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ABSTRACT

This report reviews the status of environmentally benign manufacturing (EBM) technologies, applications,
and policies in Europe and Japan in comparison to those in the United States. Topics covered include metals
and metal manufacturing, polymers, automotive applications, electronics, and energy-related issues. In
addition to reviewing specific technologies and applications in the above areas, the report covers broader
issues of government policies affecting environmental issues in manufacturing, corporate strategies and
vision with respect to these issues, economic drivers influencing the development of EBM, and relevant
research infrastructure. The panel s findings include the following: Europe leads in most governmental
activities, Japan in industrial activities, and the results for research and development are mixed. The United
States leads in financial and legal liability concerns, water conservation, decreased industrial releases to air
and water, and research in polymers and long term electronics, but follows in al other areas. In the area of
university educational activities, and both industry and government sponsorship of these, it is clear that
Europe leads, followed by the United States and then Japan. Overall, therefore, the United States ranks third
behind Europe and Japan. Additional findings are outlined in the panel s executive summary.
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EXECUTIVE SUMMARY

Timothy Gutowski

INTRODUCTION*

Is environmentally benign manufacturing an oxymoron? Or is it possible to align business needs with

environmental needs? This is the central issue addressed in this report. What follows is a summary
discussion, which outlines the current state of environmentally benign manufacturing (EBM). These findings
are based upon the observations of a panel of U.S. experts during visits to Japan, Europe and the United
States, as well as the panelists substantial expertise in the various areas of this broad and challenging field.
Because of the breadth of this topic, panelists focused their attention on two key areas: processing and
products. In processing, the focus was on metals and polymers, since by far the vast majority of products are
made from these materials. Among products, the focus was on automobiles and electronics, two products
with significant environmental activity. Details of the panel s 52 site visits can be found in the appendices of
this report. This summary has five remaining sections: The Problem, Major Findings, U.S. Competitiveness,
Barriersto Progress, and the Technology Summaries for Metals, Polymers, Automobiles, and Electronics.

THE PROBLEM

The area of environmentally benign manufacturing addresses the central long-term dilemma for
manufacturing: how to achieve economic growth while protecting the environment. The conflict is
fundamental, rooted in part in the materials conversion process, which takes from the earth and gives to the
customer, the stockholder, and to those who make a living or derive support from this enterprise, and in part
in consumerism, which focuses on current needs often with disregard for the future. The resolution of this
conflict is a serious issue for society to address, for in the near future it will threaten our well-being. The
question then for environmentally conscious manufacturers is how to incorporate both economy and
environment into their business plans.

Once afirm is motivated to address environmental issues, what then are the right things to do? The answers
are not simple. There are many aspects to this problem, including: toxic materials, waste and wastewater,
emissions and greenhouse gases, energy usage, and material and product recycling. Furthermore, at the root
of al environmental issues are people people with different values, goals and needs, and people from
different generations. The development of an environmental strategy needs to address all of these issues and
trandlate this understanding into an effective program of action.

The panelists work, then, was to sort out these complex and intertwined issues, and to organize them in a
way that is both understandable and inclusive. Often, the issues went far afield from the original engineering
focus of the panelists. But the overwhelming importance of these broad issues requires that they be included
here to accurately represent the nature of our findings.

* The views expressed in this summary are the consensus views of the entire panel. References can be found in the
original chapters from which this summary is derived.
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Timothy Gutowski

MAJOR FINDINGS

1

Motivation at the corporate level: The panel saw a clear trend towards the internalization of
environmental concerns by manufacturing companies, particularly large international companies. For a
variety of reasons, large companies like Sony, Toyota, Hitachi, Volvo, DaimlerChrysler, IBM, Motorola,
Ford, DuPont and others profess to behave in environmentally responsible ways and provide reports and
data from self-audits to demonstrate this commitment. The motivations for this behavior are many,
including cost reduction, risk mitigation, market advantage, regulatory flexibility, and corporate image.
At the core though, the panel was convinced that many companies really do understand the problem: any
long term sustainable business policy must address the relationship to the environment.

Strategies at the national level: The development of a strategy is a critical part of EBM. In general,
companies develop strategies that are compatible with their national strategies, while multinational
companies need to respond to the strategies of many countries. The strategies of the EU, Japan and the
United States are strongly influenced by their national concerns and societal structures. In capsule form,
the main issues are as follows:

- In Japan: (1) a focus on the conservation of resources including reductions in energy, materials,
solid wastes, and greenhouse gases; (2) an alignment of internal resources by public education,
environmental leadership, consensus building, and tools development including LCA (Life Cycle
Assessment), DFE (Design for the Environment), and 1SO 14000 certification; and (3) a systematic
implementation of EBM as a competitive strategy.

— In Europe: (1) a concern for solid wastes and toxic materials; (2) a product take-back focus; (3) a
systems orientation built upon interdisciplinary agenda setting and tools development; and (4) a
strong political basis for environmental concerns.

— In the United States: (1) a regulatory focus on pollution by medium; (2) a materials, process,
technology, and cost orientation; (3) a reliance on free enterprise to solve system level problems;
and (4) atendency toward adversaria positions which are solved by litigation.

Systems-level problem solving: To be successful, progressin EBM requires integration of technology,
economic motivation, regulatory actions and business practices. Examples abound of missed
opportunities when any element is missing. Fundamental to this systems approach is dialog and
cooperation between stakeholders. In the most effective firms a clear strategy is developed and woven
into business practices. The setting of targets and constancy of mission are essential to this process. By
far the most highly coordinated efforts seen by the panelists were in Japan. For example, Toyota views
lean manufacturing and green manufacturing as essentially the same thing.

Analytic tools for addressing products; The emphasis in Europe and Japan is shifting to the
environmental consequences of products in all of their stages of life. Along with this shift, there is a
clear need for analytic tools to assist in the assessment of life cycle consequences of actions and policies
and to guide design decisions for new products and processes. The Japanese have a national program to
develop LCA, and are integrating these tools into engineering design practice. The Europeans have large
coordinated projects within industries and run by academics to develop LCA tools, and they are ahead in
educating university students to develop these tools.

Technology highlights: While the panel saw no silver bullet technologies to solve environmental
problems, technology clearly plays a central role. The main feature required is that the technology must
work in an integrated systems approach to the problem. Some technology highlights include: a complete
system for recycling PVC from construction materials in Japan; a strong emphasis on technology
development and transfer in Japan and Europe; the use of plastics as reducing agents in steel making in
Japan and Germany; a steel can production facility in Japan that increases recyclability, reduces wastes
and reduces costs; and car doors reinforced with natural fibers in Germany. Four technology areas are
treated in more detail at the end of this summary.
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U.S. COMPETITIVENESS

Based upon observations from the site visits as well as the experience of the panelists, the three regions
visited are ranked in three areas: (1) governmental activities; (2) industrial activities; and (3) research and
development. These are shown in Tables ES.1, ES.2, and ES.3. Overall, Europe leads in most governmental
activities, Japan in industrial activities, and the results for research and development are mixed. The United
States leads in financial and legal liability concerns, water conservation, decreased industrial releases to air
and water, and research in polymers and long term electronics R&D, but follows in al other areas. In the
area of university educational activities, and both industry and government sponsorship of these, it is clear
that Europe leads, followed by the United States and then Japan. Overall, across all these areas, the United
States ranks third behind Europe and Japan.

TableES.1
Government Activities Relative Competitiveness*
Activity Japan u.s. Europe
Take-back legislation *% * *kkk
Landfill bans o * ok
Material bans * * *%

L CA tool and database development

*k*k

* %

*k k%

Recycling infrastructure

* %

*

* k%

Economic incentives

* %

*

*k*k

Regulate by medium

*

* %

Cooperative/joint efforts with industry

* %

*

*k k%

Financial and legal liability

*

*k Kk

*

*Number of asterisks indicate comparative strength, and are intended to be indicative of level of
effort and emphasis as much as actual level of success.

TableES.2

Industrial Activities Relative Competitiveness

Activity

Japan

u.Ss.

Europe

SO 14000 certification

*k k%

*

*k*

Water conservation

* %

* Kk

Energy conservation/CO2 emissions

*kkk

* %

* %

Decreased releases to air and water

* %

Post Industrial solid waste reduction/recycling

*kkk

* k%

Post-consumer recycling

*k Kk

Material and energy inventories

*k*k

* %

Alternative material development

* %

*k*k

Supply chain involvement

* %

* %

EBM as abusiness strategy

*k k%

* k%

Life-cycle activities
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TableES.3
Resear ch and Development Activities Relative Competitiveness
Activity Japan u.s. Europe

Relevant Basic Research (> 5 years out)

Polymers *% *kok *%

Electronics *% A *

Metals *k ok * * %

Automotive/Transportation * * *H

Systems *% * *kk
Applied R&D (< 5 years out)

Polymers * ok x *x

Electronics *okk *k *x

Metals P * o

Automotive/Transportation *hk * *k

Systems *x * KKk

BARRIERS TO PROGRESS AND IMPLICATIONS FOR RESEARCH

1

Motivation, policy and education: It was the panelists impression that many people in manufacturing
are not yet aware of the potential magnitude of the effect that the environment will have on their
business. In fact, the U.S. public as a whole is somewhat behind in awareness of environmental issues.
It can be argued that thisis due to different conditions in the United States, namely more room and lower
population densities. But population densities on our East Coast are generally quite similar to those in
Europe, and our rates of waste production and energy usage are beyond those of all other countries both
in absolute terms and on a per capita basis. Environmental education in the U.S. is now largely confined
to the early years of education. Much needs to be done to inform manufacturers and the public, and to
educate university students. Future engineers need both more depth and more breadth. This can only
happen with the generation of new knowledge that can symbolically represent the complex issues of
EBM.

On the policy level, aclear trend seen by the panelists was the move away from command and control
policies toward more cooperative goa setting. Early results indicate clear advantages, both in terms of
economic outcomes as well as environmental consequences, when companies are given more flexibility
in their modes of response to environmental concerns.

Strategic planning: EBM presents a bewildering array of issues and opportunities to the manufacturer.
In order to align business and environmental issues it is important for a company to develop a strategic
plan. A first step in doing this is to identify objectives along with stakeholder needs and economic
incentives. Although objectives will vary by region and firm, the panel found five common
environmental themes emerging: (1) reducing energy and material consumption; (2) waste reduction and
reduced use of materials of concern (i.e., potentially harmful); (3) reducing the magnitude and impacts of
product packaging; (4) managing products that are returned to manufacturers at the end of their designed
use; and (5) customer demands for documented environmental management systems (EMS).

Strategic planning requires that conflicts among objectives be resolved, priorities set, and the
environmental goals be integrated into the management system and technology development plan. It is
the panel s observation that firms who do this see the benefits of EBM, while those who do not do this
see only the costs. This process can be greatly aided by technology roadmaps such as those devel oped
under the DOE s program for Industries of the Future. More interdisciplinary planning, as well as
working with trade and industrial groups, is needed, however, in particular to help small and medium
sized businesses.

EBM implementation: EBM is a system of goals, metrics, technologies, and business practices. In
some ways its implementation is similar to the implementation of any effective business system. The
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WTEC panel s impression is that companies that already have effective business practices can readily
incorporate EBM into their system. For others, EBM implementation is a learning process that could pay
dividends by enhancing business practices for other objectives as well as the environment. Many firms
have been helped in their strategy implementation by the SO 14000 certification process. For those who
participated in the 1SO 9000 process and the quality movement, they will see that much previous
learning will apply to EBM implementation. The critical areas for attention are: (1) the development of
high performance business practices that will enhance EBM; (2) the application of these practices with
particular reference to small and medium businesses; and (3) the development of tools and technologies
that will enable effective EBM.

4. System-level tools and data: Analytical tools along with supporting data and metrics are essential to
effective planning and implementation of EBM. The primary needs are tools that assess environmental
impact and identify areas for improvement. Specific issues are: (a) LCA, (b) data, (¢) metrics, and (d)
DFE.

(@ A complete picture or assessment of the environmental consequences of an action requires both
temporal and spatia tracking of multiple impacts. However, over ambitious pursuit of these gods
could render the tools to do this too complex and useless. This is the current dilemma of life cycle
assessment, or LCA. Much work in this area needs to be done. Particular needs are consistency,
transparency, and integration with other engineering tools.

(b) Good data are urgently needed for LCA and all other EBM tools. Data are necessary to set the
agenda, identify priorities, calculate metrics, and for use in models. The issues are the ease of
acquisition, and proprietary and liability concerns.

(c) Metrics can be enormously helpful in communicating and aligning goals; however, they are value
laden and potentially contentious. Work needs to be done in devel oping scientific underpinnings of
anumber of existing and proposed measures.

(d) Design for the environment, or DFE, is abroad category of tools that could include avoidance of
banned materials, design for reuse, design for disassembly, design for recycling, etc. These tools
are clearly tied to regulations, business practices, and end-of-life technologies. Hence there is a
need to keep these tools current, and to integrate them into the design process. Together they
represent enormous leverage for EBM at the product development stage.

5. Technology development: Technology remains a strong suit for the United States, and EBM represents
avast array of technology opportunities. Of particular importance are technology solutions that integrate
well into a complete systems concept. Key areas for attention are: (a) new processing technology; (b)
new materias; (C) new energy and propulsion systems; and (d) technologies that address the many
aspects of the end-of-life treatment, including: identification, sorting, cleaning, separating, neutralizing
contaminants, shredding, reprocessing and recycling. At the same time the panel did see some
shortcomings to the U.S. approach to technology. The United States appears to be under-funded in the
area of technology transfer when compared to Japan and Europe. Because of an often narrow focus on
invention, the U.S. is in jeopardy of losing its competitive advantage at the development stage, and to
some extent squandering its efforts even at the invention stage. Technology development and in
particular technology transfer needs serious new attention in the United States. The four main
technology focus areas of this report are treated in more detail in the remainder of this summary.

TECHNOLOGY SUMMARIES
Metals

Metals represent a recycling success story. Structural, precious, and base metals are all recycled at rates that
are near or above 50%. However, metal usage is slowly being eroded by competition from other materials,
especialy polymers. The challenge to metals is to compete with these alternative materials while maintaining
and improving recyclability. Trends towards higher strength metals and alloys, used in thinner sections,
while improving the competitiveness of metals, will make their recycling more difficult. To preserve and
expand the benefits of metals, new technologies will have to be developed along with new materials. These
include new methods to identify and sort aloys, remove coatings, and to eliminate and neutralize
contaminants.
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Metals processing remains a significant source of environmental problems. Many of these problems are
associated with waste materials and related emissions from the basic processes of refining, machining,
forming, casting and forging. The wastes include contaminated cuttings and chips, waste coolants, lubricants,
casting sands, parts washing fluids, etc. Because of the high disposal costs for each of these, manufacturers
are self-motivated to reduce, reuse and eliminate, but they need new technologies from which to choose.
Examples of needed EBM research include: dry machining, bioactivity monitoring and control of machining
coolants, true net shape component forming methods, alternative methods to control friction in metal
forming, new casting sand binders, etc.

In addition, the primary processing of metals remains a serious threat to the environment. New work to
reduce energy requirements and related CO, and greenhouse gas emissions is needed. Currently, both the
steel and aluminum industries have been designated as industries of the future by the U.S. Department of
Energy, and as such have developed cooperative research programs to address these issues.

Polymers

Polymers compete against other materials by virtue of their light weight and low cost. This can make them
desirable, and in fact environmentally friendly, during the use phase of the product. For example, the use of
polymers and composites in automobiles has helped to lower weight and therefore lower fuel consumption.
But these same attributes conspire to make recycling a difficult economic chalenge. A lower material
density actually increases transportation costs per kg of material, and the low cost of virgin materials makes
recycling targets very difficult to meet. The primary problem is with the details of the reverse logistics stage,
especially with streams that are extremely heterogeneous (mixed plastics) or dirty (contaminated with metal
and paper). Major attention needs to be focused on the collection, transportation, cleaning and sorting of a
sufficiently pure waste stream to make plastics recycling economically viable. To accelerate recycling, new
technologies can help. For example, small scale recycling technologies would lessen transportation and
infrastructure needs; new bulk-handling, cleaning and sorting techniques are al so necessary.

Composites also pose a challenge. These materials can provide enormous benefits at the use phase, but
equally enormous challenges at the end-of-life phase. One possible route to recyclable composites could
involve organic and/or biodegradable fibers. Other strategies could be based upon new materials with
designed-in disassembly schemes. Polymers and polymer composites can also be used in various materials
exchanges and as fuels. For example, there are pilot programs in Japan and Germany to use polymers as a
reducing agent in steel making.

The processing challenges for polymers are in some ways quite similar to metals, in that many of the benefits
should be self-motivating for the processors. However, there is a need for new technologies that concentrate
on energy efficiency, and the reduction in volatile organics. These can include new efficient heating and
cooling methods, new tooling, closed-loop control, and new materials and additives to reduce solvents,
residual organics and other materials of concern.

One particularly interesting area is that of bio-polymers and bio-materials. There is significant activity
worldwide in such areas as biodegradable polymers synthesized from petroleum, organic fibers and fillers,
and biodegradable polymers derived from various crops and biomass. While this work looks very interesting,
the overall effect of these materials on the environment is till not well known. For example, a recent analysis
has shown that some new routes from crops to bio-polymers are actually more energy intensive than the
conventional routes from petroleum. Much new work is needed to follow through the entire life cycle for
these materials.

Finaly, the primary production of polymers from petroleum remains a serious challenge to the environment.
These processes, contained in the petroleum and chemical industries, are subject to several initiatives to
move from end-of-pipe treatments to proactive clean technologies approaches. Several studies sponsored

by the United States Environmental Protection Agency have shown the combined economic and
environmental gainsthat can be obtained by these means.
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Automabiles

In automobiles we see the plastic, glass, ceramic and metal parts coming together to make a product that has
been growing worldwide three times faster than the population, and in the United States six times faster than
the population. This type of growth and the potential new growth, as the worldwide standard of living
increases, not only threatens the environment, but can threaten the automobile itself. For if infrastructure and
roadway construction does not keep pace (and it cannot in the already high population density regions of the
world) then the automobile may ultimately fail as a viable form of transportation in these regions. It is this
type of scenario that has helped to focus the attention of some of the automobile companies on their
environmental impact.

Many of the major environmental impacts associated with automobiles actually come during the vehicle use
phase. In fact, transportation in general constitutes about one-third of all the energy needsin the U.S. and is
growing. Furthermore, autos and light vehicles contribute significant amounts of air pollutants and smog
producing agents to the atmosphere. Legislation has helped to motivate vehicle improvements, but increases
in fuel consumption per car, cars owned, miles traveled and congestion have counteracting effects. For oneto
three months each year many major U.S. cities still cannot meet minimum air quality standards. This is an
area that begs for leadership, public education, and policies that reflect the true cost of vehicle ownership.

New directives from Europe that simultaneously set serious new fuel economy goals (on the order of a 40%
improvement in seven years) and strict product take-back requirements (95% recycle for model year 2015)
should help by encouraging the development of new technologies and design strategies. Furthermore, Europe
is providing a role model of environmentally responsible behavior for the rest of the world. Effects from the
European initiative have already diffused to other parts of the world, both in terms of national legislation as
well asinternational design strategies for firms that sell autos to Europe and elsewhere in the world.

Vehicle recycling already exists as a successful free enterprise activity in the U.S,, but its performance and
viability has been declining as the volume of metals used in automobiles declines. It is critically important
that auto recycling be improved to reclaim automobile shredder residue (ASR), including various polymers,
rubber and glass components. This will require coordinated and intentional design and materials selection
decisions on the part of the automobile manufacturers. Technology needs include identification of both
materials and contaminants, sortation and reprocessing technologies, life cycle analysis tools, new materials,
and coatings removal technologies.

During manufacturing, much of the waste and wastewater used over the lifetime of a car is produced,
significant amounts of energy are consumed, and various emissions are released to the atmosphere. Perhaps
leading the list of environmental focus areas for automobile manufacturing is vehicle painting. Various
technologies can be implemented to reduce the environmental load from painting, including wastewater
cleaning and recycling, and emissions treatment. New paint technologies now also offer water-based paints
and powder sprays. In addition, new approaches are looking at prepainted steel sheets and molded-in class A
finishes for plastic parts. This work needs further support, plus a thorough systems-level assessment that
includes the potential impacts of increased inventories and scrap rates due to off-color results.

Many other areas of automobile manufacturing also need attention; some of them have aready been
mentioned in the sections on metal and plastics parts manufacturing. In addition, however, a few areas stand
out for further attention. These include technologies for parts washing and glass manufacturing, as well as the
environmental effects of various manufacturing systems designs. During the visit to Toyota, panelists saw
examples of lean manufacturing, which by virtue of the emphasis on the reduction of waste were clear

emulations of green manufacturing. For example, one Toyota assembly plant in Tsutsumi produced only

18 kg of landfill waste per vehicle.

Finally, WTEC panelists are concerned that the divestiture of parts manufacturing plants by the big six
automakers will have a deleterious effect on the environment unless there is significant support for
environmental technology development aimed at second and third tier suppliers.
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Electronics

The growth of electronics in our society is an impressive story. On the one hand it has led to an enormous
boost to the economies of many countries, providing convenience, entertainment, and ready access to
information and services, but on the other hand many of the manufacturing processes to make electronic
devices are both seriously wasteful and use and emit toxic and dangerous materials. Furthermore, the dual
trends of growing consumption and decreasing product life spans present a serious end-of-life issue. For
example, the trend for PCs is a projected six-fold increase in the obsolescence rate over a six year span to
about 65 million PCs/year in 2003. Furthermore, as the PC has evolved, there is a tendency toward material
compositions that are less easy to recycle. Silicon chips are no longer gold-backed, the volume of precious
and base metals used on printed wiring boards (PWBS) has decreased, and the housings are more commonly
made of engineering thermoplastics than steel.

However, by and large, the metals in electronics products can still be recycled, while the chips, which are
expensive to produce, cannot be recycled or reused. A major problem in the recycling of electronics is the
presence of flame retardants in the plastics, required by U.S. fire-prevention regulations. In Japan and
Europe, plastics are incinerated rather than recycled and the presence of brominated flame retardants (BFRS)
raises the concern of dioxin formation during the burning process. Unfortunately, BFRs are very difficult to
detect economically in a recycling process. Since most products sold in the United States contain these
substances, and plastics cannot effectively be sorted by whether or not they contain BFRs, it is assumed that
most recycled plastic from electronic products, particularly ABS, contains flame retardants. Consequently,
many OEMs are reluctant to include recycled plastics in new products that may be sold in Europe. This
dilemma has inspired a variety of responses from industry ranging from skepticism concerning the particular
BFRs and the mechanisms by which they could become harmful, to enthusiastically embracing this problem
as a green marketing opportunity should a viable aternative be found. This particular issue clearly
illustrates the complexity of EBM for international markets.

In addition to the end-of-life issues surrounding electronics, there are significant environmental impacts
associated with electronics manufacturing, particularly from wafer fabrication processes. These processes,
which are characterized by gaseous deposition, ultra-clean manufacturing environments, and in some cases
low yields, result in high amounts of waste and wastewater, high usage of energy, and the emission of
materials of concern including perfluoro compounds. Because of the importance of these issues they have
received research support through a variety of programs sponsored by SEMATECH, NSF and the EPA.
Strategies to address issues at the wafer fab level have been outlined in the SIA (Semiconductor Industry
Association) roadmap.

A separate set of environmental issues is also encountered at the PWB and board level assembly steps. These
include laminate manufacture and processing, cleaning, plating, etching, and various through-hole-plating
and interconnect technologies. However, a current major focus is on lead-free solders. Driven primarily, if
not exclusively, by the European Union s WEEE Directive, there has been a strong incentive for electronic
companies worldwide to develop aternatives to tin-lead (Sn-Pb) solder.

There is, however, resistance to converting to Pb-free solders. One of the challenges with Pb-free solders is
the difficulty in achieving satisfactory reliability during the use phase. A second problem with Pb-free
solders is that they typicaly have higher melting temperatures and therefore require increased process
temperatures. Since thisis one of the fina processes seen by the PWB, all the materials and components on
the board must be able to withstand the increased thermal exposure. This means that alternative, and
probably more expensive, components and substrates will need to be used.

In addition, many of the Pb-free alternatives are difficult to control (leading to scrap), and difficult to rework
(leading to additional scrap) or disassemble. Some contain elements that are incompatible with recycling
processes.

Finaly, if afull life-cycle analysisisdoneit is unclear that Pb-free solders are actually more environmentally
friendly. If material availability, impacts of extraction, increased processing difficulties, and end-of-life
issues are accounted for, Sn-Pb solder may actually be a better choice. Ultimately the best solution may be
completely new attachment technologies that do not use solder, such as adhesive flip chip.
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CLOSING COMMENT

For many people, the concept of EBM presented here requires a change in basic thinking. EBM is much
more than preventing pollution and waste. It is a business opportunity and a social responsibility that are
intimately intertwined. As U.S. Senator Gaylord Nelson said on the first Earth Day, 1970, The economy is
a wholly owned subsidiary of the environment. All economic activity is dependent upon that environment
with its underlying resource base. When the environment is finally forced to file under Chapter 11 because its

resource base has been polluted, dissipated and irretrievably compromised, then the economy goes down
with it.
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CHAPTER 1

INTRODUCTION

Timothy Gutowski

BACKGROUND

Is environmentally benign manufacturing (EBM) an oxymoron? Some may think so. Others, particularly
those involved in manufacturing, may feel that many processes such as injection molding, thermoforming of
polymers, and sheet metal forming are aready quite environmentally benign. What does EBM mean and
how much attention should we pay to it? How do EBM practices differ in various regions of the world? Are
there things we should be doing in terms of future research to promote EBM in the United States?

The above questions are the topics of this report, which is the culmination of a year-long study sponsored by
the National Science Foundation, with additional support from the Department of Energy. The work was
conducted by an interdisciplinary panel of engineers and scientists, who are experts in various aspects of
EBM, the environment, and manufacturing. Short biographies for the panel members can be found in
Appendix A. In addition, the panelists were assisted by representatives from the sponsoring agencies, in
particular Dr. Delcie Durham (NSF), who was personally responsible for the development of this panel, as
well as Dr. Fred Thompson (NSF) and Dr. K.P. Rajurkar (NSF), and Dr. Toni Marechaux (DOE). This
project was administered by WTEC at Loyola College, where Geoff Holdridge, Bob Williams and
Roan Horning provided additional assistance.

For the purpose of this study the panel started with the idea that EBM enables economic progress while
minimizing pollution and waste and conserving resources. As the study progressed, however, it appeared
that the concept of EBM embodied much more. If one takes the long view of things, the problem is much
more complex than just drawing a box around a manufacturing process and responding to what goes in and
comes out. Decisions in manufacturing, including design, can have profound implications throughout the
entire product life cycle, from raw materials production, through the use phase of the product and into its
end-of-life treatment. Hence a major portion of the environmental impact of a manufactured product could
occur hundreds, or even thousands, of miles from its original point of manufacture. Furthermore, the
conseguences of these decisions could occur over atime span affecting generations. One simple way to state
this is to say that environmentally benign manufacturing does not compromise the environment, or the
opportunities for development, for the next generation. In other words, it focuses on integrating
manufacturing into a sustainable society. Hence the panel s view of the problem was in terms of a large
system with interconnecting parts. While alternative definitions of this term are possible, the panel took these
concepts as the guiding premise for this study.

This broad interpretation of environmentally benign manufacturing drew our attention to a wide range of
issues and actions, and challenged the panel to organize this subject in a meaningful way. Perhaps of
immediate concern is how to explain the motivation of industry to participate in EBM. Many see EBM in
conflict with the financial responsibilities companies have to their owners. Hence the panel became keenly
interested in sources of motivation for the firmboth internal and external (including motivational
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governmental policies) to pursue an EBM approach. Then, once the firm is motivated, the next question is,
What is the right thing to do? When viewed as a large system, environmental issues are complex. During
the course of the study the panel learned of several instances where well meaning firms apparently did the
wrong thing. This was usually due to alack of information or tools to help in the analysis of complex data
and interactions. In many cases people learn by doing, so it was of utmost importance that current practices
be understood. Consequently, the interests of the panel moved from policy, to general motivation, to data
gathering and tools, and to industrial practice. The components of the solutions focused attention on goal
setting, metrics, and assessments, and the basic components of infrastructure, technology and methodology.
Throughout this entire project, the panel had an overarching interest in identifying potential research projects
that might develop these various components.

As can be seen, the range of issuesfor EBM is quite large. In order to make the panel s mission manageable,
the inquiries needed to be focused. Early in the study, and with the guidance of the NSF, it was decided to
focus primarily on manufacturing processes (including design) with an emphasis on the processing of metals
and polymers. In terms of applications of these processes, two key areas, automotive and electronics, were
selected, in large part because of these industries publicly stated goalsin the area of EBM.

METHODOLOGY

After an initial kickoff meeting on July 13, 1999, a U.S. industry review was held in Arlington, Virginia, on
Oct. 5, 1999. At that meeting the panel was presented with reviews and technology roadmaps for steel,
aluminum, casting, €lectronics, automotive, polymers and composites. Representatives from industry
(manufacturers, consultants, and trade associations) and from several U.S. governmental agencies, including
the EPA, DOE, and NSF, participated in the proceedings and provided their perspectives.

One of the goals of the study was to benchmark global trends. In addition to the U.S., Japan and northern
Europe were chosen as countries/areas to visit, and to include in the benchmarking process, in part because
they both have high population densities and high per capita GDP (gross domestic product) two critical
factors that generally indicate both the potential for environmental problems and the resources to address
them. And, both areas are known for their international leadership in environmental issues. A trip to Japan
was made during October 17-25, 1999 and a trip to Europe took place during April 1-9, 2000. A series of
visitsto U.S. firms were made between January and June of 2000.

In each country, the panel attempted to visit amix of sites, including governmental agencies and laboratories,
academic institutions and companies. In the United States visits focused exclusively on companies. There
were several goalsfor all sitevisits. These were: (1) to advance the understanding of environmentally benign
manufacturing, (2) to establish a basdline and document best practices in environmentally benign
manufacturing, (3) to promote international cooperation, and (4) to identify research opportunities.

A total of 52 different locations were visited in Japan, Europe and the United States. In addition, several
telephone conference calls were made. These visits and interviews were conducted by members of the panel
and by accompanying representatives from NSF and WTEC. The sites visited in Japan, Europe and the
United States are listed in Tables 1.1, 1.2 and 1.3. For each site a report was written to document what was
learned. These reports were then reviewed by the hosts and revised if necessary. The final versions are
contained in Appendices C, D, and E of thisreport. In most cases only a subset of the panelists were able to
go to any one site. But afterwards, summary meetings were held to share information and observe trends.
On July 13, 2000 a public workshop was held in Arlington, Virginia, to present the findings. The meeting
was well attended, and many useful comments and constructive criticisms were received.

Writing this report represents the last task for the panel. In the following chapters we present our findings.
The report starts with a high level overview of the key differences that were found between Japan, Europe
and the United States (Chapter 2). Thisisfollowed by adiscussion of the strategic issues that face firms and
those who develop the area of EBM (Chapter 3). The fourth chapter discusses systems level issues. One of
our key findings is that the Japanese and Europeans both view EBM as a systems problem and have put in
place various aspects of systems solutions. There is no evidence that this problem was solvable by a silver
bullet technology. This conclusion is not too different from what was found years ago when the Japanese
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economy was surging based in part on their new production systems. When the outside world went to
investigate the Toyota Production System it was found that their success was not based on technology per
se but rather a systems based solution, which integrated technology. The next chapter, Chapter 5, is by far
the largest, focusing on materials (metals and polymers) and product applications (automotive and
electronics), and with a specia section on energy. Chapter 6 discusses cross-cutting issues between firms,
and the final chapter (Chapter 7) makes observations and recommendations for research (Chapter 6). This
report is intended to promote discussion among industry, government and academia, and to guide future

research activitiesin the United States.

Table1.1
Sites Visited: Japan
Fuji Xerox NIMC
Hitachi PERL Nippon Steel Corporation
Horiba, Ltd. NIRE
Ingtitute of Industrial Science NRIM

Kubota Corporation

Polyvinyl Chloride Industrial Association

Mechanical Engineering Lab., MITI

Sony Corporation

Nagoya University

Toyo Seikan Kaisha

NEC Corporation

Toyota Motor Corporation

New Earth Conference & Exhibition

University of Tokyo

Tablel1.2

Sites Visited: Europe
(Belgium, Denmark, Netherlands, Ger many, Sweden, Switzer land)

DaimlerChrysler AG ICAST

Delft University of Technology IVF

EC Directorate for Science, R&D MIREC B.V.
EC Environment Directorate-General Siemens AG

EX-CELL-O GmbH

Technical University of Berlin

Fraunhofer IGB (Stuttgart)

Technical University of Denmark

Fraunhofer IPT (Aachen)

University of Stuttgart (IKP)

Fraunhofer 1ZM (Berlin)

University of Technology, Aachen

Hoogovens Steel

Volvo

Table1.3

Sites Visited: U.S.

Applied Materials

General Motors Corporation

Caterpillar Inc. IBM

CERP Interface Americas, Inc.
Chaparral Steel/Texas Industries Johnson Controls Inc.
DaimlerChrysler Corporation MBA Polymers, Inc.
DuPont Midrex Seminar
Federal-Mogul Corporation Micro Metallics Corporation
Ford Motor Company NCMS
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MANUFACTURING AND THE ENVIRONMENT

Among industrial activities in the U.S., manufacturings impact on the environment is enormous.
Manufacturing industries are dominant in their environmental impact in such areas as toxic chemicals, waste,
energy, and carbon emissions. Manufacturing is also a heavy user of water, and there have been many cases
of air, water and soil contamination which have led to such actions as Superfund cleanups, class actions suits
and avariety of other corporate liabilities.

Among the industries selected by the EPA for toxic materials monitoring, manufacturing releases are larger
than all other activities, with the one exception of metals mining, which is closely related to manufacturing.
Thisis shown in Figure 1.1, which gives the 1998 EPA Toxic Release Inventory (TRI) results by industrial
categories (EPA 1998).
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Fig. 1.1. TRI releasesfor 1998 by category (EPA 1998).

Figure 1.2 shows the major waste types by weight in the U.S. using data taken from the Office of Technology
Assessment (Wernick 1996). These figures become even more significant when one realizes that the United
States produces more waste than any other country in the world. Thisiis true both on an absolute scale and
per capita (Park and Labys 1998). Hence, U.S. manufacturing might be characterized as the most wasteful
industrial activity, in the most wasteful nation. Note also that a large portion of this waste is water waste.
This too is extremely significant because water usage both in the United States and throughout the world
exceeds supply. That is, we and others are pumping ground water out faster than it can be replenished by
nature (McNeil 2000). Globally there is an estimated 160 billion cubic meter overdraft of groundwater per
year (Brown, Runner and Halwell 2000).
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Fig. 1.2. Major waste types by weight in the United States (1985) (Wernick et al. 1996).

In terms of energy usage, manufacturing again dominates all other industrial activities, taking up 80% of the
total. And, because most of our energy consumption in the U.S. is from carbon-based fuels oil, natural gas,
and coal manufacturing s contribution to carbon emissions is roughly the same, around 80%, again
dominating all industrial activities (DOE/EIA 1998). Hence, when all of these factors are considered, we see
that manufacturing is perhaps the most significant industrial activity in terms of potential environmental
impact.

The nature and extent of the environmental impact varies within the manufacturing sector. However, for the
industries, which we are most interested in for this report, metals and polymers (often categorized as
chemicals), the environmental impacts are often quite large. For example, in terms of TRI totals, plastics,
chemicals, primary metals and fabricated metals collectively account for 63% of all of the manufacturing
releases (Figure 1.1). Similarly, chemicals and primary metals and others, which includes fabrication, play
a primary role in carbon emissions and energy usage (Figure 1.3). Hence, it is fairly clear that
manufacturing and in particular metals processing and polymer processing deserve our attention for their
potential impacts on the environment.
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Fig. 1.3. Total energy-related carbon emissions for selected manufacturing industries, 1994
(DOE/EIA 1999).



6 1. Introduction
SYSTEMSVIEW OF MANUFACTURING

Up to this point, we have thought of manufacturing as a simple open system into which flows various
resources for conversion, and out of which flows products, wastes and pollution. However, one could take a
much more extensive view of this problem. If we take the systems view of manufacturing, and track the
consequences of manufacturing and design decisions throughout the entire product development cycle, this
would take us through (1) raw materials production, (2) manufacturing, (3) the use phase, and finally to (4)
the end-of-life phase. This is a far broader view of manufacturing than the one that simply looks at the
consumption, wastes and pollutants occurring at the factory. These two different views of manufacturing can
be seen in Figure 1.4. The overall view is of the closed systems view of manufacturing, showing all of the
major activities and the connecting paths for reuse and recycling. In the center of the figure one can see the
open systems view of manufacturing, which features only the box labeled Mfg., along with two input
arrows representing design and raw materials, and two output arrows representing wastes and products. It has
become clear to us that integrating manufacturing into a sustainable society requires the broader systems
view.

Manufacturing and the Product Life Cycle

Design
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Fig. 1.4. A closed systems view of manufacturing showing all of the major activities and reuse and recycle
paths.

How big is the systems problem? One way to illustrate the magnitude of the problem we are faced with isto
write out environmental impact in terms of population, per capita GDP and impact per unit of GDP. Thisis
often called the master equation in industrial ecology texts (Graedel 1995). To be concrete about this, one
might think of aunit of GDP as a manufactured product, such as a car. Then the impact due to a car would
be the sum total of all activities to make, use and dispose of the car. So here we are using the extended
definition of manufacturing to illustrate our point. The equation would be

GDP 8 | mpact
person unitGDP &)

Impact = Populationx

Now we can speculate about how the first two terms of the equation will change over, say the next 50 years.
Of course nobody knows for sure, but short of a truly cataclysmic event, we can estimate the range of
possibilities for these terms. For example, the U.S. Census Bureau Middle Series population estimate for
2050 is 402,420,000 (U.S. Census Bureau 2000). This constitutes an increase from today by afactor of 1.48.
GDP estimates can be made from a variety of sources. For example the 1998 World Factbook (CIA 1998)
givesthe U.S. 1997 GDP growth rate as 3.8%. |f we keep this up for 50 years, GDP will grow by a factor of
6.45. Using these two estimates in Equation (1), one can show that to maintain our current level of
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environmental impact we would need to reduce the impact per unit of GDP by a factor of 9.55, or about one
order of magnitude. Obviously one can consider many alternative scenarios and then redo this calculation,
but just about anyway you do it, the result is a significant factor. For example, when the calculation is done
using worldwide estimates one gets a factor from 6 to 10 (Graedel 1998). In other words, the problem that
faces us is large, but the stakes are equally large. In order to maintain our standard of living and enjoy a
healthy environment, significant changes in manufacturing are required. History shows that mankind is both
adaptable and inventive. We have faced other difficult challenges and succeeded. To be successful here we
must start now to channel our inventiveness to solve this problem.
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CHAPTER 2

GEOGRAPHIC TRENDS

Cynthia F. Murphy

SUMMARY

Cultural, geographic, and business needs strongly influence environmentally benign manufacturing in the
three regions that this panel studied, making direct comparisons somewhat challenging. In order to
summarize the trends in each geographic area, four categories were considered: government, industry,
research and development, and education. Government in both Japan and Europe appears (at least
outwardly) to operate at a greater level of interaction and cooperation with the private sector than does
government in the United States. Asaresult, both of these regions tend to have a more proactive approach to
problem solving. The U.S,, largely in response to financial and legal liabilities associated with a significant
amount of regulatory action, tends to solve problems in a more reactive manner. Based on the panel s
observations, U.S. industry is focused on the reduction of liability, decreased resource consumption
(especially water), and pollution prevention. Corporations in Japan are concerned with energy conservation
(reduced CO, emissions), decreased solid waste, and incorporation of environmental issues into business
strategies. EU industries are very involved in end-of-life issues. Research in the U.S. is heavily focused on
materials and process technologies. Japans efforts are more closely aligned with applications and
manufacturing systems. European research is heavily weighted in the area of systems engineering,
particularly in the areas of design for the environment (DFE) and life-cycle assessment (LCA). Higher
education has begun to address EBM to a much greater degree in the European countries than in either the
U.S. or Japan.

INTRODUCTION

One of the goals of this study was to benchmark and compare trends in Japan, northern Europe and the U.S.
The motivation for doing this was to understand how well the U.S. is performing in the area of
environmentally benign manufacturing relative to the EU and Japan in the areas of research and
development, industrial strategies and priorities, governmental policies and regulations, and educational
activities. A key finding isthat cultural, geographic, and business needs strongly influence the focus areas in
each of these regions, making direct comparisons rather challenging. At atechnical level, the tendency noted
for each of the regions is as follows. The U.S. appears to be most heavily involved in materials and
processes and in avoiding litigation. Japan is focused on applications that incorporate EBM into business
strategies, introduction of new products (primarily to gain market share), and resource conservation. The EU
is concerned primarily with product end-of-life, infrastructure (supply chain and reverse logistics),
elimination of materials of concern, and systems level modeling.
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DRIVERSAND MOTIVATION

United States

The United States has a significant history in the area of environmental protection. Conservationists and
activists such as John Muir (the Sierra Club), Theodore Roosevelt (national monuments/parks), Rachael
Carson (Slent Spring), Pete Seeger (Hudson River Sloop), and the Environmental Defense (Fund) (ED(F))
foundation (banning of DDT through legislation) have reached the population through a variety of media. In
most cases, these activities were in response to acute and highly visible problems. These efforts led to the
formal recognition of environmentalism through the passage of the National Environmental Policy Act of
1969 (NEPA), Earth Day at the request of U.S. Senator Gaylord Nelson of Wisconsin on April 22, 1970, and
the subseguent formation of the Environmental Protection Agency (EPA) a few months later by executive
order under President Nixon. This was followed by the Clean Air Act (CAA) in 1970, the Resource
Conservation and Recovery Act (RCRA) and the Toxic Substances Control Act (TSCA) in 1976, and the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA or Superfund) in
1980, and many more. (Interested readers are referred to the EPA web site at http://www.epa.gov/epahome.)

The result of this emergency response approach was the formation of go-no-go type legislation that
assumed that big business would not voluntarily act in an environmentally responsible way. The threshold
type of regulations that resulted are largely focused on protection of specific media (air, land, and water)
from toxic substances rather than resource conservation (despite some of the names) or tackling of systemic
problems, such as CO, emissions. |n addition, the litigious culture of the U.S. encourages risk management
and minimization. This tends to produce a defensive posture within industry and encourages an emphasis on
accountability (focus on things that might or do go wrong), rather than fostering a proactive culture between
industry and government that focuses on improvements and system level solutions. It also reflects a general
distrust of government, as pointedly illustrated by Ronald Reagan s winning a presidential election by
arguing that government in and of itself was bad Get the government off the backs of the people and out
of the economy (Thurow 1985). Lastly, the U.S. has always had a representative government where the
government is held accountable to the people, making the populace resistant to situations where the reverse
appears to be true.

Business management techniques that are common in the U.S. may also make it difficult to implement EBM.
Large companies are often divided into small business units (SBUs) that may be encouraged to compete with
one another. This can act to discourage cooperation across SBUs, which is critical to effective
implementation of design-for-environment practices. Strong economic drivers (including the stock market)
require companies to immediately correlate cost-savings with environmental benefit. This may not be an
easy task, especially with short-term accountability fostered by quarterly accounting and reporting practices.
Most of the companies that have notable EBM programs either have a strong, motivated individual acting as
a champion, such as with Interface, or they are large, international corporations, such as Ford or IBM, that
can more readily justify a corporate EBM program (see Appendix E).

Large geographic areas and many individual state and municipal governments make infrastructure a
challenge in the U.S. The United States covers a total of 9.6 million square kilometers, while the 15 EU
countries cover only 3.2 million km?’, and Japan has a very small area with only 378 thousand km’
(Figure 2.1).



Cynthia F. Murphy 11

Japan Japan
European Union European Union
United States United States
0 2,500 5,000 7,500 10,000 10 20 30 40 50 60
Area (thousand-km?) Number of governments

Fig. 2.1. The U.S. has aimost three times as much area as the EU and nearly 30 times the area of Japan. In
addition, the U.S. government must represent the needs and desires of 50 states, the EU substantially
fewer (with 15 member states), and Japan has a single central government.

In addition, a diverse ethnic and socio-economic character (Figure 2.2) and the need for companies to appeal
to many different stakeholders challenge consensus building in the U.S.
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Fig. 2.2. The U.S. has significantly more ethnic diversity than either the EU or Japan, where ethnic groups
are defined as people of European, African, Asian, or other heritage. Datafromthe U.S. Central
Intelligence Agency s The World Factbook (2000) (see www.cia.gov).

European Union

The European Union (EU) currently consists of 15 member states, but this number is expected to grow. The
members as of this report writing are Austria, Belgium, Denmark, Finland, France, Germany, Greece,
Ireland, Italy, Luxembourg, The Netherlands, Portugal, Spain, Sweden, and The United Kingdom. Since the
purpose of this study was to benchmark best practices, the panel made site visits in countries that have
especially notable activities in the area of EBM. However, given the time constraints of the trip, we were
unable to cover all of the leading nations. The observations made in this report are therefore based largely on
activities in Belgium, Germany, The Netherlands, and Sweden. However, Denmark, The United Kingdom,
and Finland are also leaders in this area, and there is significant literature from these nations the findings of
which (to the extent possible) are incorporated into the following evaluations.

The EU enjoys a rather unique position in that the relatively new cooperative efforts associated with its
formation facilitate adoption of established best practices from its member nations. The European
Environment Agency (EEA) has been functional for only a little more than five years. The decision to form
the EEA was made in 1990 and the decision to locate it in the Danish capital of Copenhagen was made in
October 1993. In 1999, the agency had a staff of 70 and a budget of 18.1 million EUR. The EEA covers
three main areas: networking, monitoring and reporting, and acting as a reference center. More can be found
at its Web site (http://org.eea.eu.int/documents).
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The European Union has a relatively low amount of imports and exports (Table 2.1). Only 8% of the total
GDP is exported to the U.S. and Japan, and imports are equal to only slightly more than that. In contrast,
imports into Japan from the U.S. and the EU are equivalent to 38% of its GDP and exports to the same
regions are equa to 48%. Since the movement of products in and out of its sphere of influence is low
relative to the other two regions, it is suggested that this would allow the EU to more efficiently focus on
supply stream and end-of-life product management than the U.S. and Japan.

Table2.1
Importsand Exports between Regions as a Share of GDP
% GDP Exported % GDP Imported

Fromthe U.S. to Into the U.S. from

Japan 10.0% Japan 14.0%

EU 21.0% EU 18.0%

Japan plus EU 31.0% Japan plus EU 32.0%
From Japan to Into Japan from

u.s. 30.0% u.s. 24.0%

EU 18.0% EU 14.0%

U.S. plusEU 48.0% U.S. plusEU 38.0%
From the EU to Into the EU from

u.S 7.3% u.S 7.4%

Japan 0.9% Japan 1.8%

U.S. plus Japan 8.2% U.S. plus Japan 9.2%

Datafrom U.S. CIA, The World Factbook (2000).

Europe has a relatively high population density and most of the EU nations have well-established
transportation systems that are critical in the development of take-back infrastructure. This has made
recycling more logistically and economically viable. In addition, there is minimal space for landfill and
resistance to incineration for plastics disposal. A relatively high unemployment rate (Table 2.2) and workers
rights have led to more acceptance of manual disassembly. All of these factors are critical to the
development of well-defined end-of-life policies, especially for electronics and vehicles.

Japan

Formal governmental control over environmental issuesis relatively new in Japan (as compared to the United
States). In 1989, the Japanese government established the Council of Ministers for Global Environment
Conservation to work on global environmental issues, and in November 1993, the "Basic Environment Law"
was enacted. The focus was almost exclusively on reduction of greenhouse gases (carbon dioxide emissions)
through energy-saving technologies within the industry sector. The government has assisted in this effort
through special taxation measures and low-interest financing for energy-saving capital equipment. The Web
site for the Environment Agency, Government of Japan (http://www.eic.or.jp/eanet/en/index.html)
concentrates on information related to energy conservation and CO, emissions. Japan must import
significant amounts of natural resources including fossil fuels for energy production. Japan also has the
highest cost of energy in ODEC. So while there is a significant emphasis on CO, emissions (since this is
seen as a direct function of energy consumption and the typical metric) there are clear economic as well as
environmental incentives to conserve energy.

In addition to energy, the overall limited natural resources throughout this island nation s history has resulted
in acultural aversion to wastefulness. Japan s economy is a value-added one: natural resources are imported
and products are exported. Almost half of Japan s GDP is exported to the U.S. and the EU (Table 2.1).
Consequently, corporations must be very product oriented and must be responsive to both market activities
and policiesin Europe and the U.S. For thisreason, SO 14000 is viewed as a critical competitive issue.
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Table2.2
Population and Unemployment (late 1990s)
Country Population Unemployment
Austria 8,139,299 7%
Belgium 10,182,034 12%
Denmark 5,356,845 6.5%
Finland 5,158,372 12%
France 58,978,172 11.5%
Germany 82,087,361 10.6%
Greece 10,707,135 10%
Ireland 3,632,944 1.7%
Italy 56,735,130 12.5%
L uxembourg 429,080 3%
Netherlands 15,807,641 4.1%
Portugal 9,918,040 5%
Spain 39,167,744 20%
Sweden 8,911,296 6.3%
U.K. 59,113,439 7.5%
Total EU (mean) 374,324,532 10.9%
us. 272,639,608 4.5%
Japan 126,182,077 4.4%

Datafrom U.S. CIA, The World Factbook (2000).

One of the strongest driversin Japan is the high population density. The overall population density of Japan
(333 people per km?) is about twice that of the EU (117 people per km?), but 85% of the land in Japan is
uninhabitable, primarily due to steegp-sided mountains. Consequently, the effective population density in
Japan is nearly four times that of the Netherlands and twenty-six times that of the U.S. (Figure 2.3). This
forces a strong emphasis on solid waste management.

Picture a Landfill Here
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61 per km? 459 per km? 1616 per km?

Fig. 2.3. Japan has an extremely high population density, especialy if adjusted for inhabitable area (as
above). This contributes to a concern for solid waste management (Rogers and Feiss 1998).
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In 1998, the Japanese government passed alaw calling for the recycling of specified kinds of electrical home
appliances, to take full effect by 2001. Under this law, manufacturers of television sets, refrigerators,
washing machines, and air conditioners, that operate in Japan, are required to recycle a specified percentage
of these discarded appliances. Hitachi (Appendix D) discussed this during the panel s site visit. While there
is some interest in materials recycling technology, most of the research efforts that address recycling appear
to be at the design level, with disassembly concerns receiving the highest priority. This appears to be the
case in both the electronics (Y okoyama and 1ji 1998) and automotive industries (Y amamoto et al. 1999).

Another factor that contributes to Japan s ability to embrace environmentally benign manufacturing is that it
can be viewed as simply another permutation of the quality movement that developed in Japan following
World War I1. In addition to the engineering systems that it spawned, the focus on quality was also critical in
the development of methodologies and metrics to measure continuous improvements and in promoting
excellent data management. By requiring an emphasis on the supply chain (through monitoring of incoming
quality) and the use and end-of-life phases (as functions of product reliability), the quality movement also
facilitated the understanding of basic life-cycle principles. Environmental issues can be viewed as simply
another set of product qualities to manage.

Japan has a history of adopting best practices from abroad and improving upon them. This tendency was
especialy drawn upon during the last half of the 19th century when Japan, after nearly three centuries of
isolation, made a rapid transition from a feudal, agrarian culture to an industrial one by means of quick
adaptation of Western ideas and technologies (Y amazaki 1985; Clark 1979). This has significantly affected
Japanese manufacturing practices and contributes to their focus on applications, in both industry and in
research. Traditionally, Japanese industry is quite skilled at importing the results of fundamental research
from the U.S. and making successful use of them in their products.

Japan also has a culture of consensus building, which promotes interaction between government, universities,
and industry, and indeed within industry itself. This can be attributed to a variety of influences, including a
Confucian-Buddhist heritage where community benefit and harmony are a high priority (in contrast to the
Western Judeo-Christian focus on individual accountability and responsibility). It may also be an artifact of
the rapid industrial expansion that took place in the late 1800s. During this short period the Imperial
Japanese government presented private enterprise with opportunity, subsidies, and tax breaks in order to
accelerate insertion of technology. Thisisin sharp contrast to the Western industrial revolution where there
was virtually no government involvement. The type of relationship that exists between Japanese companies
and the central government also has roots in the feudal Japanese house system, where households were

separate political, economic, and legal units and the chief role of the Shogunate government was to support
and protect rather than to control (Clarke 1979).

OBSERVATIONS
United States

Most of the EBM focus in the U.S. is on materials and processes within the traditional manufacturing
environment. This may be viewed as a logical response to media-based regulations and policy since these
areas and activities most directly affect air, water, and solid waste. The automotive industry has concentrated
on the materials and proces