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Abstract -i 

In the past two years, public and private efforts to promote development and 
deployment of innovative environmental technologies have shifted from the analysis 
of barriers to the implementation of a variety of initiatives aimed at surmounting 

• those barriers. Particular attention has been directed at (1) streamlining fragmented 
technology acceptance processes within and among states, and (2) alleviating 
disincentives, created by inadequate or unverified technology cost and performance 
data, for users and regulators to choose innovative technologies. Market 

•fragmentation currently imposes significant cost burdens on technology, developers 
and inhibits the investment of private capital in environmental technology 
companies. Among the responses to these problems are state and federal 
technology certification/validation programs, efforts to standardize 
cost/performance data reporting, and initiatives aimed at promoting interstate 
cooperation in technology testing and evaluation. This paper reviews tfxe current 
status of these initiatives, identifies critical challenges to their success, and 
recommends strategies for addressing those challenges. 

Introduction 

Public and private efforts to promote' the development, deployment and coinmerdalization 
of innovative environmental technologies have accelerated in the past two years. During 
this recent period, the focus of federal, regional, and state activities — as well as the 
involvement of the private sector — has shifted from the analysis of barriers to the selection 
of innovative technologies to the development and implementation of initiatives aimed at 
surmoun'ting those barriers. 



Other published documents have catalogued and analyzed these barriers in some detail; that 
is not the focus of this paper..1 Rather, this paper describes the status of several recent 
initiatives at the federal, regional, and state levels which attempt to address two of the most 
critical barriers identified by this earlier research. Specifically, these initiatives focus on: 

• streamlining fragmented technology acceptance processes within and among states; and 

• alleviating disincentives, created by inadequate or unverifM technology cost and 
performance data, for technology users (e.g., engineering consulting Sims, remedial 
project managers) and regulators to choose innovative technologies. 

fragmented technology acceptance processes within and among states, created by varying 
regulatory and procedural requirements as well as by differences in the values, interests, 
and influences of local community stakeholders, have the effect of fragmenting markets for 
environmental technologies. Markets are also difficult to assess and penetrate because 
acceptance of a technology for full-scale deployment depends upon the availability of 
credible technology cost' and performance data, which is often insufficient in the eyes of ' 
users and regulators who are notgenerally rewarded.for taking risks with new 
technologies. .;;-• ;••-

Historically, technology vendors and developers seeking commercial acceptance of tfaeir 
technologies have been forced to adopt a strategy of conducting repeated treatability studies 
and technology demonstrations in multiple jurisdictibns or markets. Eventually, sufficient 
experience-with the technology is accumulated in enough separate locations: mat the 
technology becomes more readily accepted by users and regulators. This appears to have 
been the pattern with technologies such as soil vapor extraction and certain bioremediation 
techniques, which are now in such widespread use that the term "innovative" may no 
longer be entirely appropriate to describe them. 

However, the time and cost burdens required by this approach have been identified by 
technology developers, especially small companies, as a major obstacle to innovation and a 
source of often unbearable financial strain on commercialization efforts.2 likewise, 
venture capitalists have indicated that the fragmentation of markets created by multiple state ' 
approval requirements and the uncertainties such repetitive demonstrations create for 
estimating return on investment significantly inhibits capital investment in environmental 
technology companies, further threatening small companies' financial viability,3 

Responses to die Problem 

Recent efforts at the federal, regional,' and state levels to address these problems are of 
threetypes: 
1 See, for example: Federal Advisory Committee to Develop On-site Innovative Technologies, 
"Commercialization Roundtable, Final Report* (September 16,1993) and "Regulatory and Institutional 
Barriers Rpundtable, Final Report" (December 1993); U.S. EPA and U.S..Department of Commerce, 
National Advisory Council on Environmental Policy arid Technology, Technology Innovation and 
Economics Committee, "Permitting and Compliance Policy; Barriers to U.S. Environmental Technology 
mnovatiOTL" (January 1991); Colorado Center for Bavaojm&ntsliAsd^aasat, Methods for Assuring the 
Use of Innovative Technologies (Golden, CO: 1993) and Appendix B of "Technology/Regulatory 
Integration Project—Stakeholder Decision-Making Model Process for Technology Demonstrations and 
Environmental Cleanups" (Golden, CO: March 1994) 
2 Federal'Advisory Committee to Develop On-site Innovative Technologies, "Commprdahzation 
Roundtable, Final Report" (September 16,1993) and "Regulatory and Institutional Barriers Ronndtable, 
Final Reporf (December 1993). 
3Ibid. 
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• state and federal government certification or verification/validation programs, aimed at 
providing credible cost or performance information that users and regulators in multiple 
jurisdictions can use to make more certain judgments about the application of innovative 
technologies; 

• interstate regulatory cooperation initiatives ranging from multi-state involvement in 
individual technology demonstrations to more ambitious regional and national efforts to 
streamlirie permitting for innovative environmental technologies; and 

• federal and regional initiatives aimed at standardizing cost and performance data 
reporting protocols. 

Programs and initiatives in these three areas are described below. 

Certification and Verification/Validation Programs 

While the U.S. Environmental Protection Agency (EPA) has conducted focused 
verification programs in a few select technology areas for several years (e.g., the SITE 
program), the agency has recently embarked on an ambitious new initiative — EnTICE — to 
extend validation of cost and performance to environmental technologies in more than a 
dozen technology categories. Beginning with a few pilot efforts, EnTICE will develop 
standardized testing protocols with the assistance of stakeholder advisory groups. Those-

protocols will then be used by a variety of selected verification entities (e.g., universities, 
federal labs, private testing firms) to verify the cost and performance of interested vendors' 
technologies. 

Jh a related initiative, EPA's Environmental Monitoring Systems Laboratory has joined in a 
partnership with the Department of Defense (DOD), the Department of Energy (DOE), the 
Department of Commerce and the Small Business Administration to form the Consortium 
for Site Characterization Technology. The agencies will collaborate on field 
.demonstrations and evaluations of site characterization technologies, including a third party 
verification. One planned project involves DOE's Sandia National Laboratories, which will 
develop a field demonstration workplan for the U.S. Navy to test its Cone "Penetrometer 
Laser-Induced Fluorescence technology (also known as SCAPS — Site Characterization 
and Analysis Penetrometer System) in accordance with EPA guidelines for verifying . 
effectiveness. 

At the DOD, the Environmental Security Technology Certification Program was initiated 
this fiscal year to help get technologies out of the laboratory and into the field with the help 
of third party validation of cost and performance data generated in demonstrations. The 
goal is to provide data that DOD users and federal and state regulators can accept so that 
repeated demonstrations of technologies can be avoided. Next year, the program plans to 
collaborate, with the Department of Energy to test DOE technologies at military sites, with 
DOD providing the independent assessment and validation. 

The State of California last year began a pilot program to certify the performance of 
hazardous waste technologies. Twelve technologies have been certified to date, based on 
reviews of existing test data submitted by applicants. The program, which operates on a 
fee-for-service basis, is partly intended to streamline intra-state regulatory acceptance by 
providing verified technical data for use by local and regional regulatory jurisdictions 
within the state that may not have the resources to validate vendor's claims. The local and 
regional entities could then focus their resources on assessing technologies against local or 
site-specific acceptance criteria. 
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Forthcoming regulations will also create a second type of certification - regulatory 
certification - that will streamline regulatory requirements for applicants by qualifying the 
technology for regulation under one of the less stringent tiers of the state's tiered hazardous 
waste permitting program.. 

California also is exploring the possibility of reciprocal arrangements with other states, 
whereby California's certification could be used by other states in their regulatory decisions 
and California, in turn, might accept cost and performance data generated under similar 
certification programs in other states. At this time, California is the only state with such a 
program. The State of Washington recently authorized the creation of a certification or 
validation program, in conjunction with Oregon and British Columbia, to promote 
streamlined permitting among those jurisdictions. In addition, the initiative will explore a 
linkage to DOE's Hanford Site that would provide for technologies certified under the 
program to receive preferred status in procurements.4 

Interstate Regulatory Cooperation Initiatives 

The "DOIT" (Develop On-Site Innovative Technologies) initiative, a joint program of four 
federal agencies and the Western Governors' Association, began in December 1992 to 
expedite cleanups on western federal facilities and support the commercialization of new 
environmental technologies. Fourteen sites were chosen in 1994 to test the effects of 
specific demonstration process enhancements on federally funded technology 
demonstrations planned for 1994 and 1995. Several of the proposed DOIT demonstration 
enhancements involve regulators or other stakeholders from other sites in the region in 
demonstration planning or execution, with the goal of streamlining regulatory acceptance of 
the technologies in future applications: 

• Demonstration plans for a low-temperature, thermal desorption technology at DOE's 
Rocky Flats site in Colorado were discussed with regulators from five other interested 
states. Representatives from Kentucky, Ohio, New Mexico, Texas, and California 
were asked to supply information about regulatory requirements in those states that may 
be compared against performance measures to be assessed in the demonstration. 

• For DOIT demonstrations of off-gas treatment technologies at McClellan Air Force 
Base and the SCAPS technology at Port Hueneme Naval Base in California, CalEPA 
has invited other sites to participate in the design or review of demonstration plans and 
results. 

• In New Mexico, the demonstration of advanced landfill cover designs for mixed wastes 
at Sandia National Labs will incorporate review and comments from seven states on the 
demonstration design and acceptance criteria. 

• Information on bioventing demonstrations at DOD sites across the country will be 
compiled by Hill Air Force Base in Utah for use by regulators in multiple states. 

In December 1994, western governors charged the DOIT initiative with developing by June. 
1995 a framework for interstate cooperation on permitting innovative environmental 
technologies. Governors asked that the framework be operational by June 1996. 
According to Jim Souby, Executive Director of the Western Governors' Association 
(WGA), three possible levels of cooperation are being considered: 

4Steve Stein, Pacific Northwest Laboratory, personal communication. 
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• broader adoption by states of a Permit-By-Rule system, possibly patterned after 
California's, that would allow technologies meeting certain criteria to be permitted in 
states more expeditiously; 

• joint permitting activities, such as those currently being tested in some DOIT 
demonstrations, where multiple states would participate in a demonstration at a host 
site; and 

• cooperation based on common cost and performance protocols that would expedite 
subsequent state acceptance without active participation by those states in 
demonstrations themselves.5 

Another outgrowth of the DOIT initiative is a proposal by the Western Governors' 
Association, which DOE has agreed to fund, to hire a regional "circuit rider" to assist 
western states with innovative technology issues and promote broader regional acceptance. 

Elsewhere, the Southern?States Energy Board (SSEB), with DOE and EPA support, has 
initiated a pilot program with South Carolina and Georgia to streamline the permitting 
process between the two states on technologies addressing contamination plumes. The 
pilot will also investigate the use of data management and integration technologies. If the 
pilot is successful, SSEB intends to expand the program regionally on a state-by-state 
basis.6 

Finally, in an effort to share the experience of all of the above approaches and to identify 
additional strategies for states across the U.S., the states of California and Texas, WGA, 
SSEB, EPA and the Association of State and Territorial Solid Waste Managers conducted 
an interstate cooperation meeting February 7-8 in Denver. Participants, mostly state and 
federal agency representatives, discussed their activities and interests in promoting 
innovative environmental technologies and developed some initial action plans for 
facilitating interstate cooperation. Some of the specific strategies discussed by the group 
included: • 

• . EPA's Technology Innovation Office will establish a file in their CLU-IN electronic 
bulletin board for sharing information on technology demonstrations and other issues 
of interest to the group. 

• : A task force formed by the group will develop summaries of interested states' 
regulations, standards, policies and other requirements governing the development, 
demonstration, and application of specific environmental technology types. A list of 
technical parameters for those technologies will also be developed and reviewed by 
participants in specific demonstration projects. The information will then be used to 
develop protocol templates for use in future applications of the technologies. 

• Another group will compile case studies, if available, on which innovative technologies 
have reached commercialization, which have not, and why, with recommendations for 
next steps. 

Standardization of Cost and Performance Data Reporting 

A number of groups have attempted, in various forums, to develop standardized cost and 
performance reporting formats for innovative environmental technologies. An effort led by 
5Jim Souby, remarks at interstate cooperation meeting, Feb. 7-8,1995, Denver, CO. 
6Ken Nemeth, remarks.at interstate cooperation meeting, Feb. 7-8,1995, Denver, CO. • 
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the Western Governors Association last year generated a list of detailed questions to be 
addressed in technology demonstration reports. 

In addition, an ongoing effort focused on reporting data on full-scale technology 
applications by federal agencies is being pursued by the Federal Remediation Technologies 
Roundtable. The Roundtable issued a document last year describing the format, and 
representatives of the participating agencies will meet in Atlanta later this year to share 
examples of reports using the common format 

Some Challenges Common to New Initiatives 

While all of these related initiatives hold some promise in addressing barriers to innovative 
technology development, deployment, and commercialization, they also face several 
common underlying challenges. Research on regional stakeholder involvement in 
technology demonstrations conducted by Battelle, the Pacific Northwest Laboratory 
(PNL), and Environmental Issues Management, under the DOE's Volatile Organic 
Compounds (VOCs) in Arid Soils' Integrated Demonstration Program, has shed new light 
on these challenges.7 

First, no single, pre-defhied set of technology acceptance criteria — whether applied as part 
of a certification or validation program or utilized operationally as a testing protocol — will 
address the full scope of data needs, institutional prerogatives, or implementation issues 
that decision makers, including communities, use to evaluate technologies, even within 
focused technology categories. Although some participants in regional discussions have 
openly wished for formal interstate reciprocity ~ meaning acceptance by one state of 
another state's regulatory permitting decision — most players in this debate recognize that 
the most realistic outcome is to identify a core set of data needs that are held in common by 
technology decision makers in multiple states. Then, perhaps, after a preliminary 
demonstration at one site successfully captures these core data, more streamlined and less 
costly demonstrations can be conducted at subsequent sites to address local or site-specific 
acceptance criteria. 

Even so, a second challenge is that the proportion of the total scope of acceptance criteria 
can be captured in this core data set is uncertain. PNL's research indicates that 
considerable commonality exists among the general criteria most often raised by 
stakeholders from site to site; not surprisingly, technical effectiveness and cost factors are 
almost always mentioned. However, there is some evidence to indicate that greater 
specificity in the types of technologies being assessed (e.g., in situ bioremediation 
technologies) generates more specific, idiosyncratic data needs on the part of interested 
regional stakeholders. A greater focus on single technologies also creates another challenge 
to broader acceptability: for most stakeholders, acceptance decisions are not focused on 
single technologies, but on the entire technology system that is required. Thus, the 
acceptability of soil vapor extraction, for example, will probably be a function not only of 
the cost and performance of the extraction system, but the associated off-gas treatment 
technology as well. 

A third challenge to technology acceptance is that the relative importance of different 
acceptance criteria will vary from locale to locale. In some cases, critical "deal-killers" may 
be criteria idiosyncratic to state- or site-specific concerns and not be captured in a core set 
of criteria. For example, while the creation of hazardous secondary wastes is an important 
evaluation criterion for treatment technologies everywhere, this criterion may receive 
7 Pacific Northwest Laboratory and Battelle Seattle Research Center, "Arid Sites' Stakeholder Participation 
in Evaluating Innovative Technologies: VOC-Arid Site Integrated Demonstration" (forthcoming). 
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primary consideration at sites, such as Rocky Flats, where storage capacity is a critical 
problem. This challenge creates a difficult dilemma for initiatives aimed primarily at 
promoting interstate regulatory cooperation, since many of these idiosyncratic, but "deal-
killing" criteria are likely to be a function of public values and preferences not enshrined in 
regulations or policy. 

Thus, the relationship between certification, or validated demonstration of a core set of cost 
and performance data, and the predictability of commercial deployment — a key criterion for 
investors ~ is not yet established. 

A solution to these challenges may be found in combining a certification program like 
California's or EPA's with a planned outreach effort involving decision makers (and 
decision shapers) in targeted markets and designed to identify potential "deal-killers" in 
specific application settings as well as validate assumptions about the weighting and scope 
of acceptance criteria. Regulators and other stakeholders influencing technology acceptance 
may find greater assurance in both the validation provided by a regulatory body and the 
availability of credible data addressing their site-specific or local concerns. 

Another method which could have value in promoting interstate cooperation and market 
definition is for more states to consider certification or validation programs similar to 
California's. The unpredictability of technology acceptance that is a major inhibitor to 
commercial investment could be significantly improved, at least in the short run, to the 
degree that such programs require states to more explicitly document the criteria that lead to 
market acceptance in their jurisdictions. 

More generally, the growth in interest in this area is generating more information about 
acceptance criteria that, eventually, may be transformed into more robust assessments of 
technologies' maturity and commercial potential. That, in turn, will stimulate greater 
investment in these important technologies, allow users and regulators to tailor 
demonstrations, and applications more appropriately to the capabilities of the" technologies, 
and reduce the risks that make technology decision makers reluctant to employ them. 
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