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For eword

ebate about environmental concerns and industrial competitiveness has

been underway at least since the early 1970s, when the United States

pioneered strong environmental standards, Today, the debate has new

urgency: the world is becoming more aware of the global nature of many
environmental problems at atime of intensifying international economic
competition.

This report finds both competitive challenges and opportunities from
these trends for two sets of American industries affected by environmental regu-
lation: those in the business of making and selling environmental technologies,
and the manufacturing firms that are among their major customers.

For U.S. environmental firms, the years ahead could pose unprecedented
opportunities to expand into new markets as more countries develop or tighten
environmental standards. Y et, as the report documents, they aready face strong
competition from firmsin Europe, Japan, and from some newly industrialized
countries.

Perhaps their greatest challenge in the long term will be to integrate
environmental concernsinto the next generation of manufacturing technol ogies.
Compliance costs in many U.S. manufacturing sectors are already among the
highest in the world. Cleaner, more cost effective production technologies could
help these firms lower compliance costs while still meeting the U.S. standards
that are likely to remain among the toughest in the world.

Policymakers, not only here but in Europe and Japan, are actively debat-
ing new approaches to address twin concerns about intensifying global economic
competition and global environmental problems. More than is usually the case,
government policies play a central role, since regulations both create markets for
environmental technologies and the conditions for compliance faced by industry.
Other policy areas not traditionally thought of as affecting environmental con-
cerns, including manufacturing research and devel opment, industrial extension,
and export promotion, also affect competitive outcomes.

This is the final report in a series of three in OTA’s assessment of
American industry and the environment, which was requested by the Senate
Committee on Finance, the House Committee on Energy and Commerce, and the
House Commi ttee on Foreign Affairs. The first publication, Trade and
Environment: Conflicts and Opportunities, discusses the interactions between
these two policy areas. The second, Devel opment Assistance, Export Promotion,
and Environmental Technology, explores links between foreign aid and export
assistance.
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his study analyzes the international competitiveness of
two sets of U.S. industries that are affected by environ-
mental policies:

1. firms that develop and market environmental tech-
nologies and services; and,

2. companies (especially manufacturing fins) that
must meet U.S. environmental requirements, often
while competing with firms from countries that have
weaker standards or provide more assistance to their
industries,

EXECUTIVE SUMMARY

Both sets of industries operate under new competitive
realities—realities shaped not only by intensifying global
competition but also by the environmental expectations of their
customers and the societies in which they operate.

Environmental problems of new urgency now confront all
countries. Some argue that a conceptual shift is beginning to
occur in the world marketplace: as recognition grows that
economic activity can do serious harm to both the local and
global environment, and in the process harm human health and
interfere with development objectives, business increasingly will
have to internalize a new imperative of avoiding harm to the
environment-an approach embodied in the term sustainable
development (see ch. 3), Over time, according to this view,
environmental imperatives could join the front ranks of business
precepts, such as providing quality products at a competitive
price, that no business can afford to ignore.

Recognition of global environmental problems, as well as
greater attention to local needs in a growing number of countries,

Summary
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are producing new markets for environmental
technologies, and could spur technological inno-
vation to meet those needs. In some cases, such as
globa climate change, technological remedies
and strategies have only recently been sought,
with responses till in the early stages of develop-
ment. In other cases, such as wastewater treat-
ment and control of some air pollutants, technolo-
gies are well developed but widely used in only a
few countries.

Some analysts believe that the expanding
global market for environmental technologies
will produce major commercial opportunities;
how U.S. firms will fare in those new environ-
mental markets has become subject of debate in
Congress. Germany, Japan, and other countries
with strong environmental industries are also
asking how they might capture a greater share of
this growing global market.

While environmental regulations produce busi-
ness opportunities for environmental firms, they
also impose costs on the manufacturing firms and
other businesses that buy their goods and serv-
ices. U.S. environmenta standards are likely to
remain among the world’s most stringent. In a
more competitive global economy, it will be
important to find ways for U.S. industry to
achieve environmental goals while avoiding com-
petitive handicap.

The report’s two subjects—the industry for
which environmental regulations often mean
costs and the industry for which environmental
regulations mean business-are often thought of
separately. But they are linked. The linkages are
pertinent to debate about the competitive impact
of environmental regulations on U.S. manufactur-
ing firms and about government role in promot-
ing U.S. environmental industries.

Among the linkages:

. Technological advancement (including hard-
ware, technical and scientific knowledge, and
management expertise at the business and
societal levels) is increasingly necessary to
address both competitiveness and environ-
mental needs. A number of initiatives and
proposals have been made at Federal and State
levels to better integrate environmental objec-
tives within technology policy. Some indus-
tries support consortia, involving firms and
government or university laboratories, to un-
dertake research and development (R&D) on
processes and products that would be environ-
mentally preferable to those now in use.

« The industrial market for environmental equip-
ment and services is likely to be greatly
affected by a shift away from conventional
pollution control to pollution prevention and
cleaner production processes. (These processes
produce less waste and pollution, thus reducing
the need for waste treatment or disposal. They
often use materials and energy more efficiently
than conventional processes.)

= This shift, now in its early stages, will have
repercussions for both environmental compa-
nies and manufacturing fins. Manufacturing
firms that use cleaner production processes are
likely to reduce compliance costs and, in some
cases, production costs. An environmental
goods and services (EGS) industry'that devel-
ops more cost-effective approaches to reducing
pollution may fare better in global markets.

» New forms of regulations allowing firms to
adopt innovative approaches for addressing
pollution can help both developers and users of

1 The environment industry, as defined in chapter 3, refers to firms that develop and market products, equipment or services that have
environmental improvement as a primary or significant secondary benefit. The report focuses on fims that sell technologies and services t
control, eat, cleanup, and prevent pollution and waste (including cleaner production and clesner energy technologi&sg. Environmental
management technologies and Services used in agricuure, foreshy, fisheries, and mining are not discussed in detail. Firms selling consumer
products claimed to be environmentally preferable might be considered part of the environmental industry, but are not covered in this report.



environmental technology. These include per-
formance standards, economic incentives, and
adjusting permitting procedures to stimulate
the development and adoption of innovative
environmental technologies.

n At the same time, government policies can
affect these two sets of industries in quite
different ways. Policies to speed use of cleaner
production processes that offer competitive
benefits to firms that must comply with envi-
ronmenta regulations can also reduce the need
for remedia or end-of-pipe technologies. Like-
wise, policiesthat continue to promote end-of -
pipe solutions for environmental problems can
impede adoption of cleaner production and
pollution prevention approaches.

Environmental and economic policies have
often been viewed as in opposition and, for the
most part, have been developed separately. None-
theless, more and more, policymakers see bene-
fits in addressing the two together. The interac-
tions between environmental concerns and industria
competitiveness have ramifications for many
policy areas, including pollution control and
waste management, technology development and
diffusion, export promotion and development
assistance, and trade policy and negotiations.

Addressing these interactions could require
changes in U.S. Government programs. Among
proposals now on the table are those to:

s devise a strategy to promote development and
export of U.S. environmental technologies

m Create mechanisms to integrate environmental
objectives into government support for manu-
facturing industry R&D and technology diffu-
sion

= develop regulatory approaches that alow in-
dustry more options to innovate while main-
taining or exceeding current environmental
objectives

= work toward bilateral and multilateral agree-
ments on environmental standards that further
environmental goals, lessen the likelihood of

Chapter 1-Summary 3

adverse competitiveness impacts for U.S. firms
and workers, and expand opportunities for U.S.
environmental firms at home and abroad.

f Principal Findings

THE GLOBAL ENVIRONMENTAL MARKET

1. The market for environmenta technologies
and services is growing in the United States and
abroad, in both industrialized and developing
countries. Most of the current market is for
well-known, widely used approaches and tech-
nologies for end-of-pipe pollution control, waste
disposal, and remedial clean-up of pollution.
According to awidely cited estimate, this global
market probably amounted to $200 billion in
1990, and could grow to $300 billion annually by
the year 2000. The projected market would be
much larger if cleaner production technologies
and products were included, but there are no good
projections of the potential size of this market.

2. As more countries respond to their environ-
mental problems, the global environmental mar-
ket islikely to continue to expand—although not
as rapidly as predicted in the late 1980s when
recession-proof growth in environmental markets
was widely assumed. Over the next 10 or 15
years, the advanced industrial economies likely
will still account for most of the growth. How-
ever, markets are rapidly emerging in the newly
industrialized countries and many developing
countries, particularly in the Pacific Rim and
Latin America. The transformingg economies of
Central and Eastern Europe offer large potential
markets, although there, as elsewhere, scarcity of
financing limits environmental investments. Bi-
lateral and multilateral aid is a significant source
of environmental investment in some areas.

3. While the global environmental market is
large, most environmental expenditures go to
day-to-day operations and construction of facili-
ties that use locally available labor, materials, and
parts. International trade thus fills only a small
portion of EGS demand. The exact amount of
trade is uncertain because the quality of the data
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is very poor. However, traded items and services
probably do not account for more than 10 or 15
percent of the total market. Even so, this fraction
represents a significant amount of trade, which
may grow in volume as the world market grows.
The most significant prospects for U.S. exports
are for relatively sophisticated equipment and
professional services. While the attendant growth
in U.S. employment probably will be modest,
many of these jobs are likely to be high-wage jobs
in management, engineering and other technical
professions, as well as some blue collar manufac-
turing jobs.

4. In the long term, cleaner technology and
production processes may have the potential to
generate more export-related growth and jobs
than conventional pollution control equipment.
Government technology and export promotion
policies aimed at strengthening environmental
industries need to take into account the technical
possibilities and commercial opportunities in
cleaner production.

5. The shift toward cleaner production is likely
to occur incrementaly over the next 15 or 25
years, as manufacturers build new facilities or
upgrade existing plants. There likely will be
growing global demand for cleaner and more
energy-efficient industrial facilities, including
those for power generation, chemical processing,
smelting, ail refining, papermaking, food proc-
essing, and product assembly. Countries with
firms that are competitive suppliers in these areas
will benefit from the jobs and commerce gener-
ated from trade in capital equipment and related
professional services. Moreover, as these coun-
tries domestic producers in other industries
invest in cleaner technologies, they may make
changes that will enable them to compete more
effectively against firms in other countries,

6. Regulations and enforcement (including
liability and fees) are likely to continue to drive
markets for environmental technologies and serv-
ices. However, a number of other factors may
affect these markets. Energy efficiency invest-
ments are often cost-effective even in the absence

of regulation as are some pollution prevention
projects. Potential users often know little about
these alternatives, but as knowledge about their
cost-effectiveness grows, they may be used more
widely. Some companies also may make environ-
mental investments out of concern for their
environmental image among customers, inves-
tors, and the public, especially where reporting
requirements or consumer labeling exist.

THE COMPETITIVE POSITION OF U.S.
ENVIRONMENTAL  FIRMS

1. Globa competition for environmental mar-
kets has become fierce during the last decade. The
U.S. environmental industry’s overall interna
tional performance is mixed. In many foreign
markets, U.S. firms remain competitive but not
dominant; in other areas, the U.S. position has
eroded. Estimates of market shares in major Latin
American countries show U.S. sales accounting
for about half of environmental imports, but note
growing European and Japanese presence. U.S.
performance in other regions (including the fast
growing Pecific Rim) is less strong. As with
conventional environmental equipment, U.S. firms
that design, construct, and manufacture cleaner
and more energy-efficient capital goods and
facilities can expect intense foreign competition.

2. Large and highly competitive environmental
industries exist in Germany, some other European
countries, and Japan-countries with firms that
have a stronger export orientation than many U.S.
environmental companies. Several newly indus-
trialized and advanced developing countries have
nascent environmental industries that supply
basic environmental goods for their own markets
and also for export; as developing country envi-
ronmental investments grow, some of these firms
may well become important regional suppliers.

3. While some U.S. environmenta firms are
major international players, most focus on the
huge domestic environmental market, which is by
far the world' slargest. Here, too, American firms
face competition, For European and Japanese
environmental fins, the United States is an



attractive export market. It aso offers major
opportunities for licensing of technologies, joint
ventures, and acquisitions of U.S. companies, In
the last decade, U.S. firms have become more
reliant on foreign technology and foreign capital
in a number of environmental sectors. For exam-
ple, half of the 10 largest U.S. manufacturers of
wastewater treatment equipment are foreign owned.
Also, U.S. companies have become more depend-
ent on foreign air pollution control and inciner-
ation technologies. In some cases these technolo-
gies were first developed in the United States and
then licensed and improved abroad.

4. To succeed in foreign markets, U.S. firms
may need to adapt products developed for U.S.
needs to the sometimes quite different conditions
in other countries. While U.S. environmental
standards and technol ogies enjoy a good reputa-
tion, potential customers in developing country
markets sometimes see U.S. products as too
expensive or sophisticated. Further, some U.S.
suppliers are viewed as insufficiently concerned
with service, training of personnel, and provision
of parts.

5. Most U.S. environmental firms (especially
smaller ones) have little export experience; firms
in Japan and many European countries have more.
Private export financing in the United States is
scarce (especialy for smaller firms); it is more
plentiful in Japan and several European countries,
where firms also get more government help with
export marketing and financing than in the United
States. The U.S. government’s help is also poorly
coordinated and difficult to access, The U.S.
government also provides less confessiona fi-
nancing, and structures its development assist-
ance programs in ways that provide less help to
national firms bidding on large capital projects.

6. Technological innovation is likely to be
increasingly important for environmental firms
competing in global markets. U.S. regulatory and
permitting procedures present some impediments
to environmental technology innovation. Compa-
nies may find it too expensive, uncertain, or
time-consuming to secure regulatory permits for
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R&D and testing of innovative environmental
technologies. Regulated industries hesitate to
employ innovative technologies not only because
of technical uncertainties associated with new
approaches but also because of regulatory uncer-
tainties, Permitters often shy away from approv-
ing unfamiliar technologies and tend to prefer
environmental technologies with established track
records, Limited technical expertise, small budg-
ets, and lack of incentives for championing new
approaches account for risk-averse behavior by
permit writers.

COMPETITIVE IMPACT OF ENVIRONMENTAL
REGULATIONS

1. While comparisons are difficult, the compli-
ance costs incurred by U.S. manufacturers for
pollution control and abatement are among the
highest in the world. Firms in a handful of
countries such as Germany face equal or higher
costs, but they are the exception. Japanese manu-
facturers appear to spend lesson pollution control
than U.S. industry and that gap has been growing.
However, Japanese industries pay more for en-
ergy, leading them to implement more energy
efficient measures, which provide some environ-
mental benefits. Some countries (including Ger-
many and Japan) provide greater financial incen-
tives (tax incentives, loans, grants) to companies
for compliance with their nations’ environmental
requirements.

2. For most U.S. manufacturing sectors, pollu-
tion control and waste management regulations
are not among the top ranking factors determining
international competitiveness. Even sectors with
the highest compliance costs-chemicals, pri-
mary metal production, pulp and paper, and
petroleum refining-represent a range of compet-
itive positions. However, some U.S. firms face
increasing competition for nonenvironmental rea-
sons, and for these firms even small cost differ-
ences can erode relative competitive position.
Conventional forms of regulation can have effects
other than just raising production costs. For
example, complex and time-consuming permit-
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ting procedures can make it difficult for manufac-
turers to continuously improve production proc-
esses and rapidly introduce new products.

3. A number of experiments are underway
across the Nation as regulators and industries seek
new regulatory approaches that protect the envi-
ronment effectively while reducing competitive
impacts on fins, These experiments include
emphasis on pollution prevention; use of multi-
media regulation, permitting, and inspections;
development of facility-wide emission caps and
performance standards; alowing good environ-
mental performers more choices in selecting how
they will comply with regulations; and introduc-
tion of economic incentives, including tradable
permits and fees. The techniques explored in
these experiments can complement and enhance
the present regulatory tool kit, but they have yet
to be widely adopted,

4. In many cases, economic incentives could
lower environmental compliance costs. With
tradable permit systems, for example, firms able
to reduce pollution cheaply have an incentive to
go beyond what otherwise would be required,
while firms with higher marginal control costs
would not need to do as much as otherwise if they
purchase credits from the lower compliance cost
firms. Incentives could also stimulate develop-
ment of lower cost compliance approaches. While
incentive systems can lower compliance costs,
they cannot be applied in al cases. They are a
supplement, not a replacement, for the regulatory
system.

5. The traditional means for complying with
pollution abatement laws—use of end-of-pipe or
remedial technologies to deal with pollution or
waste after it has been created—amost always
add to manufacturing costs. Pollution prevention
aternatives (which include source reduction) and
recycling of industrial pollutants and wastes are

promising ways for lowering compliance costs.
Some source reduction and recycling projects
quickly pay for themselves through reduced
material and energy use and savings from recov-
ered materials. Source reduction sometimes
speeds technical change, leading to increased
investment in new plant and equipment. Source
reduction and recycling usualy pay off when
compared to the cost of treating or disposing
wastes. But, many projects are not cost-effective
in the absence of regulatory requirements.

6. As the simpler steps for pollution prevention
become widely adopted, a significant source of
environmental improvement will lie in new gen-
erations of manufacturing process technologies
that are cleaner, and often more productive, than
older generations. Cleaner technology has only
recently emerged as an objective for industria
R&D. With the exception of some energy related
technologies, public and private funding has been
limited.

7. Technical assistance can help fins, particu-
larly small and medium-sized firms, implement
pollution prevention and recycling measures and
more effectively meet environmental regulations.
Yet, U.S. programs are very small; many of them,
by focusing only on pollution prevention, do not
consider productivity and quality issues that
could more fully meet manufacturers needs.

1 Preview of Policy Options

In this study, OTA assumes that U.S. pollution
control and abatement standards will continue at
their current levels, which makes them among the
highest in the world, and that the standards may
well become more stringent in the future.?OTA
does not consider the option of lowering U.S.
standards as a competitive response to weaker

“Other types of environmental laws and regulations, such as those governing land use, resource management, and protection of species,

are not addressed in this assessment.



standards elsewhere.’Hence, the major competi-
tive questionsin this study are:

1. Given continuation of strong standards,
how can U.S. manufacturing maintain or
enhance itsindustrial competitiveness?

2. How can the United States benefit from
high standards through an internationally
competitive U.S. environment industry?

OTA has examined the pros and cons of a wide
range of policy options that bear on these
guestions, both domestically and abroad (see
table 1-4 and additional discussion further on and
ch. 2). Domestic measures, for example, might
include coordinating Federal support for environ-
mental and manufacturing industry R&D; en-
couraging States and Federal agencies to integrate
delivery of environmental and manufacturing
technical assistance to better assist small and
medium-sized firms, and giving firms that are
strong environmental performers more options to
determine how they will meet environmental
standards.

The Federal Government also might do a better
job of promoting exports of U.S. environmental
goods and services. Authorizations in recent laws
directed at this goa provide a starting point.
Additional measures could be considered. Some
steps taken primarily for domestic purposes might
enhance exports. For example, the Federal Gov-
ernment could over see more independent evalua-
tions and performance verifications of U.S. environ-
mental technologies, and make this information
available to foreign purchasers.

Greater international cooperation on environ-
mental matters could produce new commercial
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opportunities for U.S. environmental firms and
ease negative competitive impacts for manufac-
turing fins. For example, both competitiveness
goals and environmental goals might be served if
the U.S. Government were to more vigorously
negotiate agreements with other countries to
upgrade their environmental standards. It could
also help developing countries build their envi-
ronmental capabilities on a multilateral basis.

The options could be adopted singly or in
packages. OTA has formulated two strategies—
an incremental approach and a more aggressive
effort—that could guide U.S. efforts (see box 1-D
further on and ch. 2). Many of the options could
be accomplished through more effective integra-
tion, coordination, or reorientation of Federal
programs. While such steps could be useful, some
actions—such as development of next genera-
tions of cleaner manufacturing technologies, or
increasing access to export financing for U.S.
finsswould require new funding beyond the
current modest levels.

ORGANIZATION AND SCOPE OF
THE REPORT

Thisreport is the third and final publication of
an assessment of environmental issues and Amer-
ican industry that was requested by the House
Foreign Affairs Committee, the House Energy
and Commerce Committee, and the Senate Fi-
nance Committee." The final report examines:

« how American business and the U.S. economy
might benefit from the growing global interest
in controlling emissions, treating wastes, and
preventing pollution; and

3 This assessment does not examine environmental priorities or goals. Nor doesit examine risk assessment/management as a way to set
environmental spending priorities. The latter approach is advocated by those who argue that the present environmental protection system directs

too much

ending to areas of relatively little environmental risk and too little to areas posing much higher risks. Another “ota study is

examining the research hase to improve risk assessment, including environmental pollutants.

*The House Foreign Affairs Committee also asked ota to provide interim products on trade and environment issues, and on environmental
industries. ota produced two background papers inresponse. See U.S. Congress, Office of Technology AssessmentTrade and Environment:
Conflictsand Opportunities, OTA-BP-ITE-94 (Washington, DC: U.S. Government Printing Office, May 1992) and U.S. Congress, office of

Technology
U.S. Government Printing Office, August 1993).

Assessment, Development Assistance, Export Promotion, and Environmental Technology, OTA-BP-ITE-107 (Washington, DC:
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= Wways to counteract competitive disadvantages
for U.S. manufacturers that compete with firms
in countries with weaker environmental stand-
ards or with firms from countries that provide
more government help for compliance with
environmental standards.

Part 1 is comprised of this summary chapter, a
chapter on policy issues and options, and a
chapter about the report’s conceptual framework.

Part 2 discusses opportunities for U.S. business
in providing environmental technologies and
services to a growing global market. The discus-
sion covers, first, the traditional sectors that
market equipment and services for control, dis-
posal, and remediation of industrial pollution and
household waste, and, second, on a more selective
basis, cleaner production technologies and related
services. The latter sector can be thought of as an
“invisible’ environmental industry of pollution
prevention and improved energy efficiency. (Green
consumer products are not addressed in detail).
Government export promotion policies of the
United States and some competing countries are
also discussed.

Part 3 examines the difficulties manufacturing
firms face against competitors in countries with
weaker or more flexible regulations or that get
more help in complying with environmental
regulations or improving technology. It examines
ways to reduce potential competitive impacts
while maintaining or strengthening standards.
These include an increased focus on pollution
prevention (including public and private efforts to
develop and diffuse cleaner production proc-
esses), use of economic incentives, and modifica-
tions to make the regulatory system operate more
efficiently.

Part 4 examines the organization of environ-
mental technology R&D in the United States and
some other nations.

EXTENDED SUMMARY

Results from the report are discussed more
fully below. The section immediately below
discusses the environmental market and U.S.
environmental industry competitiveness. This is
followed by discussion of environmental compli-
ance costs, regulations, pollution prevention, and
manufacturing industry competitiveness. The final
section discusses policy issues and options in 6
areas. technology policy; diffusion of best prac-
tices and technologies to industry; regulatory
reform and innovation; development assistance,
export promotion, and environmental industries;
trade and environment interactions, and data
needs for policymaking.

1 Environmental Markets and U.S.
Environmental Industry Competitiveness

Estimates of the current and future size of the
global market for environmental goods and serv-
ices vary widely. A study by the Organization for
Economic Co-operation and Development (OECD)
estimated the 1990 market for environmental
services and for traditional pollution control and
waste treatment equipment at $200 billion, with
the potential to grow to $300 billion in the year
2000.° Another estimate placed the 1992 market
at $295 billion worldwide, with potential to grow
to $426 billion for 1997.°Different definitions
partly explain the variation. Also, the quality of
data varies.

Neither estimate fully accounts for cleaner
production technologies (referred to as invisible
EGS) which could become a fast-growing seg-
ment of the environmental market. Manufacturers

5 Organization for Economic Co- OEperanon and Development (OECD), The OECD Environment Industry: Situation, Prospects and

Government Policies, OCDE/GD(92)1 (Paris; O

CD, 1992). oEcp's estimates do not include cleaner production and energy efficiency

products or services except for some pollution preventlon consulting services.

s Grant Femier, Environmental Business International, presentation to Environmental Business Council of the United States conference,
Washington, DC, June 7-9, 1993, The estimate does not inclue cleaner technol ogy except for renewable and cogenerated energy.
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Box 1-A—Leaders in Cleaner Technologies

in the United States, several northern European countries, and Japan, efforts to develop and
establish cleaner technologies are underway. The primary motivation is to further environmental
objectives through pollution prevention, reduced use of toxic and hazardous substances, improved
energy efficiency, and product reuse or recycling.

In contrast to pollution control, pollution prevention is integral to process and product; therefore,
cleaner production technologies change (and can sometimes improve) production systems. In some
cases, developers, vendors, and early users of these technologies can gain competitive advantage.

The United States is a leader in the development of many cleaner production technologies. R&D
has been spurred by the expense and liability of hazardous substance disposal, phase-out of ozone
depleting substances, a requirement that firms report their releases of toxic substances, and increased
regulation of volatile organic compounds and toxic air pollutants. As a result, many U.S. firms are
actively seeking substitutes and ways to reduce the use of these substances when they cannot be
eliminated. Aqueous metal cleaning baths, low emission paint nozzles and coating formulations,
advanced curing technologies, better catalysts and chemical reactor designs, and cleaner pulping
technologies are among advances that the United States can capitalize on through technology exports
and improved domestic production. U.S. firms are a dominant market presence in some clean energy
technologies such as gas turbines. There is, however, strong competition from abroad in several
renewable energy technologies, some advanced combustion technologies, and emerging technologies
like fuel cells. The United States also has pioneered demand-side management approaches for electric
power conservation.

Germany appears to be moving toward greater emphasis on pollution prevention. As in the United
States, there are strong efforts for replacement and recovery of organic solvents and toxic chemicals.
German environmental compliance costs are on the same order as in the United States; industry can
find lowest cost solutions through pollution prevention. In addition to pollution prevention, Germany is
establishing strong requirements for recycling. Initially focused on packaging, German product take
back requirements could soon apply to a wide variety of products including automobiles, computers, and
other machinery. Such requirements can give German industry significant impetus to design products
for ease of recycling and to create processes to aid in recovery and reuse. Initial implementation,

(continued on next page)

and designers of less-polluting and more energy-
efficient equipment for power generation, indus-
trial processing, buildings, and transportation are
likely to find increased trade opportunities in
many regions of the world. In the long run,
cleaner production technologies may cut into
(although not eliminate) demand for end-of-pipe
technologies.

It is very difficult to estimate the current and
potential size of the market for cleaner technolo-
gies and production processes. Some projections
combine conventional technology, cleaner pro-

duction processes, and energy efficiency into a
single forecast for a seemingly enormous envi-
ronmental market ($600 billion or more) a decade
from now. Such projections suggest the growing
importance of environmental factors in the de-
mand for a wide range of products and services.
While the commercial potential of cleaner tech-
nologies is high, development efforts are still in
their early stages, aside from the United States,
most of the activities are occurring in a few
European countries and Japan (see box [-A).
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Box 1-A—Leaders in Cleaner Technologies--Continued

however, has proven difficult.’If they are adopted in other countries, requirements that make
manufacturers responsible for disposal of products could alter the relative competitiveness of American
and German firms. German firms are also highly competitive suppliers of renewable energy and other
cleaner energy technologies.

Other northern European countries that strongly promote pollution prevention include the
Netherlands and the Scandinavian countries. Thelarge Swedish/Swiss environmental and electrical
machinery conglomerate, ASEA Brown Boveri, is amajor provider of advanced turbines and a leader
in some advanced combustion technologies. Scandinavian pulp and paper firms and suppliers are
among the world leaders in cleaner pulp and papermaking technologies. In the energy sector, Denmark
is the major competitor of U.S. firmsin wind energy.

The Dutch use their tax code to promote the development and use of clean manufacturing
technologies. Firms that install innovative pollution prevention or control technologies can depreciate
their investment in 1 year instead of 10. The tax break only applies to a list of innovative technologies
that is annually revised by a group of industry and government experts. Technologies are dropped from
the list when they gain a significant marketshare or are required by regulation. Overall, the Dutch spend
close to $500 million a year on environmental technology (equivalent on aper capita basis to $9 billion
in the United States), and a significant share is for pollution prevention and energy technologies.

Because of high energy prices and aggressive government policies adopted after the energy
supply shocks of the 1970s, Japanese industry has made significant strides in adopting energy efficient
technologies, which provide direct and indirect environmental benefits. Japan is contending for
leadership in some clean energy fields including photovoltaic power and fuel cells. Since early 1992, the
Japanese Government has supported its fuel cell industry by subsidizing purchases by hospitals, hotels,
and schools. Moreover, Japan is active in recycling technology, a logical interest for a nation that is
highly dependent on imported materials and has little space for landfills. Japanese firms also have been
very active in developing CFC substitutes. However, in contrast to conventional wisdom, the Japanese
do not appear to be in the forefront in other areas of industrial pollution prevention. The distinction
between prevention and control of pollution seems to be less advanced in Japan than in the United
States and Northern Europe.

1 “Germany's Troubled pSp Offers Lessons on Product Takeback Policy”, Business and the Environment,
vol. IV, No. 7, July 1993, p. 2.

According to the OECD estimate, the industri-
alized countries accounted for more than 80
percent of the 1990 market for environmental
services and conventional equipment. The United
States accounted for 40 percent of the global
market, making it the largest national market.
Industrial country markets (the OECD member
states) are likely to account for most EGS demand
over the next 10 to 20 years.

While small now, some markets outside the
OECD may grow more rapidly than the OECD

market as a whole. Much of the demand in these
nations is for environmental infrastructure, such
as water and wastewater treatment, and other
basic sanitation services, and control of urban air
pollution. The fast-growing East Asian area,
aready a significant market for some environ-
mental technologies, could emerge as a major
new market for a full range of technologies,
including cleaner production processes and facili-
ties.



Singapore, one of the four Asian economic
tigers, has in place environmental standards that
rival those of some OECD countries. South
Korea, Taiwan, Thailand, and Malaysia plan
major environmental expenditures in coming
years. Some less prosperous nations, including
China and Indonesia, may grow into significant
environmental markets. But U.S. firms seeking to
expand into the East Asian markets will face
Japan's aready strong commercia presence,
Some efforts, such as the public/private United
States-Asia Environmental Partnership, attempt
to give U.S. firms amore visible role in the region.

Latin Americais another promising region for
American technol ogies and services. Mexico and
Brazil plan multibillion dollar investments to
treat drinking and wastewater, and hope to tackle
other urban and industrial environmental prob-
lems. Other Latin American countries, including
Argentina, also plan major environmental invest-
ments. The nations of Central and Eastern Europe
and the former Soviet Union are trying to repair
severe environmental damage. These huge poten-
tial markets are likely to be constrained by the rate
at which these countries progress economically
and move to successful market-based economic
systems.

Many factors affect the size and nature of
environmental markets, The most important is the
strength of a country environmental regulations
and its ability to enforce the regulations. Most if
not all end-of-pipe and remedia controls are not
cost-effective in the absence of regulatory re-
guirements. Other factors are also important. A
healthy economy is important for environmental
market growth; contrary to some past predictions,
the EGS industry is not immune to recession even
in countries with strong regulations. The possibil-
ity of saving money and realizing gains in quality
and productivity can make some investments in
source reduction, and waste recycling, and partic-
ularly energy efficiency cost-effective even in the
absence of regulation. In addition, new technolo-
gies to improve productivity often have concomi-
tant environmental benefits.
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Basic services, such as water supply, sewerage, and
refuse collection, are major environmental needs in
most devel oping countries.

Also, some consumers are choosing products
produced in ways deemed environmentally pref-
erable; this can influence producers even in
countries without strong standards. To some
degree, environmental investments in countries
without strong standards may be driven by the
decisions of some multinational companies to
apply their home country environmental stand-
ards. Public financing agencies and private lend-
ers increasingly consider environmental factors
(e.g., possible future liability) in making loansin
areas that lack strong standards.

While the worldwide market is large, most
spending for environmental infrastructure (water,
sewer, and waste utilities), major industrial air
and water pollution abatement installations, and
remedial treatment is for local construction,
fabrication, and operation. In many cases lower
value materials like cement and sheet metal will
be procured locally rather than imported. Opera-
tion of environmental facilities, including trash
collection and disposal, and water and sewer
service, largely involves local or regional labor
forces. Environmental industries are developing
in many countries, In local and regional markets
these firms may increasingly compete with Amer-
ican and other OECD-based firms. In some cases,
local content regulations and tariffs can limit
export opportunities athough the development of

JANN/XMNVYE 11HOM
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local pollution control expertise may create de-
mands for more sophisticated technologies more
likely to be supplied by imports or licensing.

For all these reasons, international trade fills
only a fraction of the demand for goods and
services associated with environmental projects.
Still, that fraction represents a significant amount
of trade, for which competition is intense. Trade
data and information are inadequate. However,
Germany and the United States are believed to be
the largest exporters of EGS.

According to one estimate,’Germany, the
United States, and Japan exported $23 billion in
environmental products in 1992—about 7.8 per-
cent of an estimated world environmental prod-
ucts and services market of $295 hillion. U.S.
product exports were estimated to be nearly $7
billion, or about 20 percent of U.S. environmental
goods production. German and Japanese product
exports were estimated to be $11 billion and $5
billion, respectively. U.S. service exports were
estimated to be $3.5 billion-less than 10 percent
of U.S. solid waste management revenues, and 5
percent or less of sales for engineering, hazardous
waste, analytical, and other services. (Imports,
non-U.S. service exports, and the proportion of
production exported by other countries were not
estimated).

According to OECD’s study, Germany, the
United States, and Japan had 1990 trade surpluses—
including license royalties-of $10 billion, $4
billion, and $3 billion, respectively. Britain and
France had estimated trade surpluses of $500
million each. The Netherlands and Sweden appar-
ently also were net exporters.

An EPA study, based on analysis of several
product trade codes deemed environmental, con-
cluded that the United States ($1.7 billion total,
$1.1 hillion net), Germany ($1.5 hillion total, $0.7
billion net), and Japan ($0.7 billion total, $0.3

billion net) were the largest exporters of environ-
mental products.

Environmental services, including engineering
and management services, are an expanding
component of environmental expenditures. Inter-
national sales in products center on relatively
sophisticated equipment and supplies such as
monitoring and control instruments, specialized
devices (e.g., aerators, falters) and chemicals, and
ancillary equipment (e.g., construction and ma-
terials handling machinery). Licensing of tech-
nologiesis also common.

Environmental components are also embedded
in other products or services that are traded. This
can complicate analysis. For instance, while U.S.
companies are major producers of automotive
catalytic converters, the United States imports
foreign-assembled catalytic converters that are
attached to imported automobiles. And, while
there is growing world demand for engineering
design services for environmental projects (e.g.,
waste treatment facilities or scrubbers), such
services can be a component of larger contracts
for design of whole production facilities (e.g.,
power plants, refineries, or chemical plants). As
cleaner production becomes a more important
objective, those engineering firms that are most
adept at integrating environmental objectives into
the design of full facilities may have a competi-
tive leg up (see box I-B).

U.S. ENVIRONMENTAL INDUSTRY
COMPETITIVENESS

It is difficult to assess national competitiveness
in most environmental sectors. As discussed
previously, data on environmental products trade
are limited, while data on trade in services are
largely unavailable. Licensing, joint ventures,
and multinational acquisitions further complicate
analysis. Many large environmental firms now
operate on several continents. Flows of profits

"Grant Ferrer, 0p. Cit., footnote 6. The estimate in the next paragraph above s from OECD, 0p. cit., footnote 5; that in the second paragraF;))h
that follows above is from U.S. EPA, “International Trade in Environmental Protection Equipment: An Anaysis of Existing Data, " EPA

230-R-93-006, Washington DC, suly 1993.
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Box |-B—Engineering Services and Cleaner Production Facilities

Engineering and construction firms could play a role in moving industrial production from a largely
end-of-pipe approach toward pollution and waste to a cleaner production orientation. In addition to
designing and building wastewater treatment plants, waste disposal facilities, and major air pollution
abatement installations, these companies also design power plants, chemical plants, pulp and paper
mills, petroleum refineries, steel mills, and other industrial production facilities. In theory, these firms are
well-positioned to integrate improved energy efficiency and cleaner production processes into facility
design.

Design of whole production facilities could be more commercially rewarding than contracts for
discrete environmental add-ens. While potential markets for discrete environmental goods and services
are large, the markets for industrial production capital plants and machinery are far larger. Wards of
design contracts to U.S. companies can contribute to U.S. exports through fees earned by t hose firms,
and indirectly, because U.S. designers are more likely to incorporate U.S. standards and products into
their plans. Furthermore, environmental design responsibilities for a facility often may lie with the overall
facility designer. The United States is highly competitive in the engineering field and possesses high
competency in process engineering. However, major competition is presented by European and
Japanese firms that can often bring to the table financial packages sweetened by their governments.

and royalties are difficult to compare with em-
ployment and export earnings. For instance, some
environmental companies in the United States are
subsidiaries of foreign firms but export goods and
services from the United States. At the same time,
a number of American companies have foreign
operations that mainly serve local markets.

Generdly, the most competitive environmental
industries are found in countries with stringent
environmental regulations. However, many other
factors are involved, Some, including cost of
capital, general export promotion policies, and
overall workforce ability, are common to most or
al industries. Others are more particular to the
EGS sector.

Among the major competitiveness factors are:

1. Strength and form of home country environ-
mental regulations. Leading international
environmental firms generally come from
countries with the toughest regulations.
Also, the form of regulations can influence
innovation, which in turn can lead to new
product offerings and to export opportuni-
ties.

. Fisca and other domestic incentives for

adoption of innovative environmental tech-
nologies or approaches. Countries may use
tax incentives, loans, utility regulation, and
other techniques to encourage domestic
industry to make environmental invest-
ments. National environmental firms may
be helped as aresuilt.

. Industria structure, including company size

and financial strength. While small en-
trepreneurial firms can be innovative, large
companies have easier access to capital and
possess the resources to pursue export
opportunities.

. Promotion abroad of home country stand-

ards, practices, and testing protocols. This
can help create markets for technologies
known to meet the standards.

. Export awareness and support. Many U.S.

environmental firms are not attuned to
export opportunities, while some foreign
competitors are more focused on interna-
tional business.

. Financing packages, including devel opment

assistance. For projects in developing coun-
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Figure 1-1--Overlap of Selected Environmental Compliance Costs and E®®Brket Revenues
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SOURCE: Office of Technology Assessment, 1993.

tries, foreign government aid donors some-
times offer attractive financing packages
benefiting their firms that American compa-
nies cannot meet.

. Appropriate technologies, products, and
services. Many countries lack resources or
do not have the expertise to obtain or
maintain advanced technologies. Some prod-
ucts used in high-standard countries maybe
too expensive and sophisticated for other
markets.

8. Research, development, and demonstration.

R&D can yield new and improved technolo-

gies, while demonstrations and independent

technology evaluation can play an impor-
tant role in diffusing innovative technolo-
gies domestically and internationally.

Compliance costs

in EGS market

. Hazardous waste
management

® Water pollution control

. Air pollution control

® Motor vehicle emission

Industrial compliance
costs

AN N

Compliance costs
not in EGS market

® |n-plant labor for environ-
mental compliance

®* Energy and some materials
used to control pollution

* Regulatory fees

No single factor explains leadership in all EGS
sectors. For instance, tough standards in home
country markets help explain the strength of
German, Japanese, and Scandinavian firms in
selling some sulfur dioxide (SO,) and nitrogen
oxide (NO,) control technologies. But, British
and French wastewater treatment companies are
strong performers in the international market
even though British and French standards are
weaker than those in the United States and some
other European countries. Strong cash positions
following privatization and experience in provid-
ing integrated services as large utilities contribute
to British and French success.

The U.S. environmental industry is the world's
largest, estimated at over 34,000 firms employing
over 900,000 people and earning $112 billion in
revenues (not including private water utilities or



publicly operated water, sewer, and solid waste
operations).’The revenue estimate is not a
measure of final demand or of the total contribu-
tion to GDP. Sales from EGS firms to other EGS
firms may be double-counted. Sales of some
cleaner technologies may not be counted. The
revenue estimates also do not include internal
costs (e.g., labor) by complying firms. Hence, the
revenue estimate differs from estimates of U.S.
environmental compliance costs (figure I-1).

The U.S. industry is comprised of a few large
fins, some of which operate on a worldwide
basis, and a large number of small- or medium-
sized enterprises. Many of their major European
and Japanese competitors belong to large, well-
capitalized conglomerates that operate in other
major markets, including the United States. There
are indications that these firms sustain higher
levels of private R&D than most of their Ameri-
can rivals. Many mgjor U.S. and foreign firms are
active in several businesses, such as engineering
and construction, chemicals, power generation,
petroleum, transportation, instrumentation, elec-
trical equipment, and materials.

OTA has analyzed international competition in
8 major environmental industry sectors encom-
passing both goods and services. Most of the
cases feature end-of-pipe control, disposal, and
remedial technologies and services but some,
more selectively, highlight pollution prevention
and cleaner production. The cases examined are:

1. design and construction services,

2. stationary source air pollution controls;

3. mobile source air pollution contrals;

4" water and wastewater treatment equipment
technologies,

5. solid and hazardous waste management;

6. contaminated site remediation;

7. cleaner energy technologies, including gas
turbines, advanced coa technologies, re-
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Some large environ mental firms operate on a
worldwide basis. This hazardous waste treatment
facility in Hong Kong is run by a subsidiary of
aUu.S firm.

newable energy, and end-use energy effi-
ciency; and
8. cleaner industrial production technologies.

U.S. companies remain competitive, athough
not dominant, in most environmental sectors.
However, the U.S. position has eroded in some
areas, Foreign ownership of U.S. environmental
firms has increased over the last decade. U.S.
companies seem to depend more on air, water,
and incineration technologies devel oped abroad.
Foreign technologies as well as U.S. subsidiaries
of foreign-owned firms are prominent in such
Federal technology development and demonstra-
tion programs as the Clean Coa Technology
Demonstration Program. Clearly, competition in
international environmental markets has intensi-
fied.

American technologies often have a good
reputation abroad. However, particularly in de-
veloping and newly industrialized countries, they
are sometimes perceived as over-engineered and
too expensive for local needs. US. vendors are
sometimes seen as providing poorer after-sale

*Grant Ferrier, op. cit., footnote 6.
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service than Japanese, German, and some other
foreign vendors.

Because international trade fills only a small
fraction of world demand, the growth in export-
related jobs in the United States and leading
exporters will be smaller than suggested by the
size of the global market. However, these export-
related jobs are likely to include many high wage
engineering and management positions, and rela-
tively skilled blue collar jobs in the manufacture
of components and machinery. Some jobs could
accrue from exports of ancillary goods such as
construction equipment used in building environ-
mental projects.

In the long term, opportunities for the export of
cleaner production goods—that is, capital goods
for factories, mines, mills, power plants, and other
production facilities--could become an impor-
tant source of export-related jobs. Manufacturers
of environmentally superior capital goods, espe-
cialy those incorporating cost-saving improve-
ments in energy or materias efficiency, will have
an advantage as other countries tighten their
environmental requirements. The distinction be-
tween the visible EGS sector of environmental
equipment and the invisible EGS sector of cleaner
production goods may blur over time.

While some U.S. environmental companies are
keen competitors for international markets, the
great majority do not export. Most U.S. environ-
mental firms are small or medium-sized, with
modest capitalization. They often lack the interest
or the resources to exploit-or even learn about—
export opportunities. Even many larger U.S. firms
are not well-represented in international markets.
The size of the U.S. domestic market has created
alarge, vibrant, domestic industry that often has
little interest in exporting; at the same time, the
U.S. market attracts foreign competitors. (Table
1-1illustrates some of the relative strengths and
weaknesses of U.S. environmental industries.)

Increasing export awareness and interest among
smal and medium-sized U.S. environmental

firms will be important for improving U.S. export
performance. Improving export awareness among
lenders isimportant as well; banks outside of the
major U.S. money centers are often inexperienced
in international transactions. As is discussed in
chapter 6, U.S. firms receive less export assist-
ance from government than their counterparts in
some European countries and Japan.

Both EGS competitiveness and manufacturers
ability to comply with regulations is affected by
government support for environmental technol-
ogy research, development, demonstration, and
evaluation. As is discussed in the policy section
below and chapter 10, U.S. government agencies
spend substantial funds for R&D pertinent to
environmenta technologies. While there are major
exceptions, commercial objectives have not been
a key priority for most of these programs. Also,
Federal R&D support has not been centrally
coordinated (although two interagency bodies
have recently been formed). Recent legislation
and administration initiatives, if vigorously pur-
sued, could result in more governmentwide coor-
dination and a more commercial orientation;
several pending bills address Federal environ-
mental technology R&D.

In Europe and Japan, government support for
environmental technology R&D often is funded
or coordinated by agencies with industrial policy
missions, such as the Japan’s Ministry for Interna-
tional Trade and Industry (MITI), Britain's De-
partment of Trade and Industry, Germany’s
Ministry for Research and Technology (BMFT),
and the European Community’s Directorate-
Genera XlI. The R&D programs focus on tech-
nologies with domestic and international com-
mercial promise. The usefulness of R&D to
industry is a key concern; for example, Japan’'s
New Energy and Industrial Technology Develop-
ment Organization (NEDO), a MITI affiliated
guasi-public corporation, directly funds industry
technology development projects.
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Table I-I—The U.S. Environmental Industry: Strengths, Weaknesses,
Opportunities, Threats

Strengths:
Large domestic market supports U.S.
EGS development

Head start; toughest standards in many
areas

High technical capability of industry

Good reputation of EPA technical
information abroad

Strong Federal and university R&D
capacity

Many small innovative firms

U.S. political, economic, technical,
and cultural leadership

Opportunities:
Growing U.S. and foreign demand

Possibility y of others adopting U.S.-based
standards and practices

Development assistance can promote
U.S. exports

Internationalization of EGS business:
—Acquisitions of foreign firms
(U.S. gets profits)
—Licensing abroad (royalties)
—License from abroad (U.S. jobs)

Opening of many countries to greater
trade, foreign investment, privatization

Weaknesses:
Large domestic market inhibits desire to
export

Other nations often perceive U.S. tech-
nology as too expensive/sophisticated

Spotty public/private links in R&D, export
promotion

Limited Federal effort to certify or provide
objective evaluations of technologies

Slow transfer of technology to the
marketplace

Small firms have difficulty accessing capi-
tal, exploiting export opportunities

Limited effort to understand foreign cul-
tures, languages, business practices

Limited role of industry associations in
trade and R&D

Some regulatory measures impede envi-
ronmental technology innovation

Threats:

Growing foreign environmental industry
capacity, including penetration of U.S.
market

Foreign standards highest in some cases

Possibility of others adopting foreign
standards and practices

Other donors’ use of tied aid credits keep
U.S. firms from winning some business

Internationalization of EGS business:
—Acquisition by foreign firms
(foreigners get profits)
--Licensing abroad (jobs abroad)
—License from abroad (royalty paid)

Strong foreign public/private cooperation
in R&D, export promotion

Stronger foreign trade association role in
trade promotion and R&D

SOURCE: Office of Technology Assessment, 1993.
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Table 1-2-Some Economic Costs and Benefits of Environmental Regulation

Potential costs

Potential benefits

« End-of-pipe investments divert funds from more
productive investments, thus slowing productiv-
ity growth

« Some plants facing high environmental compli-
ance costs relocate to pollution havens or close

. Increased production costs for high compliance
cost sectors, therefore reducing exports and
increasing imports

+ Reduced innovation (e.g., uncertainty about
regulatory acceptability of new products or
processes)

+ Increased benefits from a cleaner environment

(e.g., reduced health costs, increased natural
resource productivity)

« Production process changes that increase

productivity

+ Job creation in environmental goods and serv-

ices sectors

. Possible trade surplus in the environmental

goods and services sectors and increased
sales from consumer demand for green
products

« Increased innovation (e.g., more efficient

products)

SOURCE: Office of Technology Assessment;1993.

1 Environmental Regulation and
Manufacturing Industry Competitiveness

The impact of the current system of environ-
mental regulations for U.S. manufacturing must
be viewed in the context of an increasingly
competitive world economy. As other OTA
reports have documented, U.S. manufacturing
industries have been challenged in the last decade
by able foreign competitors from other advanced
industrial nations and from some newly industri-
alized countries.’

Environmental regulations, while providing
important societal benefits, can have negative
impacts for individual fins. In addition to higher
costs from treating or controlling wastes, firms
may be affected by regulatory delays, and in some
cases may avoid using new technol ogies because
of regulatory risks. Of course, some firms may
benefit from environmental requirements if they
can upgrade production processes and become

more efficient. Table 1-2 shows representative
costs and benefits.

Environmental regulations are not a principal
determinant of industrial competitiveness, Other
factors, such as management savvy and time
horizon, capital cost and availability, workforce
skills, market access and foreign trade practices,
and technology innovation and diffusion, play
more significant roles. However, because envi-
ronmental regulations do play some role in
competitiveness, reducing environmental com-
pliance costs while maintaining current levels of
environmental protection can improve U.S. in-
dustrial competitiveness. Moreover, certain in-
dustrial sectors are affected far more than others.

Efforts have begun to make our environmental
protection system more efficient and to reduce the
tradeoffs between environment and economics.
One way to do this is pollution prevention. Many
source reduction and recycling options yield net

*Sce for example, U.S. Congress, Office of Technology Assessment, Competing Economies: America, Europe, and the
Pacific Rim, OTA-ITE-499 (Washington, DC: U.S. Government Printing Office, October 1991); u.S-MexicoTrade: Pulling Together
or Pulling Apart?, OTA-ITE-s46 (Washington, DC: U.S. Government Printing Office, October 1991); Making Things Better:
Competing in Manufacturing, OTA-ITE-443 (Washington, DC: U.S. Government Printing office, February 1990); international
Competitiveness in Electronics, 0TA-15¢-200 (Washington DC: U.S. Government Printing Office, November 1983); and Technology
and Steel Indusiry COMPpetitiveness, oTa-M-121 (Washington, DC; U.S. Government Printing Office, June 1980),



positive rates of return equaling nonenvironmen-
tal investments; others are less attractive as an
investment, or cost money, although usually less
than end-of-pipe treatment. While pollution pre-
vention can ease conflicts between environmental
protection and industrial competitiveness, it does
not eliminate it.

U.S. INDUSTRY’S COMPLIANCE COSTS

According to a Commerce Department survey,
U.S. businesses spent $42 billion on pollution
abatement and control in 1991. While only about
0.8 percent of total manufacturing sales, compli-
ance costs are more significant when measured
against other demands for a fro's resources. For
example, U.S. firms spent about $43 billion in
1991 on formal training for their workers, and
about $78 billion on research and devel opment.

Manufacturing firms alone spent $21 billion
for pollution abatement and control in 1991. (For
reasons discussed inch. 7, their expenditures may
be underreported by 20 to 30 percent). Process
industries experience higher compliance costs
than the discrete parts manufacturers and assem-
blers. Just four process industries-chemicals,
petroleum, pulp and paper, and primary metals—
account for nearly three-fourths of pollution
abatement capital expenditures by manufacturers
(but only 22 percent of manufacturers’ value
added). These industries also account for a
disproportionate share of pollution and hazardous
waste generation by manufacturers.

Compliance costs are not a mgjor share of tota
costs for any industry, and are only one of many
factors determining competitive advantage. For
example, of the high compliance cost sectors
mentioned above, chemicals and wood pulp are
highly competitive internationally, with signifi-
cant trade surpluses. The primary metals industry
is struggling. These four sectors devoted an
average of 15 percent of their capital expenditures
to pollution abatement and control, compared to
3.2 percent for al other manufacturing sectors.
Their pollution abatement and control expendi-
tures amounted to 4.85 percent of their value
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added, compared to the average of 1.72 percent
for manufacturing as a whole. Some subsectors
have much higher compliance costs than the
sector average. For example, while the fabricated
metals industry as a whole spent 4.6 percent of
capital on environmental protection, the metal
plating and polishing subsector spent over 27
percent.

Pollution control and abatement regulations
can also make it harder for firms to alter
production processes quickly. Flexibility is espe-
cially important for batch manufacturers (e.g.,
specialty chemicals) and discrete part manufac-
turers (e.g., semiconductors). As more U.S. man-
ufacturers seek to adopt production systems
amenable to continuous improvement and rapid
new product introductions, some features in the
regulatory system may need to be modified
accordingly. As discussed below, there are a
number of options to lessen adverse competitive
impacts on firms that are good environmental
performers, and to do so without jeopardizing
environmental standards.

As has been discussed, some environmental
compliance costs for manufacturing industries
represent equipment and services provided by
environmental fins. However, there is not a
one-to-one relationship between compliance costs
and EGS industry revenues. As shown in figure
1-1, some compliance costs are for labor or other
internal costs. And some revenues (e.g., for
garbage collection or for water purification and
supply) are income for environmental firms but
are often not considered a regulatory cost.

FOREIGN ENVIRONMENTAL REQUIREMENTS
Environmental cost data for different nations
are limited and of varying quality. Even so,
judging from the available information, it appears
that pollution control and abatement costs in most
of the other OECD nations, with the exception of
Germany and possibly some of the Nordic coun-
tries, are lower than in the United States. Japanese
manufacturers: compliance costs appear to be
significantly lower than U.S. costs. While Japa-
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U.S automakers spend large sums to build and operate facilities to control painting emissions. Ford estimates
that it has spent between $150 to $180 million to build its recent paint shops, of which $20 to $40 million is to
control pollution. The paint shop (on the left) of this Ford truck plant in Virginia is larger than the assembly line

building on the right.

nese industry made high levels of investments for
pollution control in the early 1970s, U.S. industry
over the last 15 years has paid more for pollution
control and that gap is growing. For example,
pollution abatement capital expenditures by U.S.
automobile firms (to control pollution from the
production process) are approximately five times
greater than those of automobile firms in Japan as
a percent of total capital investments; they are
three times more as a percent of sales. Japanese
industry did, however, make major investments in
energy efficiency technologies over the same
period.

There is also significant variation in the degree
to which governments provide both financial and
nonfinancial assistance to help polluters meet
environmental requirements. A number of coun-
tries, including Germany and Japan, offer tax
incentives, R&D funds, technical assistance, and
loans to firms to help them cover the costs of
implementing environmental technologies. This
not only helps their manufacturers with compli-
ance but aso helps their environmental firms

make sales, For example, in 1992, the Japanese
Government provided the equivalent of over $2
billion in low-interest loans to firms installing
pollution control equipment.

The U.S. Government provides relatively little
financial help to its industries to meet environ-
mental standards, U.S. industry must depreciate
pollution control equipment over alonger period
than firms in some other countries. Some techni-
cal assistance is available through State pro-
grams, athough this also is quite limited.

Compliance costs in newly industrialized coun-
tries (NICs) and developing countries are much
lower than in most OECD nations, as most of
these countries have only recently begun to put in
place and enforce environmental standards. Hence,
a regulatory gap between the United States and
most other countries will continue throughout this
decade and beyond. An important issue is whether
this gap will make U.S. products more expensive,
or encourage U.S. firms to relocate to countries
with fewer or less stringent regulations. These
guestions are now more prominent due to debate



about liberalizing trade and investment with
developing and newly industrializing nations.”

These issues are difficult to analyze, and
studies offer mixed results. Most find that envi-
ronmental regulation has had little overall effect
on U.S. trade performance. However, a number of
studies detect greater impacts in some sectors
where U.S. firms have higher compliance costs
than their competitors. As for siting facilities,
market access, wages, and labor standards are
much more important overall, but environment is
a more prominent location criterion for U.S. firms
in industries with high compliance costs or
regulatory burdens.

To the extent that U.S. manufacturers are
disadvantaged, various responses (including both
trade and domestic measures) are possible. Trade
measures such as countervailing duties could be
considered, although there are concerns about
their administrative practicality and consistency
with trade rules, ' The United States also could
negotiate with other countries for higher stand-
ards, as is discussed in the policy section below
and in chapter 2, Another possibility, discussed
below and in chapters 8 and 9, would be to make
it easier for U.S. industry to adopt lower cost
compliance strategies through incentives for pol-
lution prevention and changes in the regulatory
system to encourage innovation.

POLLUTION PREVENTION, CLEANER
PRODUCTION, AND COMPLIANCE COSTS

It is difficult to document the current extent of
source reduction or recycling by industry. Some
argue that U.S. firms have already done what is
easy and inexpensive, and therefore future gains
will be small. However, significant source reduc-
tion opportunities still appear to exist, particu-
larly those arising from industrial process modifi-
cations and the adoption of new technologies.
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Widespread diffusion of existing off-the-shelf
technologies could go a long way in further
reducing pollution. However, many in industry,
particularly small businesses, are unaware of
pollution prevention options. Some technical
assistance is available to industry through State
programs and other sources, but programs are
small. More importantly, by considering pollu-
tion prevention separately from other manufac-
turing needs, such as productivity and quality
improvements, most programs fail to develop the
vital synergies and working relationships with
manufacturers that are essential to drive both
pollution prevention and increased manufactur-
ing competitiveness. Recently, some innovative
programs in this country and in Europe have
attempted to bridge this gap (see box I-C).

A key to further advances in pollution preven-
tion is development of new cleaner production
technology. In some industries, new technologies
in development or under consideration offer the
potential to reduce pollution, often at lower costs
than conventional treatment or disposal methods,
and in some cases with lower production costs.
The greatest promise is in sectors with high
environmental impact and compliance costs, such
as the chemical industry, pulp and paper, and
metals finishing; however, even when technolo-
gies are available, obstacles to their use remain.

As is discussed in chapter 8, a number of
emerging technologies in the chemical process
industries have the potential to cut pollution,
often more cheaply than alternative end-of-pipe
methods. New catalysts can increase chemical
reactor yields, cutting waste generation signifi-
cantly. Approaches such as catalytic distillation
offer opportunities to cut waste and possibly
reduce capital and operating costs. However, the
development of new catalysts and reactor designs
to cut wastes is still in its infancy, and new reactor

1o FOr [U rher discussion, see U.S. congress, Office of Technology Assessment, u.s-Mexico Trade” Pulling Together or Puiling Apart, OP-
cn., footnote 9; and U.S. Congress, Office of Technology Assessment, Trade and Environment: Conflicts and Opportunities, Op. Cit.,

footnote 4.

11 Sce, for example, Trade and Environment, op.cit., footnote 4, PP 64-68.
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Box 1-C--Technical Assistance for Pollution Prevention and
Environmental Compliance

Widespread diffusion of best management practices and off-the-shelf pollution prevention
technologies would further economic and environmental goals. However, many companies, particularly
small and medium-sized firms, need technical assistance to identify and implement pollution prevention
measures.

Technical assistance programs for pollution prevention in the United States tend to be small.
Moreover, manufacturers may hesitate to use these services, which often are housed in State regulatory
agencies. Nor is technical assistance for pollution prevention usually undertaken as part of an effort to
address other manufacturing concerns such asproductivity, quality, and worker training. Hence, most
programs fail to create synergies between pollution prevention and increased manufacturing
competitiveness.

However, a number of programs have begun to better address the linkages between environment,
energy, worker safety and health, quality, and productivity. These programs appear to be more fully
developed in Europe, where efforts to integrate technical assistance, including industrial network
programs, grants for technology demonstration, and industrial service centers are more common.

In ltaly, the Centro Ceramico, a research/industrial services center funded by 500 ceramics firms
in the Bologna area, helps its members solve environmental problems. The Center Conducts research
to quantify the environmental impact of ceramic processes and to develop clean ceramic production
technologies and technologies for sludge and residue reuse. The center also provides research and
technical assistance to help firms reduce energy consumption, develop new materials and products,
and put in place more efficient processes.

In Denmark, a national program to seed industrial networks helped create an industrial ecosystem
wherea power station, oil refinery, plasterboard factory, biotechnology firm, and the City of Kalundborg
now exchange and reuse what were formerly wastes.'

In Holland, a nationwide network of 18 regional innovation centers, responsible for encouraging
transfer of technological knowledge to small and medium-sized Dutch firms, recently received increased
funding to work with firms on innovative and lower cost environmental technologies.

There are examples in the United States, as well. One of the older programs is the Center for
Industrial Services, established in the early 1960s at the University of Tennessee. Since the mid-1980s,
it has operated a pollution prevention program. The Environmental Services Program, a division of the
Great Lakes Manufacturing Technology Center (funded by the National Institute of Standards and
Technology) works with manufacturers to help them meet environmental regulations and adopt pollution
prevention technologies. In both programs, staff are often able to design solutions that result in greater
productivity, reduced pollution, and energy savings.

Some programs have begun to work with groups of manufacturers facing common problems. For
example, Massachusetts’ Center for Applied Technology formed a group of six firms involved in metal
stamping, ranging from Gillette to a small company with 20 employees, to help identify, test, and use
a set of lubricants that are environmentally preferable, as well as optimize tool performance.

1Hardin B. C. Tibbs, “Industrial Ecology: An Environmental Agendaforindustry,” Whole Earth Review, winter
1992, pp. 4-19.




designs are generaly only feasible when new
plants or major retrofits are made.

In the pulp and paper industry, new processes
could substitute for chlorine bleaching processes
or make them less polluting. Also, several delig-
nification (chemical pulping) processes have
been developed that recover one-third to two-
thirds of the organic substances that would
otherwise be discharged to the mill effluent
treatment system, including some that are not
biodegradable. Many of these technologies, while
requiring capital for installation, can lower oper-
ating costs.

In metal finishing, a number of technologies for
in-process recycling can either extract certain
materials for reuse or extend the life (and reduce
pollution) of plating baths. Also, severa proc-
esses under development have the potential to
replace wet-based electroplating, which has
caused environmental problems. Currently, high
capital costs and low throughput rates impede
wider application.

If cleaner technology is to be developed more
quickly, industry will need to consciously incor-
porate environmental concerns into industrial
process technology development. While a num-
ber of public and private entities now conduct
R&D on cleaner industrial production, efforts are
small and uncoordinated, and effective transfer of
technology to a broad array of industrial users
may not happen. Researchers and pollution pre-
vention specialists in the field seldom work
together to identity problems and areas of poten-
tially valuable research. Coordination and coop-
eration with programs in other countries that fund
cleaner production technology development, such
as those in Northern Europe, are also limited.
Some international activities, such as the United
Nations Environment Program, are underway but
sparsely funded.

Estimates of Federal spending are imprecise,
but it appears that no more than $70 million a year
is spent on R&D devoted to waste minimization
in industrial processes, although other industria
R&D (eg., for energy-efficiency) also can ad-
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vance pollution prevention. Some Federa cleaner
production technology R&D programs have in-
volved industry to identify needs, problems and
solutions. Some industry-government partner-
ships and consortia exist as well. However, more
can be done to involve industry, and an overall
Federal R& D strategy and institutional coordina
tion for cleaner production technology has been
lacking.

THE REGULATORY SYSTEM AND
ENVIRONMENTAL COMPLIANCE COSTS

At present, differences in compliance costs
probably reflect variations in regulatory strin-
gency (including enforcement) among nations.
However, among firms from countries with com-
parable standards, those that are more efficient in
complying with regulations will incur lower
compliance costs. Moreover, the nature of gov-
ernment regulations and the availability of eco-
nomic incentives for adopting new technologies
affect compliance costs. For these reasons, the
form of the U.S. regulatory system and its
implications for competitiveness is attracting
attention.

It is difficult to generaize about the regulations
to control industrial pollution that have been put
in place over the last two decades in the United
States. However, there is wide agreement about
some of its prominent features. For example,
end-of-pipe approaches continue to be empha-
sized. Separate laws, regulatory offices, and
enforcement procedures exist for air, water,
hazardous waste, and other media. Rather than
setting an overall emission limit for a facility,
regulations and permits often require control of
specific sources within a plant at specified
emission rates. The system is usually character-
ized as command-and-control. In addition, local,
State, and Federal laws and reporting require-
ments often overlap. The system is highly adver-
sarial, with frequent challenges to administrative
actions taken by all sideslong after laws are first
passed. Finally, there is relatively little emphasis
on technology development or technical assist-
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Table 1-3—Approaches to Environmental Regulation

Prevailing
Elements System Innovations
Rulemaking process Adversarial Negotiated or mediated
where possible
Policy tools Regulations Regulations may be sup-

Pollution targets
disposal

End-of-pipe treatment and

plemented by incentives,
and voluntary programs
(e.g., 33/50 program)

Priority given to source
reduction

Breadth of regulations

Specificity y of control

Level of emission

Enforcement mode

Agency organization

Training

Single-media

Individual sources controlled
(one facility may need many
permits)

Uniform release rates by
facility

Sporadic but inflexible
Media-organization (e.g., air

off ice, water office)

Narrow, focused on single

Multimedia if possible

Facilitywide prevention and
control

Flexible, determined by
taxes or marketable
permits

Systematic, but flexible
Industry sector focus (e.g.,
petroleum refining, metals

finishing)

Broad-based, but with tech-

media

Technical development Minor focus

and assistance to industry

Intergovernmental mode
oriented)

EPA-led (headquarters

nical focus

Important focus

EPA-State partnership (e.g.,
negotiated strategies)

SOURCE: Office of Technology Assessment, 1993.

ance to help industry meet requirements. (Repre-
sentative features of the prevailing system are
listed in the second column of table 1-3).

While mgjor strides have been made under this
system in controlling industrial pollution, it is
hard to argue that the level of environmental
protection enjoyed today could not have been
achieved in a more cost-effective fashion. The
system was first put in place at a time when few
sources were well controlled. But now, as more
stringent controls are required, cost-effectiveness
and competitive impact are growing concerns.

There is considerable interest in finding ways to
achieve comparable or higher levels of environ-
mental protection at lower costs and with less
potential for adverse competitive impacts on U.S.
industry.

Federal and State regulators and industry in
many areas around the country are experimenting
with new approaches that, if replicated el sewhere
in an appropriate manner, could ease adverse
impacts on competitiveness while reducing pollu-
tion and waste. State and local regulatory offi-
cials, who administer most of the Nation's



environmental permits and regulations, have ini-
tiated many of the more innovative approaches to
environmental management. (The third column in
table 1-3 lists some characteristic features of these
innovations, which are discussed in more detail in
ch. 9).

These innovations typically involve one or
more of the following:

1. efforts to negotiate areas of agreement
among government, industry, environmental
groups, and other nongovernmenta organi-
zations in devising rules and implementa-
tion plans,

2. setting strict emission goals, but letting
industry choose among several means to
meet these goals;

3. addressing al emissions from a facility,
rather than addressing sources or kinds of
pollutants individualy;

4. paying attention to total emissions in a
geographic area, rather than just individual
plants or sources, thus making it possible
for firms to reduce emissions on the basis of
the lowest marginal costs;

5. placing more priority on prevention of
pollution rather than end-of-pipe treatment
and disposal;

6. organizing regulatory offices and proce-
dures to alow an industry-sector orienta-
tion; and

7. promoting technological innovation and
diffusion as an additional method of meet-
ing environmental goals.

As long as a backdrop of strong regulation and
enforcement is fully maintained, a number of
steps could be taken to reduce the competitive
impacts on industry while still achieving environ-
mental goals. Some options are discussed in the
policy section later in the summary.

Although not addressed in the options, use of
economic incentives in environmental regula
tions also could lower compliance costs. (See ch.
9). The marginal costs of pollution control usually
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differ among firms, and among processes within
the same firm or facility. These variations in
compliance cost stem from differences in size,
age, technology, cost of substituting inputs,
location, management practices, and other fac-
tors. Allowing or encouraging more use of market
incentives or facility-based performance stand-
ards could alow firms to select less costly
compliance strategies or strategies more consist-
ent with other objectives, such as modernizing a
production line.

Two principal market incentive approaches are
marketable permits and taxes and fees. Marketa-
ble permits allow firms to meet regulations by
either releasing no more than permitted levels of
pollution, or by buying the rights to pollute from
a firm that has reduced pollution below permitted
levels. Alternatively, releases might be taxed so
that firms with high margina costs of control
would choose to pay the tax while firms with low
costs would reduce releases. In theory, both
approaches could be structured so that overall
emission levels would be no higher than with
regulation alone, but compliance costs would be
lower. Firms would also have an incentive to
develop technical approaches to reduce pollution
because they could get economic benefits from
performing better than standards require.

Although economic incentives can reduce com-
pliance costs, they may not always be appropriate.
Usually, there will continue to be a need for tough
standards and enforcement to protect health and
the environment. Moreover, taxes and fees and
auctioning of permits could raise total compli-
ance costs for industry, even if abatement expen-
ditures were reduced. However, fees and auction
income can be rebated back to companies so that
they are revenue-neutral. Another OTA assess-
ment on new approaches to environmental regula-
tionsis examining incentives.

i Federal Policy Options
It isincreasingly difficult to separate environ-
mental policy questions from issues of trade,
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technology, and competitiveness. Similarly, it is
becoming harder to consider economic and tech-
nology policies without also considering their
environmental ramifications.

Many government policies (in this country and
abroad) will affect both the international competi-
tiveness of the U.S. environmental industry and
the ability of U.S. manufacturers to meet environ-
mental regulations with minimal competitive
disadvantage. These include domestic policies to
promote the development and diffusion of new or
cleaner technology (e.g., tax incentives and other
support for R&D, industrial extension, tax incen-
tives to encourage capital investments). The
competitiveness of U.S. environmental firmswill
also be affected by trade, export promotion and
foreign assistance policies-here and elsewhere.

If Congress wishes the Federal Government to
play a more active role in addressing these
concerns, there are number of steps it could
consider, each with its pros and cons. Six issue
areas are discussed below, and in more detail in
chapter 2. The issue areas are:

A. Federal Technology R&D Palicy;

B. Diffusion of Best Practices and Technolo-
gies to Industry;

C. Regulatory Reform and Innovation;

D. Development Assistance, Export Promo-
tion, and Environmental Industries,

E. Trade and Environment Issues;

F. Data and Information Needs for Policymakers.

Table 1-4 presents over 30 options in these
issue areas that Congress may wish to consider.
The options could be adopted either singly or in
different packages. Box 1-D identifies two strate-
gies-an incremental approach and a more ag-
gressive approach. The two strategies and each
option are discussed in detail in chapter 2.

ISSUE AREA A: FEDERAL TECHNOLOGY R&D
POLICY (OPTIONS 1-5 IN TABLE 1-4)

Debate in Congress about the Federal role in
commercial technology development has been
underway for some time. Environmental technol-
ogy has become a focus of this debate, with
several bills proposed in the 103d Congress.”In
addition, the Clinton administration has been
developing an environmental technology initia-
tive.

Issues include how to identify environmentally
critical technologies, how to set related Federal
priorities, interagency coordination, and whether
to undertake more partnerships with industry to
develop cleaner technologies.

New priorities and projects will compete for
limited R&D dollars. Precise figures are not
available, but the Federal Government probably
spent $1.8 billion or more in fiscal year 1993 on
R&D pertinent to the environmental technologies
covered in this report. (Larger estimates exist, but
these have a more inclusive definition of environ-
mental.) The largest portion, about $1 billion, is
for energy-related technologies including clean
coal, renewable energy, and cleaner and more
efficient energy conversion and use technologies.
Another large portion (exceeding $500 million) is
for R&D on remediation technologies to cleanup
contaminated Federal sites. Federal R&D support
for advancing end-of-pipe technologies is in the
neighborhood of $100 million per year. Pollution
prevention R&D probably accounted for only
about $70 million of the total (although some
industrial energy-efficiency R&D also advance
pollution prevention objectives).

Much of industry’s pollution prevention effort
has focused on relatively simple housekeeping
and process modifications, which offered large
payoffs for little effort. More significant advances
will require greater emphasis on fundamental
improvements in manufacturing process technol-

12 Bills include S. 978, the proposed National Environmental Technology Act of 1993, as reported by the Senate Environment and Public
Works Committee on July 30, 1993;S.811, the proposed Environmental Competitiveness Act of 1993; Hr. 2224, a proposal to set up a nationa
environmental technology office; and 1. 3603, the proposed Environmental Technologies Aet of 1993,
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Table 14-Summary List of Options

Issue Area A. Federal Technology R&D Policy:

!

4
5

Review Federal progress to:

. set priorities and coordinate R&D for environmentally critical technologies

. integrate cleaner production in R&D program missions

Review Environmental Protection Agency (EPA) clean technology priorities

a) Fund pertinent Department of Energy (DOE) RD&D programs

b) Make cleaner production a central mission of DOE’s Office of industrial Technology
Increase support for National science Foundation dean technology work

Fund startup or expansion of industry sector R&D technology consortia

Issue Area B. Diffusion of Best Practices and Technologies tO Industry

6
7
8
9

Evaluate incentives to diffuse cleaner technology to industry

Make cleaner production and pollution prevention a mission and service of manufacturing extension services
Direct EPA to oversee more technology evacuations, and disseminate results here and abroad

Support efforts to integrate environmental components in engineering and business school curricula

Issue Area C. Regulatory Reform and innovation:

11
12
13
14
15

Set up an EPA pilot project to experiment with innovative permits for firms that are first rate environmental performers
Give incentive grants for regulatory reform innovation projects to States and firms

Upgrade training of permit and regulation writers

Set up industry sector consortia/cluster groups

Modify R&D permitting to better accommodate R&D, such as fixed site permits for R&D centers

Set up an environmental cooperation institute and sector cooperation councils

issue Area D. Export Promotion, Development Assistance, and Environmental Firms:

16
17
18
19
20
21

22

23
24

25

Work to setup a program to help developing countries identify needed environmental technologies

Make cleaner production/pollution prevention a priority in multilateral aid

Fund EPACT programs for AID-DOE transfer of innovative energy and environmental technologies to developing countries
increase Trade and Development Agency funding for feasibility studies

Encourage U.S. firms to emphasize training of developing country personnel in equipment and services contracts
Conduct early oversight on the Trade Promotion Coordinating Committee’s environmental working group strategy and
proposed budget

Encourage commercial interactions through:

. increasing overseas commercial officers or contractors;

. increasing outreach to industry associations;

. operating through environmental business centers here and American business centers overseas.

Disseminate information about U.S. technologies abroad

Provide resources for one stop shopping and regional centers to help smaller firms access and make use of available export
assistance

Consider ways to expand export financing while keeping environmental safeguards

issue Area E. international Trade and Environmental Policy:

26
27
28

29
30
31

Conduct oversight on u.s. policy development for GAIT andOECD trade/environment discussions

Expand efforts to develop multilateral or bilateral agreement on environmental standards to address competitive impacts
Combine technical assistance with efforts to upgrade developing country environmental standards in advance of trade
discussions

Work for more effective monitoring and enforcement of multilateral environmental agreements

Work to establish a global business charter on environmental standards

Encourage other countries to require firms to report toxic release inventories

issue Area F. Data Needs for Policy Making:

32

33

Direct pertinent agencies to:

. collect and analyze more commercially relevant data on trade and environmental goods and services

. facilitate flow of commercial information to companies

. verify and assess ways to improve pollution abatement cost data

. identify and quantify benefits of regulations through study

Gail for periodic assessment of competitive effects of differing levels of environmental regulations among countries, and for
development of strategies to address any adverse effects

SOURCE: Office of Technology Assessment,1993.
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Box 1-D--Strategies for Federal Policy

The options discussed in this report are intended to further two competitiveness objectives: (1)
realizing opportunities for benefit to U.S. business and society from providing environmental
technologies to a growing global market; (2) reducing the adverse competitive impacts faced by U.S.
firms in complying with environmental regulations.

These options could be adopted singly or in various packages. Taken singly, they would be modest
steps in addressing either issue. Taken together, they would comprise a fundamental shift in how the
United States addresses the interactions between its environmental policies and commercial policies.

Several recent laws authorize new programs and initiatives relevant to these objectives. Examples
include the Energy Policy Act of 1992 (Public law 102-86), the Export Enhancement Act of 1992 (Public
law 102-429), and the Aid, Trade and Competitiveness Act of 1992 (Title Ill of Public Law 102-549). The
Clinton administration has announced several plans or initiatives important to commercial and
environmental technology policy, export promotion, and pollution prevention. Depending on future
levels of funding and other indicators of commitment to implementation, these laws and initiatives could
be a basis for partly addressing the two competitiveness objectives above.

The incremental approach assumes that some steps will be taken. There are two fundamental
changes in the more aggressive approach: (1) more efforts to develop and diffuse environmentally
preferable technology to U.S. industry and to promote environmental technology exports; and, (2) much
more effort to integrate environmental and competitiveness policies, both domestically and internation-
ally. Under this strategy, environmental objectives would be integrated within U.S. Government support
for commercial technology research, development, and diffusion, with more emphasis on diffusion of
cleaner and more energy-efficient technology to U.S. industry. Changes in Federal regulatory policies
would allow a facility more flexibility, including using pollution prevention, with safeguards to keep

environmental standards high and to prevent and detect abuses.

ogies to make manufacturing both greener and
more productive.

U.S. firms are making some progress in devel-
oping new generations of cleaner production
technology. Environmental concerns are slowly
being integrated into manufacturing process tech-
nology development. However, these efforts are
ad hoc, and probably small, although data is poor
(see box I-E). The risks to individua firms in
proceeding alone with needed R&D on either
cleaner production or new pollution control
technology could be too great, given the uncer-
tainty about the acceptance of new technologies
in the regulatory system, and difficulties in
capturing benefits that accrue widely across an
industry and across society as awhole.

Developing cleaner technologies and more
effective and cost-effective control, recycling,

and disposal technologies could require more
funding and new ways to conduct government-
industry partnerships. If Congress wished the
Federal Government to do more to encourage
development of such technologies by industry, it
could consider a number of steps (see options 1-6
in table 1-4).

Better coordination is one need. Federa sup-
port for research on pollution and waste preven-
tion, control, and recycling relevant to manufac-
turing industry has not been coordinated, limiting
its effectiveness and making it difficult to transfer
the results to industrial users.

The administration has announced steps for
more interagency coordination, and has called on
Federal R&D agencies to adjust their missions
and priorities to take into account both environ-
mental and industrial competitiveness objectives.
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Box 1-E-Private Sector Environmental R&D

According to one estimate, U.S. industry spends a significant share of funds on environmental
R&D, as high as 13 percent of its total R&D"although methodological problems suggest that this
estimate is too high. OTA’s calculations suggest that the actual amount is significantly less, between
1.3 and 2.6 percent of total R&D, or between $1 and $2 billion dollars a year.

About half of this spending appears to be by the regulated industry to help it meet environmental
requirements, particularly by industries with high compliance costs. For example, in 1990the petroleum
industry spent an estimated$175 m ill ion on environmental R&D, including an estimated $50 m ill ion on
reformulated gasoline, with nonproduct pollution control R&D amounts to about 6 percent of totalR&D.
Pollution control R&D by regulated industry is likely to increase in the 1990s, as firms seek to comply
with more stringent environmental regulations.

Information about R&D by environmental firms is limited. Relative to manufacturing as a whole,
which spends approximately 3.3 percent of sales on R&D? the environmental equipment sector
appears to spend less as a share of sales, perhaps between 2.5 and 3 percent. Small, R&D-intensive
startup firms might spend more as a share of sales, although overall expenditures are likely to be small.
Environmental service firms, including waste management firms, appear to spend much less.

This suggests that the EGS sector might be spending on the order of $750 million to $1 billion per
year on R&D. While this figure is just a guess, it does suggest that the U.S. EGS sector is not highly R&D
intensive and moreover, that at least about half the private environmental technology R&Din the United

States is not done by EGS firms, but rather by regulated industry.

1Brian Rushton, ”"How Protecting the Environment Impacts R&Din the United States, Research Technology

Management, MayJune 1993, p. 13.

2 Unpublished data, National Science Foundation.

For example, agencies now supporting cornmer-
cia technology R&D could add environmental
objectives into their mission statements and
planning. Congress could review progress at an
early date (Option 1).

Other steps could involve increased funding of
government environmental technology programs.
The Clinton administration has proposed more
EPA funding for environmental engineering and
technology development; if it provides these
funds, Congress could make sure that cleaner
technology and pollution prevention is a priority
in EPA R&D (Option 2). The administration also
has proposed more funding for the Department of
Energy’s Office of Industrial Technology, which
now cost-shares some R& D projects with indus-
try. Congress could give this office amore direct
cleaner production technology mission (Option

3). It aso could review RD&D priorities under the
Energy Policy Act of 1992 (EPACT, Public Law
102-486) to assure that funding is adequate for
continued progress in environmentally pertinent
energy technologies (e.g., renewable energy, fuel
cells, and improved combustion). Some other
agencies (e.g., the National Science Foundation)
also support industrially relevant clean technol-
ogy research activities; these could be expanded
(Option 4).

The most far-reaching option considered here
would be to seek greater involvement by industry
sector organizations. Such organizations could
play an important role in the development and
diffusion of cleaner production, improved pollu-
tion control, and recycling technologies by identi-
fying technology needs, organizing R& D efforts,
and diffusing results. The Federal Government
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could support the start-up or expansion of such
organizations, and also share R&D costs with
them (Option 5). To be €eligible, an organization
would need to serve an industry sector with high
environmental impact or high compliance costs
and include as participants many firms in the
industry. While industry governance and funding
would be crucial, the organization could work
cooperatively with Federal laboratories. The or-
ganizations could undertake many different activ-
ities:

m Serving as a forum for industry to collectively
identify R& D needs related to environment;

= arranging partnerships among researchers, equip-
ment makers, and industrial users to develop
new manufacturing technology that is more
energy efficient and cleaner;

= Supporting demonstration of cleaner technolo-
gies, and improved control, recycling, and
disposal technologies,

« identifying and diffusing innovations and best
practices in pollution prevention as well as
control and recycling to industry; and

= identifying regulatory barriers to more efficient
environmental solutions, and training inspec-
tors and permit writers on pollution prevention
and control in that particular industry. (See
further discussion in Option 17 in Issue Area C
below).

While these options would encourage greater
industrial activity on cleaner production technol-
ogy, they could have drawbacks. If efforts at
environmental integration led to set-asides in
manufacturing R&D, for example, there could be
game playing in identifying environmental pro-
jects or, if the set-aside was too large, interference
with other crucial objectives. Similarly, at atime
of very limited Federal funds, development of
more cost-effective remedial technologies for
Federal site cleanup may have a specia claim on
Federal money for environmental R&D. Even so,
the long-term benefits to U.S. industry and
society from cleaner industrial technologies could

be very large, and it is not certain that industry
will act on its own to develop these technologies
unless it is clear that government is committed to
their usein environmental compliance.

ISSUE AREA B: DIFFUSION OF BEST PRACTICES
AND TECHNOLOGIES TO INDUSTRY (OPTIONS 6-9
IN TABLE 1-4)

Often, new technologies are not necessary to
achieve cleaner, more efficient production; exist-
ing technologies and approaches would suffice,
but are not well-known to firms. The gap between
best industry practice and prevailing practices can
be great, especialy for small and medium-sized
companies with limited resources, management
time, and capacity to seek out, evaluate, and adopt
unfamiliar approaches.

As discussed below, a number of steps could be
taken to help diffuse knowledge about best
practices to industry, including use of economic
incentives, technical assistance, and enhanced
efforts to evaluate technologies. In the long term,
some of the greatest opportunities lie in strength-
ening environmental components in engineering
and business school education.

Economic incentives might be considered to
diffuse improved environmental practices through-
out industry. A variety of approaches, ranging
from accelerated depreciation and favorable loans
to green fees (pollution taxes), could speed
adoption of these technologies; an evaluation of
the best choices, and their costs and benefits,
could be conducted before deciding to proceed
(Option 6).

As part of this evaluation, or separately,
Congress also might direct the administration to
provide initial evaluation of it use of Federa
procurement to achieve environmental goals-as
has been the thrust of several recent Executive
Orders issued by President Clinton.

Because the government is so large, its pro-
curement policies and practices greatly influence
private sector management practices and product
offerings. Federal agencies themselves are often
major contributors to environmental problems.



The Federa Government aready provides
some technical assistance to small and medium-
sized enterprises. Most states and a few localities
also have modest pollution prevention technical
assistance programs. However, these services are
amost always provided separately from other
services to manufacturers. As a result, manufac-
turers find it difficult to locate assistance, and the
programs have limited capacity to carry out
pollution prevention under an overall objective of
increasing the fro’s manufacturing competitive-
ness. Moreover, some firms may hesitate to seek
assistance from regulatory agencies for fear of
enforcement action. Thus, Option 7 proposes that
pollution prevention be made part of the mission
of federally supported manufacturing extension
services, and that additional funds be provided to
support this expanded mission. (These centers
have been singled out for possible expansion in
various hills before the 103d Congress and by
President Clinton.) Alternatively, EPA might be
directed to provide more pollution prevention
grants to state or local industrial extension
services. EPA could do this now, through its
pollution prevention grant program. However,
most of its grants have gone to branches of State
regulatory agencies or other environmental serv-
ice organizations.

One disadvantage of the integrated approach is
that it may not target firms that contribute little to
State economic development objectives, even if
they cause environmental damage. “If the top
priority is to reduce waste, putting pollution
prevention programs in manufacturing moderni-
zation programs may dilute this focus. This could
be addressed in part by requiring waste reduction
goals to be an emphasis in the environmenta
program of the manufacturing extension service.
Another possible disadvantage is that separating
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technical assistance from the regulatory function
might further perpetuate regulators focus on
end-of-pipe solutions. Integrating regulatory and
technical assistance functions can offer an oppor-
tunity to educate regulators on the merits and
complexities of pollution prevention.

There is surprisingly little independent infor-
mation about the performance of environmental
technologies, or appropriateness of specific tech-
nologies for specific needs. Technology develop-
ers now meet market resistance from users of
environmental technologies who fear that they
will not meet standards or that new technology
will be more costly than anticipated. This market
hesitancy toward new environmental technology
also makes venture capitaists and other investors
wary. Independent evaluations or performance
verifications could help; Congress might direct
EPA to expand its support for evaluation activi-
ties, which now center primarily on remedia
technologies, to include more control and preven-
tion technologies of pertinence to industry*
(Option 8). Firms seeking to enroll their technolo-
gies for evaluation would pay most of the costs;
EPA’s cost would primarily be evaluation and
dissemination of results.

Such evaluations would also give U.S. firms
with good products added credibility with foreign
customers. While U.S. Federal authorities do not
(and probably ought not) certify or endorse
particular technologies or suppliers, independent
evaluations of U.S. technologies could help boost
U.S. environmental exports-—-as is further dis-
cussed in Option 25 in Issue Area D. A disadvan-
tage of the Government-sponsored evaluation is
possible unintentional favoring of some firms
over others, if demand for evaluation services
outstripped EPA’ s capacity to respond.

13 FOF example, many State POl UtioN prevention programs have worked to encourage pollution prevention in Sectors Such as auto repair,
dry cleaning, small print shops, and other local serving fisms. While these sectors may have an environmental impact, they have little impact
on State or national COMpetitiveness. It should be noted, however, that neither these nor industrial extension programs have generally worked

with the most polluting sectors such as chemicals.

14 There are small evaluation programs f0,iNNOvative municipal solid waste and industrial Waste reduction technologies.
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Ultimately, the ability of firms to address
environmental matters with the least degree of
adverse competitive impact depends on knowl-
edgeable, well-trained engineers and managers.
Working such matters into the mainstream engi-
neering and business schooal curricula is the job of
schools and professional societies, but Congress
could increase funds to the National Science
Foundation or EPA for projects to facilitate this
process (Option 9). This could provide longer
term benefits as new engineers and business
executives enter the workforce and become to-
morrow’ s business and technical leaders.

ISSUE AREA C: REGULATORY REFORM AND
INNOVATION (OPTIONS 10-15 IN TABLE 1-4)

As discussed earlier, and in chapter 9, current
approaches to regulation and enforcement some-
times make it difficult for firms to put in place the
lowest cost option to control pollution.

Some potentially lower cost approaches have
been difficult to integrate into EPA’S operations.
Part of the reason is EPA’s organization into
media-specific offices, each principaly concerned
with controlling pollutants to one particular
medium. For example, pollution prevention often
has been carried out as a separate function, with
projects peripheral to EPA’s main regulatory and
enforcement role.” While the basic concept and
rhetoric of pollution prevention are understood,
many managers have a single-medium end-of-
pipe orientation to pollution abatement that has
changed only slowly. Also, regulations are often
biased toward end-of-pipe approaches. In princi-
ple, many regulations are performance-based and
alow aternative compliance options, but the
current reward system and lack of adequately
trained personnel for innovative permitting im-
pede use of aternatives to established pollution
control technologies.

As long as strong regulation and enforcement
are fully maintained, a number of options could
be considered to allow firms to implement more
cost-effective approaches to controlling pollution
without jeopardizing environmental goals. Some
aternatives are discussed below (Options 10-15).

Increasingly, manufacturers find that they must
continually innovate to respond to rapidly chang-
ing technologies, customer demands, and the
competition-making expeditious and flexible
permitting a competitive need.

Several steps could be taken. For example,
EPA might launch a pilot program to experiment
with more flexible approaches, and authorize
States to conduct experiments in cases where
EPA has delegated responsibilities to the States.
(Option 10). Incentive grants might be given to
States to experiment with different approaches,
such as full facility permits and tradable permits.
(Option 11).

Examples might include:

m pilot projects for firms or facilities with frost
rate environmental records and performance to
test more flexible approaches. Participating
firms might be given more options to determine
how to meet an overal emission cap; more
flexibility to change processes within certain
parameters without permit revisions; and when
permits are needed, priority to get expedited
reviews.

m experiments with innovation waivers or fail-
safe strategies with firms that are first rate
environmental performers. For example, par-
ticipating firms could be granted innovation
waivers that allow limited noncompliance while
developing new approaches that promise a
larger environmental pay-back.

While experience with such meansis growing,
a number of barriers and concerns would need to
be addressed before these techniques could be

15 Recent developments, such as the June 1993 pollution prevention policy statement from the EPA Administrator, may speed Up the Press.
Memorandum of Carol M. Browner, Administrator, to a1 EPA employees, June 15, 1993, titled “Pollution Prevention Policy Statement: New

Directions for Environmental Protection.’



widely used, Assurance would be needed that
health and the environment would be fully
protected. Safeguards would be necessary to
guard against, and quickly detect, abuses. New
techniques allowing continuous monitoring of
emissions would be helpful. It aso could be
difficult to develop digibility criteria for qualify-
ing facilities with good environmental records
and performance, Concerns exist that flexibility
could lead to favoritism or foreclose enforcement
options. Thus, EPA could be required to evaluate
these regulatory experiments, identify areas for
improvement, and provide technical assistance to
states to implement these new approaches

Pollution prevention and other aternative tech-
nologies are often specific to particular industries
and processes. Without greater industrial exper-
tise, it may be difficult for regulators to craft
regulations that alow industry to meet environ-
mental goas most efficiently. As a result, regula-
tory agencies, now organized along media lines,
may need more orientation toward industry-
sector groups with expertise in al areas, including
new technology, pertinent to a given industry.

EPA could significantly expand its ongoing
efforts to cluster regulations for specific industry
sectors—a step that could deepen regulators
understanding of industry problems and techno-
logical solutions specific to each industry. In
some cases, there could be both environmental
and economic benefits if regulations and rules
could be developed that collectively apply to
emissions in all media (air, water, and land).

To enable firms to more easily use alternative
technologies, permit writers and inspectors would
need strong technical backgrounds to deal with a
more complicated permitting process and to make
judgments about whether alternative approaches
are appropriate. Thus, provision would need to be
made for training (Option 12), adding to adminis-
trative costs.

Regulations and permitting procedures can
sometimes impede technology innovation and
diffusion. Some of these barriers might be over-
come if there were closer links between technol-
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ogy developers, users, and regulators. EPA could
work with industry technology organizations
(e.g., the centers discussed in Option 5) on such
issues as the implications of foreseeable regula-
tions for technology priorities, development, and
diffusion. This task could be assigned to industry-
sector groups at EPA (Option 13).

The form of domestic environmental regula-
tions can affect innovation by the environmental
industry. Best available technology (BAT) or
similar standards that tend to make complying
firms select and install technologies used as
benchmarks by regulatory agencies can assure
successful EGS developers of a market. While
BAT standards are favorable for suppliers of
approved technology, they may inhibit devel op-
ment of new and innovative technology by others.
Complying firms are likely to stay with tried-and-
true technologies that seem to be endorsed by the
regulations.

Environmental technology developers also often
find it difficult to obtain a R&D permit under the
Resource Conservation and Recovery Act or to
use ad hoc procedures under the Clean Air Act
and Clean Water Act. There is some anecdotal
evidence of firms moving technologies abroad for
development and testing. Adjusting procedures to
accommodate the needs of innovators, providing
permits for fixed R&D and testing facilities, and
development of quicker and more predictable
permitting procedures might help U.S. innovators
(Option 14),

The options discussed above would help stimu-
late innovation. However, they would still be
controversial and, while experimentation with
such procedures are already underway, there is no
certainty that even demonstrably successful ap-
proaches would win broad acceptance with indus-
try, environmental organizations, or regulators.
Over the years, many regulated industries have
tended to focus on reducing levels of regulation,
rather than improving the efficiency of the
regulatory system. Moreover, many in industry
fear that new approaches to regulation, such as
pollution prevention, could in time lead to more
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burdensome requirements. For their part, many
environmental groups have been more concerned
with defending existing gains than with changing
the system to make it deliver equa or greater
environmental benefits at lower costs. Within
regulatory agencies, many are reluctant to em-
brace anew system that departs from accustomed
ways of doing things. Moreover, managers may
resist efforts to break down organizational walls,
particularly when resources are scarce.

Without more trust and commitment among
these key parties, the cooperative basis for
development of a more effective and efficient
regulatory model is unlikely, and the options
identified above are likely to have limited appli-
cation. Thus Congress might consider ways to
build more cooperative relationships between
government, industry, and environmental organi-
zations (Option 15). One possibility would be to
fund an institute for environmental cooperation to
promote innovative cooperative projects.”EPA
could set up a small number of councils, com-
prised of industry, academic specialists, and
representatives from environmental organizations ,
and other nongovernmental organizations, for
sectors with high environmental impacts and
compliance costs.

Although not addressed in the options, market
incentives can focus pollution reduction on the
low-cost sources for reducing pollution. Two
systems are normally proposed to do this. taxes
and fees, and tradable permits. OTA’s assessment
on new approaches to environmental regulations,
scheduled for completion in late 1994, is examin-
ing the potential of these approaches to achieve
environmental goals.

ISSUE AREA D: DEVELOPMENT ASSISTANCE,
EXPORT PROMOTION, AND ENVIRONMENTAL
INDUSTRIES (OPTIONS 16-26)

Debate is occurring about U.S. government
export promotion programs, development assist-
ance programs, and their interactions-both for
U.S. exports as a whole and for environmental
exports in particular. Several bills pertaining to
environmental export promotion have been pro-
posed in the 103d Congress.” In addition, shortly
before this report was sent to press, the Clinton
administration submitted a proposed action plan
on U.S. trade promotion programs in response to
a 1992 congressional directive, and issued an
environmental export strategy. The administra-
tion had also proposed mgjor changes in U.S.
foreign assistance programs. See chapter 6 for
additional discussion of export issues.

Multilateral Cooperation for Technical Assist-
ance (Options 16 and 17)--As the size of the
global environmental market grows, many coun-
tries are pursuing or considering policies to help
their firms participate in these markets, including
developing country markets. There is a potential
for conflict between development assistance ob-
jectives aimed at meeting the needs of developing
countries (e.g., for environmentally sound devel-
opment) and the commercia objectives of donor
countries (e.g., encouraging exports of environ-
mental technologies whether or not the particul ar
technology is the most suited for the developing
country). While a certain level of such tensions is
inevitable, the potential for conflicts could be
lessened if there were better, more objective
information available about the products, ap-
proaches, and technologies being sold. This is

16 Also, EPA cOUld fund cessus-building efforts through university programs, For instance, the Massachusetts Institute of Technology
has been worklng with mdustry, goveroment, and nongovernmental organizations to form mutual understanding on issues related to the use

of chlorine in industry.

17 These include HR. 2112, the proposed National Environmental Trade Development Act of 1993, (reported out of the House Merchant
Marine and Fisheries Committee on June 30, 1993); H.R. 2096 to promote exports of environmental technology, goods, and services; S. 979,
the proposed Greentech Jobs Initiation Act of 1993; and S. 1074, the proposed National Environmental Trade Development Act of 1993.



always a problem, but especially so in developing
countries that increasingly need environmental
technologies, but have little information about the
best choices.

One option for addressing developing country
needs while still facilitating U.S. exports would
be for the U.S. Government to work with other
countries to set up an expanded technical infor-
mation capability through the United Nations
Environment Program or another internationa
agency to provide objective information and
technical advice about environmental technolo-
gies (Option 16).

As well as helping developing countries, such
information could help U.S. firms with appropri-
ate technology compete when it is up against
inferior foreign technology marketed more ag-
gressively (such as with foreign tied aid credits).

Developing countries also could benefit from
pollution prevention and cleaner technology ap-
proaches. Efforts to increase support for such
activities through multilateral agencies could
help these countries while benefiting U.S. firms
that provide such services (Option 17).

Bilateral Foreign Assistance and Export Promo-
tion (Options 18-20)---The United States now
spends about $650 million per year on environ-
mental and related energy development assist-
ance to developing countries. Relatively little of
this aid supports transfer of technology. Provi-
sions in the 1992 Energy Policy Act would
authorize increased support for transfer of innova
tive energy and environmental technologies to
developing countries. Funding for such programs
(Option 18) could help developing countries and
also encourage exports of U.S. environmental
goods and services.

An increase in U.S. Trade and Development
Agency (TDA) funding of feasibility studies for
capital projects in developing countries also
might lead to more business for U.S. firms
(Option 19). The TDA’s mission isto assist U.S.
firms in exporting goods and services for major
capital projects in developing and middle-income
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The U.S. Government and industry have cooperated to
develop and demonstrate technologies for cleaner
burning of coal, including retrofit technologies used
in this Illinois power plant.

countries. TDA’s annual budget is about $40
million, most of which pays for project feasibility
studies by U.S. firms, chosen for the likelihood
they will lead to follow-on work by U.S. fins.
Many of the projects are for environmental
infrastructure or have an environmental compo-
nent. TDA’s feasibility studies have been suc-
cessful in promoting U.S. exports; funding for
them could be increased, in time, to greater parity
with a comparable agency in Japan, which funds
an estimated $200 million per year of feasibility
studies by Japanese fins.

The U.S. Government also could begin to
support capital projects in developing countries—
something USAID now does rarely. Care would
be needed to assure that support went only to
environmentally and developmentally sound pro-
jects. Some contend that an emphasis on capital
projects would run counter to U.S. efforts to
discourage other donors from using mixed credits
or other tied aid loans.

Many U.S. environmental technologies require
highly skilled operators and maintenance work-
ers, this can be an obstacle to their use in
developing countries. While training needs to be
worked out by the contracting parties, the U.S.
Government could help U.S. exporters locate
training facilities and personnel in developing
countries. Development assistance support for
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training can sweeten hids of U.S. fins. Training
not necessarily linked to a particular project can
promote exports by familiarizing potential cus-
tomers with certain technologies and by helping
U.S. firms to make contacts abroad. TDA spends
about $7 million per year on training programs
designed to promote exports related to capital
projects, many of them environmental or with an
environmental component. If TDA's budget were
expanded, it might support additional training
activities. (Option 20).

A capacity to develop and enforce environ-
mental regulations is a prerequisite for environ-
mental market growth in developing countries.
U.S. technical assistance and training can help
build such capacity while familiarizing recipients
with U.S. standards, procedures, and equipment.
Some other aid donors have recognized potential
commercial benefits of this approach by equip-
ping reference laboratories used by developing
country environmental agencies.

Several recent public-private partnerships have
been set up to involve U.S. industry in helping
developing countries address environmental prob-
lems. The United States-Asia Environmental
Partnership (US-AEP) works with U.S. agencies
and firms to encourage use of U.S. technologies
and expertise in addressing Asian environmental
problems. The U.S. Environmental Training In-
stitute, established jointly by the U.S. Govern-
ment and some businesses, brings developing
country personnel to the United States to take
short courses that include presentation of U.S.
firms of their technologies. While it is too soon to
evaluate these initiatives, they may, if successful,
provide models for further replication.

Other Export Promotion Issues (Options 21-26)—
The U.S. Government provides relatively little
support to U.S. manufacturing firms for export-

ing. Recent laws authorize a stronger Federal role.
The 1992 Export Enhancement Act (Public law
102-429) called on the interagency Trade Promo-
tion Coordination Committee (TPCC) to develop
an overall export promotion strategy and to
propose an annua unified export promotion
budget. The initial TPCC report, with over 60
proposed steps, was submitted to Congress at the
end of September, 1993. TPCC was unable to
propose a budget, but did say such a budget would
be worked out for the fiscal year 1995 appropria-
tion cycle.” The 1992 law also called for a Federal
strategy for environmental exports. The adminis-
tration issued a strategy in November 1993 as this
report went to press.l Congress could monitor its
priorities and implementation plans, including the
need for additional actions (Option 21).

One question concerns the nature and degree of
private sector involvement. Some contend that
there needs to be more private sector involvement
in the process, and have proposed creation of a
public-private council to prepare an action plan to
implement the strategy. The danger is, of course,
that such a plan would become a form of special
pleading by its private sector members. However,
some precedents already exist for industry in-
volvement in priority setting. One exampleisthe
Committee on Renewable Energy Commerce and
Trade, which could become a model for other
subsectors.

A number of other export promotion options
could be considered. One possibility would be to
increase U.S. foreign commercial service repre-
sentation, both in general and for the environment
per se (Option 22). When agriculture is not
considered, the United States spends very little
for export promotion-far less than our major
competitors. Our foreign commercial service is
lightly staffed: Canada has more overseas com-

18 Trade Promotion Coordinating Committee, Towurd q National Export Strategy (Washington, DC: U.S. Government Printing Office,
September 1993), For acritique of the plan, see statement of Allan I. Mendelowitz, U.S. General Accounting Office, before the Economic
Policy, Trade and Environment Subcommittee, House Foreign Affairs Committee, Sept. 29, 1993.

19 Ronald H. Brown, Hazel O’ Leary, Carol Browner, Environmental Technologies Exports: Strategic Framework for U.S. Leadership,

November 1993.



mercial officers, despite an economy one-tenth
the size of the United States.

The U.S. Government could also assist in
disseminating information about U.S. environ-
mental technologies to potential customers in
other countries (Option 23). This possibility
could be carried out in conjunction with an
expanded effort to support independent evalua-
tion of U.S. technologies (discussed in Option 8
of Issue area B).

Certain steps also might make it easier for U.S.
firms to get the information they need to expand
their export activities (Option 24). Environmental
exports might be used as a case for demonstrating
one-stop shopping to make Federal programs
easer for small firms to access. A more far-
-reaching approach, proposed in legidation before
the 103d Congress, might be to encourage exports
through a network of environmental business
centers in the United States and American busi-
ness centers in countries with promising environ-
mental markets . US-AEP has opened a number
of environmental business centers in Asia; their
efforts could be monitored for efficacy and
possible replication.

The U.S. Government assists a much smaller
share of its exports with public export financing
than several competitor countries; there are also
indications that U.S. programs are harder for
firms to use. (See ch. 6).

Given this favorable circumstance for foreign
fins, a key export promotion issue is the limited
public and private funds available here for export-
ing. Congress might consider export financing
needs as it evaluates alternative uses for available
Federal resources (Option 25). Funding for fi-
nancing environmental exports could be in-
creased, of course, but whether this could be done
without cutting into other needs remains to be
seen.

A disparity exists not only in ordinary export
financing, but also with respect to confessional
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financing. European and Japanese firms often
appear to have greater access to confessional
project financing from their home countries than
do U.S. companies. The United States has a War
Chest in the Export-Import Bank (Eximbank) to
match confessional financing (below market
rates) packages put together by foreign competi-
tors, and Congress recently increased its authori-
zation to $500 million in grant funds (which
would support about $1.5 billion in confessional
loans). Increased War Chest use could be an
effective tool to enable U.S. bids to win on their
merit in the face of foreign governments conces-
sional financing. However, this benefit must be
balanced against other uses for Eximbank’s
limited budget, since each dollar of confessional
lending reduces by several dollars Eximbank’s
capacity to make ordinary loans or loan guaran-
tees.

ISSUE AREA E: TRADE AND ENVIRONMENT
ISSUES (OPTIONS 26-31)

As mentioned, the United States has stronger
environmental requirements than many competi-
tors. Recent efforts to negotiate trade agreements
and the emergence of several strong competitors
in newly industrialized and advanced developing
countries have raised renewed concerns about
competitive impacts for the United States. Envi-
ronmental issues were important in the debate
about the North American Free Trade Agreement
for Mexico, the United States, and Canada. In
addition to provisions in the NAFTA itself, a side
agreement addressing environmental matters was
negotiated.

Environmental matters will almost certainly
arise if other efforts to liberalize trade are
undertaken in Latin America or elsewhere. With
or without such liberalization, concerns about
competitive impacts from differing levels of
environmental regulations will arise. One possi-
ble response might be for the U.S. Government to

 See, for example, Sections 7 and 9 of HR. 2112, the proposed National Environmental Trade Development Act of 1993, as reported by

the House Merchant Marine and Fisheries Committee on June 30.1992.
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become more active in negotiating environmental
agreements with other countries-partly to ad-
dress competitive effects (Option 27). Agree-
ments could be combined with U.S. technical
assistance to help countries develop and imple-
ment appropriate standards (Option 28). As dis-
cussed in Options 29-31, the potential for adverse
competitive impacts also might be reduced if
there were more effective monitoring and en-
forcement of agreements, if businesses were
encouraged to adhere to developed country stand-
ards throughout the world, and if other countries
took steps such as calling on business to report
their releases of toxic substances, as they are
required to do in this country.

These approaches would be controversial, both
here and in other countries. Moreover, past efforts
to adopt such policies have had little success. Y et
there could be long-term benefits for the environ-
ment and, quite possibly, a more positive climate
in this country for trade liberalization with
countries that now have weaker environmental
standards.

Some might argue that there is no competitive
reason for such negotiations, because, they claim,
strict environmental regulations can lead to in-
creased competitive advantage. Firms within
countries having strong regulatory demands on
industrial processes can find that aggressive
environmental actions, particularly pollution pre-
vention, make them more competitive relative to
other domestic competitors. However, as a group,
firms within countries with strict regulations will
face higher compliance costs relative to foreign
competitors in countries with more lax standards
and enforcement. When waste disposal costs and
requirements are high, firms can sometimes save

money by controlling pollution and reducing
wastes. However, these actions are usualy not
justified from an economic perspective aone
when waste disposal costs and requirements are
zero or minimal. Still, as has been mentioned,
strong domestic regulations are often a key factor
in competitiveness of environmental goods and
services industries.

ISSUE AREA F: DATA AND INFORMATION NEEDS
FOR POLICY MAKING (OPTIONS 32-33)

Data and information in several areas are
flawed or often lacking. While the need for data
is seldom so pressing as to preclude rationa
policymaking, improved information would be
helpful (Option 32). For example, it would be
very useful to have verification of data obtained
for the Census Bureau's Pollution Abatement and
Control and Expenditure surveys. Better data on
trade and production in environmental goods and
services would be helpful. Also, while there are
many estimates of the costs of regulations, there
is aneed for better ways of estimating the benefits
of environmental regulations, and for accommo-
dating such benefits in models measuring the
impacts of regulation on the economy.

Thereis an important need for periodic assess-
ment of potential competitive impacts to Ameri-
can industry and the U.S. economy arising from
differences in environmental standards among
countries. Congress has in the past called on the
executive branch to conduct such assessments
when enacting some new environmental laws,
and to identify strategies for addressing such
impacts. As standards and competitive conditions
change, periodic undertaking of such assessments
and strategies would be helpful (Option 33).



t is increasingly difficult to separate environmenta policy
issues from those of trade, technology, and competitive-
ness. It is also becoming harder to consider economic and
technology policies without also considering their envi-
ronmental ramifications.
Thisis so because:

« Environmental problems became a major policy concern in the
United States (and in a few other advanced industrial countries
like Japan and Germany) about two decades ago, at a time
when many took U.S. industrial supremacy for granted. Since
then, a number of events-a slow-down in productivity
growth, oil embargoes and energy shocks, and the emergence
of Japan as an economic superpower, to name a few—have
deepened concerns about U.S. economic competitiveness.

« U.S. industry now competes not only with Japan, Germany,
and other Western European countries having comparatively
strong environmental regulations, but also with producersin
newly industrialized or advanced developing countries. Manu-
facturers operating in these countries pay lower wages, and
usually do not have to meet environmental, health, and safety
standards as strict as those in the United States.

« There is a growing sense that economic development in al
regions of the world will need to be carried out in ways that
produce less harm to the environment (see ch. 3). Some
environmental issues (depletion of stratospheric ozone, global
warming, loss of biological diversity) are now widely viewed
as globaly significant problems. Mgjor regiona environ-
mental problems (e.g., those in Eastern Europe and the former
Soviet Union) have dramatized the serious health and eco-
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nomic costs that can result when industry and
government pay too little attention to the
environment.

Global expenditures to address environmental
problems are increasing rapidly, creating new
markets for environmental goods, technolo-
gies, and services. In the next decade or so,
many more countries are likely to begin enforc-
ing environmental standards to a greater extent
than before.

These concerns have prompted interest in the
commercial implications of environmental poli-
cies and the environmental implications of differ-
ent commercial policies.

Environmental policies and policies to pro-
mote competitiveness both aim to influence
industrial behavior. Environmental policies often
require industries to control their processes and
modify products to meet certain standards. Other
domestic policies, including technology policies
(R&D support, extension services, and tax poli-
cies to encourage R&D and capital investment)
also influenceindustrial actions.

The competitiveness of U.S. industry (includ-
ing the environmental industry) is affected by
trade, export promotion, and foreign assistance
policies-for example, policies to open foreign
markets to U.S. goods and services, to promote
U.S. exports, and to link foreign aid to commer-
cia benefits for U.S. firms.

OPTIONS FOR U.S. POLICY

This assessment takes it as a given that U.S. air,
water, and waste standards will continue to be
among the world’s toughest." Within this frame-
work, OTA has examined many options to further
two competitiveness objectives:

1. realizing the opportunities for benefit to
U.S. business and society from providing
environmental technologies to a growing
global market; and,

2. reducing adverse competitive impacts faced
by U.S. firms in complying with environ-
mental regulations.

Later sections of this chapter discuss six issue
areas and related policy options pertinent to these
competitiveness concerns. The issue areas are:

a. Technology and R&D policy;

b. Diffusion of best practices and technologies
to industry;

c. Regulatory reform and innovation;

d. Export promotion, development assistance,
and environmenta fins;

e. Interactions between trade policy and envi-
ronmental policy;

f. Data and information needs for policymakers.

This chapter discusses the pros and cons of
over 30 options in these issue areas. The policy
tables in the chapter list options for each issue
area along with the goals furthered by these
options and their likely costs to the Federa
Government. All of the options are presented in
table 1-4 (in ch. 1).

The options could be adopted either singly or
in different packages. Some pertain to one objec-
tive only (e.g., development assistance options
are limited to environmental technologies and
services) while others apply to both (e.g., technol-
ogy policy, trade, and environment policy).

In many cases, successful implementation of
these options will depend on extensive and
continuing involvement by industry, environ-
mental organizations, and other affected parties.
Outcomes would depend not only on specific
packages of options and resources available, but
also on strategy, leadership, and continuing com-
mitment to implementation. Two strategies for
government action, incremental and aggressive,
are discussed below.

! This assessment does not examine the interactions between competitiveness and other types of environmental laws and regulations such

as those affecting land use, fisheries, and species protection.



ONE: The incremental approach would entail
continued implementation of existing policies,
with some new emphases.

« Efforts to develop more cost-effective or im-
proved technology for Federal site clean-up,
especialy Department of Defense and Depart-
ment of Energy sites, would continue. Cleaner
energy technology R& D would continue to be
the largest category of environmentally prefer-
able technology supported by the Federal
government. Federal programs for other indus-
trially pertinent technologies for pollution con-
trol and prevention or cleaner production would
continue at recent modest levels of support.
Government-industry cost-sharing of coopera-
tive research and development agreements
(CRADAS) on environmental matters might
increase, subject to budgetary constraints.

« Programs for independent evaluation or verifi-
cation of the performance of U.S. technologies
would be expanded to give more emphasis to
prevention and control technologies in addition
to the current emphasis on contaminated site
remediation. Such information, which is needed
for domestic users, could also help foreign
consumers select among competing technol o-
gies.

» Clearinghouses, trade publications and associa
tions, and State technical services programs
would be used to disseminate information
about cleaner technology and more cost-
effective compliance approaches to small and
medium-sized manufacturing firms.

= On the regulatory front, EPA and State regula-
tory agencies would experiment with incen-
tives for technological innovation and with
aternative permitting and compliance proce-
dures, and encourage wider replication of
successful  approaches.

« Federal export assistance programs would bet-
ter coordinate services. The U.S. Trade and
Development Agency would fund more feasi-
bility studies in developing countries, creating
business for U.S. consultants and some follow-
on orders for U.S. exporters. Other export
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promotion services, including commercial rep-
resentation abroad, training of foreign nationals
in U.S. technologies and approaches, and trade
missions, would expand modestly.

« Efforts to develop multilateral guidelines ad-
dressing interactions between trade and envi-
ronmental issues would continue.

TWO: The aggressive approach differs from
the incremental approach in strategy, degree of
high-level leadership, and level of resources.

« Much effort would be made to integrate envi-
ronmental and economic issues at a high level
within the government. Technology policies,
trade policies, and environmental regulations
would be developed and implemented with
awareness of their interactions and their syner-
gies—positive and negative.

« A major effort would be made to enlist U.S.
industry-especially industry sector technol-
ogy organizations-in cleaner technology de-
velopment and diffusion. Government would
share the cost of R&D, demonstration, and
diffusion, and better address regulatory prob-
lems for those sectors with high environmental
impact or compliance costs.

« Steps would be taken to integrate pollution
prevention services with manufacturing mod-
ernization services offered at the State level and
in new Federal manufacturing extension cen-
ters.

« There would be accelerated experimentation
with more flexible regulatory approaches that
meet environmental requirements. Companies
with excellent environmental records might be
eligible for expedited whole facility permitting.
For example, such companies might be given
facility-wide emissions caps and more options
to choose among different pollution abatement
approaches. Regulations would be made more
friendly to environmental technology innova-
tors.

# On the international scene, the United States
would signal to developing and newly industri-
alizing countries that their environmental stand-
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ards would need upgrading well in advance of
possible bilateral discussions on trade liberali-
zation. Through framework agreements or other
agreements, the United States might offer more
aid for technical assistance and technology
transfer to developing countries (with U.S.
companies gaining some business from the
ad).

= The executive branch would assess differences
in regulatory stringency among countries, and
related competitive impacts on U.S. firms;
aternatives for addressing adverse impacts
would be developed for congressional consid-
eration.

= Government efforts to promote U.S. exports,
including environmental exports, would inten-
sify.

m Foreign assistance would be tapped to encour-
age exports of environmentally and develop-
mentally sound technologies and services (e.g.,
renewable energy technologies, pollution pre-
vention services) to developing countries. On a
life cycle basis, such projects could be less
expensive for developing countries than con-
ventional technology. In some cases, capital
project financing would be made available to
encourage transfer of U.S. technology.

= The United States would continue to work to
limit commercial advantage from use of mixed
credits and other tied aid credits by aid donors;
however, when other countries use these credits
for unfair commercial advantage, it would
respond in kind but use environmental guide-
lines to prevent transfer of inappropriate tech-
nologies.

This strategy might recognize the need to give
more priority to broad-based adjustment assist-
ance for U.S. workers. It is seldom feasible to
isolate the causes of plant closings and layoffs;

the major causes are patterns of trade and
investment, changes in consumer preference, and
obsolescence of plant and equipment from tech-
nological change. Sometimes environmental fac-
tors also contribute. While the implications of
technological upgrading for U.S. employment as
awhole are likely to be positive, the diffusion of
cleaner, more energy efficient technologies to
industry is bound to produce some displacement.

Not all of the steps listed in either strategy
would require new legislation, as several recent
laws authorize pertinent programs and initiatives
along these lines. Examples include the Energy
Policy Act of 1992 (EPACT, Public Law 102-
486), the Export Enhancement Act of 1992
(Public Law 102429), and the Aid, Trade, and
Competitiveness Act of 1992 (Title 111 of Public
Law 102-549). The Clinton administration has
announced several plans and initiatives related to
commercial and environmental technology pol-
icy, export promotion, and pollution prevention.
Depending on future levels of funding and other
indicators of commitment to implementation,
these laws and initiatives could form part of a
basis for the strategies.

B Issue Area A. Technology and R&D Policy

Debate is underway in Congress about the
Federal role in encouraging the development and
commercidization of innovative commercial tech-
nologies. Environmental technology has been
_gaining attention in this debate. The Energy
Policy Act of 1992, enacted at the end of the 102d
Congress, authorized expanded Federal support
for development and application of energy-
related environmental and industrial technolo-
gies. Severa environmental technology bills have
been proposed in the 103d Congress,’as well as
hills pertaining to the Federal role in commercial
technology development as a whole.’An admin-

‘See, for example, S. 978, the proposed National Environmental Technology Act of 1993, as reported by the Senate Environment and Public
Works Committee on July 30, 1993; S. 811, the proposed Environmental Competitiveness Act of 1993; and H.R. 3603, the proposed

Environmental Technologies Act of 1993.

’See H.R. 820, the proposed National Competitiveness Act of 1993 passed by the House on May 19, 1993, and S. 4.



Chapter 2-Issues and Options 43

Table 2-1—issue Area A. Federal Technology R&DPolicy
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1 Review Federal progress to:
. set priorities and coordinate R&D for environmentally
critical technologies S Y P P P
. integrate cleaner production in R&D program missions S Y Y p P
2 Review Environmental Protection Agency (EPA) clean technology
priorities s N Y P P
3 a) Fund pertinent Department of Energy (DOE) RD&D programs; L N Y P P
b) Make cleaner production a central mission of DOE’s Office of
Industrial Technology M-L N Y P P
4 Increase support for National Science Foundation clean technology
work M N Y P P
5 Fund startup or expansion of industry sector R&D technology consortia L Y Y P ?

aS=small ($ | omillion or less);M=moderate ($1 O to $100 million); L-large ($100million plus); a range indicatesthat it dependsonhow the option

is implemented.
b Y=yes; P=potentially yes; N=no; ?=effect is unclear

SOURCE: Office of Technology Assessment, 1993.

istration environmental technology initiative is
also under development.

For the most part, Federal environmental
regulations-their form and strictness-have been
the primary government action determining de-
velopment and use of environmental technology
by industry. This will continue to be the case.
However, nonregulatory forms of technology
policies—support for research, development, and
demonstrations, for example--could spur devel-
opment and use of environmentally preferable
products and processes. While not necessarily
developed to further specific regulatory aims,
such products and processes in some cases could
make compliance easier and cheaper for firms.

Discussed below are three issues germane to
the question of whether the U.S. Government
should expand its support for development of

cleaner, more cost-effective technology by
industry:

m goals and objectives for Federal environmental
technology policy,

= coordination of Federal activities relevant to
cleaner technology, and

s partnerships with industry to develop cleaner
technologies.

Five options pertinent to these issues are
summarized in table 2-1, and presented in greater
detail at the end of the discussion for this issue
area.

GOALS FOR FEDERAL POLICY

An expanded Federa role in developing cleaner
technologies or more cost-effective pollution
controls could require more funding and new
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ways to conduct government-industry partner-
ships. The Federa Government aready spends
nearly $2 billion per year on R&D pertinent to the
environmental technologies covered in this re-
port.”(See ch. 10.) Over $650 million is spent by
the Department of Energy (DOE), the Department
of Defense (DOD), and the Environmental Pro-
tection Agency (EPA) on remediation technolo-
gies for contaminated sites. Large commitments,
nearly $1 billion, are also made to cleaner energy
research, development, and demonstration (RD&D).
This includes renewable energy programs, the
Clean Coal Technology Demonstration Program
(which demonstrates pollution control and pre-
vention technologies), advanced engine and fuel
cell R&D, and electric and other cleaner vehicle
technologies, among other areas. Federal R&D
support for cleaner industrial process technolo-
gies and for improved end-of-pipe controls for
manufacturing operationsis only a small share of
the total-probably on the order of $150 million.

The question of whether, how, and to what
degree the Federal Government should support
additional initiatives to develop innovative envi-
ronmental or environmentally preferable technol-
ogies depends in part on available resources and
Federal priorities.

Several candidate R&D priorities may vie for
limited funds, including:

Putting the Federal House in Order—Most re-
mediation R&D centers on clean-up of contami-
nated defense-related facilities--clearly a Federa
or national responsibility. Developing lower cost
or more effective clean-up technologies is likely
to be a key Federa environmental and fiscal
priority for many years to come. Defining tech-
nology goals and objectives and securing clean-
up R&D resources for this area alone will pose
continuing challenges.

Estimates suggest that, using current technolo-
gies, it could cost the U.S. taxpayer tens of
billions of dollars in the coming years to clean up
hazardous and radioactive wastes a8 DOD and
DOE facilities. Improved remediation technolo-
gies might reduce clean-up costs and also aid in
managing abandoned hazardous waste sites—a
Federal responsibility under Superfund.

To some degree, the improved technologies
and processes resulting from Federal clean-up
R&D could produce export opportunities for U.S.
environmental firms. However, most countries
now give much more priority to pollution control
and prevention than to clean-up of contaminated
land. Remediation markets abroad are relatively
modest. Also, some of the U.S. R&D no doubt
may support further development of processes
created by firmsin other countries.

Helping Industry Meet Requirements at Less
Cost—Another Federal R&D priority might be to
encourage development of cleaner production
technologies (or, in some cases, more cost-
effective end-of-pipe or clean-up equipment).
This might further both environmental and indus-
trial competitiveness goals. U.S. industries spend
more on environmental compliance than their
counterparts in most other countries. Even when
compliance costs are comparable, some coun-
tries, such as Germany, provide more government
technical and financial help to their fins.

It would make sense to concentrate on industry
sectors that produce large environmental impacts
or that have high compliance costs, For example,
as is discussed in Option 5 at the end of this
section, the government might share the costs of
RD&D efforts with industrial consortia to address
industrywide environmental challenges. Regula-
tory and tax incentives for development and early

‘Larger estimates exist, but they include other technology sqppor;,SUCh as for agricu!ture, climate monitoring, health effects, management
of nuclear wastes, and mass tansit that are not addressed in this report, See U.S. Library of Congress, Congressional Research Service, The
Current Status of Federal R&D: Environmental Technologies, 92-675 SPR (Washington DC: Congressional Research Service, Aug. 25, 1992).



use of innovative environmental approaches can
also be useful.

Spurring Development of Environmentally Pref-
erable Products and Processes-The Federal
Government can help ensure that cleaner technol-
ogy or production priorities are considered in the
technology development activities that it sup-
ports, directly or indirectly. With the wide range
of R&D funded by the U.S. Government, the
long-term effect in stimulating development of
cleaner technologies could be significant. Addi-
tionally, Federal, State, university, and profes-
sional association support for integration of
environmental matters in engineering education
can help effect a cultura change by bringing
environmental criteria from the periphery to the
core of product and process design.

Meshing environmental with commercial R&D
goals could be beneficial. It could produce
technologies and techniques that allow compa-
nies to meet their environmental obligations at
less cost. For the environmental industry as well
as manufacturers of cleaner capital goods, better
and more economical pollution control and cleaner
production technologies offer new business op-
portunities at home and abroad. And, of course,
the economy, the environment, and public health
will benefit if new technological approaches
allow better environmental protection at less cost.

Government procurement practices could be
used to spur markets for environmentally favora-
ble products and processes, as well. Some exam-
ples include specifying cleaner printing and
painting, procurement of recycled materias, pro-
motion of energy efficiency in Federal buildings,
and acquisition of cleaner vehicles. Military
specifications aso could be rewritten to address
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the environmental impacts arising from manufac-
ture of products for DOD. Several executive
orders on these matters have been issued or are
under consideration in the Clinton administration.
Using government buying power as an instrument
of environmental policy is controversial with
suppliers of conventional products and other
industries who fear they might be adversely
affected.

Supporting Sustainable Development and Ex-
port Opportunities for U.S. Firms-In the years to
come, global demand for cost-effective, environ-
mentally preferable technologies can be expected
to grow in awide range of industry sectors. One
objective of Federal technology policy might be
to encourage development of such technologies in
the interest of global environmental improvement
and boosting export earnings and jobs for Ameri-
can fins. Joint R&D and industrial consortia
among environmental fins, regulated industries,
and government can help develop and demon-
strate technologies that provide environmental
solutions both at home and abroad. In addition to
support for R&D, the U.S. Government can help
by disseminating information on U.S. technolo-
gies abroad and developing export awareness in
the United States. Technical assistance to im-
prove foreign environmental management capac-
ity and negotiation of standards and practices in
other countries compatible with those employed
in the United States can also promote this
country’s interests.

COORDINATION AND FUNDING

As additional Federal roles in environmental
technology are considered, some see an emerging
need to articulate an overall strategy’and priori-

5 Developing an environmental technology Strategy is one purpose of some environmental technology proposals under consideration in
the 103d Congress. The Strategy proposed in S.978 as reported by the senate Environment and ubtic Works Committee would, among other
matters, identify and rank priorities that would benefit from critical environmental technologies; recommend public-private partnerships,
recommend measures to encourage commercialization and use of the technologies, especially by small business; and identify barriers,
incentives, and appropriate actions fordevelopment, use, and exports of the technologies Critical environmental technologies, as defined in
the bill, would embody a significant technical advance, have potential to bring about large, cost-effective reductions in health or environmental
risks; apply broadly at the precommercial stage; and be likely to have a favorable ratio of social to private returns if adopted.
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ties for a coordinated response by pertinent
agencies.

Several agencies play, or could play, prominent
roles in environmental and/or commercial tech-
nology development—including DOE, DOD, the
Department of Commerce, and EPA. Working out
appropriate roles among these and other agencies
will be an important issue for policy makers in
Congress and the Executive Branch. Lack of
coordination of these programs could limit their
effectiveness, as well as complicate technology
transfer to industry.

Administration efforts and plans to address
environmental technology include:

= an environmental technology strategy. In April
1993, President Clinton directed the Secretary
of Commerce to chair an interagency group for
creation of a national strategy for environ-
mental technology development, diffusion, and
export promotion. Other key agencies include
EPA and DOE. This body was expected to issue
areport in the fall of 1993.

» an expanded EPA role in environmental tech-
nology development. Over a 9-year planning
horizon, the projected increase would be $1.85
billion (much of which might pass through
EPA to other agencies). The purpose would be
to develop more advanced environmental sys-
tems and treatment techniques to produce
environmental benefits and exports of environ-
mental technologies.

= more funding for RD&D activities under the
1992 Energy Policy Act. (Among other things,
EPACT authorized increased Federal support
for environmentally significant energy technol-
ogies, including renewable energy, cleaner
vehicles and fuels, advanced engines, fuel cells,
and heating, cooling, and other building tech-
nologies. One title authorizes more R&D sup-
port for industrial technology related to energy
conservation, including waste reduction. For
example, it calls for more work on pulp and
paper technologies and improvement of energy

efficiency and cost-effectiveness of pollution
prevention technologies in energy intensive
industries-activities supported by the DOE’s
Office of Industrial Technology. Funding for
this office’'s work on energy efficiency and
waste reduction is authorized to grow from
about $97 million in fiscal year 1992 to about
$137 million in fiscal year 1994.)

a the administration’s overall technology initia-
tive calls on key Federal agencies including the
Departments of Commerce, Defense, and En-
ergy, to incorporate environmental goals when
supporting manufacturing R&D. The National
Institute of Standards and Technology (of the
Department of Commerce) would help small
and medium-sized firms improve energy effi-
ciency and performance (see Issue Area B
below).

Two subgroups of the interagency Federal
Coordinating Council on Science, Engineering,
and Technology (FCCSET) are working on envi-
ronmenta technology priorities. The Subcommit-
tee on Environmental Technology of the Commit-
tee on Earth and Environmental Sciences was
established to focus on environmental technology
issues. Also, the Committee on Manufacturing,
which seeks to define Federal priorities for
developing and diffusing manufacturing technol -
ogy to the private sector, plans to look at the
environmental aspects of Federal manufacturing
R&D. These activities could be affected by plans
to reorganize FCCSET.

With so many Federal activities underway or
soon to be proposed, Congress might wish to
conduct early oversight—with specia attention
to overall goals and abjectives, and the extent to
which clean technology objectives are addressed.
(See Option 1 at the end of this section). It might
also review funding and priorities for specific
Federal programs pertinent to cleaner technology
development, such as those by EPA, DOE, and
the National Science Foundation (NSF), as dis-
cussed in Options 2 through 4 below.



PARTNERSHIPS WITH INDUSTRY TO DEVELOP
CLEANER TECHNOLOGY

As standards become tougher, more cost-
effective ways to improve environmental per-
formance will be needed. To date, industrial
pollution prevention efforts typically involve
simple housekeeping and process modifications,
which often offer large payoffs for little effort.
More fundamental improvements in manufactur-
ing process technol ogies to make manufacturing
both cleaner and more productive could require
substantial R&D. In some cases, advances in
control and disposal technologies aso could
require more R&D.

While U.S. firms are making some progressin
integrating environmental concerns into manu-
facturing process and product development, most
efforts are small and ad hoc. The risks to
individual companies in proceeding aone with
the needed R&D often appear too great, given
technical uncertainties, questions about the ac-
ceptance of new technologies in the regulatory
system, and difficulties in capturing benefits that
accrue widely across an industry or to society as
a whole. Companies have been reluctant to
develop and try new generations of add-on
pollution controls for similar reasons.

Programs carried out through industry consor-
tia or cooperative research and development
agreements with Federal laboratories may offer
useful vehicles for assuring industry involve-
ment.°An industry sector focus for these activi-
ties could help alocate efforts toward those
sectors that pose the most significant environ-
mental threat or that face the highest compliance
costs. While DOE supports some cooperative
R&D in specific sectors (e.g., pulp and paper,
steelmaking, and foundries), firms tend to sign on
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for a specific project rather than develop the
continuing relationship that a consortium implies.
A more aggressive dternative, centered on high
environmental impact, high compliance cost in-
dustries, is discussed under Option 5 below.

While consortia may hold promise, there are
drawbacks. Funding more industrial RD&D could
take scarce dollars away from other worthwhile
claims on Federal resources. To the extent that
new Federa funds are available, getting the
Federal Government’s own house in order
through clean-up of Federa sites might seem a
more pressing claim. The substantial funds for
technology development in this effort offer prom-
ise for new remediation technologies that could
be applicable to commercial remediation.’

However, the Federal clean-up efforts are
needs-driven and highly specialized. Clean-up
R&D is not intended to produce technol ogies for
industry to control emissions or to produce
cleaner technologies that prevent pollution. In-
stead, the technology is mostly intended to deal
with already contaminated sites.

Many in both government and industry look
askance at partnerships and similar attempts by
government to influence private sector R&D.
Some believe that such partnerships amount to
favoritism. Others contend that most such activi-
ties would be ineffective, thus wasting the taxpay-
ers money, or, worse, could deflect R&D away
from other objectives that could turn out to be
more important.

One skeptical anaysis of the premise that strict
environmental regulations might enhance indus-
trial competitiveness also questioned the conten-
tion that R& D subsidies for environmental tech-

0 In this regard, Titl; 11 of the House passed version of HR. 820, the proposed National Competitiven%s ACt, would authorize the Commerce
Depar tment’s National mstitute of Standards and Technology to support large-scale research and development consortia. Among criteria for

an award: significant contribution to environmental sustainability.

"Further, Federal funds supporting research on environmental sciences are limited. Such research could lead to better understanding of the
risks that environmental degradation poses to human health, natural processes, and ecosystems. Improved understanding of the nature of such

risks could contribute to more effective policymaking.
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nologies would help promote U.S. industry.’
Government R&D subsidies might be needed to
obtain socially desirable investments in environ-
mental improvements. However, in a world of
multinational firms and international markets,
capturing the benefits of the R&D for domestic
developers might be difficult.

Even so, the long-term benefits to U.S. industry
and society from cleaner industrial technologies
could be very large, and it is not certain that
industry will act on its own to develop these
technologies unless it is clear that the government
is committed to their use in environmental
compliance.

Following from the discussion above, a num-
ber of options might be considered by Congress
if it wishes to broaden the Federal role to
encourage development and deployment of new
generations of environmental technology by in-
dustry. Some are discussed in the two following
sections (technology diffusion, and regulatory
reform and innovation). Among those that relate
to the Federal Government’s direct role in sup-
porting R&D activities are the following:

OPTION 1: Begin oversight at an early date on
the administration’ s progress to:

= coordinate and rank Federal R& D priorities for
environmentally critical technologies (includ-
ing those most pertinent to industry);

= integrate cleaner production objectives into
missions of commercial technology R&D pro-
grams.

OPTION 2: If Congress expands EPA’srolein
technology development, it could direct the
agency to work with other agencies and industry
to emphasize cleaner technology and pollution
prevention, and to seek to link regulatory devel-
opment more closely with technological priori-
ties.

OPTION 3: With regard to Department of
Energy programs:

» Review funding priorities and monitor progress
on Energy Policy Act R&D for renewable
energy, clean coal, and other environmentally
pertinent technologies. (Option 18 below dis-
cusses EPACT provisions for export promotion
and transfer of some of these technologies).

m Explicitly add environmental technology to the
mission of DOE's Office of Industrial Technol-
ogy;

s Fund more research, development, demonstra-
tions, and evaluations on cleaner production
technologies and pollution prevention proc-
€SSES.

OPTION 4: Increase National Science Founda-
tion support for cleaner technology research,
through industry-university research centers, en-
gineering research centers, and individual investi-
gator grants offered through NSF’' s environmen-
tally benign manufacturing program.

OPTION 5: Authorize support for initiating (or
expanding) R&D cost-sharing with industry sec-
tor organizations to:

= serve as a forum for industry to collectively
identify R& D needs related to environment;

m arrange partnerships among researchers, equip-
ment makers, and industrial users to develop
manufacturing technologies that are more en-
ergy efficient and cleaner;

= arrange similar partnerships to develop more
cost-effective control, recycling, and disposal
technologies for pollution and wastes,

s support demonstration of cleaner technologies
and new control, recycling, and disposal tech-
nologies;

m identify and diffuse innovations and best prac-
tices in pollution prevention and control to
industry; and share information on cost effec-
tiveness of pollution prevention relative to
control technologies; and

m identify regulatory barriers to more efficient
environmental solutions, and train inspectors

8 Karen L. Palmer and R. David Simpson, “‘Environmental Policy and Industrial Policy,” Resources. Resources for the Future, summer

1993, No. 112, pp. 17-21.
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Table 2-2—issue Area B. Diffusion of Best Practices and Technologies to Industry
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and permit writers on pollution prevention and
control in particular industries. (See further
discussion below in Issue Area C: Regulatory
Reform and Innovation.)

To be dligible, an organization would need to
serve an industry sector with significant environ-
mental impact or high compliance costs (e.g.,
chemicals, petroleum refining, primary metals,
metals finishing, and pulp and paper). In sectors
that now have such organizations, Federa sup-
port could focus on pollution prevention and
environmental technical assistance. While indus-
try governance and funding would be crucial, the
organization could work with Federa laborato-
ries.

I Issue Area B. Diffusion of Innovations to
U.S. Industry

As discussed in chapter 8, there is awide gap
between best environmental practices in industry
and prevailing practice. Many firms, especialy

small and medium-sized companies, have limited
knowledge or access to information about innova-
tions that might help them address environmental
problems in a more cost-effective manner. The
existing regulatory system often encourages com-
pliance-driven approaches that, in the long run,
are often not optima from either an environ-
mental or a competitiveness standpoint. In the
final analysis, better integration of environmental
and economic considerations will require changes
in the educational system for both engineers and
managers. Discussed below are several issues and
options to encourage diffusion of innovations to
industry: incentives;, technical help to smaller
companies, evaluation of technology perform-
ance; and integration of environmental matters in
business and engineering curricula. Table 2-2
lists these options,

INCENTIVES FOR DIFFUSION
Companies are often reluctant to install innova-
tive technologies. The costs and risks of being
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first lead many companies to stick with tried-and-
true environmental control approaches. In addi-
tion to ateration of regulations and programs for
technology verification and demonstration (de-
scribed elsewhere in this chapter), Congress could
consider a range of incentives for innovative
environmental technology development and use.
To aid in this process, Congress might direct the
administration to provide analysis of the costs and
benefits of severa specific mechanisms (see
Option 6 at the end of this section).

Accelerated depreciation and tax credits, loan
programs, and environmental taxes are among
approaches used in some other countries. Accel-
erated depreciation is used in the Netherlands,
where firms that install innovative pollution
prevention or control technologies can depreciate
their investment in 1 year instead of 10. The list
of eligible technologies is revised each year in
consultation with industry and government ex-
perts. Technologies that have gained significant
market share or that are required to be installed by
regulation are ineligible. This kind of approach
could aso be applied to programs of tax credits or
low interest loans.

Environmental taxes applied to production of
pollutants or waste is another alternative or
complement to the incentives just described. If
the added costs are high enough, polluters may
seek to avoid such taxes through pollution pre-
vention, or look for alternative technologies.
Environmental taxes could provide an incentive
for companies to perform better than standards
require. Some studies indicate that taxes on
pollution and other “bads’ can be economically
preferable to taxes on “goods’ such as labor,
investment, and savings.’Revenues from envi-
ronmental taxes could be used for general reve-
nue, to displace income and other taxes, or to
finance the above mentioned environmental inno-
vation incentives.

Government procurement can both encourage
or discourage the development of markets for
environmentally preferable technologies and prod-
ucts. Environmental objectives underlie recent
changes in procurement policies for such items as
paper (postconsumer recycled fiber content), light
bulbs (energy efficiency), and vehicle fleets (less
polluting fuels). Other steps (e.g., an Executive
Order by President Clinton to reduce toxic waste
emissions from Federa facilities to one half by
1999) could encourage development and markets
for aternative products. In some cases, other
policy objectives may slow adoption of alterna-
tive products. Changes in procurement policies
can be highly controversial, and provoke heated
opposition by affected industries. As part of the
Option 6 evaluation, or separately, Congress
might call on the administration to assess the
early experiences with these changes in procure-
ment policies.

TECHNICAL ASSISTANCE TO SMALL AND
MEDIUM-SIZED COMPANIES

Technical assistance programs can help manu-
facturers, particularly small and medium-sized
enterprises (SMES), understand and cope with
environmental regulations, and select low-cost
aternative technologies and approaches, such as
pollution prevention. Most States and a few
localities have pollution prevention programs,
which provide information and technical assist-
ance services.

The Federal Government provides some fund-
ing and technical support to these programs.
However, resources are small relative to need.
Some EPA-supported programs are housed in
State environmental agencies. Wary manufactur-
ers may not use these services, for fear of
triggering enforcement actions.

Pollution prevention is one of several kinds of
State or federally supported technical assistance.
Company officials may view other needs (e.g., for

9 Robert Repetto, Roger C. Dower, Robin Jenkins, and Jacqueline Geoghegan, Green Fees. How a TaxShift Can Workfor the Environment
and the Economy (Washington DC: World Resources Institute, November 1992).



manufacturing modernization, worker training,
and quality improvement) as more important.
Few programs provide fully integrated services,
in some states, there may be separate technical
assistance programs for energy conservation,
worker health and safety, pollution prevention,
and technology modernization. Manufacturers
may not know which program to contact; the
fragmentation of services thus limits opportuni-
ties to offer pollution prevention in the context of
a manufacturer's needs for productivity and
quality improvements. Moreover, most programs
focus on fabrication and assembly industries, not
on highly polluting process industries, such as
chemicals or steel.

There are advantages to offering pollution
prevention, energy conservation, and manufactur-
ing technology modernization in an integrated or
coordinated fashion. Providing services through
one-stop centers (or at least through closely
coordinated services) might improve efficiency,
technical consistency, and cost-effectiveness. In-
tegrated service organizations can respond to a
wide range of industry needs and can rely on
existing field staff for leads. These organizations
can aid technology transfer, by conveying infor-
mation to firms about new technologies, and aid
technology development by providing informa-
tion to developers about industry needs. As
outlined in Option 7 at the end of the section, there
are several aternatives Congress might consider
as ways to provide integrated or coordinated
services.

Such a broad mission might be given to or
coordinated with new manufacturing technology
centers administered by the National Institute of
Standards and Technology in the Commerce
Department. “While some of these centers have
aready been established, President Clinton has
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proposed expanding this system, as have various
bills proposed in the 103d Congress. The mission
of these centers could be broadened to include
energy conservation and pollution prevention
along with training, modernization, and quality.
Such a move could help integrate pollution
prevention into the service infrastructure regu-
larly used by manufacturing firms. The centers
would not need to offer these services directly, for
they could coordinate with the providers.

One disadvantage of this more integrated
approach is that it might not target the firms that
produce the most waste or cause the most
environmental damage *If the tOp priority isto
reduce pollution and wastes, putting pollution
prevention programs in existing manufacturing
modernization programs may dilute this focus.
However, this matter could be addressed by
making sure that the environmental component of
these organizations concentrate on achieving
pollution and waste reduction goals.

EVALUATION OF TECHNOLOGIES AND
DISSEMINATION OF INFORMATION

Objective information about performance ca-
pabilities could make it easier to commercialize
innovative American environmental technolo-
gies. Some users of environmental technologies
are reluctant to try innovative technologies for
fear that they will not meet requirements or will
be more costly than anticipated. Rather than take
the risk, they may stick with established technolo-
gies that could be less cost-effective for the
enterprise and less effective from an environ-
mental standpoint. Independent technology eval-
uations might help overcome some of the uncer-
tainties accompanying new environmental tech-
nologies; hence, Congress might wish to encourage
such evaluation activities (see Option 8 at the end
of this section).

105, 978 as reported by the Senate Environment and Public Works Committee would callon EPA and the COMMErCe Department to enter
into agreements so that EPA would provide technical assistance and support to thecenters for this purpose.

11 For example, many State pollution prevention programs have encouraged pollution prevention in SECtOI'S such as auto repair, @cl*&
small print shops, and other local service firms. The environmental problems of these firms might get less attentionn a program with more

of an economic development or competitiveness focus.
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Evaluation information also could aid U.S.
environmental firms in marketing their products
and services abroad by providing potential cus-
tomers with a more solid basis for choosing
among technologies. Often, such clients hold
EPA in high regard as an unbiased source of
environmental information. While EPA does not,
and probably should not, endorse particular
technologies or vendors, some U.S. companies
say that lack of governmental endorsement can be
an impediment in marketing abroad, and claim
that foreign competitors sometimes obtain such
blessings from their home governments.

Legislation proposed in the 103d Congress
would authorize more extensive Federal support
in evaluation of environmental technologies.
Among its other evaluation programs, S. 978 (the
proposed National Environmental Technology
Act of 1993), would establish an EPA program to
evaluate, verify, and disseminate performance
and cost information on environmental technolo-
gies. One function of this program would be to
develop protocols and testing procedures. A
clearinghouse would disseminate information
about technologies that meet or exceed evaluation
guidelines. Another bill, the House passed ver-
sion of H.R. 820, the proposed National Competi-
tiveness Act, would authorize the Commerce
Department’s Nationa Institute for Standards and
Technology to serve as testbed for advanced
technologies, including prototype clean manufac-
turing systems.

EPA aready sponsors some evauations of
innovative technologies developed by U.S. ven-
dors, with the vendor picking up most of the costs.
Its Superfund Innovative Technology Evaluation
(SITE) Program is the largest and best known
example. Technology developers pay to design,
install, and operate their technologies while EPA

pays for site preparation and evaluation. Smaller
EPA efforts are the Municipa Innovative Tech-
nology (MITE) Program and the Clean Technol-
ogy Demonstration Program.

Evaluations would not necessarily need to be
federally administered; federally supported cen-
ters could perform this function. For example, the
National Environmental Technologies Applica
tions Corp. (NETAC), a nonprofit corporation
founded by EPA in 1988 and associated with the
University of Pittsburgh Trust, has provided
independent laboratory evaluations on oil biore-
mediation agents. EPA apparently prefers an
independent entity to oversee testing and review
of technical data on environmental technologies. *

Evaluation programs have their drawbacks.
The SITE program received early criticism for
evaluating few truly innovative technologies .“In
addition, vendor demand for evaluations could
exceed available resources; in such cases, evalu-
ated technologies might receive a competitive
advantage over comparable or even superior
unevaluated technologies. Nonethel ess, perform-
ance verification could be a useful step that would
help domestic and foreign customers chose among
alternatives. It could be alow cost way to promote
U.S. exports in an environmentally desirable way.
(See subsequent discussion of Option 23).

ENGINEERING AND BUSINESS EDUCATION

If U.S. industry is to better meld environmental
with competitive demands, it will need engineers
who are adept at integrating environmental con-
siderations with other cost, quality, and technical
performance criteria, and managers who under-
stand how different environmental solutions im-
pinge on cost, quality, and marketing. Environ-
mental goods and services firms aso will need
such technical and managerial talent to offer

12**EPA Calls for Independent Environmental Technology Review Office,” Inside EPA, Aug. 6,1993,
13 Office of Technology Assessment, Coming Clean: Superfund Problems Can be Solved, OTA-ITE-433 (Washington, DC: Us.

Government Printing Office, 1989), pp. 182-183.



customers a full range of environmentally and
economically sound solutions. Y et such environ-
mental matters are addressed on the periphery, if
at al, in most engineering and business education
programs.

In some engineering schools, environmental
engineering programs train students to design and
operate end-of-pipe pollution control and dis-
posal systems. These students may have a limited
understanding of the industrial production proc-
esses in which pollution prevention opportunities
arise.

Students in traditional engineering disciplines
(chemical, civil, electrical, and mechanical engi-
neering) and related areas (e.g., architecture
materials engineering, food science, and indus-
trial engineering) usualy do not receive much
training on how to consider environmental factors
in designing or modifying products, processes,
and structures. *4 Environmental criteria, such as
emissions standards, recyclability, and toxicity of
materials, tend to be thought of as externally
imposed constraints that are often treated as an
afterthought in the design process, As a result,
opportunities to improve the environmental per-
formance of industrial processes and products
while keeping costs low and quality high may lie
unrecognized. Thus, integration of environmental
issues and perspectives in the mainstream engi-
neering curriculum could be useful.”

As is discussed in Option 9 below, Federd
agencies, such as the National Science Founda-
tion (NSF) and the Office of Environmental
Education at EPA, might contribute to efforts to
change engineering education. For instance, NSF
could assemble and disseminate course materials
for use in undergraduate curricula. It could help
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professors and lecturers learn how to address
environmental factors in their courses. NSF could
support or complement some existing efforts. For
instance, the Center for Waste Reduction Tech-
nologies of the American Institute of Chemical
Engineers has developed a manua for incorporat-
ing pollution prevention design and homework
problems in chemical engineering courses. Gov-
ernment, industry, professional associations, and
universities can work together to produce and use
these educational materials. Such materials could
help in training undergraduate engineering stu-
dents and in retraining practicing engineers, such
as those leaving defense-related jobs or partici-
pating in continuing education.

Business schools tend to treat environmental
issues as a peripheral matter, Their students are
seldom taught to account for and properly assign
al environmentally related costs. Without ade-
quate environmental accounting and accountabil-
ity, managers and engineers may not attack their
environmental problems in the most cost-
effective way. The costs of waste disposa may
not be assigned to individual processes and
product lines, for example. Regulatory costs,
potential liability, or loss of community or
customer goodwill also may not be fully taken
into account. Finally, ways to mesh environ-
mental performance with better quality and pro-
ductivity are seldom studied. The analogy be-
tween environment and quality is discussed
further in chapter 8.

Some business schools are beginning to re-
spend.”However, only about 1 in 10 has or is
developing environmental courses .” The Federal
Government, in cooperation with professional
associations and universities, could support as-

14 For discussion of issues related to incorporation of environmental factors in the design of products, see U.S. Congress Office of
Technology Assessment, Green Products by Design: Choices for a Cleaner Environment, OTA-E-541(Washington, DC: U.S. Government

Printing Office, October 1992).

15 Robert A. Frosch and Nicholas E. Gallopoulos, **S~te@es for Manufacturing, « Scientific American, vol. 261, No. 3 (September 1989),

pp. 144-152.

16 J.E. Post, “The Greening of Management, ” Issues in Science and Technology, vol. 6, No. 4 (summer), pp. 68-72.
17 Information provided by staff of the Management Institute for Environment and Business, August, 1992.



541 Industry, Technology, and the Environment: Competitive Challenges and Business Opportunities

sembly and dissemination of relevant course
materials to business schools (see Option 9
below). For example, the Management Institute
for Environment and Business seeks to encourage
business schools to integrate environmental con-
cernsinto their curricula. It has produced a book
of case studies on environment and industrial
competitiveness.

OPTION 6: Direct the administration to iden-
tify and evauate that best choices among eco-
nomic incentives (e.g., accelerated depreciation,
loans, or fees) to speed diffusion of cleaner
technologies to industry. EPA, the Department of
Commerce, the Department of Energy, and the
Treasury Department could examine the competi-
tive, environmental, and fiscal impacts of such
approaches. Congress also might direct the ad-
ministration to provide initial evaluation of its use
of Federa procurement to achieve environmental
goals-an approach promulgated in severa re-
cent executive orders.

OPTION 7. Make pollution prevention and
energy conservation specific mission objectives
and services to be provided or facilitated by
manufacturing extension services. (Expansion of
these services is proposed in legislation before the
103d Congress.) Fund efforts at the State and
local level, through existing industrial moderni-
zation organizations, to help promote pollution
prevention. Use funding currently channeled
through several existing Federal technical assist-
ance programs to support full-service industria
extension, including manufacturing moderniza-
tion, pollution prevention, energy conservation,
worker training, and worker safety and health.

Alternatively, Congress could expand EPA’s
Pollution Prevention Incentives for the States
(PPIS) program or the Waste Minimization As-
sessment Centers (WMAC), and direct that some
grants be provided to State industrial extension
services. PPIS provides $3 million a year to State
pollution prevention technical assistance pro-
grams. The three WMACs receive $200,000 a
year and are housed at universities where faculty

and staff perform free, in-depth waste minimiza-
tion assessments for small and medium-sized
business.

OPTION 8: Direct EPA (either itself or through
a center) to undertake independent eval uations of
the technical, environmental, and economic per-
formance of innovative environmental technolo-
gies. As remediation evaluation programs aready
exist, this activity could be oriented to pollution
prevention and control and cleaner technology
options. Firms seeking to have their technologies
evaluated would pick up most of the costs.

Provide resources to ensure timely dissemina-
tion of results, including possible translation into
foreign languages.

OPTION 9: Provide seed funds through NSF or
the EPA Office of Environmental Education for
integration of environmental components into
engineering school and business school curricula
The objective should not be to produce new
courses labeled pollution prevention (in the case
of engineering schools) or business and the
environment (at business schools) but to incorpo-
rate environmental methodol ogies into basic cur-
ricula.

B Issue Area C. Regulatory Reform and
Innovation

It is difficult to generalize about the U.S.
system of environmental regulations, even when
the focus is just on manufacturing firms. How-
ever, there are some common characteristics. For
example, there continues to be a focus on single
media; there tends to be more emphasis on
controlling or treating pollution after it has been
generated; and there is relatively little direct
encouragement for technology development or
innovation.

As discussed in chapter 9, traditional ap-
proaches to regulation and enforcement some-
times make innovation difficult. Complying firms
also can find it difficult to implement the lowest
cost approaches.



For example, it has been difficult to integrate
the mission of pollution prevention into EPA’s
operations. (Recent developments, such as the
June 1993 pollution prevention policy statement
from the EPA Administrator, may speed up the
process. )18 Pollution prevention often has been
carried out as a separate function, with projects
peripheral to EPA’s main regulatory and enforce-
ment role. Many regulations and rules reinforce
reliance on end-of-pipe technology. Even for
performance based regulations, personnel respon-
sible for permitting may not have adequate
training to recognize appropriate opportunities
for use of pollution prevention aternatives.

Strong environmental regulations and enforce-
ment are essential to encourage firms to adopt
pollution prevention and to encourage innova-
tion. However, prescribing pollution prevention
practices or techniques could make it difficult for
manufacturers to develop pollution prevention
solutions that make the most sense for their
operations. Better results might be achieved by
encouraging (or even mandating) pollution pre-
vention planning, modifying regulations to allow
more pollution prevention, and increasing techni-
cal assistance and support for technology devel-
opment.

As long as strong regulation and enforcement
are fully maintained, steps could be taken to
explore approaches that alow firms to use more
cost-effective approaches without jeopardizing
environmental goals. Innovative experiments con-
ducted in many places around the country are
promising and could be attempted el sewhere. For
example, full-facility studies examining all pol-
lutants and waste generated by different types of
industrial facilities can be useful for guiding
company pollution prevention efforts and helping
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regulators establish more effective but less costly
environmental protection requirements. The Amoco
Y orktown study, jointly managed by Amoco Co.,
EPA, and the Commonwealth of Virginia, identi-
fied many pollution prevention and control op-
tions that could achieve greater pollution reduc-
tion than now required by regulation. Such
studies done for other types of facilities, such as
pulp mills, or various classes of chemical plants,
would be useful.

EPA has been assessing additional steps that
might be taken to encourage innovation, such as
setting up reinvention laboratories (or pilot proj-
ects) staffed by experienced EPA and state permit
writers.” Concern exists within EPA about its
authority to undertake such efforts .20 If Congress
wishes to encourage more innovation, it could
explicitly authorize and fired options such as
those listed for Issue Area C in table 2-3 and
discussed below.

OPTION 10: Congress could provide funds to
EPA for a pilot project program with industry to
demonstrate regulatory approaches that give firms
that are first rate environmental performers more
choice in the means they use to meet environ-
mental requirements. Firms showing commit-
ment to environmental excellence (e.g., signifi-
cant pollution prevention efforts, participation in
EPA voluntary programs, and willingness to
conduct facility-wide environmental and pollu-
tion prevention audits) might be eligible for such
benefits as:

= coordinated multimedia permitting and inspec-
tion (rather than single media permits with
multiple inspections),

= facility-wide emission caps, rather than indi-
vidual source limits,

18 Memorandum of Carol M. Browner, Administrator, to all EPA employees, Junel$5, 1993, titled *‘Pollution prevention Policy Statement:

New Directions for Environmental Protection. ”

19 For discussion of this concept andseveral other steps to encourage innovations, see U.S. Environmental Protection Agency, ‘“‘Reporof
EPA’s Environmental Technology Team for the National Performance Review, * August 1993, mimeo.

2 [pid., p. 17.
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Table 2-3--Issue Area C. Regulatory Reform and Innovation
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m use by participating firms of any technical
approach that meets environmental standards,
and

m accelerated permitting in some circumstances.

OPTION 11: Congress could give EPA funds
to make incentive grants for innovative regulatory
reform projects, and funds for innovations by
State environmental agencies. For example,
grants could be used to conduct full-facility
studies examining all sources of pollution and
pollution prevention options, provide training to
implement new approaches, integrate information
management technologies into compliance moni-
toring, and conduct multimedia inspections. In
addition, EPA could actively work to encourage
coordination, and disseminate information about
the States experien(*:es. .

*

While experience with such approaches as

those in Options 10 and 11 is growing, a number

of barriers and concerns would need to be
addressed before these techniques could be put
into widespread use. Assurance would be needed
that health and environmental standards would be
maintained. Safeguards to guard against, and
quickly detect, abuses would be needed. (Hence,
new techniques allowing continuous monitoring
of emissions would help.) It aso would be
difficult to develop criteriato use in determining
what constitutes a good environmental record for
qualifying fins. Concerns exist that flexibility
could lead to favoritism or foreclose enforcement
options.

For al these reasons, evaluation of the activi-
ties undertaken under Options 10 and 11 would be
essential to identify the most effective approaches
and needed areas for improvement. EPA could be
directed to provide for such evaluations, and to
provide technical assistance to states seeking to
implement these approaches on a wider basis.



Widespread use of these approaches could
stress regulatory agencies now organized along
media lines for end-of-pipe compliance. The
skills needed by permit writers would change
from narrow and specialized to broad based, yet
the permit writers would need strong technical
backgrounds to deal with a more complicated
permitting process and to judge whether alterna-
tive approaches are appropriate. Provision would
need to be made for training.

OPTION 12: Congress might increase EPA’s
resources to hire or train inspectors and permit
writers to recognize and evauate a variety of
technical approaches for meeting environmental
standards.

* * *

Regulations and permitting procedures can
sometimes impede technology innovation and
diffusion. Best available technology (BAT) or
similar standards can assure successful environ-
mental technology developers of a market, but
can make acceptance of aternative environ-
mental technologies harder, Complying firms
may install technologies used as benchmarks by
regulatory agencies on the assumption that it is
better to stick with proven technologies that seem
to be endorsed by the regulations. While BAT
standards are favorable for suppliers of approved
technology, they may inhibit development of new
and innovative technology by other vendors and
developers.

Some of the impediments might be overcome
if there were closer links between technology
developers and regulators, EPA could work with
industry-sector technology organizations (e.g.,
the organizations discussed in Option 5) on
environmental issues facing the industry, includ-
ing the implications of foreseeable regulations for
technology priorities, development, and diffu-
sion. This task could be assigned to industry-
sector groups at EPA with expertise on a given
industry. Better training of permit writers, so that
they might more confidently judge innovative
aternatives, would also help.
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OPTION 13: Congress could direct EPA to
expand its industry sector-based activities. EPA
could be given resources to develop more sectoral
specific expertise at EPA and within the States.
With more industry sector expertise, efforts to
develop regulations that realistically anticipate
compliance probler*ns COLild be *enhanced.

Firms complain about the complexity, uncer-
tainty, cost, and time required to obtain an
innovative environmental technology R&D per-
mit under RCRA or under ad hoc procedures
under the Clean Air Act (CAA) and Clean Water
Act (CWA). Some technology developers have
moved technologies abroad for development and
testing. Adjusting procedures to meet the needs of
innovators, provide permits for freed R&D and
testing facilities, and develop quicker and more
predictable permitting might help U.S. innova-
tors, but would need to be done in ways that avoid
the potential for abuses.

OPTION 14: Modify permitting in RCRA,
CAA, and CWA to better accommodate research,
development, demonstration, and testing. R&D
permits lack the flexibility required to encourage
research; ad hoc administration of innovative
technology testing lacks predictability. Congress
might therefore institute streamlined and flexible
permitting for innovative technology, including
permitting of testi ng centt*ers. .

The options discussed above are intended to
help stimulate innovation. However, they would
still be controversial. While experimentation with
such procedures is already underway, even some
demonstrably successful approaches might not
win acceptance with industry, environmental
organizations, or regulators. Over years of debate
about regulations, regulated industries often have
concentrated more on reducing levels of regula-
tion than on improving the efficiency of the
regulatory system. Many in industry fear that new
approaches to regulation, such as pollution pre-
vention, could lead to more burdensome require-
ments. For their part, many environmental groups
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have been more concerned with defending exist-
ing gains than in making the system deliver equal
or even greater environmental benefits at lower
costs. Within regulatory agencies, many are
reluctant to embrace a new system that departs
from accustomed ways of doing things. Also,
managers may resist efforts to break down
organizational walls, particularly when resources
are scarce.

Without a sense of trust and commitment
among these key parties, the cooperative basis for
developing more effective and efficient regula-
tory approaches will be limited, Thus Congress
might consider ways to build more cooperative
relationships between government, industry, and
environmental organizations, asin Option 15.

OPTION 15: Congress could fund an Institute
for Environmental Cooperation to promote inno-
vative cooperative efforts between industry, envi-
ronmental groups or other nongovernmental or-
ganizations, and government. The institute could
be a forum for collaboration, bringing various
parties together to explore new approaches and to
craft new solutions. Moreover, the institute could
study innovative cooperative efforts and dissemi-
nate lessons learned from these approaches.

Universities could also serve as forums for
consensus building and collaboration. One exam-
ple is an effort at the Massachusetts Institute of
Technology in which industry, nongovernmental
organizations, regulators, and academics are ex-
amining issues related to industrial chlorine use.
Such efforts could be supported as part of an
Institute for Environmental Cooperation.

Congress might also want to explore creating
sectoral industry councils within EPA. A small
number of councils might be formed for those
industries with the greatest environmental im-
pacts, with membership from industry and envi-
ronmental organizations. If EPA moves toward
sectorally based, multimedia rulemaking, these
councils could support these efforts.

1 Issue Area D. Export Promotion,
Development Assistance, and
Environmental Firms

Compared to several competitors, the U.S.
Government provides relatively little support for
U.S. manufacturing firms for exporting. Recent
U.S. laws give new legidlative priority to Federa
export promotion programs; someplace emphasis
on environmental technologies and services spe-
cificaly. Severa hills pertaining to promoting
exports of U.S. environmental technologies and
services also have been proposed in the 103d
Congress.

Responding to a congressional directive, the
Clinton administration issued a proposed export
promotion strategy with over 60 recommended
actions in September, 1993, While many of the
proposed steps do not require congressional
action, debate about level of funding and support
for these new programs will continue. The
administration also issued an environmental ex-
port strategy in November 1993 just before this
report went to press.

While most of the environmental market isin
advanced industrial countries, markets in newly
industrialized countries are growing rapidly. Most
developing countries have limited experience in
addressing environmental matters. However, de-
veloping country environmental problems are
great, and some are beginning to invest in
environmental protection. They thus have be-
come a focal point in debate about policies and
programs to promote exports of environmental
technologies, not only in this country but in other
countries with large environmental industries. In
this case, aternative governmental roles in pro-
moting exports need to be evaluated in the
broader context of encouraging international
cooperation to improve the environment, which is
the shared heritage of all countries, and in
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Table 2-4—issue Area D. Export Promotion, Development Assistance, and Environmental Firms
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Multilateral cooperation for technical assistance:
16  Work to setup a program to help developing countries identify needed
environmental technologies S N ? Y Y
17 Make cleaner production/pollution prevention a priority in multilateral
aid M N ? Y Y
Bilateral Foreign Assistance/Export Promotion:
18 Fund EPACT programs for USAID- DOE transfer of innovative energy and
environmental technologies to developing countries L N ? Y Y
19 Increase Trade and Development Agency funding for feasibility studies M-L N ? Y Y
20 Encourage U.S. firms to emphasize training of developing country
personnel in equipment and services contracts M N ? Y Y
Export Promotion
21 Conduct early oversight on the Trade Promotion Coordinating Commit-
tee’s environmental working group strategy and proposed budget S N ? Y Y
22 Encourage U.S. foreign commercial interactions through:
.increasing overseas commercial officers or contractors M N Y Y P
.increasing outreach to environmental industry associations M Y ? Y P
. operating through environmental business centers here and Ameri-
can Business centers overseas. M N ? Y Y
23 Disseminate information about U.S. technologies abroad S N ? Y Y
24 Provide resources for one-stop shopping and regional centers to help
smaller firms access and make use of available export assistance M Ye ? Y p
25 Consider ways to expand export financing while keeping environmental
safeguards Le Ye ? Y p

a Sasmall ($ 1 0 million or less); M=moderate ($1 O to $100 million); L-large ($100 million plus); a range indicates that it depends on how the option

is implemented.
b Y=yes; P=potentially yes; N=no; ?-effect is unclear
¢ assumes action is taken after review or evaluation

SOURCE: Office of Technology Assessment, 1993.

furthering developmentally sound progress in the
developing world.

Discussed below are three matters that bear on
where to draw the line between competition for
markets and environmental cooperation; the role
of multilateral aid to developing countries; links
between development assistance and export pro-
motion; and the Federal export promotion role

more generally. A number of options, summa-
rized in table 2-4, are discussed.

This ordering is deliberate: this report finds
that efforts by developed countries to promote
environmental exports need to take place within
a context of bilateral and multilateral actions to
improve the environmental capabilities of devel-
oping countries.
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There is a potential for tensions between
development assistance objectives aimed at meet-
ing the needs of developing countries (e.g., for
environmentally sound, sustainable development)
and the desire of many donor countries to realize
commercia benefit from their aid (e.g., encourag-
ing exports of environmental technologies whether
or not the particular technology is best suited for
the developing country). A background paper
prepared for this assessment, Development Assist-
ance, Export Promotion, and Environmental
Technology, discusses thisissue in some detail.”

MULTILATERAL COOPERATION FOR TECHNICAL
ASSISTANCE

Developing countries have a great need for
appropriate environmental technologies and serv-
ices. Yet few developing countries have the
necessary information or technical resources to
make the best selections; nor can they be sure of
the objectivity of other nations in providing
technical help when commercial transactions are
involved. These concerns might be addressed
through multilateral and bilateral efforts to pro-
vide developing countries with technical informa-
tion and assistance about environmental technol-
ogies and services.

Asdiscussed in Option 8, U.S. agency support
for independent evaluations of environmental
technology could be expanded. Expansion to
include more emphasis on evaluation of preven-
tion and control technologies as well as remedia-
tion could benefit U.S. firms seeking foreign
clients. However, even with independent infor-
mation, officials in developing countries often do
not have enough information about available
options. In some cases, relatively simple technol-
ogies may suffice. Information and technical
assistance provided by national governments or
by firms could be suspect. Hence, a multilateral
approach could be helpful.

One possibility (see Option 16 at end of
section) would be for the U.S. Government
(acting through the Department of State, USAID,
or another agency) to work with other countries to
expand the ability of international agencies like
the United Nations Environment Program to
provide objective information and technical ad-
vice about environmental technologies (including
cleaner technology choices).

The costs of needed environmental improve-
ments in developing countries could be great.
With end-of-pipe solutions, developing countries
might easily need to invest over $50 billion per
year (1 percent of their projected gross domestic
products in the year 2000) to factor environmental
matters into their development plans.

Most of the costs of environmental protection
in developing countries will need to be paid for by
the developing countries themselves or through
resources made available through increased trade
and investment. However, bilateral and multilat-
eral aid might serve a catalytic function in
prompting action. As discussed in OTA’s Devel-
opment Assistance, Export Promation, and Envi-
ronmental Technology, industrial countries pro-
vided about $5 billion in bilateral and multilateral
environmental aid in 1991.%This aid has proba-
bly increased; Japan claims its 1992 environ-
mental aid was more than twice that in 1991—
over $2 hillion.

Cleaner technologies and pollution prevention
are promising options to keep life cycle costs for
environmental infrastructure manageable. Some
pollution prevention approaches are very inex-
pensive, although requiring technical assistance
and training of personnel. In other cases, cleaner
technologies entail higher front end costs than
conventional equipment; however, they can be
more attractive than conventional options when
operating and maintenance costs are considered.
Technical assistance to provide reliable informa-

21 Us. Congress Office of Technology Assessment, Development Assistance, Export Promotion, and Environmental Technology,
OTA-BP-ITE-107 (Washington, DC: U.S. GovernmentPrinitng Office, August 1993).

22 |bid.



tion about alternatives could be useful to develop-
ing country decisionmakers. U.S. firms and con-
sultants are among the leaders in providing such
services.

The United States offers substantial assistance
to developing countries to enhance their environ-
mental management capabilities.23 If Congress
wished to pursue more multilateral activities to
help develop information needed for environmen-
tally and economically sound choices, the follow-
ing options might be considered:

OPTION 16: Support establishment of a tech-
nical information program by an internationa
agency such as the United Nations Environment
Program, the United Nations Development Pro-
gram, or the Global Environment Facility to
provide objective information and technical ad-
vice about environmental technologies to devel-
oping countries.

OPTION 17: Through multilateral channels,
support cleaner technology and pollution preven-
tion services to developing countries in addition
to the existing USAID bhilateral environmental
pollution prevention project.

BILATERAL ASSISTANCE AND
EXPORT PROMOTION

The United States Government now spends
about $650 million per year on environmental and
related energy aid to developing countries. U.S.
aid programs are not as overtly commercial as
some other countries’ programs are perceived to
be. Use of aid to support commercial transfer of
U.S. environmental technologies has been lim-
ited. However, some forms of assistance can
benefit a donor country’s commercial goals in
ways that are compatible with the development
aspirations of developing countries.

Some recently initiated public-private partner-
ships am to involve U.S. industry in efforts by
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developing countries to address environmental
problems. The United States-Asia Environmental
Partnership (US-AEP), launched in 1992, works
with U.S. agencies and firms to encourage use of
U.S. technologies and expertise in Asian country
environmental efforts. It is too soon to evaluate
US-AEP. If it succeeds, US-AEP's regional
emphasis might be attempted in other promising
market areas. The U.S. Environmental Training
Institute (USETI), another recently launched
public-private partnership, brings business and
governmental decisionmakers to the United
States for training through which U.S. firms can
showcase their technologies.

Newly authorized programs, such as major new
environment and energy technology transfer pro-
grams called for in the 1992 Energy Policy Act,
emphasize an USAID role with the Department of
Energy in transferring technologies to developing
countries, in part because of the potential benefits
to U.S. firms and the U.S. economy. Asindicated
in Option 18, Congress might consider fuller
funding for these programs.

Helping developing countries with capacity
building also can bring commercial benefits to
donors. Support for the development of central
laboratory facilities-equipment and training—
for the environment agencies of developing
countries could create preferences for U.S. stand-
ards, protocols, instruments, and other equip-
ment. Such laboratories may set nationwide
standards for environmental monitoring that may
produce further orders for U.S. equipment from
private sector and State/provincia/municipal lab-
oratories.*

Technical training is another area where a
donor’s commercial interests and the recipient’s
developmental and environmental interests may
coincide. The United States has an advantage in
that many engineers in developing countries have

23 Ibid., pp. 58-61.

2 Japan, for instance, has funded the Environmental Management Center for the Indonesian environmental agency. The Center includes a

central reference laboratory that will be outfitted with Japanese instruments. Some expect that provincial and private laboratories might adopt
similar Japanese instruments so that they will be compatible with the central government laboratory.
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received university education here. programs like
USET]I offer away to expose devel oping country
officials in both the public and private sectors to
U.S. technology. However, there is also a need to
train developing country personnel who will
operate and maintain equipment and plants once
facilities are constructed. Support for operations
training could be an effective way to meet both
development assistance and export promotion
goals.

Grants to developing countries for project
feasibility studies conducted by U.S. firms is
another form of support; often, these studies lead
to subsequent purchase of technologies or prod-
ucts made in the United States. The U.S. Trade
and Development Agency (TDA) contends that
its feasibility study grant program generates over
$20in U.S. sales for every Federa dollar spent.
Compared to some other countries, such as Japan
(over $200 million per year), funding for TDA is
low—about $40 million in fiscal year 1993; an
increase to $60 million has been proposed. Since
many TDA feasibility studies contain environ-
mental components, such an increase would
likely encourage more environmental exports. In
its recent export promotion strategy, the Clinton
administration proposed consolidation of all Fed-
eral feasibility studies for major projects primar-
ily intended to promote U.S. exports.”

Compared to some donors, the United States
provides little aid for capital projects—projects
that often involve internationally traded goods
and services. If undertaken in a developmentally
and environmentally sound way, funding capital
projects could create many commercial opportu-
nities for U.S. firms. Some would contend that
such a change would ruin months to years of U.S.
efforts to encourage other donors to reduce their
use of mixed credits and other tied aid loans.

If Congress wishes to place more emphasis on
links between foreign aid and environmental
export promoting, it might consider several op-
tions:

OPTION 18: Fund provisions in the Energy
Policy Act of 1992 (Public Law 102-486) that call
on the Secretary of Energy, acting through
USAID or other Federal agencies, to encourage
transfer of environmentally preferable energy
technologies to developing countries. Three new
programs were authorized: an innovative envi-
ronmental technology transfer program, a clean
coal technology transfer program, and a renew-
able energy technology transfer program. (The
authorized funding level for each of these programs
is $100 million per year through fiscal year 1998.)
Also fund the developing country training program
on renewable energy authorized by the law.

OPTION 19: Increase funding for the Trade
and Development Agency for project feasibility
studies.

OPTION 20: Encourage U.S. firms to provide
training of developing country personnel for use
of U.S. equipment and services. This might be
accomplished through TDA funds.

EXPORT PROMOTION POLICY AND STRATEGY

The Export Enhancement Act of 1992 gave
new emphasis to the need for better coordinated
Federal export promotion efforts, including those
pertinent to environmental exports. In addition,
several environmental export promotion bills had
been proposed in the 103d Congress.”

The Clinton administration’s initial export
promotion strategy, prepared in response to the
Export Enhancement Act by the Trade Promotion
Coordinating Committee (TPCC), was issued in

25 Trade Promotion Coordinating Committee, Toward a National ExportStrategy (Washington, DC: U.S. GovernmeniPrinting Office, Sept.

30, 1993), p. X.

26 See, for example, H.R. 2112, the proposed National Environmental Trade Development Act of 1993, as reported by the House Merchant
Marine and Fisheries Committee on June 30, 1992; Hi?. 2096, to promote exports of environmental technology, goals, and services; S. 979
the proposed Greeatech Jobs Initiative Act of 1993; and S. 1074, the proposed National Environmental Trade Development Act of 1993.



September 1993.” The Act also gave statutory
direction for an environmental trade working
group as part of the TPCC. The Department of
Commerce, the Department of Energy, EPA and
some other Federal agencies had just issued an
environmental export strategy when this report
went to press.” Congress could monitor its
priorities and implementation plans, including
mechanisms for private sector involvement and
priorities for the export potential of cleaner
technologies (Option 21).

Federal Agency Export Promotion Budget—
Several U.S. agencies and programs work to
promote U.S. exports. Five agencies, the Com-
merce Department, Eximbank, the Agriculture
Department, USAID, and the Small Business
Administration (SBA), account for 90 percent of
Federal outlays and most Federal field opera-
tions.” Other agencies with important roles in-
clude TDA and the Overseas Private Investment
Corp. (OPIC). Numerous other agencies, includ-
ing DOE and EPA, may have some involvement.

The Export Enhancement Act charged the
TPCC with proposing an “annual unified” Fed-
eral export promotion budget. In its initial year
under the new Act, the TPCC was unable to
accomplish this--deferring development of the
budget proposal to the fiscal year 1995 budget
process. A particularly thorny issue concerns
agriculture’ s budget share: according to the U.S.
General Accounting Office, agriculture, in fiscal
year 1991, accounted for 10 percent of U.S.
exports, but 75 percent of the Federal export
promotion budget.

Private Sector Role--A key question in export
promotion generaly, and in environmental ex-
ports specifically concerns the nature and degree
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of private sector involvement strategy develop-
ment and priority setting. Some contend that there
needs to be more private sector involvement in
developing an environmental export strategy, and
have proposed creation of a public private council
to prepare an action plan to implement the
strategy after it is accepted. The danger is, of
course, that such a plan would become a form of
special pleading by its private sector members.
However, some precedents already exist for
industry involvement in priority setting. One
example is the Committee on Renewable Energy
Commerce and Trade (CORECT) which could
become a model for other subsectors.

Financing-Inability to put together an accept-
able financing package often limits U.S. fins
ability to secure overseas projects. Moreover, the
U.S. Government has few funds available for
capital project financing in its aid program. Some
other exporting countries offer more accessible
and lower cost financial help to their firms in
exporting (see ch. 6). The U.S. Eximbank does
maintain a War Chest, but it is used defensively
to counter unfair financing packages put together
with support from other countries. Increased
funding for the War Chest was authorized by
Congress in 1992; it could be used to help U.S.
environmental firms with financing when faced
by a competitor with an unfair package. The War
Chest also might be used proactively, to help U.S.
firms finance projects that are more favorable
from an environmental standpoint that might not
otherwise be able to compete with lower cost,
environmentally less favorable projects.

Another approach would be to give specia
priority to environmental projects by opening a
special window for environmental |oans at close-
to-market rates at the Eximbank or other financ-

17 Toward a Narional Export Strategy, op cit., footote 25.

28 Ronald H. Brown, Hazel O’Leary, Carol Browner, Environmental Technologies Exports. Strategic Framework for U.S. Leadership,

November 1993.

29 Statement of Allan L. Mendelowitz, * ‘Export Promotion: Initial Assessment of Governmentwide Strategic Plan,”’ testimony before the
House Committee on Foreign Affairs Subcommittee on Economic Policy, Trade andEnvironment, September 29, 1993, U.S. General

Accounting Office, GAO/T-GGD-93-48, p. 9.
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ing institutions. These institutions are now ex-
pected to give special attention to projects that are
environmentally preferable.

Foreign Commercial Service Representation—
The United States & Foreign Commercial Service
(US&FCS), part of the Commerce Department,
maintains offices in this country and overseas. It
is understaffed relative to the commercial offices
of several competing countries. (See table 6-6 in
ch. 6.) Congress could consider increasing the
number of commercial officers. It also could
provide resources to improve the timeliness and
quality of commercia information from overseas
offices to U.S. fins. Such steps might help
increase U.S. exports of goods and services
generally, not just in the environmental arena.

In some countries, the few US& FCS officers
that are available must help sell a great range of
American products, from textiles to nuclear
power plants. It might help if some commercial
officers could specialize in specific industries,
such as environmental products where a poten-
tially large market exists-a step authorized by
the Export Enhancement Act.”While more offi-
cers could be assigned overseas, it might be
cheaper to employ local nationals or American’s
living overseas. While increasing environmental
officers would be useful in this sector, the more
genera issue of staffing and resources for US&FCS
remains.

A more far-reaching approach would be to set
up American business centers in key market areas
to facilitate interactions between U.S. firms and
potential clients. An environmenta trade measure
under consideration in the 103d Congress, H.R.
2112, proposes such an approach.

Information Clearinghouses and One-Stop
Shopping—Many U.S. companies (including small
and medium-sized enterprises) find it difficult to
make use of government export assistance pro-
grams. They may not know how to obtain

information about environmental opportunities in
other countries. An information clearinghouse
and a one-stop shopping process might help. Such
a process would allow a business to tap into al
U.S. export promotion and financing programs at
a single source. Small companies have specia
difficulties financing market research in other
countries, especialy when they are inexperienced
with exports.

Many potential exporters are unaware of exist-
ing Federal export support services. Better mar-
keting of these services, such as the 1-800-USA-
TRADE DOC Trade Information Center, US& FCS
regional offices, and the National Trade Data
Bank, through advertising in business and indus-
try publications could heighten export awareness.

If Congress wishes to provide more emphasis
on environmental export promotion, it could
consider severa steps.

OPTION 21: Conduct early oversight of the
administration’s environmental export strategy,
including mechanisms for private sector involve-
ment in implementation, and the priority given to
export opportunities associated with cleaner tech-
nologies.

OPTION 22: Provide resources for US& FCS
to hire industry sector specidists, including
environmental industry specialists in key coun-
tries.

OPTION 23: Call for dissemination of evalua-
tions of U.S. environmental technologies to
potential foreign customers (see also Option 8).

OPTION 24: Call for demonstration of one-
stop shopping approaches for export promotion,
using environmental technologies and services as
one area of emphasis. This activity would go
beyond the initial efforts by United States-Asia
Environmental Partnership and the Committee on
Renewable Energy Commerce and Trade to
consolidate application forms by providing a
range of services to small businesses with limited
export experience.

30 The US-Asia Environmental Partnership has recently opened business offices in a number of Asian capitals as a complement to US&FCS

in promoting U.S. environmental business opportunities.



Congress aso might direct Federal export
promotion programs to take steps to make U.S.
firms more aware of available services by adver-
tising in business and industry publications,
increasing outreach to industry associations, cham-
bers of commerce, and industry conferences, and
increasing support and collaboration with State
and local export promotion programs and World
Trade Center institutes.

A more far-reaching approach, proposed in
H.R. 2112 in the 103d Congress, would be to
encourage exports through a network of environ-
mental business centers in the United States and
American business centers in countries with
promising environmental markets.

OPTION 25: Consider ways to expand export
financing while maintaining environmental safe-
guards. One possibility would be to offset extra
costs borne by U.S. firms in designing environ-
mentally preferable projects when going up
against a project proposed by aforeign firm with
inadequate safeguards.

B issue Area E: International Trade and
Environmental Policy

The potentia for conflict between environment
and trade objectives seems to be increasing.
Environmentalists contend that the environmental
implications of the Uruguay Round trade discus-
sions at the General Agreement on Tariffs and
Trade (GATT) were overlooked by trade negotia-
tors. Trade officials, for their part, are wary that
some measures ostensibly taken to protect the
environment could be used as means for trade
protection.

U.S. positions on trade and environment issues
will need to be developed for international
discussions over the next few years. Since 1990,
the Organization for Economic Cooperation and
Development (OECD) has been sponsoring mem-
ber country discussions about possible trade and
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environment guidelines. Both trade agencies and
the environmental agencies of member countries
(mostly, advanced industrial nations) are in-
volved so that the discussions could lead to
greater integration. However, some disputes in-
volve developing countries, which are not mem-
bers of OECD.

GATT, long inactive on trade and environment
matters, has begun to review these questions from
the trade perspective. A working group is examin-
ing trade measures in international environmental
agreements, the trade transparency of nationa
environmental regulations, and the trade effects
of environmentally oriented packaging and label-
ing requirements. GATT groups have begun to
discuss possible ways to follow up on a recom-
mendation from the United Nations Conference
on Environment and Development (UNCED) that
multilateral agencies work to make environment
and trade mutually supportable in the service of
sustainable development. While environmental
matters have not been addressed in the Uruguay
GATT Round, the possibility of addressing trade
and environment questions in a subsequent GATT
round has been raised by some trade officials.

An OTA background paper, Trade and Envi-
ronment: Conflicts and Opportunities, discusses
some of the difficulties entailed in developing
U.S. positions during the initial period of the
OECD discussions.” The complexity and diffi-
culty of the subject matter, and the number of
agencies involved (the United States Trade Rep-
resentative, the State Department, the Environ-
mental Protection Agency, and severa other
mission agencies) partly explained the slow
progress. More importantly, it was difficult to
articulate goals for U.S. negotiating positions,
since trade, economic, and environmental per-
spectives al need to be taken into account in
defining U.S. positions. Such differences in
perspective continue even when administrations
change. To assure adequate formulation of U.S.

31y.s. Congress, Office of Technology Assessment, Trade and Environment: Conflicts and Opportunities, OTA-BP-ITE-94 (Washington,

DC: U.S. Government Printing Office, May 1992).
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Table 2-5-issue Area E. International Trade and Environmental Policy
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is implemented.
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SOURCE: Office of Technology Assessment, 1993.

policy in this area, Congress may wish to conduct
oversight or provide guidance to the administra-
tion (Option 26 discussed at end of this section
and discussed in table 2-5).

NEGOTIATING ENVIRONMENTAL STANDARDS

Compared to many other countries, the United
States imposes relatively strong environmental
standards on industry. While there has long been
concern about possible competitive impacts of
such standards, much of the research conducted in
the 1970s and 1980s found only minor impacts.
However, recent efforts to liberalize trade and
investment rules, and the emergence of severa
newly industrialized and advanced developing
countries as strong competitors, have again
brought attention to possible competitive im-
pacts.

Environmental issues were central in the de-
bate about the North American Free Trade
Agreement for Mexico, the United States and
Canada. Aside from the NAFTA itself, a side
agreement addressing environmental matters has
been negotiated. (Congress had just approved
NAFTA when this report went to press).

Environmental matters will almost certainly
arise if other efforts to liberalize trade are
undertaken in Latin America, the Asian Pacific
region, or elsewhere. With or without trade
liberalization, there is special concern about the
potential for competitive and investment impacts
for the United States when firms in other coun-
tries have lower labor costs as well as less strict
health, safety, and environmental standards or
enforcement.

Given this context, some have suggested that
the U.S. Government should do much more to



encourage other countries to upgrade their envi-
ronmental standards as part of a strategy to
improve the environment, expand opportunities
for U.S. environmental firms, and avoid negative
competitive impacts for U.S. firms and workers.
(Option 27). Legidation to that effect has been
introduced in the 103d Congress.®

An aggressive effort to negotiate bilateral and
multilateral environmental agreements would be
a departure from policies in the 1980s, and would
require high level guidance and coordination.”

Such an effort would be controversial with
developing countries, and is not likely to succeed
unless accompanied by help for capacity building
and technical assistance. It might also be opposed
by those who see such efforts as steps toward
global bureaucracy. The strategy would be diffi-
cult to carry out without continuing, high level
commitment.

As discussed in Options 29-31, the potential for
adverse competitive impacts also might be re-
duced if there were more effective monitoring and
enforcement of agreements, if businesses were
encouraged to adhere to developed country stand-
ards throughout the world, and if other countries
took steps such as calling on business to report
their releases of toxic substances, as they are
required to do in this country.

The approaches set forth in Options 26-31
would be controversial, both here and in other
countries. Moreover, past efforts to adopt such
policies have had little success. Y et there could be
long-term benefits for the environment and quite
possibly, a more positive climate in this country
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for trade liberalization with countries that now
have weaker environmental standards.

To some extent, officials in developing nations
may believe they are in a prisoners dilemmawith
regard to environmental regulations. If one coun-
try raises standards, it risks losing out on invest-
ments by multinational corporations to neighbors
with lower standards. As aresult, standards may
stay lower than they might be otherwise. If
companies applied high standards in their facili-
ties around the world, concerns about competitive
disadvantage from strict regulation would be
eased. While some multinational companies (in-
cluding a number of U.S. firms) say they do this
aready, they may well be the exceptions.

Some might argue that there is no competitive
reason for such negotiations, because, they claim,
strict environmental regulations can lead to in-
creased competitive advantage. Firms within
countries having strong regulatory demands on
industrial processes can find that aggressive
environmental actions, particularly pollution pre-
vention, make them more competitive relative to
other domestic competitors. However, as a group,
firms within countries with strict regulations will
face higher compliance costs relative to foreign
competitors in countries with more lax standards
and enforcement. When waste disposal costs and
requirements are high, firms can sometimes save
money by controlling pollution and reducing
wastes. However, these actions are usualy not
justified from an economic perspective alone
when waste disposal costs and requirements are
zero or minimal. Still, as has been mentioned,

32 See for example, H R 1830 the proposed Global Environmental Cleanup Act, and H.R.1446, the proposed Western Hemisphere

Environmental, Labor, and Agricultural Standards Act 0f1993. Other approaches, such as treating the absence of strict standards as an unfair
trade practice for which countervailing duties might be imposed, have also been proposed. For discussion on how such approaches might be
viewed in the context of the GATT, see Trade and Environment: Conflicts and Opportunities, op. cit., pp. 66-68.
331t should& noted that Congress has required strategies in the past. Section811 of the 1990 Clean Air Act Amendments (P.L.101-549)

required the President [o provide Congresswith a strategy for addressing competitive impacts arisingfrom differences in national standards
through “trade consultations and negotiations. * Although due in May 1992, the strategy had yet to be submitted in September, 1993. Section
6 of the 1972 Federal Water Pollution Control Amendments (P.L. 92-500) directed the President to negotiate international agreements to apply
uniform performance standards or uniform controls for some categories of pollutants in order to head off possible competitive impacts. Efforts
by the Carter administration in 1978 to raise pollution and workplace health standards in Tokyo Round GATT talks encountered strong
opposition from business and foreign countries. See H. Jeffrey Leonard,Are Environmental Regulations Driving U.S. Industry Overseas?

(Washington, DC: The Conservation Foundation, 1984), pp. 8, 13.
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strong domestic regulations are often a key factor
in competitiveness of environmental goods and
services industries.

Steps Congress could consider include:

OPTION 26: Conduct oversight on develop-
ment of U.S. positions on trade and environment
matters. Several agencies (USTR, State, EPA,
etc.) have missions that relate to trade and
environment questions; efforts to use interagency
discussions to develop positions have been inef-
fective. Without high level guidance, informed by
other high level strategy documents (e.g., a
possible administration policy on international
environment, trade policy, etc.), it will be difficult
for the United States to present appropriate
positions at OECD, GAIT, and other forums.

OPTION 27: Cal on the administration to
expand efforts to develop multilateral or bilatera
agreements on environmental standards, not just
for environmental reasons but also to offset
competitive impacts arising from different levels
of regulation. The U.S. Government could en-
courage other countries to strengthen their do-
mestic environmental standards, and provide
technical assistance on how to implement and
enforce standards. Such discussions and activities
could be carried out in advance of any formal
discussions about trade liberalization. This ap-
proach would require close coordination among
agencies with roles to play in foreign assistance,
the environment, international trade, and export
financing and promotion.

OPTION 28: Increase emphasisin U.S. devel-
opment assistance on technical assistance to
developing countries for implementing and en-
forcing environmental standards. (See additional
discussion under Issue AreaD.)

OPTION 29: Work to develop more effective
monitoring and enforcement provisions for multi-
lateral environmental agreements.

OPTION 30: Encourage establishment of a
global business charter under which participating
multinational companies agree to use home coun-
try standards when investing in other nations.

OPTION 31: Encourage other countries to
make use of reporting requirements (such as that
required for U.S. firms by the toxic release
inventory).

I Issue Area F: Data and Information
Needs for Policymaking

Data on commerce in environmental products
and services, and on costs borne by industry to
meet environmental standards are often poor,
often inconsistent, and frequently not available.
The economic consegquences of pollution are even
less well-documented, though they are real none-
theless.

Trade and production figures collected by the
Department of Commerce and foreign equiva
lents often do not correspond closely to many
categories of environmental products. In many
cases the distinction between an environmental
and nonenvironmental good is difficult to discern--
a blower, pump, or measuring instrument may be
used in environmental equipment or not—and
discruminating between the two types of goods is
likely to become more difficult as pollution
prevention approaches become more widely used.
However, better data gathering is possible. For
instance, since 1971 the U.S. Bureau of Census
has been collecting yearly data on orders and
shipments of selected industrial air pollution
control equipment—yet such data series seem not
to have been collected for industrial wastewater
and waste treatment equipment. Another example
comes from the Japan Society of Industrial
Machinery Manufacturers, which publishes data
on orders for environmental equipment catego-
rized by media (air, water, waste, noise, and
vibration) and by user (manufacturing, nonmanu-
facturing industry, government, and export).

OPTION 32: Improve the collection and analy-
sis of commercially relevant environmental data
including production and trade of environmental
goods and services, environmental compliance
costs for businesses, and economic costs of
pollution and environmental degradation. Such
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Table 2-6--issue Area F. Data Needs for Policy Making

Policy goals promoted’

%D
(o]
e £
= 5 >
g S & 3 » . %_ g
@ T o Lo v oo
Q £S5 3 Q ] [
X o c c D n > &
[ O — c @ = O C
- td £ 2 o kS he] g
S 2 5 = E [2] e =
o T @ < o o c
3 e 8 s a Q05 = O
S < b X8 ., < 2
w c & PE HEG 29
c o £ ° 8 ] 2 S
0 Qo g = E2 >
5 &g Z 2cE 52
O s} C = C o =
o] 0 o @ Qg = @ £ ¥
g gs €38 222 53
E a5 UE Wows &8
32 Direct pertinent agencies to:
. collect and analyze more commercially relevant data on trade and
environmental goods and services S N ? Y Y
. facilitate flow of commercial information to companies M P Y Y Y
. verify and assess ways to improve pollution abatement cost data S N P N N
. identify and quantify benefits of regulations through study M N ? ? ?
33 Call for periodic assessment of competitive effects of differing levels of
environmental regulations among countries, and for development of
strategies to address any adverse effects S N Y P P

a Sasmall ($10 million or less); M=moderate ($10 t. $100 million);L-large ($100 millionplus); arangeindicates thatit depends on how the option

is implemented.
b Y=yes; P=potentially yes; N=no; ?-effect is unclear

SOURCE: Office of Technology Assessment, 1993.

efforts could be coordinated with the OECD and
perhaps the UN Statistical Office. As part of this,
Congress would:

m Support a small effort at the Census Bureau to
verify accuracy of the Pollution Abatement and

environmental regulations. Ensure that the
findings can be readily incorporated into eco-
nomic models measuring the impact of regula-
tions on the economy.

OPTION 33: Call for periodic reassessment of

Control Expenditure Data and to determine  the competitive impacts of different levels of
ways to improve the data. Support a small effort ~ environmental standards among different coun-
at the International Trade Commission or the  tries. The research could focus on comparison of
Department of Commerce to improve dataand  relative strictness of pollution control and waste
reporting of environmental products and serv-  treatment actions required of industries in other
ices trade. countries, and identification of competitive ef-
= Fund a reasonably large scale study to more  fects for business operations in the United States.

carefully identify and quantify the benefits of

These options are listed in table 2-6.



Context and
Conceptual
Framework

ew questions have emerged in the debate about environ-

mental concerns and industrial competitiveness that

suggest a need to re-examine traditional views. Will

environmental concerns in time fundamentally alter the
way in which business is done? Will concepts like sustainable
development come to have a major influence on the way in which
development decisions are made? To what extent will environ-
mental needs influence the dynamics of the market? What are the
risks for companies—and countries-that fail to accurately
gauge the dynamics of this market? What impact will more
stringent environmental regulations have for manufacturing
industry competitiveness, especially for countries with stronger
regulations than their competitors? What, if anything, needs to be
done to address the linkages between environmental policy and
competitiveness? And what implications do such issues have for
jobs and employment? Such questions, while not lending
themselves to hard and fast answers, will need to be addressed in
the competitive strategies of companies and countries; just as
surely, the competitive impacts and commercia implications of
environmental policy choices will confront policy makers more
and more.

This chapter begins with a discussion of global environmental
trends and the likely implications of these trends for both the
environmental goods and servicesindustry, and for manufactur-
ing firms generally. A conceptual framework depicting the
relationship between environmental and economic factorsillus-
trates the growing importance of environmental considerations
in business. Thisis followed by presentation of a classification
of the environmental goods and services industry (specific cases
are taken up in detail in ch. 5). The next section explores
relationships between environmental issues and economic com-
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Finding ways to boost living standards for the world’s
poor while avoiding environmental damage is a
critical challenge for sustainable development.

petitiveness. OTA has focused on environment
and competitiveness in manufacturing, drawing
on examples (discussed in subsequent chapters)
from such sectors as chemicals, pulp and paper,
and metals finishing. The interactions between
environmental regulations and competitiveness
could be quite different if other sectors—
agriculture and forestry, extractive industries
(e.g., mining, energy extraction)--were consid-
ered." The concluding section reviews the linkage
between environmental and industrial policies.

GLOBAL ENVIRONMENTAL TRENDS
Making economic development and environ-
mental protection more compatible will be a
critical challenge for a human population likely to
more than double in the next 100 years. Findings
from the World Commission on Environment and
Development (the Bruntdland Commission), the
1992 United Nations Conference on Environment
and Development, and a host of reports emanating
from such bodies as the World Bank, the Organi-
zation for Economic Cooperation and Develop-

ment, and the Business Council for Sustainable
Development, have warned that a continuation of
current patterns of economic growth could result
in levels of environmental degradation severe
enough to jeopardize the ability of future genera-
tions to meet basic needs.

Globa environmental problems, including loss
of biodiversity, climate change, and stratospheric
ozone depletion, have become increasingly im-
portant. Problems of air and water pollution and
toxic waste disposal are common in al industrial-
ized nations. In developing nations, millions lack
access to sanitation services and safe drinking
water, while dust and soot in air contribute to
hundreds of thousands of deaths each year.’
Moreover, serious damage from pollution and
overuse of renewable resources challenge world
fisheries, agriculture, and forests, with significant
adverse effects for productivity and biological
diversity.

At the same time, an improved standard of
living is a critical need for a substantial portion of
the world' s population. As aresult, the key issue
is not whether there should be additional growth,
but rather how to achieve it without thwarting
important social, economic, and environmental
goals.’

The relation between environmental damage
and economic growth is complex. Pollution and
environmental damage are a result of the size of
the population, per capita income levels, and the
amount of environmental damage associated with
each unit of gross domestic product (which
depends on the level of emissions of the produc-
tion technology itself and the level of pollution
treatment and control).

Population growth and per capita income
growth will put new strains on the global environ-
ment. In 1960, the world’ s population was about

'OTA is currently conducting a study of agriculture, trade and the environment scheduled for completion in late 1994,
2 For discussion, see U.S. Congress, Office of Technology AssessmentDevelopment Assistance, Export Promotion, and Environmental
Technology, OTA-BP-ITE-107 (Washington DC: U.S. Government printing Office. August 1993).

‘World Resources Institute, in collaboration with the United Nations Environment Programme and the United Nations Development
Programme, World Resources, 1992-1993: A Guide to the Global Environment (New York, NY: Oxford University Press, 1992).



Chapter 3-Context and Conceptual Framework 73

3 hillion; today, it stands at 5.3 billion and,
according to the World Bank, could grow to
roughly 9 billion-a 70 percent increase by 2030
under a midrange forecast. Moreover, global per
capita incomes are estimated to increase by over
80 percent between 1990 and 2030, and develop-
ing country per capitaincomes may grow by 140
percent.’As a result, by 2030, world economic
output could, by one projection, grow to as much
as $69 trillion, 3.5 times more than presents If
pollution rose in step with this projected develop-
ment, according to the World Bank, the result
would be appalling environmental and human
costs, Figure 3-1 projects the increase in produc-
tion of key materials that would be needed if all
of the world’s current population were to enjoy a
per capita consumption level equivaent to that in
the United States.

Since continued population growth seems likely
and since income growth for a substantial fraction
of the world's population is essential, reducing
the amount of environmental damage for each
added unit of world product (or, as one analyst put
it, per unit of human advance’) will be crucial. In
fact, to simply hold steady at the current level of
environmental damage, significant reductions in
damage intensity will be needed. Some of this
may occur if the expected growth in the devel op-
ing nations is less materials-intensive and pollut-
ing than current economic activity in developed
nations. Even given differences in types of
growth, however, economic activity overall will
have to become less environmentally damaging if
we are to hold constant or have only small
increases in total environmental damage.

Figure 3-I-World Production of Materials Needed
To Match U.S. Per Capita Consumption

Millionmetric tons
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SOURCE: U.S. Bureau of Mines

The intensity of damage could be reduced
through existing technologies and approaches
that use resources more efficiently (e.g., energy
conservation, recycling and reuse of materials and
products, and more efficient operation of existing
industrial equipment).’ Technological evolution
often results in new generations of technology
that use materials or energy more efficiently than
their predecessors (see table 3-1). One study
concluded:

Ina surprising number of cases, the technologies
that lead to increased material-efficiency and
reduced emissions are aso the most economically
efficient. The somewhat ironic effect is that a
robust and competitive economy encouraging
new investment in plant and equipment can lead
to a decline, instead of an increase, in the
deleterious environmental and health effects of
economic activity.’

‘Calculated from data contained in the World Bank, World Development Report, 1992 (Washington DC: World Bank, 1993).

‘Ibid., p. 32.

6 See Robert S. McNamara, ‘A Global Population Policy to Advance Human Development in the 21 st Century, * Rafael M. Salas Memorial

Lecture, United Nations, New York, Dec. 10, 1991.

"See U.S. Congress, Office of Technology Assessment, Green Products by Design, OTA-E-541 (Washington, DC: U.S. Government

Printing Office, October 1992).

8 Henry C Kelly, Peter D. Blair, andJohn H. Gibbons, “Energy Use and Productivity: Current Trends and Policy Implications,” Annual

Review of Energy, Jack M. Hollander, cd., vol. 14, 1989, p. 333.
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Table 3-1—Examples of Technological Evolution Leading to More Efficient

Use of Energy and Materials

Lumber mills

Pulp and paper mills

Paints and coatings

Polyethylene production

Steelmaking

Computer-assisted selection of saw lines during milling can increase lumber
yields by 20 percent, permit sawing to higher grades, and reduce round
wood requirements.

Press drying technology can increase burst and tensile strength needed in
some applications, while saving 20 percent on energy. Extended rooking
and ozone delignification of pulp can significantly reduce bleaching needed,
lowering organo-chlorine emissions, including dioxin.

Higher solid content paint can cover more space with less volatile organic
compound emissions than conventional paints, while water-based coatings
can eliminate VOC emissions.

Low pressure polyethylene production saves energy and avoids use of
solvents and minimizes costly separation steps relative to high pressure
methods.

Basic oxygen furnaces and increased use of electric furnaces in mini-mills
reduce pollutants compared to open hearth furnace steelmaking. Continu-
ous and thin slab casting reduces energy use through increased yields. The

development and introduction of cokeless steelmaking offers potentially
greater reductions in pollution.

Computerized process
controls

Fiber optics

Applied to a variety of manufacturing processes, better controls increase
efficiencies and overall yields.

Optical cables use far less material than copper cables per unit of

communication. Furthermore, environmental damage from copper mining
and smelting can be avoided.

SOURCE: Office of Technology Assessment, 1993.

Of course, this is no hard and fast rule. Many
technological innovations have greater impacts
on the environment than the systems they re-
placed.

With stepped up efforts, cleaner manufacturing
processes and technologies that produce fewer
emissions and are more efficient from a materials
and energy standpoint may become available
sooner. Also, environmental matters are being
addressed earlier in the design of products.’(See
box 3-A). Reducing the use and emissions of
toxic chemicals will have to be a specia focus of
such technology developments, since toxic chem-
ical emissions tend to increase with greater
national per capita income.”

Finally, environmental health depends not only
on new and more efficient production processes,
but also on the degree to which residual pollution
is controlled. Countries that are members of the
Organization for Economic Cooperation and De-
velopment (OECD) have spent, on average,
between 0.8 and 1.5 percent of Gross National
Product (GNP) on environmental improvement
over the last 20 years. Developing nations have
invested much less in pollution control and
abatement. If environmental problems are to be
reduced, these nations will have to increase such
expenditures. As developing country per capita
incomes grow, they will be better able to afford
such investments.

‘Green Products by Design, op. cit., fooote 6, discusses the potential to use the design process to address environmental concerns.
10 David Wheeler, findings from the World Industrial Pollution Project, Environment Department, World Bank, Washington, DC,1992.
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Box 3-A—Environmental Design and Manufacturing Competitiveness

An estimated 70 percent or more of the cost of a product’s development, manufacturing, and use
are determined during the initial design stagéThe environmental attributes of a product also are largely
set in t he design stage through choice of materials, and consideration given to such factors as product
reuse, recycling, and disposal, energy requirements, and pollution emitted. Product design also
influences production processes and associated wastes and emissions. In turn, process modifications
often entail changes both in products used by the process and the end product itself. For instance, the
process of reducing volatile organic compounds (VOCS) in parts painting may require low emissions
painting booths, paint applicators, and new paint formulations. OTA has found that “green design is
likely to have its largest impact in the context of changing the overall systems in which products are
manufactured, used, and disposed, rather than in changing the composition of products per se.”’

In many manufacturing industries, success in integrating environmental performance into product
and process design is becoming more important to competitive outcomes. Many products already are
regulated or labeled by environmental characteristics that may prompt process changes or alter product
markets. For instance, in the United States and an increasing number of other countries, air pollution
standards for automobiles have led to changes in vehicle design and introduction of catalytic converters.
Petroleum refiners in turn have had to modify their processes to produce unleaded gasoline and low
sulfur motor fuels. In many countries, various pesticides and toxic chemicals are restricted and in some
cases banned. Chloroflorocarbons (CFCs) are being phased out globally. In Germany, packaging
design is influenced by legal requirements for manufacturers and distributors to collect packaging for
recycling. Germany may later extend recycling requirements to durable goods as well. Eco-labels in

2bid.,p. 9.

1AscitedinU.8. Congress, Office of Technology Assessment, GreenProductsby Design; Choices for a
Cleaner Environment, OTA-E-541 (Washington, DC: US. Government Printing Office, October 1992), p. 3.

(continued on next page)

A FRAMEWORK FOR CLASSIFYING
ENVIRONMENTAL ACTIVITIES

The definition of environmental activity has
become more and more vague as concern for the
environment has developed, Environmental is-
sues cover matters as diverse as energy conserva-
tion, control of pollution from factories, develop-
ment of renewable energy sources, tropical rain
forests and endangered species, preservation,
reduced use of toxic chemicals, and recycling
household solid waste. Environmentally prefera-
ble activities differ from less preferable activities
in one or more of the following ways:

1) they often use less energy or material;
2) they have less impact on natural systems,
the land, or communities; and

3) they result in fewer emissions of harmful
pollutants or wastes (including toxic or
hazardous waste).

Each stage in a product’s life cycle (including
materials extraction, processing, manufacturing,
product use, and, finally, disposal) may need to be
examined to determine its environmental implica-
tions. As a result, as global environmental prob-
lems have grown, there has been an unprece-
dented interest in the commercial implications of
environmental policies.

The sheer scope of environmental activities
makes it necessary to develop a framework to
classify activities and undertake anaysis. Table
3-2 provides one framework, and also delineates
the scope of activities this report will examine.
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Box 3-A—Environmental Design and Manufacturing Competitiveness-Continued

Canada, Germany, Japan, and the Nordic countries as well as those being developed by the European
Community and two private U.S. organizations may potentially affect market shares earned by
manufacturers. At times environmental product standards have become the subject of international
trade disputes as in a European Court case involving a 1981 Danish regulation on reuse of beverage
containers.’With direct regulation of products, even the cleanest and lowest cost production process
may be insufficient for gaining markets if the product itself fails to meet standards.

As for industrial processes, environmental regulations can increase demand for conventional
pollution control equipment and cleaner production processes and reduce demand for technology that
is less preferable environmentally. The phase-out of CFCs and other ozone depleting substances
affects the manufacturers of those chemicals and their substitutes and the design of manufacturing
processes and capital goods. For instance, markets are developing for new machines to clean metal
and electronic parts that use alternatives to CFCs. Designers increasingly need to come up with process
innovations to deal with new regulations limiting VOC emissions. In addition to paint and painting
equipment, cleaning machines are being developed that recover VOCs or use alternative solvents.
Cleaner burners, ultrafiltration devices, and new catalysts are among other examples of industrial
products being developed to meet new environmental regulations.

The links between environmental performance, materials use, industrial processes, and product
design extend vertically among suppliers and customers as well as horizontallyacross a sector’s firms.
In some cases, industry consortia or other cooperative mechanisms might help overcome environ-
mental challenges in manufacturing. Such consortia could benefit regulated industries through the
development of cleaner processes that allow lower cost environmental compliance and even cost
savings or product improvement. Suppliers to those industries would benefit through the development
of new product lines that can be sold domestically and abroad as environmental regulation and
enforcement tightened. Furthermore, supplier firms depend on the competitiveness of their customers
for their own survival and prosperity.

3 .8. Congress, Office of Technology Assessment, Trade and Environment: Conflicts and Opportunities,
OTA-BP-ITE-94 (Washington, DC: U.S. Government PrintingOffice, May 1992), p. 89-90.

The first dimension for classifying economic
activities is the degree to which environmental
concerns spur the undertaking of a given eco-
nomic activity or purchase.11 The importance of
environmental considerations among rationales
for undertaking an activity ranges from minimal
or none (e.g., conventional mining of materials) to
amost 100 percent (e.g., installation of advanced
wastewater treatment systems or scrubbers), to
any possible range in between (e.g., firms may
invest in solvent recovery systems not only to

reduce volatile organic compound (VOC) emis-
sions but also to save money). Hence, it is often
difficult to know the degree to which environ-
mental factors or other concerns, such as cost,
energy use, performance, and quality, are re-
fleeted in choices of economic activities. The line
between what is and is not an environmental
activity is fuzzy and can change over time.
However, it isimportant to note that the environ-
ment industry consists of not just those activities
that are undertaken amost solely for environ-

| 1 This should not be confused with the environmental impact of the activity, which may or may nOt be related to the importance of
environmental considerations in undertaking the activity or making the purchase.
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Table 3-2—A Framework for Classifying Economic Actions by Primacy of Environmental Motive

Environment is prime motivation
for undertaking activity or de-
veloping/buying product

Environment is one motivation
among several for undertaking
activity or developing/buying
product

Cdl A Cell B
Resource Biodegradable oil drilling fluids Integrated pest management
management and  Turtle exclusion devices Drip irrigation
extraction Wetlands restoration Eco-tourism
Abandoned mine reclamation
Oil spill cleanup
Cell D Cell E

Manufacturing/
commercial
activities

Consumer
products

Pollution prevention:
Desulfurized diesel fuel
Chlorinefree pulp production
Non-CFC solvents

End-of-pipe:

incinerators

Waste water treatment
Catalytic reduction of NO,
flue-gas desulfurization

Ceil G

Reformulated gasoline

Zero or ultra low emission cars
Paper with recycled content
Low mercury/lead batteries
Phosphate-free detergents

Recycling facility

HVLP paint applicators
Solvent recovery equipment
No-clean solder techniques
industrial controls

Efficient catalytic reactors
Redesigned pulp digesters
Solar cells

High efficiency gas turbines

Cell H

Fuel-efficient automobiles
Energy-efficient appliances
Minimal packaging

Residential energy controls

Environment is not a motivation
for undertaking activity or de-
veloping/buying product

Cell C

Unrestricted logging
Strip mining
Drift net fishing

Cell F

Bleached-kraft pulp processes

Organic solvent decreasing

Mercury cell chloralkali production

Conventional circuit board
manufacturing

Open hearth and basic oxygen
steelmaking

Cell |

Leaded gasoline

Many disposable products
Many household cleaners
Leaded paints

SOURCE: Office of Technology Assessment, 1993.

mental reasons (cells A, D, and G, table 3-2) but
increasingly of activities that are strongly influ-
enced by environmental factors (cells B, E, and H,
table 3-2).

Activities can also be differentiated by their
place in the product cycle.” Environmental
considerations underlie the development of the
features of some products (cell G, table 3-2).
Other products, such as high-mileage autos,
which are partly driven by environmental con-
cerns and partly by economic concerns, might or
might not be considered an environmental prod-
uct (cell H, table 3-2). Both areas will have

potentially significant economic implications ei-
ther as regulation drives product choices or as
consumers include environmental factorsin their
purchasing decisions. How corporate manage-
ment responds to such new demands may be a
critical factor in determining competitiveness.

A second area concerns resource management
and extraction (cells A, B, and C, table 3-2). Land
and waterway use, preservation of natural areas
such as wetlands, agricultural chemical use and
farming practices, sustained yield forest manage-
ment, depletion of nonrenewable resources, wild-
life preservation, and a host of other issues affect

12 See OTA, Green Products by Design, op. cit., footnote 6
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Research is underway to develop advanced
steelmaking processes that could lower environmental
imports. This pilot scale research smelter near
Pittsburgh, PA to test direct steelmaking is conducted
jointly by the American Iron and Steel Institute and
the U.S. Department of Energy.

resource management. For people involved in
fisheries, farming, mining, quarrying, and oil and
gas exploration, such issues are likely to become
more central to their economic well-being.

Third is the processing of materials and the
production of goods and services (cells G, H, and
). This includes materials used in production,
energy generation, and production equipment, as
well as end-of-pipe treatment equipment used by
industry. Also included are public or private
water, sewer, and solid waste utilities. This
framework alows for a definition that goes
beyond the conventional environmental goods
and services (EGS) industry, to include produc-
tion technologies that inflict less environmental
damage than conventional production equipment
(cell D, table 3-2). For example, solvent recovery
equipment, no-clean soldering equipment, and
low-VOC paints would all be part of the EGS
industry under this framework, since their devel-
opment and use is driven largely by environ-
mental considerations (cell E, table 3-2). Simi-
larly, some aternative energy technologies, such
as solar cells and wind turbines, would fit here.

As defined here, the environmental industry
includes firms that develop and provide products,
equipment, or services that have as a primary or
significant secondary benefit the improvement of
the environment. (Those firms providing con-
sumer products said to be environmentally prefer-
able are not discussed in detail in this report.)
Because manufacturers often need to improve the
environmental performance of their production
process, they are often the principal consumers of
these goods and services. Environmental firms
often are themselves manufacturing fins. Also,
traditional manufacturers may develop and mar-
ket products that improve the environmental
performance of their own and others' manufactur-
ing processes. To the extent that the EGS industry
develops processes that lower the cost and raise
the effectiveness of environmental goods and
services, then U.S. industry as a whole will
benefit. Conversely, to the extent that U.S.
industry continues to prosper, it can serve as a
major market for domestic EGS firms.

This report focuses in large part on the activi-
ties taking place in cells D and E, activities related
to the production process and being driven to a
large or moderate degree by environmental fac-
tors. However, it is important to note that the line
between areas is not immovable.

It maybe that the preferable actions are indeed
those in the middle cells where both environ-
mental and other factors motivate action. Many
pollution prevention activities, which are often
preferable to end-of-pipe solutions, fall into this
cell. Moreover, because other factors, such as
cost, quality, and reliability, are more likely to
enter decisionmaking for activities in these mid-
dle cells, widespread adoption of these activities
is more likely than for those activities executed
solely for environmental reasons.

The chapters on competitiveness emphasize
manufacturing, as opposed to other sectors, for
several reasons. First, concern about U.S. manu-
facturing competitiveness has assumed center
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stage in the debate about U.S. economic competi-
tiveness. * Second, manufacturing accounts for a
disproportionate amount of pollution relative to
its share of total economic activity (see figure
3-2). For example, while manufacturing repre-
sents approximately one-third of GNP in OECD
nations, it accounts for 60 percent of biological
oxygen demand in water and 75 percent of
noninert waste.“Third, along with electric utili-
ties and mining, manufacturing bears a major
portion of environmental compliance costs. (see
ch. 7).

As economic activity influenced by environ-
mental factors (cells A, D, and G) becomes
increasingly important in solving environmental
problems, it is important to note that not all
environmental problems have the same world-
wide consequences. Some such problems (ozone
depletion is perhaps the most conspicuous exam-
ple) are global: activity in one location can affect
the Earth’s environment as a whole. Other prob-
lems, while not necessarily global, have effects
that cross national borders (e.g., sulfur dioxide
emissions in one country contributing to acid rain
in another). Finally, some problems have princi-
paly loca effects, although, the line between
local and nonlocal effects is arbitrary. Locally
used toxic substances can be transported far from
their points of origin. For example, pesticides,
polychlorinated biphenyls (PCBs), lead, and di-
oxins are found in Arctic regions, far from their
points of release.”

THE ENVIRONMENTAL GOODS AND
SERVICES INDUSTRY

The issues discussed in this chapter illustrate
the competitiveness context that affects both
industries that supply environmental goods and
services and those that use such products. The

Figure 3-2—Manufacturing’s Share of
Pollution in OECD Countries
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perspectives and interests of environmental prod-
uct suppliers and users can be quite different,
although some firmsfill both roles.

As discussed in chapter 4, a large industry
amounting to $200 billion or more annualy
worldwide has developed to provide goods and
services for the end-of-pipe control, treatment,
disposal, and remediation of pollution and envi-
ronmental damage. If business opportunities for
pollution prevention or cleaner production were
also included-but the size of such markets is
very difficult to estimate-a still larger market
would be apparent.

Not al environmental expenditures trandate to
spending in the environmental goods and services
industry. For instance, many industrial firms have
substantial internal environmental activities that
only partialy correspond to purchases of goods
and services from outside source. There are,
however, companies that have used their accumu-

13U.8. Congress, Office of Technology Assessment, Making Things Better: Competing in Manufacturing, OTA-ITE-443 (Washington, DC:

U.S. Government Printing Office, February 1990).

14 Organisation for Economic Cooperation and Development, The State of the Environment (Paris: OECD,1991).

15 Curtis C. Travis and Sheri T. Hester, “Global Chemical Pollution,” Environmental Science & Technology,vol. 25, No. 5, May 1991, pp.
814-819. Travis and Hester refer to E. Dewailly et al., Bulletin of Environmental Contamination and Toxicology, vol. 43, 1989, pp. 641-646.
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lated internal expertise to establish environmental
business units.

Although some may view the environmental
industry as limited to firms that provide end-of-
pipe and remediation equipment and services,
many of the most significant opportunities for
improving the environmental performance of
industrial production lie in the realm of pollution
prevention, cleaner production, and improved
energy efficiency. Such business opportunities
are expanding as enterprises seek to improve their
environmental performance under pressure from
regulators, public opinion, and, in some cases,
investors and corporate leaders. This report there-
fore defines the environmenta industry to include
pollution prevention goods and services.

By these criteria, products such as advanced
gas turbines could be viewed as environmental
products. While such turbines offer cost and
technical advantages over other power-generating
technologies, a significant part of their appeal
derives from less complex siting and permitting
that accompanies their cleaner performance and
lower pollution abatement costs relative to other
technologies (e.g., coal-fired steam turbines).
Likewise, while industrial controls technologies
can improve industrial productivity and product
quality, diminished pollution can influence a
company’s decision to install or upgrade auto-
mated monitoring and control equipment.

Competitiveness in the remedia or end-of-pipe
pollution abatement industry is affected by the
state of cleaner production and pollution preven-
tion technologies. Over time, as pollution preven-
tion becomes more widely practiced, some pollu-
tion control technologies could be obviated by
pollution prevention technologies. Whether or
not this occurs, the interplay of pollution preven-
tion and pollution control is important to the
developers and vendors of environmental tech-
nologies and to policymakers concerned with
competitiveness in the environmental industry.

Box 3-B illustrates how pollution prevention and
control businesses can interact.

There are other pertinent dimensions beyond
the distinction between end-of-pipe and pollution
prevention to an assessment of environmental
industry competitiveness. One is the distinction
between technologies and industries for which
there are already large markets and those that are
now precompetitive or niche-competitive but
offer very large potential markets in the future.
Competitiveness policies may differ depending
on whether a U.S. industry is fighting to gain or
defend a share in an existing market or whether it
is competing for prospective markets where
major benefits may accrue to early entrants.”In
some cases, such a market is likely, but the
technology is not yet cost-effective (e.g., utility-
scale photovoltaic cells). In other cases, the
technology is aready well understood but a large
market has not developed because few countries
currently require the technology (e.g., tertiary
wastewater treatment).

The pace and characteristics of technological
change also affect environmental industry com-
petitiveness. In some cases, technologies are
mature and now enjoy a substantial market (e.g.,
secondary wastewater treatment). In other cases,
incremental improvements in the cost and per-
formance of existing technologies might open up
alarge market (e.g., wind turbines). In still other
cases, the industry is likely to be subject to radical
innovations because of rapid changes in funda-
mental understanding and competition among
rival technological approaches. This category
includes bioremediation, photovoltaic cells, and
advanced coatings that can obviate existing
dirtier processes.

Examples of how a variety of environmental
technologies fall into the categories of end-of-
pipe versus pollution prevention and relatively
mature versus relatively dynamic technological
trajectories appear in table 3-3.

16 See W. Brian Arthur, “Positive Feedbacks in the Economy,” Scientific American, vol. 262, No. 2, February 1990, pp. 92-99 for a
discussion of how early entrants can gain enduring benefits from introduction of new technologies.
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Box 3-B—interaction Between Pollution Prevention and Pollution Control’

An example of how a technology not usually considered to be within the environmental industry can
emerge as an environmental business opportunity at the expense of traditional disposal and control
industries is provided by a recent demonstration project sponsored by the lllinois Hazardous Waste
Research and information Center and the U.S. Environmental Protection Agency (EPA) under the Clean
Technology Demonstration Program.

Steel delivered to the R.B. White, Inc. plant, a steel-shelving manufacturer in lllinois, must have
oil-based rust inhibitors, coolants, and lubricants removed in a decreasing bath prior to painting.
Phosphating reagents are present in the bath to promote paint adhesion and corrosion resistance of the
steel. The company used to dump its phosphating/degreasing bath periodically as oil built up in the bath
and compromised product quality. This process generated about 15,000 gallons a year of hazardous
waste that cost the company about $1 per gallon, or $15,000 a year, for hauling and incineration in a
cement kiln.

After bench and pilot scale demonstrations, the R.B. White plant installed an ultrafiltration system
from Koch Membrane Systems to remove oils from the phosphating/decreasing bath and greatly extend
bath life. Koch makes membrane-based filtration systems for pollution control and prevention and
in-process materials filtration. Ultrafiltration is normally used in a number of industrial processes,
including the concentration of milk and fruit juices. For R.B. White, ultrafiltration lowered the volume of
hazardous waste by over 99 percent, to about 30 gallons a year and greatly reduced disposal costs.
From the perspective of R.B. White, ultrafiltration was a cost-effective process technology that paid for
itself in under 7 months, For Koch Membrane Systems and other manufacturers of ultrafiltration
products, the environmental problems of the metal finishing industry offer new market opportunities. But
for the environmental companies that haul and treat R.B. White's wastes, ultrafiltration means lost
business.!

1 This discussion draws extensively from Gary D. Miller etal., “Evaluation of Ultrafiltration to Remove Oil and
Recover Aqueous Iron Phosphating/Degreasing Bath,” draft, Hazardous Waste Research and Information Center,
Champaign, IL, and Tim Lindsey, Hazardous Waste Research and Information Center, personal communication,

Jan. 11, 1993.

THE ENVIRONMENT AND
COMPETITIVENESS CONTEXT:
THE CASE OF MANUFACTURING

There have long been differing views about the
environment and manufacturing industry compet-
itiveness. One view is that pollution and waste
control regulations (by imposing costs on compa-
nies, diverting scarce resources to purposes dis-
tant from a company’s strategy, etc. ) are a dragon
competitiveness. While few analyses put such
regulations at the top of those factors affecting
U.S. industrial competitiveness, compliance can
be expensive. For U.S. manufacturing in 1991,
pollution control and abatement compliance costs

accounted for 1.72 percent of value added. Some
industries, such as chemicals, spend a high
portion (13 percent or more) of their capital
budgets on environmental protection. As detailed
in chapter 7, money and resources (including
management time) devoted to environmental
compliance are money and time not spent on
concerns more central to afirm’s mission. More-
over, if foreign manufacturers face fewer con-
straints, they may gain a competitive advantage.

A contrary view is that pollution and waste
requirements (at least if properly structured and
implemented) could spur competitiveness by
prompting technological innovation, encouraging
companies to make more efficient use of energy
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Table 3-3-A Framework for Categorizing Environmental Technologies*

Incremental®
Primary/secondary sewage
Examples of treatment
end-of-pipe/ Catalytic converters
remedial Flue-gas desulfurization
treatment Tertiary sewage treatment

technologies

Dynamic®
Hazardous waste remediation
(e.g., bioremediation)
Emissions monitoring
Advanced vapor recovery
(e.g., membranes)
CO,recovery

Incremental®
Fuel oil desulfurization
Cogeneration *

Dynamic®
Industrial monitoring and Controls®
CFC substitutes

Pollution o _
prevention Advanced gas turbines Advanced Coatings®(e.g., vapor
and Low VOC Coating‘(e.g., UV curing) deposition)
cleaner No chlorine paper production Biocatalysis
; Wind turbines ;
technologies Photovoltaics
Fuel cells’

a Incremental means fundamental technological changes are not expected, progress wiii come largely through

innovation based on existing technology.

b Dynamic means that significant technological evolution is expected as fundamental scientific understanding

changes.

C These technologies offer economic or technical advantages in some instances in addition to their environmental attributes.

.The examples offered are illustrations rather than specific sectors examined in this assessment. The distinctions
between the different categories, particularly concerning projected technological change, are necessarily judgmental.

SOURCE: Office of Technology Assessment, 1993.

and materias, and stimulating the development of
new products (e.g., cleaner, more efficient boil-
ers) that, over the long term, will benefit econo-
mies that produce them (see box 3-C). Some who
hold this view cite Japan’s success in interna-
tional competition during a period when Japanese
industry began to comply with new environ-
mental standards.

In exploring the relationship between environ-
ment and competitiveness, this report discusses
manufacturing industries in general, with particu-
lar attention to chemicals, pulp and paper, and
metal finishing. These industries have high envi-

ronmental impact or compliance costs, but a
range of competitive circumstances (see table
3-4). Other industry sectors, such as auto assem-
bly and steelmaking, also receive some attention.

There are several ways in which environmental
regulations might contribute to competitiveness.
There are also several ways environmental regu-
lation might hinder competitiveness. Major argu-
ments on both sides are outlined below (see aso
table 1-2 inch. 1). For further discussion of these
issues, see chapter 7 and appendix A. The
concluding section of this chapter discusses
employment issues.
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Box 3-C-Does Environmental Regulation Improve Competitiveness?:
The Michael Porter Hypothesis

In his book, The Competitive Advantage of Nations and in an essay in Scientific American, Michael
Porter, a professor at the Harvard Business School, discussed the possible positive relationship
between some types of regulations and economic competitiveness.” As a result, a number of people
have cited Porter’'s hypothesis as evidence that environmental regulations help competitiveness.
However, such benefits cannot be assumed to arise without careful case-by-case analysis.

Porter argues that while environmental regulations impose costs and other constraints on industry,
they may also stimulate innovations and/or efficiency gains which may offset costs. These can occur
through increased economic activity in the environmental goods and services industry or increased
innovation in the regulated sector itself, either through new products from product regulations or more
efficient processes from process regulations. In contrast to many economists, who concentrate on the
short-term static effects of compliance costs, Porter stresses that it is important to also look at the longer
term dynamic effects of regulation on innovation. Porter acknowledges, however, that these offsets may
not completely compensate for the costs of pollution control borne by industry.

Porter discusses four major ways that innovation can help offset the negative impact of compliance
costs on competitiveness.

First, stringent environmental regulations can lead to a competitive advantage in the environmental
goods and services industry. Countries with strict regulations are more likely to develop strong firms
providing the environmental goods and services used by industry to meet regulations. Porter cites
several examples, including Swedish low-noise compressors and the purported German and Japanese
leads in air pollution equipment stemming from early and strict SO,and NO,regulations on stationary
sources. Chemical companies may gain a competitive advantage from developing low-VOC paints and
coatings and from CFC-substitutes, if their customers are faced with environmental requirements
leading to the need to use these products. However, their customers, the regulated community, may
face higher costs in using these materials or products. (The impact of regulations on the environmental
goods and services industry is discussed in chs. 4 and 5.)

Second, Porter points to a number of cases where regulations stimulated the development of
innovative or higher quality products. For example, the German Solingen law set rigid standards fort he

1Michael E. porter, The Competitive Advantage of Nations (New York, NY: The Free Press, 1990);
“America’s Green Strategy,” Scientific American, vol. 264, No. 4, April 1991, p. 16S.
(continued on next page)

WAYS IN WHICH ENVIRONMENTAL REGULATION health care costs, increased agricultural and labor
MIGHT HELP COMPETITIVENESS: productivity, and lower costs in other parts of the

Improved Environmental Conditions--If envi-  economy resulting from reduced pollution.”
ronmental regulations create benefitsin excessof ~ These benefits may accrue to firms both directly
costs, then they can improve economic welfare.  and indirectly (cheaper supplies and inputs).
Lower levels of pollution may lead to lower  While it is important to include data on these

17 See Organization f, Economic Cooperation and Development, Environmental Policy Benefits: Monetary Valuation (Paris: OECD, 1989).
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Box 3-C-Does Environmental Regulation Improve Competitiveness?:
The Michael Porter Hypothesis-Continued

quality of cutlery.*Other examples are Japanese energy conservation laws and taxes that led to
development of internationally competitive energy efficient products. However, regulatory impacts on
products are different than on processes. Consumers can identify and value the regulatory impact on
the product and as a result, firms can translate this into competitive advantages It is not clear how much
consumers care about the presence or absence of environmental controls in the production of an item
(although this kind of valuation appears to be growing). Moreover, the majority of the costs of
environmental regulations probably arise from regulations on processes not products.

Third, Porter argues that properly constructed process standards can encourage companies to
re-engineer technology to reduce not only pollution but also costs, as production processes become
more efficient. However, as discussed in chapter 8, only a small share of investments to comply with
environmental regulations are for in-process changes, and of these, it is not clear how many pay for
themselves in savings. Environmental regulations often raise capital and operating costs, even with
aggressive pollution prevention efforts.

Finally, Porter argues that while some regulations can lead to competitive advantage, those that
prescribe particular technologies, as opposed to performance-based standards, do not. To extend this
point, it should be noted that regulation that leads to abatement or cleanup, rather than prevention, will
increase, not lower, costs for manufacturers. Regulations that make it risky to innovate (e.g., no
phase-in periods, strict penalties for companies unsuccessfully trying innovative approaches) will also
reduce offsets. As discussed in chapters 8 and 9, many aspects of the regulatory system make it more
difficult for industry to develop innovative and low-cost responses to pollution control regulations.

Some forms of regulatory reform will increase the potential of these innovation offsets, but it is by
no means clear that these offsets will outweigh the costs and stimulate competitiveness. Nonetheless,
Porter enumerates several offsetting benefits for industry from environmental regulation. In the debate
on the effect of regulations on industrial competitiveness, it is important, however, to keep in mind that
the principal purpose of regulations is to produce a clean environment and protect public health; the
resulting societal benefits may justify the added costs to producers and consumers.

2 |bid., p. 647-649.

3 EPA has commissioned a study to examine the Porter hypotheses and is examining a number of industries
affected by regulations. However, most of these are either environmental industries (scrubbers) or products (paints
andcoatingsandpesticides). Making the case that process regulations hashelped competitiveness of the regulated
industry is more difficult.

benefits in any assessment of the relationship
between regulation and economic growth, current
measurements are inadequate.

Even if net benefits from regulations exceed
costs, the expenditures normally occur in the
present while the benefits often occur in the
future. If other countries choose to minimize
short-term costs by limiting regulation, they may

gain a short-term competitive advantage that may
continue well into the future.

Improved Manufacturing Efficiency—Another
view is that pollution and waste regulation can
improve manufacturing efficiency and save money.
Pollution prevention may increase competitive-
ness if it results in firms paying closer attention to
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Table 3-4—Economic and Environmental Factors for Selected Industries, 1991

Important  environmental
impacts of the

Pollution control Sales
investments as °/,of 1990

Industry production process Competitive position capital investments (% billion)
Motor vehicle Volatile organic compounds Decreased domestic market 29% 214
production (VOCs) from painting share, strong Japanese com-
petition
Chemicals Large quantities of VOC air Strong, $18.8 hillion trade 13.4% 288
emissions, heavy metals, surplus
hazardous wastes
Metal finishing Acids and heavy metals in Generally not traded but over- 275 % 4.5
wastewater and sludge seas firms are strong
Pulp and paper Waterborne pollutants, dioxin Strong, net exporter of 11.8 13.8%/o 131

million tons of paper, pulp and
paperboard

SOURCE: Office of Technology Assessment; U.S. Census Bureau, Poliution Abatement Cost-Expenditures, 19971, (MA200 (91 )-1 (Washington, DC:
U.S. Government Printing Office, 1993); U.S. Census Bureau, Annual Survey of Manufacturers, 1990 M90 (AS)-1 (Washington, DC: U.S.

Government Printing Office, 1992).

energy and materials efficiency and continuous
process improvement.” However, even though
an aggressive pollution prevention effort can
reduce compliance costs, particularly when com-
pared to the current end-of - pipe approach, indus-
try still faces compliance costs that increase
production costs (see ch. 8). Regulation could
also drive modernization if it led industry to
upgrade production facilities or to invest in new,
more productive facilities.

Recently, some corporate leaders have argued
that correct pricing of pollution can increase
competitiveness. " If firms must pay the full costs
of polluting (e.g., through a fee or tax), then
environmentally conscious firms will gain a
competitive advantage if all firms competing in
the industry face equivalent costs. In such a
situation, firms can reduce costs by becoming
cleaner. However, given that firms in other
countries do not pay the full costs, such a scheme

would raise U.S. production costs relative to
foreign costs, unless there were some means, such
as a border tax, to impose similar costs on imports
and provide rebates for exports.

Increased Innovation-When properly struc-
tured, regulation stimulates innovation in the
environmental control industry (see ch. 5). In
addition, regulations may create pressures on
firms to develop new products, thus adding to the
dynamism of the economy. For example, regula-
tion is credited with encouraging a number of new
automobile technologies.”In some cases, over-
coming problems related to regulation may have
enhanced fins' problem-solving capacities and
contributed to commercial innovation.

Early Mover Advantages-If U.S. regulations
are copied by other countries, then technology
developed to meet U.S. regulations could give

18 See U.s. Congress, Office of Technology Assessment Serious Reduction of Hazardous Waste,” For Pollution Prevention and Industrial
Efficiency, OTA-ITE-317 (Washington DC: U.S. Government printing Office, September 1986); also Michael Porter, “America’s Green

Strategy, ” vol. 264, No. 4, April 1991, p. 168.

19 “vViewpoint,” Chemical & Engineering News, vol. 71, No. 2, Jan. 11, 1993, p. 8.
20 Robert D, Atkinson andLes Garner, ““Regulation as Industrial Policy; A Case Study of the U.S. Auto Industry, 'Economic Development

Quarterly,vol. 1, No. 4, November 1987, pp. 358-373.
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U.S. companies an advantage in foreign markets
when similar regulations are adopted. Firms in
other countries may have to invest sizable amounts
to come up to speed and, because they have less
experience in dealing with pollution, may do so at
relatively higher costs. Therefore, one important
characteristic of regulations is whether they lead
where other countries are likely to follow. U.S.
mobile source air pollution regulations have done
so, leading to a competitive U.S. industry in
catalytic converters. As U.S. Superfund regula-
tions have not been copied, the cleanup technol-
ogy developed in response has had only modest
use in foreign markets.

Increased Consumer Demand--Regulation could
also help competitiveness if it leads businesses to
develop products made in less environmentally
damaging ways and if consumers value these
products more than other products. Leading areas
of consumer demand for products manufactured
in environmentally friendly ways are in paper,
and, to some extent, products manufactured
without CFC’s. Scott, the world’s largest tissue
manufacturer, recently dropped from among its
pulp suppliers three with the worst environmental
performance.” Similarly, pressure from Euro-
pean paper consumers are leading pulp suppliers
to move to chlorine-free pulp making.” Such
pressures are relatively weak in North America.”
Moreover, it is unclear the extent to which
consumers will prefer other products made in
environmentally preferable ways. If they do not,
and regulation imposes costs on the production
processes, then firms may be less competitive.

Adaptation to the Future Economy—Finally,
some argue that a ‘‘green economy is a more
economically efficient economy.” Along these
lines, it is argued that many U.S. companies are
wedded to an old production system that uses
high levels of energy and materials. This reason-
ing maintains that since future economies will
force firms to take these factors into account, U.S.
firms will then be at a disadvantage. However,
these green savings normally stem from increased
efficiency from energy conservation, the develop-
ment of renewable energy sources, and increased
materials recycling. While these changes may
increase economic welfare, they do not directly
address the issue of the effect of environmental
compliance costs on manufacturing processes.

WAYS IN WHICH ENVIRONMENTAL REGULATION
MIGHT HURT COMPETITIVENESS:

Societal Costs May Exceed Benefits-Even if
pollution and waste-related compliance costs are
higher in the United States than in other nations,
it is possible that in the long run the nation may
not suffer competitive disadvantage since society
benefits from these expenditures. Some analysts
argue that currently the costs of regulation exceed
the benefits and that, therefore, both GDP and
social welfare will be lower as a result of
environmental regulation.

Analyses focusing on the costs of regulation,
particularly the price to industry, often ignore or
minimize the benefits of regulation and as a
result, findings of net costs are assured.

Regulation May Inhibit Innovation--Some main-
tain that regulation may inhibit innovation, lead-
ing to relatively large costs over the long term.

21 Paul Abrahams, ‘‘Scott’s Clean Sheet, ’

Financial Times, Nov.4, 1992, p. 14.

22 Prices Of chlorine-free pulp are slightly higher than pulp made conventionally.
23 A rel atively small percentage of U §. pulp iS exported to Europe. Many of the mills that produce pulp fOr export are moving to minimize
or eliminate chlorine bleaching. (Neil McCubbin, “Environment and Competitiveness in the Pulp and Paper Industry,” OTA contractor report,

1993))

24 Michael Renner, Jobs in a Sustainable Economy (Washington, DC: WorldWatch Institute,1991).
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Regulation can hinder innovation by diverting
funds from capital investment in new plant and
equipment and commercially oriented R&D.
Because regulatory requirements are often stricter
for new facilities (which often must install best
available technology) than for older plants, new
investments may be discouraged. Regulation can
also delay the introduction of new industria
processes if permit applications take a long time
to be processed. Finally, regulation can increase
the risk of innovation. If firms feel that regula-
tions are likely to change so as to make pending
innovations obsolete or unusable, they may wait
until they receive clearer signals.

Regulation May Increase Production Costs—
Regulation raises the costs of production for U.S.
firms. If U.S. firms face higher environmental
compliance costs than companies in other na-
tions, and the benefits they receive do not
compensate for the costs, their relative competi-
tiveness will decline, resulting in net export
losses; some firms might relocate to countries
with weaker regulation. In addition, high compli-
ance costs mean that domestic firms will have less
capital and human resources to invest in new
products and production processes, thus reducing
productivity. Some jobs losses may result, a-
though the size of these impacts is uncertain.

1 Employment and Environmental Trade

Few aspects of environmental regulations
prompt as much debate as their potential for
employment effects, Y et, studies of the employ-
ment implications of pollution control regulations
are poorly developed. Some argue that regula-
tions cost jobs either from plant closures, from the
high cost of regulations, or from reduced con-
sumer demand for products produced with high
environmental compliance costs. Others argue

that environmental regulations create jobs in the
environmental goods and service industry, and
also environmental jobs in companies complying
with regulations.

Estimates of the number of jobs in the U.S.
EGS industry vary widely. The Environmental
Business Journal estimates that total EGS em-
ployment in 1992 was 1,073,000. However, some
of these jobs are not related directly to regula
tions, including many in water supply utilities,
aternative energy, and private refuse collection.

It is, however, difficult to declare as benefits
jobs to meet domestic EGS demands without also
knowing how many jobs are lost in polluting
industries due to reduced domestic consumption.
These EGS jobs represent resources transferred
from one activity to another and, in a sense, are
the price we pay to clean the environment.

The better measurement of net employment
benefit offered by the EGS industry would be
from net jobs created through foreign trade. If the
United States exports more in EGS than it
imports, the net job creation should be counted
against the jobs lost due to higher prices for
domestic goods from environmental regulations.

Some also argue that investments in environ-
ment and energy-efficiency create more jobs per
dollar of investment than highly polluting indus-
tries and that, therefore, regulation increases
employment.”If this is true, productivity and
wages in these EGS industries, and in particular
in the indirect economic activity created from
them, would need to be less than in highly
polluting industries, such as chemicals and oil and
gas. As a result, there may be a tradeoff in the
short term between more jobs at lower wages (and
possibly lower skill levels) and fewer jobs at
higher wages (and possibly skill levels). In the
medium and longer term however, net job crea-
tion should equalize.

25 Howard Geller, John DiCicco, and Skip Laitner, Energy Efficiency and Job Creation (Washington, DC: American Council fOr an
Energy-Efficient Economy, October 1992); also MichaeRenner, Jobs in a Sustainable Economy (Washington, DC: WorldWatch Institute,

1992).
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The Global
Environmental
Market:
Trends and
Characteristics

he global market for environmental goods and services

(EGS) is large and growing. The Organisation for
Economic Co-operation and Development (OECD) esti-

mates that the global market for environmental services,
combined with pollution control and waste management equip-
ment and goods, stood at $200 billion in 1990 and will reach
$300 billion by the year 2000.’ Another calculation of the global
market claims the 1992 market was $295 billion and projects a
global demand of $426 hillion by 1997.°These projections do not
fully capture business opportunities for preventing pollution
through cleaner production. While calculations of environmental
market sizes should be viewed with caution due to varying
quality of data and definitions of the market, it is clear that the
environmental sector is sizable. For comparison, in 1990 the
aerospace products industry commanded a global market of $180
billion and the chemical products industry stood at $500 billion.*
In order for environmental markets to exist, there must be both
the will and resources available to address environmental
problems. Regulations and enforcement, including assignment
of liability, are the main drivers of environmental markets.
Prosperity is an important determinant of environmental market
size; contrary to previous expectations, the environmental

! This chapter discusses size, trends, and drivers of environmental markets; ch. 5
discusses competitiveness in environmental industries.

*Organisation for Economic Co-operation and Development(OECD), The OECD
Environment Industry: Stuation, Prospects and Government Policies, OCDE/GD(92)1
(Paris: OECD, 1992).

‘Grant Ferrier, president of Environmental Business International, presentation at the
Environmental Business Council of the United States meeting, Washington DC, June
8-9, 1993.

‘OECD, op. cit., footnote 2.
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industry is not immune to economic slow-downs.
Fiscal incentives now in an early stage of
application, such as pollution fees and tradable
allowances, may also promote demand. Corpo-
rate interest in appealing to the environmental
concerns of customers and investors is increasing,
particularly where reporting requirements place
corporate environmental performance in public
view. And opportunities for cost-effective envi-
ronmental improvement through pollution pre-
vention and improved energy efficiency are
becoming better understood; such cleaner produc-
tion approaches may some day obviate the need
for certain end-of -pipe pollution controls.
Environmental priorities differ by country and
region. In most low and many middle-income
countries, key needs include provision of water,
sewer, and refuse services, as well as basic
pollution control equipment. In more affluent
countries, there is growing demand for more
sophisticated equipment and services for pollu-
tion prevention, control, and remediation. The
largest environmental markets are in the industri-
alized nations of the OECD, which account for
perhaps 80 percent of the international market.’
The largest single market, about 40 percent of the
total, is the United States. However, markets in
some non-OECD nations, including a number of
rapidly industrializing countries in Asia and Latin
America, are poised for rapid expansion.
National markets can be thought of as falling
within several broad categories:

« The United States, Japan, Germany, and sev-
eral other Northern European countries have
the most strict environmental regulations. No
single country is most stringent for all pollut-
ants or media. Much progress has been made
against traditional soot and sewage problems.
New problems and those that have resisted
previous solution—including smog, acid rain,
toxic substances, nonpoint pollution, and cli-
mate change—are now being addressed. These

countries are at the forefront of environmental
management and are sources of demand for
new or improved environmental technologies.
The United Kingdom, France, Italy, and severa
other OECD countries form a second tier of
countries that have relatively strong environ-
mental standards and enforcement but have not
led in environmental management.

Portions of the European Community (EC),
including Spain, Portugal, and Greece, often
lack adequate infrastructure for wastewater,
solid waste, and hazardous waste treatment.
Significant efforts are necessary to bring these
countries into compliance with EC standards.
Their level of environmental investments will
depend on economic growth and EC funding.

Rapidly industrializing countries in Asia—
including the four ‘tigers’ (Hong Kong, South
Korea, Taiwan, and Singapore), Malaysia, Thai-
land, and the Philippines, and the larger coun-
tries of Indonesia, India, and China-are now
expending more resources on the environment.
This region is probably the fastest growing
environmental market, due to investments in
water, sewer, and waste disposal infrastructure,
and from environmental factors now being
incorporated into new investments in energy
and industrial production. Economic growth is
providing many of these countries with the
resources to pay for environmental invest-
ments.

Several Latin American countries also have
rapidly expanding environmental markets. Mex-
ico and Brazil are the largest. This region, too,
offers strong environmental business pros-
pects. As in the rapidly growing Asian econo-
mies, investment in public environmental infra-
structure is increasing. Tougher regulation and
enforcement are creating markets for pollution
control equipment. As more countries develop
environmental capabilities, the market for mon-
itoring equipment is also growing.

*Ibid.
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m Central and Eastern Europe, including the
states of the former Soviet Union, have a legacy
of environmental mismanagement. Basic con-
trols of air and water pollution and wastes are
often lacking or in disrepair. While the poten-
tial market is great, the actual market is limited
by lack of financial resources. Political and
economic uncertainties inhibit foreign invest-
ment.

m Many developing countries in Africa, Asia, and
Latin America have limited capacities for
managing industrial and urban environmental
challenges. Development assistance is a key
source for environmental investment in these
countries.

As discussed in chapter 5, most environmental
goods and services are not internationally traded.
Even so, substantial trade occurs; estimates of
international environmental business transactions
range from the low billions of dollars to over $20
billion annually.

American firms face growing challenges from
foreign companies both overseas and in the
domestic U.S. market for the provision of both
traditional environmental products and cleaner
technologies (see ch. 5).°Germany, Japan, Aus-
tria, the Netherlands, Switzerland, Sweden,
France, Britain, and Canada have environmental
companies that are competitive with U.S. firms on
the world market. Foreign firms also are competi-
tive sources for a variety of cleaner production
technologies. In countries like South Korea,
Taiwan, and Mexico, environmental industries
are developing in response to increased regulation
and enforcement, although they remain depend-
ent on OECD-country suppliers for many envi-
ronmental products and services. Examples of
sectors and technologies where U.S. firms main-

tain an advantage and where foreign firms have
gained advantage are discussed in chapter 5.

MARKET DRIVERS

Environmental markets arise primarily when
regulations are put in place and enforced.’ Other
factors also contribute; for instance, pollution
prevention measures are sometimes cost-
effective even in the absence of strong regulation,
and corporate concerns about public image can
promote demand for EGS. However, regulation
remains the driving factor. This is because
polluters seldom on their own pick up the costs
that pollution and environmental degradation
place on third parties and society as a whole. In
economic terms, pollution is a negative external-
ity and the services nature provides (e.g., cycling
air and water, maintaining soils and biological
diversity, and so forth) are free goods. These
market imperfections diminish the welfare-
maximizing force that free markets can theoreti-
cally deliver. In short, without regulation (and
enforcement), people will pollute excessively.
Externalities and public goods as types of market
imperfections are classicaly justified reasons for
government regulation.

Environmental laws and regulations create
markets for many kinds of goods and services.
Obvious examples include pollution prevention,
control, and clean-up egquipment and supplies,
and operation of waste disposal and pollution
abatement systems, Analytical instruments to
measure contaminants and monitor pollution, and
specialized services (including engineering, man-
agement consulting, construction, and laboratory
analysis) are also needed. Regulations also stimu-
late demand for environmental impact assess-

*Cleaner production and energy technologies canbe found in v irtually all economic sectors. A few examples are direct steelmaking,
renewable energy technologies, advanced gas turbines, chromium-free leather tanning,chlorine-free papermakihg, no-clean soldering, better
industrial controls, less polluting paint applicators and formulations, and improved catalysts.

"Here regulation includes the use of environmental taxes and charges, marketable pollution allowances, and assignment of liability on
polluters, as well as conventional commarid-and-control approaches that require achievement of performance-based or technology-based
environmental standards.
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Routine environmental services such as refuse
collection and disposal, while locally provided, can
create trade opportunities for equipment suppliers.

ment, legal, and information services. Further-
more, the force of regulation can lead to demand
for substitute or alternative products or processes.
Examples include alternative solvents, fuel switch-
ing, or no-clean soldering.

Sometimes environmental laws and regula-
tions create markets directly by mandating certain
standards. In the case of performance-based
standards, a number of environmental technolo-
gies and practices might allow achievement of
standards. In contrast, technology-based stand-
ards require installation of particular environ-
mental devices, thus stimulating large markets for
those devices. Innovation may suffer because
competing technologies and approaches are not
sanctioned.® Sometimes regulations are formally
performance-based, but, in practice, permitting
and administrative procedures still favor specific
reference technology.

Regulations can promote environmental mar-
kets by making pollution and waste very expen-

sive to generators. For instance, the U.S. Re-
source Conservation and Recovery Act (RCRA),
among other things, places stringent requirements
on storage, transport, and treatment of hazardous
wastes. This not only stimulates expenditures for
hazardous waste handling and disposal, but also
encourages waste producers to find ways to cut
disposal expenses by minimizing waste.

Similarly, pollution taxes and fees may stimu-
late environmental technology sales. It is not yet
clear the degree to which marketable pollution
allowances might spur environmental technology
innovation and sales by placing real dollar value
on pollution. Companies may avoid environmental
technology expenditure-for instance, by switch-
ing to low sulfur coal instead of buying scrubbers
in the case of electric utilities. (Chapter 8
discusses the implications of different environ-
mental regulatory approaches for manufacturing
industries.®) Other innovative regulatory approaches,
such as utility pricing rules that encourage
demand-side management (DSM) in electric utili-
ties, have spurred business opportunities in en-
ergy efficient products and related services that
may be environmentally preferable.

Threats of future liability are an impetus for
environmental markets; the U.S. Superfund law
that retroactively ascribes liability for contami-
nated sites is a noteworthy example. Reporting
requirements, like the Toxic Release Inventory
(TRI) of the U.S. Superfund Amendments and
Reauthorization Act (SARA, Title I11), can dso
stimulate pollution prevention and control efforts.
TRI requires manufacturing enterprises to pub-
licly disclose information about their production,
release, and disposal of several hundred toxic
compounds. These reporting requirements led
some companies to adopt aggressive waste reduc-
tion goals.”

8 Robert Repetto, George Heaton, and Rodney Sobin, Transforming Technology: An Agenda for Sustainable Growth in the 21st Century

(Washington, DC: World Resources Institute, 1991), p. 23.

9 Another OTA assessment, due for completion in late 1994, is examining new approaches to environmental regulation.
10 See Bruce Smart (~.), Beyond Compliance: A New Industry View of the Environment (Washington, DC: World Resources Institute, April

1992) for several examples.
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Although the combination of regulation and
enforcement has been the most potent driver of
environmental markets, it is not the only force,
The environmental concerns of consumers and
investors are a factor, as is the threat of additional
future environmental regulation because of unfa-
vorable public image. These concerns explain the
potency of TRI in stimulating environmentally
favorable corporate action. They also help explain
cases of pressure on corporations from peers,
suppliers, and customers as forces for environ-
mental investment and cleaner production. The
U.S. Chemical Manufacturers Association’s Re-
sponsible Care program (which is mandatory for
members) and similar chemical industry pro-
grams abroad, as well as environmental charters
of the Business Council for Sustainable Develop-
ment, the International Chamber of Commerce
and the Keidanren (Japan’s major industry associ-
ation), are among examples of business initiatives
to promote improved industrial environmental
performance.

Finally, as has been noted, some environmental
investments in pollution prevention and espe-
ciadly energy efficiency are cost-effective even in
the absence of regulations, Markets may develop
as these opportunities become better known.

DEFINING THE INDUSTRY AND
ITS MARKET

The previous section refers to EGS, cleaner
production, and the environmental industry with-
out crisp distinctions. This is because definitions
of the industry and its market are inconsistent and
sometimes nebulous, and data are often lacking.
The reasons why data are inadequate and the

differing definitions of the market used by severa
studies are discussed below. As is discussed in
chapter 3, this assessment does not adhere to a
rigid definition of EGS."Instead, it examines
markets and competitiveness in a number of
traditional environmental areas-air, water, and
waste management, including services-with il-
lustrative cases from cleaner production impor-
tant to the energy and manufacturing sectors.
Information on environmental markets and
industry size is inadequate for several reasons:

= Little effort has been made by the United States
and other countries to track EGS production
and trade. U.S. Standard Industrial Classifica-
tion (SIC) codes and the international Harmo-
nized Code (HC) do not correspond well with
environmental product categories .12 Thus, offi-
cia data on production and trade are of limited
value. (See ch. 5 for discussion of environ-
mental trade.) Many products used in environ-
mental equipment and facilities are also used in
other applications. It is often not possible to
determine whether the end use of a product is
environmental.

» Production data are difficult to obtain because
of the industry’s structure. It has been estimated
that about 200 public companies account for
roughly one-third of U.S. environmental reve-
nues but that over 58,000 privately held fins,
averaging $1.3 million in annual revenues each,
account for the remaining two-thirds.” Pri-
vately held companies are not required by the
Securities and Exchange Commission to pub-
licly divulge financial information. There may
be over 10,000 environmental fins, mainly
small, in Western Europe.

11 As previously discussed, several important aspects of environmental technologies including agricultural technologies, geophysical and
ecological modeling, technologies for assessing health effects, and nuclear-related technologies are not examined in this asessment. Green
product design was the subject of another recent OTA assessment, U.S. Congress, Office of Technology Assessment, Green Products by
Design: Choices for a C'/eaner Environment, OTA-E-541(Washington, DC: U.S. Government Printing Office, September 1992).

12 )pe EXCEPLION j¢ SIC35646/HC 842139, Selected Industrial Air Pollution Control Equipment. Several other categories partially cover

EGS products. Further discussion of this issue is found inch. 5.

13 Environmental Business Journal,vol.5, No.4, Apri11992, p. 7. Over 24,000 of these companies are private water utilities averaging

.$400.000 in annual revenues.
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=« Many environmental companies, including large
conglomerates, are active in a variety of indus-
trial sectors; they generally do not report their
environmental business separately. Engineer-
ing and construction companies have provided
design and construction management services
for environmental projects for many years.
Instrument manufacturers produce lines of
equipment for environmental monitoring and
analysis. Producers of boilers and power gener-
ation equipment sell air pollution control equip-
ment (as well as less-polluting combustion
systems and turbines). A number of chemical
companies have spun off commercial hazard-
ous waste management businesses in addition
to producing specialized chemicals for water,
air, and waste treatment. And, with the end of
the Cold War, many defense contractors are
seeking environmental business opportunities
ranging from clean-up of Federal facilities to
development of electric vehicles.”A few
companies in other sectors facing tough times,
such as the Pacific Northwest forest products
industry, are redirecting their efforts toward the
environment (see box 4-A).

Industrial establishments operate in-house air,
water, and waste treatment facilities and serv-
ices. These operations, while recorded as pollu-
tion abatement expenditures in corporate ac-
counts, are seldom included in estimates of
environmental goods and services. This partly
explains why sales by environmental firms
differ from national estimates of environmental
compliance cost (see ch. 7). Internal corporate
environmental expertise and facilities some-
times provide a basis for new businesses. For

instance, Amoco, Dow, DuPont, and Rhone-
Poulenc are among the chemical concerns that
have established hazardous waste management
businesses. ®

Most estimates of the size of the environmental
industry focus primarily on clearly identifiable
end-of-pipe pollution and waste control, treat-
ment, and remediation. Even here, however,
coverage varies, as is shown in the following
studies:

= The OECD divided the market into four equip-
ment and related service sectors—water and
effluents treatment, waste management, air
quality control, and “other’ (which includes
land remediation and noise abatement)--plus a
separate general environmental services cate-
gory.”Cleaner production or pollution preven-
tion products are not included, although some
related consulting services are.

s ECOTEC, a British consulting firm, uses four
primary categories. air pollution control, water
and wastewater treatment, contaminated land
reclamation, and waste treatment and disposal
(including consulting and analytical services
related to these areas) .” It does not include
municipal solid waste collection, noise abate-
ment, construction of environmental infrastruc-
ture, or cleaner production.

a Farkas Berkowitz & Co., a U.S. consulting
firm, divides the American environmental in-
dustry into air, water, solid waste, hazardous
waste, consulting, and “other” (which in-
cludes analytical and information services, and
landfill liners, among other things).” Water
supply and solid waste handling equipment (for

14 For analysis of defense conversion issues, see U.S. Congress, Office of Technology Assessment After the Cold War: Living With Lower

1S Environmental Business Journal, op. cit., footnote 13, p. 9.
16 OECD, op. cit., footnote 2, P- 5.

Defense Spending, OTA-ITE-524 (Washington, DC: Government Printing Office, February 1992), and U.S. Congress, Office of Technology
Assessment, Defense Conversion: Redirecting R& D, OTA-ITE-553 (Washington, DC: Government Printing Office, May 1993).

17 ECOTEC Research and Consulting, Opportunities for the Environmental Protection and Waste Management /ndustry in Europe

(Birmingham, U.K.: June 1990).

18 Farkas Berkowitz& Co., The Fifth Annual State-of-the-Industry Report (Washington, DC:1993).
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Box 4-A-Forest Product Supply Firms and Environmental Business Opportunities

In Oregon, some forest products firms and suppliers are pursuing environmental business
opportunities in response to declining forest harvesting and processing.’” For instance, the Eugene-
based Ross Corp., a designer and manufacturer of heavy equipment used to extract and transport logs,
has capitalized on its experience to develop materials-handling equipment for municipal solid waste
disposal and recycling. Examples include balers, conveyors, sorting systems, and scrap handlers. The
company also designs municipal recovery facilities: one such facility is operating in Washington State.
Offices in Canada and New Zealand support international marketing activities.

Another Eugene-based firm, Bulk Handling Systems, has adapted its materials handling
machinery expertise, in this case for the lumber, panelboard, and paper industries, to manufacture
handling, sizing, and storage equipment for waste and scrap materials. The company also makes
equipment for power plants that use agricultural and forestry wastes as fuel. Phoenix Industrial Park in
Eugene was a virgin plywood manufacturing facility until a lack of old growth logs put it out of business.
The site now houses a plant for reclaiming and processing urban and industrial wood wastes; also at
the site is an oil recycling facility. International Resources Unlimited’s engineering consulting business
used to concentrate on the forest products sector. The firm now works on a wider variety of structural
materials. With U. S., Finnish, and Hungarian collaborators, it is developing a number of products using
mixed waste paper and mixed paper, cardboard, and plastic wastes to displace virgin wood in
panelboard and fiberboard construction materials.

Contraction of the forest products industry in the Pacific Northwest has parallels to declines in
defense-related industries. Redirection of economic development and adjustment assistance are
urgently needed by displaced workers and their communities. While opportunities in environmental
goods and services, as well as environmentally preferable materials, probably will not cancel out
declines in the forest products industry, they do provide some options for economic development and
growth. This has been recognized by Washington, Oregon, California, and British Columbia, which have
all identified environmental technologies and services as a key sector for development.

1 Eugene F.Davis, president, International Resources Unlimited, Eugene, OR, provided information for this
and the following paragraph.

instance, garbage trucks) are omitted but mu- 4. asbestos abatement,
nicipal refuse services are included. Recycling 5. water infrastructure (water and wastewater
of municipal solid wastes and hazardous indus- treatment equipment and supplies),
trial chemicals are listed but recovery of 6. water supply utilities,
industrial scrap is not. 7. engineering/consulting,
« One of the most comprehensive estimates, that of 8. resource recovery (includes recycling),
the Environmental Business Journal, divides the 9. instrument manufacturing,
U.S. environmental industry into 12 categories: 19 10, air pollution control,

1. analytica services,

2. solid waste management,

3. hazardous waste management (includes re-
mediation),

11. waste management equipment, and
12. environmental energy sources (includes
renewable energy and cogeneration).

19 Environmental Business Journal, Op. Cit., footnote 13.
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The journa tracks private companies (publicly
and privately held) and publicly owned water and
waste utilities. However, the mobile source air
pollution control sector is not included.

None of the studies fully account for pollution
prevention and cleaner technology-processes
and products that use energy and materials more
efficiently, that generate less total waste and less
hazardous waste, and that decrease use of toxic
substances. Unlike add-on environmental tech-
nologies, which are additiona costs to industry,
this mostly invisible environmental sector can
sometimes lead to improvements in productivity,
efficiency, and product quality. And even when
cleaner production and pollution prevention are
net costs to business, they are usually less
expensive than end-of-pipe pollution control and
waste disposal.”

Cleaner technologies may be adopted specifi-
cally to meet environmental requirements-for
instance, replacement of chlorofluorocarbons (CFCs)
in light of CFC phase-out laws or new paint
applicators stimulated by tough regulations for
volatile organic compounds (VOCs)--or they
may be chosen for primarily nonenvironmental
reasons+. g., low pressure polyethylene produc-
tion offers advantages (lower cost and avoidance
of high pressure reactions) over high pressure
polyethylene production while using less organic
solvent and saving energy.” Environmental per-
formance will remain one of a number of factors--
technical performance, cost, consumer prefer-
ences, worker safety, and so on—that engineers
and managers will consider in production tech-
nology choice and product design.

To the extent that cleaner production is not
included in estimates of the environmental indus-

try, then environmentally inspired business op-
portunities will be understated. For instance, in
the 1990s, developing country and Central and
Eastern European capital investment for the
electric power sector may reach $1 trillion.”If a
study on environmental business opportunities
associated with power sector investment were to
concentrate on end-of-pipe pollution abatement,
waste handling, and restoration of coal mining
sites, it would miss very large commercia and
environmental opportunities offered by more
efficient power generation technologies, electric-
ity and heat cogeneration, cleaner fuels, and
renewable energy. A narrow environmental sec-
tor definition would also miss the great potential
of selling negawatts--or improved energy effi-
ciency—to power users.

In addition, studies that focus only on end-of-
pipe technologies may neglect the possibility that
such technologies could be displaced by cleaner
production approaches. For instance, if organic
solvents are replaced by mechanical or agueous
processes (e.g., powder coatings and water-based
paints), markets for VOC control devices maybe
diminished. As another example, cleaner com-
bustion processes and non-fossil energy sources
could dampen long-term demand for add-on
emission control equipment, although near-term
markets for these devices are robust.

Yet, an al-encompassing definition of envi-
ronmental technology offers little practical guid-
ance in assessing environmental markets and
competitiveness. Nonetheless, the realization that
technology-not just environmental goods and
services-and environment are intimately bound
together has broad implications for the molding of

20 There are also cases where add-on pollution controls can allow manufacturers to maintain high quality products while meeting
environmental requirements—for instance, catalytic converters have allowed automobile engines to be optimized for power or fuel economy

while decreasing emissions.

2twilliam H. Joyce, “Energy Consumption Spirals Downward the Polyolefins Industry, “ in Jefferson W. Testor, David O. Wood, and
Nancy A. Ferrari (eds.), Energy and the Environment in the 21st Century: Proceedings of the Conference Held at the Massachusetts Institute
of Technology, Cambridge, MA March 26-28, 1990 (Cambridge, MA: MIT Press, 1991), pp. 427435.

22 World Bank, Capital Expendituresfor Electric Power in the Developing Countriesin theZ990s, IEN Energy Series Paper No. 21, February
1990, in World Bank, The Bank’'s Role in the Electric Power Sector, Industry and Energy Department, box 5.
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technology, environmental, and economic poli-
cies.” Some long-term technological trends such
as ‘‘dematerialization" “—which includes the
substitution of knowledge-intensive production
for resource-intensive production, precision con-
trol of processes, and, generaly, doing more with
less material and energy—have salutary environ-
mental effects. For instance, fiber optics is
arguably an environmentally preferable technol-
ogy because fiber optic cables require much less
energy and material per unit of communication
than do copper cables (and concommitantly less
environmental damage from mining and manu-
facturing); they have allowed the devel opment of
new monitoring and control technologies that can
increase production efficiency and decrease waste;
and they allow further substitution of communi-
cation for transportation.

GLOBAL, REGIONAL, AND
NATIONAL MARKETS

The OECD estimates that over 80 percent of
the 1990 market for environmental services,
pollution control, and waste treatment occurred in
the 24 member countries of the OECD.*(See
table 4-1 and, for European national data, table
4-6.) The remainder is split between Eastern
Europe/former U.S.S.R. (7.5 percent) and ‘Other’
(10.5 percent). The United States is by far the
largest national market ($78 billion) followed by
Japan ($24 hillion), western Germany ($17 bil-
lion), and France ($10 billion). The study antici-
pated higher-than-average growth in Canada,
Japan, several European Community countries
that need substantial environmental investment to
meet Community standards, and the “other’
category, which includes the dynamic economies
of the Pacific Rim. The lowest growth rates are
anticipated in the Nordic countries, Germany, the

Table 4-1--OECD Estimate of Environmental
Market Sizes and Growth by Region
(in 1990 dollars)

Annual

1990 2000 growth

($ billion) ($ billion) (percent)
OECD North America 84.0 125.0 41
United States 78.0 113.0 3.8
Canada 7.0 12.0 55
OECD Europe* 54.0 78.0 3.7
OECD Asia-Pacific 26.2 42.0 4.8
Japan 24.0 39.0 5.0
Australia 2.0 2.8 3.4
New Zealand 0.2 0.3 4.1
OECD total 164.0 245.0 4.1
Non-OECD total 36.0 55.0 4.3

Eastern Europe/

Former U.S.S.R. 15.0 21.0 3.4
Other Non-OECD 21.0 34.0 4.9
World total 200.0 300.0 41

a See table 4-6 for European national data.
NOTE: Percentage growth was recalculated from the original source as
a compound annual rate.

SOURCE: OECD, The OECD Environment Industry: Situation, Pros-
pects and Government Polities, OCDE/GD(92)1 (Paris: OECD, 1992).

Netherlands, Switzerland, and Austria, which
already possess relatively advanced environ-
mental management capabilities; the U.S. market
is expected to expand more slowly than the
OECD average. OECD’s analysis suggests that
Central and Eastern Europe's environmental mar-
ket will experience above-average growth, al-
though the combined Eastern Europe/former So-
viet Union category rate could be below average.

By environmental sector, 24 percent of OECD
countries’ environmental industry 1990 output
was for environmental services, 30 percent for
water and wastewater treatment equipment, 20
percent for waste management equipment, 15
percent for air quality control equipment, and 11

23 Heaton, Repetto, and Sobin, op. cit., footnote 11; George Heaton, Robert Repetto, and Rodney Sobin, Backs to the Future: U.S.
Government Policy Toward Environmentally Critical Technology (Washington DC: World Resources Institute, June 1992).

24 R. Herman, S.A. Ardekani, and J.H. Ausubel, “‘Dematerialization, « jn Jesse H. Ausubel and H.E. Sladovich (eds.), Technology and
Environment (Washington, DC: National Academy Press, 1989), pp. 50-69.

25 Data for these several paragraphs are from OECD, op. cit., footnote *.
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Table 4-2—OECD Estimate of Environmental
Markets by Sector (in 1990 dollars)

Table 4-3—Environmental Business International
Estimate of the Global Environmental Market

Annual Annual
1990 2000 growth 1992 1997 growth
($ billion) ($ billion) (percent) ($ billion) ($ billion) (in percent)

Equipment 152 220 3.8 United States 134 180 6.1
Canada 10 17 11.2

Water/wastewater 60 83 3.3 Mexico 1 2 14.9
Waste management 40 63 4.6 Other Latin America 6 10 10.8
Air quality control 30 42 34 Western Europe 94 132 70

Other 22 32 38 Eastern Europe/Former

Services 48 80 5.2 USSR 14 27 144
Japan 21 31 8.1

Total 200 300 41 Australia/New Zealand 3 5 10.8
NOTE: Percentage annualgrowth was recalculated from theoriginal ~ Southeast Asia 6 13 16.7
source as a compound annual rate. Rest of world 6 9 8.4
SOURCE: OECD, The OECD Environment Industry: Situation, Pros- Total 205 426 76

pects and Government Polices, OCDE/GS(92)1 (Pans: OECD, 1992).

percent for other forms of EGS, including con-
taminated land remediation and noise control (see
table 4-2). Within OECD, the highest predicted
growth rate is within the service sector and lowest
in water and wastewater treatment. Much of the
growth in the “other” sector is likely to be based
on expanded efforts in contaminated site remedia-
tion.

An analysis by Environmental Business Inter-
national (publisher of the Environmental Busi-
ness Journal) suggests a significantly larger
environmental market (see table 4-3). The esti-
mate also is much more optimistic than the OECD
about the growth potential of the EGS industry,
projecting a 5-year annual average growth rate of
between 7 and 8 percent.

These analyses provide only a general indica-
tion of the global environmental market, rather
than definitive estimates. Furthermore, estimates
of national and international environmental mar-
kets are not the same as estimates of either
environmental compliance costs or the environ-
mental sector’s contribution to gross domestic
product (GDP). As discussed previously, many
environmental expenditures are internal to the

NOTE: Percentage annual growth was recalculated from the original as
a compound annual rate.

SOURCE: Grant Ferrier, president of Environmental Businesdnterna-
tional, presentation at the Environmental Business Council of the
United States meeting, Washington, DC, June 8-9, 1893.

firm and do not accrue to the environmental
industry. And total environmental firms' reve-
nues do not represent total contributions to GDP
because they do not measure fina demand or total
value added by the environmental industry. Many
sales by environmental companies are to other
environmental companies; for instance, waste
management service companies buy equipment
from environmental product manufacturers, and
environmental contractors often subcontract jobs
to other environmental companies. In other words,
total revenues overstate contribution to GDP by
double-counting expenditures.

As has been mentioned, pollution prevention
and improved energy efficiency are only partly
covered in environmental market estimates.” An
analysis done for the Department of Energy
projects annual global energy efficiency export
markets at $8.4 billion annually during the years
1990 to 2000, doubling to $16.8 billion annually

26 Environmental consulting related to pollution prevention is often included and the Environmental Business Journal includes renewable

and co-generated power.
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Table 4-4-Environmental Business Journal Estimate of u.s. Environmental Industry Revenue and Growth
(% billions, percent growth)

1988-1989 1989-1990 1990-1991 1991-1992 1992

Segment 1989 growth 1990 growth 1991 growth 1992 growth  Employees
Analytical services $1.6 23% $1.7 6% $1.7 1% $1.8 3% 20,000
Solid waste management 235 14 26.1 11 27.4 5 28.2 3 235,000
Hazardous waste management 12.1 22 13.3 10 13.7 3 14.6 7 127,000
Asbestos abatement 3.8 27 4.0 5 3.0 -25 3.1 3 28,000
Water infrastructure 11.7 7 12.1 3 125 3 13.0 4 100,000
Water utilities 18.8 8 20.2 4 21.2 5 21.8 3 136.000
Engineering/construction 10.2 26 12.2 20 13.4 10 14.2 6 158,000
Resource recovery/recycling 14.2 23 17.2 16 15.8 -8 16.1 2 107,000
Instrument manufacturing 1.5 25 1.6 14 1.8 4 1.8 6 15,600
Air poliution control 5.3 -4 54 2 5.3 -1 54 2 39,000
Waste management equipment 9.8 9 10.4 6 11.0 6 115 4 88,000
Environmental energy 1.5 25 1.8 20 2.0 10 2.2 11 20,000

Total 114.6 14