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FOREWORD

Over the last 15 years several studies have been performed to identify barriers to innovative treatment
technologies (ITT). The purpose of this study isto examine the reports of those studies to identify
categories of barriers, to identify barriers that are identified consistently over time and by different
authors, and to determine whether there are trends in the number or types of barriers cited over time. The
study also examines those barriers that may have been addressed by the various federal, state, nonprofit,
and private-sector initiatives being implemented to address such barriers. This type of analysis assistsin
understanding how barriers affect the development and use of ITTs and can help focus the efforts of
stakeholders on coordinated initiatives to remove or reduce barriers.



EXECUTIVE SUMMARY

From 1985 through 1998, a number of studies and reports were prepared about barriers to the
development and use of innovative treatment technologies (ITT) to remediate hazardous waste sites. The
U.S. Environmental Protection Agency’s (EPA) Technology Innovation Office (TIO) commissioned a
study to analyze the barriers presented in those reports and to develop findings about the barriers related
to ITTs. For the analysis, 10 source documents were selected from more than 30 documents. The 10
documents contained information specifically dealing with barriersto ITTs. The remaining documents
contained only general information or very little information directly related to development and use of
ITTs. The 10 source document evaluated for the analysisidentified 42 barriers.

The 42 barriersidentified in the source documents were grouped into the following four general
categories.

Institutional (16 barriers)

Regulatory and legidative (7 barriers)
Technical (6 barriers)

Economic and financial (13 barriers)

Three distinct author groups were identified: (1) technology advocates, (2) technology users and
developers, and (3) government and nongovernment third-party evaluators.

The types of analyses performed on the barriersincluded: (1) identification of key barriers, defined as
those barriersidentified consistently by the individual authors; (2) evaluation of the barriers by author
group to determine whether an individual author group emphasized a particular category of barrier over
others; (3) evaluation of trends over time, including examination of any changes in the types and number
of barriers faced by ITTs over three time periods: 1985 through 1990 (early); 1993 through 1995
(middle); and 1997 through 1998 (recent); and (4) identification of the barriers affecting the stages of the
technology development process from bench-scale through full-scale application.

Key findings from these analyses indicate:

There was consistent agreement in identifying two barriersamong all authors. Those barriers are:
“Permitting processes for ITTs are inconsistent, involve numerous levels, and are time- and resource-
intensive,” and “ Government and private-sector funding for the development and demonstration of ITTs
isinsufficient” Two additional barriers, “ Economic incentives are lacking for those who might wish to
develop or useITTs,” and “Cost and performance data for specific ITTs are limited,” were consistently
mentioned by four of five authors.

Almost 75 per cent of the barriershave been cited consistently over time. Over half of thebarriers
have been consstently cited in all threetime frames. Seventy-three percent of barriers were identified
in at least two time periods (early, 1985 to 1990; middle, 1993 to 1995; and recent, 1997 to 1998), each
barrier being identified in the most recent time period. Approximately 57 percent of the total number of

barriers have been identified in at least one report in all three time periods.
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Thereisno evidence that the total number of barriersto I TTsischanging over time. However,
thereisa shift in thetypesof barriersthat ITT providersfacetoday. Although thereisno
significant change in the total number of barriers cited over time, the average number of institutional
barriersidentified by the source documents over each time period has decreased, while the average
number of economic and financial barriers identified has increased over time.

Only seven percent of the barriers (three barriers) — all economic and financial — wer e identified
in the past three yearsalone and are potentially considered new. The barriers are financia incentives
to delay remediation, the reluctance of firmsto develop ITTs because of limited applicability, and the
effects on employment security when using an ITT.

Nineteen percent of the barriersidentified (eight barriers) have not been cited in the two
documents published since 1995. Seven of those barriers (17 percent overall) may have been
addressed or areno longer perceived asrelevant by the author groups. Of the eight barriers that
have not been cited since 1995, four are institutional, three are economic and financia, and oneis
technical. Seven of those barriers may have been addressed or no longer are perceived as relevant by
virtue of the fact that they were cited at one time by one author but were not cited again in subsequent
reports published by that same author.

All three author groupsidentified a majority of the technical barriers, indicating that thereis
agreement among the author groups about technical barriersto development and useof ITTs.
Both the technology advocate and technology user and developer author groups identified 100 percent of
the technical barriers, and the third-party evaluators author group identified 83 percent of the technical
barriers. In the other three categories, there was more variation among the three author groups in the
barriers identified.

Most barriers affect technologies at the full-scale stage of development. Of the 23 barriers analyzed,
19 (or 83 percent) affect the full-scale stage of development. Only nine barriers (or 39 percent) affect the
bench- and pilot-scale stages. That trend is common to barriersin all categories.

Barriers most often affecting technologiesin the bench- and pilot-scale stages of development were
primarily institutional and economic and financial. Specifically, institutional barriers that are related
to the coordination of research and development efforts affect the bench- and pilot-scale technologies.
Economic and financia barriers, such as insufficient incentives for developers and lack of funding from
government and private-sector venture capitalists, also affect most technologies in the bench- and pilot-
scale stages.
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1.0 INTRODUCTION

The Technology Innovation Office (T10) of the U.S. Environmenta Protection Agency (EPA) was
established in 1990 to promote the use of innovative technologies for the assessment and cleanup of
contaminated sites. As part of its mission, TIO seeks to identify and address barriers that may inhibit the
development and use of innovative treatment technologies (ITT). ITTs are newly devel oped technologies
that lack sufficient full-scale application data to ensure their routine consideration for site remediation.
To further itsITT efforts, TIO sponsored this study to examine barriers to the development and use of
ITTsthrough areview of existing documents. The objective of this analysis was to determine whether
there were notable trends and to identify any initiatives undertaken to overcome the barriers from both

the source documents and other resources.

In total, 10 documents were selected from among 33 original studies performed and reports prepared
between 1985 and 1998 about the ingtitutional, regulatory and legidative, technical, and economic and
financial barriers to the development and commerciaization of ITTs. Table 1-1 identifies the 10

documents used for thisanalysis. Only barriersidentified in the source documents are included in this

study.

Barriersidentified and discussed in the source documents were grouped by the following:

. Barriersidentified over three periods: 1985 through 1990 (early); 1993 through 1995
(middle); 1997 through 1998 (recent) to identify trends

. Barriersidentified by authors (or report sponsors) grouped as technology advocates (the
EPA and the National Environmental Technology Applications Center [NETAC]);
technology developers and users (the U.S. Department of Energy [DOE] and the
Hazardous Waste Action Coalition [HWAC]); and government and nongovernment
third-party evaluators (the U.S. Office of Technology Assessment [OTA], the U.S.
General Accounting Office [GAQ], and the National Research Council [NRC])

. Barriers that affect various stages of technology devel opment, including: bench- and
pilot-scale testing and demonstration, full-scale testing and demonstration, and full-scale
implementation

The barriers were examined further to conduct a more detailed trend analysis. The trend analysis shows
how the barriers are distributed over time and by author to determine which barriers are persistent,

addressed, or newly identified. Also, barriers that were mentioned consistently by different authors over



the study period were identified. Consistent mention of particular barriers also provides an indication of

their persistence and the importance of those barriers as hindrances to the development and use of ITTs.

TABLE 1-1. DOCUMENTSUSED FOR THE STUDY

Types of
Primary Author/ Sites Date
No. Title Sponsoring Entity Discussed Published
1 | Superfund Strategy OTA Public and April 1985
private sites
2 | Coming Clean - Superfund ProblemsCan | OTA Public and October
Be Solved private sites 1989
3 | Workshop on Developing an Action EPA (OSWER/TIO) Public and October
Agendafor the Use of Innovative private sites 1990
Remediation Technologies by Consulting
Engineers
4 | Superfund: EPA Needsto Better Focus GAO Public and April 1993
Cleanup Technology Development private sites
5 | NETAC, the EPA Model for Encouraging | EPA ORD/ University of | DOE sites September
Private Investment in the DOE Pittsburgh Applied 1993
Environmental Market Research Center
6 | Management Changes Needed to Expand GAO DOE sites August
Use of Innovative Cleanup Technologies 1994
(concerning DOE)
7 | Progressin Reducing Impediments to the EPA (OSWER/TIO) Public and June 1995
Use of Innovative Remediation private sites
Technology
8 | Forum on Eliminating Barriersto DOE and HWAC DOE sites June 1995
Innovative Technology Implementation
9 | Innovationsin Groundwater and Soil NRC Public and 1997
Cleanup: From Concept to private sites
Commercialization
10 | Impedimentsto Deploying Technologiesat | DOE (Office of DOE sites 1998
DOE Sites and Their Solutions Environmental
Restoration)
Key:
DOE U.S. Department of Energy NRC National Research Council
EPA U.S. Environmental Protection Agency OSWER Office of Solid Waste and Emergency Response
GAO U.S. General Accounting Office ORD Office of Research and Development
HWAC Hazardous Waste Action Coalition OTA U.S. Office of Technology Assessment
NETAC National Environmenta Technology TIO Technology Innovation Office

Technology Applications Center



Information about initiatives or programs that reduce or remove barriersis aso presented. The initiatives
were identified from the 10 source documents used for the analysis and are not considered to be
comprehensive. In addition, a summary of the recently completed document, Innovative Treatment
Technology Developer’ s Guide to Support Services (Fourth Edition), is included to show the broad array

of resources that have been devel oped to overcome barriersto ITTs.

Section 2.0 of this study identifies the barriers and presents the analysis. Section 3.0 presents initiatives

and programs to reduce or remove barriers.



2.0 IDENTIFICATION AND ANALYSISOF BARRIERS

Analysis of barriers assists in understanding how barriers affect development and use of ITTsand can
help focus the efforts of stakeholdersto coordinate initiatives to remove or reduce barriers. The
following sections present the analyses of barriers by category, author, over time, and technology scale.

The sections also discuss findings regarding trends.

21 ANALYSISOF BARRIERSBY CATEGORY

A total of 42 barriers were identified in the 10 reports listed in Table 1-1 and were grouped into four
categories for this study — ingtitutional, regulatory and legidative, technical, and economic and
financial. Table 2-1 lists the individual barriers within each category. The categories exemplify the
range of hurdles ITT developers must overcome and the breadth of expertise they must be able to tap into

to successfully commercialize a technology.

TABLE 2-1. BARRIERSTO ITTsBY CATEGORY

INSTITUTIONAL BARRIERS

[-1 | Actionsundertaken by federal and state agencies to promote and regulate the development and use of ITTs
are not well coordinated.

[-2 | Rigid management hierarchies and government bureaucracy tend to perpetuate the use of ‘ status quo’
technologies.

[-3 | Schedulesimposed by regulatory agencies often do not alow sufficient time to investigate the feasibility of
using ITTs.

I-4 | Regulators often adopt rigid approachesto applications of ITTs.

[-5 |Leve of communication that takes place among the various developers of environmental technologiesis not
adequate to promote the development of ITTs.

[-6 | Ingenerd, alack of communication exists between the devel opers of ITTs and the potential users of those
ITTs.

[-7 | EPA has not assessed Superfund site cleanup needs systematically and has had difficulty in matching ITTs
with the requirements of specific sites.

[-8 | Partiesinvolved with cleanups have conflicting priorities.

[-9 | Regulators may lack knowledge about ITTs.

[-10 | Technology experts are not included in the formal decision-making process during which technologies are
selected.




TABLE 2-1. BARRIERSTO ITTsBY CATEGORY (continued)

INSTITUTIONAL BARRIERS (continued)

-11

Government agencies rely too heavily on the support of contractors, some of whom have financial interests
in conventional technologies, to assist in selecting cleanup remedies.

[-12

Appropriations and procurement processes create uncertainty about the levels and timing of funding that will
be available to manage environmental problems at individual DOE sites.

[-13

Enforcement of regulations that govern cleanup activities is inconsistent and too strict.

1-14

Cycles of government appropriations are not coordinated with the cycles of research and devel opment for
ITTs, causing gapsin funding.

[-15

Regulators are reluctant to appear lenient in dealing with responsible parties.

[-16

Communities often are not supportive of the use of I TTs because they are unwilling to assume risks
associated with the testing and use of ITTsin their neighborhoods.

REGULATORY AND PERMITTING BARRIERS

R-1 | Permitting processes for ITTs are inconsistent, involve numerous levels, and are time- and resource-
intensive.

R-2 | Permitting and manifesting requirements under the Resource Conservation and Recovery Act (RCRA) often
inhibit the development of ITTs.

R-3 | Users of environmental technologies are concerned about liabilities they might incur through the use of
ITTs.

R-4 | Entitiesthat develop and use I TTs are concerned about liabilities they might incur through the licensing and
transfer of ITTs.

R-5 |Regulatory structures do not consider market forces and therefore do not provide incentives for cleanup
contractors and site managersto use ITTs.

R-6 | Tendency of regulationsto evolve over time discourages the development and use of certain ITTs.

R-7 | Obtaining authentic waste materials or site access needed to test ITTs can be difficult and costly and can

expose the devel oper of the technology to uncertain liabilities.

TECHNICAL BARRIERS

T-1 | Cost and performance datafor specific ITTs are limited.

T-2 | Performance criteria and cleanup standards often are ill-defined and inconsistent.

T-3 | No coordinated program for formally verifying the performance of ITTs.

T-4 | Often difficult to apply ITTs at numerous sites because the characteristics of the sites differ.

T-5 | Difficult to extrapolate information gained from testing an I TT at one site to other sites.

T-6 |ITTsoften are not considered until after the data collection phase of the remedial investigation, thereby

leaving critical gapsin data required to evaluate the effectiveness of potentialy applicable ITTs.




TABLE 2-1. BARRIERSTO ITTsBY CATEGORY (continued)

ECONOMIC AND FINANCIAL BARRIERS

E-1 |Economic incentives are lacking for those who might wish to develop or use ITTs.

E-2 | Government and private-sector funding for the development and demonstration of ITTsisinsufficient.

E-3 [Information available to characterize potential marketsfor ITTsis limited.

E-4 |Venture capitaists perceive the environmental management market as a high financial risk.

E-5 |Technology selection decision-makers are concerned with protection of their agencies' budgets, so thereisa
reluctance to use technol ogies developed by other agencies.

E-6 |Only asmall portion of the entire life cycle of a project may be taken into consideration when the costs of
remediation alternatives are compared.

E-7 | Numerous financial incentives to delay remediation and few incentivesto carry out remediation in atimely
manner.

E-8 [|Market for environmental remediation technologies is fragmented.

E-9 |Use of fixed-price contractsto procure remediation services discouragesthe use of ITTs.

E-10 | Under the Federal Acquisition Regulation (FAR), contractorsthat test ITTs during cleanup design would be
precluded from bidding on construction work at the site.

E-11 | Lack of adequate mix of entrepreneurial, technical, and business management skillsin small environmental
technology companies to facilitate devel opment of a market-driven technology.

E-12 | Firmsarereluctant to develop ITTswith limited applications.

E-13 | Concern that use of an ITT may have adverse effects on employment in the agency that uses that technology.




Table 2-2 defines each category and shows the number and percentage of barriersidentified in each

category.
TABLE 2-2. CATEGORIES OF BARRIERS IDENTIFIED
Barrier Number of |Percentage of
Category Definition Barriers Total
Institutional Barriers that stem from the internal workings or 16 38%
functions of entities that seek to regulate, develop, or
select ITTsfor use in cleaning up hazardous waste
sites or from the interaction of such entities
Regulatory Barriers that are imposed by |egidatures and 7 17%
and government agencies through specific statutes,
Legidative regulations, policies, and programs
Technicd Barriers associated with the I TTs themselves, 6 14%
including lack of information about cost and
performance
Economic and |Barriers that tend to reduce or eliminate financial 13 31%
Financid incentives to entities that develop, use, or market ITTs
TOTAL 42 100%
Finding No. 1: Ingtitutional and economic and financial barriersrepresented almost 70

percent of the barrierscited. Technical barrierswerethe least often cited

category of barriersat 14 percent.

Table 2-2 shows, ingtitutional and economic and financial categories account for 38 and 31 percent of the

distribution, respectively. The two barrier categories represent almost 70 percent of all the barriers

identified. Thisfinding indicates that institutional and economic and financia barriers were cited

approximately twice as often as either technical or regulatory and legidative barriers. Conversely,

technical barriers represented only 14 percent of all barrierscited. Therefore, ITTs appear to face a

greater number and variety of ingtitutional and economic and financia barriers than either technical or

regulatory and legidative barriers. However, no one category of barriers dominated or represented more

than 50 percent of al the barriers cited.




Although technical barriers were cited least frequently (14 percent), there may be more consensus among
the individual authors about the specific barriers within that category versus specific barriersin other
categories, such asinstitutional barriers. For example, 50 percent of the technical barriers (three of six)
identified were cited in six or more documents (at least 60 percent of the documents). In contrast, only

two ingtitutional barriers of atotal of 16 (less than 13 percent) were cited in Six or more documents.

Because some barriers were cited more frequently than others, aweighted percentage for each barrier
category was calculated. The weighted percentage for each barrier category can be viewed as a measure
of the relative level of agreement regarding barriers within that category, compared with other categories.
The weighted percentage was based on the number of times a specific barrier was cited. For example,
the methodology assigns a higher weight to a barrier that was cited in 8 of 10 source documents versus a
barrier that was cited in 3 of the 10 source documents.! Figure 2-1 compares the simple percentage with
the weighted percentage. As Figure 2-1 shows, the weighted percentages for ingtitutional and economic
and financial barrier categories decreased dightly, while the percentages for technica and regulatory and
legidative barrier categoriesincreased. Although institutional and economic and financial barrier
categories still represent the majority of barriersidentified (approximately 60 percent), the technical and
regulatory and legidative barrier categories now represent 40 percent of the barriers identified.

This weighted frequency analysis provides an indication of those barriers for which thereis greater
consensus. For example, if amajority of reports mention the same technical barriers, while at the same
time presenting a variety of ingtitutional barriers (some of which are identified in only one or two
reports), that may indicate that the technical barriers are better understood or merit more attention than
some of the institutional barriers that are identified less often. Finding No. 3 in Section 2.2 of this study

presents a more thorough examination of this point.

Weighted percentages for each category were calculated as follows: if two reports listed
the same barrier, it was counted twice or astwo “hits.” The number of hits for each of
the 42 barriers was counted and divided by the total number of hits (164) to derive a
weighted percentage. The barriers then were grouped into the four categories, and the
percentages were recalculated by category.
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FIGURE 2-1. COMPARISON OF SIMPLE AND WEIGHTED
PERCENTAGE OF BARRIERSBY CATEGORY
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22 ANALYSISOF BARRIERSBY AUTHOR

The 10 source documents reviewed for this study were written by five authors. (1) OTA, (2) GAO, (3)
EPA or EPA jointly with another entity, (4) DOE or DOE jointly with another entity, and (5) NRC.

Barriers were analyzed by author to determine whether various authors recognize similar barriers or

whether some barriers reflect the perspectives of specific groups. As Table 2-3 shows, the authors were

grouped to represent the following three perspectives on technology development and use.

TABLE 2-3. AUTHOR GROUPS

Author

Group

EPA/NETAC

Technology advocates

EPA, DOE/ HWAC

Technology users and developers

OTA, GAO, NRC

Government and nongovernment third-party evaluators




Finding No. 2 Each author group hasa comprehensive view of barriers, identifying at
least two-thirds or more of the barriers. However, the specific barriers
cited within each category differ from author group to author group.

Of the 42 barriers, the technology advocate author group identified 67 percent (28 barriers), the
technology user and developers identified 79 percent (33 barriers), and the third-party evaluators
identified 76 percent (32 barriers). Figure 2-2 shows the percentage of barriers identified by each author
group. No author group identified 100 percent of the 42 barriers. However, different authors identified
different barriers within each category. For example, the technology advocate group identified 9 of the
16 ingtitutional barriersidentified by all authors. The third-party author group identified 12 of the 16

institutional barriers. The two groups agreed only on six barriers.

FIGURE 2-2. PERCENTAGE OF ALL 42 BARRIERSIDENTIFIED BY
AUTHOR GROUP
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Finding No. 3 All three author groupsidentified a majority of the technical barriers,
indicating that ther e is agreement among the author groups about the
technical barriersto development and use of ITTs.

Figure 2-3 shows the percentage of barriers identified in each barrier category by author group. Within
each barrier category, al three author groups identified 50 percent or more of the barriers. Within the
technical barrier category, the technology advocate and technology user and developer author groups
identified 100 percent of the technical barriers, and the third-party author group identified 83 percent of
the technical barriers, indicating general agreement among the three author groups regarding specific
technical barriers. There was greater variation among author groups in the other three categories of
barriers. For example, within the regulatory and legidative barrier category, the technology advocate and
third-party author groups identified approximately 86 percent of the barriers, while the technology user
and developer author group identified 57 percent. Result indicates that there is a higher degree of
consensus among the various authors groups about the technical barriers and relatively less agreement

about the institutional barriers.

FIGURE 2-3. PERCENTAGE OF BARRIERSIN EACH CATEGORY
IDENTIFIED BY VARIOUSTYPES OF AUTHOR GROUP
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Note: The numbers above represent the percentages of the total number of barrierslisted in all reports (42) that were identified by each
author group in each barrier category. For example, of the 16 ingtitutional barriersidentified in all reports, technology advocates

identified nine, or 56 percent.
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Finding No. 4 The most common category of barrier identified by each author group was
ingtitutional barriers, followed by economic and financial barriers.
However, the authorsdo not concur regarding specific barriersin the
barrier categories.

Figure 2-4 shows the percentage of barriers by category identified by author group. Although there were
some differences among the three author groups about specific institutional barriers (asillustrated in
Figure 2-3), institutional barriers were the most commonly identified barrier category. The prevalence of
institutional barriersindicates the relative importance of institutional barriers among the author groups.
However, the individual institutional barriers identified by each author group varied. Thisfinding
indicates alack of agreement among author groups about specific institutional barriers and illustrates
how the perspectives of the various stakeholders differ. The differences in perspectives among

stakeholders in turn may lead to problemsin addressing institutional barriers.

FIGURE 2-4. CATEGORY OF BARRIER ASA PERCENTAGE OF THE
TOTAL NUMBER OF BARRIERSIDENTIFIED BY AUTHOR GROUP
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Note: The numbers above represent the percentages of the total number of barriers identified by specific author type in each category. For
example, technology advocates identified atotal of 28 barriers, nine of which wereinstitutional. Therefore, 32 percent of the barriers
identified by technology advocates were ingtitutional. The percentages may not add to 100 percent as aresult of rounding.
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Finding No. 5 Only two barriers appeared in reports by all authors.

Of the 42 barriers, only two were discussed by all authors. Those barriers were the regulatory and
legidative barrier, “ Permitting processes for ITTs are inconsistent, involve numerous levels, and are
time- and resource-intensive” and the economic and financial barrier, “Government and private-sector
funding for the development and demonstration of ITTsisinsufficient.” The economic and financia
barrier, “Economic incentives are lacking for those who might wish to develop or use ITTS’ and the
technical barrier, “Cost and performance data for specific ITTsare limited” were cited by four of five

authors.

23 TREND ANALYSISOF BARRIERSOVER TIME

The 10 reports reviewed for this study were published in 1985, 1989, 1990, 1993, 1994, 1995, 1997, and
1998. To review trends over time, the reports were grouped by publication date into three time periods:
1985 through 1990 (early), 1993 through 1995 (middle), and 1997 through 1998 (recent).

The analysis of barriers over time assumes that discussion of a barrier in areport indicates that the barrier
existed at the time the report was published. For example, barriers discussed in the DOE report

published in 1995 are assumed to have been relevant in the middle time period (1994 through 1995).
Since none of the studies had purposely set out to identify barriers that had been eliminated or addressed,
the analysis relies on the publication time periods (early, middle, recent) in which a barrier was cited to
determine whether a barrier has persisted over time and whether it still is considered a barrier. A review
of trends over time provides insight into how barriers may have evolved and determines whether (1)
certain barriers have been mitigated to the extent that they no longer impede the devel opment and use of
ITTs, (2) certain barriers persist over time and require continued mitigation efforts, or (3) new barriers
have been identified. The review of trends over time also may indicate the authors perspectives of the

importance of the barrier at a given time.
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Finding No. 6 Thereisno evidence that the total number of barriersto ITTsis changing
over time. However, thereisa shift in thetypesof barriersthat ITTsface
today.

In the early years from 1985 through 1990, the number of barriers cited in two OTA reports and one EPA
report were 14, 18, and 19, respectively. More recently, in 1997 and 1998, the number of barriers cited
by NRC and DOE were 17 and 27, respectively. Although the most recent DOE report cited 27 barriers,
anumber significantly higher than that in any report published during the early years, three of those
barriers cited by DOE appear to be specific to DOE only. Further, since the recent NRC report cited
fewer barriers (17) than the 1990 report (19), it does not appear that the total number of barriersis
decreasing or increasing. A closer examination by barrier category over time reveals some interesting

results.

Because more reports were published during the middle time frame than during the early or recent time
frames (five compared with three and two) a count of the total number of barriersidentified in each
category for each time frame would give unequal weight to the middle time frame. Therefore, the
numbers of barriersin each category were averaged on a per report basis within each time frame. Figure

2-5 shows the results.

Asshown in Figure 2-5, there has been a shift in the type of barriers identified from the early to the
recent time periods. The average number of institutional barriers identified from the early time frame to
the recent time frame has decreased steadily. However, the average number of economic and financial
barriers cited over the same time frame has increased. In addition, the average number of regulatory and
legidative barriers has decreased dightly, and the average number of technical barriers has increased
dightly. However, those changes are not as gresat as those in the numbers of institutional and economic

and financia barriers.

The increase in the number of economic and financia barriers may indicate a greater awareness on the
part on the authors of the financial incentives and wherewitha needed to successfully commerciaize
ITTs. The decrease in the number of ingtitutional barriers may indicate the success of policies, programs,
and initiatives on the part of EPA, DOE, other federal agencies, and state governments to address or

remove those barriers.
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FIGURE 2-5. AVERAGE NUMBER OF BARRIERSIDENTIFIED BY
CATEGORY PER REPORT FROM 1985 - 1998

—4&— Institutional
— - -Regulatory & Legislative
6 V'S —~A— Technical ]

\ — X~—-Financial & Economic
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Number
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Per Report
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Note: The numbers shown represent the average number of barriers on a per report basis identified in each barrier category for the time
frames shown. For example, in the 1985-1990 time frame, three reports were published. The average number of institutional barriers
identified in those reports was six.

Finding No. 7 Almost 75 per cent of the barriers have been cited consistently over time.
Over half of the barriers have been consistently cited in all threetime
frames.

Dataindicate that 73 percent of the barriers (31 of 42) have persisted over time and continue to affect the
development and use of ITTs. Barriers were defined as persistent if they appeared in documents from at
least two time periods, including the most recent time period. Nearly three-quarters of the barriers
identified in either the early or the middle time frame continue to exist today. That finding indicates that
ITTs still face a significant number of barriers that have been known to exist for some time.
Approximately 24 of those 31 barriers (57 percent of the total number of barriers) have been identified in
at least onereport in al three time periods, indicating that more than half the barriers that were identified
in the early years are perceived to continue to exist in the middle and recent time frames. Although
initiatives, programs, and policies devel oped to address those barriers have achieved some success, the

persistence of some barriers over time is evidence that more efforts may be required.
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Finding No. 8 Only three potential new barriers have been identified since 1997 —all
economic and financial barriers. However, at least two of those barriers
may be unique to DOE sites.

The three potential new barriers are:

. “Numerous financia incentives to delay remediation and few incentives to carry out
remediation in atimely manner.”

. “Concern that use of an ITT may have adverse effects on employment in the agency that
uses that technology.”

. “Firms are reluctant to develop ITTs with limited applications.”

Only one barrier, “Numerous financial incentives to delay remediation and few incentives to carry out
remediation in atimely manner,” was identified in both reports from the recent time frame (1997 to
1998). Although it is possible that the barrier existed before 1997, the fact that it was identified only
recently illustrates a change in focus on the part of the authors from what may be considered more
obviousinstitutional, regulatory and legidative, or technical barriers to a more subtle in-depth
examination of the incentives for the technology user or sSite owner to use ITTs. Such an approach
represents a new perspective, by which barriers are examined not only from a “technology push”

viewpoint, but also from a demand-side “pull,” or market-based, viewpoint.

It is possible that two barriers, “Numerous financia incentivesto delay remediation and few incentives to
carry out remediation in atimely manner,” and “ Concern that use of an ITT may have adverse effects on
employment in the agency that uses that technology,” which were identified only by DOE, are unique to
DOE. Thereisalack of financia incentives within DOE to conduct timely cleanups because the
appropriations process creates significant uncertainty about the timing and level of funding available for
the management of environmental problems at DOE sites. Further, because DOE is the owner of alarge
number of sites, it islikely that there is concern about the use of ITTs that might reduce the number of

personnel of the DOE facilities needed to install, operate, and maintain the ITTs.
Thethird barrier identified above, “Firms are reluctant to develop ITTswith limited applications,” aso

may be unique to DOE. Wastes at DOE sites are unique (radioactive waste), and the market for treating
such wastes may be limited to DOE (on the other hand, DOE itself might be considered a large market
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because DOE' s problems are extensive). In addition, the limited application barrier may be a reference

to “niche” markets for ITTsthat continue to lack good solutions.

Finding No. 9 Eight barriersarenot identified in the two documents published since 1995.
Four of those barriers areinsitutional, three are economic and financial,
and oneistechnical.

The four ingtitutional barriers that have not been cited since 1995 are: “Government agencies rely too
heavily on the support of contractors, some of whom have financia interests in conventional
technologies, to assist in selecting cleanup remedies;” “Technology experts are not included in the formal
decision-making process during which technologies are selected;” “Communities often are not supportive
of the use of 1TTs because they are unwilling to assume risks associated with the testing and use of ITTs
in their neighborhoods;” and “EPA has not assessed Superfund site cleanup needs systematically and has
had difficulty matching I TTs with the requirements of specific sites.”

The three economic and financia barriers that have not been cited since 1995 are: “Use of fixed-price
contracts to procure remediation services discourages the use of ITTs;” “Under the Federal Acquisition
Regulation (FAR), contractors that test ITTs during cleanup design would be precluded from bidding on
congtruction work at the site;” and “Lack of adequate mix of entrepreneurial, technical, and business
management skillsin small environmental technology companies to facilitate development of a market-

driven technology.”

The one technical barrier that has not been cited since 1995 is. “ITTs often are not considered until after
the data collection phase of the remedia investigation, thereby leaving critical gaps in data required to
evaluate the effectiveness of potentially applicable ITTs.”

Finding No. 10 Of the eight barriersthat arenot identified in the two documents published
since 1995, seven may have been addressed or no longer are perceived as
relevant.

Seven barriers may have been addressed or no longer are perceived as relevant as by virtue of the fact
that they were cited at one time by one author but were not cited again in subsegquent reports published by
that same author. The eighth barrier was cited by two authorsin their first reports aswell asin their

subsequent reports.
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The four institutional barriers that do not appear after 1995 are:

. “Government agencies rely too heavily on the support of contractors, some of whom
have financial interests in conventional technologies, to assist in selecting cleanup
remedies.”

. “Technology experts are not included in the formal decision-making process during
which technologies are selected.”

. “Communities often are not supportive of the use of ITTs because they are unwilling to

assume risks associated with the testing and use of ITTsin their neighborhoods.”

. “EPA has not assessed Superfund site cleanup needs systematically and has had
difficulty in matching I TTs with the requirements of specific sites.”

Thefirgt institutional barrier listed above was identified by EPA in 1990 and by DOE in 1995, but was
not identified again in the more recent reports published by either author. Therefore, from the
perspective of EPA and DOE, this barrier may have been addressed or is less relevant than previoudly
thought. The second institutional barrier listed above was identified by OTA in 1989, GAO in 1994, and
DOE in 1995. DOE did not identify the barrier again in its 1998 study, and neither OTA nor GAO has
published a subsequent study. Therefore, from the perspective of DOE, it may have been addressed or is
no longer relevant, but, from the perspective of OTA and GAO it is difficult to determine whether the
issue remains abarrier. Thethird institutional barrier listed above was identified by EPA in 1990 and
DOE in 1995, but was not identified again in more recent reports by either author. It is possible that the
barrier has been addressed. Under the Superfund reforms, community stakeholders have been included
in the decision-making process and extensive efforts have been made to educate citizen groups and the
genera public about ITTs. Communities may be more comfortable with the use of ITTs and better
understand the risks associated with them. The fourth ingtitutional barrier listed above was identified by
OTA and GAO. Both authorsidentified it as abarrier in their first reports and their subsequent reports.
Consequently, when their second reports were published, the authors still considered it a barrier.
Therefore, a conclusion that it has been addressed can not be made. However, because no other author
group identified it as a barrier, it may not be as relevant as previoudly thought, or it may be an artifact of
the unique perspective of the authors. Reports published by OTA and GAO focused more closely on
program evaluation than those prepared by DOE or EPA. Lack of mention by other authors also may
indicate that efforts undertaken by EPA have been successful in decreasing the impact of this barrier.
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The one technical barrier that was mentioned before 1995 was “1 TTs often are not considered until after
the data collection phase of the remedia investigation, thereby leaving critical gaps in data required to
evaluate the effectiveness of potentially applicable ITTs.” EPA cited that barrier in 1990, and DOE cited
itin 1995, but it was not cited in the more recent reports published by either EPA or DOE or by other
authors. It islikely that the barrier has been addressed or is of less concern than in the past.

Three economic and financial barriers, “Use of fixed-price contracts to procure remediation services
discourages the use of ITTs;” “Under the Federal Acquisition Regulation (FAR), contractors that test
ITTs during cleanup design would be precluded from bidding on construction work at the site;” and
“Lack of adequate mix of entrepreneurial, technical, and business management skillsin small
environmental technology companies to facilitate development of a market-driven technology,” were
mentioned in only one report each and may not have been considered relevant or important by other
authors. The fact that they were not mentioned again in later reports by the same authors, in conjunction
with the fact that no other authors mentioned them, may indicate that they were lessimportant or less

relevant than other barriers.

Finding No. 11 Five barriersrelated to government business oper ations and developers
mar ket position wer e identified by one individual author at a single point in
time after 1990 and wer e not identified in any other sour ce document.

Thefive barriers, all economic and financia, that were mentioned by only one author, at one point in

time, and were not identified in any other documents included in this study are:

. “Use of fixed-price contracts to procure remediation services discourages the use of
ITTs,” mentioned in 1990 by EPA TIO

. “Under the Federal Acquisition Regulation (FAR), contractors that test ITTs during
cleanup design would be precluded from bidding on construction work at the site,”
mentioned in 1993 by GAO

. “Lack of adequate mix of entrepreneurial, technical, and business management skillsin
small environmental technology companies to facilitate development of a market-driven
technology,” mentioned in 1993 by EPA and NETAC

. “Firms are reluctant to develop ITTswith limited applications,” mentioned in 1998 by
DOE
. “Concern that use of an ITT may have adverse effects on employment in the agency that

uses that technology,” mentioned in 1998 by DOE
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The fact that the first three barriers (above) were not identified in subsequent reports by the same authors

indicates that they may have been addressed or they may no longer be considered relevant. The last two

barriers were identified only in the most recent DOE report and therefore may be considered new or

unique to DOE sites. See Finding No. 8 in Section 2.3 of this report for further discussion of those two

barriers.

24 ANALYSISOF BARRIERSBY STAGE OF ITT DEVELOPMENT

An analysis was performed to determine the degree to which barriers identified inhibit the development

or use of ITTs a various stages of development. The analysis was based on the information obtained

from the source documents, as well as the professional judgment of the analysts in determining the

relative effect of agiven barrier on the various stages of development, as defined in Table 2-4.

TABLE 2-4. STAGESOF ITT DEVELOPMENT

Stage of
Development Definition
Bench-scale The bench-scale is that stage of development at which an ITT has been shown to be
feasible using laboratory equipment but for which insufficient data are available to attempt
to test or implement the technology at full-scale.
Pilot-scale The pilot-scale is that stage of development at which sufficient data have been obtained

about an ITT to demonstrate that the technology may be feasible at full-scale and for
which sufficient data are available to establish the design and operating conditions needed
totest theITT at full-scale.

Full-scale testing
and demonstration

The full-scale testing stage is that stage of development at which an ITT is tested outside
the laboratory and in a manner that demonstrates the technology’ s potential usefulnessin
the implementation of large-scale cleanups at hazardous waste sites.

Full-scale
implementation

The full-scale implementation stage is that stage of development at which an ITT has been
tested and proven feasible for use at hazardous waste sites, but still lacks cost and
performance data adequate to facilitate the use of the technology on alarge-scale,
commercial basis.

Bench- and pilot-scale stages of development are grouped together for this analysis because they

condtitute the ‘formative’ period of the process of developing ITTs. Further, to eliminate any bias

resulting from ‘outlier’ barriers and to help focus the analysis, only those barriers mentioned in four or

more of the 10 source documents were included in the analysis. The resulting data set includes only 23

of the 42 barriers. Findings from this analysis are presented below.
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Finding No. 12 Six barriersrelated to the lack of coordination and consistency among
various programs and procedures, limited availability of market
information, and inadequate economic incentivesto develop and use ITTs
affect all stages of development.

The six barriers that affect all stages of development are related to the lack of coordination and
consistency among various programs and procedures, limited availability of market information, and
inadequate economic incentives to develop and use ITTs. The six barriers— two institutional, one

regulatory and legidative, one technical, and two economic and financia are:
. “Actions undertaken by federal and state agencies to promote and regulate the
development and use of ITTs are not well coordinated”

. “Thelevel of communication that takes place among the various devel opers of
environmental technologies is not adequate to promote the development of ITTS’

. “Permitting processes for I TTs are inconsistent, involve numerous levels, and are time-
and resource-intensive’

. “Performance criteria and cleanup standards often are ill-defined and inconsistent”

. “Economic incentives are lacking for those who might wish to develop or use ITTS’

. “Information available to characterize potential markets for ITTsis limited”
Finding No. 13 Nearly 80 percent of barriers mentioned in four or more documents

primarily affect ITTsat the full-scale testing and full-scale implementation
stages. Barriersthat affect the development and use of ITTs at the bench-
and pilot-scale stages were primarily institutional and economic and
financial.

Of the 23 barriers analyzed, 19 (or 83 percent) affect the full-scale implementation stage, and 18 (or 78
percent) affect the full-scale testing stage. Only nine barriers (or 39 percent) affect the bench- and pilot-

scale stages of development. That trend is common to barriersin all categories.

Bench- and pilot-scale technologies appear to be affected primarily by ingtitutional and economic and
financia barriers. Ingtitutional barriers arise from alack of communication and coordination among the
partiesinvolved in developing and using ITTs. Economic considerations, such as financial incentives for
developers and information about future market opportunities for their technologies also play a

significant role in bench- and pilot-scale development and testing. The barriers at the bench- and pilot-
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scale stages are crucial because such barriers can affect the potential number of ITTs available at the full-

scale stage.

Thisfinding is consistent with the prevailing belief that technology developers encounter more barriers at
the full-scale testing and implementation stages because of the numerous parties involved and the

complexities of full-scale cleanup.

25 AUTHORS AGREEMENT ON SPECIFIC BARRIERSBY CATEGORY

For this analysis, agreement by the authors on a specific barrier was determined to exist if the barrier was
consistently mentioned. A barrier was defined as consistently mentioned if it was cited in more than six
documents over the three periods (early, 1985 to 1990; middle, 1990 to 1995; and recent, 1997 to 1998),
and by at least one member of each group of authors. This section presents the most consistently

mentioned barriers in each of the four categories.

251 Inditutional Barriers

Finding No. 14 Of the 16 ingtitutional barriers, two that arerelated to agency coordination
and government hier ar chies wer e mentioned consistently in the 10 source
documents.

Of the 16 indtitutional barriers, two were mentioned consistently:
. “Actions undertaken by federal and state agencies to promote and regulate the
development and use of ITTs are not well coordinated”
. “Rigid management hierarchies and government bureaucracy tend to perpetuate the use
of ‘status quo’ technologies’

252 Regulatory and Legidative Barriers

Finding No. 15 Of the seven regulatory and legidative barriers, threebarriersthat are
related to the permitting process, manifesting requirements, and liabilities
of users, were mentioned consistently.

22



The three consistently mentioned barriersin this category are:

. “Permitting processes for I TTs are inconsistent, involve numerous levels, and are time-
and resource-intensive’

. “Permitting and manifesting requirements under the Resource Conservation and
Recovery Act (RCRA) often inhibit the development of ITTS’

. “Users of environmenta technologies are concerned about liabilities they might incur
through theuse of ITTS’

253 Technical Barriers

Finding No. 16 Of the six technical barriers, threethat arerdated to limited cost and
performance data, inconsistent cleanup standards, and lack of formal,
coordinated verification programswere mentioned consistently.

Of the six technical barriers, three were consistently mentioned are:

. “Cost and performance data for specific ITTs are limited”
. “Performance criteria and cleanup standards often are ill-defined and inconsistent”
. “No coordinated program for formally verifying the performance of ITTS’

2.5.4 Economic and Financial Barriers

Finding No. 17 Of the 13 economic and financial barriers, three barriersthat arerelated to
lack of economic incentives, insufficient funding for development and
demonsgtration, and limited market infor mation, were mentioned
consistently.

Of the 13 economic and financia barriers, the three mentioned consistently are:

. “Economic incentives are lacking for those who might wish to develop or use ITTS’

. “Government and private-sector funding for the development and demonstration of ITTs
isinsufficient”

. “Information available to characterize potential markets for ITTsis limited”
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3.0 INITIATIVESCITED IN SOURCE DOCUMENT'STO MITIGATE BARRIERS

Information presented in the 10 source documents indicates that a number of initiatives have been
undertaken to help mitigate the effects of barriers. The list of initiatives presented below is not

comprehensive, but includes only efforts the authors identified in their source documents.

31 INITIATIVESTO MITIGATE INSTITUTIONAL BARRIERS

Initiatives discussed in the 10 documents include those that focus on facilitating communication, sharing

information, and coordinating in and among government agencies, technology developers, and users.

. The Federal Remediation Technologies Roundtable (FRTR) was established in 1991 as an
interagency committee. The purpose of the FRTR isto facilitate the exchange of information
and provide aforum for joint action in the area of development and demonstration of ITTsfor
the remediation of hazardous waste. Member agencies include the U.S. Department of Defense
(DoD), the U.S. Army, the U.S. Army Corps of Engineers (USACE), the U.S. Navy, the U.S. Air
Force, DOE, the U.S. Department of the Interior (Dal), and EPA.

The FRTR addresses the consistently mentioned barrier “Actions undertaken by federal and state

agencies to promote and regulate the development and use of ITTs are not well coordinated.”

. The Remediation Technology Development Forum (RTDF) was organized by EPA’s TIO and
ORD in 1992 to enhance cooperation and information-sharing among EPA, DOE, DoD, state
governments, private-sector technology companies, and public interest groups. The RTDF
encourage collaboration among those entities in defining, setting priorities among, and funding
innovative concepts for cleanup technologies. The RTDF seeks to combine the financial and
intellectual resources of members of the forum to promote coordination of research and reduce
duplication in research and development efforts.

The RTDF addresses two barriers “In general, alack of communication exists between the devel opers of
ITTs and the potential users of those ITTS” and “Parties involved with cleanups have conflicting

priorities.”

. The Office of Technology Development (OTD) program was restructured in January 1994 by
DOE to address difficulties in coordination among DOE offices. The technology development
program combined activities of the DOE Office of Waste Management and the Office of
Environmental Restoration for increased coordination.
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The DOE initiative addresses the consistently mentioned barrier, “Rigid management hierarchies and

government bureaucracy tend to perpetuate the use of * status quo’ technologies.”

. The Six-State Partnership for Environmental Technology is developing a process for facilitating
the reciprocal evaluation, acceptance, and approval of environmental technologies. Development
of the process began in 1995 as a cooperative effort of EPA and the states of Cdifornia, Illinois,
Massachusetts, New Jersey, New Y ork, and Pennsylvania to promote verification of the
performance of ITTs. Further, in an attempt to help interested parties overcome certain
bureaucratic burdens that hinder the development and use of ITTs, DOE initiated the
Environmental Restoration and Waste Management Program. That program supports measures
taken to comply with federal, state, and local requirements governing cleanups at DOE sites.

These initiatives address two consistently mentioned barriers, “ Actions undertaken by federal and state
agencies to promote and regulate the development and use of ITTs are not well coordinated” and “Rigid
management hierarchies and government bureaucracy tend to perpetuate the use of * status quo’
technologies.” The Six-State Partnership and the DOE initiative also address two other barriers,
“Regulators often adopt rigid approaches to applications of ITTS’ and “Enforcement of regulations that

govern cleanup activitiesis inconsistent and too strict.”

3.2 INITIATIVESTO MITIGATE REGULATORY AND LEGISLATIVE BARRIERS

Information presented in the 10 source documents indicates that a number of initiatives have been
undertaken to help overcome regulatory and legidative barriers. A number of initiatives have been
undertaken within EPA, DOE, and severa states to reduce the regulatory burdens that affect the

development and use of ITTs. Examplesinclude:

. Since 1992, EPA has been granting states the authority to implement the Treatability Exclusion
Rule; the Research, Development, and Demonstration Permit Program; and the Subpart X Permit
Program. Those authorities are granted to states to simplify the approval process for
technologies and to alow more flexibility in testing and demonstrating ITTs.

The initiative addresses the consistently mentioned barriers, “Permitting processes for ITTs are
inconsistent, involve numerous levels, and are time-and resource-intensive” and “ Permitting and
manifesting requirements under the Resource Conservation and Recovery Act (RCRA) often inhibit the

development of ITTS.”
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. In 1993, EPA issued the Superfund Response Action Contractor Indemnification Rule (58
Federal Register [F.R.] 5972). The rule was designed to help contractors that use ITTs obtain
lower deductibles under their liability insurance.

The initiative addresses the consistently mentioned barriers, “Users of environmental technologies are

concerned about liabilities they might incur through the use of ITTs,” and “Entities that develop and use

ITTs are concerned about liabilities they might incur through the licensing and transfer of ITTS.”

. In 1994, EPA revised the Treatability Study Sample Exclusion Rule (59 F.R. 8362). Therule
was revised to exclude contaminated media used in testing ITTs from certain permitting and
manifesting requirements under RCRA.

The initiative addresses the barrier, “Obtaining authentic waste materials or site access needed to test

ITTs can be difficult and costly and can expose the developer of the technology to uncertain liabilities.”

3.3 INITIATIVESTO MITIGATE TECHNICAL BARRIERS

Information presented in the source documents indicates that a number of initiatives have been
undertaken to help mitigate the effects of the technical barriersidentified in this report. Examples of
those initiatives, which focus on the development and verification of cost and performance data, are
described below:

. EPA’s Superfund Innovative Technology Evaluation (SITE) program was established in 1986 to
help accelerate the development of ITTs. To address the lack of cost and performance data, field
demonstrations of certain ITTs are conducted under the program. The program then publishes
data on the cost, performance, reiability, and applicability of those ITTs. In addition to
remediation technologies, new site characterization technologies also are tested under the SITE
program.

The program addresses the consistently mentioned barriers, “Cost and performance data for specific ITTs

are limited” and “No coordinated program for formally verifying the performance of ITTS.”

. DoD, in partnership with EPA, launched the DoD Nationa Environmental Technology
Demonstration Program (NETDP) in 1993. The program conducts pilot-scale demonstrations of
technologies at alarge number of sites throughout the nation. The program focuses on the
testing and demonstration of technologies that are used to remediate media contaminated with
fuel hydrocarbons, heavy metals, and solvents and on those technol ogies that integrate biological
and physiochemical remediation processes.
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The program addresses the consistently mentioned barriers, “cost and performance data for specific ITTs

are limited” and “No coordinated program for formally verifying the performance of ITTS.”

. The FRTR, which was established in 1991 as an interagency committee to exchange information
and to provide aforum for joint action on the development and demonstration of ITTs, produced
aguide that specifies how cost and performance data should be documented at federal sites,
along with more than 150 case studies of completed projects.

The initiative addresses the consistently mentioned barriers, “ Cost and performance data for specific
ITTsarelimited” and “Often difficult to apply ITTs a numerous sites because the characteristics of the

stes differ.”

. T10 developed the EPA REmediation And CHaracterization Innovative Technologies (EPA
REACH IT) system in 1998 to provide accessible information on innovative treatment and
characterization technologies to environmenta professionals through the Internet. The system
contains searchable data on approximately 1,300 innovative remediation and 150
characterization technologies and 750 service providers that offer those technologies. The
system provides information submitted by technology firms about the performance and
capabilities of specific ITTs and information submitted by EPA, DoD, DOE, and state project
managers about sites at which ITTs are deployed.

The initiative was designed to address the consistently mentioned barriers, “ Cost and performance data
for specific ITTsare limited” and “Difficult to extrapolate information gained from testing an ITT at one

site to other sites.”

34 INITIATIVESTO MITIGATE ECONOMIC AND FINANCIAL BARRIERS

The source documents present a number of recommendations to help mitigate the effects of certain
economic and financial barriers. The source documents did not list initiatives or programs that had been
established to address economic and financia barriers. The recommendations focus primarily on (1)
reducing uncertaintiesin the ITT market that tend to make the market less attractive than other markets to
venture capitalists and (2) providing more financial incentives to those entities that might wish to invest

in the development of ITTs. The recommendations include:

. DOE should guarantee payment to technology firms on specified schedules. Implementing the
recommendation could help improve the reliability of streams of revenues for those technology
firms that market ITTsto DOE.
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The recommendation addresses the consistently mentioned barrier, “ Economic incentives are lacking for
those who might wish to develop or use ITTS.”

. The government should require accounting procedures that would require publicly held firmsto
report on their balance sheets with greater accuracy the full costs of environmental ligbilities.

Implementing the recommendation also could encourage publicly held firms to conduct cleanups
in atimely manner.

The recommendation addresses the barrier, “Only a small portion of the entire life cycle of a project may

be taken into consideration when the costs of remediation alternatives are compared.”
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4.0 INITIATIVESCITED IN EPA DEVELOPER’SGUIDE TO MITIGATE BARRIERS

In addition to initiatives found in the 10 source documents used for this study, many other initiativesto
reduce or remove barriersto ITT commercialization have begun. Table 4-1 summarizes the initiatives
described in detail in The Innovative Treatment Technology Developer’s Guide to Support Services,
Fourth Edition, which is available online at <http://clu-in.org>. The table cross references the initiative
with a barrier category or categories and identifies the commercialization stage of technology
development to which the initiative isdirected. Table 4-2 cross referenced each barrier category and
specific barrier against the programs or initiatives that might address that barrier. 1t also identifies the
source document for each barrier. In Table 4-2, the barriers listed above the double lines are consistently

mentioned barriers.
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Table 4-1. Initiatives from EPA’s COMMERCIALIZATION STAGES FROM EPA’S DEVELOPER'S GUIDE
Developer’s Guide Cross Referenced Proof of Concept Demonstrating Your Technology Getting the Work Getting Paid

with Barrier Categories Administrative
and Financial

BARRIERS TO Financial and Market Technology Testing, Demonstration, Evaluation and Business Development Management
DEVELOPMENT AND USE |Research Assistance Transfer Assistance Assistance Assistance

Investors and Venture Capital
Market Research and Analysis
Laboratory Treatability Study
Facilities

Direct Sales and Marketing
Commercialization Assistance
Procurement and Proposal

Development Assistance
Business Management and

Research and Development
Administration

Centers
Permitting and Regulatory

Information Dissemination
Assistance

Assistance
Networking and Business

Regulator y and
Full-Scale and Field
Demonstrations
Bench-Scale and Pilot
Demonstrations
Independent Testing and
Certification Programs
Technical Assistance
Facilitation

Financial Management

Legislative

Economic and
Business Planning
Export Assistance

Financial
Grants and Loans

Institutional
Technical

INITIATIVES

1 Advanced Technology Program, U.S. Department of
Commerce
Web: www.atp.nist.gov

[ ]
[
*
*

2 Air Force Center for Environmental Excellence
(AFCEE) Innovative Technology Program [ [ [ 2 2 2
Web: www.afcee.brooks.af.miller/orgert.htm

3 Air Force Center for Environmental Excellence
(AFCEE) Business Opportunities o * L 4
Web: www.afcee.brooks.af.mil/business.htm

4 Air Force Small Business Environmental Database
(AFSBED) ® ) * * * o
Web: www.brooks-smallbusiness.com

5 America’s Business Funding Directory
Web: www.businessfunding.net o ¢ %0 ¢ d

6 Angel Capital Electronic Network (ACE-Net) ° . o
Web: www.ace-net.sr.unh.edu/home.html

~

Argonne National Laboratory, Argonne, IL
E-mail: gborland@anl.gov ® * * *

8 Business Assistance Center, U.S. EPA
Region 3 o o o L 2 L B SN 2
Web: www.epa.gov/region3/sbac

©o

Business Communications Center, U.S. Department
of Energy [ [ L 2 L 4 L 2
Web: www.pr.doe.gov/prbus.html
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10 California Environmental Technology Certification
Program, California EPA ° *
Web: www.calepa.ca.gov/programs/envirotech/
encertpg.htm
11 California Environmental Technology Export Program
E-mail: togburn@commerce.ca.gov - - * * *
12 California Remedial Technology Assessment
Program ® L ® L * * * *
Phone: (916) 322-3294
13 Capital Network ° .
Web: www.thecapitalnetwork.com/overview.htm/
14 Carnegie Mellon University, Pittsburgh, PA
E-mail: minkley@andrew.cmu.edu i g ¢ M ¢
15 Center for Environmental Industry and Technology
E-mail: kilbride.carol@epa.gov - - - - ’ ’ S ~ = = =
16 Commerce Business Daily (CBD), U.S. Department
of Commerce [ 4 L 2
Web: http://lcbdnet.access.gpo.gov/
17 DataMerge Venture Capital Database ° oo
Web: www.datamerge.com/indexcentral.html
18 Doing Business with EPA, EPA Office of Acquisition
Management [ J 4 *
Web: www.epa.gov/oam
19 Envirobiz Market Research ° . *
Web: www.envirobiz.com/buttons/remhome.htm
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20 Environment in Asia, Asia Environmental Trading,
Ltd. [ ] { * * * * | o
Web: www.asianenviro.com
21 Environmental Business Council Resources
Web: http://clu-in.org - - - ’ ’ ’ ’
22 Environmental Capital Network
Web: http:/bizserve.com/Environmental.Capital. [ L I 4
Network/
23 Environmental Export Council
Web: www.eec.org - - e e
24 Environmental Security Technology Certification
Program (ESTCP), U.S. Department of Defense [ [ * * 4
Web: www.estcp.org
25 Enviro-Tech Center
Web: www.envirotechcenter.org - - - ’ ’ - S S
26 Environmental Technology Networks, U.S. Agency for
International Development Global Technology
Network o o ¢ d ¢
Web: www.usgtn.org/pages/energy.html
27 Environmental Technology Verification (ETV)
Program, Site Characterization and Monitoring
Technologies Pilot - - “ “ e
Web: www.epa.gov/etv/02/02_main.htm
28 EPA Hazardous Waste Clean-up Information (CLU-
IN) Web Site [ ] [ ] [ ] [ ] * | 6| o * * * * * * * * * | o
Web: http://clu-in.org
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