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EXECUTIVE SUMMARY

U.S. industry produces about 12 billion tons of waste a year, or two-thirds of the waste generated in the
U.S. The costs of handling and disposing of these wastes are significant, estimated to be between $25 and
$43 billion in 1991, and represent an increase of 66% since 1986. U.S. industry also uses about one-third
of all energy consumed in the nation, which adds to the environmental burden. Industrial wastes affect the
environmental well-being of the nation and, because of their growing costs, the competitive abilities of U.S.
industry.  As part of a national effort to reduce industrial wastes, the U.S. Congress passed the Energy
Policy Act (EPAct, P.L.. 102-486). Section 2108, subsections (b) and (c), of EPAct requires the
Department of Energy (DOE) to identify opportunities to demonstrate energy efficient pollution prevention
technologies and processes; to assess their availability and the energy, environmental, and cost effects of
such technologies; and to report the results. Work for this report clearly pointed to two things, that there is
insufficient data on wastes and that there is great breadth and diversity in the U.S. industrial sector. This
report identifies:

e  information currently available on industrial sector waste streams,

J opportunities for demonstration of energy efficient pollution prevention technologies in two industries
that produce significant amounts of waste—chemicals and petroleum,

. characteristics of waste reducing and energy saving technologies identifiable in the public literature,

) and potential barriers to adoption of waste reducing technologies by industry.

Industrial Waste Generation and Energy Use

Data obtained indicated that seven industries account for the vast majority of industrial waste generation,
energy usage, and economic burden of pollution abatement. These seven industries—agriculture; mining;
pulp and paper; chemicals; petroleum; stone, clay, and glass; and primary metals—are the focus of this
report and collectively account for:

94% of nonhazardous wastes
94% of energy consumption
73% of toxic releases

95% of hazardous wastes

92% of air pollutants

67% of pollution abatement costs

Opportunities for the Demonstration of Energy Efficient Pollution Prevention Technologies
and Processes

Opportunities for demonstration of energy efficient pollution prevention technologies and processes will
continue to be identified by DOE. To date, such opportunities have been identified for the chemical and
petroleum industries—two waste-producing and energy-using iridustries. Generation of wastewater was the
overriding theme of the opportunity sets identified in both industries. Emissions to the air were another
common concern cutting across both industries.
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Petroleum Industry Waste Reduction Chemical Industry Waste Reduction

Demonstration Opportunities R&D Opportunities
(Ranked by Importance of Federal Role)

1. Toxic Air Emissions » Separation of dilute organics from water
2. Locating Orphan Wells o Alternative in-process separation techniques for
3. Wastewater Management organic/inorganic/aqueous solutions
4. Advanced Geophysical Diagnostics o Emission control of dilute volatile organic
5. QOil/Water Emulsion Breaking compounds
6. Spent Catalyst Reuse e Total water reuse
7. Dry Hydrogen Sulfide Adsorption o Low-cost sorbent regeneration process

o Post consumer recycling, upgrading, and
separation

Assessment of Technologies

A search of the open literature for waste reduction technologies in the seven industry sectors targeted
revealed 590 specific technologies with positive waste reduction impacts. The chemical industry accounted
for most of them (156), followed by the petroleum industry (130), primary metals (101), paper and pulp
(85), agriculture (58), mining (34), and stone, clay and glass (26). Most of the technologies (87%)
involved process redesign, in-process recycling, and increasing operational efficiencies. Only 3% of the
technologies involved changes in the product itself. About two-thirds of the technologies did not have
associated quantitative data on energy use, associated costs, or amount of waste reduction.

Of the 590 technologies, 489 appear to be in broad use within industry. The technologies that are already
in use as well as the remaining 101 under development all tend to be very specific to a given industry. Very
few (27) of the technologies included information on energy use, suggesting that the importance of the
energy savings resulting from waste reduction is not broadly understood. Eighty-four percent (497) of the
technologies included information on specific qualitative environmental benefits to be achieved through the
technology, most commonly reduction of wastes or of the hazard of the wastes. About 24% of the
technologies had information on the costs of implementing waste reduction technologies, ranging from
$17,000 to $400 million, and 92 technologies estimated savings totaling $190 million and averaging $2.3
million per year.

Barriers To Adoption

Finally, a brief review of the barriers to adoption of waste reduction technologies revealed the extremely
complex and variant nature of a host of possible disincentives a company may face. These disincentives
can be regulatory, economic, technological, organizational, or cultural, and could vary not only by industry
but by individual company.
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1. INTRODUCTION

1.1. PURPOSE

On October 24, 1992, the President signed the Energy Policy Act of 1992 (EPAct, Law 102-486).
Section 2108, subsections (b) and (c), of the EPAct requires the Department of Energy to identify
opportunities to demonstrate energy efficient pollution prevention technologies and processes; to assess
the availability and the energy, environmental, and cost effects of such technologies; and to report the
results within one year. This report is in response to that requirement.! There is a summary of this
full report available. (SAND.Doc.No.)

Section 2108, subsection (a), authorizes Pollution Prevention/Waste Reduction/Waste

the DOE fo continue to carry out a 5-year Minimization ,
While distinctions can be made between these
" terms, for the purposes of this report they will all
and cost effectiveness of pollution ~mean the reduction of wastes at the source,
including recycling of material within the process

program to improve the energy efficiency

prevention technologies and processes,

including source reduction and waste

minimization technologies and processes. National waste reduction efforts in both the private and
public sectors encompass a variety of activities to decrease the amount of wastes that ultimately enter
our air, water, and land. DOE's Office of Industrial Technologies (DOE/OIT) recognized the
importance of these efforts and confirmed the federal government's commitment to waste reduction by
establishing the Industrial Waste Program (IWP) in 1990. The program is driven by industry and
national needs, and is working on new technologies and information dissemination that industry

identifies as vital.

The national benefits of new technologies do not accrue to the economy until transferred to industry
and incorporated into commercially available processes or products. The IWP has been designed with
technology transfer in mind. Industry actively participates in both projects and program planning,
thereby increasing the likelihood of commercialization and future participation. Academic participation
in the IWP is also important, not only for the technical expertise of the nation's universities and
colleges, but also in helping build the foundations for an intrinsic waste minimization outlook for future
generations. In the relatively short time since inception, the IWP has already commercialized four
significant energy efficient pollution prevention technologies that are now improving U.S. industry's

productivity and competitiveness.

1 The Office of Technology Assessment is producing a report entitled Industry Technology and the Environment: Competitive Challenges and
Business Opportunities, which will examine, in part, pollution prevention technology and its relationship to industrial competitiveness. This
report will be released in January 1994,
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EPAct Section 2108 stipulates that in preparing this response, DOE will consult with the:

e EPA

» other federal, state, or local officials the Secretary of Energy considers necessary

e representatives of appropriate industries

e members of organizations formed to further the goals of environmental protection or energy
efficiency

e other appropriate interested members of the public.

Subsections (b) and (c) of Section 2108, the focus of this report, are shown in the next section. A
complete copy of the EPAct Section 2108 language is provided in Appendix A.

1.2. OBJECTIVES

EPAct Section 2108, subsections (b) and (c), define the objectives of this project as:

e Section (b) - identify opportunities to demonstrate energy-efficient pollution-prevention
technologies and processes
e Section (cl) - assess technologies from Section (b) to increase productivity and simultaneously
reduce the consumption of energy and material resources, and the production of waste
e Section (c2) - assess the current use of such technologies by industry in the U.S.
e Determine the status of technologies currently being developed, including:
Section (c3) — projected commercial availability
Section (c4) — energy savings resulting from their use
Section (c5) — environmental benefits
Section (c6) — costs
e Section (c7) - evaluate any existing federal or state regulatory disincentives for the employment
of such technologies

e Section (c8) - evaluate other barriers to the use of such technologies
This report contains five major sections, as follows.
1. The first section describes the purpose, objectives, and approach used in producing this report.
2. The second section provides:
o a discussion of the complexities of industry as it applies to waste reduction and energy

efficiency
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» what is currently known about the wastes and energy usage of industry
* the rationale for selection of the seven industries studied in this project
e a brief description of the industries investigated including their products and waste
streams
3. The third section contains the results of the information collection effort in the following three
areas:
a. results of the identification of opportunities for demonstration of technologies
results of the literature review on waste-reduction technologies in use or under
development by industry
c. results of a review of barriers to adoption of waste-reduction opportunities by industry
The fourth section includes the summary findings from the work accomplished to date.
5. The last section provides various appendices with more detailed information and results relevant to
specific areas in this report. The last appendix contains the references and contacts for this report

divided by the major sections of the report.

1.3. APPROACH

There were three separate but integrated information collection efforts for this report. Collection of
information and preparation of the report occurred between May and August of 1993.

1.3.1. Identification of Opportunities - Vital Issues Process

The process for identification and evaluation of opportunities for the demonstration of waste-reducing
technologies involved the use of the Vital Issues Process developed by Sandia National Laboratories.
In this process, consensus-building dialogue among key stakeholders is employed as a means to obtain
information and opinions directly from industry. Careful selection of a small number of expert panelists
capable of addressing topics from a crosscutting, multidimensional perspective as part of a consensus-
building exercise ensures the results reflect accurately the environment in which U.S. industry must

implement technological advances.

Two panels were convened. The first established a working definition of an energy-efficient pollution-
prevention technology demonstration opportunity and developed a weighted set of criteria for screening
possible technology demonstrations in any major industrial sector. A second panel identified and ranked
candidate energy-efficient pollution-prevention technology demonstrations in the petroleum industry in
accordance with the screening criteria generated by the first panel. The latter panel serves as a model

for obtaining similar direct input from other selected sectors. Petroleum extraction, which is
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categorized in the Department of Commerce's Standard Industrial Classification (SIC) codes as mining,
was included in this panel. Complete reports for both panels that include a description of the
methodology are in Appendices C and D.

In addition, a workshop held before the passage of EPAct included identification of opportunities for
waste reduction in the chemicals manufacturing industry. These opportunities are summarized in the

technologies results section.

1.3.2. Literature Review of Technologies

EPAct directs in subsection (c) that a detailed assessment be made for the technologies identified in
subsection (b). To optimize the time and resources available, the assessment to date is built on contacts
with trade association members and a systematic review of the literature for pollution-prevention
technologies. The information, in turn, has been evaluated relative to the criteria requested in
subsection (c). This background provides insight into the current state of pollution-prevention

technologies in industry and will support future efforts to identify demonstration opportunities.

The assessment of technologies with waste-reduction benefits focused on the seven industry sectors
producing the most wastes. The selection of these seven is described in more detail in the overview
section. Material was collected primarily by conducting a literature search and contacting trade
association representatives in the targeted industrial sectors. Also, consultants, as well as individuals
involved in waste-reduction programs, at universities, and in state and federal agencies knowledgeable
about waste-reduction technologies were contacted. In some instances, the original contacts did not

have specific waste-reduction information, but provided referrals.

The literature search included searches of INFOTRAC, ProQuest ABIINFORM, CERAMIC
ABSTRACTS CD-ROM, and AGRICOLA data bases. In addition, the U.S. Environmental Protection
Agency's Pollution Prevention Information Exchange System (PIES) case study database provided
information on some waste-reduction technologies and the Pollution Prevention Program Summary was

used for additional contact information.

The initial approach focused on contacting individuals in government, universities, and other
organizations that have been active or knowledgeable about waste reduction. The search was expanded
to include trade association representatives in the targeted industrial sectors and to states known to have
active pollution prevention/waste reduction technical assistance programs. See Appendix E for a list of

representatives and experts contacted.
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The information requested from trade associations and state programs included reports, publications,
and lists of publications describing waste-reduction technologies. Because the data used in this review
were obtained from a variety of sources and written and collected for various purposes, they provided
varying levels of detail. The technology information has been organized under the categories below for
each of the technologies identified (the categories are defined in Appendix B):

e industrial sector;

e primary waste reduction strategy;
e environmental benefits;

e estimated energy savings;

e estimated waste reduction;

e capital investment;

e annual cost savings; and

e payback.

Approximately 300 documents (reports, books, and journal articles) were reviewed. At this stage,
there was no attempt to balance the technology summaries by industrial sector, geographic location, or
other factors that may influence adoption of new technologies. Appendix B shows the complete

technology summaries for each industrial sector.

1.3.3. Evaluation of Barriers to Adoption of Waste-Reduction Technologies

The overview of the section on barriers to adoption of waste-reduction technologies was summarized
from information available in the public literature. The documents most used included the following
sources: a recent DOE report (DOE 1991) examining the incentives and disincentives to industrial
waste reduction in existing and proposed legislation; an EPA Office of Solid Waste (EPA 1993) report
that is still being finalized that summarizes the barriers and incentives in 50 documents from
government, academia, and industry; and a group of 60 documents—primarily journal articles—
referring to barriers to waste reduction that were located through a literature search. In addition,
telephone interviews were conducted with three experts to obtain information to complement that found
in the literature. All of these sources are listed in Appendix E.

December 1993 5



December 1993



2. BACKGROUND

The complexity of the U.S. industrial system will have a significant effect on any assessment of the use
of, or opportunities for, waste-reducing energy-efficient technologies. There are more than 360,000
industrial facilities in the United States using tens of thousands of processes and millions of different
pieces of equipment to make hundreds of thousands of products. These facilities consume a multitude
of raw materials and energy resources every year. The waste streams that are generated, as well as the
technology options for preventing them, are highly diverse, even among plants within the same industry
producing similar products. This section reviews industrial waste and energy use as it is relevant to
this report. Each of the seven industries producing the most wastes and using the most energy are

described briefly at the end of this section.

2.1. OVERVIEW OF INDUSTRIAL WASTE GENERATION AND ENERGY USAGE

2.1.1. Industrial Waste Generation

The data available on waste generation in industry are neither comprehensive nor complete. The focus
of industrial waste data collection has been largely on what comes out of the end of the pipe or goes up
the stack. Little effort has been made to understand how much waste is generated and the ultimate fate
of all materials and byproducts of production. Furthermore, the federal government's historical
emphasis has been on the impacts of waste in specific media—air, land, or water—revealing little about
how wastes are generated within industrial subsectors and their physical characteristics or about cross-

media transfers.

A search of the literature and contacts with various trade associations determined that:

o there is no accurate, up-to-date, single source of data on wastes, hazardous or otherwise;

+ many of the data surveys ask only for estimates of quantities of wastes and, because each
respondent's capability of estimating differs, the accuracy and comparability of the data is
questionable;

+ information on nonhazardous wastes is not collected on a consistent basis; and

» data may be incomplete because of industry's reluctance to provide information that could

result in greater regulation.

The data available on waste generation in industry must be pieced together from a variety of sources

that may have very different definitions of wastes and that provide information reported in different
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years. For example, there is a large disparity among data sources over the amount and type of
industrial waste that is generated. Some wastes are reported on a dry weight basis, while others are
reported as wet wastes. Some aggregate estimates of waste may originate from actual reported data,
while others are projected based on statistical surveys. In addition, the specific waste streams regulated

under a given statute can change, further complicating the analysis of waste trends over time.

Despite these deficiencies, the available data can provide some insight into the origins and most
significant generators of industrial waste. First, however, a working definition of "industry" and
“waste” is needed. The Standard Industrial Classification (SIC) codes, defined by the Department of
Commerce, help classify the wide range of enterprises that comprise industry. For the purposes of this
report, industry is defined as agriculture (SIC Exhibit 2.1; Scope of Industrial Wastes
1-9), mining (SIC 10, 12, 13 and 14), and
manufacturing (SIC 20-39). Industries not

Wastes included in this section

e hazardous and nonhazardous wastes as defined by the

included in our definition are construction, Resource and Conservation Recovery Act (RCRA)
. . . e toxic wastes as defined by the Toxic Release Invento
transportation and public utilities, wholesale (TRI) Y v

e metal and minerals mining wastes
e oil and gas exploration and production wastes

industries. As will be shown, these are not * selected gaseous wastes

significant contributors to the overall industrial Wastes excluded from this section

and retail trade, and a variety of service

radioactive waste

municipal solid waste

infectious hospital waste
construction and demolition waste
utility waste

very-small-quantity hazardous waste

waste generation in the U.S. Coal mining is
not included in the following overview of

industry waste streams and energy use, but

was included in the subsequent literature

review for waste-reducing technologies. For

purposes of this discussion, industrial wastes

will include and exclude those wastes listed in Exhibit 2.1.

The total U.S. industrial waste stream is estimated to be more than 12 billion tons per year (see Figure
2.1). Nonhazardous manufacturing wastes, estimated at 6.5 billion tons per year, account for about
53% of all industrial generation, while hazardous manufacturing wastes account for only about 4%.
The remainder of industrial wastes come from the nonmanufacturing industries: metals and minerals

mining, oil and gas extraction and production, and agricultural activities.
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Figure 2.1
Estimates of Industrial Waste Generation
NONMANUFACTURING WASTES ~ MANUFACTURING WASTES

Hazardous Waste

Oil and Gas Extraction 0.5 Billion Tons
2.1 Billion Tons
Mining
{metals & minerals
1.7 Billion Tons
Agricultural
1.5 Billion Tons Nonhazardous Waste

6.5 Billion Tons

Total for Industry: 12.3 Billion tons/yr

Sources: EPA 1993a, EPA 1992a, EPA 1991, EPA 1988, EPA 1987, OTA 1992

Within manufacturing sectors, five industries account for 90% of nonhazardous waste (See Figure 2.2):
pulp and paper (SIC 26); chemicals (SIC 28); petroleum refining (SIC 29); stone, clay, and glass (SIC
32); and primary metals (SIC 33). About 97% of this waste is disposed of in surface impoundments at
the plant site where it is generated. Very little is known about these wastes, and the

Nonhazardous Waste Hazardous Waste

Primary Metals
21.2%

Stone, Clay, 3
Glass 9.6% ‘lll“ l" Chemicals
21.5% Other 4.9%
Petroleum LSSaassSet il Chemicals
% Petrol 2.0%
2.6% "’/////// 91.1% etroleum £.9%
% Primary
/ Metals
Other 2.0%
[¢)
Paper & Paper 10.3%
34.8%
Total 1986: 6.5 Billion Tons Total 1989: 0.5 Billion Tons
Figure 2.2

Manufacturing Hazardous and Nonhazardous Wastes
Source: EPA 1988, EPA 1993
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data collected by the Environmental Protection Agency (EPA) as part of a Resource Conservation and
Recovery Act (RCRA) reporting requirement in 1988, and containing information from 1986, has not
been updated. (EPA 1988)

While hazardous wastes make up a smaller portion of the total industrial waste stream, they represent a
greater risk to the environment and human health and are more closely regulated. Hazardous waste is
characterized under RCRA as being toxic, corrosive, reactive, ignitable, or as mixtures containing
“listed" hazardous wastes. In 1989, EPA estimated that about 200 million tons of hazardous solid
waste were managed in treatment, storage, and disposal facilities regulated under RCRA (TSDRs) and
another 300 million tons were believed to be managed outside the scope of the RCRA permitting
system. (EPA 1993) The chemicals industry alone accounts for more than 90% of hazardous waste

generation.

Nonmanufacturing industries, including mining and

. .. .. Exhibit 2.2: Nonmanufacturing Wastes
agriculture, also generate significant quantities of

waste (see Exhibit 2.2). These wastes are regulated | Agriculture (SIC 1, 2)

. includes feedlot, crop production, irrigation, and
under a variety of statutes, and defining what collected field runoff wastes

e  excludes wastes used as fertilizers
constitutes "waste" is quite difficult. Mining wastes | excludes wastes not disposed of in surface

. . . . impoundments

considered for this report consist of wastes from oil

. . .. Mining (SIC 10, 14)

and gas extraction and productlon, metal mming, . covers metals and minerals

. includes extraction and benefaction wastes: waste
rock {mine waste) and tailings

. excludes coal for this section only

. excludes mine water and mineral processing wastes

and nonmetallic minerals (except fuels); coal mining
wastes are not included. Agricultural wastes consist

mainly of feedlot wastes and crop wastes. EPA . )
Oil and Gas Extraction (SIC 13)

estimates the upper limit of agricultural wastes at | includes exploration and production wastes:
produced water (including that reinjected

one billion gallons per day, which translates to 1.5 underground for EOR) and drilling waste
e e excludes associated wastes (0.1% of oil and gas
billion tons per year. (EPA 1988) Overall, wastes)

nonmanufacturing wastes represent about 40% of

the total industrial waste stream.

These estimates of industrial waste streams can be deceptive, however. In addition to the differences in
the reporting basis and the year of the data, the amount of water contained in the waste stream greatly
affects its weight. For example, water accounts for up to 95% of the weight of hazardous wastes and
roughly 70% for nonhazardous wastes. (EPA 1993, OTA 1992) Furthermore, nearly all of the weight
of oil and gas extraction wastes is water (about 98%). Therefore, the estimates of industrial waste
streams summarized in Figure 2.1 are only a rough gauge for identifying waste priorities within

industry.
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2.1.2. Environmental Considerations

Another important aspect of industrial waste is its potential impact on the environment. Many
industrial operations contribute to worker exposure to toxic products and wastes, and to the
environmental and health problems associated with waste disposal sites. In addition, industry may
generate wastes that have been associated with habitat destruction (e.g., sulfuric acid, hydrochloric
acid), and pursue activities that are associated with the depletion or destruction of natural resources

(e.g., land and water pollution from mining, oil and gas extraction, etc.).

While being a small percentage of the total, toxic wastes and air emissions are considered to be among
the most important waste problems of industry. Concern over the effects of these wastes on the
environment has led to tight regulation and high pollution compliance costs for industry.

In 1990, industry was responsible for nearly 2 million tons of toxic chemical wastes (Figure 2.3).
(EPA 1992) The chemical industry was responsible for producing the bulk of these wastes, followed
by the primary metals and the paper products industries. Together these three industries account for
two-thirds of the total toxic waste stream. Topping the list of toxics was ammonium sulfate, often used
as an agricultural fertilizer or as a coproduct of some chemical processes and a byproduct of steel coke
ovens. Other major toxics included widely used commodity acids (e.g., sulfuric, hydrochloric), and
commonly used solvents and chemical building blocks (e.g., methanol, toluene, acetone, xylene,
trichloroethane, etc.). (EPA 1992)

Primary Metals
16.1%

Rubber & Misc.

5.5%
Paper & Pulp
8.2% A,
w . Chemicals
Petroleum §'»,///// : . 45.1%
34% 7
%, ,
Other
16.1%
Transportation
Equipment
5.6%
Total 1990: 1.8 Million Tons
Figure 2.3

Toxic Releases in Manufacturing
Source: EPA 7992
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Industrial processes result in numerous gaseous byproducts, many of which are characterized as
airborne pollutants. Several air pollutants—particulates, sulfur oxides (SOy), nitrogen oxides (NOy),
volatile organic compounds (VOCs), and carbon monoxide (CO)}—contribute to poor urban air quality
and regional air problems like acid rain. A portion of these pollutants results from industrial fuel
combustion, while others are generated by industrial processes. EPA has estimated that industrial
sources account for more than 40% of all reactive VOC emissions, for about 15% of sulfur oxide

emissions, and for about 3% of nitrogen oxide emissions in the U.S. (EPA 1991a).

Elevated levels of these pollutants can cause a variety of adverse health effects. They have also been
blamed for reduced crop yields and stunted forest growth. Ozone, for example, is a major component
of smog and is produced through chemical reactions that involve both NOx and VOCs. Inhaling ozone
can induce coughing, breathing difficulties, and temporary reduction of normal lung function, and is
suspected of contributing to the development of chronic lung diseases. Acidic deposition, or "acid
rain," occurs when pollutants (primarily SOy, NOy, and VOCs) form acidic compounds in the
atmosphere, which are later deposited on the earth in rain, snow, or fog. The detrimental effects of
these acidic compounds on aquatic systems, forests, and human health are of major concern to the
public. In 1990, air emissions from the manufacturing industries reached over 10 million tons, as
shown in Figure 2.4. The industries that produce the most airborne pollutants are the chemicals;

petroleum refining; primary metals; pulp and paper; and stone, clay, and glass industries.

=
Chemicals
4 -
— Primary
Million Tons Petroleum Metals
2] Pulp & Stone,
Paper Clay,
& Glass Other
1 7 — “. . Manufacturing

B Particulates [ Sulfur Oxides O Nitrogen Oxides & vocs [ carbon Monoxide

Figure 2.4
Manufacturing Air Emissions
Source: EPA 1991a
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Industry also emits gases associated with global warming (e.g., carbon dioxide, methane, nitrous oxide,
and CFCs). While significant uncertainty still remains about the magnitude of future climate change
from greenhouse gases, the potential effects of sustained temperature rises (e.g., rising sea levels,
availability of water, etc.) continue to be a cause for concern and study. In addition, industry
manufactures all of the chlorofluorcarbons (CFCs) in use and emits some waste CFCs. CFCs are
associated with depletion of the stratospheric ozone layer, which normally filters the ultraviolet
radiation that can be harmful to human health and the environment. While they remain in wide use,
international agreements have been adopted to control and eventually phase out the use of CFCs

entirely over the next 10 years.

2.1.3. Energy Use and Industrial Waste

When industry generates waste, valuable energy is often depleted. This wasted energy is accounted for
in the embodied energy of unused or poorly used raw materials, in the energy content of the waste
streams, and in the energy required to manage and dispose of wastes. Unnecessary energy
consumption, as well as the generation of waste that could be avoided, are both symptomatic of a
common problem—inefficient production processes. When a process is energy inefficient, scarce
energy resources are not being used effectively. When waste is created, materials, as well as energy,
are not being used efficiently.

Industry accounts for about 37% of all energy consumption in the United States. In 1992, U.S.
industry directly consumed nearly 24 quads! of energy resources (Figure 2.5). Electrical energy
losses, or energy consumption associated with the transmission and generation of electricity, added
about another 7 quads of energy used indirectly by the industrial sector. (EIA 1993)

Within the manufacturing industries, energy resources are used to generate heat and power, and as
feedstocks for materials production. About 47% of industrial energy consumption is used to generate
heat and power in boilers, furnaces, and cogeneration systems to provide process heat, shaft drive, and
other functional uses. Feedstock energy, which accounts for about 23% of industrial energy
consumption, is used primarily for its chemical content rather than heating value, e.g., petroleum used
to produce petrochemicals, natural gas used to produce ammonia, etc. As shown in Figure 2.5, the
same industries that produce the most industrial waste also account for over 80% of total manufacturing

energy consumption.

1A "quad" is an energy unit equivalent to 1 x 1015 Bw, or a quadrillion Btu. This is the energy used by about 9.5
million U.S. homes annually.
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Figure 2.5
Industrial Manufacturing Energy Consumption
Sources: EIA 1991, EIA 1992, EIA 1993

In the nonmanufacturing sector, the mining and agricultural industries are the major consumers of
energy resources. The U.S. Department of Agriculture estimated that in 1987 the agricultural sector
directly consumed about 0.8 quads of energy for heat and power, and about 0.7 quads embodied in
fertilizers and pesticides. (IEA 1990) Energy is consumed at every step in the modern agricultural
production process, and over 90% of direct energy use is petroleum-based. Energy consumption
associated with mining activities (SIC 10-14) was estimated to be 2 quads (including electrical energy
losses) in 1987. (DOC 1990) In the metal mining industries, the bulk of energy is used for
communication, benefaction, and smelting and refining of ores. For coal mining, as well as oil and gas
extraction activities, very little information is available about the distribution of energy use. (DOE
1990)

2.1.4. Economic Impacts of Waste Production

The economic burden of waste production in industry is not well understood. Production costs are
affected by a wide range of factors such as materials use, energy use, labor productivity, capital
productivity, environmental controls, and liability. Waste production and management activities affect
each of these costs in a variety of ways that differ among firms. In addition, waste reduction projects
that are undertaken by companies more often result in reduced material or labor costs than in reduced
pollution control costs. Further, potential liability costs are extremely hard to quantify, and therefore
extremely hard to factor into the financial equation. Finally, since manufacturing relies on the

production and consumption of numerous intermediate products, the impact of pollution prevention
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across all of industry, while it could have substantial economic implications, cannot be fully accounted
for using current accounting methods.

The chief direct cost associated with waste management is the cost of pollution abatement. Even here,
estimates of industry expenditures vary greatly. According to the Pollution Abatement and Control
Expenditures (PACE) survey, manufacturers spent approximately $25 billion on pollution abatement in
1991. (DOC 1993) However, EPA estimates that "private” pollution abatement spending was $42.9
billion in 1986 (EPA 1990a); and the Survey of Current Business, which uses a broader definition of
costs, estimates total national environmental spending at almost $90 billion, and total business spending
at $54.7 billion (61% of the national total). (Rutledge 1992) As shown in Figure 2.6, four industries
(chemicals, petroleum refining, primary metals, and pulp and paper) account for 66% of industrial
spending on pollution control.

25

T primry wtais
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Figure 2.6
Industrial Pollution Abatement Costs and Expenditures
Source: DOC 1993

A 1992 study attempted to measure the impact of future pollution prevention activities in industry on
the national economy. (Teclaw 1993) The study estimated that with modest industrial pollution
prevention efforts, the Gross Domestic Product would increase $1.9 trillion over the period 1996 to
2010, yielding a net present value of $335 billion (1992 dollars). In addition, the study estimated that
this growth would be accompanied by an increase in employment of 16 million person-years. This
impact, which was based on input-output analysis of interindustry interactions, can be viewed as one
very rough gauge of the economic burden associated with avoidable waste generation and management

in industry.
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2.2. Industrial Targets for Waste-Reduction Technology Assessments

As shown in the information presented above, 5 of the 20 manufacturing industries—chemicals, pulp
and paper, primary metals, petroleum, and stone, clay and glass—emerge as the major manufacturing

sectors of waste generation and energy use (see Table 2.1).

Table 2.1
Manufacturing Industry Selection for Study

Key Waste Criteria (Overall Ranking among 20 Sectors)
Pollution
Nonhazardous | Hazardous Air Toxic | Energy | Abatement

SIC Industry Waste Waste Pollutants | Waste Use Expenditures
26 Pulp & Paper 1 13 4 3 4 3

28 Chemicals 2 1 2 1 2 1

29 Petroleum 7 2 3 7 1 2

32 Stone, Clay, Glass 4 10 5 16 6 10

33 Primary Metals 3 3 1 2 3 4
Percent of Total Represented 90% 95% 92% 73% 83% 67%

by these five industries

Because of the complexity and diversity of industry and the technologies they employ, and for efficient
use of the resources available to this project, this response to EPAct Section 2108 is focused on these
five manufacturing sectors, and on agriculture and mining in the nonmanufacturing sectors. The
agriculture (SIC1-9) and mining (SIC10, 13, 14) sectors account for an additional 4% of nonhazardous
wastes and 11% of energy use.

. 94 % of nonhazardous wastes,

. 95% of hazardous wastes,

. 92% of air pollutants,

. 73% of toxic releases,

. 94 % of energy consumption, and

. 67% of pollution abatement expenditures.

These seven sectors of U.S. industry offer the most significant opportunities for the reduction of waste

while improving energy efficiency. Following are general descriptions of the seven industries.
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2.2.1. Agriculture (SIC 01/02)

Background

The agriculture industry includes the growth and harvesting of farm crops and livestock. Modern
agricultural practices are energy intensive, from fuel for machinery, equipment, and heat to the energy
embodied in fertilizers and pesticides. The labor needed to farm an acre has declined 75% while
output per acre has doubled since 1940. Fertilizer and pesticide costs exceed other costs, such as seeds

and fuel, for many major commodities. (DOE 1990 pp. 1-4)

Due to the availability of reliable figures, agricultural wastes in this report consist mainly of feedlot
wastes and crop wastes. It should be noted, however, that even though the data is not available to
support its inclusion, one of the great material wastes in this industry may be the loss of topsoil from
nonconservative agricultural practices. Further, large amounts of pesticides and fertilizers are used in
the agriculture industry, and while these inputs are not pollutants, they do produce pollution. (WERC

pp. 2-3)
Waste Generation
Agricultural wastes make up 1.5 of the 12 billion tons (12%) of industrial wastes produced annually.

Energy Usage

Agriculture consumes about 1.5 quads of energy (5% of the total 31 quads used by industry), 0.8 quads
for heat and power and about 0.7 quads embodied in fertilizers and pesticides.

2.2.2. Mining Industry (SIC 10/12/13/14)

Background

The mining industry is composed of three distinct subindustries: mineral and metal mining; coal
mining; and oil and gas extraction. (DOE 1990 p.1) There are two types of waste associated with
mining per se: overburden, the earth displaced in the process of searching for and removing ore; and
gangue, the unwanted components removed on-site by physical methods, such as screening, washing,
settling, flotation, and centrifuging. (WERC p. 6)
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About 95% of the mineral and metal mining in this country is of iron, copper, lead and zinc, gold,
silver, and bauxite and other aluminum ores. The quality and grade of metal and mineral resources in
the U.S. is continually decreasing as richer deposits are exhausted, leaving only lower grade deposits.
For example, the National Research Council estimates that, by the year 2000, the average grade of
copper, which accounts for the highest value of annual shipments of minerals, will be about 20% as
opposed to the current average grade of 65%. This will mean that about three times as much ore will

need to be extracted and processed to obtain the same amount of copper. (DOE 1990 pp- 1-2)

Coal is the world's most abundant fossil energy resource. (DOE 1990 p. 11) A recent study suggests a
waste overburden of 1.6 to 2 tons for each ton of coal produced. In addition to overburden, most
utility coal is washed, resulting in sulfurous waste refuse, a major source of acid mine drainage.
(WERC p. 8)

Oil and natural gas extraction includes the exploration, drilling, extraction, and production of the crude

products that go into petroleum refining. (DOE 1990 p. 19) Waste streams for this sector include such

things as the barite "drilling mud" and oily wastewater.
For the purposes of this section only, mining wastes consist of wastes from oil and gas extraction and

production, metal mining, and nonmetallic minerals (except fuels). Coal mining wastes, mine water,

and mineral processing wastes are not included.
Waste Generation
Mining wastes make up 3.8 of the 12 billion tons (31%) of industrial wastes produced annually.
ner
Energy use was estimated to be 2.1 quads in 1987 (7% of the total 31 quads used by industry).
2.2.3. Pulp and Paper Industry (SIC 26)
kground
Paper production produces large waste streams because of the loss of a significant part of the raw
weight of the wood and most of the chemicals used in pulping. Pulping is the process of disintegrating

wood fibers to produce the material used to make paper. A significant portion of the mass of the
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pulpwood necessary for pulp and paper production is not cellulose, but the lignin that holds the
cellulose fibers together. A recent study done for DOE estimated that the pulping process results in a
40% loss in mass from the original feedstock. In addition, the pulping process involves a significant
quantity of chemicals including clay, lime, sulfur, soda ash, sodium hydroxide, sodium sulfate, sulfuric
acid, chorine, and salt. Except for clay, which is embodied in the paper products as filling and coating
material, the chemicals are usually discharged after they are used. (WERC pp. 5-6).

Waste Generation

The pulp and paper industry produces 34.8% of nonhazardous manufacturing wastes, or 2.3 billion
tons annually.

Energy Usage

In 1992, pulp and paper consumed 11.5%, or 3.4 quads, of energy consumed by manufacturing
industries.

2.2.4. Chemical Industry (SIC 28)

" Background

The chemical industry is extremely broad, encompassing several areas, including organic chemicals,
inorganic chemicals, agricultural chemicals, paints and coatings, and adhesives and sealants. A recent
EPA report points out that the industry has been a leader in pollution prevention, implementing
innovative pollution-prevention measures. These changes, despite the breadth of the industry, tend to
be specific to a single process, a single piece of equipment, or a single product. For example, while
solvent recovery is a clear opportunity of broad magnitude across the industry, it is applicable only in
terms of the needs and components of a specific process. (EPA 1991c p. 17) Because of the
magnitude of waste production and energy use, this industry may provide the greatest and most

immediate opportunities for waste reduction and energy conservation.

Most of the products of the industry are used dissipatively and become wastes relatively soon after their
use. Most production requires a sequence of several processes, each with its own wastes; the
cumulative waste produced can be significant. For example, a sequence requiring three processes,
each with an efficiency of 85 to 90%, could result in total waste produced of 35%. (WERC p. 17)
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The inorganic chemical industry may have more difficulty than the organic chemical industry in taking
on new technology as its products are commodity chemicals for which the technology has been
established and the plants and process equipment have been amortized over long time periods.
Therefore, while modernization of technologies may be cost-effective and result in waste minimization,

payback to the company may not be adequate to be attractive. (EPA 1991c p. 18)

Waste Generation

The chemical industry produces

e 91.1%, or 0.46 billion tons, of total hazardous waste generation in the U.S.

e 21.5%, or 1.4 billion tons, of total nonhazardous manufacturing wastes.

The industry is the largest emitter of toxic chemicals, accounting for almost half of the total.

Energy Usage

The chemical industry is a large energy consumer, accounting for 21%, or 6.4 quads, of industrial

energy consumption.

2.2.5. Petroleum Refining Industry (SIC 29)

kgroun

The petroleum refining industry processes crude oil into useful products through a series of separation
and transformation processes. (DOE 1990 p. 1) This industry is unique in that the raw materials,
primary wastes, and products of petroleum refining are essentially the same. Most refining products
are the result of a series of process operations and the "waste" from one process can be used for source
reduction at a later stage. Therefore source reduction and recovery/recycle can be indistinguishable.
Two types of waste problems affecting the petroleum refining industry include oily wastewaters and
sludges at the bottom of tanks. (EPA 1991c p. 24)

The petroleum refining industry is currently experiencing some degree of flux as individual refiners
assess their ability to comply with the requirements of the Clean Air Act Amendments (CAAA) of

1990, which requires that gasoline meet strict new requirements regarding composition and reduction in
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tailpipe emissions. Given that motor gasoline accounts for more than 45% of the products of petroleum
refining, CAAA requirements for gasoline reformulation will have a significant effect on the petroleum
refining industry. For the most part, smaller refineries will experience the greatest burden as the
equipment investment to produce products that comply with environmental regulations will be greater
on a per-barrel basis for smaller refineries. (DOC 1993 pp. 4-3, 4-4)

Waste Generation

The petroleum refining industry generates

e 3.4%, or 1.8 million tons, of toxic releases in manufacturing.

e 2.6%, or 0.17 billion tons, of nonhazardous wastes.

e 2.0%, or 0.01 billion tons, of hazardous wastes.

Epergy Usage
The industry consumes 31.2 %, or 9.5 quads, of industrial energy consumption.

2.2.6. Stone, Clay, and Glass Industries (SIC 32)

Background

The major outputs of the stone, clay, and glass industry are refractories (heat-resistant substances),
glass, and portland cement. All are basically durable materials used in structures or long-lived
products. (WERC p. 13)

Glass manufacture is a large, widely diversified, energy-intensive industry. There are four types of
glass: flat glass, container glass, pressed and blown glass, and glass fiber insulation. The basic glass
industries produced approximately 19 million tons of glass in 1985. (DOE 1990 p. 1) The flat glass
and container glass industries have undergone consolidation in the last five years, reducing the number
of companies and increasing their debt as a result of both plant modernization and leveraged buyouts.
Overall, the glass industry faces a number of problems, including plant overcapacity, industry

consolidation, capital-intensiveness, and cyclical and moderate growth prospects. (DOE 1990 p.3)
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Cement is the primary binding ingredient in concrete mixtures and is primarily used in building
materials. The industry produced 78.3 million tons in 1988, of which 96% was portland cement.
(DOE 1990 p.1) Cement manufacturing is an energy intensive industry with energy costs comprising
about 40% or more of direct manufacturing costs. (DOE 1990 p. 3) Cement is made by quarrying,
crushing, grinding, and blending the raw materials; processing them in kilns at high temperatures
(2700-2900F); and fine grinding the resulting marble-sized pellets (clinker) with some gypsum into
extremely fine powder. (DOE 1990 p.6)

W neration

The stone, clay, and glass industries generate 9.6%, or 0.62 billion tons, of nonhazardous

manufacturing wastes.

Epergy Usage
The industries consume 5%, or 1.5 quads, of industrial energy consumption.

2.2.7. Primary Metals Industry (SIC 33)

" Background

This industry includes the production and casting (shaping) of metals, principally iron and steel,
aluminum, copper, lead, titanium, and zinc. (DOC 1993) Primary metals are produced from metal-
bearing ores. The metal is separated from the unwanted rock in the ore—the gangue—often by
crushing or grinding and flotation. Smelting, a chemical reduction accomplished by heat and a
reducing agent such as another metal or by electrolysis, is often required to produce a pure metal. The
gangue that remains with the ore is separated during smelting and referred to as slag, a molten mix of
gangue minerals. Metals may also be separated from ores at various stages by leaching, the washing
away of unwanted compounds with an appropriate solvent. Once the metals are pure, they are formed
into appropriate shapes—sheets, ingots, or even into specific parts. (Bailer pp. 725-6) This industry is
extremely energy intensive, (DOE 1990 p. 5, DOC 1993 p. 13-5) and the emissions from energy use
are an important resulting waste. Wastes include such things as the unwanted byproducts of
manufacture; the inherent and sometimes hazardous materials included in the ore and that remain in the
gangue; and process inputs that are not consumed, for example, the spent cyanide baths used for case

hardening of steel.
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The largest producers are iron and steel and aluminum. (DOC 1993 pp. 13-2, 13-5, 13-7, 13-8, 13-10,
13-12) The iron and steel industry experienced intense pressure in the 1980s from foreign competition,
bankruptcies, forced mergers, and massive layoffs. (DOE 1990 p.1) The response of the industry has
been to restructure itself and to invest in modern technology and equipment. Current indicators show
signs that the industry is emerging from recession. (DOC 1993 p. 13-1) In tandem with the changes in
the industry have been depressed prices, high costs for labor and new facilities, and heightened
competition. (DOC 1993 p. 13-1) Electricity is the single most costly input for aluminum production.

Increasing costs of electricity, particularly due to Clean Air Act Amendments requiring reduced
emissions, could decrease the international competitiveness of U.S. aluminum producers. (DOC 1993
p. 13-5)

Waste Generation
The primary metals industry generates

e 16.1% (of 1.8 million tons) of industrial toxic releases in manufacturing.

e 21.2%, or 1.38 billion tons, of nonhazardous manufacturing wastes and 2.0%, or 0.01 billion tons,

of hazardous wastes.

The industry is the second highest industrial producer of air emissions, at almost 3 million tons.

Energy Usage

The industry consumes 14.0%, or 4.3 quads, of total manufacturing energy consumption.
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3. RESULTS
3.1. IDENTIFICATION OF OPPORTUNITIES

In EPAct Section 2108(b), Congress requires DOE to identify opportunities for the demonstration of
energy-efficient pollution-prevention technologies and processes. These opportunities are considered to
be broad areas of need for waste reduction that will be addressed through specific waste-reducing
technologies and/or processes that, in turn, need to be demonstrated to be effective. It is of critical
importance that opportunities for the demonstration of waste-reducing technologies be identified by
industrial representatives to ensure that the opportunities reflect industrial needs that are both significant
and timely. To date two panels have occurred within the context of responding to EPAct Section 2108,
one to establish criteria for evaluating the relative importance of opportunities that are identified, and
one to identify opportunities within the petroleum industry. In addition, a workshop held in 1991, prior
to the passage of EPAct, under the auspices of the Industrial Waste Program (IWP) and the American
Institute of Chemical Engineers (AIChE), identified several opportunities for waste reduction in the
chemical industry. This section describes the results of the two panels and the workshop. The full
panel reports are contained in Appendices C and D.

3.1.1. Principal Results of the Criteria Panel

Recognizing the need for consistency across the results of seven different panels—one for each of the
seven industries targeted for this response to EPAct Section 2108—a first panel. was convened to
develop explicit and consistent criteria by which opportunities could be ranked in their order of relative
importance.  This panel, with members from industry, academia, federal government, and an
environmental public interest group, first arrived at a consensus definition of energy-efficient pollution-

prevention technology demonstration opportunities.

Opportunities for the demonstration of energy-efficient, pollution-prevention, economically
competitive technologies and processes consist of the use of hardware, software, and/or an
operational procedure in a monitored industrial setting to determine and display improved
performance, thereby encouraging timely adoption by similar firms so as to assure

environmental quality.
Given that future panels may be tasked with identifying demonstration opportunities with the greatest
potential for improvement in energy efficiency, pollution prevention, and economic competitiveness,

the panel, through iterative discussion, identified and ranked in descending order of their relative
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importance the following five criteria for screening technology demonstration opportunities. The
criteria were ranked and weighted to allow technology demonstration opportunities to be assigned a

composite score by the members of future panels.

e Magnitude of systemic energy, environmental, and economic impacts
e Probability of success

e Implementation costs/cost-effectiveness

e Time frame for results

e Measurability/accountability/performance tracking

In addition to the criteria identified above, the panel recognized that while there may be an important
government role in leveraging public monies with private capital or in steering developmental programs
for some opportunities, not all opportunities are equally appropriate for government involvement.
Further, the panel recognized that the role for government involvement is fundamentally a different
type of criterion than the five identified above and that demonstration opportunities could be examined
from two perspectives, with regard to their specific features and to the appropriateness of government

participation.

3.1.2. Principal Results of the Petroleum Panel

The second panel had members representing the petroleum industry, academia, the National Academy
of Sciences, and environmental and regulatory consultants, and had two main tasks—identifying and
then ranking energy-efficient pollution-prevention demonstration opportunities in the petroleum
industry. The overriding theme of energy-efficient pollution-prevention demonstration opportunities
identified in the petroleum industry involved wastes and water, including produced water, process
water, groundwater, and surface water. This result is not surprising given that the volume of water
managed in upstream operations can be ten times the volume of petroleum, while it is about equal to
the volume of petroleum in downstream operations. To a lesser extent, technologies addressing

emissions to the air and land, especially involving toxic substances, were identified and discussed.

The panel began by identifying a large number of potential opportunities for technology demonstrations

and consolidating them into the following nine broad categories:
e Combustion emissions and toxic releases
e Decommissioning of nonproductive or abandoned wells

e Heat management
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e Leak and fugitive emissions detection and prevention
e Oil/water emulsion breaking and solids separation

e Reservoir management and diagnostics

e Spent materials handling

e Sulfur and heavy metals extraction

e Wastewater management, handling, and reduction

Some of these categories are only applicable to exploration and production (upstream) technologies
(e.g., decommissioning of nomproductive or abandoned wells and reservoir management and
diagnostics); others are essentially applicable only to refining and processing (downstream) activities
(e.g., heat management and sulfur and heavy metals extraction). The remaining five categories could

include technologies addressing either upstream or downstream operations.

Twenty technology demonstration opportunities were placed within these nine categories. While each
technology area was considered to contain worthwhile demonstration opportunities, the panel,
following discussion and consolidation of the 20 technologies, focused on a subset of seven for which

the most thorough definition, discussion, and analysis were immediately possible.

The seven identified areas for technology demonstration opportunities include two addressing
environmental concerns associated with upstream and downstream operations, respectively, and three
having potential broad application across the entire petroleum industry. The seven technology areas
are:

e Advanced geophysical diagnostics

e Locating orphan wells

e Spent catalyst reuse

e Dry hydrogen sulfide adsorption

e Toxic gaseous emissions

¢ Oil/water emulsion breaking by chemical additives

= Wastewater management

The panel developed the following working definitions of the seven identified technology areas to
describe the most important features and benefits of the prospective technologies.

Advanced geophysical diagnostics was narrowed to the use of current capabilities in new ways, for

example, three-dimensional seismic surveys, which are commonly used during offshore exploration, in

December 1993 27




onshore producing fields to better characterize the reservoir conditions as a means to minimize the
drilling of unproductive wells while conducting an in-fill drilling program. This new application of an
existing technique could significantly reduce the volume of produced water, the single largest waste

stream in the petroleum industry, and avoid pollution from the drilling of unnecessary wells.

Locating orphan wells refers to new technology applied to locating old wells, abandoned mostly prior
to 1940, that do not have recorded locations and ownership. These wells were generally plugged
inadequately if at all and often are a recognized source of groundwater pollution or pose a serious
threat to groundwater resources. Candidate technologies in the area would be expected to include

remote subsurface sensing techniques developed for defense purposes.

Spent catalyst reuse consists of technologies for extracting metals of lower value than precious metals
from catalysts used in fluid catalytic cracking (FCC) and hyrdodesulfurization (HDS) units in
refineries. The extracted metals, such as nickel, vanadium, cobalt, and tungsten, could be sold in
commercial markets and the remaining material could be reused in catalyst production. Technologies
capable of capitalizing on the silica content of spent FCC catalysts, such as cement production, were
included in this category. Elimination of substantial volumes of spent catalysts presently disposed of in

landfills could result from deployment of proven technologies in this area.

Recent developments permitting the design of improved burners and injectors for flue gas and volatile
organic compound (VOC) combustion in refineries promise a means of reducing toxic gaseous
emissions. Catalytic combustion technologies could be included as well. Greater opportunities for new
technology demonstrations were judged to be present for managing air toxics than for addressing
emissions of standard combustion products including carbon monoxide, sulfur oxides, and nitrous
oxides. Technologies in this area would reduce toxic air pollution associated with noncommercial fuel

combustion processes in refineries.

Dry hydrogen sulfide adsorption is the most specific of the technology areas. This area represents
methods to replace amine-based aqueous solutions for treating gas streams to remove hydrogen sulfide
in refineries and possibly in natural gas processing plants. The captured sulfur would be recoverable as
elemental sulfur or sulfuric acid through widely used processes. These technologies would reduce the

pollution associated with the disposal or accidental release of amine solutions.
Oil/water emulsion breaking technologies focuses on gaining a better understanding and
characterization of the activity and reactivity of chemical species when added in mixtures for the

purpose of breaking organic/water emulsions and on designing optimized separation units. The

28 December 1993



objectives are to obtain improved formulations for treating emulsions and to better predict the impact of
these additives on subsequent processing steps. Technologies in this area would greatly reduce
wastewater volumes by facilitating water recycling and minimizing the need for water treatment before
disposal.

Wastewater management technology focuses on techniques capable of making contributions toward
achieving an on-site, closed-cycle water management system in a refinery. Included are integrated heat
management techniques for the express purpose of water management in a refinery as well as
techniques to efficiently reuse impure waters in the refining process. An ultimate objective would be to
allow operation of a zero-water-release refinery. Reducing or preventing groundwater and surface

water pollution would be the principal benefit gained from these technologies.

3.1.3. Ranking of Technology Demonstrations

Using the criteria developed by the first panel, this panel ranked the demonstration opportunities
described above first in their general order of relative importance for a composite set of criteria, then in
the order of relative importance for a government role in their demonstration. Because of the panel
members' experience in and knowledge of the petroleum industry, the ranking of opportunities reflects
not only waste-reduction needs but is also sensitive to the ability of the industry to take on new
technologies. The panel noted that an effective technology demonstration program would necessarily

involve selection of specifically defined technologies within one or more of these areas.

Petroleum Industry - Petroleum Industry -
Order from Overall Order Relative to Importance
Composite Ranking of a Federal Role
1.  Wastewater management 1.  Toxic air emissions
2.  Advanced geophysical diagnostics 2. Locating orphan wells
3.  Toxic air emissions 3.  Wastewater management
4.  Spent catalyst reuse 4. Advanced geophysical diagnostics
5.  Dry hydrogen sulfide adsorption 5. Oil/water emulsion breaking by
6. Locating orphan wells chemical additives
7.  Oil/water emulsion breaking by 6.  Spent catalyst reuse
chemical additives 7.  Dry hydrogen sulfide adsorption
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3.1.4. Waste-Reduction Opportunities in the Chemical Industry—Workshop Results

Before passage of EPAct, the IWP sponsored, with the AIChE, a workshop to examine waste-reduction
opportunities in the chemical industry. The results, while they are not specifically focused on pollution
prevention and they have not been evaluated in light of the definition and criteria developed as part of
this work, do offer some insight into the types of opportunities for waste reduction in the chemical
industry. The proceedings of the workshop are summarized in the joint DOE/AIChE Report, "The
CWRT! on: Waste Reduction Opportunities in Industry.” (DOE 1991a) The workshop identified the
following high priority technological areas with opportunities to exploit waste reduction in the

production and use of chemicals.

Chemical Industry - Highest Priority R&D Techmnologies from
Waste-Reduction Opportunities Workshop

J Separation of dilute organics from water

. Alternative in-process separation techniques for organic/inorganic/aqueous solutions
. Emission control of dilute volatile organic compounds*

J Total water reuse

. Low-cost sorbent regeneration processes

. Post-consumer recycling, upgrading, and separation*®

* While this report is concerned with pollution prevention, the industrial panel results did include these two pollution
treatment strategies.

The generation of wastewater was the overriding theme of the opportunity sets identified by the
chemical and petroleum industries. Air emissions involving toxic substances are another common

concern cutting across both industries.

ICenter for Waste Reduction Technology
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3. RESULTS-continued

3.2. WASTE-REDUCTION TECHNOLOGIES

EPAct directs in subsection (c) that an assessment be made for the technologies identified in subsection
(b). That assessment has not yet occurred in the level of detail called for by the Act for the chemical,
petroleum, and other, previously identified, sectors. To optimize the time and resources available to
address EPAct Section 2108, the focus has been on providing a foundation for addressing opportunity
identification and subsequent assessment activities. This foundation is built on a systematic review of
the literature for pollution-prevention technologies which have, in turn, been evaluated relative to the
information requested in subsection (c). This background will both provide an insight into the current
state of pollution-prevention technologies in industry and support future efforts to identify

demonstration opportunities. The results derived from the open literature are summarized below.

3.2.1. Approach - Technology Assessments

The review of existing and developing technologies

that involve waste-reduction objectives
encompassed the open literature and appropriate
databases. In addition, knowledgeable individuals in
government, universities, and other organizations
were contacted, as well as trade association
representatives in the targeted industry sectors and
representatives of states with active pollution-
technical

programs. Approximately 300 documents (reports,

prevention/waste-reduction assistance

books, and journal articles) were collected and

reviewed.

There are thousands of technologies currently under

Waste-Reduction Strategies

Q process redesign - refinements or alterations in the

production process itself

in-process recycling - waste is reclaimed and
processed to recover a usable product, or reused
within an industrial process

input substitution - substituting a material for one
that is less toxic or that causes less of a waste
treatment or disposal problem; also includes input
purification

O product change - redesigning the end product to

optimize material use and minimize waste

operational efficiencies - various measures taken to
reduce waste—includes things like plant maintenance
and production practices, inventory control, employee
training, waste stream segregation, spill/leak
prevention, scheduling improvement, and the use of
computers for monitoring and analysis.

development, many of which may have positive impacts on waste reduction and energy efficiency.
Without a specific reference in the literature to waste reduction, however, they would need to be
examined in detail on a case-by-case basis to determine waste and energy effects. Therefore, the scope
of this groundwork was limited to specific technologies whose principal function was waste reduction
with a relatively short period for commercialization (typically 1 to 5 years). Fundamental process

December 1993 : 31

B T e .



advantages (e.g., direct steel making), though offering potential reductions in waste and savings in

energy, were not considered in this study.

3.2.2. Summary Findings

The literature review resulted in 590 specific
technologies with positive reduction impacts for
the seven industrial sectors covered. Please
note that all 590 technologies are listed in
Appendix B. Figure 3.1 shows a breakdown of
the number of technologies logged for each

sector.

Figure 3.2 shows the number of entries by the
(See box

on previous page for definitions of strategies.)

waste-reduction strategy employed.

Of the technologies logged, process redesign,
in-process recycling, and operational efficiency
strategies make up 87% of the total. Product
change technologies found in the open

literature were minimal at just 3%.

Figure 3.3 shows which of the 590
technologies included some type of quantitative
information on energy impact, waste reduction,

and/or costs or cost savings.

32

Chemicals
156

p. Agriculture
Primary Metals : 4=; 58
101 —— Mining
.‘ 34
Stone, Clay, & Glass Paper & Pulp
26 85
Petroleum
130
Figure 3.1

Total Number of Technologies
by Industrial Sector (690 Total)

Operational
Product Efficiencies - 138
Changes - 21

Input

Substitution - 64
Process

Redesign - 192

In-Process
Recycling - 175

Figure 3.2

Total Number of Technologies by
Waste-Reduction Strategy (590 Total)

62%

Energy Cost

Waste
Data Data Data
Figure 3.3

Technologies With Quantitative
Energy, Waste, and/or Cost Data
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The 590 technologies were classified by industrial sector into pollution issues, and are summarized in
Table 3.1. This classification suggests the pollution issues applicable to waste-reduction efforts for
each industry sector.

Table 3.1
Literature Review - Technology/Pollution Issue Categories - by Industry Sector
—biotechnology ** —precision agriculture**
~ Agriculture ~reduced dust control ¢ —sustainable agriculture

—improved pesticide application

—drilling and workover fluids ¢ —ore processing ¢
Mining —mining through hard rock ¢ —use of solvents and chemicals
—oily sludge separation**

—kraft pulping** -nonkraft pulping**

e washing o sulfite pulping
Pulp & Paper o dry debarking ¢ ¢ solvent pulping ®
¢ delignification ¢ mechanical pulping ¢
e cooking ¢
e bleaching
—solvent recovery —recycle of product containers
Chemical! —product substitution/reformulation —process controls **

—process redesign issues

—processing tank bottoms crude ** —solvents and chemicals usage

Petroleum —treating tail gas ® -spent catalyst processing/
- cooling tower blowdown ¢ treatment**
—spent clay processing/treatment ¢ —oily sludges recovery/reprocessing

—spent caustic processing/treatment ¢ -—sandblast media discharge

Stone, Clay, —dust control measures —water capture and reuse
Glass
—case hardening baths —metal parts cleaning ¢
Primary Metals —casting sands waste reduction ¢ —pickling
—desulfurization —quenching ¢
—dust control measures ¢ —slag management

2 Indicates that only existing technologies were recorded for this area.
[ Indicates that only developing technologies were recorded for this area.
Hok Indicates a technology listed on one or more lists of critical technologies. (Kaarsberg)

1The chemical industry covered a large range of processes and products. Therefore, further categorization was not pursued for this industry.
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3.2.3. Existing Technologies

(c1) - assessment of the technologies available
to increase productivity and
simultaneously reduce the consumption of
energy and material resources, and the
production of wastes identified in (b)

Of the 590 total technologies recorded, 489 are
existing, that is, in relatively broad use within
industry (Figure 3.4). The existing technologies
ran about 5:1 to those classified as developing
technologies. Virtually all references used were
1987 or later, with the majority 1991 or later.

Chemicals
145

Agriculture
44

Primary Metals Mining
88 29
Stone, Clay & Glass Paper & Pulp
15 67
Petroleum
101
Figure 3.4

Existing Technologies Recorded
(489 Total)

Twenty-nine percent of the existing technologies were from the chemical industry, while only 3% were
from stone, clay, and glass. This difference may be partially explained by the fact that the chemical
industry involves a larger array of processes and products than does the stone, clay, and glass sector.
Unfortunately, the technologies in the literature did not provide sufficient information to assess
productivity. To the extent that information was available on energy, natural resources, and wastes, it

is discussed in the following sections.

Operational
Efficiencies - 129

When reviewed by waste-reducing strategy
Product

Changes - 18

Input
Substitution - 45
Process
Redesign - 144

In-Process
Recycling - 1563

Figure 3.5

application (Figure 3.5), in-process recycling,
process redesign, and operational efficiencies
were recorded in roughly equal numbers
(~29% of each). There were significantly
fewer product-change and input-substitution

technologies by comparison.

Existing Technologies by Strategy

(489 Total) The 489 existing technologies identified in the

literature consisted of a broad range of

technologies that were often very specific to a given industry. For example, a successful existing
technology for waste reduction involves the making of a polymer byproduct from the manufacture of
propylene into caulking for mobile homes. The estimated waste reduction of this technology was 50%,

capital investment was $750k, and the annual savings was $8.7 million. (Tsuji)
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3.2.4. Current Use by Industry

(c2) - assessment of the current use of such technologies by industry in the United States

In reviewing the 489 individual technologies identified herein, most are in actual use. While many
technologies are detailed for a specific company or process, they may be in wider use than indicated by

the source document.

In general, the adoption and ultimate use of a technology that reduces waste and saves energy are
related to the following factors:

e The technology is seen as cost-effective,
e The technology is known (industry/companies aware of its existence),
e A company or industry is able to adequately assess its need for a technology, or

e There is no other barrier, regulatory, cultural, or otherwise, preventing its use.

3.2.5. Developing Technologies and Projected Availability

(c3) - the status of any such technologies currently being developed, together with projected
commercial availability

"Developing" technologies in the literature Primar1y3Metals Chemicals
review were defined as those still in isolated use 11

) . . Stone, Clay & Glas PN Agriculture
(i.e., demonstration phase), or clearly still 11 14
under development. This review found 101 Mining
such technologies (Figure 3.6). Because of the 5
smaller set of data found, this group may not be Peﬂg;eum - Paper & Pulp
as characteristic of industry activity as is the 8
group of existing technologies. For example, Figure 3.6

the Chemical industry at 11 technologies Developing Technologies Recorded
recorded could be interpreted to be on the same (101 Total)

par as stone, clay, and glass, also with 11. This
is counterintuitive, however, to the significant level of technology development work incorporating

waste and energy reduction in the chemical industry.

Grouped by waste-reduction strategy, nearly half of those recorded involve process-redesign efforts
(Figure 3.7). This suggests a strong development effort involving this strategy versus the others.
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Product Information on commercial availability of the
Input Changes - 3 . . . .
Substitution - 19 Operational developing technologies identified was generally

Efficiencies - 9

not included in the literature. In documenting

the technologies, however, it was perceived that

R:‘c'séﬁf‘:s_szz most are relatively near-term, with availability
Process estimated to be within a 1- to 4-year period.
Redesign - 48
Figure 3.7 As with the existing technologies, the
Developing Technologies by Strategy developing technologies tended to be very

(101 Total)

specific to a given industry. For example, a

promising developing technology involves the use of a closed furnace to replace the open hearth
furnace in production of silicon and ferrosilicon. Use of this technology is predicted to reduce wastes
by over 0.4 million ton/yr by the year 2010, and to save 86 trillion Btu/yr of energy. This technology
is expected to be commercialized within 1 to 2 years. (Cranford)

3.2.6. Energy Savings

(c4) - the energy saving resulting from the use of such technologies

As shown previously in Figure 3.3, information on energy efficiency and use was not generally
included in the sources. Only 27 provided energy impact information. Of the 16 existing technologies,
14 were from the paper and pulp industry. Of the 11 developing technology sources with energy
impact information, 7 are DOE/OIT Industrial Waste Program (IWP) projects, which specifically

require energy reduction analysis as part of the project description.

There were eight sources providing a percentage reduction from whatever the "before" condition was.
The average reduction of these eight was 31%, with a range from 3% to 80%. In addition, 20 sources
provided annual energy savings estimates. The average of these 20 was about 3 trillion Btu/yr, even
though a few registered a net energy increase. The range of energy impact for the 20 listings was from

a net increase of 56 million Btu/yr, to a net savings of 86 trillion Btu/yr.

One conceivable perspective on the lack of energy impact information in the literature is

"The cost of energy usage is small (typically a few percent for most manufacturing industries) and
declining, while the cost of waste disposal and associated liability costs is climbing rapidly; therefore,
industry is much more interested in new technologies for waste reduction then for energy savings, even
though the same technology often does both.” (Kaarsberg, p. 5)
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Anecdotal information on the energy savings potential from waste minimization technology

development is seen in the existing projects and recent proposals of DOE's IWP:

. Even if only 20% of the current IWP 16 project portfolio proves successful, the estimated impact
on U.S. industry energy consumption will be a reduction of 340 trillion Btu/yr by the year 2010.
This savings is roughly 1.0% of the current total U.S. industrial energy usage. (Cranford)

. Of industry proposals received in response to competitive solicitations issued during 1992 and
1993, 19 emerged as viable developmental opportunities. The average annual energy savings
estimated per project (year 2010) was 120 trillion Btu/yr.

Not every waste-reduction technology would be expected to achieve these levels of energy savings, but

reasonable possibilities are shown from these examples.

3.2.7. Environmental Benefits

(c5) - the environmental benefits of such technologies

Of the 590 total entries, 497 recorded specific qualitative environmental benefits. Some of the more

common benefits observed were:

 reduction in the quantity of a given waste already being produced
» substitution of a nonhazardous material for a hazardous material
o reduced toxicity of a given waste

» recovery and reuse of a previously discarded waste

¢ reduced use of water

e reduced air emissions
Of the 590 technologies, 117 provided an actual percentage reduction, or an estimated potential

reduction in waste generation. The average reduction was 69%, with a range from 3% to 100%. In

addition, 66 listed actual quantity predictions or measurements of waste reduced.
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Also, returning to the IWP project and proposal sets identified in the last section:

o It is estimated that the current project portfolio will reduce waste by over 42 million tons/yr by the
year 2010 (again, assuming a 20% success rate). This waste reduction is roughly 0.3% of the

current total U.S. industrial wastes.

» The 19 IWP proposals have an average waste-reduction forecast of 24 million tons/yr per project.

3.2.8. Costs (and Cost Savings)

(c6) - the costs of such technologies

About 24% of the technologies recorded provided some insight into the expense of implementing the
technology and/or an indication of the cost savings. Capital costs for 80 technologies ranged from
$17,000 to $400 million. Annual cost savings for 92 technologies were estimated, with three indicating
a net loss of annual revenue. The technologies ranged from a net annual loss of $7.1 million to an
annual savings of $75 million. The total annual savings to industry of these 92 entries was over $190
million, with an average of $2.3 million saved per year. The average payback period of 63 listings was
just over three years. What can be summarized from the technologies recorded that did include cost
data is that, in general, the annual savings can be significant. It must be mentioned, however, that the
data set is biased in that negative cost impacts are much less likely to be documented in the open
literature. Further, the fact that only one out of four technologies included information on costs
suggests that it is difficult to account for all of the costs or benefits of pollution prevention, particularly
indirect costs such as training or permitting or costs that cannot be predicted such as future liability
costs. More information on this subject can be obtained in a recent EPA report on total cost
assessment. (EPA 1992)

An example of successful cost-effective waste-reduction implementation is provided in a recent
literature search conducted in support of an IWP economic study on U.S. waste-reduction potential.
(WERC 1993) The study summarized the economic benefits of 75 industrial-waste-minimization
projects. Most involved capital or operating investments with the principal objective of reducing waste.
Again, the data are biased in that unsuccessful projects are not likely to be presented as case studies in
the literature. Bias acknowledged, the study found that

o the total annual savings of the 75-project portfolio was $34 million,

» the average annual savings was approximately $500,000 per company,
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* the average project payback was less than two years (31% of the projects had a payback of
fewer than 6 months, and 86% had paybacks of 36 months or less), and
¢ 55% of the investments were under $100,000.

Furthermore, the existing IWP project portfolio is projected to improve industrial competitiveness
through lowering costs by at least $2 billion/yr (by the year 2010—20% success rate). Moreover, the
IWP has found that, based on current projects and proposals, industry has a typical minimum return on
investment requirement of about 15%. While this certainly varies with economic conditions, degree of
perceived risk, and the individual company's financial situation, it is an indicator that for investment
purposes, successful waste-reduction projects can provide at least this level of return for an up-front

investment.
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3. RESULTS-continued

3.3. BARRIERS TO ADOPTION OF WASTE-REDUCTION TECHNOLOGIES

While there is a clear need to reduce industrial wastes, waste-reduction efforts are not widespread. This
section provides an overview of some of the issues affecting the development and commercialization of
waste-reducing technologies by industry. Review of the material suggests that the regulatory, social,
economic, and cultural framework within which industry operates may be as big a factor as technological
considerations in the greater use of waste-reduction technologies. Even a brief review of the
environment within which the process of waste reduction must occur reveals an extremely complicated
mixture of issues—several of which can be either positive or negative depending on the specific nature of
any given situation. This review of barriers to adoption of waste reduction technologies focuses on three
areas. The first area describes federal regulatory barriers to waste reduction. The second is a very broad-
based overview of barriers to adoption of technology in general and related to the following areas:
structural shifts in industry, resources, competition, and market conditions. The final area summarizes
the barriers and incentives to adoption by industry of waste-reduction technologies specifically identified
in the literature and categorized by the following topics: regulatory, economic and financial,
technological, corporate management/organization, and cultural.

3.3.1. Regulatory Barriers

Federal regulatory barriers deserve special note because of the role that Congress and the federal
government play in making and implementing legislation and the resulting regulation. Most of the
legislation and regulations affecting possible waste-reduction efforts were designed to control wastes and
pollution that have already been generated—end-of-pipe pollutants—rather than to prevent or to reduce

wastes from the start.

Federal regulations have acted as an incentive to waste reduction through the costs they impose on
treating and disposing of wastes that are generated. However, they also embody specific disincentives to
waste reduction as they not only drain resources that could otherwise be used to develop more efficient
processes but they also impose some restrictions on possible waste-reduction efforts. The actual costs of
compliance with environmental regulations varies by industry, but can be significant. For example, the
Department of Commerce estimates that 20% of the chemical industry's 1992 capital expenditures of $25
billion was for environmental abatement or compliance. In addition to the costs of compliance, federal
regulations tend to take a "command and control" approach in which strict requirements must be met.
While this approach has been effective in protecting human and environmental health from discharged
pollutants, it provides little room for flexibility in achieving compliance. Not only does this approach
tend to entrench existing technologies, it actively discourages long-term innovation. Following are three
examples of how regulations can preclude using innovative or alternative approaches.
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. RCRA was enacted in 1976 to regulate waste generators, waste transporters, and waste
management facilities. It contains very specific requirements that must be met regarding
the handling and treatment of end-of-pipe pollutants. These requirements present
significant obstacles to attempts to recycle, reuse, or reclaim the waste products of an
industrial process involving hazardous chemicals.

. Regulations that require treatment and disposal of byproducts of industrial processes
within a specific time frame may preclude alternative uses because the time necessary for
such an alternative use may be longer than the regulated time frame.

. The permitting process required for industrial processes using products classified as
hazardous under RCRA can be difficult, lengthy, and costly, thereby discouraging
manufacturers from instituting any change that would require repermitting.

One particular concern in using a "command and control" approach that was mentioned in several journal
articles is that the lack of flexibility in this approach provides no incentive for voluntary efforts at waste
reduction. It is generally accepted that the first 25% to 50% of waste reduction can be relatively easy and
inexpensive, involving "housekeeping” changes. Once these types of changes have been made, waste
reduction becomes more expensive and time-consuming. A company that has reduced the wastes it
produces by voluntarily using these housekeeping methods is then at a cost disadvantage when later
required by regulation to reduce wastes further, compared to a company that has not taken early
voluntary waste reduction efforts.

Several sources also noted that the lack of coordination among federal, state, and local regulations is,
perhaps, a major way in which regulations can act as disincentives. Federal, state, and local regulations
that have been enacted over the past two decades have focused on protecting and enhancing the quality of
a specific medium—air, water, or land—by regulating a specific end-of-pipe pollutant. While these
regulations have contributed to improving environmental conditions, they have also created a set of
uncoordinated requirements—each with different standards, methods of regulation, and administrative
requirements. Further, since these standards, methods, and requirements may differ by state or location
within a state, the complexity is increased for companies with plants in multiple locations. The inherent
complexity of the current regulatory framework increases the burden on industry by requiring compliance
with uncoordinated, possibly inconsistent, and potentially changing requirements, and fosters the view of
pollution prevention or control as something to be handled only as required rather than as something to

be incorporated into process planning and day-to-day business.
3.3.2. General Barriers to the Adoption of Technology
Potential waste-reduction efforts must occur within a broad framework of forces and conditions of which

regulation is only a part. In order to develop a picture of the breadth and complexity of this framework,
this section focuses on four very broad and general areas and is based on telephone interviews with the
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experts listed in Appendix E. The discussion is by no means considered to be comprehensive but rather
as suggestive of the general environment affecting industry's ability to adopt new technology.

3.3.2.1. Structural Shifts

Structural shifts involve changes that have an effect across industries. Such a shift changes where
opportunities for new products or technologies lie as well as changing which companies can take
advantage of them. It can be either positive by making new opportunities for better products or for
reducing costs, or negative because of the dislocations it produces in the existing economic situation. For
example, by switching from steel to plastic, the car manufacturing industry would profoundly affect the
steel industry in a negative way just as it would positively affect the plastics industry. The effects of
such a shift would range from the obvious immediate economic effects to potential political ramifications
if a decision is made to ameliorate the effects of the transition. The affected industries' ability to
incorporate change, in conjunction with the speed of such a shift, will determine the potential effects of
the change. Industries with long-established technologies, processes, and equipment may be less fluid
and so less able to respond to such a shift without severe consequences than would industries that are
more fluid because they are already involved in adapting or evolving equipment and/or technologies.
The speed with which such a shift takes place can be affected by many things. In the example in which
car manufacturers shift from steel to plastic, such a shift may be slowed for many reasons:

. A political decision may be made to slow the shift in order to allow for an easier
transition out of concern for steel workers and for maintaining the nation's steel-making
capability. )

. The public may prefer steel because it is perceived to be safe and reliable or because
plastic is not perceived to be as effective as steel. This could, of course, be a marketing

consideration as well as a technical issue.

. It may be easier technically for a plant to tool up (change the processes and equipment)
for steel parts than for plastic parts.

. Changing the processes and equipment to switch from steel to plastic could involve
billions of dollars across the car manufacturing industry, making a possible failure a
significant risk.

. A change as fundamental as this would involve meeting many new regulatory

requirements. Meeting these requirements would, in turn, increase the costs of the
change and decrease potential savings or payback to the company for introducing the
change.
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3.3.2.2. Resources

Resources can be seen as being of three types: the material inputs embodied in the final product; the
capital available to a company or industry for all of its activities; and the people with the training,
experience, and skill necessary to combine all of the elements into a final product. There may be barriers
to the adoption of a new technology related to any one of these types of resources. The concern
regarding material input is not just that a new technology may require more expensive inputs, but that it
may require an input that has an uncertain or unstable supply. Using our earlier example of car
manufacturers shifting from steel to plastic, management may determine, given the high costs of
retooling and uncertainty about the future availability of petroleum, and therefore of plastics, that such a
shift is too risky. Because the benefits of a waste-reducing technology are not easily quantifiable and are
not all private returns, a waste-reducing technology may not appear to yield as much obvious near-term
profit as other possible technological changes that could reduce the time or costs of producing the
product. Therefore, waste-reducing technologies may be at a disadvantage in competing for available,
and usually limited, capital resources, especially in the potentially high-cost areas of research,
development, and demonstration. Finally, people are extremely important resources, and as companies
have streamlined their operations over the past few years, the people to conceptualize, develop, and
champion new technologies simply may not be available.

3.3.2.3. Competition

To the extent that a waste-reducing technology results in a product that the consumer can differentiate
from other similar products—usually either in costs or appearance—such a technology can be a barrier or
an incentive. For example, producing gypsum board from waste products or recycled materials may
produce a product that is visually not as appealing as a product produced from virgin materials, and,
despite a lower cost and the advantage of reducing waste that has to be treated and disposed of,
consumers may prefer the latter.

The competitive position of the industry or individual companies may also affect the adoption of waste-
reducing technologies. A highly competitive industry may have more incentive to adopt new
technologies in general if those technologies will give its product a positive distinction over its
competitor's product, or more disincentive, as with the gypsum board example, if the product is
negatively affected. It should be noted that to some extent, negative distinctions introduced by a
technology that are appearance- or cost-related may be largely solved through effective marketing and
information dissemination. Alternatively, a highly concentrated industry in which there is little

competition among companies may have less incentive to change or adopt new technologies.

Clearly related to all of these issues is that some companies may be more capable of taking on research
and development and change than other companies. A company that has been producing a successful
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product and has a large investment in existing processes and equipment may find change to be very risky.
On the other hand, an industry that is already fluid and changing and rapidly responding to the
marketplace, as is the electronics industry, for example, may be able to incorporate change with much
less risk and therefore less resistance.

3.3.2.4. Market Conditions

While closely related to the aspects mentioned above, it is clear that market conditions in general will
affect an industry's and a company's willingness and ability to invest in waste-reduction efforts versus
other competing investment possibilities. The things that will affect this decision include whether the
market is depressed or growing; whether an industry is competitive or concentrated; firm size and funds
available for research and development at the company level; the industry's ability to accept changes;
whether the costs of process and equipment change, of product inputs, or of potential market share loss to
the industry is unusually high; the demand for the industry's product; and whether the market is global or
national.

3.3.3. Specific Barriers and Incentives to the Adoption of Waste-Reducing Technologies

Waste-reduction efforts must occur within a very broad and complicated context, some aspects of which
are discussed above. It is possible, however, to identify areas that may represent specific barriers to the
adoption of waste-reduction technologies. Table 1' summarizes barriers and incentives to adoption by
industry of waste-reducing technology in the areas listed below.

. Regulatory: Environmental regulations, while effective at pollution control, tend to be
uncoordinated, costly in resources and time, inflexible, and inconsistently enforced, all
of which discourage innovative or voluntary action.

. Economic and Financial: Because it is difficult to quantify the benefits of waste
reduction and because innovation can be both costly and risky, waste-reduction
technologies may have difficulty competing for available capital resources.

. Technological: The development of a new technology, and marketing of the resulting
product, can be a long and expensive process, and there is no guarantee that taking on
this task will result in an economic payoff. The costs may be especially burdensome, if
not prohibitive, for smaller companies.

'Table 1 is based primarily on information in: EPA. Compendium of Pollution Prevention Barriers and Incentives. (Final Draft). Office of
Solid Waste and Emergency Response, U.S. Environmental Protection Agency. Washington, D.C. March 1993. We also reviewed 60
documents, listed in the appendix, and included the barriers and incentives identified in those documents that were not already listed in the EPA
report. These additions were extremely few and tended to be further clarification or expansions of items described in the EPA report.
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. Corporate Management/Organization: =~ Corporate management is responsible for
producing a profitable and effective product. This ultimate responsibility will affect any
decisions about adopting new technologies.

. Cultural: An atmosphere in which waste reduction is held to be important and valuable
by the interested parties—industry, government, and the public—as well as in which
information about waste reduction and waste reduction technologies is readily available,
will affect the ultimate value to and interest by industry in adopting waste-reduction
technologies.

A final note on barriers to adoption of waste-reduction technologies: As part of the effort to identify
waste-reduction technologies for this report, we looked for barriers identified in the literature that were
associated with the specific technologies and found that the waste-reduction technologies identified in
the public domain do not tend to identify barriers to their adoption. However, in developing the
overview sections for each industry for which information was collected, the unique nature of each
industry was highlighted. Where one industry is founded on well-established processes and large
expensive equipment, another is currently actively involved in reviewing new technologies and in sharing
information on those technologies. Where one industry is in a precarious financial position, another has
a strong and stable financial outlook. The characteristics of a specific industry will be important in
determining its ability to take on new technology in general and waste-reducing technologies specifically,

as will the regulatory, social, economic, and cultural framework within which the industry operates.
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4. SUMMARY OF KEY FINDINGS

1. Industry is very diverse and complex. Because of this complexity and resource limitations, a
complete assessment of energy-efficient pollution-prevention technology demonstration
opportunities will not be concluded by October 1993. This is an ongoing activity within the DOE
Industrial Waste Program.

2. Opportunities for demonstration/development of energy-efficient pollution-prevention technologies
and processes have been identified for the chemical and petroleum industries.

3. Seven industries provide the overwhelming preponderance of waste generation, energy use, and
pollution abatement expenditures. These industries—agriculture; mining; paper and pulp;
chemicals; petroleum refining; stone, clay and glass; and primary metals—provide the focus for
this EPAct Section 2108 response.

4. A review of the open literature supplied 590 specific existing and developing technologies with
waste reduction as a principal objective. Those recorded are not an inclusive list of all
technologies, but serve as a reasonable framework of current activity within the targeted industry
sectors.

5. Though quantitative data on waste reduction and cost impacts were not prevalent in the open
literature, those providing this type of information showed significant environmental benefits and
favorable economics resulting from adoption of waste-reducing technologies. Though
acknowledged as a biased set of information, the potential positive effects of waste reduction are
clearly demonstrated.

6. Very little information on energy efficiency impacts from waste-reduction technology
implementation was seen in the open literature. It is likely that energy efficiency itself is not a
substantial driver for industry's implementing pollution-prevention technologies, but instead is seen
as an auxiliary benefit.

7. A majority of activities identified from the open literature involve redesign of the production
process as a key strategy for waste reduction, particularly for technologies under development. In-
process recycling and operational efficiency measures are also common strategies.

8. The forces and conditions encouraging and discouraging adoption of waste-reducing technology
are highly complex and interrelated. Further, while there are barriers that are identifiable across
industries, there are also barriers that are industry- and even company-specific. Non-technological
barriers are fundamentally a large issue in the advancement of waste minimization business
practices and technology implementation. Company-specific, public, and federal attitudes play a
critical role in the ultimate success and time frame.
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APPENDIX A

ENERGY POLICY ACT, SECTION 2108—LEGISLATION

SEC. 2108. ENERGY EFFICIENT ENVIRONMENTAL PROGRAM.

(2) Program Direction—The Secretary, in consultation with the Administrator of the Environmental
Protection Agency, is authorized to continue to carry out a 5-year program to improve the energy
efficiency and cost effectiveness of pollution prevention technologies and processes, including source
reduction and waste minimization technologies and processes. The purposes of this section shall be to—

(1) apply a systems approach to minimizing adverse environmental effects of industrial
production in the most cost effective and energy efficient manner; and

(2) incorporate consideration of the entire materials and energy cycle with the goal of minimizing
adverse environmental impacts.

(b) Identification of Opportunities—Within 9 months after the date of enactment of this Act, the
Secretary, in consultation with the Administrator of the Environmental Protection Agency, shall identify
opportunities for the demonstration of energy efficient pollution prevention technologies and processes.

(c) Report—Within 1 year after the date of enactment of this Act, the Secretary shall submit a report
to Congress evaluating the opportunities identified under subsection (b). Such report shall include—

(1) an assessment of the technologies available to increase productivity and simultaneously
reduce the consumption of energy and material resources and the production of wastes;
(2) an assessment of the current use of such technologies by industry in the United States;
(3) the status of any such technologies currently being developed, together with projected
schedules of their commercial availability;
(4) the energy savings resulting from the use of such technologies;
(5) the environmental benefits of such technologies;
(6) the costs of such technologies;
(7) an evaluation of any existing Federal or State regulatory disincentives for the employment of
such technologies; and
(8) an evaluation of any other barriers to the use of such technologies.
In preparing the report required by this subsection, the Secretary shall consult with the Administrator of
the Environmental Protection Agency, any other Federal, State, or local official the Secretary considers
necessary, representatives of appropriate industries, members of organizations formed to further the goals
of environmental protection or energy efficiency, and other appropriate interested members of the public,
as determined by the Secretary.

(d) Proposals—Within 1 year after the date of enactment of this Act, the Secretary, in consultation
with the Administrator of the Environmental Protection Agency, shall solicit proposals for activities
under this section. Proposals selected under this subsection shall demonstrate—

(1) technical viability and cost effectiveness; and
(2) procedures for technology transfer and information outreach during and after completion of
the project.
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APPENDIX B

TECHNOLOGIES DOCUMENTED FOR SELECTED INDUSTRIES

This appendix contains the summary records of technologies identified in the open literature search.
Tables and figures which summarize information in the specific tables is provided first. Acronyms and
abbreviations used are at the end of this Appendix.

The detailed technology listings are organized and listed by
i industry
ii. existing/developing technology

iii. waste reduction strategy (see descriptors below).

At the end of each industry section, the references specific to that section are provided. Descriptions of
the column headings are also provided.

Appendix B Contents
Summary Tables and Figures of Technologies Identified ...............ccooevvvvveeeivnenennnnn... B-2
Identification Descriptors Used in Tables ..........coeeeeiiiiiiiiineieeee e, B-8
Technologies Recorded - by Industrial Sector
Agriculture  (SIC 01/02).....ccuuiiiiiiiiiie e, B-9
Mining  (SIC 10/12/13/14) cceeuuiiiiiiiiee e B-18
Paper & Pulp (SIC 26) .....ceeeiiiieiiiiiiiee e B-23
Chemical & Allied Products (SIC 28) ........uvemneeneeeeeeeeeeee e, B-37
Petroleum & Coal Refining  (SIC 29) .....uiuniimneieeeee e, B-55
Stone, Clay & Glass (SIC 32)....ciuuiiiiiiiniii e, B-70
Primary Metals  (SIC 33)...cuuiiniiiiiiiie e B-76
Acronyms and Abbreviations Used in Tables .................oouueieeiimmneeeeeeieeeeeerieeeennnnn, B-89

Waste Reduction Strategy Descriptions
Process redesign--refinements or alterations in the production process itself

In-process recycling--waste is reclaimed and processed to recover a usable product, or reused
within the industrial process

Input substitution--substituting a material for one that is less toxic or that causes less of a waste
treatment or disposal problem; also includes input purification

December 1993 B-1
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Product changes--redesigning the end product to optimize material use and minimize waste

Operational efficiencies--various measures taken to reduce waste--includes things like plant
maintenance and production practices, inventory control, employee training, waste steam
segregation, spill/leak prevention, scheduling improvement, and the use of computers for
monitoring and analysis

Table B-1
Overall Numbers of Technologies Recorded by Industrial Sector
Industrial # Existing # Developing
Sector Techrologies | Technologies Total
Listed Listed
Agriculture 44 14 58
Mining 29 5 34
Paper & Pulp 67 18 85
Chemical 145 11 156
Petroleum 101 29 130
Stone, Clay, & Glass 15 11 26
Primary Metals 88 13 101
Totals 489 101 590
Existing Technologies Developing Technologies
Mining Petroleum
6% Petroleum Mining 28%
i 21 éotone, 5% Stone,
Ch;g";:a's Clay & Chemicals Clay &
Glass 11% Glass
3% 11%
Primary Primary
P?ape]r & Agriculture Metoals P;pu?; & Agriculture Metf/ls
Figure B-1
Percentage Breakdown of Technologies Recorded by Industrial Sector
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Table B-2
Number of Technologies Recorded by Industry and Waste Reduction Strategy

Process In Process Input Product Operational
_ Redesign Recycling Substitution Changes Efficiencies
INDUSTRIAL | Existing | Devping | Existing | Devping | Existing | Devping | Existing | Devping | Existing Devping
SECTOR Tech Tech Tech Tech Tech Tech Tech Tech Tech Tech
Listed Listed Listed Listed Listed Listed Listed Listed Listed Listed
Agriculture 8 2 1 0 3 5 1 3 31 4
Mining 7 1 10 4 6 0 0 0 6 0
Paper & Pulp] 41 13 17 1 8 4 0 0 1 0
Chemical| 24 9 61 1 12 1 13 0 35 0
Petroleum| 37 11 35 9 5 4 2 0 22 5
Stn, Clay, Gls 8 3 2 4 3 4 2 0 0 0
Primary Mtls 19 9 27 3 8 1 0 0 34 0
Totals 144 48 153 22 45 19 18 3 129 9
Existing Technologies Developing Technologies
In Process Product '}::g?
Recyciing Input ing
32% Substitution Changes 2% Input
% Substitution
Product 19%
Changes
4%
NS Operational Operational
Process Efficiency Efficiency
Redesign 26% %
2% 47%
Figure B-2

Percentages of Technologies Recorded by Waste Reduction Strategy
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Table B-3

Summary Table of Technologies Recorded with Energy, Waste or Cost Data

Summary Total # # With # With # With
Technologies Energy Data Waste Data Cost Data
Existing 489 16 137 122
Developing 101 11 27 19
Totals 590 27 164 141
O Existing

Energy Data

Waste Data

Figure B-3

Cost Data

B Development

Percentage of Technologies Recorded That Included Energy, Waste, or Cost Data

December 1993




Table B4

Overall Number of Technologies Recorded by Waste-Reduction Stratgy and Industrial Sector

Existing Technologies

Developing Technologies

Waste - Industrial Total | # With | # With | # With | Total | # With | # With | # With
Reduction Sector # Energy | Waste | Cost # Energy | Waste Cost
Strategy Tech. Data Data Data Tech. Data Data Data

Process Agriculture 8 0 1 0 2 0 0 0

Redesign Mining 7 0 1 1 1 1 0 0

Paper & Pulp 41 11 26 25 13 1 3 3

Chemical 24 0 10 9 9 6 5 1

Petroleum 37 0 14 5 11 1 9 4

Stone, Clay, & Glass 8 0 2 2 3 1 0 0

Primary Metals 19 2 2 4 9 1 0 2

Totals 144 13 56 46 48 11 17 10

In-Process Agriculture 1 0 0 0 0 0 0 0

Recycling Mining 10 0 1 0 4 0 1 1

Paper & Pulp 17 0 6 8 1 0 1 1

Chemical 61 0 22 30 1 0 0 0

Petroleum 35 0 9 4 9 0 2 0

Stone, Clay, & Glass 2 0 1 0 4 0 1 2

Primary Metals 27 0 3 6 3 0 0 1

Totals 153 0 42 48 22 0 5 5

Input Agriculture 3 0 0 0 5 0 0 0

Substitution | Mining 6 0 1 0 0 0 0 0

Paper & Pulp 8 3 5 4 4 0 3 3

Chemical 12 0 3 1 1 0 0 0

Petroleum 5 0 2 2 4 0 1 0

Stone, Clay, & Glass 3 0 0 0 4 0 0 0

Primary Metals 8 0 0 1 1 0 0 0

Totals 45 3 11 8 19 0 4 3

Product Agriculture 1 0 0 0 3 0 0 0

Changes Mining 0 0 0 0 0 0 0 0

Paper & Puip 0 0 0 0 0 0 0 0

Chemical 13 0 3 1 0 0 0 0

Petroleum 2 0 1 0 0 0 0 0

Stone, Clay, & Glass 2 0 0 0 0 0 0 0

Primary Metals 0 0 0 0 0 0 0 0

Totals 18 0 4 1 3 0 0 0

Operational Agriculture 31 0 1 1 4 0 0 0

Efficiencies | Mining 6 0 0 0 0 0 0 0

Paper & Pulp 1 0 0 0 0 0 0 0

Chemical 35 0 15 15 0 0 0 0

Petroleum 22 0 6 2 5 0 1 1

Stone, Clay, & Glass 0 0 0 0 0 0 0 0

Primary Metals 34 0 2 1 0 0 0 0

Totals 129 0 24 19 9 0 1 1
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criptions of Columns Found in Technologv Tabl

Product: Overall product description.
Waste reduction technology description: A brief description of the technology is given.

Environmental benefits: Any environmental benefits that have been accrued (for existing
technologies) or may potentially result (for new technologies) from the technology's use.

Estimated energy savings: The net energy savings that has resulted from (for existing technologies) or
is expected to result from (for new technologies) the specific technology's use. (Reported by either
percentage or quantity, or by both if available).

Estimated waste reduction: The amount of liquid or solid waste reduction that has resulted from (for
existing technologies) or is expected to result from (for new technologies) the specific technology's use.
(Reported by either percentage or quantity, or by both if available.)

Effects: Any information, including legislative, regulatory, economic, technical, etc., on the effects of
the specific technology's continued use (existing technologies) or introduction (new technologies) are
cited, if the information is available.

Capital investment: Capital investment costs include total up-front costs associated with the program
or project, including new equipment, process changes, equipment modifications, and associated

installation/changeover (labor and materials) costs.

Annual cost savings: Any cost savings projected on an annual basis is included. This includes savings
obtained from reductions in disposal, raw material, liability, and other operating costs.

Payback period: The time period within which the investment is recovered. To calculate the payback
period, the installed capital investment cost is divided by the net annual cost savings.

Reference year: The date of the reference document.

Reference: An abbreviated, coded reference is noted. See the attached reference list (just behind the
industry sector tables) for complete reference information.
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University), July 1993.
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MINING TECHNOLOGIES REFERENCES

API1

American Petroleum Institute, Waste Minimization in the Petroleum Industry, A Compendium
of Practices, API Publication 849-30200, Health and Environmental Affairs Department,
Washington, D.C., November 1991.

U.S. Department of Energy, Industrial Waste Reduction Program Book, Industrial Waste
Reduction Program, Office of Industrial Technologies, Washington, D.C., December 1992,
pp. 40.

NAS

Ayres, Robert, Proceedings of the National Academy of Science, U.S.A., Vol. 89, February
1992, pp. 815-820.

PIES/CE

Parkinson, Gerald, "Cu/U ore-leaching route cuts pollution, trims costs," Cavaseno, V. et
al., eds., Process Technology and Flowsheets, Chemical Engineering, McGraw-Hill, New
York, New York, 1979, p. 108. (From the U.S. Environmental Protection Agency Pollution
Prevention Information Exchange System.)

PNPPRC

Fink, Thomas R. and Worner, Pamela, Pollution Prevention Opportunities in Oil and Gas
Production, Pacific Northwest Pollution Prevention Research Center, Drilling, and
Exploration, Seattle, Washington, 1993.

PPPP

Huisingh, Donald, Martin, Larry, Hilger, Helene, and Seldman, Neil, Proven Profits from
Pollution Prevention: Case Studies in Resource Conservation and Waste Reduction, Institute
for Local Self-Reliance, Washington, D.C., 1986, pp. 231.

SAIC

Science Applications International Corporation, draft copy, Pollution Prevention at Mine
Sites: Water Runon/Runoff Management, Environmental and Health Sciences Group, Falls
Church, Virginia, prepared for U.S. Environmental Protection Agency, Office of Solid
Waste, EPA Contract No. 68-W0-00025, WA No. 209, March 1993, pp. 4-7.

Schwab &
Banks

Schwab, A. Paul and Banks, M. Katherine, "The Impacts of Vegetation on the Leaching of
Heavy Metals from Mine Tailings," abstract from Denver '93 Air & Waste Management
Association Abstracts Book, 86th Annual Meeting & Exhibition, Denver, Colorado, June 13-
18, 1993, pp. 153-154.
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APPENDIX C

Vital Issues Report Identifying Evaluation Criteria
This appendix contains the report from the Vital Issues Panel meeting held June 8, 1993. The panel

developed a working defintion of a technology demonstration opportunity and a list of six criteria for use
by future industry-specific panels in screening technology demonstration opportunities.

December 1993 C-1

- e e Ty pp———— -, oy C——p——— - Moy TS g M, Y e s v mumes = e v g mmee - r— - — —m——



Energy Policy Act of 1992
§2108
Energy Efficient Environment Program

Opportunities for Energy-Efficient, Pollution-Prevention
Technology Demonstrations

Report of the
Sandia National Laboratories
Vital Issues Panel
Washington, D.C.
June 8, 1993

Sponsored by the
Industrial Waste Reduction Program
U.S. Department of Energy
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Introduction

Pursuant to §2108 of the Energy Policy Act of 1992 (EPAct), the Secretary of the U.S.
Department of Energy, in consultation with the Administrator of the U.S. Environmental
Protection Agency, was authorized to conduct programs designed to improve the energy
efficiency and cost effectiveness of pollution-prevention technologies and processes, including
source reduction and waste minimization technologies and processes. Presumably, these
technologies and processes would be capable of increasing industrial productivity, while
simultaneously reducing the consumption of energy and material resources and the production of
wastes. Specifically in §2108(b), the Secretary, in consultation with the Administrator, was
directed to identify opportunities for the demonstration of energy-efficient, pollution-prevention
technologies and processes. A report containing this information was required to be submitted to
the U.S. Congress within nine months after the enactment of the Act.
Approach

A panel of stakeholders and constituency groups was convened on June 8, 1993 (see
Attachment A), by Sandia National Laboratories to assist the Department of Energy in the
development of its response to §2108(b) of EPAct (see Attachment B). Panel members included
representatives from industry, federal agencies, universities, and an environmental organization
(see Attachment C). The panel was charged (see Attachment D) to:

(1) develop a working definition of an energy-efficient, pollution-prevention technology
demonstration;

(2) identify criteria for screening candidate technology demonstrations; and

(3) rank and weight selected criteria for application by subsequent panels.
In contrast to this panel, each of these follow-up panels will be focused on opportunities for
technology demonstrations in a single industrial sector chosen among agriculture, chemicals,
mining, petroleum, primary metals, pulp and paper, and stone, clay, and glass. The methodology
developed by Sandia National Laboratories, called the Vital Issues Process (see Attachment E),

was employed to assist the panel in meeting its charge.



Definition of Technology Demonstrations

To stimulate thought and to provide a basis for the panel discussions, a strawman
definition of an energy-efficient, pollution-prevention technology demonstration was provided to
the panelists in advance of the meeting, viz.:

An energy-efficient, pollution-prevention technology demonstration is the installation of
hardware, software, and/or an operational procedure in a monitored industrial setting to
determine and display technical and economic performance, thereby encouraging timely
adoption by similar firms.
This definition triggered a lengthy discussion of the relative merits of being focused on simply
technologies available for demonstration or alternatively emphasizing the concept of
opportunities for pollution prevention and energy efficiency. The latter position being judged by
some panelists to be more responsive to the language of EPAct. Narrow and broad interpretations
of technology were deliberated by the panel with general agreement being reached that
technology should be viewed from a systems perspective to include hardware, software, and
operational or managerial practices. While straightforward housekeeping programs to save
energy, reduce pollution, and lower costs are important activities to be adopted by industry, these
actions seemed generally inappropriate for a technology demonstration in the EPAct context.

Demonstration opportunities imply a follow-up process to diffuse attractive technology
throughout industry. Discussions of the conditions necessary for successful technology diffusion;
the importance of macro- and micro-economic concepts of productivity, competitiveness, and
cost effectiveness; the value of deploying existing technologies in contrast to developing new
technologies; and the need for efficient methods of information dissemination occupied the
attention of the panelists. Simultaneously the panel was struggling to capture within a working
definition the most important factors involved in identifying technology demonstrations. Energy-
efficient, pollution-prevention technologies pose a special challenge because reducing pollution

while lowering energy consumption are often competing interests in industrial processes.

Alternatively, reductions in material flows commonly result in smaller waste streams and energy



requirements by simply partially eliminating the source of pollution and the energy embodied in
the unneeded materials.

In order to achieve closure on the definitional charge, the panel arrived at a consensus
objective within the EPAct framework as follows:

Identify demonstration opportunities with the greatest potential for improvement in energy
efficiency, pollution prevention, and econoinic competitiveness.

Each of the three major principles identified in this objective statement contain a number of
operational elements. Energy efficiency may be quantified, for example, by considerations of
energy consumption per unit of product output, energy use per unit of pollutants generated, and
product life-cycle energy consumption including disposal. Qualitative considerations include
type of fuel consumed, fuel diversity, and energy implications of regulatory compliance.
Reduction of ecological, environmental, and human health effects of production in all
economic sectors as well as in individual and commercial consumption of products and services
was agreed upon by a majority of the panelists as the principal driver behind pollution
prevention. Quantitatively, measures of pollution prevention may include volume of pollutants,
pollutant toxicity levels, and human health and ecological 1isk, all expressed in a normalized unit
product or service output basis. Mechanisms to achieve pollution prevention discussed by the
panel included: material selection and substitution; design of products, processes, and practices;
housekeeping practices and modifications to manufacturing processes; and reducing exposure to
pollutants. Many of these mechanisms are encompassed by the concept of source reduction.*
Maintaining a multi-media perspective and minimizing the simple transfer of pollutants

from one media to another were also viewed as important considerations. Moreover, the panelists

*As defined by the Pollution Prevention Act of 1900, source reduction means any practice that (i)
reduces the amount of any hazardous substance, pollutant, or contaminant entering any waste
stream or otherwise released into the environment (including fugitive emissions) prior to
recycling, treatment, or disposal and (ii) reduces the hazards to public health and the
environment associated with the release of such substances, pollutants, or contaminants. The
term includes equipment or technology modifications, process or procedure modifications,
reformulation or redesign of products, substitution of raw materials, and improvements in
housekeeping, maintenance, training, or inventory control.
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expressed a preference for pollution and health risk reductions to be considered in a product life-
cycle sense, while acknowledging the substantial difficulty in transforming this qualitative
concept into defensible quantitative measures. Work force training and process serviceability and
maintainability were identified as collateral costs of pollution-prevention initiatives.
In the context of the consensus objective, discussions of economic competitiveness
focused on company-level topics such as lowering costs (e.g., direct product expenses, overhead,
and capital expenditures); raising revenues through establishing and maintaining premium prices
or being first to the market; strategic product positioning and differentiation; incorporating
regulatory risk into product design and production; and sustaining a competitive advantage by
maintaining a skilled, knowledgeable work force and exploiting barriers of entry to others.
Companies adopting energy-efficient, pollution-prevention strategies must be able to achieve
economic returns related to these considerations commensurate with the required resource
investments in order to make sustained contributions to environmental quality.
Using the consensus objective as guidance and building on the discussions of energy
efficiency, pollution prevention, and economic competitiveness, the panel formulated a working
definition of a technology demonstration opportunity. This definition captured the elements of
the consensus objective and provided a foundation for the derivation of screening criteria for
technology demonstrations.
Opportunities for the demonstration of energy-efficient, pollution-prevention,
economically competitive technologies and processes consist of the use of hardware,
software, and|or an operational procedure in a monitored industrial setting to determine
and display improved performance, thereby encouraging timely adoption by similar firms
so as to assure environmental quality.

For opportunities to be converted into actual demonstrations of technology, mutual benefits must

accrue to the respective participants. This observation, which is occasionally discounted in the

conceptual design of joint public/private initiatives, was explicitly noted by the panel.



Identification of Screening Criteria

A strawman set of criteria for screening energy-efficient, pollution-prevention technology

demonstrations was provided to the panelists in advance to encourage reflection on the subject

prior to the meeting. These criteria included:

energy savings,

pollution prevention/waste reduction;
cost effectiveness;

technological maturity; and
reproducibility/transferability.

Following a discussion of the strawman criteria, the panel agreed upon a modified set of

six criteria for use in screening technology demonstration opportunities, namely:

magnitude of systemic energy, environmental, and economic impacts;
government role;

probability of success;

implementation costs/cost effectiveness;

time frame for results; and

measurability laccountability/perforimance tracking.

These criteria were derived with industrial sector independence in mind to allow their application

to opportunities for technology demonstrations across a wide variety of industries.

Magnitude of the systemic energy, environmental, and economic impacts represents a

composite measure of the energy-efficiency, pollution-prevention, and economic-

competitiveness aspects of a technology. The need for a systems perspective in making either

qualitative or quantitative evaluations is made explicit by the wording of this criterion. Because

energy efficiency, pollution prevention, and economic competitiveness are assumed to be

positive attributes of a technology, singular favorable assessments of these factors are mutually

reinforcing,.



Government role is a measure of the need for and appropriateness of government
involvement in a technology demonstration. This criterion implicitly incorporates judgments of
proper uses for public funds.

Probability of success is a measure of whether the objectives of a technology
demonstration are likely to be achieved. A set of ideal objectives should mesh well with the
consensus objective for technology demonstrations reached by the panel. Perspectives of all
participants should be factored into qualitative and quantitative evaluations of technologies in
accordance with this criterion.

Implementation costs/cost effectiveness is a measure of the monetary costs compared to
the quantifiable benefits, monetary and otherwise, of widespread deployment of a technology.
For consistency, quantitative measures of this criterion should associate higher values with
increasing cost effectiveness and, generally, lower implementation costs.

Time frame for results is a measure of the duration period between a decision to go
forward with a technology demonstration and returns being accrued by individual firms and
socie-ty as a result of adopting this technology. In general, shorter time frames are preferable to
longer ones because, among other reasons, the time value of money and appropriate monetary
and social discount rates are important considerations.

Measurability/accountability/performance tracking is a measure of the ability to monitor
energy, environmental, and economic performance of a technology demonstration. Important
considerations associated with this criterion include measurement simplicity, cost, and ease of
reporting results in an understandable format. While protecting essential proprietary information,
the tracking measures should be accessible to the public.

In carrying out the charge of identifying screening criteria, the panelists were tasked to
assess the characteristics of necessity, sufficiency, and operationality. Each criterion satisfied the
necessary condition because elimination from the set would omit an important aspect of judging
candidate technology demonstrations. Collectively, the six criteria satisfy the sufficient

condition if all of the important aspects of screening candidate technologies for demonstration



are captured. Lastly, the operational condition is met if the criteria individually and collectively
can be applied with minimal ambiguity to assess the relative merits of candidate technology
demonstrations.
Ranking and Weighting of Screening Criteria

The Vital Issues Process employs a paired-comparison procedure requiring individual
panelists to privately assess the relative importance of each criterion against all of the other
criteria. To translate these assessments into quantitative scores, the following numerical scale
was used:

e much greater importance = 5;

greater importance = 4,

e equal importance = 3;

e less importance =2; and

e much less importance = 1.
A special scoring sheet was provided to facilitate the recording of numerical scores for
subsequent analysis. In this manner, a consensus ranking of the criteria, along with a numerical
weighting factor assigned to each criterion, are obtained simultaneously.

In preparation for making the paired comparisons among criteria, each criterion was
discussed in detail. Important components and elements constituting a specific criterion were
identified and debated. This process incorporated .a review of the strengths and weaknesses,
advantages and disadvantages, and functionality of each criterion by the panel. For example, the
congruence of the magnitude of systemic energy, environmental, and economic impacts criterion
with the adopted working definition of technology demonstration opportunities and the language
of EPAct was noted. The merits of a composite criterion versus separate criteria addressing
energy, pollution, and cost considerations were debated. Means to avoid the effective elimination
of serendipitous events and high-risk, high-reward activities received attention of the panel.
Topics that arose during the discussions on government role included balancing societal

returns with industrial returns, exercising leadership and overcoming impediments by
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government agencies, leveraging of public monies with private capital, and steering
developmental programs while avoiding unnecessary government participation in activities likely
to be undertaken by business in any case. Panelists also observed that industry/government
partnerships are being employed as a national competitiveness tool widely within the
industrialized world.

Attractive opportunities for and successful demonstration of new technologies must be
cognizant of rigorous assessments of the technology, the responsible organization(s), and the
ability to diffuse the results. In this context, topics such as critical path analysis, fall-back options
in the event of failures, collateral technology needs and availability, the role of champions
internal to the implementing organization, corporate cultures, reproducibility and transferability
of technologies in different settings, challenges in communicating technological advantages, and
difficulty of collaborating with competitors or even customers were discussed. These and other
issues broadly defining technological and organizational maturity and level of risk surfaced
under the deliberations of the probability of success criterion.

Cost considerations ranging from monetary to social were included in the discussions on
the criterion of implementation costs/cost effectiveness. Challenges associated with life-cycle
cost computations, concerns regarding freezing technological advances as the result of high
implementation costs, maintaining capital and operating costs in the competitive range, costs for
new socially desirable technologies possibly exceeding the benefits from corporate perspectives,
tax implications of expensing or capitalizing expenditures, subjective judgments and social
values becoming inappropriately intertwined with more objective monetary costs were specific
topics addressed by the panelists. From an operational perspective, corporate accounting costs
were agreed upon as the principal focus of this criterion, with social cost considerations being
adequately, and more appropriately, represented by the government role criterion.

Technology development, demonstration, and dissemination times were highlighted by
the panel as elements of the criterion of time frames for results. Other issues discussed included

the possibility of longer term projects having the potential for larger returns, caution against
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biases toward shorter term activities being more consistent with political time horizons, and the
need to achieve some early successes to sustain support for innovative programs. The panel
observed that industry and technology maturity levels can be expected to influence time frames
for successful technology demonstrations and that care should be taken to make public
investments in industries whose natural life cycles will allow returns to accrue over long periods
of time. Simply put, panelists acknowledged the often close coupling of time with money and
risk.

The panel interactions on the criterion of measurability/accountability/performance
tracking centered on methodological, cost, confidentiality, and information dissemination issues.
Standardization in reporting, monitoring duration, and simplicity, cost, and value relationships
were stressed in the discussions. Considerable debate occurred regarding whether this criterion
was implicitly embodied in all of the other criteria and, therefore, should not stand alone. A clear
consensus emerged that useful monitoring of technology demonstrations was of sufficiently high
importance to warrant the inclusion of a separate criterion.

' The quantitative analysis of the paired comparisons performed by each panelist produced

the following ranking of the criteria in descending order of importance:

» magnitude of systemic energy, environmental, and economic impacts;

o probability of success;

o implementation costs/cost effectiveness;

« measurabilitylaccountability/performance tracking;

* time frame for results; and

o government role.
Interestingly, the criterion receiving the highest average score (magnitude) showed a relatively
high level of disagreement among the panelists. Probability of success, the second ranked
criterion, had the least disagreement.

A summary of the quantitative results is shown in Figure 1. The position of the center

"X" denotes the average importance assigned to the criterion (e.g., implementation costs/cost
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Fig. 1. Summary of the numerical ranking of technology demonstration screening criteria.

effectiveness received an average score of 3.4). Disagreement among the panelists is illustrated
by the total distance between the left- and right-hand "Xs" for a specific criterion. Greater
disagreement corresponds to longer distances.
Summary

The Vital Issues Panel effectively met the charge of developing a working definition of
technology demonstration opportunities, identifying screening criteria for technology
demonstrations, and ranking and weighting those criteria for use by subsequent panels addressing
technologies within selected industrial sectors. Future panels will be conducted within the
context of the constraints of the technology demonstration working definition crafted by this

panel.

Opportunities for the demonstration of energy-efficient, pollution-prevention,
economically competitive technologies and processes consist of the use of hardware,
software, and/or an operational procedure in a monitored industrial setting to determining
and display improved performance, thereby encouraging timely adoption

by similar firms so as to assure environmental quality.
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These panels will be charged with identifying and prioritizing candidate technology
demonstrations within the agriculture, chemicals, mining, petroleum, pulp and paper, and stone,
clay, and glass industries.

The screening criteria and weights, excluding the criterion of government role, developed

by this panel for application by the subsequent panels are:

Relative

Criterion Weight
Magnitude of systemic energy, environmental, and economic impacts 0.25
Probability of success 0.22
Implementation costs/cost effectiveness 0.21
Time frame for results 0.16
Measurability/accountability/performance tracking 0.16

Government role was not assigned a weight in this tabulation because of a preference among the
panelists to place this criterion into a fundamentally different category than the remaining five

criteria.
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Attachment A

AGENDA

Sandia National Laboratories
EPAct Section 2108 Vital Issues Panel
Washington, D.C.

J.W. Marriott Hotel
June 8, 1993

Time Topic

9:00 Welcome and Introduction

9:30 EPAct Section 2108 Overview and Panel Process
9:45 Discussion of Technology Demonstration Definition
10:45 Break

11:00 Discussion of Technology Evaluation Criteria
12:00 Catered Lunch

1:15 Discussion of Technology Evaluation Criteria
2:15 Explanation of the Criteria Ranking Process

2:30 Break

2:45 Ranking of Technology Evaluation Criteria

4:00 Summary and Close

4:15 Adjourn

Principal Discussant(s)

Dennis Engi
Engi
All (facilitated by Engi)

All (facilitated by Engi)

All (facilitated by Engi)

Engi

All (facilitated by Engi)

Engi
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Attachment B

Energy Policy Act of 1992

SEC. 2108. ENERGY EFFICIENT ENVIRONMENTAL PROGRAM.

(a) PROGRAM DIRECTION. -- The Secretary, in consultation with the Administrator of
the Environmental Protection Agency, is authorized to continue to carry out a 5-year
program to improve the energy efficiency and cost effectiveness of pollution prevention
technologies and processes, including source reduction and waste minimization
technologies and processes. The purposes of this section shall be to--

(1) apply a systems approach to minimizing adverse environmental effects of
industrial production in the most cost effective and energy efficient manner; and

(2) incorporate consideration of the entire materials and energy cycle with the goal
of minimizing adverse environmental impacts.

(b) IDENTIFICATION OF O PPORTUNITIES. -- Within 9 months after the date of enactment
of this Act, the Secretary, in consultation with the Administrator of the Environmental
Protection Agency, shall identify opportunities for the demonstration of energy efficient
pollution prevention technologies and processes.

(¢) REPORT. -- Within 1 year after the date of enactment of this Act, the Secretary
shall submit a report to Congress evaluating the opportunities identified under subsection
(b). Such report shall include--

(1) an assessment of the technologies available to increase productivity and
simultaneously reduce the consumption of energy and material resources and the
production of wastes;

(2) an assessment of the current use of such technologies by industry in the United
States;

(3) the status of any such technologies currently being developed, together with
projected schedules of their commercial availability;

(4) the energy savings resulting from the use of such technologies;

(5) the environmental benefits of such technologies;

(6) the costs of such technologies;

(7) an evaluation of any existing Federal or State regulatory disincentives for the
employment of such technologies; and

(8) an evaluation of any other barriers to the use of such technologies.

In preparing the report required by this subsection, the Secretary shall consult with the
Administrator of the Environmental Protection Agency, any other Federal, State, or local
official the Secretary considers necessary, representatives of appropriate industries,
members of organizations formed to further the goals of environmental protection or
energy efficiency, and other appropriate interested members of the public, as determined
by the Secrerary.

(d) PROPOSALS. --- Within 1 year after the date of enactment of this Act, the
Secretary, in consultation with the Administrator of the Environmental Protection
Agency, shall solicit proposals for activities under this section. Proposals selected under
this subsection shall demonstrate--

(1) technical viability and cost effectiveness; and

(2) procedures for technology transfer and information outreach during and after
completion of the project.
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Attachment C

Panelists

John Atcheson

Environmental Liaison

U.S. Department of Energy

1000 Independence Avenue, S.W.
Washington, DC 20585

Barbara Bush

Senior Regulatory Analyst

Health and Environmental Affairs Department
American Petroleum Institute

1220 L Street, N.W.

Washington, DC 20005

Allen Koleff

Division Vice President

Energy and Environmental Technology
Stone Container

1979 Lakeside Parkway, Suite 300
Tucker, GA 30084

Frances H. Irwin

Director

Pollution Prevention Program
World Wildlife Fund

1250 24th Street, N.W., Suite 692
Washington, DC 20027

Greg Ondich

Research and Development

U.S. Environmental Protection Agency
401 M Street, S.W.

Washington, DC 20460

Gerald I. Susman

Director

Center for the Management of Technological
and Organizational Change

Pennsylvania State University

406 Beam Business Administration Building

University Park, PA 16802

Lea E. Swanson

Office of Policy, Planning, and Evaluation
U.S. Environmental Protection Agency
401 M Street, S.W,

Washington, DC 20460

Valerie Thomas

Research Staff Member

Center for Energy and Environmental Studies
Princeton University

Princeton, NJ 08540

Facilitator Rapporteur
Dennis Engi Larry Icerman
Manager President
Strategic Technologies Department Icerman & Associates
Sandia National Laboratories 2999 Calle Cerrada
P.O. Box 5800 Santa Fe, NM 87505
Albuquerque, NM 87185
Observer
Ed Weinbrecht

Industrial Waste Reduction Program
Sandia National Laboratories
P.O. Box 5800
Albuquerque, NM 87185
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Attachment D

Date

Name

Title
Organization
Address

Salutation:

You are invited to participate on a Vital Issues Panel on June 8, 1993. The panel will be held in
Washington, D.C. at a convenient location to be determined beginning at 9:00 am. The principal
purpose of this panel is to identify a set of criteria that may be used to screen potential
technology demonstrations in seven major industrial sectors. This panel is being convened to
support the preparation of a report by the Secretary of the U.S. Department of Energy to
Congress required by Section 2108 of the Energy Policy Act of 1992 (EPAct). The focus of
EPAct Section 2108 is on energy-efficient, pollution-prevention technologies suitable for
demonstration and subsequent adoption by U.S. industry.

The Vital Issues Process is a strategic planning tool developed by Sandia National Laboratories
which identifies a portfolio of programmatic activities aimed at satisfying an organization's high-
level goals and objectives through panel discussions. The Vital Issues Panels for EPAct Section
2108 will provide the Secretary with information and stakeholder input that will be used in the
report to Congress and may ultimately assist in the design of an energy-efficient, pollution-
prevention technology demonstration program.

This meeting will be an intensive, one-day exercise involving six to eight other experts drawn
from the following institutional affiliations to ensure that a broad perspective on technology
demonstrations is achieved:

e government;

* industry;

« environmental groups; and
* academe.

Our hope is that representation of these various institutional perspectives will result in a dialogue
focused on the variety of relevant dimensions associated with the salient aspects of choosing
preferred technologies for demonstration. Three distinct, but interrelated products, are expected
to result from the panel discussions and deliberations:

» a working definition of an energy-efficient, pollution-prevention technology demonstration;

« a list of criteria useful for evaluating the relative merits of candidate technologies available
for demonstration; and

» a ranking of the relative importance of these criteria.

To stimulate your thinking, the following strawman definition is offered:
An energy-efficient, pollution-prevention technology demonstration is the installation of
hardware, software, and/or an operational procedure in a monitored industrial setting to

determine and display technical and economic performance, thereby encouraging timely
adoption by similar firms.
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A strawman set of evaluation criteria for assessing candidate technologies includes:

* energy savings;

pollution prevention/waste reduction;
cost effectiveness;

technological maturity; and
reproducibility/transferability.

I want to emphasize that the above definition and criteria are just strawmen intended to stimulate
your thinking about the subject of the panel. Once the panelists collectively develop a working
definition and prepare a set of criteria, a structured process of paired comparisons to ascertain the
relative importance of the criteria will be conducted.

To help service the ambitious nature of this panel meeting, we will have both a facilitator and a
rapporteur. Our intent is to prepare a report summarizing the panel meeting. Prior to publication
of the report, each panelist will have an opportunity to review and comment on the draft report
text. The report will be provided to subsequent panels whose objectives will be to identify and
rank specific energy-efficient, pollution-prevention technologies for demonstration in chosen
industrial sectors. Therefore, the products of this first panel will provide a foundation for
screening opportunities for industry/government partnerships involving technology
demonstrations.

In preparation, please think through the strawman definition for an energy-efficient, pollution-
prevention technology demonstration and strawman list of technology screening criteria. We
plan for the panel discussions to generate a clear, unambiguous definition that is as complete, yet
succinct, as possible. Also in developing the screening criteria, three different conditions will be
considered: necessary, sufficient, and operational. A criterion satisfies the necessary condition if
its elimination from the set of criteria allows an important aspect of judging candidate technology
demonstrations to go unrecognized. The set of criteria satisfies the sufficient condition if all the
important aspects of screening technologies for demonstration are captured. And, finally, the
criteria are operational if they can be applied to assess the relative merits of candidate technology
demonstrations.

If you have any questions concerning any aspect of the panel, please contact Suzie Convery at
(505) 260-1800. Thank you, in advance, for your participation on this panel. I look forward to
seeing you on June 8.

Sincerely,

Dennis Engi, Manager
Strategic Technologies Department
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The Vital Issues process is a strategic planning tool
which identifies a portfolio of programmatic activities (an
‘investment portfolio®) for an organization, aimed at
satisfying its high-level goals and objectives. The
process requires a high level of stakeholder involvement,
thus predisposing acceptance of the programmatic
endeavors by those stakeholder communities.

The Vital Issues process is a multi-stage process,
involving a series of day-long, intensive workshops, each
of which builds on the results of the previous. The first
workshop focuses on definitions, identifying target goals
and objectives, describing the type of issues or problems
addressed by the sponsoring organization, and identifying
criteria for issue or problem selection. The next work-
shop (or set of workshops) uses the selection criteria and
the definition of the desired issue or problem to identify
and rank a set of such issues. The following workshop (or
set of workshops) selects one of those identified issues
(probably but not necessarily the highest ranked) and

identifies and ranks associated programmatic activities.
Subsequent workshops (or sets of workshops) can focus
on tasks associated with specific programmatic activities.
The process is illustrated in figure 1.

As group dynamics constrain the effective size of a
panel to no more than twelve participants (with an
optimal size of eight te ten), it is possible to run parallel
panels on the same topic if the number of stakeholder or
constiuency groups is greater than twelve. In such a case,
representatives from the topical panels should be brought
together into a ‘composite’ panel to generate integration
of the results of the separate panels. This is illustrated in

figure 2.

The panel of participants in each workshop will
differ, as expertise will be relevant to the topic at hand.
Institutional perspectives key to organizational success
(such as private sector, state/federal government, and
academe) should be identified a priori and represented on
each panel. Each panel also should reflect a broad range
of stakeholder communities. Individual panelists should
be selected for their expertise and credibility within their

professional communities.

Figure 1
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Figure 2
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The Vital Issues process incorporates two primary
approaches: a qualitative, or transactional method, which
takes a synthetic approach, and a quantitative, or net
benefit maximization method, which performs some
analytic activities. The transactional method involves
dialogue among individuals or groups with some stake in
the sponsoring organization’s activities. Such dialogue
usually focuses on problem or issue definition (which can
include definition of an organization’s goals and objec-
tives) and criteria for measuring success through problem
solution or goal achievement. Participation in the
construction, or synthesis, of those definitions allows
participants to become invested in the process. The
definitions constructed by these synthetic activities form
the environment within which a set of alternatives (such
as issues or programs) can be identified. Net benefit
maximization uses quantitative methods to perform a

tdentify and rank
issues/problems

Identify and rank
issues/problems

{dentify and rank
issuea/problems

Composite

cost/benefit analysis on a set given alternatives, seeking
to identify the alternative that provides the greatest social
(or organizational) good according to some set of criteria.

Both methods are applied in each workshop of the Vital
Issuesprocess. Theagendaleads off withadiscussionof the
topical area with which the workshop is charged, seeking to
construct a definition that satisfies the group and which sets
the parameters within which the specific issues, activities,
or tasks are identified. A set of criteria for measuring
success are also identified. Group discussion clarifies the
identified issues and leads to consensus on their definition
and scope. The issues are then relatively ranked (that s, the
itemsin the setareranked againsteach other, and not against
any external, absolute standard) using pairwise compari-
sons whichcompareseachissue toall othersin the setin turn
against each of the identified selection criterion by asking
the scorerto assign specific values to each issue. This forces
panelists to make explicit the tradeoff process and the
criteria by which they are making the tradeoffs. The process
is illustrated in figure 3.
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APPENDIX D

Vital Issues Report on the Petroleum Industry

The Vital Issues panel on the Petroleum Industry met July 23, 1993. The panel identified and ranked
seven areas of opportunity for the demonstration of energy efficient pollution prevention technologies in
the petroleum industry. The report from that meeting follows.
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Introduction

Pursuant to §2108 of the Energy Policy Act of 1992 (EPAct), the Secretary of the U.S.
Department of Energy, in consultation with the Administrator of the U.S. Environmental
Protection Agency, was authorized to conduct programs designed to improve the energy
efficiency and cost effectiveness of pollution-prevention technologies and processes, including
source reduction and waste minimization technologies and processes. Presumably, these
technologies and processes would be capable of increasing industrial productivity, while
simultaneously reducing the consumption of energy and material resources and the production of
wastes. Specifically in §2108(b), the Secretary, in consultation with the Administrator, was
directed to identify opportunities for the demonstration of energy-efficient, pollution-prevention
technologies and processes. A report containing this information was required to be submitted to
the U.S. Congress within nine months after the enactment of the Act. In preparing this report, the
Secretary was directed to consult with the Administrator and any other federal, state, or local
officials, representatives of appropriate industries, members of organizations formed to further
the goals of environmental protection or energy efficiency, and interested members of the public.
Approach

A panel of stakeholders and constituency groups associated with the petroleum industry
was convened on July 23, 1993 (see Appendix A), by Sandia National Laboratories to assist the
Department of Energy in the development of its response to §2108(b) of EPAct (see Appendix
B). Panel members included representatives from the petroleum industry, federal agencies,
universities, and an environmental and regulatory consulting organization (see Appendix C).
State government regulatory and federal congressional experience were also represented on the
panel. The panel was charged (see Appendix D) to:

(1) identify energy-efficient, pollution-prevention technologies suitable for demonstration
in the petroleum industry; and

(2) rank energy-efficient, pollution-prevention technologies in accordance with a
predetermined set of screening criteria developed by a prior panel.




A methodology developed by Sandia National Laboratories, called the Vital Issues
Process (see Appendix E), was employed to assist the panel in meeting its charge. This panel is
the first of seven planned industrial-sector-specific panels designed to solicit input from industry
representatives and other stakeholder groups. Agriculture, chemicals, mining, primary metals,
pulp and paper, and stone, clay, and glass are the remaining six targeted industries.

Identification of Opportunities for Technology Demonstrations

Environmental considerations formed the basis of a wide ranging discussion of current
operating challenges in the petroleum industry with potential technical solutions and technology
needs. Pollution prevention and control tended to dictate the direction of the discussion when
compared to energy efficiency or economic competitiveness. In fact, the panel observed that
most commonly there are both energy and economic costs associated with environmental
improvements, especially when approached from a treatment or so-called end-of-the-pipe
perspective. The panel identified numerous technologies, technology classes, and problem areas
applicable to both exploration and production (upstream) and refining and processing
(dowhstream) operations in the petroleum industry having potential for waste reduction and/or
pollution prevention.

To ensure that important technology opportunities were not being overlooked during the
relatively unstructured exchanges among the panelists, the most pressing environmental
problems experienced by the petroleum industry and the associated pollutants were reviewed.
This exercise was based on the recognition that individual pollutants often define markets for
technology solutions. Major pollutants including air emissions (e.g., sulfur oxides, nitrous
oxides, and carbon monoxide); heavy metals; volatile organic compounds; toxic air emissions; a
variety of solvents and chemicals; spent acids, catalysts, and other chemicals; and naturally
occurring radioactive materials (NORMSs) were considered in the context of identifying new
technological methods of pollution mitigation. An international orientation was also used to
examine possible opportunities that might be underemphasized by a strict focus on domestic

issues. Oil spill remediation technology and technologies to reduce the environmental loading



associated with flaring natural gas in oil fields where gas gathering systems were not present
arose during this discussion.

In order to bring greater structure to the deliberations, nine broad technology categories
generally corresponding to distinct problems experienced by the petroleum industry were
extracted from the discussions. After reaching a consensus that these categories appropnately
encompassed the previous discussions, the panelists were charged with better defining candidate
technologies for demonstration within these categories, listed in alphabetical order, as follows:

s« combustion emissions and toxic releases;

¢ decommissioning of nonproductive or abandoned wells;

e heat management;

e leak and fugitive emissions detection and prevention;

e oil/water emulsion breaking and solids separation;

e reservoir management and diagnostics;

e spent materials handling;

e sulfur and heavy metals extraction; and

e wastewater management, handling, and reduction.
Some of these categories are only applicable to upstream technologies (e.g., decommissioning of
nonproductive or abandoned wells and reservoir management and diagnostics), others are
essentially applicable only to downstream activities (e.g., heat management and sulfur and heavy
metals extraction), while the remaining five categories could equally include technologies
addressing either upstream or downstream operations.

Twenty technology demonstration opportunities were consolidated into these nine broad
categories while recognizing that a variety of specific alternative technological approaches could
be pursued within a given technology demonstration opportunity. In this manner, one specific
technology is not highlighted to the exclusion of another and the tendency of rigidly defined
preferred technology demonstrations to inhibit rather than encourage innovative technical

developments is minimized. This subset of technology demonstration opportunities includes:
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Combustion emissions and toxic releases -

«  Point source emissions recovery - technologies for the collection of emissions,
primarily volatile organic compounds (VOCs), from point sources such as combustion
stacks

e Reduction of air emissions - technologies involving advanced bumer and injector
design to improve the combustion efficiency and completeness, thereby minimizing air
emissions, especially when burning flue gases and/or volatile organic compounds
(VOCs)*

Decommissioning of nonproductive or abandoned wells -

» Remote sensing of well locations - technologies to identify the locations of old,
abandoned wells by airbomne, surface, or subsurface methods*

» Decommissioning of orphan wells - technologies capable of eliminating the pollution
potential, primarily groundwater effects, of abandoned wells with unknown locations
and ownership

Heat management -

» Integrated heat management to recover water - technologies to optimize the distribution
of heat in a refinery, specifically to recover wastewater for reuse*

Leak and fugitive emissions detection and prevention -

e Optical fiber sensing systems - technologies employing chemically doped optical fibers
for in-situ sensing of specific chemical species

» Remote sensing of volatile organic compounds (VOCs) - technologies to remotely
sense fugitive VOC emissions from values, flanges, and tanks

e Smart pigs - technologies to provide inert devices designed to be inserted and
transported through pipelines, referred to in the industry as pigs, to gather information
on the operating condition of the pipeline (e.g., internal rather than external leak
detection)

Oillwater emulsions breaking and solids separation -

e Alternatives to halogenated and carcinogenic materials - technologies involving the use
of alternative chemicals and solvents in petroleum production and processing that are
environmentally benign

» Chemical species activity and reactivity - technologies capable of predicting the
specific characteristics of chemical additives when mixed in known process streams as
a means to formulate improved treatments (e.g., emulsion breaking) and to minimize
the impact of these additives on subsequent processing steps*

*Technologies discussed as specific examples within broad technology areas by the panel during
the ranking of technology areas are denoted by an asterisk.
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¢ Ozone and non-organic agents to control bacterial growth - technologies able to limit
bacterial growth with environmentally benign materials as alternative means to control
hydrogen sulfide production and resulting corrosion

Reservoir management and diagnostics -

* Geophysical diagnostics - application of surface and subsurface geophysical
technologies normally used in petroleum exploration to reservoir management in
producing fields to improve, for example, in-fill drilling results and to minimize water
production*

» Selective resin placement - technologies capable of identifying water-producing zones
for downhole plugging by resins as a means to reduce produced water volumes*

» Three-dimensional seismic surveys - application of advanced seismic technologies
commonly used during offshore exploration to onshore producing fields to obtain
improvements in pollution prevention, energy efficiency, and economic performance*

Spent materials handling -

e Spent catalyst reuse - technologies for allowing refinery catalysts to have an
environmentally benign disposition through reuse and/or recycle rather than disposal in
landfills*

Sulfur and heavy metals extraction -

» Dry hydrogen sulfide adsorption - technologies capable of removing sulfur from
gaseous process streams by adsorption on solids in contrast to the standard practice of
absorption by aqueous solutions containing chemical additives*

» Sludgeless selective heavy metal absorption - technologies capable of selectively
absorbing heavy metals (e.g., vanadium, chromium) in process streams or wastewaters
without the production of sludges presenting disposal challenges

Wastewater management, handling, and reduction -

¢ Elimination of process pits - technologies allowing the replacement of pits in oil fields
with tanks as a means to better control wastewater discharges to soils and groundwaters

¢ Reuse/recycle of wastewaters - technologies to purify contaminated wastewater streams
on-site and to input the resulting water streams as process water*

e Wastewater recycle from discharge to process use - technologies to recycle wastewaters
into process waters and to generate manageable and predictable impacts of the use of
impure water*

Upon review of this list of technology demonstration opportunities, the panel combined the items
under decommissioning of nonproductive or abandoned wells into locating orphan wells because

the technologies for decommissioning through plugging and abandonment are well known. The

last two technology areas under wastewater management, handling, and reduction were
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consolidated and combined with the heat management technology. The three technology areas
under leak and fugitive emissions detection and prevention were combined into one and
relabeled fugitive emissions detection and prevention. Although each of these 20 technology
areas was considered to be a worthwhile opportunity for demonstrations, the resources of the
panel focused on seven technology areas for which the most thorough definition, discussion, and
analysis were immediately possible. Following extensive discussion and reflection, these seven
technology areas were better defined and retitled for convenience as follows in alphabetical
order:

» advanced geophysical diagnostics;

» dry hydrogen sulfide adsorption;

« locating orphan wells;

« oil/water emulsion breaking by chemical additives;

* spent catalyst reuse;

» toxic gaseous emissions; and

« wastewater management.

During the consolidation and culling of the 20 technology demonstration opportunities
into a more manageable seven technology areas, considerable discussion occurred regarding the
likelihood of some technologies being adopted by industry as what are now becoming standard
operating procedures or by regulatory fiat driven by legislation such as the 1990 Clean Air Act
Amendments. These issues influencing the need for and/or appropriateness of technology
demonstrations were left unresolved in the context of defining candidate technology
demonstrations. Instead, the importance of factors such as these was agreed to be reflected in the
ranking of individual technology areas. Similarly, the anticipated economic conditions facing a
demonstration opportunity could easily dictate the level of industry interest and the rate of
technology adoption. The relationship between actual and effective costs for new technologies
arose on several occasions related to issues such as direct financial incentives, tax policies, and

potential economic distortions caused by regulatory actions.
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Two of the seven technology areas are most suitable for addressing environmental
concerns associated with upstream and downstream operations, respectively. The three remaining
technology areas encompass potential applications across the entire petroleum industry.
Technology Area Definitions

Working definitions for the seven selected technology areas were developed by the panel
to further the understanding of technologies included within each group and to describe the most
important features of and benefits offered by prospective technology demonstrations. For
example, advanced geophysical diagnostics was narrowed to the use of current capabilities, such
as three-dimensional seismic surveys commonly used during offshore exploration, in onshore
producing fields to better characterize the reservoir conditions as a means to minimize the
drilling of unproductive wells while conducting an in-fill drilling program. This new application
of an existing technique could reduce the volume of produced water significantly, which is the
single largest waste stream in the petroleum industry, and would avoid any pollution resulting
from the drilling of unnecessary wells.

Dry hydrogen sulfide adsorption is, perhaps, the most specific of the technology areas.
This technology area encompasses methods to replace amine-based aqueous solutions for
treating gas streams to remove hydrogen sulfide, an acid gas, in refineries and possibly in natural
gas processing plants. The captured sulfur would be recoverable as elemental sulfur or sulfuric
acid through widely used processes. These technologies would reduce the pollution associated
with the disposal or accidental release of amine solutions.

Locating orphan wells referred to new technology applied to locating old wells
abandoned most commonly prior to 1940 that do not have recorded locations and known
ownership. These wells were generally plugged inadequately, if at all, and often are a recognized
source of groundwater pollution or pose a serious threat to groundwater resources. Candidate
technologies in this area would be expected to include remote subsurface sensing techniques

developed for defense purposes.
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Oil/water emulsion breaking technologies was targeted toward gaining a better
understanding and characterization of the activity and reactivity of chemical species when added
in mixtures for the purpose of breaking organic/water emulsions and toward designing optimized
separation units based on this information. The objective is to obtain improved formulations for
treating emulsions, to better predict the impact of these additives on subsequent processing steps,
and to design more efficient emulsion treatment vessels. Changes in the composition of additives
could reduce the harmful effect of the materials on downstream processes. Technologies in this
area would reduce wastewater volumes by facilitating water recycling and would minimize the
need for water treatment prior to disposal.

Spent catalyst reuse consisted of technologies for extracting metals of lower value than
precious metals from catalysts used in fluid catalytic cracking (FCC) and hydrodesulfurization
(HDS) units in refineries. The extracted metals, such as nickel, vanadium, cobalt, and tungsten,
could be sold in commercial markets and the remaining material could be reused, for example, in
catalyst production. Technologies capable of capitalizing on the silica content of spent FCC
catalysts, such as cement production, were also included in this category. Although some U.S.
refineries already practice FCC and/or HDS catalyst reuse, elimination of substantial volumes of
spent catalysts presently disposed of in landfills could result from widespread deployment of
proven technologies.

Technologies addressing toxic gaseous emissions focused on recent developments
permitting the design of improved burners and injectors for flue gas and volatile organic
compound (VOC) combustion in refineries as a means to reduce the release of air toxics.
Catalytic combustion technologies could be included in this category as well. Greater
opportunities for new technology demonstrations were judged to be present for managing air
toxics than for addressing emissions of the more standard combustion products such as carbon
monoxide, sulfur oxides, and nitrous oxides. Technologies in this area would reduce toxic air

pollution associated with noncommercial fuel combustion processes in refineries.



Wastewater management technology focused on techniques capable of making
contributions toward achieving an on-site, closed-cycle water management system in a refinery.
Included in this technology area were integrated heat management techniques for the expressed
purpose of water management in a refinery and techniques to efficiently reuse impure waters in
the refining process. An ultimate objective would be to allow operation of a zero-release refinery
from a water perspective. Avoidance of groundwater and surface water pollution would be the
principal benefit of deploying these technologies.

Evaluation Criteria

Six screening criteria developed by the earlier Vital Issues Panel were used for making

paired comparisons across the seven selected technology areas as follows:

* magnitude of systemic energy, environmental, and economic impacts;

e probability of success;

* implementation costs/cost effectiveness;

* lime frame for results;

* measurability/accountability/performance tracking; and

* government role.
The panelists reviewed each criterion to establish a consistent understanding of the most
important aspects of these criteria.

Observations such as the petroleum industry historically evidencing a predictable rate of
technology diffusion, the strong tendency for the industry to merely react to regulatory and
environmental policies, a recognition of the need for openness in the monitoring process in order
for competitive companies to be confident of the merits of any technology being demonstrated,
and the importance of appropriate policies and practices regarding proprietary technology were
expressed by the panelists. With respect to the first criterion, the technology identification and
selection process was noted to be most heavily influenced by environmental considerations and
the understanding both qualitatively and quantitatively that these technologies would aid in

pollution prevention and control. In contrast, the energy impacts of these technologies were
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much more difficult to assess and would likely require detailed analyses to develop defensible
evaluations.

Five of these six criteria were assigned fractional (normalized) weights by the prior panel
to allow a composite score to be computed. Government role was not assigned a weight, thus
effectively treating this criterion separately, in order to highlight potential government
involvement in energy-efficient, pollution-prevention technology demonstration opportunities

identified consistent with the EPAct objectives. The weighting functions are:

Relative

Criterion Weight
Magnitude of systemic energy, environmental, and economic impacts 0.25
Probability of success 0.22
Implementation costs/cost effectiveness 0.21
Time frame for results 0.16
Measurability/accountability/performance tracking 0.16

Ranking of Technology Demonstrations

The Vital Issues Process employs a paired-comparison procedure requiring individual
panelists to privately assess the relative attractiveness of each technology demonstration
opportunity according to a single criterion compared to all of the other candidate technologies for
that same criterion. This process is repeated until paired comparisons of all technology areas are
made in a similar manner for each criterion. To translate these assessments into quantitative
scores, the following numerical scale is used:

» much higher than = 5;

higher than = 4;

e same as=3;

lower than = 2; and

much lower than = 1.

A set of special scoring sheets is provided to each panelist to facilitate the recording of numerical
scores for subsequent analysis. In this manner, a consensus ranking of the technology
demonstration opportunities, along with numerical scores assigned to each technology area, is

obtained simultaneously.
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The quantitative analysis of the paired comparisons performed by each panelist produced

the following ranking of the seven screened technology areas, in descending order, according to a
five-criterion composite score representing the weighted average of the scores for individual
criteria:

* wastewater management;

* advanced geophysical diagnostics;

* toxic gaseous emissions;

* spent catalyst reuse;

* dry hydrogen sulfide adsorption;

* locating orphan wells; and

* oillwater emulsion breaking by chemical additives.

A graphical summary of the quantitative results for the composite criterion is shown in Figure 1.

T Dry H2S X X X
e Emulsions | X X X
c .. .
h Emissions XX
N Orphan Wells X X X
[o] -
| Diagnostics X X X
; Waste Water- X X X
y Catalyst- X X X
1.0 2.0 3.0 4.0 5.0
Relative Importance
Composite

Fig. 1. Summary of the numerical ranking of selected technology demonstration opportunities
according to the composite criterion. For any technology area, the distance from the
center "X" to either the left- or right-hand "X" represents the standard deviation of the

scores assigned by the individual panelists.
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The position of the center "X" denotes the average importance of the technology demonstration
opportunity (e.g., wastewater management received the hi ghest average score among the
panelists of 3.4 for the composite criterion in Figure 1). Disagreement among the panelists is
illustrated by the total distance between the left- and right-hand "Xs" for a specific technology
area representing an opportunity for demonstration. Greater disagreement corresponds to longer
distances.
As judged by the panelists, the relative importance of a government role on technology

demonstrations of the seven screened technology areas, in descending order, is:

o toxic gaseous emissions;

» locating orphan wells;

* wastewaler mmanagement;

» advanced geophysical diagnostics;

« oillwater emulsion breaking by chemical additives;

 spent catalyst reuse; and

. dry hydrogen sulfide adsorption.
The quantitative results for the government role criterion are shown in Figure 2. Interestingly,
relatively little disagreement was present among the panelists when evaluating toxic gaseous
emissions under either the composite (see Figure 1) or government role (see Figure 2) criterion.

Discussion and Implication of the Ranking Results

If the composite and government role criteria are combined with equal weights, three
technology areas receive equally high scores, namely, toxic gaseous emissions, wastewater
management, and advanced geophysical diagnostics. The higher score received by toxic gaseous
emissions when considering government role independently could be used as justification for
selecting this technology area as the one with the highest priority for action. This position is
supported by toxic gaseous emissions having the lowest level of disagreement among the

panelists on the scores for the composite, government role, and combined criteria. On the other
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T Dry H2S X X X
e Emulsions | X X X
ﬁ Emissions X X X
N Orphan Wells X X X
o =
| Diagnostics X X X
; Waste Water X X X
y Catalyst- X X X
1.0 2.0 3.0 4.0 5.0

Relative Importance
Government Role

Fig. 2. Summary of the numerical ranking of the importance of a government role in specific
technology demonstration opportunities. For any technology area, the distance from the
center "X" to either the left- or right-hand "X" represents the standard deviation of the
scores assigned by the individual panelists.

hand, both wastewater management and advanced geophysical diagnostics showed greater
disagreement among the panelists on the combined criterion than toxic gaseous emissions.
The level of disagreement can be considered as a surrogate variable for the potential
range of payoffs from a technology demonstration. Consequently, the so-called longer-shot
returns may be obtainable from either wastewater management or advanced geophysical
diagnostics than from toxic gaseous emissions. Interestingly, if a high-risk, high-return
philosophy is adopted, locating orphan wells may become an especially attractive technology
demonstration candidate. This situation occurs because while the average score for locating
orphan wells on the combined criterion is slightly lower than that of the three technologies with
the highest scores (i.e., toxic gaseous emissions, wastewater management, and advanced
geophysical diagnostics), this technology area has the highest level of disagreement among the

panelists on each of the composite, government role, and combined criteria.
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Concluding Remarks

Water, including produced water, process water, groundwater, and surface water, was the
overriding theme of energy-efficient, pollution-prevention demonstrations in the petroleum
industry expressed by the members of the panel. In fact, comments were made, somewhat in jest,
that the petroleum industry is actually in the water business to a greater extent than the petroleum
business. This observation has some merit because, on average, the volume of water managed in
upstream operations is about ten times that of petroleum, while approximately equal volumes of
water and petroleum are managed in downstream refining operations. To a lesser extent,
technologies addressing emissions to the air and land, especially involving toxic substances,
were identified and discussed.

Twenty candidate technology areas were identified as having strong potential
demonstration opportunities. From these candidates, seven broad technology areas were ranked
in accordance with a composite set of five criteria, the appropriateness of a government role in
technology demonstrations, and for a combination of the composite and government role criteria.
The ranking according to the combined criterion, in descending order, is:

* toxic gaseous emissions;

* wastewaler managemeritl;

e advanced geophysical diagnostics;

e locating orphan wells;

* spent catalyst reuse;

¢ oillwater emulsion breaking by chemical additives; and

* dry hydrogen sulfide adsorption.

As recognized by the panelists, effective implementation of a technology demonstration program
in the petroleum industry will require selection among more specifically defined technologies
within one or more of these areas. The need for greater definition could be satisfied by
programmatic direction or by allowing interested participants to offer up thoroughly described

technologies within these seven technology areas for consideration.
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Attachment A

AGENDA

Sandia National Laboratories
EPAct Section 2108 Vital Issues Panel #2
Doubletree Hotel
Houston, Texas
July 23, 1993

Technology Demonstrations in the Petroleum Industry
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Time Topic Principal Discussant(s)
8:30 Welcome and Introduction Suzie Convery
9:00 EPAct Section 2108 Overview and Panel Process Dennis Engi
9:30 Discussion of Candidate Technologies All (facilitated by Convery)
10:30 Break
10:45 Discussion of Candidate Technologies All (facilitated by Convery)
11:30 Explanation of the Technology Ranking Process Engi
| 12:00 Catered Lunch
1:15 Ranking of Technologies All (facilitated by Convery)
2:30 Break
2:45 Ranking of Technologies All (facilitated by Convery)
4:00 Summary and Close Engi and Convery
4:15 Adjourn
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Attachment B

Energy Policy Act of 1992

SEC. 2108. ENERGY EFFICIENT ENVIRONMENTAL PROGRAM.

(a) PROGRAM DIRECTION . -- The Secretary, in consultation with the Administrator of
the Environmental Protection Agency, is authorized to continue o carry out a 5-year
program to improve the energy efficiency and cost effectiveness of pollution prevention
technologies and processes, including source reduction and waste minimization
technologies and processes. The purposes of this section shall be to--

(1) apply a systems approach to minimizing adverse environmental effects of
industrial production in the most cost effective and energy efficient manner; and

(2) incorporate consideration of the entire materials and energy cycle with the goal
of minimizing adverse environmental impacts.

(b) IDENTIFICATION OF OPPORTUNITIES. -- Within 9 months after the date of enactment
of this Act, the Secretary, in consultation with the Administrator of the Environmental
Protection Agency, shall identify opportunities for the demonstration of energy efficient
pollution prevention technologies and processes. :

(c) REPORT. -- Within I year after the date of enactment of this Act, the Secretary
shall submit a report to Congress evaluating the opportunities identified under subsection
(b). Such report shall include--

(1) an assessment of the technologies available to increase productivity and
simultaneously reduce the consumption of energy and material resources and the
production of wastes;

(2) an assessment of the current use of such technologies by industry in the United
States;

(3) the status of any such technologies currently being developed, together with
projected schedules of their commercial availability;

(4) the energy savings resulting from the use of such technologies;

(5) the environmental benefits of such technologies;

(6) the costs of such technologies;

(7) an evaluation of any existing Federal or State regulatory disincentives for the
employment of such technologies; and

(8) an evaluation of any other barriers to the use of such technologies.

In preparing the report required by this subsection, the Secretary shall consult with the
Administrator of the Environmental Protection Agency, any other Federal, State, or local
official the Secretary considers necessary, representatives of appropriate industries,
members of organizations formed to further the goals of environmental protection or
energy efficiency, and other appropriate interested members of the public, as determined
by the Secretary.

(d) PROPOSALS. --- Within 1 year after the date of enactment of this Act, the
Secretary, in consultation with the Administrator of the Environmental Prolection
Agency, shall solicit proposals for activities under this section. Proposals selected under
this subsection shall demonstrate--

(1) technical viability and cost effectiveness; and

(2) procedures for technology transfer and information outreach during and after
completion of the project.
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Attachment D
FACT SHEET

Sandia National Laboratories
EPAct Section 2108 Vital Issues Panel #2

Technology Demonstrations in the Petroleum Industry

The principal purpose of this panel is to prioritize technologies suitable for government/industry
cost-shared demonstrations in the petroleum industry. This panel is being convened to support
the preparation of an initial report by the Secretary of the U.S. Department of Energy to Congress
required by Section 2108 of the Energy Policy Act of 1992 (EPAct). The focus of EPAct Section
2108 is on energy-efficient, pollution-prevention technologies suitable for demonstration and
subsequent adoption by U.S. industry. This panel covering the petroleum industry will serve as a
model for similar panels to be conducted for six other industrial sectors later in 1993 and during
1994,

The Vital Issues Process is a strategic planning tool developed by Sandia National Laboratories
which identifies a portfolio of programmatic activities aimed at satisfying an organization's high-
level goals and objectives through panel discussions. The Vital Issues Panels for EPAct Section
2108 will provide the Secretary with information and stakeholder input that will be used in the
report to Congress and may ultimately assist in the design of an energy-efficient, pollution-
prevention technology demonstration program.

This meeting will be an intensive, one-day exercise involving six to eight other experts drawn
from the following institutional affiliations to ensure that a broad perspective on potential
technology demonstrations is achieved:

industry;

government;
environmental groups; and
academe.

The expectation is that representation of these various institutional perspectives will resultina
dialogue focused on the variety of relevant dimensions associated with the salient aspects of
choosing preferred technologies for demonstration. Two distinct, but interrelated products, are
expected to result from the panel discussions and deliberations:

« a short list of energy-efficient, pollution-prevention technologies suitable for
demonstration in the petroleum industry; and

« a ranking of these technologies in accordance with a predetermined set of screening
criteria.

As background information, an initial panel held on June 8, 1993, established a working
definition for an energy-efficient, pollution-prevention technology demonstration and ranked
criteria for use in selecting candidate technologies for demonstration in seven selected industrial
sectors. The definition reached by this panel is:
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Opportunities for the demonstration of energy-efficient, pollution-prevention, economically
competitive technologies and processes consist of the use of hardware, software, and/or an
operational procedure in a monitored industrial setting to determine and display improved
performance, thereby encouraging timely adoption by similar firms so as to assure
environmental quality.

This panel also identified, ranked, and weighted a set of criteria in descending importance as
follows:

Weight
Magnitude of systemic energy, environmental, and economic impacts 0.25
Probability of success 0.22
Implementation costs/cost effectiveness 0.21
Time frame for results 0.16
Measurability/accountability/performance tracking 0.16

To help service the ambitious nature of this panel meeting, both a facilitator and a rapporteur will
be present. A report summarizing the panel meeting will be prepared. Prior to publication of the
report, each panelist will have an opportunity to review and comment on the draft report text.
The report will be provided to the U.S. Department of Energy, Office of Industrial Technologies
to support the Secretary in compiling the required report to Congress identifying opportunities
for energy-efficient, pollution-prevention technology demonstrations.

Panelists should be prepared to identify candidate energy-efficient, pollution-prevention
technologies suitable for demonstration in either the production or refining segments of the
petroleum industry. These technologies should be well-defined, widely applicable in the
industry, and sufficiently generic as to not be proprietary.

For additional information contact:
Ms. Suzie Convery
Convery & Associates
Albuquerque, New Mexico
(505) 260-1800
(505) 268-2449 FAX
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The Vital Issues process is a strategic planning tool
which identifies a portfolio of programmatic activities (an
‘investment portfolio’) for an organization, aimed at
satisfying its high-level goals and objectives. The
process requires a high level of stakeholder involvement,
thus predisposing acceptance of the programmatic
endeavors by those stakeholder communities.

The Vital Issues process is a multi-stage process,
involving a series of day-long, intensive workshops, each
of which builds on the results of the previous. The first
workshop focuses on definitions, identifying target goals
and objectives, describing the type of issues or problems
addressed by the sponsoring organization, and identifying
criteria for issue or problem selection. The next work-
shop (or set of workshops) uses the selection criteria and
the definition of the desired issue or problem to identify
and rank a set of such issues. The following workshop (or
set of workshops) selects one of those identified issues
(probably but not necessarily the highest ranked) and

identifies and ranks associated programmatic activities.
Subsequent workshops (or sets of workshops) can focus
on tasks associated with specific programmatic activities.
The process is illustrated in figure 1.

As group dynamics constrain the effective size of a
panel to no more than twelve participants (with an
optimal size of eight to ten), it is possible to run parallel
panels on the same topic if the number of stakeholder or
constiuency groups is greater than twelve. In such a case,
representatives from the topical panels should be brought
together into a ‘composite’ panel to generate integration
of the results of the separate panels. This is illustrated in

figure 2.

The panel of participants in each workshop will
differ, as expertise will be relevant to the topic at hand.
Institutional perspectives key to organizational success
(such as private sector, state/federal government, and
academe) should be identified a priori and represented on
each panel. Each panel also should reflect a broad range
of stakeholder communities. Individual panelists should
be selected for their expertise and credibility within their

professional communities.

Figure 1
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Figure2
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The Vital Issues process incorporates two primary
approaches: a qualitative, or transactional method, which
takes a synthetic approach, and a quantitative, or net
benefit maximization method, which performs some
analytic activities. The transactional method involves
dialogue among individuals or groups with some stake in
the sponsoring organization’s activities. Such dialogue
usually focuses on problem or issue definition (which can
include definition of an organization’s goals and objec-
tives) and criteria for measuring success through problem
solution or goal achievement. Participation in the
construction, or synthesis, of those definitions allows
participants to become invested in the process. The
definitions constructed by these synthetic activities form
the environment within which a set of alternatives (such
as issues or programs) can be identified. Net benefit
maximization uses quantitative methods to perform a

identify and rank
issues/problems

identify and rank
issues/probiems

Composite

cost/benefit analysis on a set given alternatives, seeking
to identify the alternative that provides the greatest social
(or organizational) good according to some set of criteria.

Both methods are applied in each workshop of the Vital
Issuesprocess. Theagendaleads off withadiscussionof the
topical area with which the workshop is charged, secking to
constructa definition that satisfies the group and which sets
the parameters within which the specific issues, activities,
or tasks are identified. A set of criteria for measuring
success are also identified. Group discussion clarifies the
identified issues and leads to consensus on their definition
and scope. The issues are then relatively ranked (thatis, the
itemsin the setare ranked against each other, and not against
any external, absolute standard) using pairwise compari-
sons which compareseachissue toall othersinthe setin turn
against each of the identified selection criterion by asking
the scorertoassign specific valuestoeach issue. Thisforces
panelists to make explicit the tradeoff process and the
criteria by which they are making the tradeoffs. The process
is illustrated in figure 3.

Figure 3
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Hazardous Waste Research & Information Center
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