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August 21, 2001
OFFICE OF THE ADMINISTRATOR
SCIENCE ADVISORY BOARD

EPA-SAB-EEC-COM-01-005

Honorable Chrigtine Todd Whitman
Administrator

U.S. Environmenta Protection Agency
1200 Pennsylvania Avenue, NW
Washington, DC 20460

Subject: Measures of Environmenta Technology Performance: a
Commentary by the EPA Science Advisory Board

Dear Governor Whitman:

At its November 1997 retreat, the EPA Science Advisory Board's Executive Committee
encouraged its standing committees to undertake more sdf-initiated efforts. This commentary is
one of severa Environmental Engineering Committee (EEC) initiatives undertaken in response
to that guidance.

Briefly, the EEC recommends that the Agency build on existing strengths in technology
evauation and qudity management to provide easy access to rdiable information about a wider
suite of measures of environmenta technology performance. It does so because access to such
information isincreasingly important for evaluaing the effectiveness of risk reduction programs
and projects.

Three trends cause the Committee to call your attention to the need for an expanded suite
of measures of environmenta technology performance. These are:

a) the expanding use of non-regulatory gpproaches to environmentd protection;

b) the increasing demand from the internationd community for effective
environmenta technology; and

) the growing desire for sustainable environments.

Determining progress towards some of these goals means addressing metrics that have
not traditionally been consdered. Some examples of metrics which have been considered in the
past include: capital costs, operating costs, removal rates, concentrationsin discharges or
emissons, and reliability. Some examples of additiona metrics which could be considered are:



life cycle codts, the nature and quantities of waste generated, energy use, and some measure of
socid acceptability.

Collecting the information is one thing, making it eesily available to decison-makersis
another. The need to widely disseminate relevant informetion criteriafor evauating
environmental technology performance has been recognized by other organizations. For
example, the Federd Remediation Technologies Roundtable is an interagency working group
which exchanges information on the use and development of innovetive hazardous waste
characterization, monitoring and treatment technologies. The exchange synthesizes the technica
knowledge that Federd Agencies have compiled and provides a more comprehensive record of
performance and cost. Because technology cost and performance are affected by waste
characteristics and operating conditions, the relevant factors are technology specific and the
Roundtable has identified the most important parameters for various technologies.

Public and private decison-makers in the United States and abroad use eva uations of
environmenta technology performance to determine whether a given technology can potentialy
address a given problem. If information on relevant measures of technology performanceis not
avallable to decison-makers, sub-optimum decisions could be made in technology selection: and
sub-optimum decisions may result in increased risks to human hedlth and the environment.
Because of its demongirated strengths in technology evauation and quaity management, EPA
has the opportunity to contribute to such information-based decision-making by collecting and
disseminating additiond information on environmenta technology performance.

The more widdly accepted eva uations tend to be government sponsored and the EPA is
the mgjor, although not sole, provider of such evauations. EPA eva uates the performance of
environmenta technologies and reports the results to decison-makers and, within the limits the
Agency has established, it does so with skill and credibility. Already aworld leeder in applying
the concepts and practices of quality assurance to data collection and analysis, EPA has
pioneered the extension of these concepts to evauating technology performance. Because of the
trends mentioned above and the resulting opportunities for environmental protection, the
Committee now recommends that the Agency develop a more comprehensive suite of measures
for evauating environmenta technology performance. These measures can be used by the
Agency and othersto devel op the necessary information for decision-makers charged with
selecting technologies for use.

In preparing this commentary, the Committee has used the expertise of individua
members and consultants; experience gained since 1995 in four reviews reating to
environmentd technology evauation; reviews of the Agency's qudity management system and
its implementation; the participation of two EEC membersin the November 1999 EPA-
sponsored Industrid Ecology Workshop; the March 2000 review of the Environmenta
Technology Verification Program; and interactions with EPA staff and managers of other
relevant nationa programs.



Although the Attachment A provides the background, supporting details, and related
recommendations, the Subcommittee would like to highlight the following two
recommendetions here;

a) The EPA should identify, with stakeholders, the technology areas most in need of
shared information on technology performance and, begin developing measures
and information systems which would alow that sharing to occur in a meaningful

way.

b) The EPA should re-consider, & regular intervals, whether to permit technology
evauation programs, such asthe SITE program, to make cross-cutting anayses of
technologies.

We look forward to your written response to the Committee’ s recommendations to make
environmenta technology performance measures more comprehensive and useful. Please
contact usif we may be of further assstance.

Sincerdy,

/ Signed /

Dr. William Glaze, Char
EPA Science Advisory Board

/ Signed /

Dr. Hilary Inyang, Chair
Environmental Engineering Committee
EPA Science Advisory Board

[ Signed /

Dr. Edgar Berkey, Chair

Subcommittee on Measures of Technology Performance
Environmental Engineering Committee

EPA Science Advisory Board
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NOTICE

This report has been written as part of the activities of the EPA Science Advisory Board,
apublic advisory group providing extramurd scientific information and advice to the
Adminigrator and other officias of the Environmenta Protection Agency. The Board is
sructured to provide baanced, expert assessment of scientific matters related to problems facing
the Agency. This report has not been reviewed for approva by the Agency and, hence, the
contents of this report do not necessarily represent the views and policies of the Environmenta
Protection Agency, nor of other agenciesin the Executive Branch of the Federd government, nor
does mention of trade names or commercia products congtitute a recommendation for use.

Digtribution and Availability: This EPA Science Advisory Board report is provided to the EPA
Adminidrator, senior Agency management, gppropriate program staff, interested members of the
public, and is posted on the SAB website (www.epa.gov/sab). Information onits availability is
aso provided in the SAB’s monthly newdetter (Happenings at the Science Advisory Board).
Additiond copies and further information are available from the SAB Staff [US EPA Science
Advisory Board (1400A), 1200 Pennsylvania Avenue, NW, Washington, DC 20460-0001; 202-
564-4533].



Attachment A
Measur es of Environmental Technology Performance

1. Existing EPA Programsand Policies

EPA evaluates technologies -- Sinceits formation, the EPA has evaluated and reported
on the performance of environmentd technologies. Most Agency eva uations are conducted to
meet a gpecific regulatory need. Additiondly, two specialized programs exist to conduct formal
and independent eva uations — the Superfund Innovative Technology Evduation (S'TE) Program
and the Environmenta Technology Verification (ETV) Program.

Because the Agency islikdy to continue to eva uate environmenta technologies, it will
be advantageous for the Agency to consider how its evaluation program can be changed to better
serve the needs of decison makers. To make technology selection decisions, decision-makers
will need answers to questions such as these:

a) Are measures of environmenta technology performance being adequately
addressad and integrated into the Agency’ srole?

b) Are gite, environmenta and operating conditions being consdered in testing
protocols?

) Are procedures in place for assuring that performance measures are reditic and
adequate for decision-makers?

d) Do descriptions of performance in fina Agency reports convey al the essentid
measures and pertinent information?

e) What are the ingtdlation, operation and maintenance life cycle costs?
f) How can the desired information be obtained cost effectively?

EPA hasimportant and useful policies on quality - Providing environmenta
technology performance data of known and usable qudity isa sgnificant chalenge, especidly
because the environmentd technologies of concern to EPA vary significantly in Sze,
complexity, intended use, and the mediaiin which they operate. The technologies range from
relatively smple monitoring or senang ingdruments to more complex treatment systems for
wastewater, solid and hazardous waste, and air pollution control.

Although EPA isaworld leader in applying the concepts and practices of quality
assurance to obtaining and using environmenta deata, the application of quality assurance
principles and practices to the evauation of environmenta technology performanceis a recent
development which the Agency needsto fully implement. Thisislikely to improve technology
selection efforts and enhance the transparency of decisionsto stakeholders. Also, it is necessary

A-1



to include measures of performance that realigticaly indicate to decison-makers how a
technology is likely to perform in red-life Stuations.

If, as the Committee believes, future decison-makerswill typicaly demand amore
comprehensve suite of measures, then technology evauators would have to consider gppropriate
ways to determine technology performance within the expanded evauation program and to make
the information easily available to decison-makers. In such ingtances, EPA policy encourages
use of a gtructured planning process such as the Data Quality Objective process for evaluating
environmenta technology performance.

Application of a sysematic planning process, such asthe Agency's Data Qudity
Objectives process, can ensure that:

a) measurements are appropriate for achieving project objectives

b) data quaity is known, and appropriate for performing analyses such aslife-cycle
cogting for full-scale technology implementation

) data are defensible and reproducible

The systematic planning process would establish clear godsfor the evaluations. If the
Agency required that dl evauation reports incorporate additiona measures of performance, then
decison-makers would have a better basis for judging how atechnology will perform outsde the
range of conditions tested; extrapolations of results from one set of circumstances and scenarios
to others could then be possble. Thisisof high utility because resource congraints usualy
make it impossible to test technologies under the complete set of factoria experiments when
they are consdered for use beyond the initid set of conditionsin which they weretested. Thisis
particularly important because some technologies that perform well in limited-term tests may
have excessve life-cycle cogsif they are implemented in the field.

2. TheNeed for a Wider Suite of Measures

Evauations that provide maximum vaue to the decison-makers describe the quality of
the performance data being measured, including the bias and variability of the data under
varying operating conditions and Stuations. The Agency could require that technology
eva uations include sufficient measures of performance to provide decison-makers with
information on how atechnology will perform under redigtic and likely conditions of use.

If the quality of the performance dataiis not fully addressed, if test conditions are too
tightly prescribed (and are consequently unredigtic), or if performance under varying conditions
is not determined, then the resulting evauations of technology performance have limited value
as decison aids, especidly when conditions for proposed use of atechnology are somewhat
different from those under which tests were performed. Thus, providing adequate information to
decision-makers requires that measures of performance used to describe how a technology
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performs are sufficiently comprehensive.

A useful performance description should address, among others, two particularly critica
dements. Firg, there should be explicit trestment of the experimenta uncertainties (which are a
part of dl technical measurements). Second, it must provide the parameters or variables that
help describe red-life use of atechnology. A successful suite of measures will dso meet the
following criteria

a)

b)

The measures are based on avariety of redistic and well documented
circumstances under which atechnology isto be used — or the limited
circumstances of testing are clearly documented and emphasized

The measures identify dl key variables that affect the performance and life-cycle
cogts of atechnology

The measures provide an indication of how rugged a technology is with respect to
these variables.

The measures include purchase, ingtdlation, operation and maintenance costs

The measures convey in practicd termsthe level of performance that a
technology can meset

3. Stakeholder Involvement in Deter mining Performance M easur es

Strong stakeholder involvement in the development of verification protocols and test
plans, akey aspect of the DQO planning process, has been a strength of the ETV Program.
Stakeholder involverment could improve other evauations by helping determine the most
relevant performance measures for decison-making. To determine better measures of
environmental technology performance, it would be useful to include stakeholders such as:

a)
b)
<)

d)

o)

h)

regulators

regulated communities

technology users

technology developers
professiona and trade associations
environmenta groups

finandd investment groups

insurance undenwriters.



Each of these groups is concerned with deciding whether environmenta technologies can
satidy given requirements. They arein an excdlent position to help the Agency define what
information isredly needed.

4. Doing Morewith What We Have

In its 1996 review of the S TE program, the EEC noted that, while there were severa
cases where competent analyses had been performed on severd individua technologiesin a
sngle technology family, there were no cross-cutting anadyses comparing them to one another
and drawing generd conclusions. Y€, the staff was clearly cgpable of such anadlyss. This
logica next step in technology eva uation was not taken.

There were policy reasons why this was the case in addition to the fact that cross-
comparisons would, likely, not have been welcomed by dl the technology vendors. The vendors
have found that participation in the SITE or ETV program has facilitated commercidization of
thelr technologies. However, individua vendors may not find being compared by the
government with other smilar technologies to be beneficid. Communities, state and loca
regulatory officids, and consulting engineers, on the other hand, are likely to find that kind of
cross-cutting analysis very helpful.

While the Committee favors the cross-cutting analyses and comparisons, it recognizes

that this decison involves baancing the needs of different groups. Therefore, the Committee
recommends that Agency formdly re-vist thisissue from timeto time.
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