
Linking Industrial Ecology to Public Policy: Report of a Workshop 
Executive Summary 

This report summarizes a workshop held at the White House Conference Center in 
Washington, DC, on April 30, 1998. It was sponsored by the National Science 
Foundation and organized by Clinton Andrews, Rutgers University; David Rejeski, 
Council on Environmental Quality; and Robert Socolow and Valerie Thomas, Princeton 
University. The 44 participants in this day-long event included 18 representatives from 9 
different federal governmental agencies, 13 from academia, 6 from non-governmental 
organizations, 4 from private firms, and 3 from state and local government. 

Industrial ecology is a new field that takes a system's view of the use and environmental 
implications of materials, energy, and products in industrial societies. It exploits the 
ecological analogy by placing industrial activity in its environmental context and by 
drawing on nature as a model. Exogenous forces have created an intellecmal climate that 
is now receptive to the industrial ecology paradigm. Certain-environmental problems are 
severe and growing worse, and they are intimately linked to global population growth, 
our material aspirations, and the organization and performance of the economy. 

The goal of this workshop was to establish a dialogue between the industrial ecology 
research community and environmental policy-makers. The workshop included sessions 
on the past achievements, emerging issues, and new goals for industrial ecology. Each 
session addressed the concerns of government, industry and non-governmental 
organizations, and researchers. Panelists introduced each topic and then the group 
actively brainstormed lists, creating a vivid snapshot of the field and where it is headed. 
Illustrative selections from the lists include: 

Past Achievements Emerging Issues New Goals 

Toxic Release Carbon management, Rationalize tax 

Government Inventory, German State & local system, Resolve 
Packaging Take- implementation, trade-environment 
Back law, Gas tax Incentives conflicts 

Environmental Product Internalize 
NGOs, Recycling, responsibility, environment in 

lndustry/NGOs 
Remanufacturing, Supplier mgmt, financial decisions, 
ISO 9000/14000, Green accounting, Manage energy 
Business activism, Design-for-Env., system for env. 
Env. justice Green consumerism objectives 

Non-point pollution, Materials accounting, Characterize global 

Research Dissipative materials Understanding cycles, Learn from 
use, Subsitutability, natural vs. policy experiments, 
Environmental data anthropogenic Develop solutions 



General conclusions for policy-makers and researchers include the following points. 

For Policy-makers: Our current environmental policies have a firm and necessary 
regulatory foundation, but future initiatives need to be more cost-effective. Innovation is 
the most attractive response to our environmental problems. Innovation-friendly 
environmental policies will learn from past policy experiments, increase research efforts, 
support decentralized decision-making, rely on market-based solutions, remove barriers 
to individual initiative, provide incentives to environmental entrepreneurs, and provide 
public information to gauge the environmental performance of economic actors. In short, 
they will encourage more rapid evolution in the industrial ecosystem. This is a long-term 
project whose success depends, oxymoronically, on realistic, patient, adaptive visionaries. 

For Researchers: There is a rich research agenda for industrial ecology, and policy 
relevance should play a key role in priority setting. The traditional focus of industrial 
ecology research has been on particular materials and economic sectors. That is useful, 
but future efforts should also address the perspectives of d~cision-makers at several 
temporal and geographical scales. Industrial ecology research can inform local decisions 
such as waste management, economic development, and land use planning; regional 
decisions such as air-shed and watershed management; state decisions such as hazardous 
waste laws, recycling requirements, and bottle bills;_national decisions such as product 
standards and materials extraction policies; and international issues such as trade regimes 
and development assistance. At all levels of policy-making, procurement policies, tax . 
code changes, and infrastructure investments can benefit from industrial ecology insights. 

Both communities will benefit from more interactions. Indeed, in the long run the two 
are similar: policy-making is as much an experimental and iterative process as is research. 
The industrial ecology framework can serve both communities well if it focuses our 
combined efforts on this goal: Improve the natural environment by fostering innovation. 
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Linking Industrial Ecology to Public Policy 
Report of a Workshop 

The ~ orkshop and this Report 

This report summarizes a workshop held at the White House Conference Center in 
Washington, DC, on April 30, 1998. It was sponsored by the National Science 
Foundation, and organized by Clinton Andrews, Rutgers University; David Rejeski, 
Federal Environmental Technology Task Force; and Robert Socolow and Valerie 
Thomas, Princeton University. The forty-four participants in this day-long event 
included eighteen representatives from nine different federal governmental agencies, 
thirteen from academia, six from non-governmental organizations, four from private 
firms, and three from state and local government. A list of participants and.the meeting's 
agenda are attached as appendices to this report. 

The purpose of this meeting was to bring together researchers and policy-makers to 
discuss the emerging field of industrial ecology and its relevance to environmental policy. 
Together these parties explored the past, present, and future of the industrial ecology 
paradigm. This workshop launched a dialogue linking the "what" and "where" of 
industrial ecological analysis to the "who," "how" and "why" questions of decision
makers. In a sense it recalibrated the marketplace for ideas. Policy-makers, as 

. information consumers, were able to express what they wanted, and researchers, as 
information producers, described what they could deliver. This long-overdue meeting 
created a new network to sustain continued fruitful interactions between the two 
communities. 

A definition: Industrial ecology takes a systems view of the use and environmental 
implications of materials, energy, and products in industrial societies. It exploits the 
ecological analogy by placing industrial activity in its environmental context and by 
drawing on nature as a model. It analyzes materials flows in the economy, including 
product and material life cycle management through reuse, remanufacturing, and 
recycling. It operates under the premise that industry and consumers are society's most 
significant environmental actors for bad and good. Therefore they deserve more thorough 
understanding. Industrial ecology has a longer-term focus than most environmental 
management approaches, seeks cooperative and non-adversarial interactions, and has 
substantively rational aspirations centered on understanding the full picture rather than 
snippets. The field is just a decade old, but it builds upon many years of earlier work in 
systems thinking. 

The focus of this workshop was the U.S. policy-research nexus. However, important 
developments elsewhere were included when relevant to the U.S. context. 



The day was organized around a 3x3 matrix with dimensions of time frame and key actor. 
Thus the day was divided into three sessions: past achievements, emerging issues, and 
new goals for industrial ecology. Within each part the participants discussed the roles of 
government, industry and research. They also highlighted successes and failures of each 
actor, and raised implementation issues. Each of the day's three sessions started with a 
panel, then moved to open discussion, and culminated with creating lists. This report 
follows that structure. 

Remarks were not attributed during the workshop to encourage open discussion. In order 
to write this report we relied on: flipchart lists recorded by Donna Riley, Carnegie Mellon 
University; notes taken by rapporteur Sean O'Brien, Princeton University; and additional 
notes taken by Clinton Andrews, Rutgers University. We have edited the lists and notes 
for clarity and brevity, so what follows is far from a verbatim transcript. 

In editing this report, we have taken several liberties with our raw material~. First, we 
have re-arranged the ordering of items on each list, placing at the top items that we, the 
editors, felt were more important. The workshop participants did not have time to 
perform such a prioritization, so the groupings reflect the editors' judgement. We did this 
after the meeting to improve the readability of the report. In addition, the report's 
conclusions have been synthesized by the editors and do not directly follow from 
discussions during the workshop. 

Workshop participants were sent drafts of this report at two different stages, and many 
took time to send comments and corrections. No strenuous objections were raised by any 
workshop participants. Thus we believe that what follows is a fairly accurate 
representation of the group's views. 

The workshop and this report benefited immeasurably from the dedication of many 
individuals. We offer special thanks to Michelle Marean, Donna Riley, and Sean O'Brien, 
who played crucial supporting roles before, during, and after the workshop. We also 
thank Barbara Karn for her tireless efforts in securing funding for the project. 
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Session One: Past Achievements 

Theme: What are some truly important accomplishments that made use of the way of 
thinking now called industrial ecology, and how were they implemented? 

This session illustrated that the industrial ecology paradigm has strong links to other 
innovations in environmental policy, planning, and management. Participants grounded 
their conceptual points by identifying specific achievements. This provided a basis for 
concrete policy guidance. Participants were also able to discuss implementation issues 
based on previous relevant experience. 

Session Chair Clinton Andrews characterized the way of thinking now called industrial 
ecology by offering a list of questions inspired by the ecology analogy: What are the 
economy's associated materials and energy flows, structures, available niches for 
economic actors, motivations of individuals, means of transforming energy and materials, 
and dominant organizational behaviors? Panelists then introduced the perspectives of 
government, industry, and research. 

Government 

Panelist David Bassett used the history of energy efficiency policy to sketch the life-cycle 
of policy-making and the role of research in that process. Key points were: (1) 
researchers make particularly large contributions to policy when they create 
"skunkworks," places where outside-the-box thinking can take place; (2) to develop 
solutions requires a the slow, decadal time scale; (3) during this time learning about both 
technical issues and policy implementation takes place, so that projects benefit most from 
research when they have phases that allow for redesign of policies as well as 
technologies; and (4) there are clear benefits to partnering with the private sector and 
decentralizing R&D decisions. Box 1 shows several of the group's nominations for 
achievements of government that made use of what we now call industrial ecological 
concepts. 

Industry/NGOs 

Panelist Robert Lund described the dynamism of private industry in a case study of the 
remanufacturing sector of the US economy, showing that this sector was economically 
and environmentally important but largely unrecognized by policy makers. 
Remanufacturing saves labor, capital costs, energy, and materials embodied in existing 
products, whereas recycling loses everything but the materials. In the United States, 
some 70,000 firms do remanufacturing, directly employ about 480,000 people and earn 
some $53 billion in revenues. These (mostly small) firms are profitable and pay taxes 
rather than requiring subsidies. However they are vulnerable to some environmental 
policies such as take-back legislation, which encourage original equipment manufacturers 
to vertically integrate into the remanufacturers' market niches. Box 2 shows several of the 
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group's nominations for achievements of industry and NGOs that made use of what we 
now call industrial ecological concepts. 

Research 

Panelist Eric Rodenburg showed data on materials and energy flows, focusing on their 
links to economic activity. As an example of work done at a macro level, he illustrated 
the phenomenon of dematerialization, showing that the materials intensity per unit of 
GDP (mass/GDP) for many materials has declined steadily since 1975 in OECD 
countries. Among the explanatory factors are.materials substitutions, new designs, a 
structural shift towards services in these economies, and movement of materials-intensive 
production to the developing world. He said that "it is this type of research that allows us 
to sit here and have this discussion." There remains a need to expand the data base of 
materials and energy flows to cover more areas of environmental policy significance. Box 
3 shows several of the group's nominations for achievements of research that made use of 
what we now call industrial ecological concepts. • 

Implementation of Past Achievements 

In discussing how these achievements were implemented, several lessons stood out. 
Most important were champions of the ideas. The development of industrial ecology 
itself illustrates the importance of individuals. From the 1960s onwards, Robert Ayres 
has steadfastly pursued a research agenda that has become the core of industrial ecology. 
Robert White at the National Academy of Engineering promoted the industrial ecology 

research agenda with a series of workshops and publications starting in the late 1980s. 
AT&T and Lucent Technologies have funded academic research and allocated staff time 
to promotion of these concepts. Other business leaders adopted green business strategies 
without direct public policy influences. 

Also important were environmental laws that placed a clear directionality on future 
regulatory trends and thereby encouraged firms to innovate in anticipation of tighter 
rules. In addition, experience with energy policy during the 1970s-80s provided lessons 
that many applied directly to these new environmental policy questions. Finally, the 
pressures of global economic integration encouraged various efficiency increases in the 
private and public sectors, which hastened the move towards paradigms like industrial 
ecology. 
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Box 1: Past Achievements of Government 

Toxic Release Inventory. The Superfund Amendments and Reauthorization Act of 1986 
established this reporting mechanism and strengthened local communities' right-to
know about local environmental hazards. 

Fossil fuel taxes. Although they have limited use in the United States, in some other 
countries these taxes meaningfully penalize environmentally harmful consumption 
instead of socially desirable labor or production. 

German packaging and product take-back legislation. The early-1990s packaging take
back requirement in Germany has profoundly changed the behavior of many 
multinational firms. Forthcoming product take-back laws will further encourage 
firms to internalize environmental considerations at the earliest stages of product 
conception and design. • 

Materials accounting. Government has a long history of materials accounting for 
economic and natural resource management purposes, now an environmental 
rationale for collecting and sharing this information has been added. 

User fees. Pay-as-you-throw financing of municipal solid waste management has been 
implemented by 1500 U.S. municipalities. 

Resource Conservation and Recovery Act of 1976. While beneficial in setting 
regulations for hazardous waste treatment, storage, transportation, and disposal, this 
law is also understood to impede industrial recycling and loop-closing. 

Public Utility Regulatory Policies Act of 1978. Cogeneration was revived by this law, 
renewable energy sources were given a boost, and it also paved the way for 
subsequent deregulation of the electric power industry. 

Clean Air Act Amendments of 1990. The acid rain title departs from command and 
control in favor of emissions trading, a market-oriented mechanism. 

Pollution Prevention Act of 1990. This law established as policy the waste management 
hierarchy, which specifies that we should first reduce, then re-use, only then recycle, 
and as a last resort dispose of waste. It also stimulated "whole facility planning" 
laws now on the books in over 20 states, which encourages integrative environmental 
planning by firms. 

President's Council on Sustainable Development. Leaders from the environmental, 
business, and other communities have collaborated to heighten the profile of 
sustainable development concepts in the USA. 
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Box 2: Past Achievements of Industry and NGOs 

Environmental NGOs. Strong environmental non-governmental organizations have 
developed worldwide and now play important policy roles. 

Recycling. With some policy encouragement, recycling industries are flourishing for 
paper, plastic, glass, and metals. 

Business activism. Certain corporate leaders have stepped forward to encourage 
environmentally friendly business practices. 

Environmental justice. With help from the NIMBY phenomenon, environmental justice 
concerns have gained the attention of the environmental policy community. 

ISO 9000/14000. Acceptance of environmental performance standards for firms is 
becoming a prerequisite for doing business in some sectors and tegions. ISO 
standards are now an important tool for environmentai management of the supply 
chain. 

Remanufacturing. Without any policy encouragement, remanufactured products are 
competing effectively in over 75 durable products industries. 

Nuclear setbacks. In spite of framing its objectives according to industrial ecology 
precepts such as loop-closing, the US nuclear power industry has failed to wfo public 
acceptance. 

Responsible Care. This voluntary initiative of the Chemical Manufacturers Association 
sets norms of industry environmental and safety behavior. 

Functionality economy. Some companies have begun configuring to provide services 
instead of products. 

Pollution prevention. Many companies now exhibit a pollution prevention ethic. 

Design-for-the-environment. DFE practices are gaining wide acceptance in firms. 
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Box 3: Past Achievements of Research 

Non-point pollution. Researchers clarified the relative contributions of point and non
point pollution sources to the overall environmental burden. 

Dissipative materials use. Researchers recognized that some but not all uses of materials 
are necessarily dissipative, that uses of certain materials are environmentally 
harmful, and that industry should substitute away from those materials or minimize 
dissipative losses. 

Environmental data. NGOs such as World Resources Institute and Worldwatch have 
developed accessible, policy-relevant environmental databases. 

Substitutability. Resource depletion is understood frequently to be an exaggerated 
concern, given substitutability and technological innovation. 

Damage assessment. Mass flow analysis has been linked to ·damage assessment, e.g., for 
lead, which provides a basis for better environmental decision-making. 

Environmental optimization. Operations research tools have been developed to improve 
eco-efficiency. 

Pollution prevention. Improved conceptualization of organization behavior encouraged 
action favoring pollution prevention in contrast to end-of-pipe pollution control. 
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Session Two: Emerging Issues 

Theme: What are some truly promising outcomes in view for programs currently 
underway, and how can they be implemented? 

This session provided a snapshot of the field of industrial ecology as it exists today. It 
showed the strengths and weaknesses of the paradigm and clarified how it relates to 
current practices in environmental policy and management. 

Session chair Valerie Thomas asked speakers to devote equal time to the positive and 
negative aspects of programs currently underway, in an effort enhance our critical 
understanding of industrial ecology. This critical lens was applied by panelists to 
programs in government, industry, NGOs, and the research community. 

Government 

Panelist Mark Schaefer described the importance of materials flow data to public 
decision-making. Such data, interpreted, improves natural resource decisions, allows 
consideration of sustainability, helps policy makers see the big picture, and shows where 
materials come from, how they are used, and where they end up. Materials use in the 
mature U.S. economy is not rising as rapidly as it is elsewhere in the world, although it is 
already at an extremely high level. Materials and energy use are linked directly to a 
variety of things people care about, such as air and water quality. There is an important 
spatial component to industrial ecology that is under-appreciated but is increasingly 
amenable to analysis. Efforts at ecosystem management, for example, are enhanced by 
integrating information on the geography of materials flows with standard information on 
ecosystem structure and function. Box 4 shows several of the group's nominations for 
important governmental programs in industrial ecology that are currently underway. 

lndustry/NGOs 

Panelist Michael Krause shared the example of a local economic redevelopment initiative 
that is using the industrial ecology paradigm. In the poorest inner-city neighborhood of 
Minneapolis an environmental justice group is working with government and private 
sector support to implement a package of complementary initiatives. These include a 
local industry baseline study, a "construction deconstruction center" to remanufacture or 
re-use materials from derelict buildings, and an eco-industrial park. The premise is to use 
brownfields sites to catalyze new relationships among local industries, to harvest the 
valuable materials located there, and above all to employ the under-used human resources 
in the neighborhood. Box 5 shows several of the group's nominations for important 
industry and NGO programs in industrial ecology that are currently underway. 

Research 
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Panelist lddo Wernick swnmarized the current state of industrial ecology research by 
using the political party metaphor of the "big tent." Many people are interested in the 
paradigm but interpret it differently. The boundaries of the field are fluid, and this is 
appropriate for the field at this stage of its development. Present important initiatives 
include university courses, a Gordon research conference, standardization of the 
literature, and a re-focus on wastes defined broadly. Box 6 shows several of the group's 
nominations for important research programs in industrial ecology that are currently 
underway. 

Implementation and These Emerging Issues 

A common thread throughout the implementation discussion was impatience: individuals 
have been frustrated by the stately pace at which the policy cycle progresses and new 
ideas gain acceptance. Enthusiastic proponents have been accused of overselling some of 
the concepts of industrial ecology, although it likely that the field has a relatively typical 
record of successes and failures. Eco-industrial parks, for example, caught the 
imagination of many sustainable development advocates but implementation has proved 
difficult. Skeptics now abound, even as examples of promising eco-industrial park 
projects are being identified. Industrial ecologists need to build alliances with 
mainstream policymakers, firms, NGOs, and researchers in order to build understanding 
of and credibility for the field. Also needed is accumulating evidence of successful 
contributions. 
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Box 4: Emerging Issues for Government 

Carbon management. National and international carbon management regimes are being 
designed as part of the effort to slow climate change. 

State and local implementation. Just as most environmental laws are implemented at the 
state and local levels, so most implementation of industrial ecology is happening 
there. There is a shift toward systems approaches at the state, local, regional levels. 

Incentives. There is something of a shift away from command-and-control towards 
performance-based environmental regulations and non-traditional incentives. 

One-stop shopping. Integrated environmental permitting and reporting is streamlining 
the environmental regulatory process, ensuring cross-media scrutiny of polluters, and 
creating safe mechanisms for regulatory flexibility. 

Procurement. Some agencies are changing procurement policies to allow flexibility 
regarding "buy-new" specifications, and to mandate recycled materials content. 

Re-use. The Federal Electronic Asset Management Task Force is finding ways to re-use 
obsolete equipment and to plan better from a life cycle viewpoint. 

National Environmental Performance Partnership System. This partnership program 
between the USEP A and the states is adding more of a performance basis to 
intergovernmental relations. 

Urban Redevelopment. Urban planners now applying industrial ecological concepts to 
environmental and economic development initiatives such as eco-industrial parks. 
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Box 5: Emerging Issues for Industry and NGOs 

Product responsibility. Some firms are tal<lng more responsibility for life-cycle 
management of their products. 

Green consumerism. The buying behavior of significant numbers of individuals is 
bringing about an environmental enhancement of certain products. Small behavioral 
adjustments by both producers and consumers complete a positive feedback loop 
leading to environmentally superior products. 

Green Accounting. Activity-based accounting, which removes environmental costs from 
overhead and allocates them to product lines, is gaining ground. Experiments are 

also underway with full-cost accounting, which tracks external environmental costs 
as well as monetary costs. 

DFE/LCA. Firms are adopting Design-For-Environment approaches and implementing 
Life Cycle Assessment tools. • 

Supplier management. Some firms are developing processes and tools for supply chain 
management. 

Carbon management strategies. Some global energy companies are taking carbon 
management seriously, although U.S. companies are lagging in this regard. 

Networking. The Internet is facilitating product life-cycle management by reducing 
transaction costs. 

Dematerialization. Decreasing materials intensity is now a feature of advanced 
economies. 

Community development initiatives. Local economic development interests employing 
industrial ecology concepts to issues such as base closings and brownfields, and eco
park initiatives have brought environmental justice issues to the attention of the 
industrial ecology community. 
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Box 6: Emerging Issues for Research 

Materials accounting. Materials flow accounts and emissions inventories are making 
good progress. Much information has been accumulated, and now it is being codified 
and made comparable. 

Understanding natural vs. anthropogenic. For certain concerns including metals, 
nitrogen, carbon, and soils, the scale of human perturbations to natural materials 
flows has been characterized. 

DFE and LCA advances. Many recent engineering PhD dissertations have extended the 
Design-for-environment toolkit. Research is also identifying the potential and 
limitations of Life Cycle Assessment for policymakers apd industry. 

Waste as resource. Research is showing that value can be captured from waste streams. 
Examples include identifying eco-industrial park arrangements, and showing that the 
concentration of metals in waste streams is sometimes gr~ater than in mined ores. 

Risk comparisons. Methods for comparing environmental risks are improving and are 
being used in both the private firm and public policy contexts. 

Exposure-based analysis. Links between the materials accounting approach of industrial 
ecology and the risk approach of environmental regulatory science are being forged. 

Scale issues. Efforts are underway to relate micro-, meso-, and macro-scale issues and 
phenomena in industrial ecology to one another. 

Chlorine. Efforts are advancing to analyze chlorine flows and the costs associated with 
reducing certain of them. 

Place-based IE. Research at the regional or place-based level is underway; examples 
include projects focusing on the Great Lakes and a multi-county region of North 
Carolina. 

Urbanization/Transportation. The links between transportation technology choices, 
urbanization, land use, and environmental problems are being identified and studied; 
for example, the USGS urban dynamics model shows how progression of industrial 
activity correlates to land use changes, changes to vegetation, agriculture, and 
wetlands. 

Research Infrastructure. The Journal of Industrial Ecology, the Gordon Research 
Conference, and other elements of the field's infrastructure are being created, and 
these elements link the research community together and also serve a quality control 
function. 
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Session Three: New Goals 

Theme: What are some truly high-payoff but high-risk policies or research projects that 
might be undertaken, and how could they be implemented? 

The purpose of this session was to imagine the future of industrial ecology. Session chair 
Robert Socolow stressed the speculative, blue-sky nature of this discussion, and urged 
that the future be imagined boldly. Panelists in fact offered relatively timid comments on 
the roles of government, industry, and the research community in addressing new goals 
for industrial ecology. Participants generated lists of goals that we later assigned to the 
categories of government, industry, NGOs, and research. 

Government 

Policy-making is a messy activity akin to "trying to put socks on an octopus." Panelist 
Marion Chertow described two approaches to environmental-policy-making: muddling 
through or comprehensive analysis. Policy-makers tend to prefer an incremental • 
approach that avoids dependence on what has been an unobtainable or unhelpful big 
picture. However, industrial ecology represents a new approach to big-picture analysis 
that is systematic and pragmatic; therefore it can improve policy. Policy analysis should 
avoid reductionism and become more contextual, problem-oriented, multi-disciplinary, 
and focused on broad human problems. In environmental policy, more comprehensive 
analysis through ecology and industrial ecology is becoming feasible due to information 
technology improvements and the increasing maturity of these fields. Box 7 shows 
several of the group's nominations for important new governmental goals for industrial 
ecology. 

Industry/NGOs 

Panelist Braden Allenby characterized the industrial agenda for industrial ecology as 
"understanding the links between our activity and the natural world." Doing so will 
require that we: ( 1) develop an environmental indicator network to measure real impacts 
in real time, thereby diminishing our reliance on poor proxies (such as emissions when 
ambient levels are wanted); (2) learn how to do earth systems engineering in a conscious 
and ethical way, rather than unconsciously as has been the case thus far for the carbon 
cycle; (3) understand the implications of moving towards a functionality economy and 
away from a product-oriented economy, especially regarding the transition costs; (4) 
identify the barriers to technological innovation and diffusion. This ambitious agenda 
draws on the technological optimism and engineering capabilities resident in the 
corporate world. Box 8 shows several of the group's nominations for important new 
industry and NGO goals for industrial ecology. 
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Research 

Panelist Derry Allen pointed out that great ideas lack significance until they enter 
practice. Industrial ecology researchers need to talk to their customers, including the 
policy-makers, and develop ideas that solve practical problems. He suggested that 
policy-relevant research would be oriented around the following dimensions: materials, 
economic sectors, places, national policies, and. international issues. His nightmare 
scenario for the future of industrial ecology centered on a loss of policy focus and 
inappropriate investments in collecting unnecessary data. Box 9 shows several of the 
group's nominations for important new research goals for industrial ecology. 

Implementation of These New Goals 

A broad consensus on the relative importance of environmental concerns has not yet 
developed. Paradigm shifts depend in part upon generational transitions, as Einstein once 
said. Yet there is much that we can do in the meantime to remove specific barriers to 
wider adoption of the industrial ecology agenda. A fundamental action is for educators to 
ensure that students achieve both economic and environmental literacy, thereby allowing 
future government, industry, NGO, and research decision-makers to participate in 
integrative debates. More broadly, these different communities need to support and 
reinforce each other's efforts to experiment systematically with policies, business 
strategies, and knowledge production. 
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Box 7: New Goals for Government 

Rationalize the tax system. In many respects, current taxation schemes penalize 
environmentally responsible behavior and reward environmentally irresponsible 
behavior. 

Correct distortions in primary and secondary materials markets. The economic playing 
field currently tilts in favor of primary materials. 

Resolve trade/environment conflicts. Current open-trade regimes conflict with national 
environmental protection goals; these conflicts need to be sensitively resolved. 

Encourage technology leapfrogging. International aid agencies should encourage the 
commercialization of technology in the developing countries that has not been first 
commercialized in industrialized countries. Many of these countries have fewer sunk 
costs in older, environmentally unfriendly technologies, and have ol?portunities to 
develop along different technological trajectories than did the industrialized world 
due to new technological options. 

Make remanufacturing and recycling visible. Economic statistics should include new 
industry categories that allow analysts to track the remanufacturing and recycling 
industries. 

Expand materials accounting. Materials accounts should be expanded to include all 
policy-relevant items, not only those of interest for natural resource policies. 

Adopt an ecological perspective. Environmental policies should adopt a systemic, 
ecological perspective that integrates formerly separate, medium-specific policies. 

Incorporate environmental justice. The policy process should internalize environmental 
justice concerns. 

Develop inter-sectoral environmental policies. Develop environmental policies in an 
inter-sectoral rather than intra-sectoral context to encourage cross-sectoral learning 
about environmental problem-solving, in short, to apply multiple lenses. 

Construct a nitrogen management regime. Much as a carbon management regime is now 
being created, so should we also build a system for managing globally significant 
nitrogen flows, and seek to spawn a new industry. 

Encourage remanufacturing. Government procurement policies should become more 
flexible to allow purchases of remanufactured products. 

Adopt population policies. In formulating population policies, government should take 
note of local carrying capacity, not only ideological arguments. 
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Box 8: New Goals for Industry and NGOs 

Internalize environmental factors within financial decisions. Financial decision-makers 
should have access to information on the environmental performance of and risks 
taken by firms so that these issues will be internalized within standard business 
decisions. Insurance and re-insurance companies should manage upstream 
environmental risks by influencing the behavior of those they insure. 

Manage the energy system for environmental objectives. Both the fossil fuel and 
agricultural sectors should be involved in putting the carbon sequestration 
infrastructure in place. Launch the hydrogen economy: most of the technological 
pieces are available to allow widespread substitution of hydrogen fuel for other more 
polluting energy carriers, but the technological system needs to be assembled. 
Evaluate implications of new energy sources. Replacing fossil fuels with say, solar 
or nuclear, will affect materials flows, environmental impacts, and the economy. 
Therefore these implications should be evaluated beforehand to allow informed 
tradeoff decisions. 

Link environmental science to business decision-making. Firms should operate with 
awareness of and sensitivity to the insights of industrial ecology, including systematic 
understanding of the relationship between the economy and the environment within 
which it is embedded. 

Substitute bio-based approaches. Develop biologically-based materials and production 
processes to substitute for current toxic, scarce, or non-degradable materials. 

Use information technology to manage product life. Smart appliances that know when 
they need maintenance, and components labeled with bar codes to permit easy 
remanufacturing or recycling are examples of information technology innovations 
that should be implemented to reduce the life cycle environmental impacts of 
products. 

Mine hibernating wastes. Concentrations of valuable materials that have been 
abandoned in place or sequestered in landfills should be evaluated as recoverable 
resources. 
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Box 9: New Goals for Research 

Characterize global cycles. Most global materials cycles remain poorly characterized; 
both natural and anthropogenic contributions need better analysis. 

Learn from policy experiments. Study the impacts of policies as natural experiments. 
Share insights gained with policymakers. Design controlled industrial ecology 
experiments. As momentum builds to perform earth systems engineering, it will 
become increasingly important for industrial ecologists to design low-risk 
experiments that guide decisions. 

Develop technological solutions. Innovative materials, designs, and processes are 
needed for both advanced industrial and developing economies. 

Study innovation. The innovation process remains inadequately understood from both 
management and policy perspectives, and the process needs bette! characterization. 

Establish a moral and ethical dialogue about industrial ecology. Foster reasoned debate 
on how, when, and if to do Earth systems engineering. Evaluate the sustainability of 
advanced industrial capitalism and consumerism. 

Study eco-taxes. The environmental and fiscal impacts of alternative tax and subsidy 
arrangements should be studied. 

Study the spatial division of production. The environmental impacts of economic 
globalization should be studied to determine, for example, the extent to which dirty 
production is moving to lesser developed countries. 

Study environmental implications of a service economy. Develop analytical methods for 
characterizing the mostly indirect environmental impacts of the shift from 
manufacturing to services, and of strategies such as leasing instead of owning 
products. 

Remanufacturing vs original equipment manufacturers (OEMs). Study the conflicts 
between remanufacturers and original equipment manufacturers in managing 
products over the life cycle. 

Assess the risks and benefits of bioengineering. The science of bioengineering has 
advanced more quickly than its social acceptance, and a more sophisticated debate is 
needed in many countries. 
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Conclusions 

Exogenous forces have created an intellectual climate that is now receptive to the 
industrial ecology paracligm--if it didn't already exist it would have to be invented. 
Certain environmental problems are severe and growing worse, and they are intimately 
linked to global population growth, our material aspirations, and the organization and 
performance of the economy. 

For Policy-makers: Our'current environmental policies have a firm and necessary 
regulatory foundation, but future initiatives need to be more cost-effective. Innovation is 
the most attractive response to our environmental problems. Innovation-friendly 
environmental policies will learn from past policy eX:periments, increase research efforts, 
support decentralized decision-making, rely on market-based solutions, remove barriers 
to individual initiative, provide incentives to environmental entrepreneurs, and provide 
public information to gauge the environmental performance of economic actors. In short, 
they will encourage more rapid evolution in the industrial ecosystem. This is a long-term 
project whose success depends, oxymoronically, on realistic, patient, adaptive visionaries. 

For Researchers: There is a rich research agenda for industrial ecology, and policy 
relevance should play a key role in priority setting. The traditional focus of industrial 
ecology research has been on particular materials and economic sectors. That is useful, 
but future efforts should also address the perspectives of decision-makers at several 
temporal and geographical scales. Industrial ecology research can inform local decisions 
such as waste management, economic development, and land use planning; regional 
decisions such as air-shed and watershed management; state decisions such as hazardous 
waste laws, recycling requirements, and bottle bills; national decisions such as product 
standards and materials extraction policies; and international issues such as trade regimes 
and development assistance. At all levels of policy-making, procurement policies, tax 
code changes, and infrastructure investments can benefit from industrial ecology insights. 

Both communities will benefit from more interactions. Indeed, in the long run the two 
are similar: policy-making is as much an experimental and iterative process as is research. 
The industrial ecology framework can serve both communities well if it focuses our 

combined efforts on this goal: Improve the natural environment by fostering innovation. 
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Contact Information 

If you have specific ideas or recommendations on how to advance the policy dialogue on 
industrial ecology, please contact: 

David Rejeski, Executive Director 
Environmental Technology Task Force 
Council on Environmental Quality 
722 Jackson Place, NW 
Washington, DC 20503 

Phone:202-395-7423 
Fax: 202-456-6546 
Email: rejeski_d@a1.eop.gov 

Direct other comments on this report and the industrial ecology research agenda to: 

Clinton Andrews 
Rutgers University 
UPPD, 33 Livingston Ave 
New Brunswick, NJ 08901 
Phone: 732-932-3822 x72 l 
Fax: 732-932-2253 

Robert Socolow 
Princeton University 
CEES, Engineering Quad 
Princeton, NJ 08544 
609-258-5446 
609-258-3661 

Email: cja 1@rci.rutgers.edu socolow@princeton.edu 

Valerie Thomas 
Princeton University 
CEES, Engineering Quad 
Princeton, NJ 08544 
609-258-4665 
609-258-3661 
vmthomas@princeton.edu 

Or use the World Wide Web to post a message to the on-line discussion forum on this 
topic at <http://policy.rutgers.edu:8080/ie/>. You may also download a copy of this 
report from that web site. 
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Appendix A: Workshop Agenda 

"Linking Industrial Ecology to Public Policy" 
8:30 A.M. to 4:00 P.M. April 30, 1998 

White House Conference Center, 726 Jackson Place NW, Washington, DC 

AGENDA 

8:30 A.M. Continental Breakfast 
9:00 A.M. Researcher's Introduction (Robert Socolow, Princeton University) 
9: 15 A.M. Policymaker's Introduction (David Rejeski, Environmental Technology Task Force, 
CEQ) 

Part I: Past Accomplishments 

Theme: What are some truly important accomplishments that made use of the way of thinking 
now called industrial ecology, and how were they implemented? · 

9:30 A.M. Panel Discussion (David Bassett, USDOE; Robert Lund, Boston University; Eric 
Rodenberg, World Resources Institute; Clinton Andrews, Rutgers University, chair) 
10:00 A.M. Open Discussion and List Creation 
11:00 A.M. Break 

Part II: Emerging Issues 

Theme: What are some truly promising outcomes in view for programs currently underway, and 
how can they be implemented? 

11 :30 A.M. Panel Discussion (Mark Schaefer, US DOI; Michael Krause, Green Institute; Iddo 
Wernick, Columbia University; Valerie Thomas, Princeton University, chair) 
12:00 P.M. Open Discussion and List Creation 
1 :00 P.M. Lunch 

Part III: New Goals 

Theme: What are some truly high-payoff but high-risk policies or research projects that might be 
undertaken, and how could they be implemented? 

2:00 P.M. Panel Discussion (Marian Chertow, Yale University; Braden Allenby, AT&T; Derry 
Allen, USEPA; Robert Socolow, Princeton University, chair) 
2:30 P.M. Open Discussion and List Creation 

3:30 P.M. Action Items and Wrap-Up (Robert Socolow, Princeton University) 
4:00 P .M. Adjourn 
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Appendix B: Workshop Participants 
Derry Allen 
Director, Office of Strategic Pig & Env. Data 
Office of Policy, Planning and Evaluation 
US EPA (2161) 
401 M Street, S. W. (2161) 
Washington, DC 20460 
tel 202 260-4028 fax 202-260-0275 
allen.derry@epamail.epa.gov 

Clinton Andrews 
Assistant Professor 
Dept. of Urban Planning & Policy Dev. 
Rutgers University 
33 Livingston A venue 
New Brunswick, NJ 08901-1987 
tel 732-932-3822 X72 l fax 732-932-2253 
cja l@rci.rutgers.edu 

David Berry 
Executive Director 
Interagency Sustainable Dev. Indicator Group 
Council on Environmental Quality 
722 Jackson Place 
Washington, DC 20503 
tel 202-208-4839 fax 202-208-5602 
david _ berry@ios.doi.gov 

Marian Chertow 
Director, Industrial Env. Mgmt Program 
Yale School of Forestry and Environmental 
Studies 
205 Prospect Street 
New Haven, CT 06511 
tel 203-432-6197 fax 203-432-5556 
marian.chertow@yale.edu 

Andrew Euston 
Leader for Sustainable Comm. Dev. Explorations 
Department of Housing and Urban Development 
Room 7244 HUD 
Washington, DC 20410 
tel 202-708-0614 x4648 fax 202-708-3363 
andrew _ euston@hud.gov 
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Braden Allenby 
Vice President, Environment, Health and Safety 
AT&T 
Room4B42 20 
Independence Blvd. 
Warren, NJ 07059 
tel 908-542-6800 fax 908-542-6633 
ballenby@att.com 

David Bassett 
US Department of Energy 
Office of Energy Efficiency and Renewable 
Energy 
I 00 l Independence A venue, SW 
Washington, DC 20585 
tel 202-586-7943 fax 202-58l5-2 l 76 
david.bassetl@hq.doe.gov 

Reggie Caudill 
Executive Director and Professor 
New Jersey Institute of Technology 
Multi-lifecycle Engineering Research Center 
3400 Info Tech, University Heights 
Newark, NJ 07102 
tel 973-596-5856 fax 973-642-7796 
caudill@admin.njit.edu 

John Cusack 
President 
Gifford Park Associates 
91 Middle Road 
Eastchester, NY l 0707 
tel 914-793-4299 fax 914-793-6513 
johnlcusack@worldnet.att.net 

Suzanne Giannini-Spohn 
US EPA 
401 M Street SW, (2127) 
Washington, DC 20460 
tel 202-260-7568 fax 202-260-0174 
giannini-spohn.suzanne@epa.gov 



David Gregory 
Rutgers University, Cook College 
Landscape Architecture, Environmental Planning 
10 Baldwin St. 
New Brunswick, NJ 08901 
tel 732-249-8728 fax 
dgregory@eden.rutgers.edu 

Thomas Gunther 
Policy Advisor 
Assistant Secretary for Water and Science 
Department of the Interior 
1849 E Street, NW 
Washington, DC 20240 
tel 202-208-579 l fax 
thomas _gunther@ios.doi.gov 

Barbara Karn 
US EPA 
NCERQA 
40 I M St. 8722R 
Washington, DC 20460 
tel 202-564-6824 fax 202-565-2446 
karn.barbara@epamail.epa.gov 

Michael Krause 
Director 
Green Institute 
1433 East Fmaklin Avenue 
Suite 7A 
Minneapolis, MN 55404 
tel 612-296-8140 fax 612-874-6470 
michaelk@greeninstitute.org 

Clare Lindsay 
US EPA 
Office of Solid Waste 
40 I M St., S. W., Mail Code 5306W 
Washington, DC 20460 
tel 703-308-7266 fax 703-308-8686 
lindsay.clare@epamail.epa.gov 
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Bruce Guile 
Managing Director 
The Advisory Group 
1200 New York Ave, NW 
Washington, DC 20005 
tel 202-682-0164 fax 202-682-9298 
bguile@theadvisorygroup.com 

Frances Irwin 
World Resources Institute 
1709 New York Avenue, NW 
Washington, DC 20006 
tel 202-662-2528 fax 202-628-0878 
fran@wri.org 

Judy Kincaid 
Solid Waste Planning Director 
Triangle J Council of Governments 
100 Park Drive, Suite 202 
P.O. Box 12276 
Research Triangle Park, NC 27709 
tel 919-558-9343 fax 919-549-9390 
jkincaid@vnet.net 

Reid Lifset 
Editor 
Journal of Industrial Ecology 
Yale School of Forestry and Environmental 
Studies 
205 Prospect St. 
New Haven, CT 06511-2189 
tel 203-432-6949 fax 203-432-5912 
reid.lifset@yale.edu 

Cheryl Little 
Task Forece Coordinator 
President's Council on Sustainable Development 
730 Jackson Place, NW 
Washington, DC 20503 
tel 202-408-5398 fax 202-408-7590 
cdlittle@erols.com 



Rachel Lombardi 
Assistant Editor 
Journal of Industrial Ecology 
Yale University 
205 Prospect St. 
New Haven, CT 06511-2106 
tel 203-432-5297 fax 203-432-5912 
diana.lombardi@yale.edu 

Grecia Matos 
USGS 
MS 988, Minerals Information Team 
12201 Sunrise Valley Drive 
Reston, VA 20192 
tel 703-648- 7714 fax 703-648-4995 
gmatos@usgs.gov 

David Monsma 
President's Council on Sustainable Development 
730 Jackson Place 
Washington, DC 20503 
tel 202-408-5447 fax 202-408-1655 
davidmpcsd@aol.com 

Sean O'Brien 
Circuit Rider 
W. Alton Jones Foundation 
232 East High Street 
Charlottesville, VA 22902-5178 
tel 804-295-2134 fax 804-295-1648 
stobrien@wajones.org 

Bill Panos 
Deputy Director 
Massachusetts Department of Environmental 
Protection 
One Winter Street 
Boston, MA 02108 
tel 617-574-6820 fax 617-292-5858 
William.Panos@state.ma.us 
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Assistant Professor of Environmental Policy and 
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Massachusetts Institute of Technology 
Department of Urban Studies and Planning 
Room 9-328 
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tel 617-253-5196 fax 617-253-7402 
vnb@mit.edu 

Joel O'Connor 
US EPA Region II 
DEPP, 24th Fl. 
290 Broadway 
New York, NY 10007-1866 
tel 212-637-3792 fax 212-637-3889 
oconnor.joel@epamail.epa.gov 
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