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MEFASPACE: A Model Predicting Freight Transport
from Material Flows, and Transport Activity in Europe

Marina Fischer-Kowalski, Veronika Gaube, and Gerhard Rainer

KEYWORDS:

dematerialization, environmental pressure, extraction-production-
consumption-disposal chain, industrial ecology, predicting transport
volumes, reloading factor

SUMMARY:

Materials flow analysis (MFA) generates highly aggregated indicators for
the material “scale” of national economies. Similarly, transport statistics
operate with indicators for the scale of freight transport activity. This
article presents a model that seeks to predict the scale of freight transport
from material flows. In the first part, the model is developed conceptually
and formally, as a linear and static (“mechanistic”) model linking
biophysical variables by defined causalities (“white box”). The key
prediction is that transport volume (TV in metric tons) relates to direct
material input (DMI) by a reloading factor, which, for thermodynamic
reasons, varies very little. Transport work (TW in metric ton kilometers),
the most common indicator for transport activity, depends on TV and
distance per haul. In a second part, we probe this model with transport
statistics from European countries for the past four decades. Whereas for
road and rail transport statistical indicators exist for many countries and
years and comply with our model’s theoretical definitions, they are either
lacking or not complying well for other modes. The results were
encouraging, nevertheless. In the past four decades, DMI corresponded
very closely to TV as predicted, with a reloading factor that is in the
expected range (1-3) and fairly stable across countries and time. At the
same time, distances per haul showed a much more dynamic pattern, with
quite a bit of variation between countries and a clear tendency to increase
over time. Thus, MFA opens a new path for projections and scenario
building for freight transport, but needs to be coupled to knowledge from
other fields to generate a full picture of transport distances and, finally,
environmental pressure.
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Internet-Based Integrated Environmental Assessment,
Part Il: Semantic Searching Based on Ontologies and
Agent Systems for Knowledge Discovery

Steven Kraines, Rafael Batres, Brian Kemper, Michihisa Koyama,
and Vincent Wolowski

KEYWORDS:
agents, industrial ecology, models, ontologies, searching, semantics

SUMMARY:

Integrated environmental assessment of technologies and processes
associated with industrial ecology requires the sharing of expert knowledge
from a wide range of domains of research. A concept for an Internet-based
platform that uses Internet and communication technologies to support
knowledge sharing in the form of numerical model computational services
for solving complex problems related to large-scale systems such as urban
ecosystems has been proposed. Here, a software prototype that has been
developed for sharing and discovery of expert knowledge from domains
related to industrial ecology is described. The prototype uses the
combination of a generic upper level ontology and a specific domain level
ontology to provide a semantic layer for the process of searching and
matching knowledge requests with knowledge advertisements. Knowledge
advertisements are provided in the form of semantic descriptions of
computational model service capabilities. The prototype uses a multiagent
system to support the realization of a distributed knowledge-sharing
marketplace on the Internet, populated by agents that advertise model
services, agents that make requests on behalf of system users, agents that
supply ontologies, agents that conduct searches on behalf of other agents,
and agents that manage address and function repositories for other
agents. A proof of concept demonstration of the prototype is provided,
using a hypothetical scenario of four researchers around the world who
have knowledge that could aid each other’s research efforts.
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Food Consumption and Nutrient Flows: Nitrogen in
Sweden since the 1870s

Tina-Simone Schmid Neset, Hans-Peter Bader, and Ruth Scheidegger

KEYWORDS:

dynamic modeling, food production, industrial ecology, materials
flow analysis (MFA), mathematical materials flow analysis (MMFA),
substance flow analysis (SFA)

SUMMARY:

Changes in food consumption and related processes have a significant
impact on the flow of nitrogen in the environment. This study identifies
both flows within the system and emissions to the hydrosphere and
atmosphere. A case study of an average inhabitant of the city of Linképing,
Sweden, covers the years 1870, 1900, 1950, and 2000 and includes
changes in food consumption and processing, agricultural production, and
organic waste handling practices. Emissions to the hydrosphere from
organic waste handling increased from 0.57 kilograms of nitrogen per
capita per year (kg N/cap per year) to 3.1 kg N/cap per year, whereas the
total flow of nitrogen to waste deposits grew from a negligible amount to
1.7 kg N/cap per year. The largest flow of nitrogen during the entire period
came from fodder. The input of chemical fertilizer rose gradually to a high
level of 15 kg N/cap per year in the year 2000. The total load per capita
disposed of to the environment decreased during these 130 years by about
30%.
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Strategies for Meeting EU End-of-Life Vehicle
Reuse/Recovery Targets

Paulo Ferrdo, Pedro Nazareth, and Jose Amaral

KEYWORDS:
automobile shredder residue (ASR), end-of-life vehicles (ELV),
European Union, extended producer responsibility (EPR), industrial
ecology, recycling

SUMMARY:

Disposal of end-of-life vehicles (ELVs) is a relatively new focus of the
European policy community. Technical requirements for car design and
minimum reuse and recovery rates for end-of-life vehicles are the subject
of a recent European Union directive on ELVs. This directive is expected to
induce changes in the infrastructure required for ELV processing, and
presents a substantial challenge to maintaining such an infrastructure as
economically viable.

This paper assesses current and emerging ELV recycling technologies, in
order to provide guidelines for the development of future ELV recycling
strategies. Emphasis is given to technologies dedicated to automobile
shredder residue (ASR) recovery, as an alternative/complement to more
labor-intensive dismantling activities. The ultimate goal is to develop a
vision of the type of ASR processing technology that could emerge in the
future.

The analysis is based on a model developed to simulate ELV processing
infrastructures, and shredding data are taken from full-scale experiments.
The results obtained show that ASR mechanical separation and recycling
technologies may enable more extensive recycling and contribute to
achieving European Union recycling targets, and can thus be considered as
far more promising than technologies based on energy recovery.
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Strategic Responses to Environmental Regulation in the
UK Automotive Sector: The European Union End-of-Life
Vehicle Directive and the Porter Hypothesis

Jo Crotty and Mark Smith

KEYWORDS:

automobile, design for environment (DfE), environmental regulation,
extended producer responsibility (EPR), industrial ecology, supply
chain

SUMMARY:

As of 1 January 2006 all automotive OEMs (original equipment
manufacturers) and component manufacturers operating within the
European Union will need to comply with the End-of-Life Vehicle Directive
(referred to hereafter as the EU ELV Directive). The EU ELV Directive
compels all OEMs to take back and dismantle all motor vehicles for
domestic use at the end of their useful lives. Each component part will
then be either reused or recycled. To this end, the ultimate goal of the EU
ELV Directive is that all motor vehicles for domestic use will have a reuse
or recyclable content of 85% at the end of their useful lives, moving
toward 95% by 2015. The burden of the EU ELV Directive falls on both the
OEMs and their component manufacturers, forcing them to innovate and
“design for disassembly.” This being the case, it offers a unique real world
example with which to test the Porter Hypothesis. Porter asserts that
strict, correctly formulated environmental regulation can offer a firm
secondary benefits through improved product design and the reduction of
waste. This in turn allows the firm to offset the cost of compliance.
Because the EU ELV Directive has been fashioned to force firms into a
process of innovation and redesign, the magnitude of these so-called
offsets can be judged. This article employs Rugman and Verbeke’'s 1998
strategic matrix of firm response to environmental regulation to examine
qualitative details of the strategic response of automotive component
manufacturers and OEMs in the United Kingdom to the demands of the
directive to judge the volume of offsets generated. This analysis shows no
support for the Porter Hypothesis and challenges the assumptions of
Rugman and Verbeke’s model.
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Alternative Scenarios for Managing the Environmental
Performance of a Service Sector Company

Seppo Junnila

KEYWORDS:
life-cycle assessment (LCA), scenario analysis, service company,
environmental impact, industrial ecology, environmental management

SUMMARY:

This article presents a scenario analysis for a life-cycle model of service
sector companies. The model is based on six case companies and it is
applied to test the influence of 32 management scenarios. The scenarios
simulate feasible options for environmental management measures in
companies, and the life-cycle assessment method is used to model their
relevance in terms of the total environmental impact of the company. The
study found that the bulk of tested scenarios had only a minor influence on
the total environmental impact of the company. Some individual
management scenarios, though, turned out to have a major influence on
the organization’s environmental performance. The scenarios with greatest
influence were those related to the procurement of electricity, building
energy consumption, commuting vehicle mix, space usage efficiency, and
refurbishment periods of the building. All of these management scenarios
had an influence of more than 10% on the environmental impact of the
model organization.
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Regional Patterns in Global Resource Extraction

Heinz Schandl and Nina Eisenmenger

KEYWORDS:
materials flow analysis (MFA), resource extraction, sustainable
resource use, natural resources, industrial ecology, consumption

SUMMARY:

This article presents an account of global resource extraction for the year
1999 by material groups, world regions, and development status. The
account is based on materials flow analysis methodology and provides
benchmark information for political strategies toward sustainable resource
management. It shows that currently around 50 thousand megatons of
resources are extracted yearly on a global scale, which results in a yearly
global average resource use of around 8 tonnes per capita. Assuming
further growth in world regions not yet close to the levels of resource use
in the industrial cores—such as India or China—numbers could easily
double once these parts of the world come to fully incorporate the
industrial mode of production and consumption. This article contributes to
information on resource use indicators, complementing and enriching
information from economic accounting in order to facilitate political
measures toward a sustainable use of resources.
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The Energetic Metabolism of the European Union and the United
States: Decadal Energy Input Time-Series with an Emphasis on
Biomass

Helmut Haberl, Helga Weisz, Christof Amann, Alberte Bondeau, Nina
Eisenmenger, Karl-Heinz Erb, Marina Fischer-Kowalski, and Fridolin
Krausmann

KEYWORDS:

biomass, energy accounting, energy flow analysis (EFA), human
appropriation of net primary productivity (HANPP), materials flow analysis
(MFA), physical economy

SUMMARY:

This article presents an assessment of energy inputs of the European Union
(the 15 countries before the 2004 enlargement, abbreviated EU-15) for the
period 1970-2001 and the United States for 1980-2000. The data are based on
an energy flow analysis (EFA) that evaluates socioeconomic energy flows in a
way that is conceptually consistent with current materials flow analysis (MFA)
methods. EFA allows assessment of the total amount of energy required by a
national economy; it yields measures of the size of economic systems in
biophysical units. In contrast to conventional energy balances, which only
include technically used energy, EFA also accounts for socioeconomic inputs of
biomass; that is, it also considers food, feed, wood and other materials of
biological origin. The energy flow accounts presented in this article do not
include embodied energy. Energy flow analyses are relevant for comparisons
across modes of subsistence (e.g., agrarian and industrial society) and also to
detect interrelations between energy utilization and land use. In the EU-15,
domestic energy consumption (DEC = apparent consumption = domestic
extraction plus import minus export) grew from 60 exajoules per year (1 EJ =
10*® J) in 1970 to 79 EJ/yr in 2001, thus exceeding its territory’s net primary
production (NPP, a measure of the energy throughput of ecosystems). In the
United States, DEC increased from 102 EJ/yr in 1980 to 125 EJ/yr in 2000 and
was thus slightly smaller than its NPP. Taken together, the EU-15 and the
United States accounted for about 38% of global technical energy use, 31% of
humanity’s energetic metabolism, but only 10% of global terrestrial NPP and
11% of world population in the early 1990s. Per capita DEC of the United States
is more than twice that of the EU-15. Calculated according to EFA methods,
energy input in the EU and the United States was between one-fifth and one-
third above the corresponding value reported in conventional energy balances.
The article discusses implications of these results for sustainability, as well as
future research needs.
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Comments on “The Energetic Metabolism of the
European Union and the United States” by Haberl and
Colleagues: Theoretical and Practical Considerations on
the Meaning and Usefulness of Traditional Energy
Analysis

Mario Giampietro

KEYWORDS:
biomass, energy analysis, energy accounting, fossil fuels, industrial
ecology, metabolism

SUMMARY:

This commentary responds the study “The Energetic Metabolism of the
European Union and the United States: Decadal Energy Input Time-Series
with an Emphasis on Biomass” by Haberl and colleagues, published in this
issue. Their article provides an analysis based on a set of data that could
be very useful for discussing the sustainability of economic processes in
terms of resource flows and societal relations to nature. The authors’
choice to adopt a reductionist analysis of the metabolism of societies in
energetic terms—that is, an analysis based on a single-scale and single-
variable indicator such as “joules of energy input metabolized per year for
the whole society” — is a controversial one. Such a choice implies the
aggregation of different types of data—referring to nonequivalent
categories of energy inputs—into a single overall assessment. That is, in
their study the authors are adopting an old and controversial solution for
aggregating different types of energy forms: applying a set of flat
conversion factors (calorimetric equivalent) to the different types of energy
inputs considered.

This commentary discusses the trade-off entailed by any method
of aggregation of energy forms of different quality: (i) compression—
reducing the number of indices used—versus (ii) relevance—maintaining a
diversity of categories needed for the usefulness of the analysis. A brief
history of the main strategies adopted so far for dealing with the problem
of aggregation suggests implications for the approach adopted by Haberl
and colleagues.
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Design for the Next Generation: Incorporating Cradle-to-
Cradle Design into Herman Miller Products
Mark Rossi, Scott Charon, Gabe Wing, and James Ewell

KEYWORDS:

chemical hazards and toxicity , design for environment (DfE),
disassembly, industrial ecology, office contract furniture industry,
recyclability

SUMMARY:

In the late 1990s, office furniture manufacturer Herman Miller, Inc., entered
into a collaboration with architect William McDonough to create a system for
designing cradle-to-cradle products. This collaboration led to the creation of a
tool—the Design for Environment (DfE) product assessment tool—that
evaluates progress towards cradle-to-cradle products. The first product Herman
Miller designed using the DfE product assessment tool was the Mirra chair. Over
the course of the chair’s development, the DfE process generated a number of
design changes, including selecting a completely different material for the
chair’s spine, increasing recycled content in chair components, eliminating all
PVC (polyvinyl chloride) components, and designing the chair for rapid
disassembly using common tools.

The areas of greatest success in desighing the Mirra chair for the
environment were the increased use of recyclable parts and increased ease of
disassembly, whereas the areas of greatest challenge were increasing recycled
content and using materials with a green chemistry composition. The success in
recyclability reflects the use of metals materials that have a well-established
recycling infrastructure. The success in disassembly reflects the high degree of
control that Herman Miller has over product assembly. The challenge to
increasing recycled content is the use of plastics in chairs. Unlike the metals,
which all contain some recycled content, most plastics are made from virgin
polymers. The challenge to improving materials chemistry is the limited range
of green chemicals and materials on the market.

The Mirra chair exemplifies the value of incorporating the environment
into design and the need for tools to benchmark progress, as well as the
challenges of creating a truly cradle-to-cradle product. Herman Miller
recognizes that working toward cradle-to-cradle products is a journey that will
involve continuous improvement of its products.
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