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Servicizing the Chemical Supply Chain

Edward D. Reiskin, Allen L. White, Jill Kauffman Johnson and
Thomas J. Votta

KEYWORDS:

chemical management services (CMS), dematerialization,
environmental cost accounting, greening the supply chain,
outsourcing, product-to-service

SUMMARY:

Servicizing--the transformation from product- to service-based enterprise--
is a major force in changing how firms manage material input, throughput,
and output. Redefinition of the firm as a service provider instead of a
product manufacturer means that function, not form, is the source of
added value delivered to the customer. To realize the dematerialization
benefits of such a transformation requires a fundamental realignment of
the supplier-customer relationship. Instead of the traditional incentives to
maximize the volume of physical product sold, servicizing requires a
partnership wherein the financial rewards of reduced material consumption
are shared between supplier and customer. We illustrate this partnership
concept with the example of chemical management services (CMS), an
approach that is gaining momentum in the automobile and electronics
sector. Compensation and gain-sharing based on chemical efficiency and
chemical use reduction, often tied to fixed price mechanisms, lie at the
core of the CMS model. Diffusion of the servicizing model holds much
promise for driving dematerialization while reducing the environmental
burden of product manufacturers.
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Environmentally Conscious Product Design: A
Collaborative Internet-based Modeling Approach

Nick Borland and David R. Wallace

KEYWORDS:

beverage containers, common object request broker architecture
(CORBA), design for environment (DfE), Internet-based modeling,
integrated product design, life-cycle assessment (LCA)

SUMMARY:

This paper proposes a computer-based method for providing product
designers with real-time environmental impact assessment. In this
concurrent modeling approach, environmental experts build life-cycle
models, define their interfaces, and publish them as distributed objects on
the Internet. Traditional designers integrating these objects into their
design models have access to the impact assessment methods provided by
the environmental expert. In this paradigm, the focus shifts from providing
techniques that let non-expert designers perform life-cycle impact
assessments to tools that facilitate timely communication and in-formation
transfer between designers and appropriate environmental experts.
Establishing real-time communication between the product design models
and the environmental life-cycle models is the primary focus of this paper.
Methods for establishing and maintaining the interaction between life-cycle
and product design models are described. A beverage container design
example illustrates how this collaborative approach can use environmental
and traditional design goals to determine effective trade-offs between
design alternatives.
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Ecological Models and Products: A Population Ecology
Perspective

Stephen H. Levine

KEYWORDS:
biological analogy, ecology and economics, evolutionary systems,

population ecology, product policy, technological forecasting

SUMMARY:

Industrial ecology has used the systems ecology model, with its emphasis
on the flows of energy and nutrients, as a tool to find ways to minimize the
adverse environmental effects of industrial activity. A second ecosystem
model, the population ecology model, emphasizes intra- and inter-specific
interactions of many types. When applied to industrial systems, it suggests
an increased focus on products. It therefore can provide a useful
complement to the systems ecology approach. If industrial processes that
are less harmful to the environment are to be successfully implemented,
they will have to produce products that can successfully penetrate the
marketplace. A number of historical examples are used to illustrate the
many product interactions discussed.
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Quantitative Industrial Ecology & Ecological Economics

Herman E. Koenig and John E. Cantlon

KEYWORDS:
ecological system theory, feedback control, input-output analysis,
mathematical ecology, production economics, technological networks

SUMMARY:

This article presents a theoretical foundation for integrating three
otherwise disparate areas of human thought and understanding:
technology, ecology, and economics. The article presents the mathematical
foundations for quantifying the biophysical (mass, energy, and
informational) aspects of economic production systems and their
interaction with natural systems. These mathematical relationships are
required for the on-going ecological and economic design of technological
production networks by enterprise management, thereby extending the
scope and scale of quantitative engineering design from the domain of
individual technologies to networks of technologies at enterprise, corporate,
and industrial levels of technological organization. The analytical
framework extends the practical utility of ecology, as an applied natural
science, from passive environmental monitoring and prediction to active
institutional participation in an informational feedback control strategy
pursuant to economically abating the ecological risks of industrial growth,
development, and modernization at local, regional, and global levels of
ecological organization. And it provides the applied natural-science
underpinnings and the informational feedback control institutions required
to support economics as an applied social science. In this context
ecological risk-control pricing is presented as a supplement to conventional
economic policies at local, regional, and national levels of economic

organization.
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A Structured Approach to LCA Improvement Analysis

Thomas E. Graedel

KEYWORDS:
design for environment (DfE), improvement analysis, interpretation
analysis, ISO 14043, life-cycle assessment (LCA), prioritization

SUMMARY:

The third stage of life-cycle assessment, interpretation analysis (and
improvement analysis, one of its components), has received relatively
modest attention from LCA developers, especially as regards approaches
for effecting improvements. However, this latter step is crucial if the LCA is
to produce environmental benefits. A structured approach to improvement
analysis is proposed, in which it is recognized that decisions regarding the
recommendations that flow from the first two LCA stages are based not
only on the environmental aspects of the recommended actions but also on
such factors as technical feasibility, economic benefit, implications for
product management, and effects on customer perception. A prioritization
technique based on these factors is developed, as are two prioritization
diagrams, one segmented by action agent and one segmented by life stage.
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Product Environmental Life Cycle Assessment Using
Input-Output Techniques

Satish Joshi

KEYWORDS:
automobile fuel tanks, design for environment (DfE), input-output
analysis, ISO 14000, life-cycle assessment (LCA), product evaluation

SUMMARY:

Life-cycle assessment (LCA) facilitates a systems view in environmental
evaluation of products, materials, and processes. Life-cycle assessment
attempts to quantify environmental burdens over the entire life-cycle of a
product from raw material extraction, manufacturing, and use to ultimate
disposal. However, current methods for LCA suffer from problems of
subjective boundary definition, inflexibility, high cost, data confidentiality,
and aggregation. This paper proposes alternative models to conduct quick,
cost effective, and yet comprehensive life-cycle assessments. The core of
the analytical model consists of the 498 sector economic input-output
tables for the U.S. economy augmented with various sector-level
environmental impact vectors. The environmental impacts covered include
global warming, acidification, energy use, non-renewable ores consumption,
eutrophication, conventional pollutant emissions and toxic releases to the
environment. Alternative models are proposed for environmental
assessment of individual products, processes, and life-cycle stages by
selective disaggregation of aggregate input-output data or by creation of
hypothetical new commodity sectors. To demonstrate the method, a case
study comparing the life-cycle environmental performance of steel and
plastic automobile fuel tank systems is presented.
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The Life-Cycle of Chlorine, Part IV: Accounting for
Persistent Cyclic Organo-Chlorines

Robert U. Ayres and Leslie W. Ayres

KEYWORDS:

bioaccumulation, chlorinated hydrocarbons, persistent organic
pollutants (POPs), persistent toxic bioaccumulative compounds
(PTBs), pesticides, substance flow analysis (SFA)

SUMMARY:

Some cyclic organo-chlorines share key characteristics to a significant
degree, notably volatility, solubility in lipids, environmental persistence, a
tendency to bioaccumulation, and toxicity to animals. A subset of this
group has been designated "persistent organic pollutants" (POPs). Because
of their volatility, persistence, and tendency to bioaccumulate, POPs are
found in remote locations, such as the Arctic, far from the locations where
they were initially used or produced. Except PCDDs (dioxins)and PCDFs
(furans), all are, or were, originally produced for use as such mainly as
pesticides or herbicides. PCDDs and PCDFs have never been produced for
their own sake; they are unwanted contaminants of chemical intermediates
that were passed on and incorporated in final products, notably herbicides;
they are also generated spontaneously in most combustion processes and
chlorine bleaching of paper. Most POPs have been sharply restricted or
banned outright in most of the industrialized countries, but not in less
developed countries. The qualities of persistence and bioaccumulation give
special urgency to monitoring not only point source emissions and local
concentrations, but also the mobile environmental reservoirs and exposure
routes of these chemicals. To conduct adequate risk analyses, far more
detailed data is needed on quantities produced and used, quantities and
location of storage, mode of use, location of use, and period of use. Such
data are not collected consistently by government or international agencies.
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The Oil Mallee Project: A Multifaceted Industrial Ecology
Case Study

Allan Barton

KEYWORDS:
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SUMMARY:

The planting on degraded agricultural lands of eucalypts for leaf oil
provides a commercial incentive for restoring original vegetation; a
sustainable method of controlling groundwater and salinity; a product that
is an environmentally benign substitute for a widely used solvent damaging
to the ozone layer; and a mechanism for reducing atmospheric carbon
dioxide levels. With integrated tree crop systems and improved harvesting
and processing technologies, the Western Australian wheat belt could
produce large volumes of high-cineole eucalyptus oil from mallee eucalypts.
With new industrial markets, a scale of planting could be achieved that
would result in substantial land rehabilitation benefits. Industrial solvent
markets are large and currently in transition following the recent
withdrawal of 1,1,1-trichloroethane as a result of international measures to
control ozone depletion. There is a strong preference in these markets for
"natural" replacement products. Although large-scale penetration of these
markets would need prices about half those prevailing in traditional
eucalyptus oil markets, this goal should be achievable with the potential
for economies of scale, genetic advances, and improved harvesting and
processing technologies.
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