily to retrieval
Ireatment technologies,)

2. Status of' Waste The status of the waste can be assessed, including consideration of waste
mobility, volume, degree of hazard represented by the character of the waste,
and recycle potenlial. The ability to characlerize the waste, handle it safely,
and transport it with minimal risk, are also important.

What process waste (secondary waste) does the technology
produce? Is the secondary waste mobile? What is its
volume? What hazards are associated with the secondary
waste? Can It be recycled?

3. Treatment waste treatment requirements needed to address a given technoiogy's
residuals can be assessed, and the availability of the needed treatment
technology defined.

What types of treatment or storage are needed for the
secondary waste? What is the availability of this treatment
or storage?

4. Decontamination Requirements for decontamination and decommissioning of a technology.
and the resulting waste, can be evaluated.

What are the requirements of decontamination or
decommissioning of equipment?

5. Disposal The technology can also be evaluated according to the need for waste
disposal, and whether such disposal capacity is available. The nature of
available disposal (e.g., landfill versus more progressive disposal method)
should also be considered.

How must the secondary waste be disposed of? Is disposal
available?

6. Works as A systems analysis perspective on the technology will evaluate whether the
Intended technology is compatible with the other elements of the remediation system.

The ability to procure the technology "off the shelf," with the simplest
possible development approach, is another criterion. How easy the
technology is to routinely maintain, and how often maintenance is required,
should be considered. Also, the safety measures required to protect workers
and the public can be evaluated. Finally, determining whether a technology
actuaily works as intended is also a consideration,

What is the lechnology's ability to function as intended?
Does the technology work as intended? If nc_t, what are the
functional problems? What are the scale-up issues and how
are they being addressed?

SCIE-COM 190-94 A.3-1



7. Foreclose Practicality is defined by several criteria. It assesse_ whether use of a given

Options technology will preclude or foreclose future cleanup options. It evaluates
whether a lechnology is reliable, and c,'m be expected to operate with
minimal operational problems and production downtime. If the technoh_gy I
fails, it should be possible to control the effects of that failure easily and
rapidly. Olher criteria include whether Ihe technology is easy to use and
capable of operating with the existing facility infrastructure (e.g., buildings,
power sources, personnel). Versatility of the technology to address other
types of contamination, in other media, or at other Iocalitms, can also be
assessed.

What future cleanup options are precluded by tills
technology?

8. Reliability see Criterion7

How reliable is the technology (polential breakdowns,
effectiveness, and sensitivity to operating conditions)?

9. Failure Control See Criterion 7

If the technology fails, how are the effects of the failure
controlled?

1 0. Ease of Use See Criterion 7

How easy is the technology to use? What level of skills and
training are required to use the technology?

1 1. Infrastructure See Criterion 7

What infrastructure (buildings, power source, personnel) is
needed to support the technology?

1 2. Versatility See Criterion 7

How versatile is the technology? Can it be applied to other
types of contamination, in other media, or at other
locations?

1 3. Compatibility A systems analysis perspective on the technology will evaluate whether the
technology is compatible with the other elements of the remediation system.
The ability to procure the technology "off the shelf," with the simplest
possible development approach, is another criterion. How easy the
technology is to routinely maintain, and how often maintenance is required,
should be considered. Also, the safety measures required to protect workers
and the public can be evaluated. Finally, determining whether a technology
actually works as intended is also a consideration.

How is the technology compatible with other elements of the
system? What is the nature of the system that the
technology is part of?

1 4. Off-the-Shelf See Criterion 13

Can the technology be procured "off-the-shelf?" is it an
innovative use of an existing technology? Which
components are available and which must be developed?

SCIE-COM 190-94 A.3-2



15. Maintainability See Criterion 13

How difficult is the technology equipment to maintain? What
are the maintenance frequencies? What level of skill or
training is required to maintain the technology.

1 6. Safety Measures see Criterion 13

What equipment safety measures (such as automatic shutdown
devices) are needed and in place to protect workers and the
public?

1 7. start-up Cost Startup cost is intended to cover reasonable developmental cosL_,
procurement and construction costs, permitting costs, and other elements
prior to starting operation and conducting full-scale deployment.

What is the start-up cost of the technology (including
development costs, procurement and construction,
permitting, and other costs necessary to begin operation)?

18. Operations and Operations and maintenance costs cover the elemenL_ of labor, supplies,
Maintenance maintenance, replacement parts, process waste management, ongoing

Cost regulatory compliance, etc., for the life of the use of the technology.

What are the operations and maintenance costs of the
technology?

1 9. Life-Cycle Cost Total life-cycle cost should be considered as a seconda. D, criterion. Total life-
cycle cost considerations typically include not only facility capital cost,
startup and operation cost, and maintenance, but also less distinctly
attributable costs such as decommissioning costs, ongoing regulatory or
institutional oversight, and future liability. While it is probably a more
meaningful overall measure, the elements of defining total life cycle cost are
highly uncertain. Therefore, it should be considered only as a secondary
criterion following evaluation of startup and operations and maintenance
costs. Workshop participants encouraged the use of cost/benefit analyses
wherever feasible.

What are the life cycle costs of the technology (including
facility capital cost; startup, operation, and maintenance;
decommissioning, regulators', or institutional oversight; and
future liability)?

2 0. Years Until Years until available, while an estimate, is du'ectly comparable between and
A vaila hie among technologies.

When will the technology be available for commercial use or
use at other sites?

2 1. Speed / Rate Speed or rate is measured differently for different categories of technologies
(e.g., feet per hour for a drilling technology, pounds per day for an extraction
technology), but is a useful measure of comparison of technologies within a
category.

What is the speed or rate of the technology7

2 2. Years to Finish Years to finish measures the total time required for setup and removal, as well
as the total length of time needed for a given technology or combination of
technologies to achieve the given objective(s).

What is the total time required for the technology to achieve
its objectives at the speed or rate identified?
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2 3. Exposure tO The cTiteria for evaluating a technology according to its worker safety
nazards aspects include Ihe level of exl_sure of workers to hazardous materials or

other hazards resulting from use of the technology, the physical requirements
of deveh_ping and operating the technology, and the number of workers
required. Factors to evaluate worker safety may include the number of days
last due to accidents or exposure, the concentration of contaminants in the
workplace, or operational considerations such as the need for protective
clothing or equipment. Technologies using remote handling techniques are
preferred.

What potential is there for workers to be exposed to
hazardous materials and /or other hazards? What are those
materials and hazards?

24. Physical See Criterion23
Requirements

What are the physical requirements for workers?

25. Number of see Criterion 23

People Required
How many people are required to operate the technology?

2 6. Accidents Public health and safety aspects of a given technology can be evaluated based
on the number, type and severity of accidents postulated to occur related to
that technology's development, operation, and decommissioning.

What is the technology's history of accidents? Has there
been a history of accidents and if so, what was the nature of
the accidents?

2 7. Rollti ne Routine releases to air, ground, or water pathways from a technology can be
g eIea s es evaluated, as can the potential impacts from transportation of equipment,

samples, wastes, or other materials associated with the technology. Careful
consideration needs to be given as to whether the risks from transporting
contaminants offsite are offset by the risks of disposing of them onsite.

Does this technology produce routine releases of
contaminants?

28. Transportation see Criterion27

Are there potential impacts from transportation of
equipment, samples, wastes, or other materials associated
with the technology?

2 9. Ecological The criteria for evaluating a technology's environmental impacts include

Impacts effect,; on the ecology of the remediation site (e.g., wildlife, vegetation, air.
water° soil, people), and aesthetic impact.,: (e.g., visual impacts, noise).
Technologies are preferred in which contaminants are destroyed, not just
dispe_sed. Preservation of undisturbed habitat should be emphasized. The use
of natural resources in development, manufacture, or operation of the
technology should be evaluated, including the energy demands of the
technology.

What impact will this technology have on the ecology of the
area (wildlife, vegetarian, air, water, soil, people, etc.)?

3 0. Aesthetics s_e Criterion 29

What aesthetic impacts does the technology have (visual,
noise, etc,)?

SCLE-COM 190-94 A.3-4



3 1. Natural See Criterion 29
Resources

What natural resources are used in the technology's
deveh_pment, manufacture, or operati()n?

32. Energy l)emands See Criterion 29

What are the techntdogy's energy requirements?

3 3. Proponent The reputation of the proponent of a technology, whether the technology

Reputation developer or deployer, affects public perception of lhal technology. This
may apply to a government agency, national laboratory, academic
institution, contractor firm, or private industry partner.

What is the reputation of tile technology's developer and/or
user?

3 4. 1_amRIlarlty / The degree of familiarity of a technology and its use is a key factor afl'ecting

Understanding public perception of a given technology. Information needed for decision
making (e.g., cost projections) is often unavailable or unreliable, thus
causing public concerns. The ability to explain the technology in
understandable terms is important to public acceptability. Involvement of
the public in decisions about the use of different technologies is a key
element of public acceptability of those technologies. Other factors that
have been addressed elsewhere also affect public perception, including
elements such as related employment, and the overall benefit a person
perceives that would result from deployment of the technology. In addition,
generalized public fear and dread of hazards, high technology solutions, and
government actions may be factors affecting acceptability of some
technologies.

How familiar is the technology to the public? How easy is
the technology to explain to the public?

t 3 5. Capacity ['or Native American values related to the land and its uses offer criteria for
Unrestricted evaluating alternative cleanup technologies. In addition to the affected

tribes, many other groups and individuals have interests in future uses ofUse
currently-contaminated land. The return of the land to a pristine state is a
major goal. Capacity for future unrestricted use of the contaminated areas,
including both terrestrial and aquatic uses, is a key criterion. This relates to
spiritual values as well as traditional uses (e.g., hunting, fishing, recreation,
living areas). To the degree possible, the physical nature of the land itself
should not be changed (e.g., not vitrifying large solid blocks of earth in
place).

How will the technology affect future unrestricted use of land
and water?

3 6. Economic Effects of a technology or suite of technologies on the economic base of the

Impacts community should be considered, including fiscal as well as less tangible
impacts. Impacts may include local infrastructure requirements (e.g., sewer,
fire protection, etc.), labor force turnover (if new or different capabilities are
need_), housing values, or other factors. Availability of the required labor
force can be evaluated for different technologies, including the need for
personnel training.

What are the potential economic impacts of this technology?
What are the effects on the economic base of the community?
Are there infrastructure requirements?
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3 7. l.abor Force See criterion 36
Demands

How will the technology affect labor force demands?

3 8. Compatibility Discussions with the regulatory community as well as other stakeholders
with Cleanup revealed several criteria related to meeting regulatory objectives for the
Milestones technologies to he evaluated. These include compatibility with facility

cleanup milestones, regulatory infrastructure and track record, and regulatory
compliance.

How is the technology cumpatible with cleanup milestones?

3 9. Regulatory See Criterion 38
Infrastructure /
Track Record How familiar are regulators with this or similar technology?

What is technology's regulatory track record?

4 0. Regulatory See Criterion38
Compliance

How does the technology comply with applicable
regulations?
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Valley of Death

Funding

Usually no capital cost
or performance data

/

| can get it hereR&D

Technology _' Growth

Development Commercialization

I I

o3o_.o_^,L Stages of
Development

• A lot of investment * Abandoned by every- * Real job creation
here; e.g., govern- one, including corpo- here
ment, small busi- rate partners; no one
ness, venture wants to invest * Can get funds
capitalists (assume from banks,
venture capital • No defined market private sources,
requirements are initial public
worst case) • Could get hung up offering andother investors

• Some jobs created • Usually costs >R&D
phase

• Not much return on
investment

• This is where Japan
and Germany jump in



Environmental Technology Market
Market

T1 10% T2 90% Time

9300653.03,AIL

T 1 = T2 (takes as long to develop 10% as --80%)

• In the environmental industry, if it gets hung up in T1 for various reasons, then
other companies catch up and there is no market advantage

• Most environmental technology is more technique than technology

• Profitability declining in the environmental industry because the number of
suppliers is increasing

• Sales + Earnings = Reality
No Sales + Earnings = You Can Dream



New Technologies Must

Cost Lower Cost and Risk

Shift

/ Old Technology

B

New Technology

Risk
g300653.0,_A, IL

-" - Shift

• Cost of failure on curve shift is very expensive so big companies do it internally

• Only way for a company to move down risk curve was to increase costs per above
curve

• Curve shift cannot be accomplished by tweaking a technology

• A look at solutions getting permitted and what is successful is especially important
to small business



Overcoming the Valley of Death

!

J

• Ones who succeed show compelling economics

• Must show potential for savings to overcome risks

• Must be able to shift the cost curve for the customer

• Issues/need: Information, capital, testing and demonstration, sites reference/
demonstration and permitting

• In German),, can get one permit and use it across Germany

• The biggest help the Alliance can provide is reference sites for problems



The Opportunity
Value/Risk
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!Can't estimate $
Market

Acceptance
Point

• Food and Drug Administration (FDA) (provides acceptance and others use it)

• If the risk is high, the value will be low and vice versa

• Capitalize on low valuations

• Lower risks; accelerate growth

• About 85% dies before reaching the market or is sold to foreign countries

• In environmental technology, if you set your standard at 90% and get 80%, you
lose
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APPENDIX 5

SPEECH AND BOOK EXCERPTS

The Secretary of Energy's strategic _alan for DOE, "Partnershi_as for Global
Competitiveness" :

The economic imperative facing the nation requires the Department to redirect resources--
particularly at its Laboratories--toward partnerships that contribute to American industrial
competitiveness while maintaining a strong science and technology base.

More appropriate for today's environment is the concept of technology partnerships--which
recognizes the mutuality of interest essential for success.

Technology partnerships must become integral to the way we do our business--all our
business. From the earliest stages of program planning to the final steps in meeting our
mission responsibilities, we must fully consider opportunities for establishing partnerships
which leverage departmental resources to maximize their contributions to society.

Every dollar spent in the Department must be examined for its potential to be leveraged toward
a mutual benefit with industry, academia, or other agencies.

We will increase our focus on achieving dual-use benefits from our mission-oriented work,
where dual-use means accomplishing goals that serve both the public missions of the
Department and commercialization interests of the private sector.

We must ensure that our technology transfer process and technology development programs
are guided by market-pull, actively seeking industry involvement to provide market context
at all stages of DOE programs, including the conceptual stages of new initiatives.

We must make it easier for industry to access DOE technology, resources and facilities. We
need to help industry learn about the specific resources of DOE.

We must develop with industry and others integrated program plans, which will require
increased collaboration.

We must optimize our technology parmership processes, streamline existing technology
parmership mechanisms and create new mechanisms that are responsive, reliable, and
consistent.

DOE must change its culture: this will require integration of technology partnerships into every
mission of DOE, continual reinforcement of customer focus as a core value, and continual
measurement of performance.
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President Clinton and Vice President (,_ore's, "T¢_;hnologv for America',5
Economic Growth. A New I)irecliq.)trlto Build F,¢onomic Strength";

American technology must move in a new direction to build econon_c strength and spur
economic growth by:

• creating a business environment where technical innovation can flourish and where
investment is attracted to new ideas

• forging a closer working partnership among industry, federal and state governments,
workers, and universities

• ensuring the coordinated management of technology all across the government

...with new criteria for:

• accelerating the development of technologies critical for long-term economic growth, but not
receiving adequate support from private firms because the returns are too distant or the level
of funding is too great for individual firms to bear.

• accelerating the development of technologies that could increase productivity while reducing
the burden of economic activity on the local, regional, or global environment.

Agencies should:
--invest in and procure advanced technologies, where it is economically feasible, in order to

facilitate their commercialization.
--experiment with a portion of their procurement budget to allow them to procure

innovative products and services incorporating leading-edge technologies.
--evaluate bids based on their ability to minimize life-cycle costs rather than acquisition

cost, including environmental, health and safety costs borne by the public.
--obtain rights in technologies developed under government contracts only to the extent

necessary to meet agencies' needs, leaving contractors with the rights necessary to
encourage private sector investment in the development of commercial applications.

--use performance-based contracting strategies that give contractors the design freedom and
financial incentive to be innovative and efficient.

Government purchases or government-contracted development should give priority to
commercial specifications and products.

Technology is the engine of economic growth."

i

This is a condensation of methods used to leverage limited resources so that the organization is still
meeting the needs of its customers, but more efficiently and effectively. It gives many enlightening
examples, such as the US interstate highway system costs twice as much as French highways per
mile. The French let contracts where specifications require contractors to guarantee roads for 20
years, not just awarding contracts to the lowest bidder.

The principles:
• Proactive customer involvement, continuous listening to customer/public needs.
• Results-oriented culture--look for outcome and reward that.
• Market-oriented culture--know what the customer wants.
• Decentralize the organizational structure and keep it flat and spread authority.
• Mission-driven culture vs. rules-driven culture.
• Incorporate performance measurement tools--what you count counts.

There are 10 steps to a more effective and efficient governance--
1. Steer more than you row.
2. Empower those in need; don't merely deliver services.
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3 Foster as much competition as you can; don't settle for monopolies.
4 Be driven by missions, not by rules.
5 Fund outcomes, not inputs.
6 Meet the needs of customers, not those delivering services (bureaucracy).
7 Concentrate on earning, not just spending.
8 Invest in prevention to minimize future demands not quick fixes.
9. Decentralize authority, move it as close as possible to those in neecl.

10. Leverage the marketplace rather than sirnply creating programs.

From the book, "Searching for the Spirit of Enlernrise: l)ismanllin_r the
Twentieth-Century Corooration" by L,Farr¢.l.l; --

Any set of statistics today will tell you that the real growth in all major economies is coming from
smaller, more entrepreneurial companies.

The need for downsizing has forced entrepreneurial basics to become the no-frills version of
corporate strategy and culture.

The 2 most fundamental concepts in a successful enterprise are Custolner and Product, to make
products that make customers happy and want more.

High-speed innovation is the entrepreneur's ultimate weapon and the freedom to act quickly.
In the current global war for competitive advantage, size and weight will no longer get you into the

winner's circle. Fast-moving, customer-driven entrepreneurship will. We've got to learn to
do less, not more; keep it small, personal, and simple.

SCIE-COM190-94 A.5-4



Environm©nta| Bu.;.©s.Journa|, May 1994

portant, just as Apple Computer and
Genentcch started the technology corn-

COMMERCIALIZATION MUST ATTRACT p_,,y investment boom i,, tile 1980s. But

PRIVATE CAPITAL TO SUCCEED not enough have achieved profitable
sales yet that would attract more capital

by Andrew Paterson, RIM7"ech program managers confirmed that: into the industry.

Wherefore art thou Successful "Market devel()pment is more impor- New mechanisms: DOE and DOD
Commercialization? Alas, it tant than technology development." demo fimding should focus on products

depends on who you ask. National labs And, investors usually rate manage- and systems. When a demo is technical-
point to technical meetings with in- ment above technology. The following ly successfid, cost-effective, and com-
dustry, CIRADAs, licensing. Govern- niches appealed to active investors most petitive, then a performance contract
ment contractors yearn for large scopes (in order): Water treatment, Air poilu- should be executed. Too many federal
of work and lots of technology tion control, Alternative energy, agencies, the EPA-SITEprogram and
demonstrations. Entrepreneurial tech- Resource recovery, Prevention, In- DUD testbedsjust kick up dust with no
nology companies seek development stnmlentation.., not low-profit govern- pathway to paydirt_reai sales. No
contracts and eventually sales, mentcleanups, revenues, no commercialization.
Regulators want to see public hazards SHIFT TO DUAL-USE Regional initiatives, such as "DO-
reduced, sites cleaned up. Governors Energy Secretary Hazel O'Leary IT" with the WGA, as well as the inter-
and Congress push for exports, jobs. warned in February that, DOE's $6 bib state waste management programs
Manufacturers are moving to curtail lion annual Environmental Manage- spearheaded by the Southern States
liability, cut costs, ment budget will be flat until taxpayers Energy Board (SSEB, Atlanta), could

However, commercialization is ul- and Gongress .see more bang for the augment commercialization substan-
timately measured by investment buck: real cleanup, more market ira- tially by implementing regulatory
return. Private investors and industry pact. So, federal agencies, particularly streamlining: e.g., technology certifica-
measure commercial success by I'X)E and DUD, are trying to shift their tion and tiered permitting such as
profitable bookings and repeat sales that environmental programs to "dual-use". recently announced by California EPA,
generate a payback on investment. In- Air force and naval bases scheduled for common performance data formats,
vestors do not fired technologies per se; closure are dressing themselves up as and then interstate permitting
they fired growth businesses with corn- testlzeds: unexploded ordnance, metals, reciprocity. With stakeholders on
petitive products and systems that sieze fuels and solvents in soil and board, these measures_more than
market share, groundwater. With the Gold War in "demo mania"_wiil help foster larger

Environmental deals have attracted remission (nuclear proliferation markets to attract investment, and can
less than 2% of the $35 billion in yen- remains the ultimate environmental !_ linked to federal contracts, industry-

ture capital invested since 1980. Why? threat), the well run Defense Advanced led consortia or utility deregulation.
Capital seeks high growth and profit; so, Research Projects Agency (DARPA) is Federal CRADAs can Ize directed in-
most has been invested in computer, now just "ARPA." stead by the industry partners to drive
telecommunications, and biotechnol- DOE is striving to catalyze commer- development toward the marketplace.
og'y ventures, cial applications by shifting fimds to All CRADAs should sunset or spinoff

Federal programs, then, play a criti- new Focus Areas: rapid characteriza- after 2-3 years; half should wind down
cal role in advancing technology ap- lion and contaminant plumes, mixed on a rolling basis to ensure that only the
plications, because they have the waste processing and storage, decom- most market-driven thrive.
problems and provide a primary fired- missioning. And, there may be oppor- Engineering firms in turn can be in-
ing source. But, only 3-4% of the $I0 tunities to leverage funding with some centivised to employ innovative tech-
billion spent each year by DOE, DUD utilities, who face similar problems, in- nologies via performance contract
and EPA actually winds up in innova- eluding radioactive waste. However, provisions, and by allowing them to use
tire technology companies. Most of it is labs anti contractors are oriented toward small business set-asides to boost their
absorlzed by the bulky contracting es- fulfilling federal missions first, rather award fee, such as in ERMGs and
tablishment_and Sul_rfimd lawyers than being truly responsive to the corn- TERCs (more risk, more reward).

In a recently completed study for mercial marketplace and investors. And Liability can be capped for demos, also,
U.S. EPA on private investment pat- the major flaw with CRADAs is that any like in the EPA-SITE program.
terns and mechanisms conducted by DOE lab or university research group is Federal spending comprises the
RIMTechandNETAC, five majorbar- accountable most to its primary largest pool of funds for environmental
riers to private investment and comn_er- paymaster" a politically-driven technology, but it is not very produc-
cialization were clearly prioritized" 1) bureaucracy. ARPA's recent billion tively invested, nor leveraged with
uncertain pathway to market, including dollar Technology Reinvestment private capital. In fact, noequity invest-
procurement, 2) lack of seasoned Program is a start in the right direction, ment can be made in a national lab. In-
entrepreneurial management, 3) incon- if more of the funding actually flows to vestors are attracted instead to
sistent multilevel permitting, 4) per- high growth innovative companies. So profitable growth companies with a
ceived liability exposure, and 5) ill- was expansion last year Of the SBIR well-defined customer base. There shall
defined performance/cost data. grant program by Congress. thee find successfid commercialization.

A Roundtable on Commercializa- A number.ofenvironnlental technol- Andrew Paterson is President of RIMTech
tion convened last August by the ogy companies made successfid public (Pasadena, Calif.), which develops public/
Western Governors Assn. (WGA, l)en- stock offcrings in 1993_Molten .klctal, private investrnentpartnerships in technology
ver)with investors, indttstry and federal l'nsys, Catalytica, Purlm. This is ira- commercialization.
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