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Evaluating Environmental Performance of Pulp and
Paper Manufacturing Using the Analytic Hierarchy
Process and Life-Cycle Assessment

Ruby Pineda-Henson, Alvin B. Culaba and Guillermo A.
MendozaSource
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SUMMARY:

This article addresses the need for a structured and comprehensive
methodology for assessing the environmental performance of
manufacturing processes. The analytic hierarchy process (AHP) is used as
the basic framework for analyzing environmental impacts and
improvement options following a streamlined life-cycle assessment (LCA)
approach that is focused on the manufacturing operation. The multicriteria
decision analysis approach of the AHP is consistent with the LCA concept
because the environmental factors can be hierarchically structured into
impacts and improvement options. Its potential as a valuation tool for
impact and improvement assessment addresses both qualitative and
guantitative issues in environmental decision making. Through application
to a pulp and paper manufacturing case study, the viability of the AHP for
evaluating environmental impacts and prioritizing process improvement
options relative to these impacts is demonstrated. AHP was used to
provide a quantitative tool for the design of a set of weighting factors for
impact and improvement analyses.
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SUMMARY:

Colocated industries exchange products and by-products in ways
reminiscent of the exchange of resources in biological ecosystems. To
better understand these "industrial ecosystems," we have applied food-
web theory to a set of 19 actual and hypothetical eco-industrial parks and
integrated biosystems. We find a linear relationship between number of
industrial tenants and number of linkages among them and connectance
values of 0.5 to 0.6 (typical of biological ecosystems). The results may
provide initial perspective on designing ecoindustrial parks to maximize the
utilization of resources and minimize the generation of wastes. Increased
connectance in industrial ecosystems, however, does not necessarily imply
increased stability or improved environmental performance.
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Input-Output Analysis of Waste Management
Shiniciro Nakamura and Yasushi Kondo

KEYWORDS:
engineering model, input-output analysis, landfill consumption, life-
cycle assessment (LCA), waste generation, waste treatment

SUMMARY:

A new scheme of hybrid life-cycle assessment (LCA) termed the waste
input-output (WIO) model is presented that explicitly takes into account
the interdependence between the flow of goods and waste. The WIO model
has two distinguishing features. First, it expands the Leontief
environmental input-output (EIO) model with respect to waste flows. It
turns out that the EIO model is a special case of the WIO model in which
there is a strict one-to-one correspondence between waste types and
treatment methods. By relaxing this condition, the WIO model provides a
general framework for LCA of waste management. Second, the WIO model
takes into account the "dynamics of waste treatment," which refers to the
fact that the input-output relationships of waste treatment are significantly
affected by the level and composition of waste feedstock, by incorporating
an engineering process model of waste treatment. Because waste
treatment is expected to accept whatever waste is generated by industry
and households, a proper consideration of this feature is vital for LCA of
waste management. We estimated a WIO table for Japan and applied it to
evaluating effects of alternative waste management policies with regard to
regional concentration of incineration and the sorting of waste with regard
to flammability. We found that concentrating treatment in a small number
of large incinerators combined with an increased degree of sorting could
decrease both landfill consumption and the emission of carbon dioxide.
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Approaches for Quantifying the Metabolism of Physical
Economies: A Comparative Survey

Peter L. Daniels

KEYWORDS:
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physical economy, societal metabolism, substance flow analysis (SFA)

SUMMARY:

This article is the second of a two-part series that describes and compares
the essential features of nine "physical economy" approaches for mapping
and quantifying the material demands of the human economy upon the
natural environment. These approaches are critical tools in the design and
implementation of industrial ecology strategies for greater ecoefficiency
and reduced environmental impacts of human economic activity. Part I of
the series provided an overview, methodological classification, and
comparison of a selected set of major materials flow analysis (MFA) and
related techniques. This sequel includes a convenient reference and
overview of the major metabolism measurement approaches in the form of
a more detailed summary of the key specific analytical and other features
of the approaches introduced in part I. The surveyed physical economy
related environmental analysis approaches include total material
requirement and output models, bulk MFA (IFF (Department of Social
Ecology, Institute for Interdiscplinary Studies of Austrian Universities)
material flow balance model variant), physical input-output tables,
substance flow analysis, ecological footprint analysis, environmental space,
material intensity per unit service, life-cycle assessment (LCA), the
sustainable process index, and company-level MFA.
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Cement Manufacture and the Environment — Part I:
Chemistry and Technology

Hendrik G. van Oss and Amy C. Padovani
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STUMMARY:

Hydraulic (chiefly portland) cement is the binding agent in concrete and
mortar and thus a key component of a country’s construction sector.
Concrete is arguably the most abundant of all manufactured solid materials.
Portland cement is made primarily from finely ground clinker, which itself is
composed dominantly of hydraulically active calcium silicate minerals
formed through high-temperature burning of limestone and other materials
in a kiln. This process requires approximately 1.7 tons of raw materials per
ton of clinker produced and yields about 1 ton of carbon dioxide (CO2)
emissions, of which calcination of limestone and the combustion of fuels
each contribute about half. The overall level of CO2 output makes the
cement industry one of the top two manufacturing industry sources of
greenhouse gases; however, in many countries, the cement industry’s
contribution is a small fraction of that from fossil fuel combustion by power
plants and motor vehicles. The nature of clinker and the enormous heat
requirements of its manufacture allow the cement industry to consume a
wide variety of waste raw materials and fuels, thus providing the
opportunity to apply key concepts of industrial ecology, most notably the
closing of loops through the use of by-products of other industries
(industrial symbiosis). In this article, the chemistry and technology of
cement manufacture are summarized. In a forthcoming companion article
(part II), some of the environmental challenges and opportunities facing
the cement industry are described. Because of the size and scope of the
U.S. cement industry, the analysis relies primarily on data and practices
from the United States.
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The Greening of a Pulp and Paper Mill
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SUMMARY:

International Paper (IP), the world’s largest forest products company, owns
the Androscoggin Mill, a large pulp and paper mill in Jay, Maine, in the
northeastern United States. This case study describes the transformation
of the Androscoggin Mill from an object of public opprobrium and conflict to
a showcase for environmental management. In the late 1980s, an 18-
month strike had embittered workers and townspeople and left the mill’s
reputation in tatters. In response to mill environmental violations, some of
which were considered crimes by state regulators, the town of Jay passed
its own environmental ordinance to control mill emissions. Early in the
1990s, new management, including two former corporate-level employees,
sought to change the mill’'s business approach and turn the Androscoggin
Mill into IP’s best environmental performer. The initial emphasis on
establishing and maintaining compliance was expanded to include
aggressive pollution prevention efforts that led to cooperative projects with
the Maine Department of Environmental Protection, the U.S. Environmental
Protection Agency, and stakeholder groups. The mill’s approach in the
1990s evolved further to essentially follow principles of industrial ecology.
New approaches focused on "closing the loop" by finding beneficial uses for
previously landfilled wastes, replacements for most hazardous chemicals,
and reductions in solid and hazardous waste generation. The mill also
pursued the establishment of symbiotic relationships with a facility that
began using a mill by-product on-site and an onsite natural gas burning
facility that provided part of the mill’'s steam demand. IP also established a
public advisory committee in 1992 to advise management on operational
and '"bigpicture" issues, which later included the application of
sustainability criteria to the mill. IP has since formed community advisory
committees at each of their integrated pulp and paper mills.
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