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Industrial Ecosystems as FoodWebs

Jonah Spiegelman

KEYWORDS:
complex systems analysis, exergy, hierarchy, non-equilibrium systems,
self-organizing systems, thermodynamics

SUMMARY:

Industrial ecology is a school of thought based, in part, upon a simple
analogy between industrial systems and ecological systems in terms of
their material and energy flows. This article argues for a more
sophisticated connection between these diverse systems based on the fact
that they are all complex self-organizing systems, operating far from
thermodynamic equilibrium. As such, industrial and ecological systems
have in common certain constraints and dynamic properties that move
beyond the central metaphor of industrial ecology and could align these
systems wunder a more comprehensive analytical framework. If
incorporated at a fundamental level, the complex systems framework could
add depth and sophistication to the field of industrial ecology.
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End-of-Life Infrastructure Economics for “Clean
Vehicles” in the United States

Jane E. Boon, Jacqueline A. Isaacs and Surendra M. Gupta
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SUMMARY:

Rising fuel prices and concern over emissions are prompting automakers
and legislators to introduce and evaluate "clean vehicles" throughout the
United States. Hybrid electric vehicles (HEVs) are now on the roads,
electric vehicles (EVs) have been test marketed, and niche vehicles such as
high-fuel-economy microcars are being considered for introduction. As
these vehicles proliferate and mature, they will eventually reach their end
of life (EOL). In the United States, an extensive recycling infrastructure
exists for conventional, internal combustion engine (ICE) vehicles. Its
primary constituents are the disassembler and the shredder. These
industries, as well as battery recyclers, are expected to play integral roles
in the EOL processing of clean vehicles.

A model of the automobile-recycling infrastructure and goal programming
techniques are used to assess the materials streams and process
profitabilities for several different clean vehicles. Two-seat EVs with lead-
acid or NiMH batteries are compared with two- and four-seat HEVs and
microcars. Changes to the nonferrous content in the vehicle bodies are
explored and compared for the effect on processing profitability. Despite
limitations associated with the linearity of goal programming techniques,
application of this tool can still provide informative first-order results.
Results indicate that although these clean vehicles may not garner the
same profit levels as conventional ICE vehicles, they are profitable to
process if there are markets for parts and if there are sufficient quantities
of nonferrous materials.
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The Biomass Metabolism of the Food System: A Model-
Based Survey of the Global and Regional Turnover of
Food Biomass

Stefan Wirsenius

KEYWORDS:
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SUMMARY:

The food and agriculture system is among the largest anthropogenic activities
in terms of appropriation of land and biological primary production, as well as
alteration of the grand biogeochemical cycles of carbon, water, and nitrogen.
Despite its importance in these respects, physically coherent descriptions and
analyses of the food and agriculture system regarding the total turnover of
fundamental flows (such as biomass) and resource use and efficiency of critical
processes (such as animal food production) are relatively scarce.

This article presents a survey of the current flows of biomass in the

food and agriculture system. The survey gives a mass- and energy-balanced
description of biomass from its production on cropland and grassland through
its transformations into animal and vegetable food products to its final
conversion into respiratory heat, feces, and other residues. This assessment
was carried out by means of a physical model that, for eight world regions,
calculates the necessary production of crops and other phytomass (plant
biomass) from a prescribed end use of food, efficiency in food production and
processing, and use of system-internal by-products and residues as feed,
feedstock, and food.
The global appropriation of terrestrial phytomass production by the food system
was estimated to be some 13 Pg (1.43 x 1010 short tons) dry matter, or 230 EJ
(2.18 x 1017 Btu) gross energy (higher heating value), per year in 1992-1994.
Of this phytomass, about 8% ended up in food commodities eaten. Animal food
systems accounted for roughly two-thirds of the total appropriation of
phytomass, whereas their contribution to the human diet was about 13% (both
on a gross energy basis). The ruminant meat systems were found to have a far
greater influence than any other subsystem on the food system's biomass
metabolism, primarily because of the Ilower feed-conversion efficiency
(calculated as carcass produced by total feed intake, including pasture and
other human-inedible feedstuffs) of those systems.
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Materials Flow Accounting in Sweden: Material Use for
National Consumption and for Export

Viveka Palm and Kristina Jonsson

KEYWORDS:
direct material consumption (DMC), direct material input (DMI),
environmental accounts, exports, industrial metabolism, materials flow
analysis (MFA)

SUMMARY:

This article presents Swedish economy-wide material flow accounts for
the period 1987-1998. It also shows possibilities for enhancing the international
comparability of aggregated data on material use, by distinguishing between
materials used for consumption and export purposes. The direct material input
(DMI) is used as an aggregate measure to estimate the amounts of natural
resources (except water and air) that are taken from nature into the economy
within a year, including imports to and production within the region in question.
The division of materials used for consumption and export purposes avoids
double counting trade flows when DMI is applied to a group of countries.

The annual DMI in Sweden for 1997-1998, including production and
imports, amounts to 24 to 27 metric tons per capita (t/c). The fossil fuel input
varies only slightly over the period, from 3.2 t/c in 1991 to 3.6 t/c in 1996, a
level deemed unsustainable by the Swedish Environmental Protection Agency.
The input of renewable raw materials varies between 8 and 9 t/c. Ores and
minerals vary between 11 and 15 t/c. The DMI puts Sweden above estimates
made for Germany, the United States, and Japan and in the same range as the
Netherlands. The differences in these values can mainly be explained by the
relative importance of exports as compared to the size of the economy and by
the variation in system boundaries for the data on natural resources. The
system boundaries and data sources for natural resources need to be further
defined to make the measures fully comparable. Around 5 t/c is exported,
whereas the rest, around 20 t/c, is national consumption.

The aggregate direct material consumption (DMC), which is the DMI
minus exports, communicates the magnitude of resource use. Comparisons of
the input with solid waste statistics indicate that quantity of waste (excluding
mining waste) in Sweden is equal to about 10% relative of the total resource
use. Material collected for recycling by the waste management system is equal
to about 5% of the amount of virgin resources brought into society each year.
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Cement Manufacture and the Environment, Part II:
Environmental Challenges and Opportunities

Hendrik van Oss and Amy C. Padovani

KEYWORDS:
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SUMMARY:

Construction materials account for a significant proportion of nonfuel
materials flows throughout the industrialized world. Hydraulic (chiefly
portland) cement, the binding agent in concrete and most mortars, is an
important construction material. Portland cement is made primarily from
finely ground clinker, a manufactured intermediate product that is
composed predominantly of hydraulically active calcium silicate minerals
formed through high-temperature burning of limestone and other materials
in a kiln. This process typically requires approximately 3 to 6 million Btu
(3.2 to 6.3 GJ) of energy and 1.7 tons of raw materials (chiefly limestone)
per ton (t) of clinker produced and is accompanied by significant emissions
of, in particular, carbon dioxide (CO,), but also nitrogen oxides, sulfur
oxides, and particulates. The overall level of CO, output, about 1 ton/ton
clinker, is almost equally contributed by the calcination of limestone and
the combustion of fuels and makes the cement industry one of the top two
manufacturing industry sources of this greenhouse gas. The enormous
demand for cement and the large energy and raw material requirements of
its manufacture allow the cement industry to consume a wide variety of
waste raw materials and fuels and provide the industry with significant
opportunities to symbiotically utilize large quantities of by-products of
other industries. This article, the second in a two-part series, summarizes
some of the environmental challenges and opportunities facing the cement
manufacturing industry. In the companion article, the chemistry,
technology, raw materials, and energy requirements of cement
manufacture were summarized. Because of the size and scope of the U.S.
cement industry, the article relies primarily on data and practices from the
United States.
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Applying the Principles of Industrial Ecology to the
Guest-Service Sector

Auden Schendler

KEYWORDS:
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SUMMARY:

Industrial ecology (IE) has historically focused on manufacturing but could
be applied more broadly, particularly to sectors of the economy not
typically considered "dirty." The guest-service sector, for example, has a
significant ecological footprint, often in environmentally sensitive areas,
and would benefit from an IE perspective. Colorado's Aspen Skiing
Company, which hosts 1.3 million skiers annually on 5,000 acres of skiable
terrain, is integrating concepts of energy efficiency, feedback, life-cycle
costing, nutrient cycling, renewable energy, ecosystem diversity, local
sourcing, and human capital into operations at four ski areas and two
hotels. An IE perspective offers the guest service sector a holistic view of
its environmental impacts, a big-picture view that is missing from an
industry where environmentalism has historically meant "recycling" or end-
of-pipe pollution control. Many industrial ecology principles are directly
applicable to resorts, but implementers will encounter a host of obstacles
cultural, institutional, and economic that express themselves in unique
ways in the guest service sector. Written using firsthand experiences from
Aspen's ski slopes, restaurants, and a five-star hotel, this article explores
what happens when the principles of industrial ecology are applied to the
guest service sector, particularly what goes right, and what goes wrong.
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